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Abstract: Uranium is the basic nuclear fuel of the present nuclear power
programme. Nuclear Power Corporation of India Limited (NPCIL), it is
proposed for establishment of Nuclear Power Plant (NPP) at Kovvada,
Ranasthalam Mandal of Srikakulam District of Andhra Pradesh, India. The
Base line study carried out for both- monsoon seasons to measure the
concentration of natural uranium and other physicochemical parameters in
Ground water around NPP site Kovvada. It generates the prevailing baseline
levels of natural and manmade radionuclides along with water quality
parameters of the site. To establish the radionuclide levels in ground water
samples of the coastal site. Uranium is a naturally occurring low specific
activity radionuclide present in the rock since the inception of the earth.
Groundwater interacts with the host rocks and the wet weathering process
facilitate the solubility of uranium in groundwater. The influencing parameters.
In the present study, an attempt has been made to study the spatial distribution
of uranium in waters around the proposed NPP site at Kovvada. The uranium
concentration varied from Pre- and Post-monsoon seasons.
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1 Introduction

Uranium exploits its unique ness in nuclear power stations as a fuel to generate energy.
The source of Uranium(nat) is a mixture of three isotopes — 238U, 23U and *U. Its
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average abundance in the earth’s crust is about 2 ppb. The expansion and disposition
of the nuclear reactors will continue on environment base. The layout of uranium levels
of concentrations in surface and subsurface waters depends upon geomorphology and
host rock. It spreads in nature, happening in granites and various kind of mineral
deposits. Uranium occurs naturally in low concentrations in soil, rock and water [1].
Intake of uranium through air is low, while to water and food. The majority of intake
can be through drinking-water. It’s presence in water based on host rocks, structural
setting, and mineralogy of the deposit [2]. The primary ore mineral is Uraninite
(Pitchblende) and the range of other secondary minerals include Carnotite,
Tyuyamunite, Torbernite, and Autunite. It is highly soluble, as well as radioactive and
heavy metal. This mineral can dissolve easily and precipitated with in ground waters
by ingenious change in oxidation conditions. Intake of uranium compounds can change
chemical effect on human body as well as toxicity may affects the kidney damage [3].
Kidney damage can happen in humans and animals after ingestion or inhaling.

One of the objectives of the present study to establish the baseline levels of
Uranium in surface water and subsurface water of the study site. The base line study
has to estimate the U(nat) around Kovvada within 30 km radial distance, assessment
carried for Pre and Post-monsoon seasons.

2 Materials and methods
2.1 Description of study area

The project area is one of the North-eastern coastal districts of Andhra Pradesh and
bounded by Srikakulam District towards North and North-West, Vizayanagarm District
towards South and South-West and East by Bay of Bengal. The study area lies between
North Latitude - 18°54°37>> & 18°24°0*” and East Longitude - 83°22°15” & 84%°0’
(see Fig. 1). This area experiences a tropical climate with wet, rainy summers and cool,
dry winters. The hot climate in the month of May, with an average high temperature of
37.9°C and average low temperature of 27.9 °C. The area comprises with good seasonal
rain fall. October is the month with the most rain fall, with 228mm of accumulated
precipitation and only month without rain fall January. The location is significant in
irrigation, good vegetation and few industries situated around the project area [4].



Spatial Distribution of Uranium Water Quality on Seasonal Basis ... 73

{
L
i
>z

o)
S -
o s
e s
P om Rein

Fig. 1. Sampling locations in and around NPP-Kovvada site in 30km radius.

2.2 Geology and drainage system of the study area

The study area physio graphically comprises Eastern Ghats hilly region in West and
North. The area sandwiched between the Eastern Ghats and Bay of Bengal Ocean. The
project is underlined by a variety of geological formations from the oldest Achaeans to
recent alluvium. The Archaean age group comprises of Khondalites, Granite,
Quartzites, Calc- gneisses, Charnockites, etc. The Gondwanas are presented by sand
stones. The soil of the study area is loose, sandy, calcareous and alluvial. The alluvium
constitutes of admixture of gravel, coarse to fine sand, silts and clays. The lands in the
study are is used for cultivation and animal husbandry throughout the year but
industries like pharmaceutical industries are established in the region. Stratigraphic
succession of the various geological formations occurring in the study area is given
below (see Fig. 3).

