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ABSTRACT

The present paper deals with the study of different Hydro chemical groups of ground water in Sarada River Basin
(SRB). The ground water samples were collected from dug wells and bore wells which were analyzed for cations
and anions in different sub-basins of the study area. The SRB was divided into six sub-basins for the purpose of the
study. Different hydrochemical groups namely sodium bicarbonate, magnesium bicarbonate, sodium chloride,
calcium bicarbonate, sodium sulphate and magnesium chloride, according to their dominant cations and anions,
were observed and studied in different types of rock formations, soil groups, geomorphic settings, slopes and ground
water aquifers in the area of the investigation. The hydrochemical data indicated that the ground water was
contaminated in the southern part of lower Sarada River Basin by sub-surface sea water intrusion, pollution due to
the industrial wastes discharged by existing sugar factories and chemical contamination due to over use of
fertilizers and further, due to the heavy use of pesticides in the said areas of intensive irrigation. In many locations,
maximum parameters were within the permissible limits and some were beyond the limits of drinking water
standards. However most of the ground water of the SRB was found suitable for drinking, irrigation and industrial
purposes.
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INTRODUCTION

Agriculture and industries consume large quantitieg/ater for their purposes and discharge thdiuefts on the
adjoining areas without pretreatment. Salinity ssdu the coastal aquifers, where sea water mawasd, if ground
water levels decline. It fluctuates by the influesmf several factors like precipitation, over exgaltion of fresh
groundwater, tidal waves and deforestation. Rapitosion of steel pipes of pump-sets and drop ap grield are
caused by saline waterThus the present study area Sarada River Basiruhder taken to evaluate the status of
ground water in different geological and geomorghatures for human use in and around six sub-bagiSRB.

Study Area:

The Sarada River Basin is located in Vishakhapatiistrict of Andhra Pradesh. The River originatesthe

Madugulakonda and passes through Narasipatnamspdaid Vishakhapatnam coast, which are parts ofeEast
B B B N

Ghats. The Sarada River Basin covers under Sur/ayd@ toposheet numbess ;r—E_ ,65 E’ESE’ESE’ES "

and 65?. The river basin lies between latitudes PB’ and 18 17° N and Longitudes 8213’ and 83 05'E.The

total area of the basin is 2590 sg.km, in whichdbtial study area is 1140 sq.km. There are twarsfagtories
located on the river Sarada, one at Govada andttee at Tummapala.”Jaggery” is the biggest cetiagustry of
Anakapalli town in the Sarada River Basin area.
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The geological formations in the river basin

consisKhondalite group of rocks (65%), granite gseis (20%),

charnockites (10%), and quartzites (5%) of Archagg. Charnockite group of rocks are found interbedéith w
khondalite group of rocks in the most of the basi@a. The soil groups of the area are loamy sdégy soils and
red soils. The average rainfall of the basin asegbout 1000mm. The basin has been divided inteuixbasins for
the present study of hydrochemistry namely uppeads Bodderu river, Tacheru and Pedduru, Vedulidge

Mamidivaka gedda and lower Sarada River.

Along sitib-basins, major towns or sampling locations vedse

marked in Fig(1) for study purpose. The list of péing locations (villages) and their ground watevdls in open
and bore wells in various sub-basins of the SaRider Basin is given in Table 1.
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Table-1: Ground water levelsin open and borewellsin variouslocations of Sarada River Basin

