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ABSTRACT 

Stable isotopes of oxygen and electrical conductivity of groundwater, river water and rain water were used to 

elucidate the river -ground water interaction in the Thuthapuzha Sub-Basin of Bharathapuzha, the second 

largest river basin in Kerala, India.  River and groundwater samples representing the upstream, midstream and 

the downstream of the study area were collected during the pre monsoon, monsoon and post monsoon season 

and were analyzed for 18
O and electrical conductivity. The river-groundwater interaction was estimated by 

applying the isotope mass balance and conductivity mass balance methods. The base flow of groundwater was 

maximum in the downstream and minimum in the upstream during pre monsoon and post monsoon seasons. The 

percentage contribution of base flow determined by the isotope mass balance method was 43%,  25 % and 17% 

during the pre monsoon and 38%, 27% and 15% during the post monsoon season for the downstream, 

midstream and the upstream respectively. The base flow contribution to the river computed by the conductivity 

mass balance method was slightly higher than the results obtained by isotope mass balance method and were 

48%, 26% and 12% in pre monsoon and 43%, 20% and 10% in the post monsoon for the downstream, 

midstream and upstream. The recharge of groundwater by the river peaked during the monsoon season. 

Keywords: Conductivity Mass Balance Method, Environmental Stable Isotopes, Isotope Mass Balance 

Method, River-Groundwater Interaction, Thuthapuzha Sub Basin, Kerala 

 

I. INTRODUCTION 

Groundwater and surface water have been historically considered as isolated components of the hydrologic 

cycle and have been managed individually [1]. In recent years it has been recognized that the management of 

one component of the hydrologic system, such as a stream or an aquifer is only partly effective because each 

hydrologic component is in continued interaction with other components [2, 3]. Groundwater interacts with 

surface water in a variety of ways, principally by gaining water from and providing water to river systems [4]. 

The process of surface water- groundwater interaction is complex and is influenced by the geological and 

climatic setting of the environment and a variety of physiographic processes. They have significant implications 

on both water quantity and quality [5,6,7]  
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Various methods are employed to determine the process of surface water-groundwater interaction. 

Conventionally, groundwater level measurements are used to define the hydraulic gradient and the direction of 

groundwater flow. Flow measurements at various points along the stream are used to estimate the magnitude of 

gain to or loss from the underlying aquifer. Other tools used to investigate surface water - groundwater 

interaction include seepage meters [8], river bed piezometers [9], time-series temperature measurements [10] 

and hydraulic models [11]. Although each of these methods have their own merits, the need for extensive 

periodic measurements make these methods more laborious and error prone.  

 Hydrogeochemistry has also proved to be an effective tool for studying surface water groundwater interaction 

and deciphering the sources of water [12]. Different hydrochemical parameters such as conductivity, sodium, 

nitrate, silica etc. are widely used to determine the surface water- groundwater interaction under different 

climatic and geologic settings [13]. Isotopic tracers such as stable isotopes of oxygen and hydrogen are also 

employed successfully in surface water- groundwater interaction studies [14]. Compared to the other techniques, 

isotope techniques are less laborious and precise [15]. It is generally accepted that a multiple approach, in which 

isotope methods combined with other methods provides the most accurate picture of interaction with the greatest 

levels of certainty [16].   

 The quantification of surface water -groundwater interactions using isotope and geochemical tracers is achieved 

by applying the isotopic or geochemical mass balance methods [17]. Interaction of river and the groundwater 

components in the Huaisha River basin of China [18], the Huasco and Limari river basins in the North Central 

Chile [19], the Hillsborough River watershed of West-Central Florida [20] etc. was estimated by applying the 

isotope mass balance and the conductivity mass balance method with other conventional methods like 

groundwater level monitoring and stream flow measurements. 

 

 The isotope mass balance methods have also been successfully employed in India in estimating the regeneration 

of river Ganga [21] and Yamuna [22], interaction of  Nainital lake with groundwater [15] etc.  All these studies 

focused mainly on the water resources of Himalayan region. In southern India, estimation of the hydraulic 

connection of Sasthamkotta lake of Kerala with the groundwater has been attended [23] by using isotope 

techniques. However, extensive studies using isotope techniques in water resources are limited in southern 

India. 

 The present study area lies in the state of Kerala located in the southwestern corner of Indian Peninsula as a 

long and narrow strip of land bordered by the Western Ghats in the east and the Lakshadweep Sea in the west. 

