.

CS(AR) 195

GROUNDWATER QUALITY EVALUATION IN AND
AROUND KAKINADA, ANDHRA PRADESH FOR -
THE YEAR 1995 :

‘ f..v-‘»’-.
: oy
¥ at

wiury
~\-\" o’*’-o ,
AN
b'j_ I\ a
3
t ?

%‘ﬂ >
, ~eamm .
*a et

ard § = wdng

NATIONAL INSTITUTE OF HYDROLOGY
JAL VIGYAN BHAWAN
'ROORKEE - 247 667 (U.P.)
INDIA
1995-96




_ PREFACE

Watar quality, one of several aspects within the discipline of chemical
hydrogeology, is concerned with the chemiéai description of water, geograph1c‘
distribution of various constituents and specific usébility of water for
manufacturing, agbicuiture, municipal and domest ic suppliies. The importance
Qf the groundwater becomes still prominent not only of the duantity, but glso :
the quality where urban areas are nearer to:the sea coast. Water quality and
salinity intrusion problems are another major phenﬁmenon “having negative
effects an the deltaic water rasources. Particularly the intrusion of saline
waters into the gfoundwater resources can develop irreversible damages to the
groundwater resources. Deltaic lowlands are also exposed to the spread of
diseases originating from stagnant waters after the cyclonic  events.
Therefore a careful monitoring of the saline and poliuted water 1is a 'very
initial step in taking preventive measures. )

As the water.quality monitoring is costly and soon  or later it may
require financial assistance. However, the Déitaic Regional centre, National
Ihstitute of Hydrology, Kakinada has taken up a study programme to monitor
the groundwater guality in énd around Kakinada. As a part 'of‘.it, total 87
samples were collected during the year 1995 from 29 observation wells
scattered all over the city. In the present report a detailed invaestigations
have been carried out to understand the variation of groundwater Tlevels and
the chemical characteristics of groundwater of this ragion, The study titled

‘Groundwater Quality Evaluation in and around Kakinada, Aidhra Pradesh for
the year 1995 ° has been carried out Jointty by Deltaic Regional Centra,
Kakinada and Environmental Division of NIH, Roorkee. | ‘

The report has baen prepared by Sri ¥ Ramji Satyaji Rao, Scientist 'B',‘
‘Dr. € K Jain, Scientist "C” and Sri T Vijay, Sr.R.A, under the guidance of
Dr.P V Seathapathi, Scientist "F' & Coordinatof.

DIRECTOR
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ABSTRACT

The grgundwater levels variation and guality eva1uét10n study has  been
carried out in and around Kakinada, East Godavari Dist. Andhra Pradesh.
Total 87 samples were collected from 29 observation wells scattered all over
the city for groundwater guaiity evaluation purposes for the year 1995. Well
hydrographs showed that the trénd of. groundwater level fluctuations. are
similar in most of the observation wells. The comparison of groundwater level
contour maps of pre monsoon and post monsoon pericds indicated that the
ground water storage has been recharged from pre monsoon To post monsoon
' period. Further high water levels have beén cbserved near Sea, salt water

creek and ﬁakinada Lock.

samples are analysed at DRC Laboratory for various parameters viz. pH;
Conductance, TDS, Alkalinity, Hardness, chloride, Sulphate, Nitrate, Sodium,
Puta531um calcium and Magneseum. The analysis results shows that most of the
@e]]a were exceeded the ISI desirable limits of drinking water standards.
especially E.C.values. The percentage of Sodium and SAR in the observation
wells indicated that the groundwater quality is under low sodium hazards.
The TDS contours showed that the groundwater quality has been diluted from
pre monsoon to post monsoon periods. The ground water quality deterioration
trend has been observed clearly during pre monscon period (Apr.95). Bht the

trend has been changed slightly during post monsoon (Dec.95) period.

Stiff classification shows that most of the wells are under NaHCO3
during pre monsoon and CaHCO3 during post monsoon per1ods. Only eleven
7 groundwater samples were maintained the same type of water. Piper Trilinear
diagrams grouped ail samples into four hydrochemigal facies namely
Ca+Mg+C1+SO a+c1+K+SO " NatK+CO +HCO3 and Ca+Mg+CO +Hc03. Further the
spatial analysis of these facies indicated that the discharge area 1s more

during post monsoon than pre monsoon period.
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The US Salinity Laboratory classification shows that the groundwater
quality in most of wells are under C3-S1 typa (high salinity and Jow 8AR)
which is-fit for irrigation purpose in genaral, but may cause some problem
wﬁefe the s0i] permeability is vary poor. In general, the sign?ficant changes
in’gruﬁndwater level and groundwater quality have been observed from pre
" monsoon to post monsgon periods in the study area. Hence groundwater levels
and its quality monitoring study on long ‘run may provide some uéeful

information for groundwater management or policies. -




1.0. INTRODUCTION
1.1, General

Watef.is one of the mdst important natural resources for the_deve1oﬁment
‘of agriculture, industries, urbanisation, navigation etc¢. Rapid daeveiopment
of human society, and improvement of sclentific and techno]og{cal development
change the environment in which water rasources play & crucial role. The rate
of replenishment of the groundwater resérvoirs varies with the pattern of
precipitation, sufface runoff and stream-f1oﬁ. In the world as a‘uho1e 94, 4%
of all sweet water resources that exists at“any point of time are in -the form
of s011 moisture and groundwater, only the remaining 1.6% is found in the
form of rivers, lakes and swamps.

The qua]ity_of groundwater reflects the m1nera1 composition of the
aquifer. During the slow movement of water through an aquifer, its
composition will gradually change and ‘this change wilt reflect the
compositioﬁ of the rocks through which the water ﬁas passéd. Groungwater
geo-chemistry depends on the distripbution and mobitity of ‘elements, and
compounds between water and aquifer material of the earth's surface, and aiso
with the environment resulting from the interaction of the hydrosphere,
atmosphere, lithosphere and biosphere.

The importance of the groundwater becomes 'still prominent not only of
tﬁe gquantity, but also the quality especially when urban areas are concerned
nearby Sea coast. Groundwater under urbantsed terrains can be ‘subjected to
quality threats such as overiland seepage, bacterial contamination; saline

water intrusion etc,

1.2 Chemical composition of natura1 waters

Natural groundwater and surface water contains many chemical species in
the dissolved state. The occurence of these species results from many
physical and chemical weathering processes on gevlogic formations and from
many chemical reactions in the atmosphere. Consequently, these natural waters

achieve definite concentrations of the several dissolved substances that are




contralled, in turn, by equilibrium conditions of the weathering process.
This is commonly given' the_ description of water qua]ify. The dissolved
constituents in water are concentrated at the interface betﬁeen solid. and
_ solution. They_éfe said to be adsorbed on the solid. Adsorption means that
the attachment of compounds of ionic parts of salts to a surface of another
phase. Nutrients in sojution (ions) carrying é positive charge become
attached to (absorbed by) negatively charged soil particles. Such surface
phenomenon are of particular relevahce in groundwater chemistry.

