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Groundwaters under the influence of theriver basin and of the reservoir sources undergo vibrant fluctuations
due to various geochemical and geophysical characteristics along with seasonal impacts. To understand
these influences, a geochemical assessment was made to reveal the groundwater quality and other
geophysical characteristics. 117 water samples were interpreted for two seasons along the Thandava River
basin. All the major cations, anions along with physical characteristics were assessed. The correlation of
geophysical and geochemical parameters revealed the factors controlling the groundwater quality along the
basin and in and around the reservoir. An in-depth assessment was also made for the geochemical evolution
and flow pattern of the groundwater to understand the geomorphology of the basin and for the
recommendations to be made for the safeguard of this natural resource unaffected from various anthropogenic

activities in and around the basin and the reservoir.

INTRODUCTION

Groundwaters influence the prosperity of human civiliza-
tion since ages. Groundwater along river basin regionsmain-
tained its quantity and quality for all kinds of purposes over
the years. The idea of weathered, fractured and freshwater
basementsal ong with local environment would enhancethese
chancesin any given area. But settlementsin due course and
overexpl oitation without management made groundwater to
suffer in maintaining itsbas ¢ characters. Reasons might not
be limited but vigilance intime might restore or reduce the
ondaught and, thus, safeguard the futuristic needs. Assess-
ments of groundwater involve multiple approaches basing
onthe type of interpretation and thus status|eading to man-
agement strategies. An understanding of the quantitative and
gualitative changesin groundwater system because of exist-
ing and proposed hydrologic stresses is a prerequisite for
their proper management.

Delineation of aguifersisthe prerequisite for assessment
of regional/local groundwater potential. Delineation of ag-
uifersand subsequently their groundwater potential assess-
ment were carried out in different parts of the country by
using different geophysical, geological and geochemical
methods depending onthelocal hydro-geol ogical conditions
(Rai 2009). Geochemical studiesonthe Dankar, Thinam and
Gete lakesin the Spiti valley of Higher Himalaya was car-
ried out to understand the nature of lithology and the type of

weathering at the source (Das& Dhiman 2003), geochemistry
and quality assessment was reported by Singh et al. (2007)
and hydrogeological and hydrochemical study on Kali-
Gangawasalso reported by Asad et al. (2001).

Groundwater studiesinvolving integrated approach re-
ported mainly basing on the geophys cal dominance assess-
mentsrelating to areasin and around the present study area
include, mathematical modelling basing on resistivities by
Vinod Rao & Gurunadha Rao (2006), integration of
geoelectrical and pumping data by Subba Rao (2003), and
electrical resigtivity surveysby Sagar & Nagamalleswara Rao
(1989) have applied in Varaha River basin. In fact, studies
likethese carried in assessment of groundwater potential or
for the matter of any other had used only oneinterpretation.
But from comprehensive and thus by making use of water
supply to meet the ever-increasing demands for domestic,
agricultural and industrial uses makes more benefits. Con-
sumption of water has increased in manifold results, scar-
city of water supply and deterioration of water quality is
seen in many parts of the world and to a larger extent in
India. To cope up with such problems, it was the nation’s
endeavour to promote the activities of sustainable develop-
ment, management and governance of water resources to
achieve the goal s of safe and secured water suppliesand to
maintain the pace of developmentsin agricultural and in-
dustrial sectors. In assessment, development and manage-
ment of surface/ground-water resourcesto meet the demands
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of water supply from available water resources, the present
novel approach of integrated assessment iscarried out. Re-
view of these, reveal ed the respective interpretations being
dominant rather than acomprehensive study and which might
not be needed, if focused on for a particular characteristic
study. But, at the sametime, multiple parameter analys swith
integrated i nterpretation would alwaysreveal an overall sce-
nario of better understanding and thusleading to confirma-
tion rather than speculation. The present survey was carried
in 117 locations along the Thandava reservoir during June
2010 along with soil sample collection. The 117 water sam-
pleswere collected in the pre and postmonsoon seasons of
thesameyear.