The state is popularly known as ‘Gods own country’ for its greenery, copious rainfall (3000mm/year) and water 

resources (44 rivers and their tributaries) giving the impression that the state has enough water resources for all 

its needs. However, due to the spatio-temporal variations in the distribution of rainfall and undulating 

topography with steep seaward slopes most of the water in the rivers quickly drains to the Arabian Sea. To cope 

with limited water resources available in various rivers, particularly during the non monsoon months, the 

groundwater is also intensively extracted to cater for the water demands of the State. Unsustainable exploitation 

of both river water and groundwater often lead to the lowering of groundwater table [24] saline intrusion [25] 

and reduction of base flow of groundwater to the rivers during periods of low flows [26]. Since flow of rivers 
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during summer months are sustained mainly by the contribution of groundwater base flow [27], overexploitation 

of groundwater may even lead to the shifting of rivers from a perennial flow regime to an ephemeral flow 

regime. In this scenario, it is extremely important to understand and quantify the river-groundwater interaction 

for determining safe levels of groundwater allocation. It also helps to maintain river flows and also to identify 

transportation of contaminants across the river and groundwater. 

The present study attempts to investigate river water – groundwater interactions in a tropical Sub-Basin 

(Thuthapuzha Sub-Basin) of Bharathapuzha, the second longest and second largest river basin of Kerala. The 

interaction between groundwater and river water is estimated by applying the two component oxygen isotope 

mass balance method. The results obtained by the isotope mass balance method are also compared with the 

conductivity mass balance method. 

II. STUDY AREA 

Thuthapuzha Sub- Basin is a sixth order basin covering an area of 1018 km
2
 and located within the Palakkad 

and Malappuram districts of Kerala. Flowing between latitude 10

50’ to 11


15’ North and longitude 76

 

05’to76

40’, Thuthapuzha is about 63 km in length with an average annual discharge of 1750 MCM [28]. There 

are four tributaries draining to Thuthapuzha namely Kuntipuzha, Nellipuzha, Kanhirapuzha and 

Thuppanadpuzha (Fig.1). Apart from the reservoir which is built across Kanhirapuzha that serves as a source of 

water for irrigation, there are no other major structures built in the river course. 

The study area falls within three physiographic zones of Kerala state namely the high lands (600-2500m 

elevation above mean sea level), the midlands (300 – 600 m elevation above mean sea level) and the low lands 

(10-300m elevation above mean sea level). The Silent Valley Reserve Forest, the core of the Nilgiri Biosphere 

Reserve, is located at the northeastern corner of the Sub- Basin. The study area experiences a humid tropical 

climate and wide variation in rainfall ranging from 2800 mm to more than 5000mm/year, the rainfall is higher 

towards the north eastern part. Like the other part of Kerala State, the region also experiences two distinct 

monsoons, namely the south-west monsoon (June- September) and north-east monsoon (October-December). 

The south west monsoon accounts for about 65% of the annual rainfall, the north east monsoon  and the summer 

showers contribute the rest total annual rainfall in the Sub Basin. 

The study area comprises of a variety of Precambrian crystalline rocks like charnockite, charnockitic gneiss,  

hornblende biotite gneiss, garnet biotite gneiss, khondalites and migmatites etc. [29]. Charnockite occupies the 

greatest area and is characterized by well developed foliation, at many places, striking WNW-ESE with a 

southward dip of 30
0
-50

0 
[30]. A gabbro dyke traverses extensive lengths of the study area. The dyke trends in 

the NW- SE direction and the width of the dyke varies from 30 to 50m [31]. Laterite is observed as a capping 

over the major part of the study area. The thickness of the laterite exhibits considerable spatial variations with a 

maximum thickness of 20m along the western part. Towards the eastern part, laterite is either absent or observed 

as thin capping over the country rock.   
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Fig.1.Location Map of the study area 

III. METHODOLOGY 

 River water samples (n-5) were collected from the upstream (elevation greater than 80m above msl), midstream 

(50-80m above msl) and downstream (20-50 above msl) of the Sub-Basin (n-7 each).  Groundwater samples 

were also collected from the upstream (n-5), mid stream (n-15) and downstream (n-15) of the study area. Rain 

water was collected from Pattambi, a station located in the downstream of the study area. These samples were 

collected during the pre monsoon, monsoon and post monsoon seasons. 

