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FOREWORD

To achieve the target of generating 10,000 MWe by the year 2000 A.D. Nuclear
Power Corporation (NPC) is in the process of designing and installing indigenously a
large number of PHWR reactors. In addition to the existing two units and two more
units under construction at Rajasthan Atomic Power Station (RAPS) site, installation

of units 5-8 with each of 500 MWe generating capacity has been proposed.

In order to assess the likely impact arising out of the proposed expansion
activities, NPC retained National Environmental Engineering Research Institute (o
prepare Environmental Impact Assessment for various environmental components as

a prelude to the preparation of acomprehensive environmental management plan.

This interim report, in the form of Rapid Environmental Impact Assessment,
covers the baseline data for air, noise, water, land, biological, socioeconomic and
health components . of environment alongwith identification, prediction and
evaluation of impacts due to proposed activities. Anenvironmental management plan
has also been delineated. The comprehensive EIA is in progress and will be completed
by 15th September, 1990.

The cooperationand assistance rendered by the staff of NPC in the preparation

of this report is gratefully acknowledged.

Gng_

Nagpur (P. Khanna)
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Revision R1 27.9.89
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1.0 INTRODUCTION

1.1 PREAMBLE

Energy is essential for our survival, growth and better standard of living. Fossil
fuels viz. coal, oil, natural gas occuring in limited quantities have so far been the main
(over 80%) source of commercial energy. The nuclear energy sources, Uranium and
Thorium minerals, are more recent additions. All these sources of energy have their
typical operational characteristics and Environmental impacts in varying degrees.
Use of Nuclear Energy for power production is quite promising as it is comparatively
a clean source and does not significantly burden the environment. It also stands
economically viable compared to fossil fuel plants, with almost no strain on national
transportation network.

Undoubtedly, nuclear technology for power production employing controlled
nuclear fission reactions is one of the very few most sophisticated and advanced area in
engineering and science. The subject demands in-depth knowledge for comprehension
of not only the art of reactor design but also for all those aspects of safety during
construction, commissioning, operation and shutdown conditions.

A unique feature of the development of nuclear power technology during the
last three decades has been the cautious approach with over-riding considerations
of failsafe, multiple and reliable safety systems. In addition great emphasis has been
givento protect the environment from releases of radio-activity by providing multiple
barriers. The worldwide operating experience so far adds up to over 3800 power
reactor-years, and has shown high standard of safety record, barring a few incidents, in
the matter of radiation exposures to plant personnel, members of public, and flora &
fauna in the surroundings.

The world’s first nuclear power plant, OBNINSK APS, located at Kaluga
USSR andrated at 5 MWe went into operation in 1955 and ushered in the beginning
of the era of nuclear power. By the end of 1988, nearly 429 nuclear power plants in 32
countries were operating with atotal capacity of 3,10,812 MWe (Table 1.1). Another
105 nuclear power plants were already under construction. In some countries
contribution from nuclear power generation reached as high as 60-65% of total
clectricit); generation. Present size rating of nuclear power plants are 220 MWe, 235
MWe, 440 MWe, 500 MWe, 650 MWe, 960 MWe, 1100 MWe and 1350 MWe. In
India, the nuclear power at present accounts for only 3 to 4% of total installed capacity.



Table (.1

Nuclear Power Reactors in Operation and
under Construction at the end of 1988

Total
Electricity Supplicd  Opcrating
Under by Nuclear Power Experience
In Operation construction  Reactors in 1988 to end 1988
Country No. of Total No. of Total % of
Name Units MW(e) Units MW(e) TW(e).h Total Years Months
ARGNTINA 2 935 1 692 5.1 11.2 20 7
BELGIUM 7 5480 40.6 65.5 86 7
BRAZIL 1 626 | 1245 0.6 0.3 6 9
BULGARIA 5 2585 2 1906 16.0 35.6 43 8
CANADA 18 12185 4 3524 78.2 16.0 206 0
CHINA 3 2148
CUBA 2 816
CZCHSLVK 8 | 3264 8 5120 21.7 26.7 44 {
FINLAND 4 2310 18.4 36.0 39 4
FRANCE 55 52588 9 12245 260.2 69.9 4388 I
GRMN.DR 5 1694 6 3432 10.4* 9.5 172 i
GRMNY FR 23 21491 2 1520 137.8 340 279 3
HUNGARY 4 1645 12.6 489 14 2
INDIA 6 1154 8 1760 54 30 72 8
IRAN 2 2392
ITALY 2 1120 77 10
JAPAN 38 28253 12 10931 167.8* 234 394 0

KOREA RP 8 6270 1 900 38.0 46.9 36 4

MEXICO 2 1308




Table 1.1 (Continued)

Country No.of  Total No.of Total % of

Name Units MW(e) Units MW(e) TW(c).h Total Ycars Months
NETHLNDS 2 508 35 5.3 35 9
PAKISTAN 1 125 0.2 0.6 17 3

POLAND 2 880

ROMANIA 5 3300

S.AFRICA 2 1842 10.5 7.3 8 3

SPAIN 10 7519 48.3 36.1 82 7

SWEDEN 12 9693 66.3 46.9 135 2
SWITZRLD 5 2952 21.5 37.4 68 10
TWN CN 6 4924 29.3* 41.0* 44 |

UK 40 11921 2 1833 55.5 19.3 810 10
USA 108 - 95273 7 7689 526.9 19.5 1261 10
USSR 56 33823 26 21230 215.7 12.6 687 2
YUGOSLAY 1 632 39 5.2 7 3
Total 429 310812 105 84871 1794.4 5040 9

Note : Values with asterisk are IAEA estimates.
SOURCE : IAEA PRIS



1.2 THE INDIAN NUCLEAR POWER PROGRAMME

The indigenous nuclear power programme in India for the next fifteen years is
based on installation of a series of 235 MWe and 500 MWe pressurized heavy water
reactor units. These will aggregate to about 10% of the projected total installed
electricity generation capacity in India and would increase the current nuclear capacity
from 1330 MWe to over 10,000 MWe, as given in the Table 1.2.

The first nuclear power station in India, that was set up in late 60’s at Tarapur,
consists of two boiling water reactors of 210 MWe capacity. The subsequent stations
which form the mainstay of the first stage of nuclear power programme in the country
are of the Pressurized Heavy Water (PHWR) type. The first PHWR station was
constructed at Rajasthan (RAPS) with two 220 MWe reactor units. In addition to
RAPS, two more units of 235 MWe each are in operation in Madras (MAPS).
Construction of two stations having two units each of 235 MWe are in progress at
Narora (NAPP) and Kakrapar (KAPP). Construction work for two more units at Kaiga
and addition of two more units at Rajasthan are due to commence shortly. It is very
important to note that India has mastered the design of PHWR systems through its
experience in operation and maintenance as well as R&D work on such reactors formore
than three decades. The location map of Indian reactors is presented in Figure 1.1.

The design, construction and operation of all the nuclear power plants in India
are carried out by Nuclear Power Corporation (NPC) under Atomic Energy
Commission. The functional organization chart for a typical Nuclear Power Station
Complex is presented in Figure 1.2. The Atomic Energy Act, 1962, provides for the
development of peaceful uses of atomic energy for the welfare of people of India and the
regulatory powers, inter-alia, have been vested in the central Government, which is
responsible for providing control over radioactive substances and radiation generating
plants in order to :

I. Prevent radiation hazards

2. Secure public safety and safety of persons handling radioactive
substances or radiation generating plants and,

3. Ensure safe disposal of radioactive wastes.

In addition, the authority to administer the Factories Act, 1948 and to do all
things for the enforcement of its provisions, including the appointment of inspecting
staff and the making of rules thereunder, is vested in the Government of India in
relation to the factories owned by the Central Government and engaged in carrying



Table 1.2

INDIAN NUCLEAR POWER PROGRAMME

Units Capacity Cumulative Capacity (MWc¢)

Operational Units

TARAPUR (BWR) 2x210 420
RAJASTHAN 2x220 860
MADRAS 2x235 1330

Under Construction

NARORA 2x235 1800
KAKRAPAR 2x235 2270
New Starts

RAJASTHAN : 2X235 2740
KAIGA 2 X 235 3210

Planned

NEW PROJECTS 4 X 235 4150

NEW PROJECTS 12 X 500 10150




NUCLEAR POWER PLANTS

(O INOPERATION
{0 UNDER CONSTRUCTION
/\ APPROVED FOR CONSTRUCTION

NAROR A
(] 2 X 235 MWe

RAWAT BHATA
O 2 X 220 MWs

)2 x235MWe
D4 X 500 MWe

KAKRAPAR
[J2 X 235MWe

TARAPUR
O 2 X 160 MWe
/N2 X 500 MWe

(]2 X 235 MWe

o
KALPAKKAM
/N4 X 235Mwe

Q2 X235 MWe d

KUDANKULAM ° .
\2 X 1000 Mwe

FIG. |- 1.
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out the purpose of the Atomic Energy Act. The organization chart for the regulatory
setup is presented in Figure 1.3.