Subasin - | Subasin - 11 Subasin - 111
S No. Location Water Level S No. Location Water Level S No Location Water Level
(bgh)m (bgl)m (bgl)m
1 Raiwada 3.00 10 D Suravaram 2.30 16 Madugula 5.00
2 Gavaravaram 1.50 11 Appalaraju Palem 3.00 L7 &didd 2.80
3 Chowdavada 1.30 12 Siripuram 3.50 18 Murapaka 035
4 Gullapali 4.00 13 Konam 2.80 19 Ramajogipalem 04.0
5 Annavaram 2.30 14 Jampana 1.50 20 Jannnavaram 0 1.8
6 Alamanda 3.80 15 Dibbapalem 1.00 21 Guddipa 6.00
7 Adduru 4.00
8 Narasapuram 5.20
9 Varada 3.80
Table - 1 :(continue)
Subasin - IV Subasin - V Subasin - VI
S No. Location Water Level S No. Location Wwater Level S No. Location Water Level
(bghm (bghm (bghm
22 Seethaiahpet 2.60 30 Kannurupalem 3.10 B4 Argdlkap 1.80
23 Turakalapudi 3.50 31 mamidivaka 1.80 3b munagapa 1.40
24 Neelakantapuram 1.80 32 Govada 2.10 36 peddapudi 2.30
25 ithampudi 5.10 33 Tallapalem 2.80 37 Elamanchili 1.50
26 Timmannapalem 3.20 38 Vemagiri 4.60
27 Jamathullapalem 4.10 39 Murakada 1.20
28 Tallaplem 2.60 40 Kotturu 3.00
29 Rajam 5.90 41 T Jampanapalem 2.80
42 Narapadu 4.80
43 Vakapadu 1.60

*bgl:below the ground level
EXPERIMENTAL SECTION

During field survey, forty three ground water saespfrom the existing dug wells and bore wells nfrearious
locations of six sub-basins of Sarada River Basihat lie below an altitude of 80 meters above M&ére
collected. Two liters of ground water collectecblastic containers with necessary precaufiofike collected water
samples were analyzed for cationic and anionic otElm parameters such as
Ca*,Mg**,Na*,K*,Cl-,CO:*,HCO;"and SQ* were evaluated as per the standard procetilies ground water
samples were grouped according to their dominaiirsand anions. The six observed hydrochemical groups in
the order of abundance such as 1.Sodium Bicarborfal@HCQ), 2.Magnesium Bicarbonate- Mg (HGR
3.Sodium Chloride — (Nacl), 4. Calcium Bicarbonada (HCQ), 5.Sodium Sulphate-(N&Q,) and 6. Magnesium
chloride- (MgC}) were found in the area of investigation. The gapbic distributions of different chemical groups
were shown in the fig (2). All parameters were egsed in milli equivalents of TDS per liter.

Table 2: Distribution of cationsand anionsin ground waters of various sub-basinsin Sarada River Basin

! Cations (m.eg/lit) Anions (m.eq/lit)
S.No. | Name of the sub-basin Ran TZ | Mg® | Na K Cr | HCOZ | COZ | SOZ
) Max | 46 | 1652 | 37.4| 06 | 11.2| 128 | 25 | 01
L. | Upper SaradaRiver | o' | o6 | 02 | 05| 002 06| 12 | 05 | 002
> | Bodderu river Max | 38 | 63 | 130| 06 |17.2] 127 | 25 | 6.9
: Min | 04 | 02 | 1.7 |oo5| 12| 19 | 03 | 07
s | Tachery and peddurh MX | 42 | 7.1 | 230[ 06 [216| 152 | 83 | 14.4
' P Min | 04 | 03 | 08 |002| 01| 21 | 06 | 004
Max | 40 | 10.7 | 230| 06 | 200| 87 | 13 | 32
4. | Vedurla gedda Min | 08| 02 | 1.8 |002| 10| 22 05 | 0.04
— Max | 98 | 91 | 235| 02 |344| 87 | 25 | 7.6
5 | Mamidivakagedda | .| 10| 10 | 42 | 002| 12| 33 | 05 | 05
s | Lower Sarada River | Max | 17.6| 14.7 [ 498] 16 | 700| 122 | 333 | 29.1
: Min | 02| 02 | 08 |002]| 04| 12 | 03 | 02

RESULTSAND DISCUSSION
The ranges of hydro-chemical data from six subdzasf Sarada River Basin were presented in Table 2.
1. Sodium Bicarbonate Group —(NaHGQ

This group is present in ground water samples witlide range of salinity varying from 9.97 to 69./@leq of
TDS/lit. The ionic relationship of the group is N¥&a?>Mg? and HC@>CI>SQ,2". The analytical data shows
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that 21(48.3%) ground water samples identifiedhis sodium bicarbonate group. The sodium bicarkeomatter

group is more wide spread and dominant in the eonttpart of the basin. These waters are observegndr
Vaddadi to the north of Chodavaram, Munagapakahéo south of Anakapalli and to the west of Tallapale
Increase of salinity is observed at GavaravaramhMimoagapaka.