Water quality in any specific area 1s a ~ function of various
environmental factors and variables. These include, but are not limited to

geotogy, topography, climate, surface hydrology, hydrogaology and man. A}l

factors -are relatively qonstant in any given area, Man creats the greatest

impact because he introduces abrupt -changes’ to the. envirohment by
‘urbanisation. ‘
1.3 Review _ )

Due to rapid industrialisation and urbanisation ‘groundwater resources
are observed to be depleting and consequent threat of water pollution.
Especially in coastal areas the quantity of groundwater 16 replenishing
during monsoon but the quality is deteriorating year tp year. Hence there is
always a need for monitoring of water levels and its qua]ify- of water in
‘urban areas. Sometimes overpumping of groundwater may invite Sea water .into
the aguifer. |

Keeping in view of the importance of water resources in urban areas it
is always a need to concérn over the protection and management of groundwater
qu511tyi In this context, in India, the Centré1 Ground Water Board (CGWB) and
some of the State Groundwater departments are monitoring the water quality
and quantity of the country. Further -many authors have carried out the

different case studies in the important cities and coastal areas,




DJaeni, et al (1956)'studied the groundwater situattion of the Jakarta
where conserﬁation measures were already needed due tg the over exploitation
of the aquifer system. Brackish groundwater is found in the aquifer
betwean 0 m to 60m as far as 5 km inland while salinization exist 1in deep
aquifers below 200m and near the coast between 0 to 100m. The water quality
of the shallow aquifer is highly endangered by man made “pollution in tﬁe
densely populated and highly developed city ares, ' _

Sa]omomanurung.iTQBT) studied the hydrochemistry of North Madras coastal
aquifer'by analysing 229 water samples. The composition of water chemistry
changed with space and time. The major ion concentration increase from west
to eastern direction towards the sea in the study area, The hydrochemical
analysis reveal that Sodium and Chioride ijons are the most prevalent
cation-anion péir in the water samples and the dominant -type of water 1s
sodium chloride.

Kakar (1988), reports natural causes {cyclones, floods) can also be a
source of ground water poliution. Sa!inity of groundwater is a major .problem
in north and western India, parts of Rajasthan, Sohthern Punjab, Southern -
Héryana and Gujgrat.A

Adaikala Jayaraj (1990) studied groundwater quality of Madras and stated
that areas around the North Buckinghum canal and distal part of the river
‘Cooum has raiseq serious concern for the grouhdwater quality. , .

Many authors i.é Govardhan (1990), Narayana (1989} ;nd Das (1989) haQe
attempted similar studies at Nalgonda district (Andhre Pradesh), Mangalore
(Karnataka) and Arunachal Pradesh respectively.

ﬁura]ikrishna and Sumalatha (1992) have studied the groundwater qua1ity
of Kakinada town and reported that the quality of groundwater is exceeding
the 1imits of drinking water standards. They also highlighted the need of

monitoring the. groundwater quality in and around Kakinada .
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1.4 Scope of the Study

Due to rapid urbanisation and industriatisation in Kakinada town the”

Quality of groundwater may deﬁeriorate.year to year, Thé existing municipal
water supply scheme is not able to satisfy the Qrinking and domestic needs,
People are going for pumping from groundwater “storage. - This phenomena of
overpumping of grounéwater may change the guality of groundwater in the_ town
through salt water intrusion. Further Lthe quality may iglso change -due to
natural calamities i.e. floods, cyclones etc. , 8l

Keeping in view of above ¢ircumstances 29 observation wells ‘hgve been
selected in and around Kakinada town to monitor the groundwater level and its
guality variations. In this report the variation of groundwater -levels and
"chemical analysis of groundwa;er samples collected during April 95, August
95 and December 95 are presented. The main objectives of tﬁe' study is as

foliows:

1. The spatial distribution of groundwater levels and its quality in and

around Kakinada town. _ - ‘

2. The‘suitab11{ty of groundwater for drinking and 1rrigat10n_purpéses.

3. Aha?ysis of groundwater samples for sodium hazards. ‘

4. Groundwater gquality parameters variation with time and quality at different
distances from Sea.

5. Classification of groundwater samp?es 'us1ng Stiff and Piper Trilinear

- diagrams,

¥




2.0 STUDY AREA

2.1 Location

Kakinada is the capital of East Godavari D1str1ct in Andhra Pradesh and
is situated on the East coast of Indla. Kakinada town lies between 82 N to
82 20 N latitude and 16 45" E to 17 5 £ longitude. Thg area of the ¢ity is

around 31 sg.km, The location map is shown in Fig.1.

2.2 Hydrogeology

‘ The area is covered with coastal alluvium of recent origins, consists of
fine to medium grain sands with cilay and beach sands Few medium and minor
drains in the c1ty are dratning the was;e water into Bay of Bengal through
“salt water creek. The depth of groundwater level varies between 0.6m to 3.5m
with respect to ground level. The maih recharge of groundwater is of monsoon
rainfaﬁl during July to October. High tides in Bay 6f Bengal resisted by Hope
island and it results low tides reaching part of Kakinada coast. High tides
- ware obserVed at Vakalapudi area, north east of Kakinada town. The general
groundwater quaiity in Kakinada varies potable to saline. Further the quality
varies with spﬁce and time. The hydrqgeomurpho]ogicaf features of Kakinada

and nearby areas are shown in Fig.2.

2.3 Drainage and water supply

Major drains in Kakinada, namé]y,‘Upputeru (Saltwater creek), Gaderu,
Cheedila pora and Yeleru drains are draining the waste water and storm water
into Bay of Bengal through salt water creek (Fig. 3). The salt water creek at
Jagannadhapuram is acting as main cargo handiing of the ships. Due to miid
slopa of sea coast so far there is no b]anned drainage network in the city.
Most of the residential buiidings allowing séwage disposal on land and.making
obstruction to the natural drainage by forming the nhew roads and colonies,

The main drinking - water supply 1s from Godavari river through

Dowleswaram Barrage. The Samalkot branch canal is feeding water to the ‘summer

__J_
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storage tank at Samalkot, which is main surface water storage to the city.
From this reservoir water is drawn by gravity to the Victoria water works and
there, water is filtered, treated and supplied to the ¢ity through municipal

water taps.

2.4 Climate

Kak1nada ¢oast is under tropical climate and frequently effected by -
cyclonic storms and depressions in Bay of ‘Bengal. Sometimes thundarstorms-
also bring rainfall to Kakinada during the summer season. The ¢ity 18 very
warim in April to June with a maximum temperatﬂre of 40°C and winter montihs
are December to 'January having minimum temperatﬁre of 2000. High percentage
of humidity uptd 75% to 80 % observed during the summer months. The average

evaporation rate varies from 2.5 to 9 mm/day.

2.5 Rainfall ‘

Kakinada receives two distinct monsoons, the south west monsoon from
June to September and the north east monsoon from October to December. More
than haif of the annual rainfall is brought\by the southheét monsoon. The
annual normal rainfall in Kakinada is 1095mm. The monthly rainfall for the

“year 1995 is given in the following Table 1.