The design of 500 MWe capacity has evolved and construction of four units
of this size is expected at the RAPP site. A number of 500 MWe units are proposed to
be commissioned starting from late 90’s, to achieve the target of 10,000 MWe nuclear
power generating capacity by the turn of the century. The basic design of the 22()/235/
500 MWe units is similar; however, number of significant design changes have been
made progressively from Rajasthan to Madras to Narora and finally to the 500 MWe
units. These design changes have been made based on accumulated experience
and from the consideration of currently prevailing safety criteria, seismicity,
improved availability, requirement of in-service inspection, ease of maintenance etc., as
appropriate to the conditions in India.

1.3 PROJECT SETTING

The project under consideration having four numbers of 500 MWe units (RAPP
5-8)islocated 8 Km upstream of existing RPS dam on the right bank of Chambal river
and 1400 M upstream of the existing PHWR (RAPP 1-2) operating stations and about
500 M upstream of the 2 x 235 MWe (RAPP 3-4) PHWR units (under construction).
The site lies in Chittorgarh district of Rajasthan State. The location map is presented
in Figure 1.1. The index plan is presented in the Figure 1.4. The land requirement for
locating the plant building and other structures for four units of 500 MWe station is
approximately 2 Sq. Km.

The average grolmd elevation of the site is about 385 M above mean sea level.
The site is situated on a sloping plateau and there are several small rivulets leading to the
lake which are natural drains and carry water mainly during rainy season. The required
area has been acquired although additional land for exclusion zone of 2 Km radius (600
Ha) belongs to Forest Department of Rajasthan State. Out of the above area when RAPP
3-4 were cleared by Department of Environment and Forests, forest area of 326.81
Ha was identified for exclusion zone for units 5-6. The plant buildings for units
5-8 can be located within the property area which has already been acquired by NPCIL.
Hence for 2 Km exclusion zone for units 5-8 an additional area of about 274 Ha of forest
land requires to be allowed for fencing and maintaining as forest land. The unit location
details including proposed exclusion zone is presented in Figure 1.5. The land around
the site is barren with little top soil. Agriculture and fishing are carried out on very small
scale within 10 Km radius of the site. An area of about 120 Ha, around 6 Km away from
the site has been identified and acquired as an extension of the existing housing colony.
The land for colony is partly private patta land and partly Government land. There is
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no forest land in the colony area. As there is no resident population in the exclusion
zone mentioned above, the problem of rehabilitation of population does not arise.

.4 SCOPE OF EIA

The scope of the study includes detailed characterization of status of
environment in an area of 30 kms radius around the proposed RAPP (5-8) units.

However, due to paucity of time this report covers a radius of at least 10 kms for most

of the environmental components. The basis for 30 km radius for the study zone is

due the desirability criterion that there should not be any major population centre with

population of more than one lakh within this area. In addition, within 10 km radius, it

is desirable that there is no population centre with more than 10,000 population. The

size of the study zone is primarily based on these considerations.

The scope of the study includes

ii.

1il.

1v.

vi.

vil.

To assess existing environmental status covering major environmental
components viz. air, noise, water, land, biological, socio-economic and
health aspects

To identify potential impacts on various environmental components
during pre-construction and operational phases of the project

To predict significant impacts through identification, calibration and
validation of appropriate mathematical/ simulation models

To evaluate impacts of the project through appropriate evaluation
techniques

To prepare an Envrionmental Management Plan {EMP} outlining
control stategies to be adopted for minimising adverse impacts

To delineate post-construction environment  (uality monitoring
programme to be pursued by Nuclear Power Corporation

To assess the risk incorporating structural safety subject to seismic
activity



1.5 METHODOLOGY FOR EIA

Keeping in view the nature of present industrial activities and the proposed
expansion of the Nuclear Power Plants (NPP) and based on environmental guidelines
of Ministry of Environment and Forest, Government of India, following methodology
has been adopted to assess the impact on the various environmental components.

1.5.1 Air Environment

Keeping in view the potential hazards of radioactive releases into atmosphere
from nuclear power plants, it was decided to cover 30 Km radial distance from the centre
of the Rajasthan Atomic Power Station (RAPS). However, in the present report, more
emphasis has been given upto 20 Km radial distance. In view of certain practical
limitations, the data monitored by Environmental Surveilance Laboratory (ESL) has
been used for preparation of this interim report. The ESL comes under jurisdiction of
BARC, an independent agency for radiation monitoring.

The present ambient external radiation levels have been monitored at 23 stations
by ESL around RAPS. Conventional air pollutants like SPM, SO, and H._S have been
monitored at six locations to study the ambient air quality status around RAPS. The
micro-meteorological data recorded at ESL, RAPS has been used in this study.

The impact of time integrated radioactive cloud doses have been predicted using
the source information provided by the sponosors under normal operation conditions. A
simple Environmental Dose Model for air route has been used for this purpose. The
predictions for accidental conditions will be included in the final report.

)

1.5.2 Land Environment

The emission scenario at RAPP is based upon the apportionment of off-site
radiation dose limit. For existing RAPP 1&2 units, this corresponds to a maximum
release of 800 curies/day from air route mostly due to Tritium and Argon-41 and small
quantity of fission products. In addition to this, there is a marginal contribution from
['¥ and particulate releases. The radiation exposure from the actual emissions is
calculated to be considerably below the prescribed limit of 18 mrem, prescribed
for the twin units by Health Physics Division, BARC.

The crossmedia transfer radioactivity from air, water or fission products
adopting various pathways to food items such as milk, vegetables, mutton, cereals etc.
and their consequent build up could be of some concern due to increased emission
levels in radionuclides in near future.
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Radioactive wastes are produced during operation of a nuclear reactor. The ra-
dioisotopes in radioactive wastes are the fission products and other isotopes which are
formed by neutron activation of the constituents in reactor fuel or structural parts of
the reactor itself. Depending on their half-life of certain isotopes in the radioactive
wastes may remain in hazardous propotions for a very long time. Proper management of
these wastes is of utmost importance and special radioactive waste management
facilities are provided to deal with radioactive wastes.

The solid wastes generated in atomic power reactors normally contain different
types of constituents based on the processing materials used. The solid wastes are
quantified in terms of volume. The method of disposal in practice is containment in
concrete structures. The solid wastes are required to be properly and safely handled.
The whole system involves collection and storage at the point of origin, transportation,
processing and disposal or containment.

1.5.3 Water Environment

Within the impact zone of 30 km radius from the plant site of RAPP, the major
source of water is the Rana Pratap Sagar (RPS) reservoir formed by the construction
of Rana Pratap Dam on river Chambal 5 km downstream the plant site. Ground water
contributes to the water requirements of resident population in the impact zone. The
use of wells however is declining due to the availability of piped water supply to all
nearby villages from NPC’s water treatment facilities. Information on physico-chemical
characteristics of water at selected sites in RPS and nearby dugwells as for 1979 was
available through the surveys conducted by ESL, RAPP. During the reconnaissance
survey samples at selected sites in RPS were collected and analysed for 16 water
quality parameters for source characterization. Water quality samples were also
collected at nearby villages to complete the baseline status of water quality in the impact
zone for conventional quality parameters. To establish the extent of radiological
contamination of water environment due to the functioning of existing units since 1972,
data for past ten years for environmental surveillance was collected from ESL, RAPP.
Certain reservoir water and sediment samples in addition to well water samples were
collected during the reconnaissance survey and sent to BARC, Bombay for analysis.
In-situ observation to determine the extent and spread of thermal pollution were also

made.

Baseline data on biological aspects (phytoplankton, zooplankton) at five
sampling points of Rana Pratap Sagar were collected during the study. Diversity of
fish population and their production in different years have been evaluated.
Accumulation of selective radionuclides in fish tissues and aquatic weeds during last
eight years were also assessed.



