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PREFACE

Groundwater pollution by seawater, geomorphic land forms, tidal forces and man
made hazards are major problems faced by many coastal areas of the world. The
coastal area is known for wet cultivation mainly by surface water irrigation with
groundwater as supplementary source. The increase in population, urbanization and
mndustnialization has created more stress on groundwater resources in coastal areas.
Especially to prevent groundwater pollution in deltas and coastal areas, systematic
studies are essential to understand flow and geochemical process. In this report, the
analysis of historical data pertaining to shallow aquifer (groundwater levels and
quality) in Krishna Delta has been presented. Multiple linear regression equations
have been developed for Electrical Conductivity of shallow groundwater. The
hydrochemistry of samples collected from filter points, tube wells, river, canal and sea
is also presented. The report may be useful to understand spatial distribution of water
quality parameters and groundwater levels in the study area and also for further

studies.

This report entitled “Evaluation of groundwater table and quality in Krishna
Delta, A. P.” has been prepared by Sh Y.Ramji Satyaji Rao, Scientist ‘C’, Sh
8.V.Vijaya Kumar, Scientist ‘C’ with the support of Sh U.V.N.Rao, S.R.A.and D.
Mohan Rangan, Tech. Gr.Il under the guidance of Dr.K.S.Ramasastri, Scientist ‘F’

and Coordinator. The report is under the work program of Deltaic Regional Centre,

Kakinada for the year 1999 — 2000.
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ABSTRACT

The shallow groundwater levels and quality data pertaining to Krishna Delta for about
20 years have been analyzed. The trend analysis of groundwater level data of shallow
wells indicated that in the upper part of Krishna Delta the groundwater table raised
from the year 1979 to 1999. It may be due to the dense canal network in the delta and
increase in irrigated area over a period of time. The groundwater flow direction is
observed as the replica of surface gradient except in few places in the Eastern Delta.
The comparison between average rainfall and average groundwater table in the study
area indicates that the rainfall recharge may not be the major contribution to the

ground water storage.

The spatial distribution maps of EC, SAR and CI/HCO, indicated that the salinity in
the study area increased from the year 1991 to 1999. It is also observed that there is
significant change in water quality from pre monsoon (May) to post monsoon
{(November) period. The multiple linear regression models have been developed for
EC in shallow aquifer. The finger print diagram of water quality parameters of filter
points, tube wells, canal water, river water and seawater in the study area are
prepared. The spatial distribution maps of CIYHCO; ratio in shallow wells (open
wells), filter points and tube wells indicated that there is significant vertical variation
of salinity in the study area. The saline water intrusion is not observed in shallow
aquifer, but it is observed in deeper aquifer (tube wells) in the study area. Detailed
studies are necessary to confirm salt-water intrusion in deeper aquifers of Krishna
Delta.

(ii)



1.0 INTRODUCTION

River Deltas have traditionally been the areas dominant with agricultural land
utilization because of their highly favorable geomorphic terrain, productive soil cover
and abundant water supply. The deltas of rivers Cauvery, Krishna, Godavar,
Mahanadi and the Ganges forming plains of the East Coast of India represent fine
examples of intensive agricultural activity. These deltas with rich alluvial soil, which
gets enriched annually, and good irrigation network of canals and tube wells support
multiple cropping pattemns providing relatively high crop yield. Although, over the
years, the land use and cropping pattern has remained unchanged in the deltas, yet, a
gradual trend of change in landuse pattern is being noticeable in river delta and the
reasons could be due to climatic vagaries and changing farming techniques,

aquaculture and advances in biotechnology.

Climatically deltas alo'ng the East Coast of India experience monsoon rainfall of more
than 1000 mm per annum with temperature ranging between 20 to 30° C
(Subramaniam and Venkata Rao, 1981). The deltas constitute a part of irrigated
agriculture with predominately food crops like paddy, sugarcane, pulses and
horticulture like, banana and coconut. Mapping of landforms, land suitability and
land use in the Krishna delta using areal photographs have been carried out by
Nageswara Rao and Vaidyanadhan (1978 and 1981). Chemical analysis forms the
basis of interpretation of the quality of water in relation to source, geology, climate
and use. Water being an excellent solvent, so it is important to know the
geochemistry of the dissolved solid constituents and methods of repotting analytical
data. Exploration carried out by Central Groundwater Board and State Groundwater
departments in the coastal alluvium has indicated that near the shore the quality of the
water may not be continuously good for irrigation. However tube wells constructed
away from the shore did not suffer in quality. The details about the hydrochemistry of
Krishna delta are given in the project proposal of studies on ‘Fresh-salt water
interface in Krishna delta’ (SGWD, 1997). However the information available on
groundwater levels and quality in deeper aquifers is very limited. In order to identify
the salinity sources in the delta, the shallow and deeper aquifers may be studied

combinedly to understand flow and hydrochemical process in the delta.



1.1 Scope and Objectives of the study

The groundwater levels, quality and rainfall data pertaining to Krishna Delta during

the years 1979 to 1999 have been collected and analyzed to understand the changes in

water table and quality conditions over a period of time. The spatial and temporal

variations of water levels and quality parameters could provide some useful

information on the delta and the possible sources of contamination. This analysis is

applicable only to shallow aquifer and it may be useful for the research project on

“Study of Fresh-Salt Water interface in Krishna Delta of Andhra Pradesh India”

currently ongoing under the hydrology project (Funded by World Bank). The main

objectives of the present study are as follows.

ii.

iil.

iv,

vi.

vii.

Development of database on groundwater levels, quality and rainfall
pertaining to Krishna Delta.

Spatial and temporal analysis of ground water levels and guality in Krishna
Delta.

Demarcation of flow direction and identification of high salinity regions in the
study area.

Development of multiple linear regression models for Electrical Conductivity
of groundwater during pre (May) and post (Nov.) monsoon periods.
Comparison between spatial salinity of shallow wells and tube wells in the
Krishna Delta.

Analysis of saline water ingress using Cl/CO3 + HCO, ratio.

Classification of groundwater samples (Stiff, 1951 and ISI, 1983) and its

suitability for domestic and irrigation purposes.



2.0 STUDY AREA

2.1 Location

The Sub-arcuate Krishna Delta of 4, 600 sq. km is bounded by latitudel5 44 -
16°%40N and longitude 80°20-81°30E extending from Bapatla in the west to
Mandavalli in the east, with its apex centered near Vijayawada. The Delta has 120
km coast along Bay of Bengal. The river Krishna originates in the Western Ghats near
Mahabaleshwar and flows towards east debauching into the Bay of Bengal. Along its
1400-km long sinuous course, important tributaries like the Ghataprabha, Malapraba,
Bhima, Tungabhadra, Musi and Munneru join the river. In its journey, the river
traverses across various geological formations like the Deccan trap, unclassified
crystallines, Cuddapahs and eastern ghat complex before entering the deltaic planes
near Vijayawada (+16 MSL). The apex of the delta is flanked by erosional landforms
with moderate relief made up essentially of Khondalites. The relief of the delta is low
to almost flat. The first distributary of the river branches off north of Avanigadda.
The main channel bifurcates into three distributaries further south near Edurmudi.
The eastern branch Channel is termed as Golumuttapaya, the central branch is called
the Nadimeru and the western most is the Krishna Delta. The location of the Krishna

Delta is shown in Fig. 1.

2.2 Geology and Geomorphology
The Krishna Delta is lobate in shape and is unique in having the greatest protuberance

of 37 kms from the adjoining coast. It is covered by alluvium comprising a sequence
of clay, sand and gravel. Towards the south, beach sands occur along the coast. The
thickness of alluvium increases from 25 m at Telaprolu (16° 34 N, 80°54 E) in the
north to 420 m at Mopidevi (16° 04, 80° 56) in the south, near the coast. The depth
of the basement increases from 225 m at Telaprolu to more than 600 m at Mopidevi
and the alluvium is underlain by Rajahmundry standstones (Das, 1991). Groundwater
oceurs under water table conditions and semi confined conditions in the alluvium and
under confined conditions in the underlying Rajahmundry sandstones in the
northeastern fringe of the delta. The freshwater aquifer in Knshna Eastemm Delta
occupy comparatively wide and long stretches of the area, occur down to a depth of
about 20m. The water table varies from 0.47 to 2.47-m bgl. The yield of the open
wells varies from 10 to 16.6 Ips for 8 to 10 hours of pumping, and the filter point tube
wells (101mm dia.) drilled down to 20m depth yield about 11.11 Ips on an average.
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The Krishna river is an influent river and the shallow aquifer adjoining it is recharged
by the river. According to Das (1991) the most promising area for tapping
groundwater appears to be the western part of the Krishna Eastern delta, close to the
Krishna river, and the groundwater development is mainly restricted to this tract. The
specific conductance of groundwater in alluvial aquifer varies from 407 to 31200
gmoh/crn at 25° C and the Chloride range from 324 to 10,080 mg/l. The quality
generally deteriorates with depth, the Chloride content varying from 3989 to 9591
mg/l and specific conductance from 12900 to 23650 x moh/cm at 25°C. The stages of
evaluation of the delta can be well understood from the morphological expression and
disposition of several beach ridges and palaeo-delta lobes. Ground surveys and
photogeological studies of the Krishna delta reveal five palaco-delta lobes and equal
number of strandlines. The present day configuration of the delia is due to the
dominant role-played by various fluvial and marine processes. The fluvial action was
responsible in transporting the sediment and these sediments were reworked and
deposited by various dynamic process, the irhprints of which are preserved in the form
of palaeo channel, levee, backswamp and barrier ridges (Mahender Reddy and Sham,
1991). The geological and geomorphological map of the Krishna Delta is shown in
Fig. 2.