Table.1: Total monthly rainfall (mm) at Kakinada for the year 1985

Jan Feb_ Mar Apr May June July Aug Sep Oct Nov . Dec

-

43.8 0.0 0.0 0.0 547.6 87.2 185.6 156.6 98.0 489.0 15.4 0.0

The highest rainfall had beenh observed in the month of May due( to cyclonic

storm, -




2.6 Groundwater level fluctuations
. Groundwater levels in 29 observation wells have been measured from
* ground Teve1(déing water level recorder) in the month of Oct. 94, Dec. 394,
Apr. 95,.Aug.95 and Dec.95. The location of all observation wells spread 1in
and around Kakinada is shown in Fig. 3. The observed groundwater levels in 29
observation wells are given in Table2. |
Table 2: Groundwater levels(mts) in the observation wells measured from

ground level

W.No. Well location ' '~ Groundwater level (mts)

Oct.94 Dec.94 Apr.95 ‘Aug.95 Dec. 95

© & ~ 3 O W R

1 sarpavaram .51 1.7 2.2  0.89 1.3
Balaji nagar . 1.84  1.83  2.36  1.36 1.56
valasapakalu LTS 136 2t 0.81 ‘ﬁ;ss
Vakalapudi 0.62  1.238  2.00  0.60  1.20

'Ramanayya peta 1.3§ 1.67 2.22 1.12 1.42
R.R.Nagar 0.96  1.69 2.2 1.04  1.74
Madhav nagar ~  0.75 1.07 1.20  0:45 0.95
Nagamallithota - 1.43  1.50°  2.18  0.98 . 1.33
_Godarigunta . . 1.85 .28 1.83  0.73 1.18

10 sambamurthynagar 0.31  1.42 2.2 0.87 . 1.12

11  Shantinagar . .56 0.83 1.18 0.43 0.68

12 Perraju peta 0.56 0.96 1.51 0.71 0.81

13 Kondayya palem  1.85  1.65  2.35  1.50 - 1.60

14 Gandhi nagar - 1.03 1,41 181 1.1 1.31

15 Rama Rao peta 2,99 1.97 2.87 ~ 1.67 1.87

16 Surya Reo peta  1.24  1.46 2,39 0.94 1.14

Contd..

10




.19 0.96 1.31 .86 0.88

17 Suryanarayanapuram 0 0

18 Budam Peta 0.46 1.20 2.40  0.85 1.10
19 Temple Street 0.24 1.53 1.78 0.58 0.73
20 Frazer Peta 1.90 1.63 2.23 1.33 1.43
21 'Pratap nagar 0.86 0.96 1.36 1.06 1.06
22 ReQenue colony 0.64 1.20 1.80I 0.80 1.05
23 Gogudanayya Peta 0.18  0.49  0.94  0.3¢  0.64
24 M S N Charties  1.15 1.60  2.25 1.35 1.75
26 Turangi 0.97 1.71 2.46 1.36 1.56
26 Paradesamma peta 1.43 .79 1,89 1.-49 1.14
27 Indra Palem 2.07  2.23 2.73 1.7¢ 1.53 -
28 Chidiga 2.73  2.81  3.06 2.3 1.81
29 Madhura nagar 1.40 1.49 1.99 0.99 1.19

During the year 1995 groundwater levels in all obsefvation wells are
high in the month of August i.e during monsoon period and Tow in the month of
April 1.e. pre monsoon period. The water levels from Oct. 94 to Dec. 95 are
used to plot the well hydrographs in the study area. The well hydrographs of
few walls are shown in Fig. 4. It 1is being observed that the trend of
groundwater leveils ﬂqctuaﬂon are gimilar in all wells. It mlay be due to
Jocal aquifer conditions j.e. shallow water table condition.. The spatial
distribution-of groundwater igve]s in the study area during pre moﬁsoon and
post morisoon periods has been studied through groundwater level contour maps,
which are shown 1‘_n Fig 5 & 6 respectively. The comparison of Fig. "5 and 6
shows that the ground water storage has been récharged from pre monsoon to
post monsoon period. Further high water table levels have been observed at

well Nos 21, 15, 11, 17, and 25.

11
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.1 Sources of pol]ution

In general, the major sources of pollution for groundwater are:

Land disposal of so0lid wastes,

- gewage disposal on land

1

agricultural activities

1

petroleun leakage and spills
deep well, disposal of liquid.wastes‘

and urban runoff and poliuted surface water

—~

=~ salt water intrusion
The main sources of pollution in étudy area are as follows:

1. There is no pianned drainage network ih the study area. The natural

drainage gys;em.is\ being obstructed Qy 1aying of qg@‘ roads and -rap1d

development of c610n1es {n the éity.

2, Unconffned shallow water table in study area 1s being easily effected by

stagnated water in sufface water bodies, seepage from. septic tanks and

jgfj1tration of waste water from residential building, hotels etc. The

similar phenomena has-been observed in My]abore temple tank area in  Madras

city (Satyaji Rao,Y.R,1092)

3: buring the high tides.ghé sea water is flowing upto 2 to 3 kms through

salt water creek which fé in the middle of the city. The continuous flowing

of sea water through this creek effect the nearby wells.

4. Even high tides are obstructed by Hope isiand near Kakinada coast,. the

salt water. ig inviting tg aquifer through development of  unplanned

aquaculture and converting the paddy fields to fish or prawn ponds.

he

15




3.0 METHODOLOGY

3.1 Groundwater sampling

The purpose' of regional geochemical studies is to identify the
controlling chemical reactions in order to explain the observed chemical
character of groundwater. Water sampling is one of the most important step
for representing the various groundwaters for quality studies.
‘Yo obtain the local groundwater' hydrochemistry of Kakinade, three
sampling surveys were conducted in the month of April 1995, August 95 and
Dec. 95. In each survey 28 samp]es woere collected by lowering the sampler in
the open wells at various locations 1in Kakinada. Further the groundwater
Jevel in each wéll was measured from ground level during the surveys.
Physical parameters 1like 'PH, Temp, and Conductivity were measured with
portabie kits at the time of sample coltection in the field. - For other
analysis i.e. major anions and cations, samples ware ‘collacted in clean
poTyethy1ene bottles fitted with scréw caps and brought to the laboratory.
Further appropriate reagent 1is added to preserve the sampies ti1l1 the
analysis is completed. The procedure for physico-chemical analysis of samples

is adopted from Manual on ‘Physico-chemical anaiysis of water and waste

water' (NIH Report-UM-26).

3.2 Physical parameters
(a) Hydrogen jon concentration (pH)

PH value represents thé concentration of hydrogen ions in water and is a
measure of acidity and alkalinity of water. pH .value below 7.0 indicates
acidic character while pH dreater than 7.0 is indicative of alkaline
character of water. The pH values of the samples were measured using
electrometric digital PH meter,

(b} E]ectr19§1 Conduct ivity(EC)
Electrical conductivity is & measure of.water‘s capacity for conveying

alectrical current and is directly related to the concentiration of ionized

16




substances in the waier. Conductivity. measurement is commonly used to
determine the purity of demineralized water and total digsc]ved sol1ds- in
irrigation and domestic waters. Wheatston bridge conductjvity meter was used
to measure Ec values of fhe water sample. The temperature of the éamp\e is

measurad with thermometer.