STUDY AREA

The Thandava river basin extends over an area of 909.48
km?2. The basin has a maximum length from north to south
of 49.88 km between latitude 17°50' and 17°15’ north and
maximum width from east to west of 21°52" between longi-
tude 82°17' and 82°45" east. This basin covers water of
Visakhapatnam and East Godavari districts of Andhra
Pradesh state. The basin is surrounded by Sabari sub-basin
of Godavari in north and Varahariver basinin the east, Bay
of Bengal in the south and Pampa and Y eleru in the west.
The upper reaches and most of the eastern portion lie in
Visakhapatnam district and the lower portion and western
sideliesin East Godavari district. About 2/3 of the catch-
ment lies in the former district and the balance liesin the
later district.

ThandavaRiver flowsover the Chintapal li, Narsi patnam,
Tuni and Y elamanchili taluksfor alength of 99.7 km. The
Thandava River rapidly falls to +1000 in its first 9.5 km
reach. After travelling about 14.4 km, it receivesatributary
Sapegedda kalva, Lower down Peddagadda lanka, another
tributary flowing in westward directionfallsin to Thandava,
after the later traversing adistance of 19.3 km from itsori-
gin. The level at this confluenceis +6502. After travelling
another 10.4 km, asmall tributary from west comesand joins
the river, the bed fall in this reach works out to about 1 in
264. At about 40.2 km of its traverse, a minor tributary
formed by the small streams viz., Dharagedda and
Chittampadugeddaand Gorrigedda, join the Thandavaflow-
ing in southward direction. After 4.8km confluence, another
tributary Addakal ageddajoinsthe mainriver from the west.
Lower down after 11.2 km another tributary from west
Sarugudugeddatakingitsoriginin Sarugudu forestsfallsin
ThandavaRiver. After thisthere are no streamsworth moni-
toring that join the Thandava River. Thisreach isflat, and
the average bed dopeismild until theriver entersthe Bay of
Bengal at Pentakotain Visakhapatnam digtrict.
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Topographically, ThandavaRiver risesin Eastern Ghat
hill ranges and enters Bay of Bengal. Thebasin issurrounded
by hillsalmost all around except in the southern part which
isplain. The entire catchment consists of undulating coun-
try, aseriesof ridgesand villagesinterspersed with low hill
ranges. Large flat areas are not available in thisbasin. The
northern and western sides of the basin are hilly with dense
forests. Particularly the northern hilly range is the area of
heavy rainfall. The d opesof these hillsare covered with thick
forestsand in some places mixed with bamboo. The eastern
portion of the Thandava basin is generally flat and of low
elevation. The coastal belt is sandy. The sampling stations
of groundwater samples, resigtivity stations, soil samplesand
rain gauge stationsare showninFig. 1.

Criteriaof sample collection: Theeaseand accuracy of any
study or work, for instance, depend largely upon the plan-
ning made prior to collection of the samples. The planin-
cludes the location of sampling sites and parametersto be
analysed, methods of data collection and al so the handling
procedures. Sampling points should be such that, they rep-
resent the existing environment (APHA 1995). The discus-
sionswith the Groundwater Board prior the sample collec-
tionsand before the finalizing of the number, parametersto
be analysed, mandals to be covered, district topographical
marking of the stations, etc., had made meaningful effectsat
various stages of the work in the study area. A trail run be-
fore the execution made the thingsto be sorted out and means
in collection at the ground level, where there were signifi-
cant deviations in the reality and the hypothetical assess-
mentsmade were quite evident and thus made the actual work
to be carried out in smooth manner.

Problemscan occur during or after sampling which may
dragtically change the sample composition fromitstrueform,
asnatural watersare of great matrix of dynamic phases. These
areduetoavariety of causes, the principal among which are
contamination and loss of substance due to precipitation,
complex formation, adsorption or ion exchange on the con-
tainer wall. Compounding these difficultiesisthe maintask
in sampling. The chemical composition of the rock forma-
tions, though is expected to reflect an average trend in the
variationswith asmall region of arock formation, often poses
aconstraint in arriving at acceptabl e averages. Thisismostly
dueto differential P-T conditionsat the time of formation.
One has to consider such constraints existing in different
geological settings before arriving at average or composi-
tions of rock formations and their contributions to
groundwater quality. At the sasmefor taking resistivity read-
ing, it would not suit the same asit will be expensive aswell
asalaboriousexercise.