2.3 Soils

The Soils of Krishna Delta are very deep, moderately well drained and very dark
grayish brown in colour. Most of the soils have angular blocky structure in the
surface and angular blocky peds in the sub soil. The soils are very high in clay
content, which ranges between 55 to 70 percent. The organic carbon content of the
soil is low ranging from 0.24 to 0.43 percent. The soils have moderate alkaline pH
ranging between 8.4 and 8.8 (Pofali et al. 1991). The soils are reported to be dominant
in salts of Chloride and Sulphates of Nitrogen followed by those of Mg and Ca. The
soils are rich in Potassium (K) and medium to high in Phosphorus (P). The soils are
also reported to be deficient in Zn (Bandhopadhyay et. al., 1987).

2.4 Climate )
The Krishna Delta is under tropical climate. The rainfall of this area is contributed

through southwest and northwest monsoons. The average annual rainfall in Krishna
delta is 800 to 1000 mm. The minimum, maximum and average daily temperatures

are 16° C, 41.6° C and 27.5" C respectively.
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3.0 METHODOLOGY
To evaluate groundwater levels and quality in shallow aquifer of Krishna delta, total
32 observation wells (monitored by Andhra Pradesh State Ground Water Department)
have been considered. The continuous groundwater level and groundwater quality
data for these wells from the year 1979 to 1999 are not available. Therefore the spatial
distribution maps of groundwater levels and water quality parameters (EC, SAR,
CI/HCOs) during pre (May) and post (Nov.) monsoon periods have been prepared and
compared for changes only from the year 1989 to 1999. The trend analysis of
groundwater levels in few observation wells has been carried out using 20 years data
(1979 to 1999). Multiple linear regression models have been developed for Electrical
Conductivity of shallow groundwater during pre (May) and post (Nov.) monsoon
periods. Further, the analysis of water quality in filter points, tube wells, river water,
canal water and seawater during the month of Nov. 1999 is also carried out in the

Krishna delta. The detailed procedures for above analysis are as follows.

3.1 Groundwater Table and Rainfall

The groundwater level fluctuation data in 32 shallow observation wells with respect to
M.S.L have been used for present analysis. Due to non-availability of continuous
groundwater levels data for uniform period in Krishna Eastern and Western Deltas,
only 11 years (1989-1999) data have been considered for spatial evaluation of
groundwater levels in the study arca. The topographical contour map of the study area
has been prepared with one-meter interval The spatial distribution maps of
groundwater levels in the year 1989 (pre and post) and 1999 (pre and post) have been
prepared and compared for changes in fast 11 years in the study area. The
groundwater flow direction is also demarcated in the study area. The iong-term
groundwater levels data for about 20 years from 1979 to 1999 (pre and post) are
available for few wells in the study area. They are Kollipara (6), Repalle (7,
Nizampainam(10), Ponnuru (13), Bhavadevarapali (16), Challapalli (17),
Chinamuthevi (20) and Vuyyuru (21). Among these welis, well nos. 6, 7, 10 and 13
are in Krishna western delta and remaining well nos. 16, 17, 20 and 21 are in Krishna
eastern delta. The groundwater level trend analysis in each well during pre and post
monsoon periods has been carried out in the study area and identified the increasing
or decreasing trend in the groundwater level. Further, the average groundwater table

(May & Nov.) and average monthly rainfall in the study area for about 11 years have



been calculated. The raingauge stations at Bhavadevara Paili, Challapalh,
Machilipatnam, Gudivada, Pamidimukkala, Tenali, Repalle, Nizampatnam and
Ponnuru have been considered for estimating monthly average rainfall in the study
area, Further seasonal rainfall before the month of May (Nov. + Dec. + Jan. + Feb. +
Mar. + Apr.) and before the month of November (May + June + July + Aug. + Sep. +
Oct.) has been calculated using arithmetic method. The monthly and seasonal rainfall
has been compared with average groundwater table in the study area for about 11
years (1989 to 1999) and the trends in average groundwater table and average rainfall

in the study area are also analysed.

3.2 Groundwater quality

The water quality data for about 9 years (1991 to 1999) have been considered for
spatial analysis. The water quality data of physical parameters (pH, EC) and chemical
parameters (Ca, Mg, Na, K and CO;, HCO;, Cl) are only available for monitoring
wells, Therefore, duc to non-availability of major ion SOy, the ion balance error is
subjected to be high. So limited analysis has been carried out in the study area i.e.
only salinity variations. Further in the month of November 1999 a field survey has
been conducted to obtain the water quality information of few filter points, tubewells,
canal water, seawater, river water etc., in the Krishna Delta. The water quality maps
of EC, SAR, CI/HCO; ratio have been prepared for open wells, filter points and tube
wells in the study area. Further, an attempt is also made to estimate EC in shallow
wells using multiple linear regression models. The detailed procedure for this
analysis is as follows:

3.2.1 Hydrochemistry of Shallow wells

With the measured chemical constituents in shallow observation wells the total
hardness as CaCQO; (TH), percentage of Sodium (%Na), Sodium Absorption Ratio
(SAR) and Residuzal Sodium Carbonate (RSC) have been calculated in each well by

the following equations respectively.

Total Hardness as CaCQ; (TH) = 2.497 Ca + 4.115 Mg (1
Percentage of Sodium (%Na) = ((Na + K )/ (Ca+tMg+Na+K))* 100 (2)
Sodium Absorption Ratio (SAR) = Na/ sqrt((Mg + Ca)/2) (3)
Residual Sodium Carbonate (RSC) = (CO; +HCO;3) — (Cat+Mg) {(4)

In above equations (2 to 4) all the constituents are in epm. But in equation 1, the units

are in ppm. The spatial distribution maps of EC, SAR and CI/CQ; + HCO; ratio have



been prepared during the month of May 1991, May 1999 and November 1991 and
November 1998, and compared for changes over a period of 9 years. It is observed
that the water quality data is not available uniformty for all the years. Therefore an
attempt has been made to develop statistical model for EC in shallow wells during the
pre (May) and Post (Nov.) monsoon periods. The correlation between water quality
parameters (EC, Ca, Mg, Na, K, HCO,, Cl, TH) is calculated using the data of the
year 1995 (pre and post monsoon periods). In the year 1995 among 32 observation
wells, 31 wells water quality data is available. The quality parameters which are
highly correlated with EC (>0.75) are considered for regression models. Using these
regression models, EC of shallow groundwater has been estimated for the months of
May 1993 and May 1998, and November 1993 and November 1998. The estimated
EC and measured EC of groundwater are compared and found the best multiple linear
regression models for the shallow aquifer.

3.2.2 Hydrochemistry of Filter pbints and Tube wells

An intensive field survey was conducted in the month of November 1999 and about
48 water samples were collected in the Krishna Delta. These samples have been
analyzed for physical and chemical parameters. Among these samples 1 to 24 are
from filter points, 25 to 40 are from tube wells, 43 to 46 are of river water, 47 is canal
water and 48 is seawater. In each well the ion balance error, SAR, %Na, TH and
CVCOs + HCO;s ratio have been calculated. The finger print diagrams of average
water quality parameters of filter points, tube wells, canal, river and secawater have
been prepared. The correlation between water quality parameters in filter points and
tube wells are also calculated. The spatial distribution maps of EC, SAR and CVCO,
+ HCO; ratio have been prepared to study the salinity distribution in shallow aquifer
(filter points) and deeper aquifer {Tube wells). In Western Delta only a few tube well
samples are considered for present analysis. Therefore, the information in western
delta is subjected to an approximation. The comparison of these maps between open
wells, filter points and tube wells provide the vertical variations of salinity in the
study area.

3.2.3 Classification of groundwater

Due to limited water quality parameters, the samples have been classified according
to Stiff (1951) classification only. The water quality parameters are also compared
with ISI (1983) maximum permissible drinking water standards. The shallow
groundwater is classified according to Total Hardness as CaCOs,



4.0 RESULTS AND DISCUSSIONS

4.1 Analysis of Groundwater levels

Total 32 shallow observation wells have been considered for groundwater level
analysis in the Krishna delta. The details of shallow observation wells and their
locations are shown in Table 1 and Fig. 1 respectively. The groundwater levels
represent the shallow aquifer (alluvium ) of Krishna Delta. The groundwater levels
data (w.r.t. MSL) for about 20 years (1979 to 1999) have been used for present
analysis. Due to non-availability of continuous water levels for all twenty years, only
eleven years {1989 to 1999) pre (May) and post (November) monsoon periods data
have been considered for spatial analysis. The ground water levels (w.r.t M.S.L) data
for pre and post monsoon periods for all 32 observation wells are given in Table 2.
The topographical contour map of the study area has been prepared using the
information of reduced level of ground level {Table 1) and the same is shown in Fig.
3. The surface gradient is followed canal gradients. But near seacoast the surface
gradient in Krishna Eastern delta is different from Krishna Western delta. The highest
altitude (+ 15 m) is observed at Vijayawada (31) and lowest (+ 4 m) is at
Nizampatnam (10) in the study area. The groundwater level contours during the
month of May 89, May 99, November 89 and Novemmber 99 are shown in Figures 4, 5,
6 and 7 respectively. The general groundwater table gradient is replica of
topographical gradient. However, the groundwater table contours have followed
similar trends during pre and post monsoon periods from the year 1989 to 1999. Itis
also observed that the groundwater flow direction nearby river branches is not clearly
observed. It may be due to the backwater effect in the river course or the local
geology (dikes or folds) in the river mouth especially near well nos. 17, 18 and 19
which are located in Krishna Eastern Delia. More studies are necessary to identify
groundwater flow contribution to the sea near river mouth. Flow direction is clearly
observed along the canal and it could be the reason that the canal water is influencing

the nearby groundwater flow direction.