3.3 Chemical Parameters
(a) Carbonate and Bicarbonate (Alkalinity)

‘Alkalinity refers to the capability of water to neautralise acids. The
bresence of carbonates, bicarbonates and hydroxides is the most common cause
of alkalinity in natural waters. Bicarbohates represent the major form since
they are formed in considerable amounts from the action of carbonates upon
- the basié materials in the soil. The carbonate and bicarbonate contents in
the samples are calculated by standard titrimetric methods using
pheno]phtha]ein and methyl orange as indicators.

(b} Hardness{CatMg) _

The hardness of water was originally defined in tefms of its ability to
precipitate soab. Calcium and - Magnheseum ijons -are the principle causes
élthough iron, alluminium, manganese and hydrbgeg iohs are ‘ capable of
producing the same effect. In goheral, total hardngés is defiped as
characteristic of water which represents the tofal concentration of“éélcium
and magneseum expressed as their calcium carbonate equavaient. Total ﬁa;d@eéé
and calcium hardness were determined by EDTA titrimetric method. o

O

s

Total Hardness = 2.497 Ca + 4.115 Mg

where, Ca and Mg contents are in ppm. ,

Temporary hardness is caused by thg presence of bicarbonates of ca1c{um
and magneseum, whereas permanent hardness is. mdst]yr due to su]phate.; If
hardness is 0 to 75, water is soft and more than 150 is hard. The caicium and
magneseum contents in the samples are caIcuTﬁted by standard titrimetric

methods. Hardness causes intestinal troubles and need more fuel and more time
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to cook. There is loss of palatability of vegetables and meet cooked in it.

The precipitate formed due to the hardness of waters adhars to the surface of

tubs, sinks and utensils and stain clothes and dishes. The precipitate
remains in the pores and the skin may feel rough and uncomfortable and may
Jose its texture. Soft waters, tend to be more acidic and may corrode steel
pipes and boilers. Also they lead to heart ‘attaks and affect the - human
cérdiovascular systems.

{c)Chioride

Chloride 1is one of the major inorgani¢ anion in water and waste water,
It presents in all potable water supplies and in sewage,. usually as a
metailic salt. When -godium is present in drinking water.' chlroide
concentration in excess of 250 mg/1t' gives a salty taste: The maximum
allowable chloride concentration is 250 mg/1t 1in "drinking water has beéh
established for reasohs of taste rather than as a safe guard against physical
hazard. Chloride content in the sample is measured by silver nitrate method.
Chioride is highly corrosive and eats away the reinforcement of RCC. It aiso
caorrode pipes and’utensils. It causes parmanent hardness which is difficult
to remove.

{d)Sulphate

Sulphate appears in natural waters in a wide range of concentrations.
Mine waters and industrial effluents freguently contain large amounts of
sulphate from pyrite oxidation ,énd the use of sulfuric acid. Sodium
concentration above 250 mg/]ﬁ 1n potéb]e water 1is objectionable. Sulphate
content‘1n the sample is measured by gravimetric method.

(e)Nitrogen .

In water, the forms of nitrogen of greatest interest are 1in order of
decraasing oxidation state, nitrate, nitrite, ammonia and organic nitrogen,
Nitrate generally occurs in trace guantities in surface water but may attain
high 169é1s in groundwater. High Tevaels of nitrate in water indicate the
introduction of biological wasfe or contamination due to Tleaching from

heavily fertilised fields. Drinking water containing excessive amounts of
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nitrate can cause infant methaemoglobinaemia (blue babies). For this reason a

T1imit of 10 mg nitrate as nitrogen/1t has been estab?ished in public drinkipg,;
water éupplies. The nitrate- nitrogen of the sample s measured by UV-
Absorbance Spectrophotometer.

- (f)Phosphate

Phosphorous occurs in natural waters ind in waste waters almost solely as
phosphates. Phosphates are used widely in municipal and‘ private water
- treatment systems. A cartain amount of phosphate is -essential to‘organisms in
natural water and is often the T1imiting nutrient for growth. Too much
phosphaté can produce eutrophication or over fertilisation of receiving
waters, especially if large amounts of nitrates are present. The phosphate
content of the éamp1e is measured by spectrophotometer using ascorbic acid.

(g)Sodium and Potassium l )

Sodium is a common e1emént presents in nearly all natural waters. The
lavels may Qary from lesé than 1 mg/1t to more than 500 mg/1t. Ratio of sodium
tq total cations is important in agriculture and human patholdgy.

Potaésium ranks seventh among the elements in order of abundance, vyet
its concentration in most drinking waters seldom reaches 20 mg/1t. Potassium
is less common in the groundwater.Sodium_and Potassium contents of the sample
are determined by Flame emission method using Flame Photometer.

(h)Ca1cium'and Magnessum

Calcium 1is one of the principle cations in groundwater. In the
sedimentary rocks, calcium occurs as carbonates and in alluvium it occurs as
Timestone. Calcium carbonate imparts the property of hardness to water
together with sulphate, carbonates and bicarbdnates. _

After calcium, magnesaum is the most importaht alkaline earth metal
present in the groundwater. It is one of the 1mp6rtant contributor to ihe
hardness of water. The magneseum concentration in water -may vary from
~ practically zero. to several hundred ppm, depending on the source of‘-
water. Calcium and magneseum contents in the saﬁp1as are determined using
Titiimetric Method., |
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3.4 Class1f1cat10n of waters

(a)stiff Classification -

The Stiff ¢lassification (Stiff, 1951) is to define the type of water
based on the presence of dominant cations and dominant anions. The Stiff
graphical method plots four major cations (Ca,Mg, Na+K,Fe) on the left side
and four major anions (HC03+C03, S04, C1 and NO3) on the right sida, 'The'
original Stiff plot connects the points cn the diagram and produces pattern
- which, when compared to another analysis, is useful in making comparisons of
waters. In modified SLiff diaéram the length of each 11ne‘ defines the
-‘ concentrations of -a particular cation and anion. Concentrations on the‘
diagram are expressed in milliequivalents per Titer.

‘(b)Pipers Trilinear Classification

Piper (1953)‘deveioped a form of Trilinear diagram which is an effective
tool in segregating analysis data. Trilinear diagrams are used for analysing
the water types. It consists df two triangles, on the left and one on the
right side and central diamond shaped projection space.

Here, cations (in epm), expressed as percentages of total cations, are
plotted as a single point on the left triangie, while anions similarly
expressed as percentages of total anions appear as a point in the right
triangle. Those two points are then projected upwafds parallel to the gides
of the triangles to give a point in the diamond. The water quality types can
be identified quickly by the jocations of the point in the different zones of
diamond. The Pipers plots depicit not only the quality of ground waters but
also provide possiblie pathways of freshwater and saline water movement and
absfracted geochemical processes(Sukhija B.S et al, 1496), The Bicarbonate
facies represents discharge area and choloride facies represents recharge
areaf{Sikdar et at, 1993).

(¢) U.S.Salinity Classification

Sodium concentration is an important criterion in irrigation water

ciassification bacause sodium reacts with the soil to create sodium hazards




by rep]aciné other cations. The extent of this replacement is estimated by

Sodium Adsorption Ratio {SAR).

