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ABSTRACT: In this paper, Raw Water Reservoir (RWR) at Mohangarh village of Jaisalmer District, Rajasthan, 

constructed as a part of  Barmer Lift Water Supply Project is considered as a case study. It is the first one of its kind which 

is constructed in a desert region in India. The proper assessment of effect of soil properties of borrow area and foundation 

soils on the stability of dams, site selection, material specifications, etc. are vitally important in case of  design of earthen 

dam in a desert area due to the extreme climatic and geological conditions prevailing in the area. 

 

 

INTRODUCTION 

 

Earthen Dam 

The earth dam is probably the oldest type of dam in 

existence, antedating the Christian era many hundreds of 

years. Earthen dams  form storage reservoirs, which are 

intended to impound large volumes of liquid, mostly water 

must necessarily be built of considerable height, except in a 

very few instances where favourable sites may exist.  

 

Definitions & Classification 

 

Embankment Dam: A dam composed of any type of soil 

including rock. [1] 

 

Large Dam: A dam exceeding 15 m in height above 

deepest river bed level and a dam between 10 and 15 m 

height provided volume of earthwork exceeds 0.75 million 

cubic metres and storage exceeds 1 million cubic metres or 

the maximum flood discharge exceeds 2000 cumecs. [1] 

 

Small Dam: A dam not satisfying the criteria of a large 

dam. [1] 

 

Homogeneous Embankment Dam: An embankment dam 

composed of single type of material. [1] (Refer Figure 1) 

 

Fig: 1 Homogeneous Embankment Dam 

 

Fig: 2 Zoned Embankment Dam with central core and 

positive cut off 

Zoned Embankment Dam: An embankment dam 

composed of zones of different types of soil. [1] (Refer 

Figure 2 & Figure 3) 

 

Fig: 3 Zoned Embankment Dam with central core and 

partial cut off 

 

CASE STUDY 

 

Background 

The case study considered is, Raw Water Reservoir (RWR) 

at Mohangarh village of Jaisalmer District, Rajasthan, 

constructed as a part of Barmer Lift Water Supply Project 

(BLWSP) (for M/s. Public Health Engineering Department 

(PHED), Government of Rajasthan). The RWR at 

Mohangarh is bound by an earthen dam of 8.5m height and 

728 m x 720 m bed area with a live storage capacity of 

3845 ML, constructed in Rajasthan desert (silty sand). It is 

the first one of its kind which is constructed in a desert 

region in India. The RWR embankment is formed with 

locally available excavated earth filling with stable side 

slopes on both downstream and upstream sides.  

 

Location 

Raw Water Reservoir (RWR) is located near Indira Gandhi 

main Canal, Mohangarh village, Jaisalmer District, 

Rajasthan, India. Location is shown in Fig.:4. The nearby 

railway station is Jaisalmer Railway Station, which is 60 

km away from the site. (Refer Figure 4) 

 

Geology 

Geologically the area around Barmer-Jaisalmer is covered 

by mainland Jurassic-Cretaceous deposits. The Jurassic-

Cretaceous deposits are exposed in the western Rajasthan 

particularly in Barmer, Jabalpur & Bikaner a marine 
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Jurassic-Eocene succession is present, a part of the area is 

being covered by desert sands. The alternating phases of 

humid and arid climate, which in turn, influence the mode 

of occurrence and extend of lithology, soil types structure 

and texture of the successive horizons of the sediments. 

 

Fig: 4 Location of Barmer 

 

Physiography 

Topography of the area: Uneven 

Soil Type: Yellowish-Brownish silty clay 

Climate: Arid-Sub-Arid 

 

GEOTECHNICAL STUDY 

 

Site Investigation 

 

Topographical Survey 

The detailed topographical survey of the complete reservoir 

area is done which is extended a minimum of 20m beyond 

the boundary limit. The topographical Survey gives the 

details of external boundaries of the reservoir site and 

reference co-ordinates, existing buildings, trees, electric 

lines, nallah, road/railway crossings, water bodies nearby, 

wells etc. The contour details are also collected which gives 

a clear idea about existing ground levels. 

 

Sub-soil Exploration & Sampling 

Boreholes are taken at specified locations to obtain 

information about the sub-soil profile, its nature and 

strength and to collect soil samples for strata identification 

and conducting laboratory tests. In-situ tests are conducted 

and undisturbed samples are obtained at specified intervals 

in the boreholes.  Representative disturbed samples are 

preserved for conducting various tests in the laboratory.  

Water table in the borehole is carefully recorded and 

reported. Standard Penetration Test (SPT) is conducted in 

all types of soil deposits met within a borehole to find the 

variation in the soil stratification and is conducted at 1.5m 

intervals and every change of strata starting from 1.0m 

below ground level and disturbed soil samples are 

collected. [8] 

Sufficient numbers of soil samples are collected for reliable 

estimation of soil properties.  The samples collected are 

either disturbed or undisturbed.  The disturbed soil samples 

are collected for field identification and conducting tests 

such as sieve analysis, index properties, specific gravity, 

chemical analysis, etc.  Undisturbed samples shall be 

collected to estimate the physical, strength and settlement 

properties of the soil. Sub-soil water samples are collected 

for carrying out chemical analysis thereon.   

 

Laboratory Testing 

Depending on the type of substrata encountered, 

appropriate laboratory tests are conducted on soil and rock 

samples collected in the field [8].The main tests conducted 

are listed in following sections.  