The long term data of groundwater levels in few observation wells (Nos. 6, 7, 10, 13,
16, 17, 20 and 21) for a period of 20 years (1979 to 1999) have been considered for
trend analysis. The pre and post monsoon groundwater levels data with respect to

M.S.L are given in Table 3 and 4 respectively. The trend analysis for pre and post

1o



Table 1. Details of shallow observation wells in Krishna delta

SLNe. Location Longitude Latitude Total R.L. of R.L. of

Depth Ground measuring | Geology

from GL Level point 1

(m) (m) (m) ;

ol. TENALI 30°38°00" 16°14°007 6.45 7.380 7.910 Alluvium

02. VEMURU 80744°35" 16710°35™ 4.93 6.980 8.030 Alluvium -

03. KOLLURU 80" 48'00" 16" 10°507 5.50 7.325 8225 Alluvinm |

04. AMRUTALURU 80739'45" 16 077007 4.50 7.085 7.835 Alluvium |
0s. DUGGIRALA 807 37°507 16° 19°35" 7.00 12.650 13.255 Alluvium
06. KOLLIPARA 80" 45°00" 16717157 10.00 12,312 12.927 Alluvium
07. REPALLE 80V 50°007 16" 01°05" 4.30 2.985 3.865 Alluvium
0B, BHATTIPROLU 80" 47°03” 16° 06°08" 6.00 3.855 4.955 Alluvium
09, NAGARAM 80743357 16 007157 5.00 2.745 3.745 Alluvium
10. NIZAMPATNAM 80" 40007 157 547607 358 3.270 3.900 Alluvium
11. CHEBROLU 80°31°42” 1671148 935 8.775 9.895 Alluvium
12. BAPATLA 807 28°00° 157 54°00” 4.38 4.680 5330 Alluvium
13. PONNURU 80732007 16" 03°00”" 6.74 6.700 7.250 Alluvium
14. NAMBURU 80" 31°527 16" 21°16” 10.4 16.190 16,890 Alluvium
15. PVPALEM 80738700 15759°00" 4.02 3.405 4.055 Alluvium
16. BHAVDEVARPALI 80"58°18" 15°56738” 350 3.167 3.857 Alluvium
7. CHALLAPALLI 80"55’50” 16°07°02" 3.40 4.685 4.885 Alluvium
18. AVANIGADDA 80"54'52” 16°01°12™ 6.45 5.03% 5.5 Alluvium
19, GHANTASALA 80°5640 16°10°08™ 4.25 3.853 4.105 Alluvium
20. CHINAMUTHEVI 80°57°48” 16°15°247 5.85 6.110 6.510 Alluvium
21. VUYYURU 807507507 16°21°40" 6.25 11.615 12.325 Alluvium
22. MACHILIPATNAM 8170930 16°11°307 1653 3.52 4.15 Aliuvium
23 GUDIVADA 80759739 16°26'15" 4.18 6.765 7435 Alluvium
249, GUDLAVALLERU 81703°00” 16°2037° 5.23 5.260 3.81 Alluvium
25, MANDAVAILI 8170535 16°30°35" 3127 3.46 4.18 Alluvium
26. THOTLAVALLURU | 80746'55" 16°20'4Q" 9.98 13.32Q, 13.920 Alluvirm
27. PEDANA B1708’52" 16°14'55" 2.87 3.39 389 Alluvium
28. PAMIDIMUKKALA, 80752°18" 1671640 5.35 £.800 9.100 Alluvium
29, GUDURU 8170452 16712714 5.23 7.595 8.095 Alluvium

30. GULLAPALLI 80°40°55” 16"02°50" 4.10 5445 5.805 Alluvium |
3T [ VITAYAWADA 80°37°00" | 1631°00” 127 20.825 21425 | Allaviam
32, TELAPROLU 80754705 16 34°107 0.0 10.535 10.815 Alluvium
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monsoon periods in well nos, 6, 7, 10 and 13 are shown in Fig. B and other wells
(Nos.16, 17, 20, 21) are shown in Fig. 9. The increasing trend during pre and post
monsoon periods for last 20 years has been observed in the study area except in well
nos. 16 and 20. The increasing trend may be due to the influence of river water and
increase of area under canal irrigation. The same has been revealed from the study on
scasonal groundwater balance in Bandar canal command area (Satyaji Rao et al 1994)
which concluded that the major recharge contribution to the groundwater in the
Krishna Delta is from canal seepage and irrigation return flows. However, the
negative trend in well nos. 16 and 20 may be due to the over extraction or the local
geological conditions or perched aquifer conditions. The monthly rainfall data of 32
raingauge stations for a period of 10 years (1989 to 1999) are presented in Annexure
L. The average groundwater table and average monthly rainfall has been calculated by
arithmetic method for a period of 10 years. The comparison of average monthly
rainfall and average seasonal rainfall with average groundwater table in the study area
is shown in Fig 10(a) and 10(b) respectively. The comparison shows that the recharge
of groundwater is not fully dependent on rainfall pattern in the study area. The trend
analysis of average seasonal rainfall and average groundwater table in the study area
during the period 1989 to 1999 is shown Fig. 11.

The trend analysis (Fig. 11) indicated that there is no much significant change in the
average rainfall pattern and post monsoon (Nov.) average groundwater table in the
study area. However, the average groundwater table during pre (May) monsoon has
been decreased over a period of time. It is to be noted that in few observation wells
the increasing trend of water levels has been observed during pre monsoon period. It
may be due to the influent effect of Krishna river and nearby canal or local geological
conditions. However, the decreasing trend of average groundwater table during pre
monsoon period may due to the increase demand of groundwater in the delta. The
average groundwater table is calculated by using 32 observation wells data in the
study area, which is more realistic to represent the average groundwater table

conditions.
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4.2 Groundwater gquality

4.2.1 Hydrochemistry of Shallow (open} Wells

The groundwater quality data of shallow observation wells (32 nos.) for a period of 18
years (1989 to 1999) are given in Annexure II. The data includes physical parameters
{pH, EC) and chemical parameters {Ca, Mg, Na, K and Cl, HCO;, COs). The total
hardness as CaCO; (TH), percentage of Sodium (%Na), Sodium Absorption Ratio
{SAR) and Residual Sodium Carbonate (RSC) in each well has been calculated using
equations 1, 2, 3 and 4 respectively. The spatial distribution maps of Electrical
Conductivity (EC), SAR and CYHCO; ratio in the study area have been prepared only
for pre and post monsoon periods of the years 1991 and 1999 due to non availability
of chemical analysis data for all the wells.

The spatial distribution of EC (umoh/cm) of groundwater during pre monsoon period
(May) of the years 1991 and 1999 is shown Fig.12. Similarly for post monsoon
period (Nov. 1991 and Nov. 1998), it is shown in Fig. 13. Due to non-availability of
chemical data for the month of November 1999, November 1998 data has been
considered for the present analysis. As per the U.S. Salinity Laboratory (1954)

classification the EC gives an indication of salinity levels.

EC (umoh/cm) Salinity level

<250 Low salinity of water
250 to 750 Medium salinity

750 to 2250 High salinity

2250 to 5000 Very high salinity

The shallow aquifer of Krishna delta is between high and very high salinity zone (750
to 5000 pmoh/cm). No specific trend has been observed in EC during pre and post
monsoon periods (Fig.12 and 13). The EC is highly variable and subjected to local
conditions of the observation well. In general, the EC values should increase towards
seacoast. However, the highest EC values have been observed in well nos. 17, 19, 20
and 28. This may be due to the over exploitation of groundwater or upconing
phenomena in the areas around these wells. The water level trend analysis also
confirms that there is decreasing trend in groundwater levels in well no 20 over a
period of twenty years. The comparison between pre monsoon and post monsoon EC

contours shows that the EC values have increased from pre to post monsoon period at
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some places (19, 20 and 28) and decreased at some places (1, 11, 13 and 15). This

may due to the recharge and discharge conditions in the study area and local geology.

The spatial distributions of SAR during pre monsoon (May 1991 and May 1999) and
post monsoon (Nov. 1991 and Nov. 1998) in the study area are shown in Figures 14
and 15 respectively. The spatial distribution maps indicate that the sodium hazard in

the study area is between low and medium ( 2to 18).

SAR Sodium Hazard .

2to 10 Low

10to 18 Medium

181022 | High

>22 Very high

It is observed that the SAR values are significantly decreasing from pre monsoon to
post monsoon period. This may be due to recharge of groundwater. The spatial
distributions of CHCO, ratio during pre monsoon (May 1991 and May 1999) and
post monsoon (Nov. 91 and Nov, 98) periods are shown in Fig.16 and 17 respectively.
It is quite interesting to observe that the CI/HCO; ratio is low in pre monsoon and
quite high in post monsoon period. There is no systematic trend of CI/HCO; ratio
observed during pre monsoon period (Fig.16). However, there is a trend in CYHCO;
ratio during post monsoon period for the years 1991 and 1998. Further the ratio has
been increased from the year 1991 to 1998 (pre and post monsoon periods only). This
shows that the increase in salinity may not be due to the salt-water intrusion in the
study area. High CIYHCOs ratio indicates brackish water near the coast and further
indicates seawater contamination due to low-level groundwater table conditions. High
CI/HCO, ratio indicates high salinity zones but its exact source can not be identified.
If any other source does not exist other than sea coast, it can be assumed as sea water
intrusion. The CIVHCOs ratio of seawater is 133.8 (Ion ratio by weight, Goldberg,
1963). However Mendhekar and Pandey (1976) had discounted the idea of intrusion
by seawater but claimed that salinity increase was due to use and reuse of
groundwater in arid areas (Junagadh and Amreli districts, Gujarat) so that the
recharge water is quite saline. Prasad and Sinha (1969) in their studies in Gandhechi
area of Jamnagar district had reported on the occurrence of CI-HCO; type walers in

water table aquifers dominated by clays but not specified any source for high salinity
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of groundwater in a part of the area. Therefore the shallow aquifer of Krishna delta

needs extensive investigations to find out the sources of salinity.