Na

SAR =
[ (ca +Mg)/2 1°°°

A diagram for use in'studying the suftab111tyﬂ‘of' groundwater for -

irrigation purposes, names after Wilcox (1955) 1is  based on the sodium

adsorption ratio (SAR} and conductivity of water expressed in us/cm,




4.0 RESULTS AND DISCUSSIONS

- The hydrochemical analysis results of groundwater samples co1iected in
and around Kakinada town during the month of April 95, August 95 and ODec 95
are presehted in Table 3, 4 and § respectivé1y. Each table contains the Well
Nos., pH, Electrical Conductivity, Total dissolved solids, Total hardness,
Major cations .(Ca]éium,. Magneseum, Sodium, Potassium) and major anions

(Carbonate and Bicarbonate, Sulphate, Nitra;e, Chloride, Phosphate).

4.1 Water 0u§11ty avaluation for domestic purpose

(a) pH ' _

A pH range of 6.5 to 8.5 fs normaliy acceptab1é as per the guidelines
suggested by WHO (1984). The range qf'pH vaTuq during three surveys is 6.1 to
7.8 (Table 3,4, &5). The Towest pH vaiue 6.1 has been observed in Well No.2
during April 95. However other uelTs in all three surveys are found to be
within the 1imits of ISI Standardé for drinking water.

(b) Electrical Conductance | _ |

It represents the total concentration of soluble salts 1in -water. The
range of conductivity vaiues during April 95, Aug 95 and Dec‘95 are 750 to
3830 umhos/cm, 280 to 3640 u mhos/cm and 500 to 3270 1 mhos/cm respectively,
High.Eiactficai conductance values have been observed during premonsoon
pariod (April 955 than other periods i.e. during Aug 95 and Dec95. Total 21
walls have been exceeded the Vimit 1200 umhos/cm during-the month of Aprilgs.

(c) Alkalinity o

The presence of carbonate, bicarbonate and hydrox1des is the most common
cause of alkalinity in natural waiars. The minimuﬁ and max1mum values of
alkalinity during the months April 95, Aug 95 and Dec 95 are 150-1090,
130-802 and 192-860 mg/1t respectively. The highest value of alkalipity has
been observed in well No.23 during premonsoon pericd i.e April 95, which is

nearer to Bay of Bengal (Fig 3).
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{d) Total Dissolved Solids (TDS) _

" The totai dissolved soTids indicate the general nature of water quality
or salinity. Water containing 500 mg/1t as the dasirabie limit for drinking
watar.The TDS values in grondwater samples varies from 320 to 2451 mg/ 1t
during April 95, 218-2329 mg/1t during Aug 95 and from 220 to 2093 mg/lt

"during Dec 95. Well Nos. 3,25,26,2? have high TDS values i.e. more than 1500

mg/1t during April 95, Aug 95 and Dec 95. These.fouf wells are located in
marshy land, Kakinada lock and near Saltwater creek (Fig.a). These areas
represents high salinity zones in Kakinada all over the year.

-(e) Sodium '

Sodium concentration more than 50 ppm makes the water unsuitable for
damestic use. The éodium cohtent in water samples collected during April 95,
Adg 95, Dec 95 varies from 60 to 564 mg/1t, 12 to 528 mg/1t and 28 to 362
mg/]t respect10e1y. Especially well No.3 located at Valasapakalu shows high
sodium content in above three surveys, The water in well No.3 is not suitable

for domestic purpose. High sodium content has been observed in most of the

. wells during pre monsoon period (Apri] 95).

(f) Calcium, Magneseum, and Total Hardness

Calcium, Magneseum ahd total hardness in the water are interrelated. The
range of calcium content in  the groundwater samples collected during
Apri195, Aug 95 and Dec 95 are 36.09 to 240.50 mg/it, 41.? to 340.85 mg/lt
and 48.1 to 176 mg/1t respectively and theMagneseum conteht range is 7.28 to
111,28 mg/1t, 7.29 to 133.656 mg/1t and 15.55 to 91.3% mg/1t respectively,

Calcium and magneseum along with their carbonates, sulphateé and

chlorides makes the water hard, both temporarily and permanently. The total

‘hardness as Ca C03 ranges between 120 to 900 mg/it during April 95, 130 to

850 mg/1t during August 95 and 1.84 to 780 mg/1t during Dec 95. The range‘ of -
hardness 0 ;o'?S‘is to be soft water, 75 to 150 moderately hard, 150-300 hard
ahd mﬁre than 300 is very hard. Three surveys shows that the groundwater
guality in Kakinada varies from moderately hard to. very hard. The similar

high values in Kakinada were reported by Muralikrishna and Sumalatha (1992).



(g) Chloride

Mainly chloride. content 1is important for taste considerations. No
adverse health éffects on humans have been reported from intake of waters
containing even higher gontent of chloride. The chloride content . 1h
groundwater sampies collected during Aprii95s, Aug 95 and Dec 95 ranges from
46 to 726 mg/1t, 4 to 674 mg/Tt and 26 to 558 mg/1t respectively. A desirable
limit of chloride in drinking water is 250 mg/1t. It is being observed that
the taste of groundwater in Kakinada is different from municipal water. Most
of the people in Kakinada are prefering to drink municipal water,

(h) Sulphate _

Suiphate content‘more than 150 mg/1t is objectionable for many domestic
purposes. Water containing more than 500 ppm sulphate tastes bitier and
beyond 1000 ppm, it has purgative effect. The sulphate content in groundwater
samples collected during three surveys ranges from 18 to 480 mg/1t. Most of
the wells are below,the‘permissib]e value for domestic uses except few wells

A in marshy lands and near saltwater c¢reek (Fig.3).

(i) Nitrate

Nifrate is effective plant nutr1éﬁt and moderately toxic., Its
concentration above 45 mg/1t in driaking water may prove detriment to human
health. The maximum nitrate content of groundwater gamp1es collected during
April 95, Aug. 95 and Dec.95 are 266 mg/1t, 231 mg/1t and . 260 mg/1t
respectively. The wells iocated at Kakinada lock and Vakalapud1 shows high

values of nitrate contents.

The above chemical parameters 'ére compared For Indian- Standards of
max imum permissible limits of drinking waters. Table No.6 shqws_ the well
numbers which have exceeded the drinking water limits during April 85, Aug.
95.and Dec. 95. The comparison shows that the wellg located near- salt
watercreek, Kakinada Lock and nearby sea coast have exceeded thé fim1;. The
wells Jocated nearby éhénugudi Junction (Fig 3) shows'the values are within

the permisible limits. It is also observed from these three surveys the
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Table B :

Water Standards.

. —_— — - e i M i il N e B S P T o . ot T S M T o ko S e S S N P U o S S Sl e i A . S

o ——— o o e e ol A e A SN S = . = T o 7 W S o A S B T T T e . e s ) B o S AN G S S

. pH-
Ca (mg-1lid
Mg (mg-ltd
Cl (mg-r1ltd
SO, (mgrsitd

4
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7.29
4
18
120
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Max permissible April &%
Limits
7.8 8.5-9.2 NIL -
340 200 10825
133.65 150 . NIL
726 1000 NIL
480 400 NIL
900 600 1,3,19,25
2 & 27
3830 1200 3,4,5,8,0
10,12,13,14
16,17,18,10
20,21,22,23
25,26,27
& 28

19,268,227

3,4,8,10
12,13,14

18,17,19

20,281,223
25,28,87
& 28

Comparison of Water Qualiﬂy Parameters with ISI Drinking

NIL
| £8,26 &27

1,3,4,5,8.9
12,14,16,17
18,19,20,22
23,24, 28,26
27 & 28
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general quality of groundwater is varying with respact to seasons. The high
concentration of chemical parametars are observéd during pre monsoon period
i.e. April 95. Most of.the wells are - exceeding the permissible 1Vimit for

drinking water Standards during the year 1995.

