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Abstract:Water is substantial natural resources on earth which cater for all human endeavors. Groundwater is the most 

essential and reliable source of fresh water in every part of the world including an area with an excessive amount of rainfall 

and plentiful surface water. The study evaluates the effect of rainfall on groundwater level fluctuation using the rainfall, 

Urbanization, and groundwater level fluctuation data from 2011 to 2018 in Visakhapatnam Area. These data were analyzed to 

show the rainfall variations, Population and groundwater fluctuation levels in different years. The analysis also illustrated that, 

the rainfall and population is influencing the groundwater level of the study area as the rain usually started in September and 

ended in December. However, there are little occurrences of rain in the rest of the months throughout the year. The maximum 

water level also was found during January to February due to the recharge by rainfall. The water table starts to decline from 

June to August and reaches its lowest level usually from August to September. As well as the Urbanization (Population) will 

increase the groundwater fluctuation levels decrease due to using of groundwater for more domestic uses. The result also 

illustrates that, groundwater level decreased day by day due to mismanagement and unnecessary withdrawal from irrigation 

sectors and domestic uses.  
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1. INTRODUCTION 
Water is the vital for the existence of all forms of life 

on earth.  Of the total available water on earth about 97% 

of the water is in the ocean (brackish water); more than 2% 

remains frozen in the polar region and glaciers. The rest of 

less than 1 % fresh water is available in the streams, rivers, 

lakes and as groundwater. The water reservoirs like lakes 

and ponds are also sources of drinking water besides dug 

well/open well, tube wells and hand pumps. The demand 

for water is increasing due to population explosion, 

industrial development, increasing living standards etc. 

Ground water table is depleting due to heavy withdrawal 

due meet the increasing demand. . The ground water a 

reliable and safe source of drinking water is protected from 

the source surface contamination by geological filters that 

remove pollutants from the water, which percolates 

through the soils. But today clean water has become a 

precious commodity as its quality is threatened by 

numerous source of pollution from industrial effluents, 

excessive usage of chemical and fertilizers in agriculture, 

improper treatment of sewage in urbanized areas etc. The 

ground water as well as surface water may contains the 

soluble detergents, fertilizers, harmful chemicals, heavy 

metals, trace metals, drainage degradable as well as non-

degradable wastes, hospital waste and municipal waste 

may contains the organic nitrogen compounds which 

comes reversible and irreversible changes in the body. The 

waste changes the physic chemical parameters of water 

and it creates health problems and diseases to the human 

beings. Therefore it is it is essential to assess the ground 

water quality by the examination of the physic chemical 

parameters. The study of the physic chemical parameters 

gives the information about the types of pollutants and 

their pathways. 

The bedrock geology plays an important role in 

determining the quantity of groundwater at a given place.  

In some parts, bedrock consists of sedimentary layers that 

have abundant pore spaces between individual mineral 

grains.  Extensive subsurface aquifers are rare and both the 

quantity of water available at a given site, and the depth of 

the water-bearing zones, are highly variable and difficult to 

predict. Also, the wide variety of mineralogy and rock 

chemistry in this geologically complex area can cause 

variations in groundwater chemistry that lead to water 

quality problems.  Water well productivity and 

groundwater quality are determined by a complex interplay 

among fractures in the bedrock aquifer, which supply 

water to the drilled well, and the local soils and saprolite, 

which provide storage and recharge to the bedrock 

fractures.  Soil, saprolite and fractured bedrock control 

groundwater flow. Bedrock geology determines the density 

and distribution of underground water-bearing fractures, 

and the nature of the soils and saprolite that are derived 

from weathering of the rock. Different rocks also make 

different soils when they weather, and the type of soil 

impacts its ability to absorb rainwater that falls at the 

surface, and transmit the water to bedrock fractures 

beneath. The influence of geo chemistry and soil can be 

decipher through the representation of water quality 

parameters through piper diagrams. The effect of 

contamination of ground water by various sources, it is 

necessary to determine the hydro geo chemical influence 

on the ground water. The effect of salt water intrusion, 

Industrialization and urbanization, the chemical parameters 

of ground water needs to be examine vis-à-vis the role of 

geochemical influences on the same. To bring out the 

influence of various sources of contamination, an area has 

been selected which can possibly help the effect from the 
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above mentioned sources. For this purpose GVMC area 

has been selected. 

