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Abstract 

Seepage of dam foundation area and reservoirs are considerable problems that most of these structures are 

involved with. Escape of water from reservoirs, the possibility to create high pressure (uplift pressure), 
underground water level control, increasing the volume of water pumping from project area and 
consequently increasing administrative costs and reducing efficiency are the most important problems. 
Sangtuda 2 Dam and Power plant Project is one of the ninth serial dams that are constructed over the 
Vakhsh River, one of the Amudarya branches. This dam is under construction, due to its location on the 
lime stone layers and due to the high karstification and Tectonics situation at run time encountered with 
lots of water leakage and overflow in spillway and power plant area. Water outflow increased up to 8 
cubic meters per second at the time being. The water rate increase administrative costs (due to high costs 

of pumping water from the pit, sharp reduction in work efficiency an...). This article reviews the status of 
geology, hydrological, Tectonic and geotectonic in project area. Maximum water volume estimation in 
the possible ranges is established numerically by software to achieve perfect solutions. Solving methods 
and reviews the results indicates the need to pump about 10 cubic meters per second from the plant bed 
(level 450).  
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1. INTRODUCTION  

 

Sangtuda 2 Dam and Hydroelectric Power plant project is located in 180 kilometers southwest of the 

Dushanbe, the capital city of Republic of Tajikistan on the Vakhsh River. Vakhsh River is one of the largest 

rivers in Tajikistan, with 20,500 million cubic meters annually discharge and electricity potential production 

about 8950 MW. Sangtuda2 dam is one of the ninth Serial hydro electrical dams that power station's 

producing share of this dam is equivalent to 220 MW [1]. 

 

 

2. SPECIFICATION AND ACCESS TO THE DAM BODY:  
 

Sangtuda2 dam is earth fill type and has a height of 31.5 meters from the riverbed. The plant consists of two 

Kaplan turbines units with 220 MW power, layout is in the left side. Dam axis and power plant is a 

2ºAzimuth. Sangtuda 2 project site was selected in the coordinate 37/970º latitude north within 69/027º south 

longitudinal in the southwest part of Tajikistan, Dangarynsky region, Khtlan area over Vakhsh river one of 

the Amudarya branches near KhazanGozar village [1].  

 

 

3. BACKGROUND STUDIES: 
 

Previous Geology and geophysical Engineering studies in the site, including drilling exploratory boreholes 

are done as 17 vertical and canted boreholes for about 924 meters along the axis of dam and power plant 

structure axis about August 2006 to late July 2007.  

Joint study range about dam  and abutment structures respect to the structures axis conditions and location, 

joint  geometrical characteristics and mechanical survey, tectonic data statistical analysis, Well tests about 

924 meters, permeability tests (Lugeon and Lufrance tests ) and the density tests (CPT, SPT) are done. In this 

article beside field tectonic surveys, site geology and hydrological studies during excavation phase to get 
better results is performed. Regional geological studies is performed by Mahab Qods Consulting Engineers 

co as well (2007), Sangtuda2 dam and power plant is in Tectonics subsidence region in Tajikistan. This 
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Eurasia Tectonics plate is located in the West Syntaxes Himalayan (North West Pamir Mountains). Eurasia 
plate and India plate encountered and then its marginal sedimentary rocks of Cretaceous and Paleocene 

sediments have settled and shortened in Tajik subsidence as a classic orogenic belt called Vakhsh. (See figure 

1). 

 
Figure 1) Local tectonic   

 

 
Major anticlines in the range of Vakhsh orogenic belt in the studied zone with marl Neogene’s formation 

(Miocene) are formed. Red gipsy clayey_ marlstone quickly erosion layers which was discussed before 

mainly syncline cores outcropped between the mountains. Under this layer, green marl is expanded. Under 

this green marl, red marl molasses (sediments after orogeny) and then highly Neogene’s rigid sand stone 
Reef are obvious. Under Reef sand stone, red marl formation at some part of the reservoir is spread which 

includes a thin calcareous layer thickness sub stream. The next layer is moderate lime with bright color that 

the dam base is located on. The next is calcareous-dolomite layer brown to dark gray, this thick layer is high 

rigid mass with obvious specific failures of layers.  

The following unit is marly limestone or in better expression is marl with limestone layers that due to the 

difference between strait form resistance contrasts with high and low marl are not easily slipped and instead 

of flexural Slip folding, mixed layers is created. 