4.2.2 Multiple linear regression models for Electrical Conductivity
The year 1995 has been chosen to represent water quality of shallow aquifer.
Because, among 32 observation wells, 31 observation wells water quality data is
available. The correlation between major ions in shallow aquifer during pre and post
monsoon periods is calculated and the same is given in Table 5 and 6 respectively.
The water quality parameters which are highly correlated with EC have been selected
(>0.75) for multiple linear regression models. Models 1 to 6 are developed based on
pre (May 1995) monsoon and models 6 to 12 are developed for post (Nov. 1995)
monsoon water quality data. The measured EC values of May 1993 and May 1999,
and Nov.1993 and Nov. 1998 are compared with computed values (models 1 to 12).
The performance of these regression models for pre monsoon and post monsoon
periods is given in Table 7 and 8 respectively. Among all regression models, model
nos. 1 o 3 and 7 to 9 are considered best for pre and post monsoon periods
respectively. The comparison between measured EC and computed EC values of
shallow groundwater during pre and post monsoon periods are shown in Fig. 18(a)
and 18 (b) respectively. The best regression models for estimating reliable EC values
in Krishna Delta for pre (May) and post (Nov.) monsoon periods are as follows.
EC=495.311 + 1.927C1 + 2.473 Na + 6.557 Mg (pre monsoon) (5)
(Efficiency = 80.2% and RMS = 482 8)
EC=-133.033+0.939 Cl + 3.878 Na + 3.240 Mg

+1.017 TH +0.721 HCQO; (post monscon) 6)
(Efficiency = 82.60 % and RMS = 318)
Therefore, any missing values of EC during pre and post monsoon periods of shallow

aquifer could be estimated by using above equations.

4,2.3 Hydrochemistry of filter points, tube wells, canal water,

river water and seawater.
An Intensive field survey was conducted in the month of November 1999 and about
48 water samples were collected in the Krishna Delta. The samples include filter
Points (8 to 15 mt depth from ground level), tube wells (75 to 100 mt depth from

ground level), canal water, river water and seawater. These samples have been

a3



Table 5. Correlation between major ions in Krishna Delta (31 samples)
in the month of May 1995

EC HCO, [&] Na K Ca Mg Total
Hardness
EC 1.000
HCO, 0.772 1.000
Cl 0.936 0.652 | 1.000
Na 0.795 0,535 | 0717 | 1.000
K 0.272 0170 | 0.173 | 0.241 1.000
Ca 0.644 0.518 | 0.656 ] 0.190 0,089 | 1.000
Mg 0.788 0.704 0.784 : 0387 | -0.079 | 0.755 | 1.000
Total 0.783 0678 | 0.784 | 0337 | -0.021 | 0.892 | 0.970 1.000
Hardness
MODELS:
. EC= 78336+ 1.623Cl + 2,463 Na - 3.310 Mg + 1.455 TH.+ 1.022 HCO;
2. EC = 292,179+ 1464 Cl + 2955 Na - 1.674 Mg + 1.621 TH
3. EC = 495311+ 1927Cl + 2473 Na + 6557 Mg
4. EC = 596477+ 3341 Cl + 1.730 Na
5. EC = 884,577+ 4.151Cl
6. EC = 795585+ 5.385Na

Table 6. Correlation between major ions in Krishna Delta (31 samples)

in the month of November. 1995

EC HCO, Cl Na K Ca Mg Total
Hardness
EC 1.000
HCO, 0.659 1.000
(&) 0.895 0.438 1.000
Na 0.821 0.583 | 0.634 ; 1.000
K 0.632 0393 | 0.443 | 0.536 1.000
Ca 0.697 0374 | 0.761 | 0.279 | 0.199 1.000
Mg 0.800 0.530 | 0.825 | 0398 | 0.341 | 0.819 | 1.000
Total 0.783 0.471 0.830 | 0352 | 0.280 | 0.958 [ 0.950 1.000
Hardness
MODELS:
7. EC = .133033 + 0939Cl+ 3878 Na+ 3.240 Mg + 1.017 T.H.+ 0.721 HCO,
8 EC = 8854 + 0686CI +4382Na+ 5013 Mg + 1.076 TH.
9. EC = 61485 4 1.006Cl +4.081 Na+ 11.873 Mg

10. EC= 509.796 + 2.542Cl+ 3416 Na

11. EC= 1213.273 + 3.636 Cl

12. EC= 641.187 + 6.604 Na




Table 7

Comparison between measured EC (May 1993 and May 1999) and computed EC (May 1993 and
May 1999) using regression modets 1 to 6 (calibrated using May 1995 measured EC values)

Measured Computed EC using linear regression models

Statistical EC

Parameters (58 samples) Model 1 ' | Model 2 | Model3 | Modeid4 | Model 5 | Model 6
Mean 3364 3330 3391 3334 3396 3504 2763
Std. Deviation 2465 2557 2566 2312 2414 2743 1287
Correlation
coefficient - 0.980 0.982 0.981 0.967 0.940 0.617
{EC vs. Models)
Efficiency (%) - 79.1 80.2 80.2 74.4 61.1 17.0
(Models)
RMS - 509.6 483.0 482.8 626.1 950.1 2026.6
{(EC vs. Models)
Coefflcient of - 0.960 0.964 0.963 0.934 0.583 0.381
determinstion
{EC vs. Models)
Table £

Comparison between measured EC (Nov. 1993 and Nov.1998) and computed EC (Nov.1993 and
Nov.1998) using regression models 7 to 12 (calibrated using May 1995 measured EC values)

Measured Computed EC using linear regression models
Statistical EC
Parameters (58 samples) | Model 7 Model 8 | Model9 | Model 10 | Model 11 | Model 12
Mean 2629 2643 2770 2871 2709 3004 2473
Std. Deviation 1845 1963 2000 2097 1772 1697 1740
Correlation
coefficient - 0.988 0.989 0.980 0.927 0.890 0.651
{EC vs. Models)
Efficlency (%) - 82.60 80.69 71.59 61.96 41.95 18.26
(Models)
RMS - 318 353 519 695 9i5 1495
{EC vs. Models)
Coefficient of - 0.975 (.978 0.961 0.858 0.792 0.424
determination
(EC vs, Models)
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analysed for physical (pH, EC) and chemical parameters (Ca, Mg, Na, K and CI,
HCO,, CO;, F). The Ion Balance Error (IBE), Sedium Absorption Ratio (SAR),
percentage of Sodium (% Na), Total Hardness as CaCO; (TH) and CVCO+HCOs
ratio have been calculated in each observation well. The water sample details and
water quality parameters are given in Table 9. The locations of these samples in
Krishna Delta are shown in Fig. 19. The finger print diagram of average water quality
parameters of different samples is shown in Fig. 20. The highest concentrations of
major ions are observed in seawater and lowest in canal water. Due to backwater
effect in Krishna River, the river sample is showing the high concentrations next to
the seawater. The parallel trend (Fig. 20) indicates the dilution phenomena of
groundwater samples in the study area. The correlation between major ions in filter
points and tube wells is given in Table 10 and 11 respectively. The spatial
distribution of EC, SAR and CVHCO; ratio (filter points} in the month of November
1999 is shown in Figs. 21, 22 and 23 respectively. Similarly these distributions in
tube wells in the study area are shown in Figs. 24, 25, 26 respectively. The EC, SAR
and Cl /HCO; ratio in both the samples (filter points and tube wells) are increasing
towards seacoast and significant vertical variations can be observed from these spatial
distribution maps. However, in open wells these trends are not observed clearly. It
may be due to the local environment of the well and these wells prone to easy
contamination by various activities. Due to limited tube wells in Krishna western
delta the extrapolation contours are subjected to an approximation. This preliminary
analysis of tube wells data indicated that there might be saline water intrusion in

deeper aquifers.

4.3 Classification of groundwater

The Stiff (1951) classification indicated that 80% of groundwater samples are under
NaCl type. The EC, HCO; and Cl values in few observation wells (3, 4, 7,10,19,
21and 32 ) are exceeded the ISI (1983) maximum permissible limits of drinking water
standards. According to Total Hardness classification as CaCQOs, the shallow
groundwater quality is hard to very hard (150 to 1000 ppm) in the study area.
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Table 10. Correlation between major ions in Filter Points in Krishna Delta
{(No. of samples :30) during the month of Nov.1999,

Ca Cl EC HCO, K Mg Na Total
Hardness
Ca 1.000 i
Cl 0.750 | 1.000
Ec 0.797 | 0.960 | 1.000
HCO, 0.392 | 0378 1 0.593 | 1.000
K 0230 | 0.444 | 0.495 | 0.472 1,000
Mg 0.864 | 0.857 | 0.859 | 0.363 0514 | 1.000
Na 0311 [ 0,750 | 0.794 | 0.595 0.393 | 0413 { 1.000
T.H. 0961 | 0,834 | 0.859 | 0.391 0.390 | 0.969 | 0.378 1.000

Table 11. Correlation between major ions in Tube wells in Krishna Delta
(No. of samples :16) during the month of Nov.1999.