4.2 Water Quality evaluation for Irrigation Purpose

A good quality water has the potentia1 to cayse maximum yield under good
sotl and Irrigation mahagement practices. Howéver irrigated water qqa11ty
refars to its su1tab111ty for agricultural wuse. The suitability of
groundwater for 1'rrigat1'on_.1n Kakihada has been evaluated based on total
dissolved solids and relative proportion of sodium to other catibns.
-4.2.1 Total Dissolved solids

Inlgenera] any water contains dissolved substances which, és & general
collective term, are called salts. The appearence of salts in water may be
weathering of rocks, soils and dissolving o% lime, gypsum, and other salt
sources as water passes over or percolated through them.

The total concentration of soluble salts in irrigation can thus be

éxpressed for the purpose of classification of Irrigation water as follows:

~

Zone , TDS(mg/1t) conduct ivity(us/cm)
low salinity zone <200 ‘ <250

Medium saltnity zone - 200~500 250~750

High salinity zone 500-1500 750-2250

Very high salinity zone 1500-3G00 - 2250-5000

TDS values in study area varies from 320 to 2451 mg/it, 179 to 2329 mg/t
and 220 to 2093 mg/1t during Aprilgs, Aug.95 and Dgc.95 respactively, The
complete TDS values during three surveys are given in Tables 3 to 5.

Well Nos. 3,19,22,23,25,26 and 27 showing very high satinity values
during the study period. These wells are located -at marshy land,
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Kakinada lock and near by salt water creek. In the study area 65% of wells are
showing high salinity vaues, 18% of wells fall undar very high salinity zones
and 17% of wells are under hedium to low salinity zone. High salinity waters

can not be used directly for irrigation.

4.2.2 Relative proportion of Sodium to other Cations
The Sodium or alkali hazard in the use of a water for irrigation s
determined by the obsolute and relative concentratidn of cations and is
exprassed in terms of Sodium Adéorption Ratio (SAR). A simple method of
evaluating the range of high-sodium water 1is the Sodium Adsorption Ratio
(Richards, 1954),
Na

-/

SAR =
+ + 0.5
[{Ca + Mg )/2]
* The sodium percentage is calculated as:
Na'+ K '
Na % = ——— X 100

+ +
ca?*t Mg®ts NaTe kT

where all jonic concentrations are expressed in milliequivalent per litre.
Calculation of SAR for a given water sample provides a useful index

of the sodium hazard of that water for soils and crops.

The sodium hazard in water sample based on SAR values are as follows:

SAR Range . Remarks
2-10 little danger from sodium
7-18 medium hazards
11-26 high hazards

> 26 vary high hazards




TABLE. 7 :SODIUM ADSORPTION RATIOS AND SODIUM PERCENTAGES .

T At e . P L il e i o TR T B S i A B LD o i i e o e o e P T TR M A o S . i T S - S o o T T . o i P PO O i e e

__April 85 | _ August 95 __ December 95 _
W.No. LOCATION SAR . Na%_ _ SAR __ Na % _ SAR _Na % _
1 Sarpavaram 1.85 30.88 2.61 50.72 1.21 24.83
2 Balaji Nagar 1.76 30.85 4.74 66.79 0,01 24.72
3 Valasapakalu 8.38 64.67 9.97 71.77 B.209 64.18
4  Vakalapudi | 8.94 71.20 7.688 60.21 2,06 36.13
5 Ramanayya peta 2.12 39.79 2.25 44.84 0.89 31.43
6 R.R. Nagar 2.87 43.20 1.87 35.40 1.00 21.82
7 Madhav Nagar .82 §53.21 3.57 5B6.12 0.80 22.81
8 Nagamalli thota 3.48 42.39 4.08 47.72 . 0.95 20.04
9 Godarigunta 3.48 52.23 4.98 60.05 0.93 22.65
10  Sambamurthy nagar 3.85 49.86 4.22 B2.65 1.23 28.20
11 Shanti nagar 5.57 68.04 0.48 18.71 0.64 20.48
12 Perraju Peta 7.58 B5.31 9.8 71.12 1.07 2B.27
13 Kondayya palem 4.99 68.36 4.45 ©63.46 0.8% 33.35
14 Gandhi Nagar 3.95 40.16 5.16 62.67 1.70 32.89
i3 Rama Rao Peta 2.19 42.51 3.16 53.34  1.19 34.12
18 Surya rac Peta 4.99 B6.68 3.81 51.16 2.45 41.93
17 Suryanarayanapu;ém 7.88 74.73 6.60 71.48 2.13 45.83
18 Budam Peta 4.88 60.74 5.37 58.00 2.25 43.%54
19 Temple Street 3.04 42.00 5.59 54.08 2.41 42.59
20 Frazer Peta 2.64 47.69 3.82 52.75 1.08 34.81
21 Pratap Nagar 4.05 50.43 2.90 42.37 0.55 20.56
22  Revenue colony 11.00 77.88 7.88 65.868 3.66 49.21
23 Gogudanayya Peta 9.76 71.88 4.9 62.85 2.71 45.14
24  MSN Charties 2.58 59.26 1.31 40.33 1.42 33.98
25 Turangi 4.07 41.90 S.06 B8.56 2.80 34.06
26 Paradesamma Peta | B.52 55.08 6.82 80. 21 3.19 49.5%
27 Indra Palem 6.68 57.85 5.81 45.67 2.10 39.06
28 Chidiga 2.48 36.853 3.02 44.14 1.74 42.67
28  Madhura Nagar . 1.48 30.22 0.61 16.51 0.62 15.04
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The SAR values in groundwatar samples cc]1ectod in the study area ranges
from 1.48 to 11, 1.31 to 9.97 and 0.55 to 6.29 during April 95, Aug 85 and
Dec.95 respectivaely, fheSARva]ues andsodium percentagesinthe observation.
wells are given in Table 7. Most of the groundwater samples collected during
the yehr 1995 falls under.the category of Tow sodium hazards, which reveals
that the groundwater in the study area fs to be monifored for sodium hazard.

The scdium percentage in the study aréa is found to be varied from
30.22 to 77.88%, 16.5% to 71.?7% and 15.04 to 64.16% during April 95, Aug 95
and Dec 95 respectively. The towest values of sodium percentage were observed
in the month of Dec 95 and high values in the month of April 95. The high

sodium saturation in the water samples directiy causes calcium deficiency.