15

The sources of wastewater generation in the plant were identified. Detailed
characterization and quantification were carried out to arrive at the projected discharges.
The present treatment plant capacity was reviewed.

Above information was used to derive the baseline status of the quality of water
environment arround the RPP site reservoir and the present and future wastewater status
at RAPP for existing and proposed units. For water quality projections in the reservoir
for radioactive pollutants, due to the lack of adequate information on dispersion
coefficients for relevant pollutants and annual cycle of water movement within the
reservoir, an approach based on month-wise mixing of effluent discharges with
certain portion of total reservoir storage at that point of time, with superposition of
radioactive decay process, was adopted. Based on this approach, scenarios depicting
the status of reservoir water quality for total life of RAPP units 5, 6, 7 and 8 have been
developed for radioactive wastewater discharge into the reservoir. While predicting
the future scenarios it is assumed that activity releases into water environment do not
exceed certain fraction of the self-imposed annual limits for the same as adopted by NPC.

1.5.4 Noise Environment
Noise levels were measured in and around

a) Nuclear power plants 1 and 2 which were operating
b) Nuclear power plants 3 and 4 under construction and
c) Nuclear power plants 5,6,7 and 8 (proposed)

The measurements were made at different times of the day by precision noise
level meter (Model 2230, Bruel and Kjaer, Denmark) fitted with octave analyser (Model
1625) and noise dose meter (Model 4428, Bruel & Kjaer, Denmark). Mathematical
model based on first principle of propagation of sound waves was used to estimate
pre-project (with plants 1,2,3 and 4 operating) and post-project (with plants | to 8
operating) noise levels to evaluate the impact of the proposed plants.

1.5.5 Socio-Economic Environment

Collection of baseline information on demographic structure of the
population which include sex-ratio, literacy level, shedule caste and shedule tribe
fraction, employment ratio etc. were made for the study zone.

Baseline information on provision of basic amenities like housing, educational
and medical facilities, means of transportation and communication, water supply
and sanitation were collected to define the socio-economic profile of the study area.
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A socio-economic survey of the rural and urban populations on random
sample selection basis was carried out to strengthen the information on the socio-
economic profile.

Assessment and evaluation of the public awareness and collection of opinion
in general about the project under consideration were carried out. Emphasis was given
on health hazards and public safety with respect to radiation exposure.

Prediction and evaluation of likely impacts on socio-economic environment
were undertaken.

To mitigate the misapprehensions as a result of anti-nuclear lobby, the
Environmental Management Plan with specific reference to training and awareness
programmes for the local population was formulated.



2.0 INDIAN PRESSURIZED HEAVY WATER
REACTOR SYSTEM

2.1 LAYOUT

The nuclear power stations in India are generally planned as two unit modules,
sharing common facilities such as service building, spent fuel storage bay and other
auxiliaries like heavy water upgrading, waste management facility etc. Separate
safety related systems and components are however provided for each unit. Such
an arrangement retains independence for safe operation of each unit and simultaneously
permits optimum use of space, finance and construction time. The layout for a typical
two unit station as given in Figure 2.1, shows two reactor buildings, active service
building including spent fuel bay, safety related electrical and control buildings and the
two turbine buildings. Protection from the effect of turbine missiles is provided by
orienting turbine building radial to the reactor building. Other safety related buildings
and structures are also located so asnot to fall in the trajectory of missiles generated
from the turbine. The buildings and structures have also been physically separated on
the basis of their seismic classification.

Sectional views of the reactor building are shown in Figures 2.2 A and B
depicting general layout inside the reactor building.

2.2 REACTOR

Conceptually, the Indian Pressurized Heavy Water Reactor is a pressure tube
type reactor using heavy water moderator, heavy water coolant and natural uranium
dioxide fuel. The reactor works on the principle of capture of slow neutron by #°U
resulting in the fission nucleus. In order to establish a chain reaction at least one neutron
from each fission, on an average, must cause another fission. Considering natural
uranium, 2%U undergoes fission much more readily than 2%U. However, the natural
uranium contains only 0.71% of #°U and 99.28% of **U. In addition, **U has a
strong tendency to absorb neutrons by radiative capture to form U which then decays
to 2°Np by beta emission. To make neutron capture possible for 25U, the average
neutron energy must be reduced from 2 MeV by suitable moderator to thermal energies
of the order of 0.025 eV. The moderator used in Indian PHWR is heavy water. The
reactor as shown in the cut away view in Figure 2.3 consists primarily of calandria,
a horizontal cylindrical vessel. It is penetrated by alarge number of zircaloy pressure
tubes (392 for 500 MWe reactor), arranged in a square lattice. These pressure tubes,
also referred as coolant channels, contain the fuel and hot high pressure heavy water
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coolant. The pressure tubes are attached to the alloy steel end fitting assemblies at either
end by special roll expanded joints. A typical pressure tube assembly isshown in Figure
2.4. Figure 2.3 and 2.4 also show end-shields, which are integral parts of the calandria
and are provided at each end of the calandria to attenuate the radiations emerging
from the reactor, permitting access to the fuelling machine vaults when the reactor is
shutdown. The end fittings are supported in the end shield lattice tubes through
bearings which permit their sliding. The calandria is housed in a concrete vault which
islined with carbon steel and filled with light water for shielding purposes. The ends
shields are supported in openings in the vault wall, and form part of the vault enclosure
at these openings. Axial shielding to individual coolant channels is provided by
removable shield plugs fitted in the end fittings. A replaceable channel seal plug seals
the end fitting.

Each pressure tube is isolated from the cold heavy water moderator present
in calandria by a concentric zircaloy calandria tube. The pressure tubes are centerd
and partially supported in the calandria tubes by garter spring spacers. The annular space
between the pressure tube and calandria tube has been sealed by inconel bellows and
is connected to the annulus gas system which circulates dry carbon dioxide gas. The
moisture content of this gas is monitored to detect possible leaks in the pressure tubes
or the calandria tubes.

Special care is taken in the design of coolant channels to ensure that they can be
replaced easily if and when the situation should warrant such a replacement. Adequate
creep allowances are now given for the full 30 years design life of the station. The
pressure tube material is also being changed from zircaloy-2 to Zr-2.5% Nb which has
improved creep properties, higher strength and neutron economy and above all
improved properties with regard to in-pile corrosion and hydrogen pick-up.

It has been the experience that garter spring spacers between the calandria tubes
and pressure tubes of the existing design are prone to displacement during operation
and hence amodified design of garter springs capable of ensuring their freedom from
displacement is also being currently evolved.

2.3 REACTIVITY CONTROL MECHANISMS

Due to the use of natural uranium fuel and on-load refuelling, the PHWR’s
do not need a large excessreactivity. Correspondingly the devices required for
control of reactivity inthe core need not have large reactivity worths. Standard reactor
designs are provided with four systems for reactivity control, viz.
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(1) Regulating rods
2 Shim rqu
3) Adjuster rods for xenon override

4) Natural boron addition in the moderator to compensate for the reactivity excesses
in a fresh core and for absence of xenon after a long shutdown.

The reactivity control devices are installed in the low pressure moderator region
and so they are not subjected to potentially severe hydraulic and thermal forces in the
event of postulated accidents. Furthermore, the relatively spacious core lattice of
PHWR allows sufficient locations to obtain complete séparation between control and
protective functions. The regulating system is thus fully independent with its own power
supplies, instrumentation and triplicated control channels. Cobalt and stainless steel
absorber elements have been utilised in the reactivity control mechanisms.

In the 500 MWe reactors, the size of the core is relatively large and
consequently, it has become necessary to incorporate zonal regulations rather than
global as is the case in 235 MWe units. In the present concept the total core is divided
into 14 zones and variable liquid (like water) column is employed in each zone as finer
means of reactivity control for regulation of power. Incore flux monitors, dedicated
to each individual zone, monitor and control the working of the corresponding zonal
regulating system and also the reactor core as a whole.