Ca Ci EC HCO, K Mg Na Taotal
Hardness
Ca 1.000
Cl 0952 | 1.000
Ec 0.926 | 0991 | 1.600
HCO,; | -0.008 [ 0136 | 0232 | 1.000
K 0.622 | 0.615 | 0.667 | 0.429 1.000 |
Mg 0964 | 0970 | 0960 | 0.119 0.693 | 1.000
Na 0.850 | 0954 | 0976 | 0.284 0.632 | 0.889 | 1.000
T.H. 0986 | 0973 | 0958 | 0.078 0.669 ; 0.995 | 0.884 | 1.000

T.H. - Total Hardness as CaCO,
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5.0 CONCLUSIONS

The groundwater levels and quality evaluation has been carried out for shallow
aquifer of Krishna Delta. The groundwater levels and quality data of 32 observation
wells have been used in the present analysis. The topographical and groundwater
table (w. r. t. MSL) contour maps have been prepared for the study area. It is
observed that the groundwater flow gradient is replica of surface gradient in the study
area. However the groundwater flow direction is not clearly observed at river mouths.
It may be due to the backwater effect in the Krishna River. The maximum and
minimum groundwater table contours in the study area are observed as + 10 mt and +
2 mt respectively. The decreasing trend in average groundwater table has been
observed during pre monsoon (May) period from the years 1989 to 1999. It may due
to increase of groundwater utility over a period of time especially in pre monsoon
period. The comparison between average groundwater table and average rainfall
indicated that the major recharge to the groundwater is not from the rainfall in the

study area.

The spatial distribution maps of EC, SAR and CVHCO, pertaining to shallow aquifer
have been prepared in the study area during the years 1991 (May and November) and
1999 (May) and 1998 (November). From these maps it is inferred that the salinity in
the study area has increased from the year 1991 to 1999. It is also observed that there
are significant changes in hydrochemistry of shallow aquifer from pre to post
monsoon period. As per the EC, SAR and TH ranges, the study area is classified as
medium to high salinity, low to medium sodium harard and hard to very hard
respectively. According to Stiff classification, most of the wells (80%) are under
NaCl type. The EC, HCO; and Cl values in few wells were exceeded the permissible
limits of ISI drinking water standards. The multiple linear regression models
developed for the study area during pre (May) and post (November) monsoon periods
are EC= 495.311+1.927C1+2.473 Na+6.557Mg and EC = -133.033+0.939Ci+3.878Na
+3.240Mg+1.017TH + 0.721 HCO;j respectively.

The groundwater chemistry of filter points, tube wells, canal water, river water and

seawater is presented. The fingerprint diagram of water quality parameters for these

samples indicated that high concentration of chemical parameters is observed in the

a



seawater and low in the canal water and other samples quality is between of them.
The spatial distribution maps of EC, SAR, CVHCO; for filter points and tube wells
indicated that there is a significant vertical variation of water quality in the study area
and also the increasing trend of these parameter are observed towards sea. The
correlation between major ions pertaining to filter points and tube wells is calculated.
The CHCO; ratio variations indicate possible seawater intrusion in the study area.

More studies on deeper aquifer (water levels and quality) are necessary to confirm
this phenomena in the study area,
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ANNEXORE T

Monthly Rainfall Data{mm} in Krishna Delta (14010)

1.Tenali

Year Jan Fab Mar Apr May Jun Jul Aug Sep Qct Nov Dec
1985 68.3 0 0 6 6.2 128 170 3085 15,5 200.5 30 101.5
1986 42 5.2 0 0 198 754 117.6 266.9 31.6 279 625 0.2
1987 8.4 0 3.6 24 323 48.2 113.9 144.9 486.1 185.6 367 42
1988 0 0 0 41 29.6 62.2 299.7 379 170.8 6.8 2.7 436
1989 0 0 39 0 192 76.6 3858 1223 253.8 19.4 21.1 4
1930 18.6 35 247 O 3808 111.6 82.7 109.3 232.6 281.2 485 0
1991 0 0 Q0 16 5.6 125.8 57 143.8 230.4 621 270.2 0
1992 o 122 0 34 198 1838 93 160.2 165.6 B2.4 1244 0
1993 0 C 9.2 56 2324 79.6 197.8 66 776 431 3.2 188
1994 2.4 528 0 0 C 100.6 206.4 1286.4 75 171 385.8 0
1995 31.8 o] 0 0 110.2 93.8 248.8 206.4 44,2 344.9 10 0
1996 0 0.4 0 1.8 2.4 1€46 222.8 4938 183 185.8 22.8 7.1
1897 26 2.2 0.3 369 6.3 25 1428 107.8 457 829 149.2 246
1998 5.6 0 136 724 20 79 200 181.4 387.6 258.2 63.4 0
1999 0 3.2 0 0 C 746 219.2 1956.2 131 274.4 0 0

2.Vemuru

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1996 o 0 0 0 0 154.1 1735 474.9 177 184.7 18.6 9.2
1997 11.8 0 11.6 2558 0 181 918 140.6 474,01 1298 22.8 26.6
1998 0 0 0 52 8.2 56.8 217.8 1994 2986 253.9 110.2 o
1999 0 0 0 0 0 46 144.4 1901 307.2 193.7 0 0

3.Kolluru

Yeaar Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
1997 0 0 o 18 0 327 147.2 139.7 478.7 100.2 71.8 404
1998 10 0 0o 32.2 3.6 133.68 173.2 165.7 323.5 308.2 124.4 0
1999 0 0 0 o 0 B81.5 26888 176.2 287.2 371.2 o 0

4. Amrutalutu

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1988 4] 0 0 0 0 0 184.2 354.6 217 2.7 3.6 90.2
1989 0 0 b56.2 0 37 £8.2 440 134.6 201 0 454 1.8
1980 23.2  50.7 20 0 4348 1168 674 1454 872 1684 54.2 0
1991 o 0 0 0 314 227 636 1104 3048 B7 2504 8.4
1992 o 6.8 0 22 1562 308 109.8 11¢ 253.8 87.2 2206 0
1993 0 0 B28 24 199 33.8 183 1204 8B1.2 271 5.8 28.2
1994 2.2 384 o 0 0 116.2 190.4 706 66.6 221.5 394.8 C
1995 81.6 0 0 0 1476 26,56 231.4 2B7.1 78.2 342 0 o
1996 0 0 0 o 0 160.4 173.7 1904 132.3 256.2 33.2 4.2
1997 1.2 0 0 408 12,2 229 704 786 3248 41.1 472 199
1998 4 0 0 447 102 140 217.2 132 315.4 373.4 826 0
1999 o o 0 0 0 81.2 138.2 171.2 251.2 160.2 0 o

5. Duggirala

Not Available



6. Kollipara

Year

1992
1993
1994
1895
1996
1997
1998
1999

7.Repalle

Year

1985
1988
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

8. Bhattiprolu

9.Nagaram

Year

1986

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1998

Jan

[
[41]

(4]
coOROBMOOCO

Jan
61.2
58.6

0

0

0
21
6.2
7.2
0

0
20
0

13.4
0

0

Jan

10.4
6.6

4.8
108.2

18
104.8

Feb Mar Apr

0 0 o

0 13.2 29.9

47.4 0 o

o 0 o

3.8 0 0

0 0 69.2

0 31.4 534

0 0 o

Feb Mar Apr
0
32.6
5.7
23.6
0
38
3
12.4
0
5.2
o
18.8
33.2
28.3
0

M W
: S
COC0ODOROODNOOCCO

OCCOO0OO0 0O MNBODONGC
—

Not Available

Feb Mar Apr
0 o
0 o
8.8 106
11.1 168.8

o
W W
Xy
N o
ra
oo

- —h - -
COO0OMOWOOMNOOO OO

o]
OO0 WOoOOOODOQOO

May
2.4
151.2
0]
93.6
8.6
0
1.8
0

May
6

Jun
24.6
77
57.8
86
177
39.8
66
20.8

Jun
E8.2

Jul

70.1
190.4
288.2
222.4
245.2
125
216.8
225.3

Jul
163.7

6.3 1144 135.9

0
37.1
27.7

402
3.4
8.6

130

5

122.4
54

0
14.8

0

May
6.4
0
3.2
54.1
13.3
481
8.2
18.4
77.4
5.8
259.4
41,2
3.8
8
0

31.9
85.2
72
1286
249.3
73.6
51
68.2
57
295.4
15.9
28.7
106

Jun
102.7
o
51.3
55
137.3
99.6
276.4
44.8
42.2
71.6
30.4
113.8
(4]
£5.2
61

86.1
234.3
419.7
162.7

§58.8

856.2

140
206.2
179.8
171.6

83.9
139.3
1456.1

Jul
202.2
203.9

39.8
220.1
348.8

91.6

84.2
120.2
111.4
184.8
122.2
106.2

95.2
165.4
160.8

Aug

166.9
76.6
199.2
133.8
226.6
133
126
17

Aug
2566.1
236.4
229.8
220.3

94.8
239
131

91.6

55
103.5
235.8
310.3
101.3
121.4
141.7

Aug

71.2
234.4
231.9
327.6
73.4
145.4
124.7
94.3
141.8
96.8
292.8
282.4
66
148.4
161.2

