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PREFACE

Excessive seepage in Dams and Canals may intimidate their safety and stability, in 

addition to massive loss in water resources. In spite of adopting appropriate care in 
planning, designing and execution, there are incidences of distress in dams and canals due 

to seepage related problems. As such, it becomes essential to identify and analyse the 

complex problem of seepage using possible and suitable techniques to achieve the most 

appropriate controlling measures. Regular monitoring of seepage facilitate in deciding 
suitable and economical remedial measures for dams and canals taking into account extent 

and quantity of seepage and feasibility and economy of the control measures.

Central Water & Power Research Station, Pune, is a premier hydraulic research 

institute offering wide range of R&D services. In the past few decades, C.W.P.R.S has 

developed expertise in providing cost effective and viable solutions for seepage control in 

hydraulic structures i.e. dams and canals by conducting field and laboratory investigations. 

This document provides comprehensive information on various aspects of seepage, its 

investigation and control through Hydraulic Structures with specific reference to dams, and 

canals. Several problems of seepage undertaken and successfully completed by C.W.P.R.S 

are also provided for the purpose of illustration.

This document is organized into six chapters, with Chapter I giving a general 

introduction about causes of seepage, investigations for monitoring and detection of 

seepage and various remedial measures for seepage in dams and canals. Chapter II 

illustrates the various causes of seepage through dams (i.e. Earthen, masonry and 

concrete) and canals.

Different conventional and non conventional methods which are widely adopted in 

investigation of seepage through dams and canals, like the hydrogeological methods, 

geophysical methods, borehole logging and tracer techniques are discussed in chapters III 
and IV with illustrations.

Studies related to seepage detection through dams and canals are highlighted with 
illustrations as C.W.P.R.S experiences in Chapter V. Chapter VI summarizes the important 

aspects like detecting the seepage using different methods and then employing suitable



remedial measures to mitigate the seepage, highlighting importance of seepage 

investigation and remedial measures in dams and canals.

The document is expected to be of great help to practicing engineers, researchers, 

scientists, consultants and other authorities of Water Resources project planning and 

execution, to identify and mitigate seepage related problems in dams and canals.

Editor

R.K.Kamble 

Scientist 'E', C.W.P.R.S
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CHAPTER -  / INTRODUCTION

R.K.Kamble (Scientist E)

Hydraulic structures store a huge quantity of water for large periods in reservoirs 

and ponds. However, a significant amount of water is generally lost due to evaporation, 

seepage and leakages. Seepage can be defined as interstitial movement of water 

through a structure, its foundation, or abutments; whereas leakage is the flow of water 

through holes or cracks. Both seepage and leakage are matters of concern for safety of 

the structures and pose a serious water management problem. In spite of taking due 

care in planning, design and execution stages, many of hydraulic structures have shown 

signs of distress due to occurrence of excessive seepage or leakage.

An ideal site for construction of the hydraulic structure should be geologically and 

structurally undisturbed area with unfissured, unweathered rock totally exempt from 

joints, fractures, primary or secondary permeability, weak planes, devoid of any pockets 

or lenses of organic material or a clay subsoil etc. (Tancev. L, 2005, Milanovic, P.T. 

2000). The upstream channel should have gentle slope and in general the water table in 

the surrounding area should preferably have more or less above the top water level of 

the ideal channel or reservoir. But getting such an ideal site in the nature is very rare 

and as a result an uncontrolled seepage is quite obvious (Agarwal K. B., 1979, Gadgil. M, 

1979).

These hydraulic structures which store or carry water for irrigation and for other 

purposes are generally designed not to seep or leak. Seepage through such structures is 

a potential threat to public welfare and wastage of water (Nilsson, A.; et. al, 2004).

The development of seepage through body and subsoil of a dam provides basic 

information on the state of a hydraulic structure and on the possibilities of its safe 

operation. Therefore, seepage through or under a hydraulic structure can be considered 

as one of the most important objects in structural safety. To arrive at an optimum 

solution, every problem, involving occurrence of seepage or leakage, needs specific 

attention owing to its uniqueness. Very often costly repair works for addressing seepage 

problems are undertaken using conventional methods which are deficient in mitigating 

the problem. Hence, it is imperative to study the complex problem of seepage through 

hydraulic structures, systematically by knowing causes and symptoms of seepage, 

analyzing seepage with detail investigations and applying conventional and non- 

conventional techniques. Estimation of seepage and evaluation of seepage parameters
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will serve as inputs to repair or remedial measures applied for reducing seepage through 

hydraulic structures.

All dams have some seepage as the impounded water seeks paths of least 

resistance through the dam and its foundation. Seepage must, however, be controlled to 

prevent erosion of the embankment or foundation or damage to structures. If the 

majority of the seepage water is confined to only a few discrete seepage paths and the 

velocity of the seepage is sufficiently high, then progressive erosion of particles of soli 

may occur resulting in a piping type failure of the dam (Hani Al-Omosh, et. al, 2008).

The causes of seepage for different types of structures are discussed below:

All "Earthen Dams" are subject to seepage through the embankment, foundation, and 
abutments. In earth dams the principal failure modes are internal 

erosion/seepage/piping, overtopping, structural issues and slides on either upstream or 

downstream face. Seepage through earthen dams mainly occurs due to lack of filter 

protection and improper filter design, washing away or particles or clogging of drains, 

poor compaction, open seams, cracks caused by earth movement, etc. Transition 
between masonry/concrete dams and earth dams constitutes an area of discontinuity in 

the material properties and may lead to failure mode.

In "Masonry Dams", the failure is due to the seepage path through the body 

mass as concrete blocks when exposed to water are permeable and start seeping water 

by the lower pressure inside the body of the dam or through heterogeneous, pervious 

zone where seepage pressure in pervious layers exerts an excessive force on an 

overlying confining layer. The seepage occurs due to the moisture absorption by the 

weak zone, temperature effects, leaching, excessive uplift pressure, construction defects 

causing decrease in the relative density of the material, mechanical strength as well as 

water-tightness, earthquakes or floods, construction joints etc. Foundation seepage 

pressure in pervious layers can exert significant uplift force on a confining layer of lower 

permeability soil downstream from a dam. This pressure occurs when there is a more 

permeable layer underneath that transmits a large percentage of the reservoir head 

downstream. Failure begins when the pore pressure on the bottom of the confining layer 

exceeds the overburden pressure created by the weight of the overlying soils. Evidence 

of any seepage, subsidence or undercutting of masonry walls is best observed with the 

impoundment at spillway crest elevation.
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In, "Concrete Dams", construction deficiencies, disintegration and scaling, 

efflorescence, erosion, spalling and popouts and cracks etc are the major causes for 

seepage. Failures occur due to overtopping, piping and foundation failure because of 

the occurrence of uplift pressure or water pressure beneath the dam and in the rock 

mass. Overtopping failures result from the erosive action of the uncontrolled flow of 

water over, around or adjacent to the dam. Seepage can also develop behind or beneath 

concrete structures such as chute spillways or headwalls. If the concrete structure does 

not have a means such as weep holes or relief drains to relieve the water pressure, the 

concrete structure may heave, rotate, or crack. The effects of the freezing and thawing 

can amplify these problems. It should be noted that the water pressure behind or 

beneath structures may also be due to infiltration of surface water or spillway discharge 

(Pavlenko. V. V, 1974).