Under this layer is a well classified cream color layer of calcareous and crest maker that plate deformation 

affects like joint or slip surface is well clear again a layer located under it is a limestone moderate light layer 

to thin layer base of the wall intersects with thick limestone layer deposited [1]. 

 

 
Figure 2) the schematic epic of anticline in Sangtuda 2 dam and power plants area  
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Figure 2) Geological map & litostratiographic units of Sangtuda 2 dam and power plants area 

Figure3) the schematic epic of anticline in Sangtuda 2 dam and power plants area  

 

 

4. HYDROLOGICAL STUDIES 

 

Vakhsh River is one of Amudarya branches that belong to the largest Mountains Tyan - Shanskya and 

pamiro-altayskaya. Upstream part of river is driven from Kyrgyzstan southwest heights (Qezlsu Mountain) 

and comes to the country from Northeast of Tajikistan. The most part of the river crosses Tajikistan 
Mountains and lands with and cover the full width of country across Afghanistan border and joins Amudarya 

River. The Vakhsh upstream drainage basin with height of 6000 meters is covered with permanent snow and 

ice cover. Fresh snow line elevation is 3800 to 5000 meters. In the middle and downstream areas peak height 

reduces to 800 to 2500 meters (powerhouse area). In this area there is not any Ice cover and no permanent 

snow area, only December to March is covered by snow.  

Vakhsh River length from Qezlsu embouchure till Amudarya mouth is 759 km. main river width is 200-300 

meters and its flood zone 500-1500 meters wide. During the course this river receives its 600 branches that 

480 of them have length less than 10 kilometers. Vakhsh River in the range of Nark to Baypazyn projects 

receives 25 adjunct branches. The longest watery River Nurek with a length of 20 km, Nayzirak 12 km length 

and Dagana (Dagana) long 9.8 km. The 22 branches between Baypazyn and sangtuda2 projects is counting. 

Sangtuda is the largest length of 13 km joins Vakhsh River on the right side [1].  
 

 

5. CHEMICAL COMPOSITION OF WATER  

 

Based on data analysis, general water hardness in the Vakhsh River around Sangtuda projects is in the range 

of 3 to 6.8 mg/l, indicating that the estimated range is in intermediate water hardness range. Calcium and 
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magnesium amount are also 60 mg in wintertime to 110 mg/l in the summer. Results of studies show that 
Vakhsh river water quality is suitable as drinking water at normal conditions, but at flood conditions is not. 

The general water hardness in Vakhsh River sub branches within projects areas are more than 7 times respect 

to the main river. This parameters range is 33.9 to 57.8 mg/l variable. In different excavation levels of the 

overflow waters and leakage, in the spillway and power plant area necessary water chemical tests and 

required sampling to determine the proper origin was accomplished.   

According to results of water chemistry tests, the hardness and water electrical conductivity in  the samples is 

at least 4 times and in some cases 20 times the electrical conductivity of the river  so it is obvious that water 

in the spillway area and power plant zone has underground water not river origin. The test results table 

sample dispersion location is given below. What is notable about this layer is the Geological unit position 

(gypsy and marl layers) is in the sangtuda1 dam reservoir. Due to this geologic unit existence in the 

groundwater we can claim that the waters overflow and leakage rate around Sangtuda 2 structures is higher 
than normal range. The client advisor laboratory contractor accomplished the tests at 12 Jan 2009, and 

compared water test results are shown in the graph in the Figure4. 

 

 
Figure 4) water sample test results bar chart from the dam and power plant are.  

* Red bars in this graph, indicates the river sample, PZ samples are standpipe samples and the other samples are 

from dam and power plant zones. 

 

  
 Results indicated that underground water leakage and overflow within the dam and power plant area and 

according to different results from tested samples can be concluded that different sources due to karstic 

channels causes’ these results. It should be noted that the excavated samples are taken from different levels 

and the results are remarkable. For underground water flow behavior modeling in different environments, a 

sample flow in a simple laboratory condition was under test as below: 

 A gipsy sample from PG2-5 unit was taken and on 8 No 2008 was mixed with the river water sample. Water 

electrical conductivity at sampling time was 500 S/C. Test results after 50 hours test time was drawn in a 

graph.  
 

 
Figure5) Test results chart, modeling, and water behavior in gypsum and stone path. 