Electrical conductivity and pH provide an integrated
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Fig.1: Sampling stations along Thandava river basin.

characterigtic of theionic composition and itsthermodynamic
gate. Keeping thisinview water samples coll ected from clus-
ter of wells located in the same geological formation and
similar hydrological setting were collected and analysed in
thefield for the abovetwo parameters. Subsequently, based
on the average values and their relative variations and the
geological, geomorphol ogic and geo-hydrological charac-
teristics (even though resistivity valuesmight alter even for
small differencesin geological areas), the well which pos-
sesses EC and pH hydrogeological valuesclose to that of a
general average trend of the cluster, hasbeenidentified asa
sampling location. Wherever significant anomalies were
present inalocal scale, an attempt was madeto identify the
reasonsfor such anomaliesbeforethey are eliminated from
sampling. However, locations of specific geological, hydro
geological significance and stationsin vicinity of industrial
unitswere given importancein sample collection.

During the entire study, care was taken in identifying
the nearest possible source to the river path of a particular
areaand at the sametimeit should be apotable source of the
local people. A minimum of 1 km distance and amaximum
(depending on potable source in the area) of 3km distance
was maintained between the sampling stations. In al the
cases, the sample source selected is a public open or bore
well or that of a privately owned, but used by the locals as
potable sources were only considered. In some cases, both
open and borewell waters were collected for comparative
study, asthese areas are spread over large distances coming
under the same station. Municipal sources, even in the ab-
sence of groundwater source for drinking water, in any area
has not been considered for sample collection, asthese are
generally supplied with pre-treatment. Asthe theinvestiga-
tionisaready plannedto carry the assessmentsthrough geo-
physical and chemical analyss, the collection of the soil sam-
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pleswas taken at the site itself. Asthe result, not the same
number of samples of soilswastaken asthose of the water,
but wererather sufficiently and representatively for the study
area.

Groundwater sampleswere collected inthreelitre capac-
ity polythene bottles having double stoppers. Prior to the
collection, thewell cleaned sample bottleswere rinsed thor-
oughly with the samplewater having been collected andfilled
to neck, avoiding bubbling and closed to air tight. In case of
borewel | water collection, water was coll ected only after con-
sderablequantity was discarded after pumping. In openwells
water from a depth of about one meter from the upper sur-
face of water was collected and was labelled. The station’s
latitude and longitude were obtained by using GPS at the
dte. Thevalues of coordinateswere cross checked using topo
sheets of the respective districts (District Ground Water
Board). After finalizing the number of samples collected,
thetotal distance of thetwo districtswere broken into parts
of possibility for collection based on the time of journey,
travel route, feasibility for collection etc. along with the
onsite changes from time to time in accordance with the
ground realities. Collected water samples were brought to
the laboratory and stored in dark to avoid major chemical
alterations (Golterman et al. 1978) and analysed on the next
day. Therainfall dataof the areafor fiveyearswas collected
from the groundwater department assessments at two rain
gauge stations.

RESULTS AND DISCUSSION

The water samples collected were analysed for both physi-
cal and chemical properties. The sampleswere analysed for
pH, electrical conductance (EC), total dissolved solids(TDS),
bicarbonates (HCO,), chlorides (CI), fluorides (F), phos-
phates (PO,*), sulphates (SO,?), calcium (Ca?*), magnesium
(Mg?), sodium (Na*) and potassium (K*).

Groundwatershad pH intherange of 7.12t0 8.52 in pre-
monsoon, and 7.12 and 8.70 in the post-monsoon seasons.
These valuesindicate the dominance of the alkaline waters
in these areas and thus signify the general nature of the
groundwatersto beinlinewith prescribed valuesfor all uses,
either for drinking, agricultural or industrial purposes etc.
The electrical conductivity values of the water samples
ranged from 178 to 4828 in pre-monsoon and 562 to 4280
pSiemens/cm in post-monsoon respectively. The higher val-
uesin some cases can be attributed to the presence of high
bicarbonate and chloridesin those areas. The concentrations
of TDSranged from 110to 3093 in pre-monsoon and 294 to
3428 mg/L in post-monsoon seasonsrespectively.