Transition between the masonry/concrete dam and earth dam requires special

attention and detailing during design and construction phase, as it constitutes an area of

discontinuity in the material properties, through which excessive seepage water may

pass from upstream to downstream through the contact surface of masonry/concrete

and earth dam at their junction and may lead to piping (Kanarskii. V. F, 1987, Panthulu.

T. V, 2001).
*

The seepage loss from irrigation canals constitutes a substantial percentage of 

the usable water for irrigation. Seepage is most likely to cause water quality problems in 

areas adjacent to or near agricultural drains or canals. Canal seepage varies with the 

nature of the canal lining; hydraulic conductivity; the hydraulic gradient between the 

canal and the surrounding land; resistance layer at the canal perimeter; water depth; 

flow velocity; and sediment load etc (Zechner. E, 2004). Seepage in "Canals" refers to 

the water that percolates into the soil strata through wetted perimeter of a canal. 

Seepage losses affect the operation and maintenance of the canals by piping and eroding 

of the bank of canals. Canals, whether lined or not, produce excessive saturation and 

uplift pressure, which might produce failures of the canal and other structures (Rushton 

and Redshaw 1979). Even concrete lined canals also have seepage if the lined areas 

consist of cracks (Merkley 2007). Generally earthen canals are mostly constructed using 

local materials, often with high permeable characteristics. Despite attempts to reduce 

permeability, construction methods have often failed to achieve a watertight barrier, 

particularly in older canals. Importing of better quality soils is often limited by availability 

or cost. Seepage from open canals especially with high embankment is therefore a 

gigantic concern. The common solution to stop the canal seepage is either lining canal 

i.e. stabilizing of bank or replacing them with pipes or through soil compaction. The
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seepage from a canal running through a stratified strata of highly permeable layers of 

sand and gravel underlie the top low permeable layer of finite depth is much more than 

that in homogeneous medium of very large depth. The difference in quantity of seepage 

becomes appreciable when the drainage layer lies at a depth less than twice the depth 

of water in the canal. Further, the quantity of seepage becomes very large as the 

drainage layer approaches the bed of the canal.

If occurrence of seepage is noticed measures should be taken to identify the 

source of leakage. The detection and analysis of seepage in hydraulic structures can be 

done by adopting one or more techniques from the following:

1) conventional hydrological technique, based on geology and hydrogeology, 

water balance of the reservoir, relationship between water level in the 

reservoir and seepage rates, piezometric studies

2) Geophysical methods

3) Nuclear borehole logging

4) Tracer techniques

The major aspect of geological studies are regional and site geology, including 

engineering characteristics of foundation rock and soil, geologic features of the dam 

foundation, abutments and reservoir rim, Investigations of geological formations, soil 

deposits and rock in and around the construction site is very important for assessing 

their behavior during earthquake shaking, and how they might affect the ability of a 

structure to resist earthquake including evaluation of liquefaction potential etc 

(Fagerlund, F., et. al, 2003).

The hydrological (nuclear) technique comprises of C-14/H-3 dating of ground 

water, discharge of rivers, ground water velocity measurement, leakage/ seepage 

detection from dam/reservoir, etc. The analytical mathematical models are developed to 

simulate water table fluctuations in the presence of transient recharge, pumping and 

seepage from any number of recharge basins, wells and leakage site of different 

dimensions using hydrological technique (Yurtsever. Y et. al, 1993).

Water balance studies are used to identify sources and quantify volumes of 

water inflows and losses. Surface water inflow and outflow, groundwater discharge, 

direct precipitation on the lake surface, discharge through outlet works, evaporation and 

lake bed seepage can be incorporated into a computer model to calculate predicted lake

C. W.P.R.5 Pune, May 2015 4



Technical Memorandum on Seepage Mapping Methods in Dams and Canals

level fluctuations under a variety of conditions (Van Haveren, B.P. 1991). Estimates of 

seepage rates are developed from the updated water balance or water balance 

optimization (input/output, seepage, evaporation, precipitation), but are considered 

generally less accurate due to higher levels of uncertainty with some water balance 

components. A water balance equation can be used to describe the flow of water in and 

out of a system, i.e., several hydrological domains, such as a column of soil or a 

drainage basin. Removing effects from rainfall and other possible water sources drained 

to the downstream part of the dam may give a quantification of seepage or water-loss 

for a specified period of time using water balance equations. A combination of various 

methods including base flow method, soil moisture balance (numerical approach), 

lysimetric studies, storage and flow rate concept, ground water flow (numerical) 

modeling techniques etc. can be applied in the water balance projects.

A piezometer nest of observation wells can be installed to determine the static 

level or piezometric surface of the water body. This is an imaginary surface that 

coincides with the static level of water. Piezometric readings can be used to establish 

isopiestic lines, which are contours of the piezometric surface of the water body. The 

piezometric network can be used to establish the general direction of seepage flow. 

Turbidity testing and hydro-chemical monitoring of the seepage water is the time-series 

of measurements on the composition of the water in the reservoir and the correlation to 

the same type of measurements on the seepage water. Temperature and conductivity 

measured inside the reservoir and in the region of the piezometer filters in the dam 

downstream slope, together with piezometric levels identify the preferential flow and 

identify the interconnection between piezometers and drains using dye tracers (Van 

Haveren, B.P. 1991).

Geophysical techniques applied to seepage measurement involve measuring a 

contrast in terrain conductivity (or its inverse, resistivity) in the subsurface profile 

around the seepage zone (Bogoslovsky V. A., et. al, 1979). This is done by either direct 

measurement of conductivity of seepage water or identification of contrasts in soil 

properties and inference of the likelihood of greater seepage through more permeable 

materials in the zone above the water table. Among different geophysical methods, the 

self-potential method, the resistivity method and temperature measurements (viz. 

seasonal temperature variations) may have the best prospects (Reynolds, John M. 