 Electrical conductivity of the samples was measured from the field itself using water analyser kit (Horiba U-

10). For 
18

O measurement, the samples were taken in clean polythene (Tarson) 60 ml bottles by filling to the 

maximum level leaving only a little space (for thermal expansion) and closing the bottle tightly to avoid isotope 

exchange with air moisture. The samples were analyzed using continuous flow Isotope Ratio Mass Spectrometer 

(FINNIGAN DELTA
PLUS

 XP) housed at the Isotope Hydrology Division of Centre for Water Resources 

Development and Management. The oxygen isotope (δ
18

O) was analyzed using the CO2-H2O equilibration 

method (Epstein and Mayeda, 1953). The measurements were carried out against secondary laboratory standards 

that are periodically calibrated against the international isotope water standards recommended by IAEA (Vienna 

Standard Mean Ocean Water (V-SMOW), Greenland Ice Sheet Precipitation (GISP) and Standard Light 

Antartic Precipitation (SLAP). The analytical reproducibility of the oxygen isotope result is 0.08‰. 
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IV. RESULTS 

The groundwater and river water levels were monitored at all the sampling stations during the pre monsoon, 

monsoon and the post monsoon seasons. In the study area, the water table elevation above mean sea level varied 

between 18m-157m during the pre monsoon, 21m-158m during the post monsoon season and 25- 159 m during 

the monsoon season. Except at a few locations, the groundwater table was above the river level during the pre 

monsoon and post- monsoon seasons. The contours of the water-table elevation above the mean sea level 

pointed in the upstream direction where they crosses the river during the pre monsoon and post monsoon 

seasons (Fig.2a and b) giving an indication that the river is effluent during these seasons. During the monsoon 

season, the river water level was above the groundwater level. The contours of the water table elevation pointed 

in the downstream direction of the river (Fig.2.c) which reflects the recharge of groundwater by the river 

 

 

Fig.2.a. Water level contour map of Pre monsoon season 

 

  

 

Fig.2.b. Water level contour map of Post monsoon season 
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Fig.2.c. Water level contour map of Monsoon season 

4.1 Stable isotope variations 

The average 
18

O concentration of the river, groundwater and admixture representing the three sections (upper, 

middle and lower reaches) of the Sub- Basin during the pre monsoon, monsoon and post monsoon period are 

given in Table 1.  The average 
18

O concentration of groundwater samples were -3.55‰, -3.73‰ and -3.82‰ 

during the pre monsoon and -3.80‰, -3.85‰ and  -3.85‰  during the post monsoon season for the  lower, 

middle  and upper reaches of the river basin respectively.  During the monsoon season the average 
18

O 

concentration of the groundwater were -3.78‰ for the lower reaches, -3.95‰ for the middle reaches and -

4.21‰ for the upper reaches of the river basin. The river water also exhibited both spatial and temporal 

variations in 
18

O concentration.  Compared to the groundwater, the river water was depleted in 
18

O 

concentration during the monsoon season in all the three sections of the river basin. However, during the pre 

monsoon season and in post monsoon season, the river in the lower reaches was observed to be enriched than 

the groundwater which may be due to the effect of evaporation. 

TABLE. 1.  
18

O (‰) of water samples of Thuthapuzha Sub- Basin 

    

Location 

Source of  

Sample 

Premonsoon 

 
18

O (‰) 

Monsoon 


18

O (‰) 

Post Monsoon 


18

O (‰) 

Upstream River -4.46 -4.59 -4.80 

Groundwater -3.82 -4.21 -3.85 

Admixture -4.35 -4.33 -4.66 

Midstream River -3.25 -4.36 -4.49 

Groundwater -3.73 -3.95 -3.85 

Admixture -3.13 -4.04 -4.32 

Downstream 

 

River -2.90 -4.03 -3.40 

Groundwater -3.55 -3.78 -3.80 

Admixture -2.62 -3.81 -3.25 
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4.2 Electrical Conductivity 

The electrical conductivity provides a proxy for the hydrochemistry of the study area (Table.2). The electrical 

conductivity of Thuthapuzha river water ranged from 46 to 90S/cm during the pre monsoon and 35-47S/cm 

during the post monsoon season. In the monsoon season the electrical conductivity was slightly less and varied 

from 40-81 S/cm. The river water displayed uniform pattern in the distribution of electrical conductivity by its 

increase towards the downstream direction irrespective of seasons. The electrical conductivity of the 

groundwater was observed to be higher than the river water in all the three seasons, reflecting the higher amount 

of dissolved solids. 

4.3 Estimation of river- groundwater interaction 

 The river- groundwater interaction was estimated based on the mass balance approach, which assumes that the 

isotopic 
18

O) or chemical signature of water (electrical conductivity) of various  water sources are unique and 

that conservation of mass applies to the water quantities and water quality including conservative mixing of 

different water components [32,33]. 