For 235 MWe standardised design, two diverse, fast acting and independent
shutdown systems have been adopted. This feature provides a high degree of assurance
that plant transients requiring prompt shutdown of the reactor will be terminated safely.
The primary shutdown system consists of 14 mechanical shutoff rods of cadmium
sandwiched instainless steel and makes the reactor sub-critical in less than two seconds.
Fail safe features like gravity fall and spring assistance have been incorporated in the
design of mechanical shutoff rods. The second shutdown system, which is also fast
acting, comprises 12 liquid poison tubes which are filled with lithium pentaborate
solution under helium pressure. The trip signal actuates a combination of fast acting
valves and causes poison to be injected simultaneously in twelve interstitial liquid
poison tubes of calandria.

In 500 MWe reactors, an advanced version of the second shutdown system has
been employed which can quickly terminate the chain reaction by injecting
concentrated gadolinium nitrate solution into the bulk moderator through six
horizontally located injection tubes in calandria.
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24  DESIGN

Fuel assemblies in the reactor are short length (half metre long) fuel bundles.
Twelve of such bundles are located in each fuel channel. The basic fuel material is in
the form of natural uranium dioxide pellets, sheathed and sealed in thin zircaloy tubes.
These tubes are assembled by welding them to end plates to form fuel bundles.

2.5  FUEL HANDLING

On-power fuelling is a feature of all PHWRs which have very low excess
reactivity. In this type of reactor, refuelling to compensate for fuel depletion and for
overall flux shaping to give optimum power distribution, is carried out with the help of
two fuelling machines, which work in conjunction with each other on the opposite ends
of achannel. One of the machines isused to fuel the channel while the other one accepts
the spent bundles. In addition, the fuelling machines facilitate removal of failed fuel
bundles.

Each fuelling machine is mounted on a bridge and column assembly. Various
mechanisms provided allow tri-directional movement of fuelling machine head and
make it possible to align it accurately with respect to channels. Various mechanisms
have been provided which enable clamping of fuelling machine head to the end
fitting, opening and closing of the respective seal plugs and perform various fuelling
operations.

2.6  PRIMARY HEAT TRANSPORT (PHT) SYSTEM

The system, which circulates high pressure coolant through the fuel channels
to remove the heat generated in fuel, is referred as Primary Heat Transport System.
The major components of this system are the reactor fuel channels, feeders, two
reactor inlet headers, two reactor outlet headers, four pumps and interconnecting pipes
and valves. The headers, steam generators and pumps are located above the reactor and
are arranged in two symmetrical banks at either end of the reactor. The headers are
connected to fuel channels through individual feeder pipes. The coolant flow in
neighbouring fuel channels is in opposite directions. This arrangement results in a
characteristic ‘figure of 8’ circuit layout where coolant in each circuit makes two passes
through the core. Certain other important features of PHT system are summarised below

The coolant circulation is maintained at all times during reactor operation,
shutdown and maintenance. The PHT pumps are provided with flywheels and the system
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layout as discussed above assures adequate flow for decay heat removal from reactor
during shutdown by thermosyphoning action. A separate shutdown cooling system is
provided to remove reactor decay heat during cold shutdown conditions. This mode
of cooling permits the draining of the steam generators and pumps in the PHT system for
maintenance. An emergency core cooling system provides adequate coolant flow to
prevent overheating of the fuel in the unlikely event of loss of coolant accident.

PHT system pressure control is achieved through feed and bleed in 235 MWe
reactors and a pressurizer has been added in 500 MWe designs for more stable control.
System components are protected from over pressure by instrumented relief valves and
suitable regulating system and protective system action. Potential heavy water leak
sources are keptto a minimum by using welded construction and, wherever practicable,
bellow sealed valves. Heavy water leakage collection and recovery systems are
connected to the locations where potential leak sources exist.

2.7  MODERATOR SYSTEM

The heavy water moderator is circulated through the calandria by aid of alow
temperature and low pressure moderator system. Thissystem circulates the moderator
through two heat exchangers which remove moderator heat. The cooled moderator
is retumed to the calandria via moderator inlet nozzles. The chemical purity and
the activity level of the moderator are maintained through moderator purification
system. Helium is used as a cover-gas over the heavy water in calandria. The
concentration of deuterium in this cover-gas is controlled with the aid of arecombination

circuit.

2.8 CONTAINMENT BUILDING

The reactor containment building houses the reactor, primary heat transport
system, moderator system, fuel handling system and some of the auxiliaries. To provide
for routine servicing, maintenance and operation of certain equipment, some areas
within this building are designed to be fully accessible during reactor operation. These
rooms are shielded to limit the radiation fields well within the permissible values.

The current standardised design of containment system for Indian PHWRs
incorporates a vapour suppression pool for limiting the pressure rise during a Loss of
Coolant Accident (LOCA), a double envelope for minimising radioactivity release
to the environment, filtration and recirculation system in both the primary and
secondary envelopes for removal of fission products, and air coolers and controlled gas
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discharge for depressurization of the primary containment. The primary
containment is prestressed concrete building with vinyl/epoxy coating on the inner
surface for providing leak tightness. Secondary containment is reinforced concrete
structure. The design of containment isolation penetrations including air-locks and
ventilation ducts, is such that the philosophy of double containment extends to all these
as well.

2.9  CONTROL ROOM AND EMERGENCY CONTROL CENTRE

The control of the plant is based on the philosophy of a centralised control room
sufficiently instrumented to provide adequate information to the operator regarding the
status of the plant and to enable safe and efficient control.

The location of control centre in the turbine building is chosen such that the
control centre is away from active areas and near to conventional systems. The control
planels in the main control system are arranged in ‘U’ shape. Half of the ‘U’ caters to
Unit-I and other half to Unit-II. The central part of the ‘U’ provides controls for
common facilities for the two units like switchyard controls. Thelayout of control centre
is so designed that the panels of Unit-II are identical to but not mirror images of panels
of Unit-I.

In addition to the main control room, an emergency control centre is also
provided. This centre is located at a distance from the main control room, and is
designed to provide the capability to shutdown the plant, maintain it in safe shutdown
condition and to monitor its safety status in the eventuality that the main control room
is not accessible for any reason. Minimum essential controls, displays and records are
provided in this centre to meet these requirements.



3.0 RADIATION PROTECTION
AND PATHWAYS

3.1 PREAMBLE

Radiation protection is concermned with the protection of individuals, their
progeny and mankind as a whole, while still allowing necessary activities from which
radiation exposure might result. The two basic detrimental effects against which
protection is required are known as somatic and hereditary. Radiation effects are called
“somatic” if they become manifest in the exposed individual himself and “genetic” if
they affect his descendants.

“Stochastic” effects are those for which the probability of an effect occuring
rather than its severity, is regarded as a function of dose, without threshold. “Non-
stochastic” effects are those for which the severity of the effect varies with the dose, and
for which a threshold may therefore occur. At the dose range involved in radiation
protection, hereditary effects are regarded as being stochastic. Some somatic effects
are stochastic and of these, carcinogenesis is considered to be the chief somatic risk of
irradiation at low doses and therefore the main problem in radiation protection.

Some non-stochastic somatic effects are specific to particular tissues, as in the
case of cataract of the lens, non-malignant damage to the skin, cell depletion in the
bone-marrow causing haematological deficiencies, and gonadal cell damage leading to
impairment of fertility. Other non-stochastic effects may arise in the blood-vessels
or connective tissue elements which are common to most organs of the body, and
therefore require that, as a precautionary measure, a dose-equivalent limit should apply
for all body tissues, to ensure that non-stochastic effects do not occur in any such tissue.
For all these changes, the severity of the effect depends on the magnitude of the dose
received, and there is likely to be a clear threshold of dose below which no detrimental
effects are seen.

The aim of radiation protection should be to prevent detrimental non-stochastic
effects and to limit the probability of stochastic effects to levels deemed to be
acceptable. An additional aim is to ensure that practices involving radiation exposure

are justified.

The prevention of non-stochastic effects would be achieved by setting dose-
equivalent limits at sufficiently low values so that no threshold dose would be reached,
even following exposure for the whole of a lifetime or for the total period of working
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life. The limitation of stochastic effects is achieved by keeping all justifiable exposures
as low as is resonably achievable, economic and social factors being taken into account,
subject always to the boundary condition that the appropriate dose-equivalent limits
shall not be exceeded.

The objective of these standards is to provide guidance for the protection of man
from undue risks of the harmful effects of ionizing radiation, while still allowing
beneficial practices involving exposure to radiation.

These standards apply to the introduction of sources or practices and to existing
sources or practices involving exposure to ionizing radiation subject to control by the
competent authority.