2000). The main objective of the resistivity method is to evaluate the potential of 

resistivity investigation and monitoring as tools for detection of internal erosion and 

anomalous seepage. The resistivity method is used in two ways : (1) detection of
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spatially anomalous zones by measuring resistivity along the dam and to investigate 

suspected structural weaknesses, (2) long-term resistivity monitoring for spatial 

information of the seepage-induced seasonal variation with time (Dahlin, T., P., 2008). 

It is non-intrusive, and collects information about the core where drillings normally are 

avoided. EM techniques can be used adjacent to the channel along with resistivity 

surveys for detection of channel seepage by mapping the distribution of relative 

seepage zones and quantification of seepage rates (Dwain K. B, 1990). Common 

application of tracer techniques and borehole nuclear techniques currently used in dam 

operation and safety during the site assessment phase and operational phase.

The major objectives of using tracers techniques are to determine (1) seepage 

studies in dam, reservoirs and canals, (2) location of seepage entry zones, delineating 

seepage path, assessing the efficiency of remedial measures, examination of soundness 

of bedrock etc. (3) hydraulic parameters of subsurface flow or seepage through hydraulic 

structures (4) aquifer characteristics (5) interconnection between solution cavities, (6) 

seepage losses through irrigation canals, (7) ground water recharge from river and other 

water bodies based on surface water studies (8) both unsaturated and saturated zones 

to estimate recharge, (9) demarcating the area benefited by artificial recharge, in 

assessing the extent of recharge and efficiency of recharge structures etc (Aulenbach, D.
B., et. al, 1978).

The common tracer techniques are done by using conventional tracers, 

environmental stable isotopes and injected artificial tracers. Tracer techniques may be 

used as a definitive tool in helping to determine the needed remedial measures and best 

way of implementation, seepage monitoring and analysis of hydrostatic pressures at 

dam. This technique can be used as cost-effective means to focus on potential failure 

modes, seepage paths, piping, determination of the velocity and direction of leakage or 

seepage, vertical flow, detection of seepage zone, effective porosity etc., design, 

construction and monitoring phases (Dunnivant, F. M., et al., 1998).

The nuclear borehole technique is done by using gamma logging, gamma gamma 

logging and neutron logging. Conventional and nuclear techniques can be used for 

collection of base-line geo hydrological data around the dam, studies of reservoir water 

tightness and slope stability, identification of major geological futures e.g. faults, dykes, 

paleo river channels and foundation permeability studies, quantification of sedimentation 

and identification of changes in density material properties for dam/reservoir 

management (Cripps. A. C., et. al, 2000). Well logging techniques, based on the
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utilization of nuclear radiation (gamma, neutron, etc.) play an important role to 

determine physico-chemical properties of soils and rocks in situ, determine the soil's clay 

and carbonate content, and its permeability, bulk density of soils, water content in soil, 

porosity (in saturated soils); soil matrix density; and water velocity and diffusivity (in 

unsaturated soils), fractures in consolidated rocks, etc. Nuclear logging provides 

identification of weak zones prone for seepage and determination of its in situ 

characteristics like density and porosity with depth. The determination of these physical 

properties provides information about the health of dam (Cripps. A. C., et. al, 2000). 

Therefore it was suggested to identify seepage entry points and determine in situ density 

of masonry as parameters for the study of dam safety and stability.

The technical memorandum is aimed at giving concise information about various 

techniques utilized for investigation and analysis of seepage in dams and canals along 

with various causes of seepage, consequences of occurrence of seepage, different 

methods for analysis and measures adopted for controlling seepage in different types of 

dams and canals. The related case studies are discussed in the Technical Memorandum.
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CHAPTER -  //_______________SEEPAGE THROUGH DAMS AND CANALS

R.K.Kamble (Scientist E)

EARTHEN DAMS

The basic requirements for design of an earth dam are to ensure i) safety against 

overtopping, ii) stability and iii) safety against internal erosion due to seepage. These 

requirements are often interrelated in a complex manner. Generally, in embankment 

dams water passage is through body and foundation since all earth materials are porous. 

An uncontrolled and excessive seepage progressively erodes soil from the embankment 

or foundation, resulting in rapid piping, which may lead to failure of the dam. Slope 

failures are also caused by creating high water pressures in the soil pores or by 

saturating the slope. Assessment of seepage and early detection of piping is essential to 

avoid catastrophic incidences of dam failures.
The main causes of occurrence of seepage through earthen dams are i) piping/ 

erosion and ii) pore pressure developed.

Piping/ Erosion:
The flow of water through a pervious soil produces seepage forces as a result of 

the friction between the percolating water and the walls of the pores of the soil through 

which it flows. Fig.2.1 shows the flow path of water through the pervious foundation of a 

dam. The water percolating downward at the upstream toe of the dam adds the initial 

seepage force, Fi, to the submerged weight of the soil, Ws, to produce the resultant body 

force, Ri. As the water percolates upward at the downstream toe of the dam, the 

seepage force tends to lift the soil, reducing the effective weight to R4. If exit seepage 

force,F4 exceeds Ws, the resultant would be acting upward and the soil is carried out / 

eroded / "piped out." If the foundation materials are similar throughout, the erosion 

could progress backwards along the flow line until a "pipe" is formed to the reservoir, 

allowing rapid escape of reservoir storage and subsequent failure of the dam. This 

action can occur rapidly or can be slow.

C.W.P.R.S Pune, May 2015 8



Technical Memorandum on Seepage Mapping Methods in Dams and Canals

If a more impervious layer at the surface overlies a pervious foundation, sudden 

upheaval of the foundation at the downstream toe of the dam can occur, called 

"blowout". Relatively impervious foundations are not usually susceptible to piping 

because impervious soil offers a greater resistance to seepage forces and, consequently, 

to displacement.

Pore Pressure

In the seepage flow region of the soil, the fluid pressure is developed which 

depends on the permeability of the soil, head difference on u/s and d/s ends, length of 

seepage path etc. In hydraulic structures, such as barrages, the pore pressure acting 

on the bottom of the floor of the structure exerts an upward pressure, called 'Uplift 

pressure' which is detrimental to the safety of the structure. In such cases, the uplift 

pressure at the bottom floor of the structure is reduced by constructing cutoff piles on 

d/s and u/s ends.

Regular monitoring is essential to detect seepage and prevent dam failure. 

Instrumentation should be used to monitor seepage. The two quantities that are 

essential to monitor and measure seepage are -  i) Flow rate and ii) Pore pressure.

CONCRETE & MASONRY DAMS

Seepage not only results in loss of water, but if not attended in time, affects the 

structural integrity of the structure. The materials and the methodology for repairs of 

damages to these structure shall be suitable chosen as per site condition and amount 

and causes of seepage. Seepage is tolerable during early ages but it increases with age, 

sometimes exceeding limiting value. However, in some of the recent masonry dams, 

seepage starts prematurely which makes the structure unsuitable for its intended use
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and makes it structurally weak. The incidences are rare in case of concrete dams as 

compared to masonry dams, where seepage is mainly because of cracking due to 

thermal effects, alkali aggregate reaction or constructional deficiencies.