The 1st Iranian Conference on Geotechnical Engineering, 22-23 October 2013 
University of Mohaghegh Ardabili, Ardabil, Iran 

   

                             

 

 5 

 
 

This diagram shows high impact of gypsum salt stones dissolve in groundwater. River electrical conductivity 

is 500Sμ/cm and duration of 24 hours presence of these rocks, electrical conductivity raised to 2000 Sμ/cm.  

On the other hand the executions of both sides of the spillway and power plant structures curtain and the due 

to excellent performance, especially in the right bank and parallel with the river flow it can be concluded that 

such leakage of water does not have river source but underground origin .this water crosses underground path 

channels and lime stones, dolomite gipsy and finds way to the dam area.  

During the site visit with in sangtuda I dam and power plant reservoir in November 2008. Structures 

geological and hydrological studies and these two structures relationship status are shown in following 
results:  

1. Gipsy layers in sangtuda1 dam reservoir area observed and confirmed.  

2. Karstic limestone and cavities dissolution in the Sangtuda 1 reservoir area at the surface were observed.  

3. Rocks layered direction in the Sangtuda 1dam reservoir in north -South with the trend slope towards the 

east has similar status as the structure of Sangtuda 2. 

4. Due to lack of proper implementation curtain grouting of sangtuda1 reservoir water flow from the 

sangtuda1 reservoir rock bottom is available. The general layered anticline stratification with general trend 

north - south side begins at sangtuda1 dam reservoir and ends in 40 km downstream sangtuda2 reservoir. 

To determine the amount of the outflow rate from power plant and spillway area, experts worked hard to 

come to the best results .This team decided to use Numerical method and theory modeling software’s beside 

filed surveys and tests. For modeling, series of theory assumptions and laboratory and field data, office 
studies on October 2008 experts gathered. To complete information, standpipe data in the filed area and 

water chemistry data, visits of Sangtuda 1 and Sangtuda 2 area, Numerical methods by computer software 

were established. 

Two modeling theory are used to estimate and determine the amount of leaking water from excavation area at 

final excavation level (+450 m.a.s.l). The results of this analysis shows pumping volume of at least 7-8 cubic 

meter  per second structure is that if seasonal raining add s to this volume, it rises  to about 10 cubic meters 

per second. On the other hand results of this report shows very low impact of river water, but pumping water 

source has karstic origin. These studies are confirmed by the process of pumping in different months from the 

beginning of the project and sending daily reports to the client and consulter. Growing process of number and 

type of pumps are shown obviously in charts. 

In this part to have a better view of the growing situation of pit dewatering from spillway and power plant 

area a pumping chart is brought .This chart shows increasing pumping processes from the beginning and the 
last  pumping conditions  on 1 December 2009 is shown.  

 

 

6. STRUCTURAL LAYOUTS 

 

Power plant structures designed is 450 m.a.s.l that in this case it is about 20 meters below the river bed. 

Currently spillway and power plant structures excavation are under construction and simultaneously 

structures concreting and construction is ongoing. The important matter in running the curtain grouting in 

power plant is 70 to 80 meters depth in both sides. However, at this time about 7 cubic meters per second 
water volume is pumped from the pit. It should be considered that the sangtuda1is located 9 kilometers above 

and the normal watering level is 571. According to The power plant floor level and sangtuda2 normal level, 

head pressure is 12 bars (120 meters height difference) between the 2 structures. 

 

 

7. HYDROGEOLOGY  

 

For this purpose, in phase 2 (comparative studies) water level were measured by the investigation drilling 

holes. Based on water level measurements performed in embankment. According to this information, River 

drainage both sides. Karstic indexes including caves, Karen and Sinkhole in particular ground surface and 

within the dam and power plant is not observed but in the downstream and in Pg2-5 unit dissolution cavities 
affects is obvious. Dissolution cavities in the unit Pg2-4/1 and Pg2-4 specifically in the bore logs and ground 

surface is also seen.  

Dimensions of the cavities are in centimeter size which particularly is seen in the log holes BH-2. These 

cavities are scattered and spread in log holes BH-4 and BH-3, BH-13, BH-6, BH-7. Just in investigation bore 



The 1st Iranian Conference on Geotechnical Engineering, 22-23 October 2013 
University of Mohaghegh Ardabili, Ardabil, Iran 

   

                             

 

 6 

only BH-3 loss-Rod (Rod fall) in the bottom 6.6 to 16 m and 19 to 20.5 m all along opening layered are 
occurred.  