4.3 Spatial Distribution of Total Dissolved Solids (TDS)

The spatial distribution of TDS values in the study area during pré
monsoon and post monsoon periods are shown in Fig. 7 & 8 respectively, High
TDS contours have been observed along the coast 1in both periods. Mainly
highest TDS values have been obsaerved in well Nos. 26 & 27. This is due to
the salt water creek infiuence at well No.26 and the combined infiuence of
salt water creek and Yeleru drain at well No.27. Further these contour maps
shows that the concentration of TDS has been diluted from pre monsoon to post
mohsoon period. Low TDS values have Eben observed 'in both paricds at well No.7

and nearby area, which is free from local polluted water bodies.

4.4 variation of Groundwater Quality Parameters with Time

An attempt has been made to obsarve'the éhange in water quality parameters in
the observation wells. Well Nos.7, B and 29 have choosen in the midd1e‘0f the
city and well Nos.19,26 and 27 are at salt water creek. The variations of
chloride, Alkalinity, Sodium and Potassium are shown in Fig. 9. The variation
in these parameters is not followed any specific trend. With the avaiiable
data it is very difficult to predict the reasons for these changes. Long term

data may provide some useful information for these changes. The analysis
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results during Oct.94 and Dec.94 are taken from NiH, C8-175 report.

4.5 Var1ation'of groundwvater huality from Sea
Well 'No.23, 16; 14, 29 and 1 have been identified to study the impact of
Sea on each welil, Theée wells are approximately located at a distance oft, 2,
-4, 6 and 7 kms., respectively from Sea. rew chemjcal const1tuents. which are
influenced by Sea such as TDS, Chloride, and other parameters i.e Sodium,
Potassium etc., concentrations are plotted for above observation wells. The
variation in these water quality parameters during pre monsoon (Apr.95) and
post monsoon (Dec.95) per1ods.are shown in Fig.10. During pre monsoon period
it has been ciearly observed that. the quality of water Iis deterioratind
towards Sea. However, slight increased values have been observed at well
No. 1, aven iﬁ is far away from sea. This may bé'due'to location of well i.e
at irrigated land. During post monsoon periocd the concentration of above
~chemical constituents are obeserved to be less than pre monscon period. But.
the quality deterioration trend in above observation wells have been changed
from pre monsoon to post monsoon period. Especially wall No.18 has showed
slightly high values. It may‘conc¥ude that the area nearby well No.16 has
infjuenced by local pollution. Further the offect of sea water ingress in

post monsoon pericd is less than the pre monsoon pariod.

4.8 C1a§s1f1cat1on‘of waters
4.8.1 Stiff c1assificafion

The c1éssification results of 29 samplés' collected during Apri! 95,
August 95 and Dec 95 are given in Table 8. During the study period méinly 4
'fypes of water samples have been pbserved in the study area. They are sodium
bicarbonate, sodium’ chloride, calcium bjcarbonate and calcium chloride.
Sample surveys in Tab1e.8 shows that 1ot of mixing has taken place in the
groundwater with respect to seasonal variations; It has also "observed that
the type of waters is varying from pTaée Lo place in the: study area. Well

Nos. 3 and 26 are represented NaCl type of water throughout the vyear. These
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TABLE. 8 : STIFF CLASSIFICATION OF WATER SAMPLES

- P T ——— ———— f—— T - —— . ——— Ty i e e e

¥.No.Loeation . April ©5  Aug 95 Dec.95
1 Sarpavaram _ CaCl2 CaHC03 CaHC.'O3
2 Balaji Nagar CaCla NaHCOa CaHCO3
3 Valasapakalu NaCl NaCl NaCl
4 Vakalapudi NaHCO3 NaHCOa MgHCO3
5] Ramanayya peta CaCle . NaHCO3 CaHCO3
8 R. R. Nagar CaHCO3 CaHCO3 CaHCO3
7 Madhav Nagar . NaHCO3 NaHCOa CaHCOg
B Nagamalli thota NaCl NaCl MgHCO,,
9  Godarigunta NaCl  NaCl ‘CaHICO.é
10  Sambamurthy nagar NaHCO3 'NaHCO3 CaHCO3
11 Shanti nagar NaHCO3 . CaHCOa‘ CaHCO3
12 Perrgjy Peta , NaHCQ3 N'aHCO3 . CgHCOQ
13 Kondayya palem NaHCO3 NaHCO3 MgHC03
14  Gandhi MNagar KHCO3 NaHCO3 CaHCO3
13  Rama Rao Petal CaHCO3 NaHCO3 CaHCO3
16 Surya rac Peta NaHCO3 NaHCO3 CaHCOé
17  Suryanarayanapuram NaHCO3 NaHCO3 NaHC()3
18  Budam Peta ' NaHCO3 NaHCOQ (?.‘.etl-l(:():51
19 Temple Sireet CaHCO3 NaCl ‘ NaHCO3
20  Frazer Peta CaHCO3 NaHCO3 C‘.aHCO3
?1 Prgtap Nagar NaHCOS CaHC03 CaHCO3
22 IRevenue,colony ‘ NaHCO3 NaHCO3 -NaHCOé
€3 Gogudanayya Peta NaHCOB" NaHCO3 NaHCO3
24  MSN Charties ‘ NaHCO3 ‘CaHCOS Ca‘Cla
258  Turangl - NacCl NaCl Ca{':l2
£8 Paradesamma Peta NaCl NaCl. NaCl
27  Indra Palem | ‘Nacl Nacl CaCl,
28 Chidiga CaC;E " . NaCl MgCla
29  Madhura Nagar : CaHCOIS Ca80‘4 CaHCOé
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wells are located nearby Sea and Yeleru drain respectively. These two sources
of polution are strongly dominatgd nearby ground water quatity.

4.6.2 Pipers Trilineér,C]assificat1on

The trilinear diagrams of sampiés coT]ectéd dhring Aprif 95, Aug 95 and
Dec. 95 are shown in Fig. 11, 12 and 13 respactively. The hydrochemical
facies inferred from these'trilinear diagrams are given in Table 9. ODuring

the study period 4 facies have been observed in the study area. They are...

CatMg+ci+504

(I) =

(II) = Na + C1 + K + S04

(III) = Na + K + CO3 + HCO3 and
(IV) = Ca +Mg + CO3 + HCO3

The spatial distribution of above facies dur1ng premonboon(Aprll 95) and
post monsoon(Dec.95) are shown in Fig.14. The d1str1but1on ‘of HCO3 facies
(IIT & IV) represents discharge area and C1 facies (I & 1I) are recharge
areas. Thqcamparison in Fig.14 reveals that ‘the change in groundwater
quaiity is very much significant from pre monsocon .to .post. morisoon period.
Further, the discharge area has ﬁeen increased from pre monsoon to post
monsoon périod. '

The shift in the quality of observation wells could be seen clearly in
central diamond shape of Piper Trilinear Diagrams prepared for the‘ month of
Apr.95, Aug, 95_and Dec. 95 (Fig 11, 12 & 13),

4.6.3 U.S5 salinity Laboratory Classification

The chemical analysis of samp]es collected during April 95, Aug 95 and
Dec 95 are plotted on Wilcox diagrams -and shown 1In Fig. 15, t6 and 17
respectively. The resuits inferred from each diagram are given in Table 10.
Depending_on the wateﬁ types, the 1nf0rmatioﬁ related to éuitabi]ity of wafer
for irrigation could be obtained. The following water types represent the

classification of water.
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~NOEm G e w o

