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Abstract— Storage of water for multipurpose is very 

important and sub soil of the structure will absorb some 

amount of water and some water evaporates and deposition 

of silt content will create problem for storage. An artificial 

lake was constructed at Potadar farm near Navage village. 

But due to permeable nature of subsoil, the need of water 

storage is not succeeded, In order to meet this need; the rate 

of permeability has to be controlled. This project includes the 

analysis of permeability property by following techniques (1) 

Chemical stabilization; (2) Use of geo-textiles. Model has 

been prepared and various tests with geo-textiles, terrasil 

chemical were carried out for permeability of soil. Further 

effects of chemical on plants are analyzed and suitability of 

chemically contaminated water was tested for irrigation and 

drinking purpose. This study also includes cost comparison 

of different techniques, so as to adopt suitable economical 

method to control rate of permeability. Among all 

techniques, chemical test was economical and effective for 

reducing the permeability of soil. 
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I. INTRODUCTION 

Soil has various characteristics in it, consisting soil solids, 

air voids, gravel content and minerals. Presence of more 

number of air voids will reduce the strength of soil and 

increases the permeability of soil. 

An artificial lake was constructed at Potadar farm 

near Navage village for irrigation purpose but needs of 

storage were not fulfilled due to permeable nature of sub 

soil, so this study includes analysis of properties of soil, 

testing with geo-textile layers and terrasil chemical then 

analysing chemical effects on plants and trees with 

inspecting suitability of chemically contaminated water for 

drinking purpose, in order to determine a cost effective 

system to store rain water for various purposes. 

A. Objectives of Thesis 

1) To determine the Index and Engineering properties of 

soil. 

2) Analyzing the permeability of site soil by determining 

ratio of ‘k’. 

3) To reduce permeability of soil, in order to store water 

for irrigation purpose. 

4) Comparing results of permeability of geo-textile and 

terrasil chemical on soil sample whichever reduces 

permeability of soil without effecting soil properties. 

5) Studying effectiveness of geo-textile layers on soil 

sample by considering number of layers in between soil 

layer of equivalent thickness. 

6) Determining effect of terrasil chemical on properties of 

water, when mixed with soil; while conducting 

permeability test. 

II. METHODOLOGY 

In the methodology chapter, various performed experiments 

are explained with procedures and calculations in order to 

determine result for each experiment. 

A. Materials 

 Soil sample: The soil sample is excavated at Potadar 

farm near Navage village, at a depth of 8 feet from 

ground level, and site contains more quantity of 

boulders and gravels. 

 Geo-textiles: A layer of geo-textile shall reduce the 

flow of water and its water holding capacity is depend 

upon soil characteristics along depth of soil layer. 

 Terrasil chemical: It is used with acrylic polymer 

named as zycobond, to provide strength, flexibility, 

dimensional quality to soil and it makes soil waterproof 

and impervious. 

B. Mechanism of Geo-Textile 

 
Fig. 1: Mechanism of Geo-Textile under Water Flow 

Geotextile embraces non-woven, spine pierced geotextile 

prepared from exclusive combination of improved polyester 

stuffs. The material weighed to be 300g/m². They are fiber 

made filters for grainy soils and they are stable for fabric 

activities having good stretch ability to control perviousness. 

Generally they retained at tension zones of soil to provide 

reinforcement in order to avoid soil erosion in slant edges of 

river canals by reinforcing with mats. 

C. Mechanism of Terrasil Chemical on Soil 

The chemical containing organosilane atoms in it, which are 

soluble in water, resist for ultraviolet and heat applications 

also it makes the soil water proof. 

 
Fig. 2: Application of terrasil on soil surface 
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As soon as Terrasil is clubbed with soil, then silica 

and oxygen fragments present in soil will starts bonding 

with terrasil. This entrenched chemical effect will make soil 

waterproof for 98 percentage the chemical process initiates 

within three hours. 

It takes 72 hours to complete chemical process. 

After that terrasil turns out as everlasting fragment of soil 

atoms and does not separate from mother earth or does not 

mix with ground water. The technical specifications of 

terrasil chemical were represented below in table 3.1 

Property Description 

Appearance Pale yellow liquid 

Solid content 68±2% 

Viscosity at 250C 20-100 cp 

Specific gravity 1.01 

Solubility Forms water clear solution 

Flash point Flammable 120C 

Table 1: Technical Provisions of Terrasil 

D. Collection of Soil Sample 

The center portion of lake is selected for excavation 

purpose, so a pit was excavated up to depth of 8 feet, and 

sub soil was collected for testing purpose. 

E. Tests on Soil 

The soil has different features as collected from a region to 

another region, so in order to determine soil characteristics; 

it is necessary to know its technical specifications like 

moisture content, specific gravity, density and sieve 

analysis.  

Tests 
Soil sample at depth of 

3 feet 6 feet 

Moisture content 5.21% 6.72% 

Specific gravity 1.967 - 

Bulk density 150 kN/m3 168 kN/m3 

Dry density 149kN/m3 157.4kN/m3 

Sieve analysis Poorly graded sand. 

Table 2: Soil Testing Results 

 
Fig. 3: Graph of grain analysis curve for wet sieve analysis 

F. Model Framing 

A steel framed rectangular box of size (1000 x 470 x 600) 

mm was fixed and depth of water was calculated to 20cms 

by using Ic=0.709 and h/l=1.26. Further length of soil 

specimen was taken as 15cms. 