The main causes of seepage in concrete and masonry dams are (i) 

porosity of construction material (ii) construction joints (provided as part of structural 

requirement) and (iii) cracks induced due to various causes.

The seepage in concrete dams is mainly due to improper mix design, inferior 

quality of construction material, and poor quality control during construction. 

Development of cracks due to various reasons like shrinkage, thermal loading and other 

structural problems are also responsible for seepage in concrete dams.
The seepage through masonry structures is mainly attributed to improper cement 

mortar ratio, type of cement, poor quality of stones, stiffness in the joints, in-expertise 

of mason in packing the rubble gaps and low degree of quality control exercised. Due 

to the technique used for construction, likelihood of seepages in masonry dams is more 

than that in concrete dams. The seepage due to thermal cracking in masonry dam can 

be ignored which is more evident in concrete dams and is detrimental to structure.

The construction quality of masonry dam solely depends upon the skillfulness of 

the mason doing the jointing work of stones. The ratio of mortar to stone depends upon 

and varies from mason to mason and sometimes may vary with location of work for an 

individual mason. Construction of masonry dams rests entirely on a group of manual 

laborers engaged on it. The procedure of construction therefore, is liable to involve 

numerous human errors affecting quality. The art of placing of mortar in joints and 

packing joints is most important factor governing quality of joints with respect to 

seepage. Since the quantity of stones (rubble) and the sand for making mortar is 

required in abundant, these materials have to be extracted from a number of quarries 

as such quality of these ingredients varies to large extent. Seals of rubber or copper 

are sometimes provided at joints to serve as water stops. Breakage of these seals is 

more likely during construction giving way to water. These and many other factors 

discussed herein make a masonry dam more susceptible to seepage.

IRRIGATION CANALS

An irrigation canal is a waterway, often man-made or enhanced, built for the purpose 

of carrying water from a source such as a lake, river, or stream, to soil used for farming 

or landscaping. One of the difficulties with irrigation canals is providing a reliable flow of 

water. When the canal is directly connected to a water source like a lake or a river, the 

water supply is fairly reliable, but care must be exercised to avoid using so much water 

that other areas suffer. Seepage is the most dominant processes by which water is lost
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in the canal. Thus, for the effective operational planning and management of an 

irrigation system, a dependable forecasting of the seepage is very important. Seepage 

rates are obtainable either by direct measurement or by estimation. The exact analysis 

of seepage loss from the canals is quite complex.
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CHAPTER-I/I CONVENTIONAL METHODS

Sudipta Bhowmick (Scientist B) 
Dr. Rolland Andrade (Scientist B)

Seepage is a common problem of dams and other hydraulic structures and is a 

function of hydraulic head (Jami et al, 2000) i.e. as the resen/oir approaches maximum 

capacity at flood stage, rate of seepage is also expected to be maximum. Seepage being 

an important factor in hydraulic structures, engineering geologist has to be apprehensive 

of the geology of the dam site including the foundation to ensure the water tightness of 

the foundation as well as the geology of the area to be occupied by the reservoir once 

the dam is completed. Anomalous seepage often occurs along preferential paths created 

within the dam. These include fracture zones, solution channels and cavities, poorly 

mixed fill in the embankment, and paths created along buried drainage pipes or electrical 

lines. Typical dam safety surveillance consists of visual inspections supported by limited 

instrumentation. Seepage control is necessary to prevent excessive uplift pressures, 

sloughing of the downstream slope, piping through the embankment and foundation, and 

erosion of material by loss into open joints in the foundation and abutments. Most of the 

seepage control remedial measures are to be planned and executed with a complete 

understanding of the problem.

Investigations related to dam seepage include study of the proposed site geology 

using various geophysical and geotechnical methods,_water balance studies7 assessment 

of seepage potential of the foundation and analysis of dam instrumentation data. 

Integration of different methods enables a better understanding of the problem and offer 

cost effective solutions. Other non-conventional methods like tracer techniques, borehole 

logging, geophysical methods, hydro geological methods and remote sensing techniques 

are often used in conjunction with other techniques to have a better understanding of 

the sub-surface properties. The chapter describes the details of the methods and their 

potential in assessing seepage through hydraulic structures.

Geological Studies

Primary objective of geological and geotechnical site investigations for a dam is to 

gather information about different parameters which are required to be incorporated 

during design and construction process in order to design a safe and economic 
structure. Some dam sites may be relatively uniform in their geology having one rock 

mass type with less discontinuities and a regular pattern of weathering. However, more 

often, the geology can be complex with several rock types having different physical
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properties such as strength, durability and susceptibility to weathering etc. For design of 

hydraulic structures related to water storage and transmission, following parameters 

need to be ascertained with a view to understand site specific seepage characteristics.

• Characteristics of foundation rock and rock mass of recharge area.

• Engineering properties of the foundation rock types such as density, porosity, 

strength, deformability, water absorption and durability.

• Geological structure of the foundation such as jointing, faulting and folding. A

full description of the defect pattern in the rock mass such as orientation,

spacing, extent or persistence and aperture need to be included.

• Permeability of the rock mass of the foundation.

• Groundwater table and their fluctuations.

• Aquifer characteristics of the site.

• Information regarding precipitation and surface discharge.

• Delineation of seepage path through foundation.

Although most of the dam site investigations will employ different methods, the exact 

bouquet of methods and their execution sequence needs to be customized to suit the 

particular geological problems of each individual dam site.

WATER BALANCE STUDY

Water balance study is essential for making decisions regarding water 

conservations and water management. It accounts for all water volumes that enter and 

leave a 3-dimensional space over a specified period of time considering the changes in 

the internal water storage. Both the spatial and temporal boundaries of a water balance 

must be clearly defined in order to compute water balance. A complete water balance is 

not limited to only irrigation water or rainwater or groundwater, but includes all water 

that enters and leaves the spatial boundary. The water balance of a dam or water 

storage over a specified time interval may be expressed as:

Qin + P + AD = Qout + S + E 

where Qin is the inflow, P is precipitation, AD is the change in level measured, Qout is the 

outflow, S is seepage and E is the evaporation rate (all in mm/day).