W.No_ Location(LABRLY) April S5 pug. 95 Dec.95
barpavaram (L) 1 II I o
Balaji Nagar(a) I I1I v
Yalasapakalu (3) - II II 11
Vakalapudi (4) ' 1 111 v
Ramanayya peta (3) I I 1Y
R.R. Nagar (&) v Iy 1y
Madhav Nagar(z) 111 ITI Iv

8  Nagamalli thota(a) I I v

g Godarigunta{g) II II : I

10 Sambamurthy nagar(A) Iv 111 v

11 Shanti nagar (e,,) I11 IV Iy

12 Perraju Peta(c) I - IT - iy

13 Kendayya palem(d) B 3 11 I

14  Gandhi Nagar(e) III. 11 I

15 Ramé Rao Peta (g) | IRy III IV

16 Surya rao Peta(e) , o IIT III‘ IV

17  Suryanarayanapuram ) II1 I11 1Y

18  Budam Peta(1) I1I III Iv -

19  Temple Street lI) Iv . II I

20 Frazer Pela (k) Iv o I11 Iv.

21 Pratap Nagar (1) ‘ 111 InY IV

22 Revenue colony (m) III III IV

23 Gogudanayya Peta (n) 111 1T Iy

24 MEN Charties (o) ITI IV I

25  Turangi (p» 1 II I

268  Paradesamma Peta (@) 11 II I

27 Indra Palem (R) II I I

28 Chidigats) ‘ I T I

20  Madhura Nagar (Y1) iv I Iv

e R T T T A e T T e e
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e

¢2-51
€3-51

medium salinity low SAR

= high salinity low SAR
€3-82 = high salinity and medium SAR
C4-S2 = very high sa]inity‘and'madium.SAR
€4-54 = very high salinity and-very high SAR

During the study period 10 wells have showed séme typs of water(C3-51)
which is fit for irrigation purpose in general, but may cause some problem

where the soil parmeability is very poor. Water types in other wells are

. changing with respect to time. In general ¢2-§1 type is suitable for

irrigation purpose, .C3~52 type can not be used on soils with restricted

drainage, C4-82 ftype 1is not suitable for jrrigation under -ordinary

. conditions, and C4~54 type is not at all suitabie for irrigation purposes.

Most of the study area falling between high salinity low SAR 1o Very High
salinity Medium SAR. From the Table.¥® it has been obsgrved that the
suitability of groundwater for irrigation is changing with tihe. Very high
salinity of groundwater (C4-52) has been observed at salt water creek and

near Kakinada Lock.
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FIG.15 US SALINITY LABORATORY CLASSIFICATION OF
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TABLE.10 :U.S.SALINITY LABORATORY CLASSIFICATION OF WATER SAMPLES

.__-_..__.———_-....——._.-—____.___.__..___—_—__-..--..—__...-...—.__-.-—-.—_

—_—-—_-——_-.-._-.-—-.—___-.—_.....-_._—.....——..——_-.——_.—__—_-....—.a.__._—.-—

1 Sarpavaram(i) ¢3-51  C3-5t (3-8t ,
2 Balaji Nagar(a) C3-St C3-St C3-S1 | |
3 Valasapakalu(3) C4-83 C4-53 C4-52
4 - Vakalapudi (&) C3-S2 ¢3-s2 ¢3-St
5 Ramanayya peta(s) €3-51 C3-51 ¢3-51
& E.R. Nagar (e) C3-51 ‘
7 ‘Madhav Nagar(s) c3-51
8  Nagamalli thota(gy  C3-S1
9 Godarigunta(q) C3-S1
10  Sambamurthy nagar{A) <C3-51
11 Shanti nagar{@y C3-51
12 Perraju Peta(c) c3-&2
13 Kondayya palem (D) C3-51
14 Gandhi Nagar(E) ¢3-St
15 Rama Rao Peta(§) C3-51
16 Surya rao Peta(a) | C3-51

17  Suryanarayanapuram(W) C3-52

18 Budam Peta(x) ¢3-s2

19 Temple Street(J) C3-S1
' 20 Frazer Peta (k) ¢3-St

21 Pratap Hagar (1) . c3-51

‘22 Revenue colony (M) | C3-53
23 Gogudanayya Peta (N) C4-83

24 MSN Charties (o) . Ga-s1
25  Turangl (P) C4-52
28 -Par adesamma Peta(Q) c4-82
57  1Indra Palem(Ry '  .C4-S2_
28 ~Chidiga (8) c3-31

20 Madhura Nagar (%) C3-51

____..___.._____......._..____-....._..___.__.__.____...__.....___._.-...__....,__._.__
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5.0 CONCLUSIONS .

The groundwater level variations and its quality have been studied for
the year 1995. Total 87 groﬁndwater sampies haVa been collected during
Apr.95, Aug.95 &‘Dac.QS and are being analysed.

Few well hydrographs in study area shows that the trend of change in
grounduatef level in each observation well is similar. The ue1ls‘ located at
salt water creek (Well Nos.22, 23, 19) shows high water table conditions than
well Nos 5, 8, 6 (Fig.4). The water table contours dUring pre monsoonh and
post monsoon periods showed that the entire aquifer or groundwater storage is
being recharged in post monsoon period. Thusit is confirming the unconfined
water table condition in the study area.

The comparison of water quality parameters with ISI Drinking' water
standards indicated that the wells located near salt water creek, Kakinada
Lock and nearby sea coast are exceeding the desirable limits, 'Houever, the
E]ectriéal Conductivity values are exceeded the maximum allowable limit in
all wells except wall Nos. 2, 6, 15 & 29. The percentage of Sodium in each
observation well is calculated. The percentage of sodium 1s between 15 to 78%
in thé study area. The medium sodium hazard has been observed in the city,
which reveals the monitoring of sodium hazard is essential in future.

Groundwater quality parameters variation in observation wells have not .
followed any specific trend. However the TDS contour maps of premongsoon and
postmonsoon periods indicated that the dilution in TDS had taken p]ace in the,
study area High TOS values have been observed. at Sea coast salt creek and
kakinada Lock. The ground water qua11ty is deteriorating towards sea
especially during pre monsoon than post monsoon per1ods

Stiff C}as31f1cat1on shows that only 4 types of water have been observed in
the study area. They are sodium bi carbbnate, s0dium ch]oride calcium
bicarbonate and calcium ch]or1de The dominant cation and anions in most of
the wei]s are obsgrved to change with respect te season., The phenomena

indicates mixing of shallow groundwater in the study area. Only Well Nos.3 &




26 have ma1nta1ned Sodium chloride type throughout the year. Th1s is due tn
the sea water interaction of nearby wells.

P1per Trilinear classification shows that four types of hydrochemical
facies have been observed in the siudy area. The sgpatial distribution of
thése facies shows that the discharge area in pre monscon 1s_ 1&33 than the
post monsoon period. The US Salinity Laboratory classification indicated that
most of the study area is under high salinity-low SAR (C3-S1) to very high
salinity-medium SAR (C4-82). It is alsa observed that the suitability of

groundwater for 1rr1gatlon purpose is changing with respect time.
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