The Basic Safety Standards for Radiation Protection recognize two distinct
conditions of exposure, which are :

(D Conditions in which the occurrence of exposure is foreseen and can be limited
by control of the source and by the application of the system of dose
limitation, including the development of satisfactory operating procedures.

(2) Conditions in which the source of exposure is not subject to control so that any
subsequent exposure can be limited in magnitude, if at all, only by remedial
actions.

3.2 LIMITS AND REFERENCE LEVELS

Limits and reference levels are two different concepts in radiation protection.
A limit is the value of a quantity which must not be exceeded. A reference level is
the value of a quantity which is used to determine a particular course of action and
it isnot a limit. The definition of limits used in radiation protection are given in
Annexure-1.

There are separate limits for workers, and for members of the public.
The limits for the control of stochastic effects are expressed in terms of effective
dose equivalents and the limits for the prevention of non-stochastic effects are

expressed in terms of dose equivalent.

The limit for the annual effective dose equivalent for workers is 50 mSv (5 rem).
In addition, the annual dose-equivalent limit for the individual organs and tissues of
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workers is 500 mSv (50 rem) except in the case of the lens of the eye; for the lens the
limit is 150 mSv (15 rem).

The limit for the annual effective dose equivalent for members of the public is
5mSv (0.5 rem). The annual dose equivalent limit for the individual organs and tissues
of members of the public is 50 mSv (5 rem). These dose limits are to be applied to the
critical group of the population.

When the same individual members of the public could otherwise be exposed
at or near the annual effective dose equivalent limit for prolonged periods (many years)
it would be prudent to take measuresto restrict their lifetime effective dose equivalent
to a value corresponding to an annual average of 1 mSv (0.1 rem).

3.3  DEFINITIONS

Various definitions used in radiation protection prescribed by International
Committee of Radiation Protection (ICRP) are given in Annexure-I1.

3.4 ENVIRONMENTAL DOSE ASSESSMENT

The release of radio nuclide from an operating nuclear reactor depends upon the
type of the reactor. In all, over 200 fission products have been identified. Most of them
of course emit gamma photons as well as beta particles. Table 3.1 gives the detailed
list of these fission products which contribute appreciably to the total fission product
activity after the listed décay periods. The half-lives of fission products vary from a
fraction of a second to thousands of years. During normal operational condition the
release from the reactor is controled effectively. However various kinds of accidents
are possible in nuclear reactor during which the radio nuclides may find its way to the
stack. A maximum credible accident involves rupture of the primary coolant line to the
fuel leading to fuel melt. This leads to the release of noble gases and iodines to the reactor
building. The water flashes to steam and raises the building pressure. This leads to the
leakage of volatile fission products to outside atmosphere.

Human beings have always been exposed to naturally occuring radiation since
they appeared in the planet. These are of two different kinds : sources in the extra
terrestrial environment (cosmic rays) and terrestrial sources (i.e. radioactive
substances in the earth’s crust). They irradiate the human body from outside and also
give internal exposure from naturally occuring nuclides. Estimated annual effective
dose equivalents from natural radiation in areas of normal background has been reported
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Table 3.1

SIGNIFICANT FISSION PRODUCTS
(Percent of Total Activity Each Time)

Element Symbol Half-
1 day 10days 30days 90 days I year Life
Strontium ®Sr 2.8 6.7 10.5 2.7 53d
Strontium St 6.7 7.7h
Strontium 2S¢ V 1.8 28y
Yttrium ©Y 1.8 64h
Yttrium Y 3.4 7.6 12.5 39 60d
Yttrium 2y 4.2 3.6h
Yttrium 2Y 7.6 10h
Zirconium BZr 37 8.2 14.7 7.3 65d
Zirconium T Zr 9.0 17h
Niobium “Nb 4.1 147 17.3 35d
Niobium 97Nb 9.6 72m
Molybdenum Mo 4.6 6.8 66h
Ruthenium 1Ry 2.65 57 7.2 40d
Ruthenium 1%Ru 24 1.0y
Rhodium 196Rh 2.4 30s
Rhodium 'Rh 2.55 55 7.0 57m
Rhodium 1%Rh 1.35 36h

TeHlurium 132Te 2.6 5.1 78h




Table 3.1 (Continued)
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Element Symbol Half-
1 day 10days 30days 90days I year Life
Iodine B | 6.8 3.7 8.1d
Iodine 132 2.7 53 7.3h
lodine 1337 7.3 21lh
lodine 1351 47 6.7h
Xenon 133Xe 1.23 11.4 2.6 53
Xenon 133Xe 12.5 9.2h
Cesium 31Cs L5 30y
Barium 37Ba 1.5 2.6m
Barium “Ba 1.25 10.6 10.8 1.6 12.8d
Lanthanum “ILa 1.4 3.9h
Cerium Ce 6.3 11.2 8.5 32.5d
Cerium 18Ce 6.8 33h
Cerium 144Ce 2.0 6.0 27 285d
Praseodymium '“Pr 2.0 6.0 27 17.3m
Praseodymium '“Pr 10.0 11.2 1.9 13.7d
Neodymium “INd 4.8 4.1 1.d
Promethium 147pm 5.7 2.7y
Promethium 1Pm 1.45 53h
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to be 2.0 mSv/yr out of which 0.3 mSv/yr is due to cosmic rays alone. The ramaining
is due to various primordial nuclides like ¥K, ¥Rb,?*U series and *’Th series.

The effect of acute exposure to various levels of radiation is given in
Table 3.2.
3.5 ENVIRONMENTAL PATHWAYS

An analysis of exposure in different pathway segments involves consideration of
many environmental aspects. A good knowledge of environment : atmospheric,

aquatic, terrestrial and biological is needed to model the pathway segment.

The pathway segments for atmospheric release are presented in Figure 3.1
where,

1A The released material is dispersed through the atmosphere by winds and
turbulence. Appropriate atmospheric dispersion model may be used to compute

the concentrations and exposures.

1B This leads to (i) Inhalation dose
(i1) External beta-gamma dose

2A The activity in air can dry deposit on surface (soil, vegetation),
2B This leads to (i) direct beta-gamma dose
(ii) Internal dose due to consumption of vegetables directly

(iif) Internal dose through cow-milk route

3A  Soil contamination leads to contamination of agricultural products through
biological intake by plants

3B This leads to internal dose due to ingestion
4A  Rainfall can deposit the activity on soil and contaminate water
4B This leads to (i) Internal dose by drinking water

(ii) Doses through routes 3A/3B and 2B
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Table 3.2

Probable Effects of Acute Whole Body Doses

Acute Exposure (Rew)

Probable Effects

0-25

25-100

100-200

200-300

300-600

600 or more

No detectable effects. Probably no delayed effects.
Slight blood cell changes with later recovery. Possible sick fecling.

Sick feeling with fatigue, possible vomiting, certain blood cell
changes with slow recovery.

Feeling of sickness and vomiting on first day, two week apparently
normal period followed by a general tired sick feeling, loss of
appetitie, diarrohoea, moderate loss of weight, recovery likely

Sick feeling, vomiting and diarrhoeain first few hours. Short period
free from symptoms followed by loss of appetite, general sick
feeling, then bleeding, loss of weight, sore throat and loss of hair.
Some deaths in first week and possible eventual death for 50 % of
individuals exposed to 450 Rem.

Feeling of sickness, vomiting, diarrhoeain first few hours. Shon
period free from symptoms followed by bleeding, sore throat,
fever, extreme fatigue by end of first week, rapid loss of weight,
death as early as second week with possible eventual death of 100
% of exposed individuals.
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SA Wind may pickup contaminated particles from land and make them airborne.
This then adds to the source. However the physical characteristics of these
particles may be different and a separate calculation may be needed.

The pathway for aquatic releases is more difficult to identify and quantify. This
is because the processes like transport, mixing, sedimentation, biological uptake which
make up the pathway are complicated and site-specific. The simplified pathway is
presented in Figure 3.2. The ground water environment is usually considered in the
terrestrial domain.

The terrestrial environment will involve two main aspects :

i) The simple case of exposure received due to storage and transport of
radioactive material

(i)  The more complicated problem associated with land burial of activity

The second case has to take into account geohydrological factors such
as leaching of the activity by rain and ground water, transport of the activity by ground
water etc.