TABLE. 2.  Electric conductivity (EC) of water samples of Thuthapuzha Sub- Basin 

 

 

 

 

 

  

 

Using the Isotope Mass Balance method, the groundwater contribution to the river was evaluated using the 

equation (3) given below. According to mass balance equation 

   (1) 

and    (2) 

According to this equation, the groundwater contribution to the river 

                                                (3) 

The recharge of groundwater by the river is expressed as 

  

                                               (4) 

Sampling Location 

 

 

Source of  

Sample 

Pre monsoon 

EC (S/cm) 

 

Monsoon 

EC (S/cm) 

 

Post Monsoon 

EC (S/cm) 

 

Upstream River 46 35 40 

Groundwater 144    141  138 

Midstream River 65 45 53 

Groundwater 154 145 150 

Downstream River 90 47 81 

Groundwater 153 160 150 

Rainwater 33 32 29 
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Where m1 and m2 are the fractions of groundwater and river water in the admixture, R1 the isotopic composition 

of the groundwater body, R2 the isotopic composition of the river and RAM the isotopic composition of the 

admixture. 

Both 
18

O and 
2
H can be applied in eqn.3 and eqn.4 to determine the groundwater interaction. In the present 

study, 
18

O values have been used to determine the river-groundwater interaction.   

Using electrical conductivity mass balance method, the ratio of the subsurface/ groundwater flow to the total 

flow is expressed as 

           (5)                                   

Where ECRiver,, ECGroundwater, ECRain stands for the electrical conductivity of the river, groundwater and rain 

respectively.  

The surface water- groundwater interaction computed using the oxygen isotope mass balance and conductivity 

mass balance method is presented in Table.3 and graphically presented in Fig.3 and 4. The percentage 

contribution of base flow determined by the oxygen isotope mass balance method showed a minimum 

contribution of 17% in the upstream to a maximum contribution of 43% in the downstream during the pre 

monsoon season.  During the post monsoon season, the base flow was 38%, 27% and 15% for the downstream, 

midstream and upstream respectively. The results show that the base flow of groundwater contributes 

significantly in the maintenance of the river flow during both pre monsoon and post monsoon seasons. The 

ground water contribution to the river was also observed to be pronounced in the lower reaches and was 

relatively higher in the pre monsoon season. 

TABLE.3. Percentage of base flow /recharge estimated using oxygen isotope mass balance and conductivity 

mass balance methods 

 

 

 

 

 

 

 

 

The base flow estimated by the conductivity mass balance method during the pre- monsoon season were 48%, 

26% and 12% for the downstream, midstream and upstream of the sub-basin.  Compared to the pre monsoon 

season, the groundwater contribution to the river in the post monsoon season was observed to be less in the 

downsream, midstream and upstream (43%, 20% and 10% respectively). The results estimated by the 

conductivity mass balance method was in agreement with the results obtained by isotope mass balance method 

Sampling  season Sampling Location % of base flow 

using   
18

O (‰) 

% of base flow 

using  EC (S/cm) 

Pre monsoon Upstream 17 12 

Midstream 25 26 

Downstream 43 48 

Monsoon Upstream -32 -36 

Midstream -22 -20 

Downstream -11 -13 

Post monsoon Upstream 15 10 

Midstream 27 20 

Downstream 38 43 
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with base flow contribution increasing towards downstream during both pre monsoon and post monsoon 

seasons. The water table elevation contours pointing in the upstream direction of the river where it crosses it 

(Fig. 2a & b), also supports the base flow of groundwater during the pre monsoon and post monsoon seasons. 

Groundwater recharge in the monsoon season estimated by the isotope mass balance method was minimum 

(11%) in the lower reaches and maximum in the upper reaches (32%). The contribution of groundwater in the 

midstream was estimated as 22%. The recharge estimated by the conductivity mass balance method also showed 

a similar trend with maximum recharge of 36% in the upper reaches and minimum recharge of 13% in the lower 

reaches. This is also supported by the groundwater elevation contours pointing in the downstream direction 

where it crosses the river. Thus, during the monsoon period the entire stretch of Thuthapuzha sub- basin is 

recharged by the river water with groundwater recharge by the river decreasing towards the downstream 

direction.  

 

 

Fig.3. Percentage contribution of base flow/ recharge estimated using isotope mass balance method 
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VI. CONCLUSIONS 

The oxygen isotope mass balance and conductivity mass balance methods were employed to estimate the                     

river water – groundwater interaction in Thuthapuzha Sub-Basin of Bharathapuzha. The following are the major 

inferences. 