This hydrochemical group is dominant in khondatjteup of gneissic rock§This group of waters mainly seen in
substratum with sandy soils as top soil cover.oélplains, and palaeo-channels have these wateslo® aquifers
predominantly contain these water.

2. Magnesium Bicarbonate group —-Mg(HG®:

This group is present in ground water samples witange of salinity between 9.80 and 32.89 m.epD#/lit. The
analytical data indicates that 4 (9.3%) ground damjfall in this group. Magnesium is the major eati while
calcium and sodium are minor constituents. Thecioelationship of this group is found to be MgZaz>Na>K*
and HCQ>CI>C03> S03%", although there are a few cases in which theioglstip is Mg2>Ca?>K* and
HCO;>CI>C03%>S075".

This group is mostly noticed in upper Sarada RiBwdderu River and lower Sarada sub-basins (figlt2is
dominant in the sandy and loamy soils of northeart pf the study area. These waters are observpdlaeo —
channels and flood plains of the region of chariteskto the east of Dibbapalem, west of Chodavaram,
Munagapaka and around Anakapalli. The depth o&théfer is more than 4 mts.

3. Sodium Chloride group- (NaCl):

This group is present in waters having a saliratyge of 16.36 to 135.55 m.eq of TDS/lit. The anedytdata shows
that 10(23.25%) ground water samples fall in tlhidism chlaide group. The water in the lower range of salinity
are found to contain high proportion of sodium, caah and bicarbonates. When the sodium chlorides
concentrations increase, the chloride becomes ipadlgtthe only anion. The ionic relationship ofetlyroup is
Naz>Mg2z*>Ca?>K* and CI>HCO;">CO03". In a few cases, calcium has been found to beegbezemagnesium.

Table 3: The percentage distribution of ground water samples above and below the limitsin Sarada River Basin

No Parameter WHO standard value % of sampleswithin
T Desirablelimit | Max. Permissiblelimit | Desirablelimit | Max. Permissiblelimit
1 pH 7.0-85 6.5-9.2 100 -

2 Chlorides 250mg/I 1000 mg/I 79.07 20.93

3 Sulphate 200 mg/l 400 mg/l 93.03 6.97

4 Alkalinity 200 mg/l 600 mg/l 90.70 9.30

5 Total dissolved solidg 500 mg/l 3000 mg/l 88.40 1.6D

6 Calcium 75 mg/l 200 mg/l 93.80 6.20

7 Magnesium 50 mg/l 150 mg/l 88.20 11.80

8 Potassium Not Applicablg Not Applicable Not Amgalble Not Applicable
9 Sodium 400 mg/l 800 mgl/l 81.40 18.60

The areal distribution of sodium chloride groughe area of investigation is mostly in the Vedueldgda and lower
Sarada sub-basins. This water group is seen inadp#lm to the north of Gavaravaram, to the eaBedflamadina,
to the south of Anakapalli, Munagapaka and Elaméinchhe salinity of this group increased to theugh in the
lower Sarada River Basin. The sodium chloride vgagge dominant in the soils of the charnockite dmohdalite
terrains. It is observed in the plains having gslof less than®and shallow ground waters of 2 to 4 mts depth.

In the lower Sarada River Basin, the discrepandyyaiochemistry is attributed to mixing of groundter and the
sea water due to high tide. The simplest explandtiothis discrepancy could be that the sodiunoiétié groups of
waters are noticed in different aquifers with diffiet flow directions. The presence of chloride lie tsulphate
waters in the lower salinity range indicates thegré is some mix-up of these waters. Presencelofigdé in the
bicarbonate aquifers cannot be ruled out, becatigheopossible mix-up of these waters with bicadtenand
sulphate waters.