A detailed description of major environmental attributes, to account for
the effected population or resources is given in Table 3.3.
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TABLE : 3.3

ENVIRONMENTAL IMPACTS OF NUCLEAR POWER PLANT

Environmental
Attributes

Population or
Resources Affected

Impacts

Air Environment

Fogging
(caused by evaporation
and drift)

Chemical discharge
to ambient air *

Radionuclides discharge
to ambient air and direct
radiation from radioactive
materials (in plant or
being transported)

Air, Water, Ground
Transportation

Vegetation

Air quality

chemical

Air quality odour

People, external

People, ingestion

Vegetation and
animals

Safety aspects may have
to be looked into

Effects on timber and
crops

Effects on quality of the
local ambient air

Effects on water bodies

Radionuclide discharge
or direct radiation may
add to natural background
radiation level

Radionuclide discharge
may add to the natural
radioactivity in vegetation
and in soil

Radionuclide discharge
may add to natural
background radioactivity
of local plant and animal
life

» NQMH‘. qo~ PHIWR
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Environmental Population or Impacts
Attributes Resources Affected

Water Environment
Surface Water

Impingement or Fish Juveniles and adults are
entrapment by subjected to attrition
cooling water

intake structure

Passage through or Phytoplankton Plankton population
retention in cooling and zooplankton (excluding fish may be
systems changed due to

mechanical, thermal and
chemical effects)

Fish All life stages (eggs,
larvae, etc.) that reach the
condenser are subject to

attrition
Discharge area and Water quality The rate of dissipation of
thermal plume excess heat excess heat, primarily to
the atmosphere, will
depend on both the

method of discharge and
the state of the receiving
water i.e. ambient
temperature and water
currents
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Environmental Population or Impacts
Attributes Resources Affected
Water quality Dissolved oxygen

Fish (non-migratory)

Wild life (including
birds & acquatic and
amphibiods mammals
and reptiles)

Fish (migratory)

concentration of receiving
waters may be modified
as a consequence of
changes in the water
temperature, the trans-
location of water of
different quality and
aeration

Fish may be affected
directly or indirectly
because of adverse
conditions in the plume

Suitable habitats (wet
land or water surface)
may be affected

A thermal barrier may
inhibit migration, both
hampering spawning and
diminishing the survival
of returning fish.
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Environmental Population or Impacts
Attributes Resources Affected
Chemical effluents Water quality chemical Water quality can be
affected
Fish Aquatic populations can
be affected
Wildlife (including Habitats for wildlife can

Radionuclides
discharged to water

birds and acquatic and
amphibious mammals
and reptiles)

People

Aquatic organisms

People, external

People, ingestion

be affected

Recreational water uses
(boating, fishing,
swimming) can be
inhabitated

Radionuclides discharge
may introduce a radiation
level that adds to natural
background radiation

Radionuclides discharge
may introduce a radiation
level that adds to natural
background radiation for
water users

Radionuclide discharge
may introduce a radiation
level that adds to natural
background radiation for
ingested food and water
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Environmental
Attributes

Population or
Resources Affected

Impacts

Consumptive use

Plant construction
(including site
preparation)

People

Agriculture

Industry

Water quality, physical

Water quality, chemical

Drinking water supplies
drawn from the water
body may be diminished

Water may be withdrawn
from agricultural usage,
and use of remaining
water may be degraded

Water may be withdrawn
for industrial use

Turbidity, color or
temperatureof natural
water body may be altered

Water quality may be
impaired
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Environmental
Attributes

Population or
Resources Affected

Impacts

Ground Water

Raising/lowering of
ground water levels

Chemical contamination

of ground water (excluding

salt)

Radionuclides
contamination
of ground water

People

Vegetation

People

Vegetation

People

Vegetation and
animals

Availability or quality of
drinking water may be
decreased, and the
functioning of existing
wells may be impaired

Trees and other deep
rooted vegetation may be
affected

Drinking water of nearby
communities may be
affected

Trees and other deep
rooted vegetation may
experience toxic effects

Radionuclides that enter
ground water may add to
natural background
radiation level for water
and food supplies

Radionuclides that enter
ground water may add
natural background
radiation level for local
plant forms an animal
population




Environmental Population or Impacts
Attributes Resources Affected

Land Environment

Site selection Land Land will be preempted
for construction of
nuclear power station,
station facilities and
exclusion zone

Construction activities People (amenities) There will be a loss of

(including site preparation) desirable qualities in the
environment due to the
noise and movement of
men, material and

machine
People (accessibility Historical sites if any,
of historical sites) may be affected by
construction
People (accessibility Construction activity may
of archeological sites) impinge upon sites of

archeological value
Wildlife Wildlife may be affected

Land (erosion) Site preparation and
station constructionwill
involve cut land fill
operations with
accompanying erosion
potential

Station operation People (amenities) Noise may induce stress
in the work environment
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Environmental Population or Impacts
Attributes Resources Affected
People (aesthetics) The local landscape as

viewed from adjacent
residential areas and
neighbouring historical,
scenic and recreational
sites may be rendered
aesthitically objectionable
by station structures

Wildlife Wildlife may be affected

Land, flood control Effects on health and
safety

People Effects on ground water

Vegetation & animals Effects on nearby regions

Property resources Effects on structures gnd

movable properties

Transmission route Land Land will be prempted for
construction of
transmission line systems

Land use and Lines may pass through

land value visually sensitive (that is
sensitive to presence of
transmission lines and
towers) areas, thus
impinging on the present
and potential use and
value of neighbouring
property
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Environmental Population or Impacts
Attributes Resources Affected
People (aesthetics) Lines may present
visually undesirable
features
Transmission Land adjacent to Construction new roads
rights-of-way for access to rights-of-

way may have
environmental impact

Land, erosion Soil erosion may result
from construction
activities

Wildlife Wildlife habitat and
access to habitat may be
affected

Vegetation Vegetation may be
affected

Landuse Land preempted by
rights-of-way may be
used for additional
benefecial purposes such
as orchards, picnic areas,
nurseries, and hiking and
riding trails

Wildlife Modified wildlife habitat
may result in changes




4.0 BASELINE ENVIRONMENTALSTATUS
AND IDENTIFICATION OF IMPACTS

For the identification of impacts of existing RAPS activities, network method
was adopted which involves understanding of cause-condition-effect relationship
between an emission and environmental parameters. Such cause-media-effect network
was also devised for major environmenal components which isa “road map” type
of approach towards identification of different level effects (Figure 4.1). This approach
was used for both the categories of pollutants: radioactive and other pollutants emitted
from other domestic, industrial or commercial sources.

4.1 AIR ENVIRONMENT

A methodically designed air quality surveillance programme (AQSP) should
form the basis to determine the impact assessment on air environment. The parameters
which ultimately help designing such a programmme include: 1) representative
selection of sampling locations primarily guided by the topography and micro-
meteorology of the region ii)adequate sampling frequency and iii) inclusion of all the
major pollution parameters. All these aspects were given due consideration for analysing
the data of ESL for rapid assessment around RAPS. Forradiological assessment, time
integrated exposures are considered instead of short-term average concentrations.

The existing ambient air quality status of radioactive and non radioactive
pollutants within the impact zone were primarily characterised through in-situ
monitoring data of ESL. The predictions for different emission scenarios were made
through air pollution modelling for non radiaoactive pollutants. The environmental
dose modelling for radiation doses using available micro-meteorological and
topographical features were carried out.

4.1.1 Reconnaissance Survey

As regards non radioactive pollution sources, there are four major activities
within the impact zone namely:

1) heavy water plant (0.7 km from RAPS units 1 and 2)

ii) excavation, blasting and material movement activities of RAPS units
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iii)  domestic combustion of local population and
iv) vehicular activity within the area.

The fluctuations in ambient air quality are expected to be governed by typical
topography of the region resulting in differential micrometeorological conditions in
different impacted areas. A short term cross sectional survey was planned for
nonradioactive pollutants namely SO,, H,S and SPM. In this one week survey 6
sampling stations were covered in all directions depending upon the location of villages
within impact zone. Keeping in view non availability of power at sampling stations
portable battery operated samplers were used for the study. The location and bearing of
6 ambient monitoring stations are projected in Figure 4.2 and Table 4.1. At these
sampling locations status of gross radioactivity through portable scitillation counter
was also recorded. In order to study the differential pattern of temperature profile,
atmospheric temperature was recorded at 5 km and 1.6km radial distances as well as
within plant premises.