The concentration of the cations (Ca?*, Mg?, Na*, K*) in
theinvestigated arearange from 8to 272, 4t0 272, 6to 680
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and 1to 175 mg/L respectively in the pre-monsoon season,
and 20 to 226, 14 to 154, 24 to 560 and 01 to 110 mg/L in
post-monsoon season. The anionic (HCO,, Cl,, SO, F,
PO,*) concentrationsin the groundwater samplesof thearea
range from 40 to 722, 9to 1018, 1 to 284, 0.12 to 1.64 and
0.001 to 1.206 mg/L in the pre-monsoon season, and 80 to
702, 42 to 872, 2 to, 415, 0.10 to 2.12 and 0.001 to 1.66
mg/L in post-monsoon season respectively. A statistical sum-
mary of the chemical analysis data in the pre and post-
monsoon seasonsisgivenin Table 1.

Thehighest temperature recorded inthisbasinis47.2°C

in June, and lowest is14.4°C in December. During May, as
generally considered for the summer season month, thetem-
peraturerangesfrom 27.6°Cto 37.3°C and for monsoon and
winter months ranges from 24.4°C to 31°C and 19.1°C to
27°Crespectively. Rainfall average at Kotananduru and Tuni
rain gauge stationsfor the last five yearswas 3.5 and 4.8 m
respectively.
Geochemical evolution of groundwaters: To identify the
geochemical evolution and sources of dissolved salts in
groundwaters, Piper’s trilinear diagram (Piper 1994) was
used. The diagram isthe combination of the percentages of
thetotal meg/L of cationsand anions. The chemical dataof
the pre-monsoon season that in the percentage mode of all
the groundwater samplesinthe study areafall inzone 5 are
23.93% and the stationswhich includethese arethe 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, 13, 14, 20, 27, 28, 29, 30, 31, 41,
47, 89, 92, 94, 97, 107 and 112.

The samples fall in zone 7 congtitute 31.62%, and are
present at sampling stations 21, 25, 33, 34, 35, 37, 38, 40, 46,
53, 63, 64, 65, 67, 68, 69, 70, 71, 72,73, 76, 77,78, 79, 80, 82,
84, 86, 100, 101, 104, 105, 106, 110, 115, 116 and 117. The
samples observed in zone 9 have a percentage of 44.44%,
which come from the stations 15, 16, 17, 18, 19, 22, 23, 24,
26, 32, 36, 39, 42, 43, 44, 45, 48, 49, 50, 51, 52, 54, 55, 56, 57,
58, 59, 60, 61, 62, 66, 74, 75, 81, 83, 85, 87, 88, 90, 91, 93, 95,
96, 98, 99, 102, 103, 108, 109, 111, 113 and 114.

In post-monsoon season, zone 5 has 10.25% with sta-
tions 1, 2, 11, 43, 90, 92, 94, 95, 96, 97, 98 and 99, zone 7
has32.47% with 8, 9, 17, 20, 22, 23, 25, 32, 35, 37, 38, 48,
52, 53, 56, 65, 66, 70, 71, 74, 75, 76, 77, 78, 85, 87, 100,
105, 106, 107, 108, 110, 111, 112, 113, 115, 116 and 117
stations, and zone 9 has 57.26%, whichinclude stations 3, 4,
5,6, 7, 10,12, 13, 14, 15, 16, 18, 19, 21, 24, 26, 27, 28, 29,
30, 31, 33, 34, 36, 39, 40, 41, 42, 44, 45, 46, 47, 49, 50, 51,
54, 55, 57, 58, 59, 60, 61, 62, 63, 64, 67, 68, 69, 72, 73, 79,
80, 81, 82, 83, 84, 86, 88, 89, 91, 93, 101, 102, 103, 104, 109
and 114.

The above resultsindicate that these zones are due to the
formation of carbonate hardness, non-carbonate alkali and
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Table 1: Statistical summary of chemical analysis data in pre and post-
mONSooN Seasons.

Para Minimum  Maximum Mean Standard
meter* deviation
Pre Post Pre Post Pre Post Pre Post
pH 71 71 85 87 17 7.6 037 034
E.C. 178 562 4828 4280 1237.7 1513.6 770.7 723.0
TDS 110 294 3093 3428 855.1 1034.7 5422 532.1
Ca* 08 20 272 226 59.9 68.6 355 395
Mg?* 04 14 126 154 375 434 23. 23.6
Na* 06 24 680 560 1396 177.1 112 100.2
K* 01 01 175 110 181 17.2 275 223
HCO, 40 80 722 702 2164 275 121 104.7
Cl- 09 42 1018 872 1673 2156 177 163.6
SO 01 02 284 415 516 74 386 811
F 01 01 16 212 081 0.8 0.4 0.3
PO, 0.001 0.001 1.2 166 0.18 0.3 0.3 0.3

*All parameters are expressed in mg/L, except pH and E.C.; TDS= Total
Dissolved Solids, E.C. = Electrical Conductivity (uSiemens/cm)

Table 2: Hydrogeochemical ratiosof groundwater samplesalong Thandava
River basin.