GEOPHYSICAL METHODS

Geophysical methods in general address three objectives namely mapping of 

geologic features, monitoring of seepage, and in-situ determination of engineering 

properties. Typical geological features may include faults, bedrock profile, discontinuities,
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voids and groundwater. Monitoring includes long time observations of intensity of 

seepage and engineering properties that can be determined in-situ include deformation 

modulus, electrical resistivity including magnetic and density properties to a lesser 

extent. Monitoring as well as in situ testing to determine various parameters applying 

geophysical methods need to be conducted keeping in view of the seasonal variations.

Electrical methods

Generally two types of electrical methods a) self-potential and b) electrical 

resistivity methods are employed for seepage investigation and monitoring.

a. Self Potential Method

The self-potential (SP) method is a passive technique used to measure small 

naturally occurring electrical potentials generated by fluid flow, mineralization, and 

geothermal gradients within the earth. This is the only one of the geophysical techniques 

that responds directly to fluid flow (Brosten et al 2005). Water flowing through the pore 

space of soil generates electrical current flow. This electro kinetic phenomenon is called 

streaming potential and gives rise to SP signals that are of primary interest in dam 

seepage studies.
Fig. 3.1 illustrates the concept of an SP survey set up along the crest of a dam 

and the recorded anomaly caused by seepage flow. For seepage investigations, a single 

survey line can detect and locate an anomaly caused by a seepage path. For best data 

quality, fixed-reference SP surveys need to be deployed, where measurements are taken 

between the fixed-base electrode and the measuring electrodes placed perpendicular to 

suspected seepage flow lines (Corwin 1989). Comprehensive SP investigations include 

survey data sets gathered at different reservoir levels. Cross-comparing of these data 

sets isolates the SP response to changes in the pattern of seepage (i.e., varying 

reservoir levels cause different groundwater seepage flow paths and volumes) to reveal 

the flow path. The SP method is a cost-effective passive technique that has found an 

increasing role in geotechnical investigations and has successfully located seepage paths 

within embankment dams, levees, and reservoir systems. The increasing role of SP has 

initiated research on SP algorithms to quantify flow volume and to develop the SP 

technique as a comprehensive investigative tool in seepage assessment projects (Sheffer 
and Howie 2003).
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Fig. 3 .11llustration o f an electrode array set up along the crest o f a dam and the SP 

anomaly generated from downward seepage

b. Resistivity Method

The resistivity method is used to measure the electrical resistivity of the 

geological section in both the lateral and vertical sense. In general, most soil and rock 

types are considered electrically resistive and the flow of current is influenced by 

moisture filled pore (or fracture) spaces within the subsurface. Zones of low resistivity 

values are predominantly controlled by the porosity and permeability of the system, the 

degree of saturation of the subsurface, and the concentration of dissolved solids within 

the saturated subsurface. Both "profiling" and "sounding" resistivity techniques are 

applied.

Profiling provides a means of delineating lateral resistivity contrast within the 

subsurface electrical properties. Resistivity sounding yields characterization of vertical 

resistivity contrasts and provides an estimate of the "depth layering" within the 

subsurface. The purpose of the resistivity survey is to delineate zones of suspected 

increased permeability and groundwater flow paths as potential sites for borehole drilling 

and subsequent monitoring well installation. The correlation of known seepage areas 

with resistivity anomalies is extrapolated to defining areas of suspected increased 

subsurface flow. The direct current resistivity method has well-established data 

acquisition and interpretation techniques for standard survey configurations. Resistivity 

surveys are conducted by laying out electrodes along a survey line. Current is introduced 

into the ground through a pair of current electrodes (C l and C2), and two potential 

electrodes (PI and P2) measure the voltage difference (Fig.3.2A). As the spacing of the 

current and potential electrodes increase, the depth of investigation also increases. By 

measuring voltage differences as the electrode spacing increases, a 2-D profile of the
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subsurface is created. Geological interpretations of the subsurface are then made based 

on the resistivity observations. Ground resistivity is related to geologic variations such as 

the mineralogy, fluid content, porosity, and degree of water saturation in the rock. 

Electrical resistivity profiling provides a 2-dimensional (2-D) model interpretation of the 

subsurface resistivity distribution in the vertical and horizontal direction along a survey 

line. From the 2-D model, a subsurface distribution of the geologic variations can be 

inferred.

Fig. 3.2 A conventional four electrode array to measure the subsurface resistivity

Soundings provide a 1-dimensional (1-D) model of true layer resistivity and 

thickness beneath the center of the electrode array. In this method, the centre point of 

the electrode array remains fixed, but the spacing between the electrodes is increased to 

obtain more information about the deeper sections of the subsurface. To interpret the 

data from such a survey, it is normally assumed that the subsurface consists of 

horizontal layers. In this case, the subsurface resistivity changes only with depth, but 

does not change in the horizontal direction. Despite this limitation, this method has 

given useful results for geological situations (such the water-table) where the one 

dimensional model is approximately true. Numerous array configurations can be chosen, 

with advantages and disadvantages for both profiling and sounding. Some of the 

commonly used arrays in resistivity surveys and their geometric factors are shown in 

Fig.3.2 B. The best array for the survey is dependent on the type of geologic materials 

being investigated, desired depth of investigation, signal strength, array sensitivity to 

vertical and horizontal resistivity changes in the subsurface and the probable background 

noise.

C l P1 P2 C2
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Fig.3.2 B Common arrays used in resistivity surveys and their geometric factors

The greatest limitation of the resistivity sounding method is that it does not take 

into account horizontal changes in the subsurface resistivity. A more accurate model of 

the subsurface is a two-dimensional (2-D) model where the resistivity changes in the 

vertical direction, as well as in the horizontal direction along the survey line. In this case, 

it is assumed that resistivity does not change in the direction that is perpendicular to the 

survey line. In many situations, particularly for surveys over elongated geological bodies, 

this is a reasonable assumption. 2D resistivity surveys are usually carried out using a 

large number of electrodes, 25 or more, connected to a multi-core cable. Typical setup 

for a 2-D survey with a number of electrodes with constant spacing along a straight line 

attached to a multi-core cable and a laptop microcomputer together with an electronic 

switching unit being used to automatically select the relevant four electrodes for each 

measurement is shown vide Fig.3.3.

The sequence of measurements to take, the type of array to use and other survey 

parameters (such the current to use) is normally entered into a text file which can be 
read by a computer program in a laptop computer.

Application of resistivity method to dam seepage investigations is two-fold. The 

method may be used to monitor spatial and/or temporal variations in electrical resistivity 

in response to changing soil conditions caused by internal erosion and anomalous 

seepage. For seepage investigations, resistivity targets generally include fracture zones 

and solution features created through preferred seepage paths. Resistivity profiling is a 

primary method used in seepage investigations and was successfully delineated seepage 

paths in past studies (Butler and Llopis 1990, Karastathis et al. 2002, Panthulu et al.
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2001, Sirles 1997). Since, embankment and reservoir conditions are dynamic, 

fluctuations in lake levels, seasonal temperatures, and total dissolved solids etc affect 

the electrical properties of the embankment, particularly its electrical resistivity. Hence, 

a long-term monitoring may help an increased sensitivity to temporal changes and 

enable more effective identification of local changes that may be linked to the 

development of internal erosion.