4.1.2 Ambient Air Quality Status
a) Radiation Levels

External radiation doses have been monitored at 23 sampling stations around
RAPS by ESL. The details of the monitoring stations are given in Table 4.2 and
the relative locations are shown in Figure 4.3. The cumulative external radiation
doses were observed using Thermoluminescent Dosimeters (TLD’s) exposed
continuously for 90 days at individual location. The TLD is usually hung from a tree or
fence at a minimum heiéht of 1.5 meters from ground and away from any metallic
surface to ensure undisturbed natural background conditions.

The annual dosages monitored for a period of six years (1982-’87) at 23 stations
are reported in Table 4.3 alongwith geometric mean, geometric standard deviation,
arithmetic mean, and arithmetic standard deviations. The result shows that mean annual
exposure (inclusive of natural background) dose varies between 58 and 229 mrem/year.
The maximum mean of 229 mrem/year has been observed only at one site (RAPP fence)
very close to plant site. This site falls within exclusion zone of RAPS 1&2 units. At
remaining stations doses are less than 100 mrem/year. The arithmetic standard
deviations varies between 1.0 to 9.5 mrem/year. These levels are inclusive of impact
due to the existing units 1&2.

The impact due to the units 3&4 which are under construction, has been
predicted for normal operations using the source terms given by M/s. NPC. The
predicted time integrated doses due to tritium are given in Table 4.4 on annual basis.
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Table : 4.1

Location of Ambient Air Quality Stations and
Their Bearing and Distance from Plant

S No  Sampling Location Distance (km) Bearing
i ESL 6.0 N

2 Army Camp 2.0 NE

3 Baroli 9.0 Nw

4 Nalikbheda 8.0 SW

5 Dippura 8.5 NE

6 Tamlao 6.0 E
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TABLE :4.2

EXTERNAL RADIATION MONITORING STATTIONS AROUND RAPS

St. LOCATION DIRECTION  DISTANCE POPULATION
NO. (KM)
1. RAWATBHATA NNW 715 20,966
F. FARM
2. BAROLI NNW 9.5 745
3. BHAINSRD. NNW 12.0 3,558
GAR
4. SADDLE DAM WNW 5.0 524
5. TOWNSHIP WNW 6.0 1,344
NURSERY
6. RPS COLONY NNwW 6.0 *
7. RB/GS.ROAD NNE 4.0 NIL
8. 510TH POLE N 1.6 NIL
9. DOWN STREAM NNwW 1.6 NIL
10. RAPP COF E 0.4 NIL
FENCE
11. RAC CAMP E 0.42 --
12. BACK OF SEF SE 1.6 NIL
13. UP STREAM S 1.6 NIL
14. PHASE-] ENE 2.5 NIL
STORES
15. JHARJHANI NE 10.0 1,224
16. AKLINGPURA ESE 135 1,268
17. BARKHEDA SSE 18.0 536
18. GANDHI SAGAR SSw 20.0 5,294
19. TAMILAO ENE 5.0 500
20. ESL,RAPS NNW 6.0 *
21. MANDESRA WNW 14.0 9438
22. BAHELIYA wWSw 8.0 308
23. UDPURA wWSwW 20.0 215

* All locations are part of Rawatbhata
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TABLE : 4.3

ANNUAL EXPOSURE RECORDED DURING 1982-'87' (mr/365 days) AROUND RAPS
( INCLUSIVE OF NATURAL BACKGROUND)

St. Location 1982 1983 1984 1985 1986 1987 GM GSD AM ASD

1. RAWATBHAT 63 62 84 75 69 81 72 1.1 72 9.1
F.FARM

2. BAROLI 75 72 80 76 72 69 74 L1 74 39

3. gl:ﬁ[NS RD. 108 92 111 101 100 86 99 1.1 100 95

4. SADDLE DAM 81 73 76 71 74 58 72 1.1 72 74

S. TOWNSHIP 79 8 8 79 8 72 80 11 80 42
NURSERY

6. RPS COLONY 80 72 70 59 64 58 67 11 67 84

7. RB/GS/RD 69 60 69 70 56 65 65 11 65 55

8. 10TH POLE 8 69 72 18 69 66 73 11 T3 69

9. DOWNSTREAM 77 66 69 68 60 68 68 1.1 68 5.3
(1.6 KM)

10. RAPP COF 203 360 265 220 165 162 220 1.4 229 7.2
FENCE

11. RAC CAMP. 77 93 8 92 87 8 8 1.1 87 56

12. BACK OF SEF - - - 70 100 109 91 13 93 20

13. UP STREAM - - - 72 62 6 67 11 61 52
(1.6 KM)

14. PHASEI 60 67 64 64 58 59 62 11 62 35
STORES

15. JHARJHANI 106 8 8 8 9 8 9 11 9 68

16. AKLINGPURA 84 83 79 80 74 76 79 11 79 39
17. BARKHEDA 63 66 64 51 55 49 58 1.1 58 7.1

18. GANDHISAGAR 74 60 77 54 48 51 60 1.2 61 1.2

19. TAMLAO 65 61 62 57 54 86 63 12 64 10
20. ESL.,RAPS 74 65 83 64 55 62 67 1.2 67 9.8
21. MANDESRA 86 87 141 103 88 - 99 1.2 101 2.1
22. BAHELIYA - 75 88 86 717 77 80 L1 81 5.6
23. UDPURA 122 100 102 98 94 102 103 1.1 103 8.7

Ref: BARC -- 1446 published in 1989.
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TABLE : 4.4

Predicted Impact of Tretium Cloud dose from
RAPs Units 3&4 during normal operation.

(mrem/year)

Direction Downwind distance (Km)

0.5 1.6 6.0 10.0 20.0 30.0
N 0.48 0.10 0.02 0.02 0.01 0.01
NNE 0.28 0.07 0.03 0.02 0.01 0.01
NE 0.29 0.09 0.05 0.03 0.01 0.01
ENE 0.27 0.09 0.03 0.02 0.01 <0.01
E 0.26 0.06 0.02 0.01 0.01 <0.01
ESE 0.19 0.06 0.02 0.01 0.01 <0.01
SE 0.25 0.21 0.02 0.01 <0.01 <0.01
SSE 0.12 0.03 0.01 0.01 <0.01 <0.01
S 0.17 ‘ 0.06 0.02 0.01 <0.01 <0.01
SSW 0.06 0.03 0.02 0.01 <0.01 <0.01
Sw 0.17 0.06 0.03 0.02 0.01 0.01
WSW 0.08 . 0.03 0.02 0.02 0.01 <0.01
w 0.08 ‘ 0.03 0.01 0.01 <0.01 <0.01
WNW 0.10 0.02 <0.01 <0.01 <0.01 <0.01
NW 0.20 0.05 0.01 <0.01 <0.01 <0.01

NNW 0.40 0.09 0.02 0.01 0.01 <0.01
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The predicted contribution from the units 3&4, due to tritium will be less than 1 mrem/
year during normal operation conditions. The incremental raise is well within the
standard deviations. So there will not be any significant change in baseline status of
radioactive doses.

b) Conventional Air Pollutants

Major air pollutants viz, suspended particulate matter (SPM), sulphur dioxide
(SO,), hydrogen sulphide (H,S), representing the whole range of emissions from
RAPS zone were identified for AAQM of non-radioactive pollutants. The samples were
collected round the clock during study period. Gaseous pollutants viz, SO, and H S,
were collected on 4 hourly basis by drawing air at a flow rate of 1.0 lit/min through the
absorbing media, whereas, SPM was collected as 12 hr average by drawing air at a flow
rate of Icfm through glass fibre filter paper.

There were in all 6 Ambient Air Quality Monitoring Stations (AAQM)
identified around RAPS study basin within 10 km radial distance. Thus the general
Ambient Air Quality Standard (AAQS) of the study basin falling within zone of RAPS
emission could be projected.

4.1.3 Regional baékground

The plant site has typical topographical character asRAPS is located at the foot-
hills of slopes forming the catchment area of Maharana Pratap Lake. Two sides are
covered by undulating hilly terrain. As such the area has no other industrial activity
except Heavy Water Plant (HWP) located about 0.7 km from RAPS. Other major
regional characteristics include low level commercial, residential and transport
activities forming well distributed area sources.