 

Tests on Disturbed Sample 

 Maximum Dry  Density and Optimum Moisture Content 

 Engineering classification 

 Sieve analysis and Hydrometer analysis 

 Liquid, plastic and shrinkage limits 

 Specific gravity 

 Chemical analysis 

 Swell pressure and free swell index determination 

      (for    swelling soils) 

 Proctor compaction test 

 California Bearing Ratio  

  

Tests on Undisturbed Samples 

 Bulk density & moisture content 

 Relative density (for sands) 

 Unconfined Compression Test 

 Consolidation test 

 Tri-axial Shear test 

 Direct Shear Test 

  

Chemical Analysis of Subsoil Water 

 

ANALYSIS  

Based on the Geotechnical Investigation carried out in the 

reservoir area & laboratory test results, the analysis of 

earthen embankment is done. 

 

Borehole Profile 

The Borehole Profile prepared is shown in Figure 5. 

 

Fig: 5 Borehole Profile for Raw Water Reservoir 

 

Storage Capacity of the reservoir 

Top of Reservoir bund level (TBL) = RL. (+) 160.90 m 

Reservoir bed level (RBL) =RL. (+) 152.30m 

Maximum water level (MWL) =RL. (+) 159.40 m 
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Maximum depth of water, H = 7.10 m   

Surface area of reservoir at bed level, A1 =728m X 720m 

Surface area of reservoir at MWL, A2=755.50m X 763.50m 

Storage Capacity=3845000 Cu.m 

 

Free Board calculation 

[5] (Refer Figure6) 

Wind velocity, U =84.6 KMPH   

Reservoir bed level (RBL)= RL .(+) 152.30 m  

Maximum water level (MWL)= RL.(+) 159.40 m  

Maximum depth of water, D = 7.10 m  

U/S Slope = 2.5:1  

Maximum fetch, F = 1.074KM  

Acceleration due to gravity, g =9.81m2/Sec. 

 

 

Fig: 6 Sketch for Free board Calculation 

 

Normal Free board=1.3m (above MWL) 

Minimum freeboard= 1.5m (above MWL) 

A free board of 1.5m is provided. 

 

Slope stability Analysis  

Height of embankment = 8.6m  

Top of earthen bund=RL.(+)160.90 m 

Reservoir bed level=RL. (+) 152.30 m 

Maximum water level=RL. (+) 159.40 m 

U/S Slope=2.5:1  

D/S Slope=2.5:1  

Length of horizontal filter from D/S toe to inwards= 10.0 

m (For analysis purpose only. However, rock toe is 

provided at D/S toe level))    

  

Cohesion of embankment material=15 kN/Sq.m 

Average angle of internal friction=28 deg. 

Dry unit weight of soil=15 kN/Cu.m 

Submerged unit weight of embankment material = 7 

kN/Cu.m 

 

The Slope Stability Analysis [7] is done based on Slip 

Circle Method (Graphical Method). The Factor of safety 

against overturning & sliding are considered as 

1.5.Different trails are done, similar to trial-1 as shown in 

Fig.7. The details of the trails done (trials 1 to 4 ) & 

corresponding factor of safeties are tabulated as follows: 
 

Table 1 Slope Stability analysis-Trial Details 

Trial no. Radius (m) Factor of safety 

1 25.54 2.54 

2 21.31 2.01 

3 19.89 1.86 

4 19.570 2.11 

From Curve of factor of safety (shown in Figure 8),  

The lowest factor of safety = 1.84 > 1.5     Hence slopes 

assumed for both U/S side & D/S sides are safe.  

 

 

Fig: 7 Trial-1 for Slope Stability Analysis 

 

 

Fig: 8 Trial-4 along with Factor of Safety Curve for Slope 

Stability Analysis 

 

DESIGN 

 

Plan 

(Refer Figure 9) 

 

Fig: 9 Plan of Raw water Reservoir 
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Typical Section 

(Refer Figure 10) 

 

 

Fig: 10 Typical Section of Raw water Reservoir 

 

General Considerations/ Specifications 

 The reservoir embankments will be made in earth work 

(locally excavated earth filling) with a side slope of 

1V:2.5H. Embankments will be done in layers (150 

mm compacted thicknesses) and each layer will be 

compacted to 95% of modified Proctor density. [6,9] 

 The founding level of reservoir embankment will be 

600mm below the natural ground level 

 Top width of bund is considered as 7m. 

 Single lane WBM road of 4m wide with black topping 

will be provided on top of embankment. 

 Downstream side of embankments will be protected 

with grass turfing and with provision of catch drains & 

toe drains. [2,3,4] 

 Rock toe with locally available stones will be provided. 

Considering the granular soil for embankment filling, 

horizontal filter of 600mm is provided and also 150mm 

thick gravel filling below the rock toe and toe drain 

will be provided. (Refer Figure 11) [3,4] 

 
Fig: 11 Details of Rock toe, Toe drain & Filter  

 

Lining Details for bed area: (Refer Figure 12) 

 250micron LDPE layer over compacted earth. 

 600mm thick sand blanket layer above LDPE Layer. 

 

Fig: 12 Lining Details for Reservoir Bed Area 

Lining Details for upstream (inside)slopes: (Refer 

Figure13) [2] 

 15mm thick 1:5 cement mortar as base plaster over 

compacted earth 

 First layer of Pre-cast concrete (M10 grade) block of 

300x150x40mm thick over CM layer 

 15mm thick 1:3 cement mortar as sandwich plaster 

over PCC blocks. 

 Second layer of Pre-cast concrete (M10 grade) block of 

300x150x40mm thick over CM layer 

 

Fig: 13 Lining Details for Reservoir Bed Area 

 

CONSTRUCTION PHOTOGRAPHS 

(Refer Figure 14) 

     

Fig: 14 Construction Photographs (a) RWR Site (b) Rock 

Toe & Filter Construction at reservoir downstream end 

 

SUMMARY 

The design of earthen dam, especially in a desert region is a 

crucial one. This case study briefs the design procedure for 

a small homogeneous earthen dam in a desert area. The 

procedure and concepts can be applied for similar dam 

designs. 
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