 The results obtained through the isotope mass balance method broadly agree with the results obtained by 

the conductivity mass balance method. 

 Both the isotope mass balance and conductivity mass balance method demonstrated that the base flow of 

groundwater contributed significantly for sustaining the river flow during the pre monsoon and post 

monsoon seasons.  

 The base flow of groundwater to the river exhibited both spatial and temporal variations. The base flow was 

observed to be maximum in the downstream and minimum in the upstream of the Sub-Basin during both              

pre monsoon and post monsoon seasons. The contribution of base flow during the pre monsoon was 

observed to higher than during the post monsoon season. 

  The groundwater recharge by the river was significant only during the monsoon season in the upstream and 

midstream of the river. 

VII. ACKNOWLEDGEMENTS 

The work forms part of the CWRDM Plan funded project ‘Hydrochemical and Isotopic Characterisation of 

Thuthapuzha Sub-basin of Bharathapuzha’. The study also forms part of second author’s doctoral 

programme at Kannur University. Shri.K.T.Velayudhan and Shri.Sudheesh M are acknowledged for 

analytical support. The authors are thankful to the Executive Director, CWRDM for permitting to publish 

the manuscript. 

 REFERENCES 

[1]. UNESCO, Surface water and groundwater interaction , Report prepared by International Commission on Groundwater, 1980, 125p 

[2]. T. C. Winter, J. W. Harvey, O. L. Franke, W. M. Alley,  Ground water and surface water: a single resource, U.S. Geological Survey 

Circular 1139, 1998, 79p 

[3] M. Sophocleous, Interactions between groundwater and surface water: the state of the science, Hydrogeol. J., 10, 2002, 52-67. 

[4] R. A. Freeze and J. A. Cherry, Groundwater (Prentice-Hall. Inc, New Jersey), 1979, 604p 

[5] C. N. Dahm, N. B. Grimm, P. Marmonier, H. M. Valette and P. Vervier, Nutrient dynamics at the interface between surface waters and 

groundwaters,  Freshwater Biol.,  40, 1998,  427-451 

[6] T. Ransley, R. Tottenham, S. Baskaran and R. Brodie,  Development of method to map potential stream-aquifer connectivity: A case 

study in the Border Rivers Catchhment,  Bureau of Rural Sciences, Canberra, 2007, 27p 

[7] M. R. Guggenmos, C. J. Daughney, B. M. Jackson and U. Morgenstern,  Regional scale Identification of groundwater-surface water 

interaction using hydrochemistry and multivariate statistical method, Wairarapa valley, NewZealand,  Hydrol Earth Syst Sc., 15, 

2011, 3383-3398 

[8] R Brodie, B.Sundaram, R. Tottenham, S. Hostetler, and T. Ransley, An overview of tools for assessing groundwater-surface water 

connectivity, Bureau of Rural Sciences, Canberra, 2007, 131p 



International Journal of Advanced Technology in Engineering and Science                  www.ijates.com  

Volume No.02, Issue No. 07, July 2014                                                       ISSN (online): 2348 – 7550 

 

392 | P a g e  
 

 [9] C. Baxter, R. F. Hauer and W. W. Woessner, Measuring groundwater-stream water exchange: New techniques for installing mini 

piezometers and estimating hydraulic conductivity; T. Am. Fish Soc., 132, 2003, 493-502 

[10] D. A. Stonestrom and J. Constanz, Heat as a tool for studying the movement of ground water near streams. U.S. Geological Survey 

Circular. 1260, 2003, 95p. 

[11] S. Giertz, B. Diekkruger and G. Steup, Physically based modeling of hydrological processes in a tropical head water catchment in 

Benin (West Africa) –a process representation and multicriteria validation,  Hydrol. Earth Syst. Sci.,10, 2006, 829-847 

[12] Y. Wang, Q. Guo, C. Su, T.Ma, Strontium isotope characterization and major ion geochemistry of karst water flow, Shentou, Northern 

China,  J Hydrol.,  328, 2006, 592–603 

[13] R. J. Burden, Hydrochemical variation in a water table aquifer beneath grazed pastureland,    J Hydrol., 21, 1982, 61-75 

[14] B. R. Payne and P. Schroter, Importance of infiltration from the Chimbo river in Ecuador to groundwater. A study based on 

environmental isotope variations. In: Isotope Hydrology (Proc.Series-STI/PUB/493; Paper 228(8), IAEA, Vienna, 1, 1978, 145-158. 