Hydrogeochemical ratio Mean
Pre Post

Monsoon Monsoon
Mg?: Ca? 0.67 0.75
Ca*: Mg? : Total cations 0.01 0.07
Na' : K* : Total cations 0.11 0.12
Cl-: Na 1.26 1.33
HCO,: CI 2.15 1.81
Na : CI- 1.07 1.04
CA, = ClI-(Na"+K*): CI 157.63 306.40
CA,= CI-(Na"+K*): (SO* +HCO; ) 167.341 210.000

mixed types of water, and were earlier observed by Subba
Raoet al. (1996) in Visakhapatnam areaand by Abjit & Alan
(2008). In the present case, it is evident that the carbonate
hardnessresultsfrom the dominance of alkaline earths (Ca?*
and Mg?) and that of theweak acids(HCO,) indicating the
influence of soil chemistry on the groundwater chemistry.
Thiswater type (zone 5) represents the freshwater environ-
ment. The movements of the drainage (sub-dendritic) inthe
rainy season form the elevated to the plainsal ong the stretch
of the southern part highly donate thiskind of activity inthe
sub surface topography. The non-carbonate alkali is attrib-
uted to the abundance of alkalies(Na', K*) and strong acids
(Cl and SO,*) which are the effect of marine environment
and/or clay horizons and topographic lows.

The waters occurring in the zone 7 belong to brackish/
saline type. The mixed type (zone 9) representsthe cations
and anionsthat are not excessive of 50% in their total con-
centration dueto combination of varioustypes of water chem-
istry. Deviationsfrom the general to an extent were observed
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in the geochemical evolution of the groundwaters classifi-
cation basing the above criteria. They include the stations
where the TDS value is greater than 1000 mg/L but fall in
the mixed typein the pre-monsoon season are49, 51, 52, 58,
59, 61, 91, 95, 111 and 113, and that of the freshwater are
stations 25 and 112. In case of the post-monsoon season, the
deviations include stations 5, 6, 10, 13, 14, 19, 21, 31, 33,
36, 44, 47, 49, 50, 58, 62, 68, 72, 73, 82, 84 and 89, which
should be marine according to the criteria but were falling
inthe mixed type of water inthe diagrams. In post monsoon
season there were no deviations of station having the TDS
value more than 1000 mg/L and falling in the freshwater
environment of the classification.

The probable reason for these samples deviation from
the normal trend would be their undersaturation environ-
ment towards the new environment and sooner or later they
would shift to maintain the new environment leaving the
characteristicsof the old environmental conditions. Another
reason that would explain thisdeviation would be the recent
changesin those areaslike extenson or compress on between
the fractures in the rocksto allow a different type of water
into the formers environment and thus exhibiting variation.
In cases of marine characteristics observation in the fresh-
water zones might be resulting from the forced intrusion of
seawater due to overexploitation of groundwaters, wherethe
upward pressure would force the surrounding watersto pave
their way out by widening the linear fracturesin the rocks.
Thisisgenerally not observedinthe natural circumstances,
wherethe groundwatersremain static. The geochemical evo-
[ution of the groundwater inthe pre and post-monsoon sea-
sonsare shown in Figs. 2aand 2b.

Stations showing the marine environment observed in
most casesof the post-monsoon season, even in the absence
of their TDS valueslessthan 1000 mg/L or in cases of exist-
ence of the environment which issuitablefor fresh or mixed
type of water, might bethe effectsof the upland characteris-
ticscarried through different facies of different places after
therainfall, where these are observed. Thisdominance did
not observe far away from the coast line nor the middle of
freshwater environment would be temporary till theflowis
settled and thereby the origin of thelocal geology would be
evolved with time log. During the flow of water from the
elevated to the downstream, results of the restless chemical
equilibriums (Das & Kaur 2007) among various solute and
solvents showcase these types of invariable environments
and that to especially surrounding the flowing water bodies.