G. Preparation of Soil Layer 

The collected soil sample was gravel in nature soil was 

powdered in a large pan. Further grounded soil was 

collected and placed in model layer by layer. Each layer of 

soil was compacted until field density was achieved. 

As per the calculations, weight of soil for each trail 

was fixed to 109 kg. 

H. Testing Soil with Geo-Textiles 

The powdered soil was weighed to 109 kg and placed in 3 to 

4 layers and compacting each layer by rammer to get field 

density, further water head is maintained at 200mm. 

The soil gets saturated and discharge was collected 

in measuring jars for a minute and it was recorded for three 

attempts. Procedure was repeated further with one, two and 

three layers of geo-textile. 

Sl.  

No. 
Experiment 

Average 

Discharge in 

ml/min 

Permeability 

in cm/sec 

1. Normal test 156 1.6X10-4 

2. 
Single Geo-textile  

layer 
124.67 1.20X10-4 

3. 
Double Geo-textile  

layer 
59.3 0.57X10-4 

4. 
Triple Geo-textile 

layer 
41.33 0.39X10-4 

Table 3: Permeability Test Results for Geo-Textiles 

 
Fig. 4: Constant Head Method 

 Constant head method was adapted to all tests 

where inflow of water is same as outflow, such that depth of 

water was maintained at 200mm constantly. 

 
Fig. 5: Figure showing 2 sheets of geo-textiles. 

Figure represents detailed view of usage of two 

layers of geo-textiles at a depth of every 5cms in between 

soil layers of total depth of 15cms.  

I. Testing Soil with Terrasil Chemical 

The mixture of terrasil and zycobond were used in treating 

of soil, where 7.257litres of water, 69.67 grams of terrasil 

and 34.83 grams of zycobond are used.  Initially an oven 

dried soil sample was grounded to make fine powder, 

initially terrasil chemical was completely added to distilled 

water further whole quantity of zycobond was added to 
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mixture and stirred well to get clear solution. Later on 

mixture was added and clubbed well with soil. 

The chemical added soil sample had been placed to 

model in terms of soil layers for depth of 150mm and kept 

as it was up to two days without disturbance. After drying, 

water had been filled in permeameter up to depth of 200mm 

and allowed to saturate the soil. Average discharge was 

measured as 20.66 ml/min. and average permeability was 

0.24 x 10-4 cm/sec. 

Sl.no. Experiment 

Average 

discharge in 

ml/min. 

Permeability in 

cm/sec. 

1. Normal test 156 1.6X10-4 

2. Terrasil 20.66 0.19X10-4 

Table 4: Permeability Test Results for Terrasil 

J. Testing the Chemical Discharge 

Chemically contaminated discharge was tested to know its 

suitability for various agricultural purposes in chemical 

laboratory of U.A.S. Dharwad. 

The pH test, electrical conductivity test, calcium 

and magnesium test, sodium test on flame photometer are 

determined; S.A.R. and R.S.C. are evaluated to check 

suitability of water.  

III. RESULTS AND DISCUSSION 

A. Suitability of Chemically Contaminated Water 

Sl. 

No. 
Particulars 

Obtained 

values 

Suitability for 

Irrigation 

Purpose 

Drinking 

Purpose 

1. pH 6.85 Satisfied Satisfied 

2. Na 1.87 me/l Satisfied Satisfied 

3. S.A.R. 0.87me/l Satisfied Satisfied 

4. E.C. 0.97 ds/m Satisfied 
Not 

satisfied 

5. Ca + Mg 9.2 me/l Satisfied 
Not 

satisfied 

6. CO3 0 me/l Satisfied 
Not 

satisfied 

7. HCO3 2.80 me/l Satisfied 
Not 

satisfied 

8. R.S.C. -6.4 me/l Satisfied 
Not 

satisfied 

Table 5: Suitability of Chemically Contaminated Water for 

Various Purposes 

The suitability of each parameter was decided as 

per the IS 110500:2012, result shows that chemically 

infected water does not fit for drinking purpose but only can 

be used for irrigation purpose. 

B. Cost Comparison 

Different techniques which are used to reduce the 

permeability effectively are compared for cost analysis. 

Particulars 
Quantity,

ft2 

Rates 

/ft2 

Cost 

(Rs) 

Permeabil

ity 

Geo-Textile 

Three 

layer 

338.88 x 

103 
9.16 

31,06,

488 

0.39 x 10-4 

cm/sec 

Terrasil + zycobond : 

Single 1582 800/lite 14,63, 0.19 x 10-4 

dose liter+ 791 

liter 

r + 

250/ 

liter 

350 cm/sec 

Table 6: Cost Comparison of All Experiments 

Terrasil method reduces 47.1% of cost with lower 

permeability as compared to geo-textile three layer test. 

IV. CONCLUSIONS 

1) Soil was poorly graded sand with 1.6 x 10-4 cm/s of 

permeability rate, as observed from classification test. 

2) Usage of three layer of geo-textiles found to be 

optimum as permeability reduced from 1.6 x 10-4 

cm/sec to 0.39 x 10-4cm/sec. 

3) Terrasil method reduces 47.1% of cost with lower 

permeability as compared to geo-textile three layer test. 

4) Terrasil chemical works out to be best solution as it 

offers lower permeability with lower cost than use of 

geo-textile by satisfying suitability of contaminated 

water for irrigation purpose. 
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