Sep Oct

215.1  64.1
52.2 233.7
39.2 184.4
121.6 377
71 229.9
3385.4 B1.4
228.4 186.5
199.1 208.7

Sep Oct
54.9 268.9
21 136.6
94.6 156.2
258 40
314.2 €4.6
121 287.2
254.4 255.6
156.7 B0.4
144 456.9
12.3 284.6
164.2 264.8
208.2 554.1
3989 829
246.9 409.6
211.5 348.4

Sep Oct
77.3 11241
67.1 75.7
63.5 166.8
168.6 31.7
2268 28.4
208.5 235.8
229.6 141.8
1831.2 116
289.8 342.2
31.4 277.4
181 230.2
181.8 419.8
474 46
256 382
211 270.8

Nov

126.6
35.4
275.2
55.2
15.8
1171
60.9

)

Nov

20.1
113.9
325.4
23.2
66.1
56.9
410.8
2172.7
22,6
508.8
46.8
44.7
99.4
90.8
0

Nov
4]
106.3
297.4
24
35
83.2
264.4
180
29
447
4.6
44.7
119.6
117.7

Dec

0

12.8

0

O

8.8
18.8

0

0

Dac
124.4
25
121
31.7
60.8
13.6
71.6

0

Dec
0.2

18.7
115.5
10.8
06
8.4

33.2

13.6
62.4



10. Nizampatnam

Year
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

11. Chebrolu

Year
1990
1961
1992
1993
1994
1995
1996
1997
1998
1999

12.Bapatla

Year
198%
1990
1991
1992
1993
1994
1995
1996
1997
1998
1998

Jan

Jan

Jan

Feb

0

Q

0

40

0

1M
94.8
0
3z2.8
5

0

0
103.6

CoOCOOROOO

Feb
10.4 25.2
20.6

8.2

25.6
256.4

9.9

[N ol e

Feb

108.8

159.8

21.8
2.6

OO0 WOO

Mar

19.

coocoO0OMOO RO

Mar
76.4

cCo0O0OoOo»mOO

Mar
75.6
13

oo

OO0 CO

Apr

COO0OOoC0OOQ

LS ¢e]
~ o~
o

May Jun
0 47.8
548.6 25.8
51 366.8
51.2 17.4
106.1 92.2
0 288
177.7 804
25.5 91.6
5.8 10.2
12.8 516
0 57

May Jun
345.7 1B7.4
60 198
444 288
202.8 441
28.6 63.6
110.2 6€9.6
35.6 101.4
15.2 39.8
28.7 1126
0 128.6

Jun
29 48.2
737 75
5§ 232.2
18.6 73.3
75 81.4
0 65.8
199.6 214
2 &1.8
10.8 28
26.4 65.4
0 65

May

Jul

312.7
50.4
33
€6.3
90.8
220.2
106.4
109.2
68.8
225.8
105.2

Jul
116.2
138.3

85
171.7
177.4
208.8

1929

86
207.8
219.2

Jul
389.8
28.8
65
103.9
8§3.7
106.8
121.8
78.8
54.4
113
40.8

Aug

55.5
154.8
107.8
104
118
89.2
221.4
360.6
179
190
212.5

Aug
143.8
147.7
129.8

74.8
126.6
256
250
94.8
104.8
125.8

Aug
66.2
171.4
101.6
141.2

63.4

66.2
25B8.8
378.1
200.9

127
167

Oct
42
208
196.4
73.2
353.2
292.2
176.2
446
126.8
347
252.8

Sep
212.2
161.8
344.8
211.4
282.7

7.4
121
132.6
411.4
399.4
313.5

Oct

1171
187
191.8
194.1
224
341.8
163.8
64.8
227.6
115.8

Sep
181.8
267.2

238
121.6
47.6
33.2
99.6
376.8
276.2
208

Sep Oct
171.8 60
186.2 169.2
254.4 79.2
217.8 634
320.5 228.4
68.8 309.4
92.8 210.7
164.€ 399.2
352.8 140.8
300 431.4
200.1 275.2

Nov
65.8
163
328.4
248.4
31
427.4
0
53
163
36
¢

Nov
§2.2
164.2
115.8
46.4
325.6
4.6
46.2
31.2
51.4

Nov
106
165

278.3
234.2
41.2
4311
8.4
75.6
77.2
85.4
0

Dec
0
2.9
24.8
0
69.4
0
0
18.8
161.4

Dec

(7%}
M

w @ !
oommoomooo

[ %)

Dec

[ = I w I ]

104.6
0

0
19.8
105.8
0

0



13.Ponnuru
Year Jan
1889
1890
1891
1892
1993
1994
1993
1996
1997
1998
1999

-
b
COOOoC0O0QOOR

14. Namburu

15. P.V. Palem

Year Jan
1997
1298
1998

20
0

Feb Mar Apr May Jun Jul Aug Sep Oct
0 228 0 28 124.5 542 99.6 1434 24
73.2 25.8 0 519.2 117 57.8 209.2 197 151
0 0 0 26.2 179.2 76.2 134 248.8 774
21 0 0 9.2 47 128 B81.2 133 84
0 123 0 81 54,2 121.2 788 122.6 225.8
37.6 0 0 0 98.2 1369 434 514 188.8
0 0 ¢ 179.4 289 181.6 3006 bb.6 365.2
4] o 0 19.2 115.1 173.4 2645 171.4 263.9
0 0 25 0 57.2 171 77.2 428.6 49.4
Q 0 10,2 294 60 1336 101 218.3 261.B
o 0 0 0 736 149.2 115.8 177

Not available

Feb Mar Apr May Jun Jul Aug Sep Oct
0 0 338 154 3.2 60.1 15086 130 61.2
0 0 96 22 106.7 179 165.4 19056 353.8

Not available

Nov
38.4
£63.6
255
141.6
8.2
316
0
28.8
42.6
41.5
0

Nov
84
64.2

Dec

[ 18]
[dw]

) 5 .
COoORDOONOOOC

.

Dec
85.2
0



Monthly Rainfall (mm} Data of Krishna Eastern Delta

1lé.Bhavadevarapalli {Nagayalanka)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1989 0.0 0.0 83.6 00.0 22.3 134.2 378.0 98.4 204.3 10¢.3 44.3 15.6
1990 0.0 0.0 32.1 10.0 405.8 8.2 113.0 191.4 266.8 303.7 115.9 5.4
1991 4¢.3 0.0 00.0 00.0 0.0 188.5 122.2 168.1 267.9 259.4 428.8 38.6
1982 0.0 0.0 00.0 9.8 24.¢ 15.2 93.4 177.2 214.2 100.0 2315.8 00.0
1983 0.0 0.0 0.0 00.0 10R8.4 46.6 167.2 37.8 151.5 464.2 30.8B 35.8
1994 11.2 B6.0 00.0 00.0 0.0 37.0 218.2 87.0 7.6 3BC.6 BZB.2 00.0
1995 1.8 0.0 00.0 0©00.0 192.4 75.6 17%.4 185.2 153.3 205.1 66.2 00.0
19%6 0.0 0.9 00.0 14.4 0.0 195.2 146.2 338.4 141.4 423.2 €1.0 30.6
1997 13.¢ 0.0 00.0 70.4 0.0 18.8 127.0 72.6 395.8 127.4 189.2 99.4
1% 0.0 0.0 0.0 0.0 0.0 4.6 128.6 169.4 337.B 442.4 54.4 0.0
1893 0.0 0.0 0.0 0.0 118.2 44.2 128.1 102.1 15%6.6 313.0 0.0 C.0
17.Challapalli

Year Jan Feb Mar Apr May Jui Jul Aug Sep Oct Nov Dec
1889 N.A N.A N.A N.A N.A N.A 67.0 472.4 171.8 167.3 74.7 45.1
1930 4.3 160.1 81.0 39.0 341.4 68.7 167.3 210.2 143.% 39%6.1 40.0 9.3
1991 8.3 6.0 00.0 00.0 5.0 191.3 62.0 191.5 261.8 1BA.2 364.8 32.0
1992 0.0 0.0 0©00.0 39.8 26.0 71.6 127.8 133.2 143.8 104.6 233.0 00.0
1893 0.0 0.0 00.0 1.4 129.8 64.2 158.8 95.6 113.1 297.8 00.0 19.0
1954 0.0 22.4 00.0 00.0 6.0 39.2 325.4 115.4 3%.2 262.8 430.7 00.0
1995 56.6 0.0 ¢0.0 Q0.0 210.9 48.6 199.4 351.5 156.2 340.8 16.8 00.0
1986 0.0 20.0 00.0 1.8 4.0 232.8 478.0 323.1 247.0 554.0 22.4 21.0
1997 10.2 11.B 00.0 53.3 0.0 35.2 185.3 96.1 376.6 56.2 109.4 50.8
1%%8 0.0 0.0 0.0 0.0 2.4 15.6 172.6 202.1 242.1 371.5 42.2 ¢©.0
1988 0.0 0.0 6.0 0.0 74.8 109.0 161.3 95.% 173.8 328.2 0.0 0.0
18. Avanigadda