Flow pattern of the groundwater can be correlated with
the hydro-geochemical facies as stated by Ophori & Toth
(1989). According to them, low TDS, Mg?:Ca?* ratio and
SO,* and high HCO, occur in the recharge areas. Whereas
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Table 3: Geophysical characteristics of water sampling stations along
Thandava River basin

Station Type D-1 D-2 W.L.D Geology
Srungavaram DW 1150 0262 0512 Granite Gnesiss
Sarabhavaram DW 0562 0240 0401 Red Soils
Gannavaram DW 0733 01.80 0470 W.Gneiss/
Black Soils
Bhimavarapukota DW 07.70 0202 0380 Sand
Kakarapalli BW 0690 0211 0350 Alluvium
Allipudi DW 0650 0205 0320 Alluvium
Kotananduru BW 0615 01.82 0402 Sand
Lakshmidevipeta BW  18.02 100.00 0530 Black Clay
Lakshmidevipeta DW 0820 0212 0455 Sty Clay
ChinnayyaPalem DW 0525 08.01 0260 Sity Clay
Kotananduru DW 0450 0835 0201 SityClay
(Khondalite
Base)
K.Mallavaram BW 2105 102.00 03.02 Clay/Coarse
Sand
K.Mallavaram DW 06.02 01.62 0220 Clay/Coarse
Sand
Kotananduru BW 1850 105.00 - Silty Red Soil
Kothapata BW 2255 102.00 0456 Sity Red Soil
Boddavaram DW 0530 1290 0370 Red Soils
K.Agraharam BW 2502 104.00 06.05 Medium Sands
Venkatanagaran DW 06.00 01.72 0350 Red Soils
Venkatapuram DW 09.60 01.62 0355 Red Soils
Kottapalem DW 0830 0165 0345 Red Soils
Surapurajupeta DW 0935 0250 0580 Red Soils
BangarayyaPeta D&B 12.65 0350 06.30 W.Khondalites
Billananduru DW 0620 04.00 0420 Red Soils
Jagannadhapuram DW  07.60 0250 0240 Red Soils
Indupalli DW 0930 0220 0430 Red Soils
T.JagannadhapuramDW  08.10 02.00 11.00 Red Soils
Dondawaka DW 0510 0560 0445 Red Soils
C.Agraharam BW 12,00 10200 - Red Soils/
Silty Sands
Atikivanipalem BW 1890 101.00 06.00 Sty Clay
D.Polavaram BW 2455 101.00 06.02 Sty Clay
Subbadrampeta DW 09.12 0230 06.10 Sty Clay
S.M.Peta BW 1340 105.00 0360 Sity Clay/
Medium soils
N.Suravaram DW 09.80 0210 0470 Red& Sty
Soils
Kollimeru BW 2100 104.00 0460 Sity sands,
Coarse sands
Kollimeru-2 BW 46.00 102.00 04.60 Silty Clay/W.
Khondalite
Kollimerla BW 2150 100.00 06.00 Cobbles/
Pebbles Silty
Sands
D.Polavaram-2 BW 27.00 01.00 0720 Sity Clay/
Fine Clay
Atikivanipalem-2 DW 11.70 102.00 0640 Silty Clay
Nandivampu BW 1850 100.00 06.00 Red Soil/
Silty Soil
Marrivada BW 30.00 100.00 06.00 Red Clay/
Kankar
Marrivada-2 D&B 8.7/6 0800 0740 Red Soil/
Fractured
Khondalite
Table cont...