The drainage system of the present study area are shown (Figure 2) major rivers that
drain the area are Nagavali, Champavathi and Kandivalasa and their tributaries. The
river Nagavali rises in Eastern Ghats in Orissa state and enters Parvatipuram mandal
and joins the Bay of Bengal passing through Srikakulam district. River Champavathi is
a small river which originates in the Eastern Ghats near Andra village and flows to
eastwards. The river passes through Gajapathinagaram, Nellimarla, Gurla and
Pusapatirega mandals and joins Bay of Bengal at Konada village of Pusapatirega
mandal. Whereas Nagavali River is perennial in nature and the remaining are of
ephemeral type. The principal crops grown in the project area are paddy, jowar, maize,
ragi, pulses, chilies, sugarcane, vegetables, fruits, ground nut. As per the 2012 data the
area is irrigated through canals, tank irrigation, tube wells [5].
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Fig. 2. Drainage system of the site.

B450E

Fig. 3. Hydrogeology of the site.
2.3 Collection of water samples

The study area was divided to 16 sectors and five zones with distance from the
proposed site (0 — 1 km, 1 —5 km, 5 — 10 km, 10 — 15 km and 15 -30 km) as per BARC
protocol. Out of 16 sectors, it is evident from the map that 8 sectors are completely and
2 sectors partly over the Bay of Bengal and, therefore sampling was carried out in 10
sectors (8 complete + 2 partly).

The water samples were collected from 10 sectors during the pre and post-monsoon
season. A total of 178 no. of samples are collected and analyzed. The water sample
locations are 30km radial distance from the NPP site are shown in the (see Fig. | &
Table 1).

Table 1. Water samples collected in Pre and Post-monsoon at site.

Different zones on the No. of samples collected in

S. No basis of distance from the Pre and Post-Monsoon
site NPP site season
1 0 - 1km 3
2. 1 - Skm 33
3. 5 - 10km 65
4 10 - 15km 40
5 15 - 30km 37

The samples were collected in surface like pond, river water and subsurface open
wells, bore wells and hand pump at different locations (Table 2). In-situ parameters like
pH, TDS, EC and Salinity were analyzed at field itself. Samples should be preserved in
storage in conditions by addition of dilute HNOs3 acid and maintain the pH 1 to 2 is to
avoid wall adsorption [6-7]. Uranium level in waters estimated using LED fluorimeter
which is more sensitive and accurate technique for aqueous samples for determination

[8].
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Table 2. Distribution of surface and subsurface sampling sources at site.

S. No Source No. of samples collected
1. Hand pump 134
2. Bore well 33
3. Open well 7
4. River 2
5. Pond 2

3 Results and Discussion

Chemical parameters of various kind of waters determined around the site and
centration of uranium observed for both pre (April-May) and post-monsoon (Oct-Dec)

s€asons.

Table 3. Physical and Uranium concentrations for Pre and Post-monsoon season.

Para- Minimum Maximum Average Stal.ld?rd WHO
meters Deviation | 5,
PRM |[POM | PRM | POM | PRM | POM | PRM | POM
pH 68 | 64 | 82 8.5 73| 7.15 02| 04 6855

DS

110 | 102 | 3425 | 3067 | 870.9 | 866.2 | 517.8 | 519.3 500

(ppm)

EC | 164. | 145. | 5561. | 4910. | 1305. | 1340.

wsiom)| 3 o ; ; ; W | 7937 | 8269 NA

Salinity | ;¢ | 733 | 23111 25761 (ou 7 | 6427 | 3992 | 3914 NA

(ppm) 3 1

U(ug/l)| 0.04 | 0.04 | 314 | 217 37| 42 5 | 48 30
3.1 pH

pH plays major important role in water quality. The in-situ results of pH for pre and
post-monsoon season are shown in Table 3. The results reveal that all the water samples
around study area are well below the acceptable limit (6.5-8.5) of the WHO 2011. The
pH values for collected water samples range from 6.8 to 8.2 in pre-monsoon season,
respectively in post-monsoon from the range of 6.4 to 8.5. The data reveals that pH
values are slightly change from season to season. The pH of the water must be
controlled by anthropogenic activities. The failure to do so contamination of drinking
water and in adverse effect on its colour, taste and odour [9].
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3.2 Total Dissolved Solids

Total dissolved solids (TDS) in waters is due to presence of inorganic salts and small
amount of organic matter. The determination of TDS from all the locations to be in the
range of 110 - 3425 mg/l and 102 - 3067 mg/l, in the pre-monsoon and post-monsoon
session, respectively. The data reveals that many locations around study area are higher
in TDS than the WHO limit 500 mg/1. High TDS levels (>500 mg/1) result in excessive
use manmade activities such as domestic purpose [10], agricultural and industrial waste
and most of the study area is nearby seacoast.