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nev  Dec
1986 N.A N.A N.A N.A N.A 51.0 92.8 220.8 24.4 134.6 121.1 7.6
1887 1.0 0.0 15.0 14.0 0.0 54.8 121.6 221.2 39.0-130.4 248.1 39.2
1588 0.0 0.0 0.¢ 0.0 13.é 8.0 276.8 327.4 265.4 21.8 15.0 133.0
1989 0.0 0.0 53.2 0.0 20.0 90.8 420.0 135.6 329.6 21.6 71.4 0.0
1990 0.0 27.2 35,2 31,2 275.8 84.6 161.2 176.4 180.1 392.5 64.5 9.3
1991 2.2 0.0 0.0 g.0 3.2 312.9 110.0 173.8 280.2 211.6 439.6 19.0
1992 0.0 0.0 0.0 0.0 23.4 57.4 68.8 113.4 125.8 111.6 254.2 0.0
19%3 0.0 0.0 0.0 0.0 43.2 §3.8 180.0 54,6 175.8 921.8 14.6 71.8
1934 19.0 16.2 0.0 0.0 0.0 68.4 252.8B 102.6 5.8 402.2 472.3 0.0
1995 4.6 0.0 0.0 0.0 262.8 71.8 177.4 145.4 118.0 340.6 125.2 0.0
1986 0.0 0.0 0.0 17.6 4.8 257.8 310.0 595.4 200.6 529.2 66.6 30.6
1897 8.0 0.0 0.0 51.0 6.0 18.8 127.0 72.6 163.5 206.4 152.2 102.4
1998 0.0 0.0 0.0 0.0 11.4 19.6 215.6 252.6 248.2 507.7 98.4 0.0
1959 0.0 0.0 0.0 0.0 166.4 66.9 235.,2 185.8 266.0 303.4 2.1 0.0



1%.Ghantasala

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1988 N.A N.A N.A N.A N.A 53,7 52.6 443.7 120.3 110.1 10.5 00.0
1890 0.0 84.5 63.4 15.7 3é6.0 150.0 100.3 170.6 94.7 223.3 35.0 3.6
1891 8.2 0.0 00.0 00.0 18.6 185.% 56.4 125.0 120.2 ®2.4 298.4 ©.6
1992 0.0 0.0 00¢.0 Q0.0 3.4 9.8 6l1.2 91.2 75.4 33.0 130.4 00.0
1993 0.0 0.0 00.0 13.2 183.0 47.8 163.2 63.0 41,1 173.6 00.0 27.2
1994 0.0 8.2 0€¢.0 Q00,0 0.0 33.4 337.6 91.8 38.8 130.2 479.2 00.0
1995 23.2 0.0 00.0 00.0 160.6 68.4 186.0 131.2 142.0 344.3 32.0 00.0
19%6 0.0 2.4 Q0.0 00.0 3.5 210.6 320.8 251.8 245,55 428.0 22.0 17.8
1997 4.6 0.0 00.0 35.8 6.0 26.8 221.4 77.0 351.0 52.2 56.2 44.5
1s98 0.0 0.0 0.0 0.0 6.2 25.8 116.4 225.6 209.0 312.4 30.8 0.0
1%%9 0.0 0.0 0.0 0.0 102.0 128.2 115.0 77.8 135.6 213.6 0.0 0.0
20.Chinamuthevi (Mowvva)

Year Jan Feb Mar  Apr May Jun Jul Aug Sep Ooct Nowv Dec
1986 N.A N.A N.A N.A  N.A 72.4 167.8 241.8 22.4 41.% 79.2 00.0
1987 41.8 0.0 10.0 21.4 5.4 61.8 113.6 202.5 93.3 144.2 215.3 ©.6
1988 0.0 0.0 00.c 5.4 22.8 66.4 434.8 392.3 269.2 34.2 22.4 54.8
1989 0.0 0.0 77.4 00.0 32.0 65.0 295.8 182.7 144.6 24.6 2%9.8 00.0
1590 0.0 45.8 64.4 13.8 498.6 275.3 103.0 327.8 109.5 208.2 34.0 900.0
1491 0.0 0.0 00.0 00.0 29.4 138.5 90.8 216.2 312.6 106.6 305.6 00.0
1¢%2 0.0 0.0 Q0.0 22.2 7.2 17.4 156.8 18%.2 225.0 56.8 136.9% 00.0
1993 0.0 0.0 21.2 46.4 123.4 83.8 214.D0 118.4 40.6 1%3.9 4.2 65.6
1994 0.0 0.0 00.0 900.0 0.0 44,6 398.9 121.2 42.2 233.8 433.7 00.0
1995 18.0 0.0 00.0 00.0 136.4 76.6 124.0 178.6 67.8 320.9 6.4 00.0
1996 0.0 0.0 00.0 51.6 0.0 159.8 198.0 177.6 78.4 16€0.5 6.6 18.€
1%97 7.6 0.0 0c.c 38.8 0.0 20.2 73.8 49,0 236.0 €8.8 34.0 44.4
1898 0.0 0.0 0.0 0.0 1.4 37.2 120.6 126.6 151.8 249.6 4&.8 0.0C
19%9 0.0 Q3.0 0.0 6.2 64.6 77.6 107.0 124.6 127.4 248.0 0.0 0.0
21.Vuyyuru

Year dJan Feb Mar Apr May Jun Jul Aug Sep Cct Nov Dec
1988 N.A N.A N.A N.A N.A N.A 141.5 108.% 299.8 17.1 20.8 &62.4
1987 0.0 0.0 25.2 40.90 0.0 78.2 90.3 314.4 50.8 172.8 30.4 4.4
1988 0.0 0.0 00.0 52.5 14.2 33.3 402.5% 400.4 222.8 16.2 00.0 43.6
1589 0.0 0.0 48.7 9.2 6.4 90.4 356.7 244.2 110.4 37.6 17.0 00.0
1990 0.2 39.2 34.2 3.2 352.0 133.7 108.5 122.6 164.6 152.8 25.2 4.2
1991 0.0 0.0 0.0 00.0 52.2 121.9 64.4 212.6 260.4 88,2 15.3 00.0
1982 0.0 1.2 00.0 Q0.0 0.0 20.0 105.8 149.8 144.8 104.0 96.0 00.0
1993 0.0 0.0 00.0 22.8 B0.4 28.8 141.6 40.8 49.8 236.3 7.0 15.1
1984 0.0 298.7 0.0 3.0 0.0 48.5 34%8.% 200.8 44,8 352.2 43.6 00.0
1985 21.4 0.0 00.0 00.0 120.,7 130.5 205.6 203.5 B0.6 445.0 00.0 C0.0
18%6¢ 0.0 0.0 oe.0 Q0.0 6.0 234.8 244.0 332.0 113.4 134.3 28.6 4.4
1987 61,1 0.0 40.1 6.0 0.0 76.0 191.9 261.8 336€.0 8.3 16.5 19.3
198 0.0 12.0 0.0 0.0 0.0 53.9 158.9% 114.4 140.0 250.1 20.6 0.0
1883 0.0 0.0 0.0 0.0 31.2 94,1 156.8 113.8 133,2 203.4 0.0 0.0



22.Machilipatnam

Year Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec
1989 0.0 0.0 28,2 0.0 37.0 117.2 449%.4 209.4 182.6 80.4 46.8 5.6
1990 0.0 95.5 43.8 6.1 492.1 110.1 104.0 189.1 184.1 177.1 €C.9 2.4
1991 42.9 0.0 0.0 0.0 22.7 218.7 86.2 180.4 295.8 175.0 300.0 0©.C
1992 0.0 0.0 0.0 0.0 1.3 41.2 93,5 201.4 235.3 205.4 247.7 0.0
1993 0.0 0.0 0.0 0.0 21.5 37.4 118.9 91.8 103.9% 251.3 14.5 18.7
1994 21.2 18.7 0.0 0.0 0.3 s6.1 376.8 130.5 83.3 445.9 550.2 0.0
1995 23.6 0.0 0.0 0.0 232.1 77.9 239.4 200.9 2456.0 393.4 43.5 0.0
1996 0.0 8.9 0.0 1.8 3.3 299.8 284.6 141.3 154.5 428.0 13.2 43.4
1987 5.4 g.0 9.6 7.7 0.0 56.9 247.9 135.,0 49.4 125.4 1B6.4 87.1
1558 17.8 0.0 0.4 18.5 0.0 78.0 164.3 181.5 208.1 310.4 46.7 0.0
199% C.0 0.0 0.0 3.2 40.6 69.6 187.8 83.9 108.8 280.6 c.0 0.0
23,Gudivada

Year Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
1989 0.0 0.0 d91.5 0.0 176.0 159.3 313.0 263.7 236.4 6l 5 30.& 0.0
1980 0.C 74.0 54.8 6.6 399.6 94.8 102.2 113.8 225,0 223.0 22.2 4.2
1951 0.0 0.0 0.0 0.0 35.2 157.8 100.2 212.2 434.6 60.6 157.6 0.0
19%2 0.0 0.0 0.0 0.0 19.6 26,0 135,2 182.8 a6.4 195.0 121.2 0.0
1993 0.0 0.0 6.0 0.2 33.4 103.2 162.2 50.0 99.8 263.7 0.0 1%.6
1994 5.4 9.2 0.0 .0 2.6 5.8 278.0 171.2 12i.0 206.8 278.4 0.0
1995 1.6 6.0 0.0 0.0 162.6 137.8 270.6 238.4 115.4 429,8 13.2 43.4
1%9e 0.0 7.6 0.0 0.0 0.0 284.0 306.8 223.8 143.6 228.2 76.8 9.4
1997 13.3 0.0 13.2 9.8 28.2 47.4 213.8 91.2 251.2 100.2 91.4 72.8
18%8 2.2 0.0 0.0 0.0 26.4 9.0 245.2 284.2 232.8 36l1.4 41.4 0.0
1999 0.0 0.0 0.0 0.0 86.2 114.8 243.2 171.2 127.4 187.4 4.8 0.0
24. Gudlavalleru