Drilling holes in BH-1 and BH-2 in (34.95 to 35.92) meter depth and (13 to 13.5 and 14 to 14.30) meter 

depth reached to rounded alluvial river deposits which indicates surface dissolution treatment lime stone unit 

Pg2 -4/1 and Pg2-4. In order to compare the physical - chemical characteristics, rivers water, and regional 

springs and some existing holes salinity levels were measured. According to this measurement, depending on 

the sampling location combination of water was different. For example, in BH-11 hole, the percent rate of 

SO2-4 is high. So respect to this speculation litology around this whole (unit Pg2-3), which the gypsum streak 

are Obvious. This phenomenon is evident and confirms the hydraulic gradient of ground water from right 

bank to the river. Artesian springs in the area close to the power plant which does not have adjacent to 

gypsum layer and are in lime layer has the same amount of SO2-4. Even by testing it you can find the salinity 

taste which indicates the gypsum layer origin. Figure4 shows the position and dispersion and EC situation, 
salinity and water temperature. The measured values in Table 1 indicate the above parameters in the spillway 

and power plant. Based on drilling of bore water hole level in the right bank, hydraulic gradient in this side is 

from the shore toward the river.  

 

8. ESTIMATE OF THE POTENTIAL DISCHARGE IN THE EXCAVATION 

 

In order to estimate the potential discharge in the power plant excavation (down to 450 m.a.s.l), two different 
approaches were performed. Both of them were calculated by Finite Elements Method (FEM) with FEFLOW 

software developed by Wasy AG. Using numerical Modeling is more appropriate for this complex situation 

than using an analytical method [1].   

 

 

8.1. MODEL 1 

 

A simplified 2D approach of unconfined aquifer was used. On one side, we simulated the River supply and 

on the other side, the karstic supply at a distance of about 1 km from the Excavation. Boundary conditions 

consisted in hydraulic heads: river level (486.6 m.a.s.l) and estimated piezometry at 1 km from the 

excavation (based on the general hydraulic gradient Between Sangtuda I and II site: grad H = (555-492)/9000 
= 0.7%). A pumping ring of 2.8m3/s was added around the excavation area and the hydraulic Conductivity 

(K) was calibrated in order to obtain a drawdown to 472 m.a.s.l in the excavation (Current situation). 

Remark: a lower hydraulic conductivity was considered for the grout Curtains (based on the curtain depth 

and a hypothetical grout curtain efficiency of 60% According to site geologist’s estimations). The pumping 

(Q) was then increased in order to get a drawdown at 450 m.a.s.l. Since there are many uncertainties, a 

sensitivity analysis was performed in order to obtain a range of pumping values. Several values for the base 

of kastification (350, 375 and 400 m.a.s.l) and the karstic boundary conditions (current gradient: 0.7% and 

gradient of 0.9% if we consider a total impoundment of Sangtuda I Reservoir) were considered. Table 5 

illustrates the calculation results. 

 

 

 
 

8.2. MODEL 2 

 

A simplified 2D approach of unconfined aquifer was also used. This model simulated only the karstic supply 

but at a 40 km scale. On one side, we simulated the infiltration near Sangtuda I dam (555-571 m.a.s.l) and on 

the other side the possible out flow in the southern direction (350, 375 and 400 m.a.s.l). The same calculation 

procedure was used, with first a calibration of K and then of the Pumping Q. Since only the karstic supply 

was calculated, we admitted, on the basis of the current Measurements (in present conditions the pumped 

water originates from karstic and river in a 50/50 ratio), that we have to consider a double value for the total 

pumping. Table 1 illustrates the calculation results. FigureNo.5) longitudinal section dam embankment and 

powerhouse area shows the same at sangtuda2 that is used in numerical method. The Karistification position 
is obvious.  
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Table 1- Numerical simulations results 

 
 

 
Figure7) Final layout of pumping sump location and volume of the discharge 

 

 

9. OFFERS TO REDUCE WATER VOLUME THE FOLLOWING SOLUTION MAY BE 

INCLUDED:  
 

a) Increasing grouting screen depth to 200 meters a depth in order to block lime stone karstic zone.  

b) Drilling of 25 holes around the power plant to 20 meters deep under the plant bed and pumping 

underground water to dewatering the specified area. In addition, the third way is to pump water from 

the excavation pit. The first two solutions take too long time and are high expenses so the last 

solution should be considered.  
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