Fig. 3.3 The arrangement o f electrodes for a 2-D electrical survey and the sequence of 

measurements used to build up a pseudo-section

OTHER GEOPHYSICAL METHODS

In recent times, applications of techniques such as Ground Penetrating Radar 

(GPR) and Seismic Refraction Method have resulted in fast and accurate analysis of 

geological parameters. A brief discussion is given in the following paragraphs.

Ground-Penetrating Radar (GPR)

GPR, in principle, identify seepage either by detecting underground voids created 

by the seeping water as it erodes the material or by detecting anomalous change in the 

properties of the material due to saturation. Advantages include good spatial resolution 

and high acquisition speed. However, GPR's primary disadvantage is its extreme 

sensitivity to site conditions. Areas with high clay or water content within the shallow 

subsurface can attenuate the GPR signal, making it virtually useless. The penetration 

depth depends on soil properties but also on the emitted frequency. Different antennas
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are therefore used for various applications. A long frequency gives a high penetration 

depth but a low resolution due to the low wavelength. Internal erosion affects the 

porosity of material in the core and increases the water content. Radar measurements 

can detect these changes since they influence the radio wave velocity.

If the contrasts in electrical properties (e.g. changes in permittivity) are relatively 

simple, then the GPR time-distance record can be viewed as a two dimensional pseudo­

image of the earth, with the horizontal axis as the distance along the surface, and the 

vertical axis being the two-way travel time of the radar wave. The two-way travel time 

on the vertical axis can be converted to depth, if the permittivity (which can be 

converted to velocity) is known. The GPR time-distance record is the simplest display of 

GPR data that can be interpreted in terms of subsurface features.

Seismic Refraction Method

Refraction seismic method is utilized to delineate the contact between the 

unconsolidated material and underlying bedrock. In seismic refraction method, 

compression wave (P-wave) is generated using a near-surface impulsive energy which 

propagates through the subsurface media and is refracted along stratigraphic 

boundaries. The impulsive energy source is selected based upon the length of the 

seismic line, the resolution desired and the environmental suitability of the seismic 

source. Fig.3.4 shows the simple two-layer case of the site profile and the propagation of 

P-waves generated from the impact source that travel along the seismic line. The Fig 

shows how the rays go downward to the boundary and are refracted along the boundary 

and return to the surface to impact the detectors (geophone) deployed along the ground 

surface. If the time of first arrival is plotted on a time-distance curve such as Fig.3.5, 

the rate of change of arrival times between detectors is seen to be proportional to the 

velocity of the material. This method can be effectively used to delineate the weak zones 

in the bedrock and in the foundation of the dam which may be the prospective zones for 
the seepage.
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Fig. 3.4 Schematic o f  Seismic Refraction Survey
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Fig. 3.5 Schematic o f  multiple-layer case and 
corresponding time-distance curve
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CHAPTER -  IV_______________________ NON CONVENTIONAL METHODS

Dr. Rolland Andrade (Scientist B) 
Govind A Panwalkar (Scientist B)

In the recent past these non-destructive and non-conventional methods are 

finding increasing application in seepage detection of hydraulic structures. These 

techniques are discussed in detail in subsequent chapters.

Nuclear Logging

Borehole logging investigations represent an economic, noninvasive alternative 

and can provide insitu assessment of the engineering properties of the subsurface, 

potential seepage pathways, lithological variations, and solution activity (e.g. Black and 

Corwin, 1985, Al-Saigh et al., 1994). Application of these methods has demonstrated 

cost savings through reduced design uncertainty and lower investigation costs.

A borehole log is a continuous record of measurement made in bore hole that 

responds to variation in some physical properties of rocks through which the bore hole is 

drilled. The subsurface geologic conditions and engineering characteristics can be 

determined directly or indirectly from the properties measured by these techniques. 

Further, borehole logs can be run in cased/uncased and fluid filled boreholes and can be 

repeated a number of times. The different logging tools are named either on the basis of 

the parameter measured, or according to the principle by which the measurement is 

made. In the subsequent chapters, the different logging techniques like nuclear logging, 

acoustic logging and caliper logging techniques that are most important for detection of 

seepage in hydraulic structure are discussed.

Tracer Techniques

Tracer techniques are widely used in different fields as advanced techniques to 

solve different kinds of problems. The major use of these techniques is in the field of 

medical science, bio science (viz. agricultural fields), oil sector, industry, hydrology and 

hydro geology, civil engineering etc. In the civil engineering field, tracer techniques are 

mainly used to solve seepage related problems through hydraulic structures viz. dams, 

reservoirs and canals.

A tracer is a certain substance added to a material in a chemical, biological, or 

physical system to mark that material for study to observe its progress through the
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system, or to determine its final distribution. The system or medium within which tracer 

is applied should be a dynamic one.

In seepage studies, "Tracers" are innocuous (nonhazardous and nontoxic) 

chemical compounds, salts and dyes that behave exactly similar to the materials to be 

traced but differ from them by a particular property that may be physical, chemical 

including radioactive (Moser. H, 1995). An ideal tracer is nontoxic, inexpensive, unique 

passive-type, easily soluble in cold water, moves with the fluid in contact, easily 

detectable in trace elements at low concentrations, does not alter the natural flow 

direction, is chemically stable and sensitive for the desired length of time and for most 

purposes is neither filtered nor sorbed by the solid medium through which the fluid 

moves (Flury and Wai, 2003).

The major applications of tracer techniques in seepage studies are:

• Determination of hydraulic connection, direction, velocity and the pattern of 

subsurface flow

• Determination of aquifer characteristics like filtration velocity, porous velocity, 

porosity, permeability, transmissivity etc.

• Stratification of aquifers

• Interconnection between solution cavities in karst areas

• Seepage through hydraulic structures

• Assessment of seepage losses through irrigation canals

• Selection of sites for waste disposal

• Estimation of infiltration for recharge studies.

TRACER STUDIES

Tracers have become a primary tool for process investigation, qualitative and 

quantitative system analysis and integrated resource management in the hydrology. A 

Tracer is a certain substance added to a material in a chemical, biological, or physical 

system to mark that material for study, to observe its progress through the system, or 

to determine its final distribution. Human-applied tracers are applied purposely to 

investigate certain aspects of the hydrological system. The multi parameter detecting 

technology which synthesizes the advantage of the nature tracer, manpower tracer and 

isotope has gained great effect on detecting the leakage passage of dam (Lin. T, et. al, 

2008), canal or any hydrological system. In most cases, the tracer is used to track the 

movement of water (Flury. M, et. al, 2003), analysis of flow pathways, velocities and 

travel times, hydrodynamic dispersion, recharge, and discharge etc (Moser. H, 1995). 