...Cont Table 3
Kummarilova DW 0530 0380 0270 RedSoils
Kumamrilova-2 D&B 85/15 0840 06.50  Silty Soils/
Cobbles &
Pebbles
Rekhavanipallem D&B 8.6/20 08.30 0640  Silty Soils/
Cobbles &
Pebbles
Rekhavanipalem-2 BW  18.00 101.00 05.00 Silty Soils
PayakaraoPeta DW 1850 100.00 09.20 Red Soils/
W.Khondalites
PayakaraoPeta=2 BW 24.00 102.00 07.00 Silty Soil/Clay
Namavaram DW 0810 0230 03.70 Black Clay
Namavaram-2 BW 3450 102.00 - Black Clay/
Khondalites
Guntapalli DW 0650 0350 0430 Clayey Silt
Mangavaram Bw 1950 100.00 08.00 Black Clay
PeddirajuPeta DW 0880 06.80 0750 Sty Soils
Mangaram-3 DW 0820 03.00 06.20 Alluvium
Mangavaram-4 BW 18.00 100.00 06.00 Black Clay
PayakaraoPeta-2 BW  45.00 100.00 06.00  Silty Soils
Aratlakota BW 2450 100.00 06.20 Clay
Aratlakota-2 DW 0720 0230 04.90 Alluvium
Satyavaram DW 0690 01.80 04.15 Alluvium
Mahasahebpeta BW 24.00 100.00 03.10 Kankar/
Coarse Sand
Mahasahebpeta-=2 DW 07.45 0265 04.60 Black Clay
Srirampuram BW 30.00 100.00 - Sand Stone
Srirampuram-2 DW 06.00 01.90 04.00 Clay
Kesavaram D&B 6.3/36 5.8/100 03.90 Clay/
W.Khondalite
Srirampuram-3 D&B 4.4/30.14/100 03.00 Clay/
W.Khondalite
Kotturu BW 16.00 11.00 06.00 Clay with
medium sand
Kotturu-2 BW 12,00 100.00 06.50 Clay/Fine Sand
Rambadrapuram  DW 07.60 0230 03.90 Clay
Suravaram DW 06.75 03.60 0350 Clay
Suravaram-2 BW 18.00 100.00 08.00 RedClay
Tuni BW 15.00 100.00 06.00 RedClay
Narsapuram DW 0720 0630 07.00 Cobble&
Pebbles
Narsapuram-2 DW 0810 - 06.20 Red Soils

**BW = Bore Well; DW = Dug Well; D&B = Dug cum Bore
D-1 = Depth of the Well; D-2 = Dimension; W.L.D. = Water Level Depth

the opposite conditions, such as high TDS, Mg?:Ca* ratio
and SO,* and low HCO;, are associated with the discharge
areas. They further stated that the groundwaters of Ca2*-Mg?*
-HCO, and Na'-HCO, types are dominant in the recharge
areas, while Ca?*-Mg?*-SO,> -HCO, and Na'-HCO, types
occur inthe discharge areas.

According to the correlation of hydro-geochemical facies
with the flow pattern of groundwater system, which were
observed in the pre-monsoon season, the low TDS
(<1000mg/L), low Mg*:Ca?* ratio (0.67) and SO,> (<100
mg/L), and high HCO,:Cl ratio, (2.15) and of the same when
observed in the post monsoon season are as follows, 0.75
and 1.81 along with Na'-HCO, type hydrogeochemical facies
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Fig. 2a: Geochemical evolution of groundwater in pre-monsoon season.
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Fig. 2b: Geochemical evolution of groundwater in post-monsoon season.

observed in the parameterssuggest that these areaslieinthe
predominated recharge zones (Table 2). But, in casesof high
Mg*:Ca?" ratio (17, 18, 22, 43, 45, 47, 49, 57, 68, 73, 75, 83,
84, 90, 107, 111 and 112 stations, whereitis>1; andfor the
same in the post-monsoon are stations 4, 14, 15, 22, 25, 28,
29, 37,46, 59, 67, 70, 77, 79, 80, 81, 82, 84, 86, 87, 88, 94,
104 and 112), indicate the association of these areas with
discharge source. Thesevariationsin the local geology are
being dominant in placesof very high agricultural activities
as stated by Alexander (1995) and crust weathering
(Chebotarev 1955). In the present study, it can be concluded
that, thisis caused by either the low concentrations of Ca2*
due to ion exchange between Ca?* and Na' or by the prefer-
ential removal of Ca2* by precipitation as carbonates (kankar
and/or calcrete). These watersseldom deviate from theselocal
characteristicsand thus are potable and reliable for agricul -
turewith normal fertilizer additions.
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Geological and geophysical assessment: The soil/aquifer
samples collected at some of the points were thoroughly
analysed for the differentiation and origin basisin and around
theriver basin. Table 3isthe summarized resultsof the analy-
sis and its outcome in assessing the local geology and the
possible sources and their typesin the study area. Soilsdif-
fer in their capacity for crop production and suitability for
irrigated agriculture. Their physical and chemical proper-
ties, which determine this capacity and suitability, are gov-
erned by several factors operating singly and collectively
geological, topographically, climate, agronomies and bio-
logically. The behaviour of sub soil watersalso playsanim-
portant roleinthefinal outcome. Under natural conditions,
thereisa soil-water crop relationship peculiar to each area.