 

2. STUDY AREA 

The study area lies between 17o42' North latitude 

and 82o02' East range of hills and comprises of 

Precambrian meta sediments and intrusive Meta igneous 

bodies.. Today’s water requirement is 360 million gallons 

per day and the existing reservoir sources can hardly meet 

50% of the need. Thus the municipal supply depends upon 

the ground water reservoirs. The average annual rainfall 

for the city and its surroundings is of the order of 95 

centimeters and the ground water is recharged well. 

Visakhapatnam coastal zone face many hydrological 

problems like flooding due to cyclones and wave surge, 

and drinking fresh water scarcity due to distressed from 

seawater intrusion both by natural process and 

anthropogenic activities. Groundwater reaches coastal 

environments either by direct discharge or as base flow in 

the streams and rivers that drain coastal areas. Coastal 

water-resource management activities often have been 

directed toward riverine sources of contaminants. 

Visakhapatnam has been home for a number of large and 

medium industries such as the Hindustan Petroleum 

Corporation, Vishakhapatnam Steel plant, Bharat Heavy 

Plates and Vessels, Hindustan Polymers and Coramandal 

Fertilizers. Relatively more recently, the Visakhapatnam 

Export processing zone has come up and there are 

indications of the city emerging as a booming industrial 

metropolis. When involved in a series of processes, the 

water comes into contact with heavy metals, harmful 

chemicals, radioactive waste and even organic sludge. 

These are either dumped into open oceans or rivers. As a 

result, many of our water sources have high amount of 

industrial waste in them which seriously impacts the health 

of our eco-system. On account of rapid industrialization 

and urbanization there has been tremendous amount of 

migration into the city. Improper collection and treatment 

of sewage treatment can affect the quality of water. The 

objectives were to monitor the main chemical indicators of 

groundwater quality in the GVMC area, to assess 

suitability for use, and to determine spatial and temporal 

patterns in quality. Subsequently the number of wells and 

types of analyses included in the programme has expanded 

and to address specific groundwater quality issues such as 

seasonal variations in groundwater quality. The physico-

chemical characteristics to be investigated to reveal in 

general the hard, soft or high mineral contents when 

compared with reference to Bureau of Indian Standards 

(BIS-2012). 

 

3. OBJECTIVES 

 To find the scenario of Groundwater level fluctuations 

from the year 2011 to 2018 (temporal data) and 

correlate Ground water level fluctuations with rainfall 

& population of Visakhapatnam area.   

 To assess the pattern of availability and use of water 

resources for domestic purposes in the city by using 

both conventional and geoinformatics based techniques 

like Remote Sensing, GIS, GPS, etc. 

 To suggest some economically viable techniques for 

the revival and reclamation of the potential recharge 

sites which have been degraded due to various natural 

and anthropogenic activities. 

 To explore the potential for rainwater harvesting in the 

GVMC area, identifying probable sites, suitable types, 

appropriate methods and management technique. 

 To formulae an action plan for creation, revival and 

regeneration of groundwater recharge as well as 

rainwater harvesting potential in the Visakhapatnam 

city. 

 

4. SCOPE 

 Ground water prospects maps may be used by the field 

officers of the concerned in the respectives states to 

select the sites at appropriate places. 

 It helps mainly bin identification of prospective 

locations for narrowing down target zones for follow-

up detailed hydrogeological and geophysical surveys at 

appropriate places for drilling  

 These maps are the good inputs for aquifer mapping. 