4. Calcium Bicarbonate group-Ca (HC§),:

This group is present in waters varying in salimiyge from 5.51 to 23.10 m.eq of TDS/It. In moases, the
salinity does not exceed 10 m.eq of TDS/It. Thedaatio of this group is Ga&>Na">Mg,">K* and HCQ >CI>
SO2. In a few cases magnesium exceeded sodium.
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The analytical data shows that 2(4.65%) ground msdeples fall in this calcium bicarbonate groupe3e waters
are abundant in the eastern part of the lower SaRader Basin. The calcium bicarbonate group iseoked in the
soils of khondalitic region to the northeast of Rapalli and east of Elamanchali. This water graspriesent in
creep built plains of 5to 1Pground slopes. The ground water levels are geyeaatiund 4 to 8 mts below the
ground level. A gradual increase of salinity tovadbwnstream side is expected in the study areis. géneral
trend seems to be affected by the direct repleresihiof fresh water from the river system to theifggquThere is an
increase of salinity gradually to the south andisaest of the basin. The destruction of calciumatbonate waters
is easily delineated. This water type is found ipaachy distribution surrounded by the other typésvater and
probably indicates the effect of fresh water lenses

5. Sodium Sulphate group-(N&SO,):

This group is observed in waters with salinity raiggrom 17.53 to 103.66 m.eq TDS/It. The averagjaiy of the
group is higher than that of bicarbonate group land salinities are exceptional. The ionic relatioipsof this
group is N&>Ca2+>K'>Mg?* and SQ2 >HCO;™> CI'™>CQOs2".

The hydrochemical data indicates that 4(9.30%) mlonater samples have the sodium sulphate watéhe iantire

Sarada River Basin. This group is present mostlypiper Sarada River, Bodderu river, Tacheru andliedivers,

and lower Sarada Sub-basins (fig 1). This groupbiserved to the north of Gavaravaram, Anakapallitheast of
Dibbapalem, to the south and south west of TalEapaMost of these waters are found in the northegion of the

area of investigation. This group is predominanthi@ soils of the region of granitic gneissesslbbserved in the
creep built plains and flood plains with less tl&rground slope and at depths varying from 2 to 6 metsw the

ground level.

In this group as well as in the bicarbonate graegujium is dominant cation, Ca Mg both being minor. In
several locations in the south and southeast ddtilidy area, there are indications that the cortiposf the waters
in the aquifers is transitional from bicarbonatestidphate. The wide range of overlap between theitsas of the

bicarbonate and sulphate groups may not be onlyalsaline environment required for transition fronme group to
the other. It may be due to availability of sulghat the rock formations. This group is mainly s@ethe eastern
side of the basin. The data shows that sulphatebaagdbonate concentrations increase southwardstandy be

due to ground water flow in that direction.

6. Magnesium Chloride group-(MgG):

This group is present in waters with salinity rang®3.45 to 54.66 m.eq of TDS/It, whereas in gaheahe salinity
does not exceed 10 m.eq of TDS/It. This discrepaBscpbviously due to intrusion of sea water. Thaido
relationship of this group is MgCa?>Na'>K* and CI>HCO;">C0,27, in few cases, sodium may exceed
calcium. The data shows 2 (4.65%) ground water &mamfall in this group. The magnesium chloride gras
noticed in the lower Sarada River Basin only. Theaters are observed in the soils of the regiochafnockites to
the southwest of Munagapaka and west of Elamandti& depth of ground water is 4 to 6 mts.

Generally, the suitability of water to be used fisigation, and domestic purposes is indicated ty total salt
content and sodium content present in the watee. Mhjor constituents present in irrigation wates sodium,
calcium, and magnesium as cations and chloridghate, and bi-carbonate ions as anions may algordsent in
appreciable amounts in the study area. The pemerdstribution of ground water samples for varichemical
parameters in the study area as per the standagilgen in Table 3.

Chlorides occur naturally in all types of watersgliiconcentration of chlorides is considered tdHmeindication of

pollution due to salt water intrusion and high arigavastes of animal or industrial origin. Humardhaoeleases a
very high quantity (6 gram/person/day) of chlofiderom the present observation the minimum chlovideie 14

mg/l at Anakapali and maximum chloride value 2488rag Murakada. The other places of higher coneioins

are Vakapadu (1900 mg/l), Elamanchili (1263 mgit)d vemagiri (1775 mg/l) in the sub-basin - 6 &f $tudy area.
Higher concentration of area may be due to intenaiyricultural practices, salt water intrusion, &welting of salt
to certain type of trees like coconuts in the starba.