There are mainly three types of soilsin thisriver basin.
They are (i) red loamy soilsin the upper reaches of the ba-
sin, (i) red sandy soilsintheinterior, and (iii) coastal sands
and alluvial soilsin the coastal belts. The extent of these
soils in the basin with respect to the total area is 63.80%
(362.00 4. miles) of red sandy, 29.2% (165.22 sq. miles) of
coastal sands and alluvial, and 7% (39.7 sg. miles) of red
loamy. Red sandy soils cover the largest area (interior) in
the basin. The regions occupied by acid granite, genesis,
guartziteand fel pathic, with only subordinate rock typesrich
in iron and magnesium bearing minerals, give particularly
to red soil, but at places yellow to grey or even black col-
oured soils. Somered coloured soilsare of different consti-
tution having been derived from the surface-cropping of
laterized rocks or from limestone formations. This type of
soil, though frequently red in colour not always necessarily
S0, and the colour isnot due to a high percentage of theiron
content. Texturally, red soilscomprise coarse sandy |oams,
medium fine sandy loams, fine sandy loamsand loams. The
deep red soils exhibit a sandy loamy texture at the surface
and loamy composition in the deeper layers. The soilsusu-
ally arefriableand light textured, sufficiently permeableto
be well drained, have water retainability, negligible, salt
content seldom exceeding 0.2%, a low base status and are
almost feefrom lime concentration and carbonates, etc. Gen-
erally, these soils are deficient in exchangeabl e bases. They
aredifferent in nitrogen and organic matters but, have suffi-
cient potash and lime. The extent of available phosphateis
generally low to sufficient. Because of being friable, well
drained and easily manageabl e, they are capable of withstand-
ing heavy moisture saturation without detriment to crop
growth.

The sandstones present in the study area belong to the
Upper Jurassic age and that of the Tirupati standstone
(Goundwanagroup). The general character and digtribution
of these would be the intercalation of clay and sandstones,
brownin colour. These are generally suitablefor light tube
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wells with a discharge of about 30,000 litres per hour, and
these groundwaters are in general good. Coastal sands and
alluvial soils occur in the coastal belt of Thandava basin.
Alluvial soulsareasarule, of sedimentary type and arefound
in the deltaic areas and on the coastal belt belong to the re-
cent type. They are formed by annual depositions of rich
silts brought down by rivers. On the basis of textural char-
acterigtics, these soilscan besilty loams, clay and rarely sandy
loams. They are generally well drained and being inherently
fertile. They respond well to irrigation and generally give
high crop yields, but at some casesthere have been reports
of saline depths at various depths along the coast.

CONCLUSIONS

The geochemical and geophysical assessment for the
groundwater along Thandavariver basin revealed the local
geomorphology. The geological structure of the Thandava
basin mainly consistsof threetypesof rocks, i.e., the coastal
belt is Pleistocene, the central zone and northern part of the
basinisformed by Archean typerock, and khondalites. The
remaining portion isunclassified crystalline which al so be-
longs to Archean group. Red and mixed soils, which pre-
dominantly exist in thisbasin because of their permeability
and low water holding capacity, react favourably to the ap-
plication of irrigation water and do not give trouble. They
arefriable, well drained and easily managed. As such their
behaviour isnormal and good crop yields, especially paddy
can be obtai ned from them with application of irrigation and
modernization of the canals. Sugarcane and paddy can be
raised in Kharif and bajra, ragi, ginger and other commer-
cial crops can be grown in other season. Groundwaters in-
cludethegeochemical zonesdueto carbonate hardness, non-
carbonate alkali and mixed types of water. The carbonate
hardnessresultsfrom the dominance of alkaline earths (Ca?*
and Mg?) and that of theweak acids(HCO,) indicating the
influence of soil chemistry onthegroundwater chemistry as
observed in the geological assessment and represents the
freshwater environment. The mixed and marine tracesfrom
non-carbonate alkali dueto abundance of alkalies(Na*, K*)
and strong acids (Cl and SO,*) are curtsey of clay horizons
and topographic lows asobserved in the coastal belts.
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