This means that the nature and magnitude of seepage flux is inferred or calculated from
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the measurements of other parameters such as hydraulic head, hydraulic conductivity, 

temperature or isotopes (Ancid, 2000). The need for tracers is mainly a consequence of 

the large variability with time and space of relevant parameters of water systems. This 

variability frequently makes it difficult to obtain reliable values of the parameters which 

are responsible for the behaviour of water in the system under investigation, especially 

when precise information is absolutely necessary. In these cases, the use of tracers may 

provide the only available solution (Plata-Bedmar. A, 1988). The change of permeability 

of the dam body media is interpreted as a result of interaction with seeping water after 

reservoir impoundment (Hien. P. D et. al, 1996). The tracer method can be adapted in 

the best way to the hydrological problem and situation, but there are limitations 

regarding the size of the investigation area and the time period of the experiment 

(Moser. H, 1995).

By definition, tracers are chemical compounds, salts and dyes that behave exactly 

similar to the materials to be traced but differ from them by a particular property that 

may be physical, chemical including radioactive. The tracer is conservative in behavior. 

It moves in a manner similar to water without sorption to soils, sediments, or rocks, 

without degradation during the time frame of interest (Markus Flury, et. al, 2003, Aeby, 

P, et. al, 2001) and must be detectable at low concentrations to ensure high recovery 

rates, as well. Tracer must be sufficiently economical but not alter the environment or 

subject to leaching, abrasion or other alteration; or hazardous to public health or the 

environment. The tracer has low background concentration and is clearly discernible 

from the background of the system. The tracer is detectable either by chemical analysis 

or by visualization. The tracer generates a low toxicological impact on the study 

environment.

Ideal tracer has properties such as no loss, no delay and having the same compound as 

traced fluid. An ideal tracer is nontoxic, inexpensive, moves with the fluid in contact, 

easily detectable in trace elements, does not alter the natural flow direction, is 

chemically stable for the desired length of time and for most purposes is neither filtered 

nor sorbed by the solid medium through which the fluid moves (H. Moser, 1995, Hotzl,

H. et. al., 1992, Peters, N. E, et. al, 1993).

OBJECTIVES

The general applications or objectives of Tracers are:

Determination of sediment transport rates, hydraulic connection, direction, velocity and 

subsurface flow etc.
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Determination of aquifer characteristics like filtration velocity, porous velocity, porosity, 

permeability, transmissivity etc., linking sediment transport to hydrodynamic 

mechanisms. Stratification of aquifers

• Interconnection between solution cavities in karst areas (Turkmen S, et. al. 2002)

• Seepage through hydraulic structures

• Assessment of seepage losses through irrigation canals

• Selection of waste disposal sites, monitoring of sediment plume behaviour,

assessment of the influence of man-made structure on sediment movement,

wastewater treatment process studies etc.

• Estimation of infiltration for recharge studies.

TYPES OF TRACERS

Depending on application, tracer can be used to characterize properties of large 

subsurface volumes or investigate small-scale transport phenomena (Craig E, et. al, 

2005). A tracer can be entirely natural like the heat carried by a plume of geothermal 

water or intentionally introduced like dyes placed to determine leakage source and 

establish interconnection.

Tracers can be broadly divided into two groups:

i) Conventional tracers and

ii) Isotope tracers

CONVENTIONAL TRACERS

Conventional tracers include strong electrolytes like Sodium Chloride (NaCI), 

Ammonium Chloride (NH4CI) and organic dyes like Sodium Fluoroscene, Rhodamine-B, 

Rhodamine-WT, etc (Olaf Huseby, et. al, 2009) which moves with the same velocity as 

the ground water, and its concentration is affected only by hydrodynamic dispersion. 

Major ions such as chloride and bromide have been used as they behave conservatively 

and rarely sorb onto geological material.

Dye tracers (viz. Sodium fluorescein) are successfully used in karst and other 

high-permeability terrains where other types of tracers have limited use (Mull, D.S, et. 

al, 1988). Dyes or organic dyes have proven to be powerful tracers (Davis et al., 1980) 

due to their low toxicity, detectability at low concentrations and over long distances, 

relatively low sorption tendencies, good solubility in cold water and low cost, as well 

(Aeby, P. et.al, 2001). Since dye tracer is water soluble, the tracer response curve 

reflects the flow model in the porous media and dilution processes in the in-situ water.
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The dye provides information on the nature of the groundwater flow that is not 

produced by more conventional tracing methods. Sodium Fluoroscene is orange in color, 

low toxicity, sensitive to Ultra-violet light and characteristic bright yellowish green colour 

in dilute concentrations (Divine C. E, et. al, 2005). Congo red is a red dye that may turn 

blue in acid waters and Rhodamine-B is a red dye similar to Fluoroscene.

METHODS OF APPLICATION

Tracer techniques are adapted by injecting a predetermined quantity of tracer 

into a borehole or suspected seepage entry points and monitoring the dilution of tracers 

at the places of leakage points. The best injection point is at the well head or on the 

injection flow line very close to the wellhead.

The tracer techniques can be employed by utilizing two methods.

i. Single Well or Point Dilution Technique

ii. Multiwell Techniques

Single Well Technique (Point Dilution Technique)

The aim of point-dilution method is to inject a tracer into a well, monitor one or 

more down-gradient wells by collecting and analyzing ground water samples, obtain a 

direct measurement of filtration velocity i.e. the amount of subsurface water flowing per 

unit area per unit time in a water bearing formation under natural or induced hydraulic 

gradient (Halevy et. al. 1967). The faster the ground water flow, the faster the tracer is 

swept from the well bore.

The concentration of a tracer decreases as a result of horizontal flow of water or by 

diffusion. The interconnected fissures/cracks can be located by tracer dilution and 

filtration velocity can be determined which in turn would give quantity of flow and 

permeability of masonry / concrete / formations.

When a tracer like common salt or organic dye or any radioactive water-soluble tracer is 

introduced in a borehole, the decrease in the concentration of the tracer is related to the 

filtration velocity of the undisturbed ground water flow as shown in figure.4.1. A change 

in the concentration of the tracer is caused either by flow or by diffusion (Rao. S. M, 

1984). The flow in the borehole consists of horizontal flow, vertical flow, density currents 

and flow due to artificial mixing.
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Fig. 4.1 Conceptual model showing the tracer migration in single well injection test

In a single borehole, many hydraulic coefficients, such as flow velocity, direction of flow, 

vertical flow etc., can be obtained by using isotope tracer method. There are three 

conditions if a fissure intersects a borehole: vertical, parallel and tilt. According to each 

different condition, the formulation of flow velocity deduced by isotope dilution method is 

different (Moser, H., et. al, 1989).