Sulphate is utilized by all living organisms in tfrem of both mineral and organic sulphates. Fromm present
study, it is revealed that the concentration ofpkates varying from 2 to 364 mg/l is within the rnmaxm
permissible limit except in sub-basin—6 at Munadap@ 083 mg/l).

The presence of sodium gives bitter taste to watkich is dangerous for heart and kidney patiesds;osive effect

to metals, and toxic to the plants. The data ind&dhat most of the ground water samples in thizeehasin
varying from 12 to 460mg/l are in permissible ligiA very few samples are in higher concentrat@mn&avaram
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(800 mg/l), Vemagiri (880 mg/l), and Devanapalleti45 mg/l) in sub-basin-6 only due to salt waterision and
over irrigation.

Highly alkaline waters generally unpalatable, tiadue of alkalinity ranged from 75 to 830 mg/l. Tdeta indicates
that a few ground water samples which contain highlinity value are at Elamanchili (823 mg/l), ahdllapallem
(638 mgl/l).

Most of the wells that are observed in the weatherecks like khondalites, granite gneisses, quadzi
charnockites, and different geomorphic features tikeep built pediment, pediment fans , and waainphave high
depth of water level below the ground level, whergaflood plains and palaeo channels have low mptowater
levels.

CORRELATION BETWEEN SALINITY AND THE CHEMICAL PATTERNS:

The concentration of the various ions has beenrgédein the area of investigation as a functionthe total
dissolved ions. The following trends were observetthe study area.

1.Sodium and chloride ions increased linearly with iticrease of total salinity.

2.Calcium and magnesium ions vary in the range o2 204188 m.eq of TDS/lit, without any correlatiotosthe
total salinity.

3.Magnesium is equally abundant as calcium

4.The bicarbonates are observed to increase linadttysalinity in the southern part of the basin

5.Sulphates are relatively low and their variatioagénno correlation with the total salinity.

GEOCHEMICAL EVOLUTION:

Taking into account the various hydrolagicand geological observations in the aremwdstigation, the
following steps of the geochemical evaluation appedit the ground water under study:
1.Rain water infiltrates directly into the grounddais rich in biogenic CO It reacts with feldspars and heavy
minerals present in soils and other silicedeks of the local aquifers.
2.Depending on types of feldspars with whicl Wwater reacts, waters with predominantly dissblsedium,
calcium or potassium bicarbonates are formed.
3.Pyroxenes and amphilroles are heavy minerals imatha of investigation. The reaction of C@resent in the
water seems to be a major source for the obseragmh@sium and other cations.
4.The various aquifers are found to contain littlenorgypsum. Hence the sulphates in the ground watst have
been from outside the area of investigation. Mostigay be either from sea water or fertilizers.

CONCLUSION

Based on distribution of different hydro-chemicabugps, the dominant cations, anions and salinityifferent
chemical groups in different geological rock forioas, geomorphic setting, soils , slopes and difiewater table
setting, and different water table conditions ie tiround waters of Sarada river basin, the follgwdnnclusions
were drawn.

1.Most of ground water is found to be suitable foigation and drinking purposes in the study area.

2.The present study reveals that there is a perdemtigree of pollution of ground water resourcearigas where
there is a large scale of cultivation and use dilifeers. The effect of fertilizers on the qualibf ground waters
indicates that there is need for adopting the saonaditoring and preventive practices.

3.There is a general tendency for contamination ofugd water with marine sources in the south of ltveer
Sarada River, which is a normal phenomenon expewadentrance of the river into marine environment
4.Extensive pollution in middle and lower parts of&#a River Basin due to discharge of industriduefits (both
chemical and biogenic) and manmade sources havedbserved.

5.Higher concentration of chloride, calcium, alkalniand sulphate may be due to intrusion of seamiat the
southern part of the sub- basin-6. The salinitthefground water samples is increased as resaltefexploitation
of ground water from thin sandy aquifers and shalb@currence of ground water table below the grdewdl. It is
observed that the quality of the ground water ila@a— channels, pediments, and pediment fansadd, gehereas
the quality of water in wash plains and flood p&is poor.
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