 One of the input for resource estimation for future 

ground water development for the given area. 

 The maps are prepared based on the availability 

recharge conditions i.e rainfall, depth to water table, 

availability of water bodies during the period of the 

mapping. Hence depth and yield will vary. 

 Maps help in identifying the groundwater exploitation 

areas (through groundwater irrigated patches) for 

addressing the suitable recharge structures for 

improving the groundwater levels. 

 

5. DATA COLLECTION 

The daily groundwater level data from (INDIA WRIS) 

collected from the Department of hydrology and 

Geosciences Visakhapatnam, Andhra Pradesh for the 

period of 2011 to 2018 were sorted and arranged in an 

Excel sheets. So also, the rainfall data for the 2018 were 

collected from Andhra Pradesh State Development 

Planning Society (APSDPS) and were sorted in the same 

format as above. And the map of the study area obtained 

from the Land and Survey of Visakhapatnam Urban 

Development Authority. As well as the population data are 

collected from ......LINK..... and were sorted in the same 

format as above. 

 

6. DATA QUALITY 

The homogeneity of data (Rainfall, population and 

Groundwater level) in this study was checked using the 

standard approaches such as GOVT. Websites. All the data 

from these Websites were found to be Qualitative. The 

Period was in the 2011 to 2018 are shown in the (Figure 

1). 
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Figure 1: The map of the study area showing the Visakhapatnam district where the data was collected. 

 

7. RUNOFF 
The portion of precipitation on land that ultimately reaches 

streams with dissolved or suspended materials is known as 

runoff. Water from rain and snow usually flows over the 

surface of the ground into the streams; this is the current 

collected from the drainage basin and appearing at an 

outlet of the basin. There is some contrast between 

precipitation and runoff; the runoff is more uniform 

compared to precipitation while the precipitation is 

sporadic and irregular in nature. 

Runoff can be calculated using the following relation: 

 R=Kb * P   

Where, Kb and P are the rainfall and runoff 

coefficient, respectively. 

 

8. INFILTRATION 
The process by which water on the ground surface enters 

the soil that is governing by two forces: gravity and 

capillary action are known as infiltration. The water enters 

the surface starter of the earth. The infiltrated water first 

meets the soil moisture deficiency if any, and further the 

excess water moves vertically downwards to reach the 

groundwater table as recharge water. It is a measure of the 

rate at which soil is able to absorb rainfall or irrigation. 

During the infiltration, the rate decreases as the soil 

becomes fully saturated. Therefore, if the 

Precipitation rate exceeds the infiltration rate runoff will 

usually occur unless there is some physical barrier. 

Infiltration can be calculated from equation (2): 

                                    I=P–ET–R (2) 

  Where, I, P, ET, and R indicate the infiltration, 

rainfall, evaporation, and runoff, respectively. 

 

9. RESULTS AND DISCUSSIONS 

A. Ground Water Level Variation-2011 

The year Groundwater Level data variations of Post-

Mansoon and Pre-Mansoon of the study area during 2011 

are shown in the (Figures 2). The maximum Groundwater 

Level was found throughout Post-Mansoon Season 

(October, November, December) after the completed of the 

rainy season of the area. The minimum Groundwater Level 

was observed from Pre-mansoon Season (March, April, 

May) before the rainy season of the area. 

 The results of the study entail that, the maximum 

Groundwater level was recorded at Bheemunipatnam 

(w22326), VSP1 (w22328), 2011. 

 

B. Ground Water Level Variation-2018 

The year Groundwater Level data variations of Post-

Mansoon and Pre-Mansoon of the study area during 2018 

are shown in the (Figures 3). The maximum Groundwater 

Level was found at both Post-Mansoon and Pre-Mansoon 

Seasons because of the sufficient of rainfall.  