If only steady horizontal flow is dominant and the tracer is homogeneously distributed 

throughout the volume at all times, then the relation between apparent dilution rate and 

the concentration of the tracer is given as:

V C
Va =  In —

Ft  C 0
(1)

Where:

va = apparent velocity

V = volume of water in the borehole in which dilution takes place

F = Area of cross section of measuring volume perpendicular to the

direction of the undisturbed groundwater flow

t = time required for concentration to fall from C0 to C

The horizontal flow pattern is distorted due to the presence of borehole. Thus, the 

measured velocity (Va) has to be related to actual filtration velocity (Vf) by some 

additional terms, which account for the hydrodynamic distribution (Kaufman et al 1969).
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The correction factor 0, which accounts for the distribution of the flow lines due to 

the presence of the borehole, is given by.

0 = Qh/Qr (2)

Where Qh = horizontal flow rate in borehole in cm/sec

Qf = the flow rate in the same cross section of formation in the absence

of

borehole.

If only horizontal flow exists then, Vf is given by

Vf  =  — —  In —  ( 3 )
f  Q ft  C 0

If packer system is used with a detector probe, then

V . = - — ^ - l n —  ( 4 )
1 4 Qt C 0

Where d & ds are diameters of boreholes and detector probe respectively.

In this technique, the tracer is injected into the borehole by different methods like 

pouring it through a thin pipe, using a special syringe or a pump or by crushing an 

ampoule in the borehole at any desired depth. The tracer is then thoroughly mixed and 

then insitu measurements made at desired depths. Alternatively, samples are collected 

and then dilution of tracer is measured (Lamontagne S, et. al, 2002). A typical curve 

showing the change in tracer concentration with time for point dilution technique is 

depicted in figure.4.2.
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Multi-well Technique

Tracers used for Multi-well Technique may be chemical or radioactive. H°*ever  ̂
radioactive tracers are suitable for smaii v o iu m e  injection. This multi-well approach 

yield a direct estimate of ground water flow velocity.

The method involves injecting a predetermined quantity of tracer in the form of a 

solution in one of the boreholes and monitoring its appearance in a number of ore o 

located at the downstream, in the anticipated direction of flow. Use of tracers roug 

inter-well tracer testing has been established and proven as an efficient techno ogy 

obtain information on well-to-well communication, heterogeneity and flu' y 

(Olaf Huseby, et. al, 2009, Moser, W., et. al, 1989), determine direction of ow a 

seepage velocity through porous medium etc. The injected quantity of trace 

enough to be detected in the monitoring boreholes. The seepage velocity can 

determined by knowing the arrival of the peak in the concentration versu  ̂ jjC 
curve and the distances between the injection and observation holes. Th ^

interconnection between two water bodies, if any, can be establishe 
figure.4.3.
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N a tu ra l G ra d ie n t  T r a c e r  T e s t

Fig. 4.3. Conceptual model showing the tracer migration in multi well injection test

ADVANTAGES AND LIMITATIONS IN USE OF CONVENTIONAL TRACERS

Advantages of conventional tracers are already discussed earlier. Chemical and 

dye tracers are generally affected by absorption and adsorption processes. While 

detecting these tracers diffusion, dispersion, are predominant and therefore many times 

exact detection is not possible (Rao. S. M, 1984). The sampling intervals need to be 

carefully and accurately planned. Further, these tracers cannot be detected over long 

distances. Also, their detection with leached material is difficult many times.

ISOTOPE TRACERS

Isotope tracers can be subdivided into stable and unstable isotopes. Stable 

isotopes are those isotopes that do not undergo radioactive decay with time (Ahmad. M, 

et. al, 2003); so their nuclei are stable and their masses remain the same. However, 

they may themselves be the product of the decay of radioactive isotopes. This alters the 

mass of the atom but not its chemical nature. The most commonly occurring isotope has 

the lowest mass in the case of 13C, 2H, 180 as well as 15N . Stable isotopes include 

environmental isotopes while unstable isotopes are radioactive (e.g. 3H, 51Cr, 60Co, 82Br, 

and 131I) (Gaspar et. al, 1972, Gibson, et.al, 2005).

The potential contribution of isotope methods are: (1) determination of physical 

parameters related to flow dynamics and system structure, (2) delineation of processes 

involved (process tracing) during flow and circulation of water, (3) study of origin 

(genesis) of water, mixing ratios of component flows (component tracing) and (4) 

study of "Time-scale" of events (Y. Yurtsever, et.al , 1993, Kendall, C. et. al. 1998).
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of its short life span (36 hrs) and high-energy gamma emission. Sometimes, radioactive 

tracers (198Au and 140La) are removed from the water and adsorbed on the soil matrix as 

the water enters the soil during seepage and are particularly useful to locate areas of 

high seepage (Kamble et al., 2003, Gibson, et.al, 2005).

Radon gas can be used as a natural tracer of ground water seepage as the 

groundwater has a higher concentration of 222Rn than surface water (Kraemer et.al, 

1998).

Radioactive tracer techniques present advantages:

First, their concentration can be measured with detectors located outside pipes or 

vessels. Second, measurement of samples taken from a flow is simple and independent 

of the matrix of samples. Third, a radioactive tracer is unique for labeling specific 

elements or chemical species.

METHODS OF APPLICATION

The different methods of application of radio-active isotope tracers are

1. Point Dilution Technique

2. Point Injection Technique

3. Labeling of whole water column

4. Radioactive Cloud Migration Method

5. Radioactive Tracer Adsorption Method

among which only Point Dilution and Point Injection methods are discussed here.

(1) Point Dilution Technique: The Point Dilution Technique, the horizontal component of 

the groundwater flow velocity is obtained from the decrease in the concentration of the 

tracer injected into the borehole due to the flow perpendicular to its axis, as a function of 

time.

In principle, the method is based on (1) the groundwater flow at the borehole site is in a 

steady state, (2) tracer concentration at any given moment in all points within the 

volume is same, (3) absence of significant losses of tracer (Lichner. L, 2001).

(2) Point Injection Technique : This method is based on the execution of tracer injection at different 

points of the seepage prone area and measurement of the eventual break through curves at the 

existing spring or downstream boreholes. Each tracer injection provides information of 

the water leakage corresponding to a small area close to the injection point (Kimball,
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