[15] N.I.H, Study of Lake Naintal–Goundwater Interaction using Isotope Techniques. Technical Report CS/AR-3/98-99, National Institute 

of Hydrology, India, 1999, 181p 

[16] B R Payne, Practical applications of isotope techniques. In: Stable Isotope Hydrology- Deuterium and Oxygen-18 in water cycle, 

Technical Report.210, International Atomic Energy Agency, Vienna, 1981 

[17] G. F. Pinder and J. F. Jones, Determination of the groundwater component of peak discharge from the chemistry of total runoff,  Water 

Resour Res., 5(2), 1969, 438–445 

[18] X. Song, X. Liu, J. Xia, J. Yu and C. Tang,  A study of interaction between surface water and groundwater using environmental isotope 

in Huaisha River basin, Science in China series D Earth sciences, 49(12), 2006, 1299-1310 

[19] G. Strauch, R. Oyarzun, F. Reinstorf, J. Oyarzun, M. Schirmer and K. Knoller, Interaction of water components in the semi arid 

Huasco and Limari river basins, North Central Chile, Adv Geosci,  22, 2009, 51-57 

[20] G. R. Kish, C. E. Stringer, M. T. Stewart, M. C. Rains and A. E. Torres, A Geochemical Mass-Balance Method for Base-Flow 

Separation, Upper Hillsborough River Watershed, West-Central Florida, 2003-2005 and 2009, U.S. Geological Survey Scientific 

Investigations Report, 5092:33, 2010  

[21] S. V. Navada and S. M. Rao, Study of Ganga River – Groundwater Interaction using environmental Oxygen-18, Isotopenpraxis, 27(8), 

1991, 380-384. 

[22] B. Kumar, S. P. Rai, K.M. Kulkarni, P. Aggarwal, M. S Rao., K..D. Sharma, Manfred Groening, T.  Vitvar, and S. K. Verma, 2005. 

Isotopic characterisation of different sources in a river basin for its better management: a case study from India, Geophysical 

Research Abstracts, 7, p.10517. 

[23] C. Unnikrishnan Warrier, Environmental Isotope Signatures of the Largest Fresh Water Lake in Kerala, Proc. National Symposium on 

Limnology, 2007, 400-406 

[24] E. Shaji, S.P. Nayagam, V. Kunhambu and D. S. Thambi , Change in the Groundwater scenario in Kerala over the last two decades, 

Golden Jubilee Memor of the Geological Survey of India, 69, 2008,  67-85. 

[25] E .Shaji, Groundwater quality of Kerala – Are we on the brink?, Proc. Disaster Risk Vulnerablity Conference, 2011, 188-191 

[26] V. Ranede, Environmental flows in water – scarce river basins in Peninsular India, 2005, Proc. 8th International River Symposium, 

Brisbane Australlia 

[27] N. B. N. Prasad and R. Prasad, Quantification of subsurface summer flow of two typical locations in Punurpuzha and Cherupuzha for 

Calicut Corporation for water supply scheme, Technical Report (GW/R-269/91, CWRDM, Kozhikode, 1991 

[28] Central Water Commision, India, Integrated Hydrological Data Book (Non classified river basins, 2012, 675 p 

[29] G R Ravindrakumar and T Chacko, Geothermobarometry of mafic granulites and metapelite from the Palghat Gap; South India:  

Petrological evidence for isothermal uplift and rapid cooling, Jour Metamorphic Geol, 1, 1994, 479-492 



International Journal of Advanced Technology in Engineering and Science                  www.ijates.com  

Volume No.02, Issue No. 07, July 2014                                                       ISSN (online): 2348 – 7550 

 

393 | P a g e  
 

[30] B John and C P Rajendran, 2005. Constraining the pattern of deformation associated with low-displacement faults in the cratonic 

regions: An example from the Precambrian province of Kerala, south India, Jour Geol Soc India, 66, 29-41 

[31] CGWB, Groundwater Information Booklet of Malappuram District, Kerala State, 2009, 28p 

[32] M. Weiler, S. Scherrer, F. Naef, and P. Burlando, Hydrograph separation of runoff components based on measuring hydraulic state 

variables, tracer experiments, and weighting methods, IAHS Publications, 258, 1999, 249–255. 

[33] S. Uhlenbrook and S. Hoeg Quantifying uncertainties in tracer based hydrograph separations: a case study for two three and five-

component hydrograph separations in a mountainous catchment, Hydrol Process, 17, 2003, 431–453  