3.3 Electrical Conductivity

Electrical conductivity (EC) refers to transmit electric current also explains the
purity of water. The EC in water samples collected around Kovvada NPP site was to be
in the range of 164.3 - 5561.3 ppm and 145.9 - 4910.7 ppm, in the pre-monsoon and
post-monsoon session, respectively. It is observed that higher Electrical conductivity
values in many locations are main with sodium and chloride ions discharge from sea
water nearby coast water samples and further Electrical conductivity is slightly higher
compare to post-monsoon.

3.4 Salinity

The parameter is measuring the amount of dissolved salts in water. Excess salinity
in ground water system effects on drinking water quality and food production. The
results of salinity indicate natural basicity from sea coast around sampling area. In
addition to salinification of waters through long term touch with under ground rocks
and minerals. In the study area salinity results vary from 77.8 - 2311.3 ppm and 73.3 —
2576.1 ppm, in pre and post-monsoon respectively. Compare with season-to-season
pre-monsoon season values bit high due to discharge of water [11]. The parameter is to
not harmful to living system and not affect the immune system.

3.5 Uranium (natural)

Results of uranium concentration in 178 water samples from Kovvada -NPP site are
analyzed using Laser Fluorometric technic and tabulated in Table 3. The obtained
concentrations of overall uranium of water samples of the study region have been found
in range of 0.04 — 31.4 pg/l and 0.04 — 21.7 pg/l with average of 3.7 - 4.2 pg/l, in pre
and post-monsoon respectively. By comparing observed data with provisional
guideline value of uranium 30 pg/l and 60 pg/l by the WHO and AERB respectively.
The frequency distribution of estimated uranium is shown in Fig. 4 and Fig. 5. From
the figures, it is clear that higher number of samples were observed in the range of 0.04
to 15 ppb both in pre- and post-monsoon session [12]. It has been absorbed that all
samples except one sample at Derasam Village, Ranasthalam mandal in pre-monsoon
exceeds limit 30 pg/l (WHO), except that all samples are well below the limits.
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Fig.4. Frequency distribution of Uranium in Pre-monsoon season.
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Fig.5. Frequency distribution of Uranium in Post-monsoon season.
4 Correlation study

Table 4. Correlation matrix of parameters in Pre-monsoon season.

pH TDS EC Salinity
1.00

pH 0

TDS (()).01 1.000

EC 0.00 0.997 1.00

7 0
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0.02 0.99

Salinity 7 0.987 0 1.000
0.04 0.30 1.00
U 4 0.305 9 0.308 0

Correlation matrix has been done for the parameters analyzed in laboratory, which
samples collected in pre and post-monsoon season in the study region have shown in
Table 4. That data reveals that correlation in Pre-monsoon season is comparatively
high between TDS-EC (1= 0.997), EC-Salinity (r= 0.987) and TDS-Salinity (r=0.987).
There is slight positive correlation with between U (nat) and TDS-EC-Salinity
(r=0.305,0.309,0.308) Table 4. There is no significant correlation between pH and U
[13].

Spatial variation of Uranium (ppb) in water during pre and post-monsoon period
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The Uranium concentration in groundwater samples collected around Kovvada NPP
site was to be in the range 0f 0.04 —31.40 pg/l and 0.04 —21.74 pg/l, in the pre-monsoon
and post-monsoon session, respectively. Fig 6 and 7 depicts the distribution of Uranium
in water samples around the study site. From the Figures, yellow colour shows up to10
ng/l, green colour shows that up to 20 pg/l and red colour shows >20 pg/l limit. In the
pre and post-monsoon very few samples are more than >20 pg/l except that all the
samples [4] are well below the acceptable limit.

5 Conclusion

The Uranium concentration in the waters around Kovvada NPP-site from the 30km
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radius. In the study area region, uranium concentration in 178 water samples has been
found to in the range of 0.04 -31.40 pg/l and 0.04 -21.7 pg/l, in pre and post-monsoon
seasons, respectively. Data analysis reveals that, all the collected samples have been
found in with in the range of 30 pg/l (WHO, 2011), except one sample from the
Derasam village, Ranasthalam mandal in pre-monsoon season exceed limit of WHO.
While all the samples in both seasons not exceed the threshold of 60 pg/l
recommended by AERB, India, 2004.
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