  The results of the study entail that, the maximum 

Groundwater level was recorded at Bheemunipatnam 

(w22326), VSP1 (w25635), Araku valley (w25802), 

kasimkota (w04453) 2018 are shown in the (Figure 2). 
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Figure 2: 2011 & 2018 Post-Mansoon and Pre-Mansoon Groundwater Level, Visakhapatnam, Andhra Pradesh. 

 

C. Rainfall Variation 

At the 2018 year Rainfall variations of the study area 

during 01-06-2018 to 31-05-2019 are shown in the (Figure 

3). The maximum rainfall was found throughout 

September to January during the rainy season of the area. 

The minimum rainfall was observed from February to 

august and sometimes very little or none in some month 

between these months. 

  The results of the study entail that, the maximum 

rainfall was recorded at Munchingiputtu, Pedabayalu. 

 

                                                
 

Figure 3: 2018 Rainfall Statistics, Visakhapatnam, Andhra Pradesh.  

 

D. Population Variation 

Talking about population, in order to check out the 

population of Visakhapatnam in 2018, we need to have a 

look at the population of the past 5 years. They are as per 

the following: 

1. 2013 –2.4 Million 

2. 2014 –2.8 Million 

3. 2015 –3.1 Million 

4. 2016 – 3.5 Million 

5. 2017 – 3.78 Million 
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Predicting the 2018 population of Visakhapatnam is 

not easy but we can get the idea after analysing the 

population from the year 2013 – 17. As we have seen that 

every year the population increases by approximate  0.276 

Million people. Hence, the population of Visakhapatnam 

in 2018 is forecast to be 3.78 Million + 0.276 Million = 

4.056 Million. So, the population of Visakhapatnam in the 

year 2018 as per estimated data is 4.056 Million. 

 
Figure 4: 2011 to 2018 Population Statistics, Visakhapatnam, Andhra Pradesh.  

 

E. Map Produced With The Data Of Groundwater Level 

And Rainfall 

As per groundwater level depth and Rainfall data the 

maps are created at arcgis desktop. According to that map 

variations of the study area are shown in the (Figure 5). 

When the Maximum rainfall observed the groundwater 

level depth increases. If we can observe minimum rainfall 

the groundwater level depth decreases. 

 

 
 

Figure 5: Groundwater level depth comparison to Rainfall data, Visakhapatnam, Andhra Pradesh. 
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F. Map Produced With The Data Of Groundwater Level 

And Population 

As per groundwater level depth and Population data the 

maps are created at arcgis desktop. According to that map 

variations of the study area are shown in the (Figure 6). 

When the Maximum growth of Population observed the 

groundwater level depth decreases. If we can observe 

minimum growth of Population the groundwater level 

depth increases. That means the usage of water is 

maximum, the population is in high rate so in that cause 

the groundwater level depth decreases. As well as the 

usage of water is minimum, the population is in low rate so 

in that cause the groundwater level depth increase. 

 
 

Figure 6: Groundwater level depth comparison to Population data, Visakhapatnam, Andhra Pradesh. 

 

10. CONCLUSION 

 The study results illustrate that, the ground water 

table compitates with the usage of water by the needs of 

population. so it makes falling the range  of groundwater 

table, for those variations in ground water table ,we need 

to make awareness on growing of green fields and 

infiltration pits in around the Visakhapatnam area through 

all aspects and also make concentration on reduce the 

usage  of chemicals which been producing the products to 

the society by the industries. The yearly variations of 2011 

to 2018 data of the study area we can observe that at the 

2011 the population of Visakhapatnam is 2.04 million, and 

at the 2018 the population of Visakhapatnam is 4.056. As 

per these the population growth is increased at nearly 50%. 

The results this study entails that the groundwater level 

fluctuations in Visakhapatnam is depended solidly on 

rainfall pattern and population. The results obtains by these  

research can provide some information to the government 

of Andhra Pradesh ,Visakhapatnam for water management 

and for predicting future climate and urbanization events.  
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