Year Jan Feb Mar Apr May Jun Jul hug Sep Oct Nov Dec
1987 0.0 0.0 0.0 30.4 0.0 36.0 227.0 189.4 309.8 74.4 8.6 50.8
1998 2.0 0.0 0.0 0.0 c.0 44.6 291.8 295.4 275.7 300.2 45.6 0.0
1889 0.0 0.0 0.0 6.0 69.6 48.6 148,66 134.8 95.8 195.6 0.0 0.0



25 . Mandavalli

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1989 0.0 0.0 47.6 0.0 6,3 64.6 306.5 428.6 178.6 45.8 14.4 0.0
1890 0.0 69.2 1i0.2 8.2 469.2 61.4 39,0 151.3 282.6 174.7 19.8 15.0
1891 31.0 0.0 0.0 0.0 59.2 197.0 96.3 283.2 671.1 138.8 104.8 0.0
18%2 0.0 0.0 0.0 0.0 35.0 32.0 148.3 189,22 207.1 170.2 14¢.0 0.0
1993 0.0 0.0 12.4 10,8 32.4 €5.0 143,0 115.4 101.2 151.8 9.0 42.8
18%4 0.0 14.86 ¢c.0 0.0 4.6 39,6 263.1 117.6 108.8 142.0 183.3 0.0
1995 27.8 0.0 6.0 0.0 147.2 141.2 230.6 204.7 215.4 4€0.7 2.0 0.0
1996 0.C 0.0 0.0 0.0 0.0 238.3 267.6 245.8 276.4 166.0 49.8 20.6
1987 3l.¢6 0.0 0.0 28.6 0.0 84.0 225.2 95.8 252.6 119.8 33.4 68.2
19398 0.6 0.0 0.0 0.0 0.0 101.0 211.8 332.2 325.8 344.4 39.2 0.0
1999 0.0 0.0 0.0 0.0 124.0 57.0 177.3 1896.6 72.4 183.0 6.2 0.0
26.Thotlavalluru

Year Jan Fep Mar Apr May Jun Jul Aug sep Oct Nov Dec
1997 60.4 0.0 12.2 44.4 0.0 55.4 194.0 171.0 312.8 65.4 36.4 20.2
19%3 0.0 0.0 0.0 0.0 5.2 1.2 224.,2 140.8 218.6 300.8 108.2 0.0
1998 0.0 0.0 0.0 0.0 112.8 79.0 169.0 119.0 181.4 244.0 2.4 0.0
27.Pedana

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov bec
1389 0.0 0.0 24.6 0.0 68.3 177.6 428.0 2z40,5 160.3 33.9 15.7 0.0
1990 0.0 110.4 49.6 15.2 312.1 86.4 128.4 155.4 131.5 220.4 62.1 7.2
1991 10.1 0.0 0.0 0.0 73.0 16&.9 64.3 189.2 265.1 192.2 252.1 0.0
1992 8.3 0.0 0.0 0.0 15.8 32.8 94,2 138.4 186.6 1%8.1 291.6 0.0
1993 0.0 c.0 c.0 0.0 31.6 66.1 121.2 10.4 127.4 233.5 1.2 20.2
1%%4 0.0 10.2 c.o ¢.0 0.0 €6.1 405.7 111.7 36.6 296.3 388.3 0.0
1995 16.4 0.0 0.0 0.0 175.9 122.3 224.9 171.1 297.9 428.8 16.5 0.0
19%6 0.0 10.2 0.0 3.5 0.0 369.2 274.1 174.9 162.2 342.9 15.7 24.3
1997 28.5 0.0 10.3 B.4 0.0 47.7 167.8 252.0 259.3 83.2 79.8 118.7
1598 25,5 0.0 8.3 28.2 0.0 26,0 140.2 247.3 223.8 321.5 50.5 0.0
13%¢ 0.0 0.0 0.0 5.2 65.86 62.4 159.8 57.1 4z2.0 160.9 0.¢c 0.0



28 . Pamidimukkala

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1388 N.A N.A N.A& ©N.A N.A N.A N.A N.A 131.9 196.5 46.6 00.0
1989 0.0 0.0 82.5 00.0 4.5 51.5 458.6 202.8 202.3 28.2 21.6 00.0
1850 0.0 30.0 72.6 Q0.0 325.6 114.7 118.5 186.5 208.8 167.2 28.6 4.8
1981 0.0 0.0 00.0 00.0 47.4 125.5 61.9 181.7 212.2 89.7 1%1.0 00.0
1982 3.5 7.6 00.0 00.0 6.3 53.1 111.5 18%.0 176.4 123.3 119.0 00.0
1993 4.2 0.0 00.0 5.6 29,0 95.1 234.6 34.8 66.0 176.8 00.0 36.6
1994 0.0 23.& 00.0 4.2 0.0 48.9 344.0 18B1.2 59.4 241.8 358.7 00.0
1985 30.4 0.0 00.0 00.0 157.8 76.1 187.2 225.0 128.3 532.1 23.4 00.0
19%6 0.0 0.6 00.0 0CG.0 24.4 205.9 180.2 314.5 246.6 -- 17.2 8.6
1997 41.1 .8 1.8 84.2 0.0 52.6 184.3 163.8 428.0 61.5 55.4 55.6
1958 0.0 0.0 3.0 0.0 45.0 42.5 182.2 149.9 143.7 264.4 6€l.6 0.0
1999 0.0 0.0 0.0 0.0 33.2 52.6 136.8B 107.4 €1.9 317.2 0.0 0.0
29.Guduru

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec
1997 4.0 0,0 20.2 10.2 3.2 35.2 126.8 87.0 275.3 96.5 89.0 83.0
1998 16.2 7.1 0.0 14.2 g.0 2.0 181.7 221.4 151.8 302.0 30.2 0.0
1998 0.0 0.0 0.0 0.0 65.2 70.8 104.6 117.¢ $6.8 317.8 c.0 0.0

30. Cherakupalli [ Gundlapalli ]

Year Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

1988 0 0 0 0 0 30.4 2212 320.2 1376 2564 9.2 136.4
1989 0 0 38 0 29.8 158.1 312.8 83.8 229.2 10 31.2 126
1980 4 93 11 0 41486 111.2 798 161.8 153.4 183.1 47 0
1991 2.8 0 0 0 10.2 3196 96 114.2 224 122.4 287.7 8.2
1992 2 0 0 32 6.4 38.6 140 138.5 166.2 69 161.1 0
1893 0 0 1.2 3.8 101.8 448 1282 872 180.4 238.2 18.8 36
1994 48 128 0 0 7.6 6b.6 199 78 426 299 344 0
1995 105 0 0 0 192.4 422 1388 2428 116.8 270.2 254 0
1996 0 0 0 3.8 16,8 90 153.2 240.8 1066 356 382 124
1997 14.8 0 0 162 226 614 742 54.2 400.8 604 63 34
1998 1.4 0 0 0 0 474 924 171.2 48.9 365.2 63.6 0
1999 0 0 0 0 0 76.4 100.8 180.% 140.1 152.8 0 0



3l.Vijayawada

Year Jan Feb Mar Apr May Jun Jul Aug Sep Cct Nov Dec

1881 0.0 0.0 0.0 .0 34.4 211.2 113.C 254.2 368.0 58.6 110.2 GC.u
1852 0.0 0,0 ¢.o 6.0 1l1lz.2 45.0 84,9 230.8 104.4 135.2 63.4 0.0
1993 0.0 0.0 1.0 40.2 208.0 51.8 134.1 22.5 161.3 204.3 80.2 34.4
1594 B.6 B8.4 0.0 14.8 15.6 79.0 230.2 138.6 47.4 311.4 226.0 0.0
1985 2.8 0.0 0.0 0.0 53.6 217.0 265.8 88.4 312.4 B.0 0.0 0.0
16%6 0.0 0.0 0.0 0.0 0.0 207.2 209.8 189.9 192.4 164.2 6.0 4.2
1597 13.2 0.0 27.5 30.2 49.5 35,0 189.% 88.8 224.0 85.4 56.8 45.4
1998 0.0 0.0 0.0 0.0 0.0 133,B 231.4 259.4 130.0 227.2 2%.2 0.0
1939 0.0 0.0 c.0 0.0 76.9 138.1 275.0 75.8 186.8 96.6 17.6 0.0
32.Telaprolu

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec
1991 0.0 0.9 g.0 0.0 34.2 153.7 64.5 242.0 398.8 52:4 72.& 0.0
1992 0.0 0.0 0.0 0.0 6.3 41.5 80.0 180.1 129.2 156.2 106.0 0.0
1983 0.0 2.4 0.0 21.% &5.0 63.4 149.0 8.4 79.1 167.8 28.0 1B.3
1994 0.0 40.8 0.0 0.0 0.0 52.8 230.0 154.6 122.8 236.1 241.0 0.0
1895 54.6 0.0 0.0 0.0 125.0 68.0 245.8 103.2 53.2 319.0 0.0 0.0
1886 0.0 0.4 0.0 0.0 0.0 153.,0 233.8 159.2 16l.6 172.6 29.4 2.4
1997 5.0 0.0 0.0 7.8 0.0 57.0 128B.6 55.6 241.4 84.2 74.0 24.8
1988 3.0 0.0 16.4 0.0 4.0 57.4 210.2 282.0 183.4 256.6 25.0 0.0
1999 0.0 0.0 0.0 0.0 49.0 57.8 132.6 122.9 128.4 175.0 0.0 0.0

1o
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