Two nonradioactive pollutants are being monitored by local ESL since 1982.
The values indicate that concentrations are very low with occasional rise in nearby
monitoring sites of HWP (Table 4.5). Otherwise the concentrations are within
acceptable international as well as CPCB limits. The short term cross sectional survey
conducted during August 19-25, 1989 also reflected that SPM concentrations rarely
exceeded 60 ug/m>at any station (Table 4.6). Majority of the values were falling within
50 ug/m*. It is pertinent to mention that SPM values have been recorded on low volume
portable monitoring units. As far as SO, and H,S are concemed the concentrations were
close to the detectable limits of the technique (Table 4.6). However HWP was under
shut down conditions because in the recent past there was a case of abnormal H,S escape
from water stripping system causing high concentration in the nearby residential areas.
The SPM contribution due to construction activity of units 3 and 4 was also low and
dispersion is confined within 200 metres because of monsoon season.
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Table : 4.5

HZS Status in Air ;: ESL Data

S No Location Year Concentration (ug/m?)
Maximum Annual Average

L. HWP (K) 1981 0.70 —

2. Phase | 1982 10.00 —

Colony

3. — 1983 9.00 0.50
4. — 1984 2.20 0.30
5. — 1985 0.44 0.10
6. — 1086 6.70 0.30
7. — 1987 1.60 0.23
8. — 1988 4.80 —
9. Bhaba Nagar 1988 0.08 —




Table 4.6

Average Ambient Air Quality Status at Rawatbhata (RAPS) Unit : ug/m®
SO,,H,S: 4 hrly Ave.

Sampling Location SO2 st SPM Particle Size Distribution (%)
Day Night Da§ Night Day  Night 5.8-9.0 4.7-5.8 3.3-47 21-33 11-21 0.7-1.1 04-0.7 <04

1. ESL 6 6 1 1 42 20 20 20 13 6 13 6 20 2
@L*

2. Amy Camp 6 6 1 1 21 28 11 16 11 16 22 11 11 2
(24)*

3. Baroli 6 6 1 1 28 35
(24)*

4, Nalikheda 6 6 1 1 28 31
(30)*

5. Dippura 6 6 1 1 63 70
(67)*

6. Tamlao 6 6 1 1 20 —_

* Daily Average

86
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4.1.4 ‘Thermal Pollution Status

The steam coming out from turbine unit is cooled in condenser either by once-
through cooling water system or by closed cycle devices like cooling towers. For RAPS
5-8, the cooling will be carried out by cooling tower. Use of acooling tower avoids
significant thermal pollution of water bodies. However, cooling towers can affect local
humidity and temperature distributions. The minimum temperature within RAPS
region is around 7°C, which is above freezing temperature. Hence, water-vapour
release through cooling towers at RAPS units 5-8 is not expected to affect the visibility
within the region through fog or ice formation. The heat balance is shown in the
Table 4.7.

As a part of baseline information, atmospheric temperature profiles were
monitored at 6.6 km and 1.6 km radial distances as depicted in Figure 4.4.
Atmospheric temperature was also recorded within plant premises during short term
cross-sectional study and no definite pattern was observed (Table 4.8). Even inplant
(near reactor building) temperature was not high indicating non existence of any
temperature profile with respect to distance due to the reactor itself.

4.1.5 Micro-meteorology

The micrometeorological data recorded by ESL for a period of one year
(June 1988 to May 1989)hasbeen used in this study to understand the local meteoro-
logical conditions around the project site. Wind recording systems have been installed
at three levels (7m, 90m and 120m) on a 120m micrometeorological tower. The wind
recording over a period of 4 years (1982-85) were analysed and presented in the form of
annual wind roses in Figure 4.5. The wind directions are distributed in all directions
with relatively significant components form SW and NE directions.

The RAPS is located at about 24° 54' N and 75°37' E. The proposed plant site
is situated in a rough terrain onthe East Bank of Rana Pratap Sagar lake about 7 km
upstream of RPS dam. The monthly weather data collected at the site has been given
in Table 4.9 for a period of one year. The total annual rainfall of 828mm was recorded
during last year (Jun 88-May 89). The maximum wind speed at ground level was
recorded at 60 Kmph.

The triple joint frequency distributions have been derived using the surface
weather parameters, based on Pasquil-Gifford stability classes (A to F). The results are
given in Table 4.10. These results have been used in prediction model.
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Table : 4.7
Status of Heat Balance : RAPS: units 1 & 2

Parameter Load (mws)
1 Total heat from rector
Fuel reactions 655.1
Moderator circuit 374
Heat produced in shields 1.0
Total
693.5
2 Net heat input to turbine cycle 659.1
3 Turbipe cycle efficiency 33.3%
4 Generator output 220
5 Heat removed by condenser cooling 439.1
water
6 . Station power requirement 18
7 Net station output 202
8 Overall station power 202

Over all efficiency 29.1%
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Table : 4.8

Temperature Profile and total radioactivity
studies around RAPS

Temperature
Station Distance Dry bulb Wet bulb Dose
No (Km) C) “C) (ur/Hr)
1. 0.2 31.5 29.0 22
2. 1.6 30.5 28.5 6
3. 1.6 30.0 28.0 8
4. 1.6 320 295 6
5. 1.6 32.0 29.0 6
6. 6.0 30.0 28.0 6
7. © 5.0 30.0 28.0 6
8. 6.0 30.0 28.0 6
9. 5.5 28.0 27.0 6
10. 6.0 28.0 27.0 6

11. 5.0 28.0 27.0 -
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Table : 4.9

SUMMARY OF MONTHLY METEOROLOGICAL DATA AT RAPS

Month Dry Bulb Atmos. Pressure R.H. % Railfall Max Wind
Temp.°C mb Speed kmph
Max. Min. Max. Min. Max. Min. Total No. 7m  90m
mm  days

Jun’88 435 233 96490 954.10 100 13 1810 11 480 84.0
Jul.’88 36.1 233 963.03 95285 100 44  268.2 19 36.0 48.0
Aug.’88  36.1 22.8 965.30 948.85 100 50 195.8 16 36.0 66.0
Sep.’88 394 233 968.71  953.25 100 38 95.7 1 36.0 60.0
Oct.’88  37.8 18.3 972.67 9586 100 18 74.8 3 20.0 36.0
Nov.’88  35.6 10.0 976.72  966.9 92 17 0.0 0 240 480
Dec.’88  31.7 08.3 979.58  966.3 89 19 0.0 0 240 360
Han.’89  32.2 06.7 976.92  962.9 100 25 8.2 1 240 48.0
Feb.’89  35.0 09.4 976.95  963.5 79 17 0.0 0 24.0 450
Mar.’89  37.8 14.4 978.41  962.10 88 17 2.8 4 45.0 720
Apr’89 428 17.2 97232 957.69 60 10 1.4 2 600 720

May.’89 47.2 233 968.6 953.9 67 05 0.3 1 36.0 48.0




65

TABLE :4.10

Annual Frequency Distribution of wind speed and wind direction as a Function
of Atmospheric Stability at RAPS.

Wind Direction

w/s STAB N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNWNW NNW VRB TOTAL
kmph
A S 0 4 0 O 4 16 12 29 24 29 14 16 5 9 11 38 216
B 8 2 9 1 8 7 15 19 156 10 12 8 4 S 4 26 159
35 C 0O 0 0o 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
D 5 7 4 4 7 3 11l 14 10 13 10 10 10 7 7 5 16 143
E 0O 0 0 0O I 0 0 0 O 0O 0 0 0 0 0 O 1
F 14 17 25 22 23 20 16 38 25 12 14 23 16 15 12 24 48 364
A 15 8 29 15 19 17 17 71 71 33 22 26 34 24 49 8 41 499
B 18 11 20 14 8 11 35 38 22 20 24 22 27 18 8 18 319
C 0O 0 1 0 O 1 1 1 1 1 1 0 0 0 0 1 9
6-11 D 21 8 29 30 13 13 15 24 14 15 39 24 13 30 21 13 19 341
E o 0 2 0 0 O 0 0 1 ¢t 1 0 2 1 0 0 0 8
F 53 36 59 59 57 36 34 42 53 56 95 48 68 86 50 41 31 %M
A 21 4 9 10 0 7 1021 16 6 4 157 199 7 1 166
B 35 17 18 20 7 7T 9 36 33 14 19 51 31 32 34 17 6 386
C 5 8 7 1 2 0 2 4 14 10 14 25 11 6 7 3 3 122
12-19 D 33 33 43 21 5 5 13 13 28 54 40 9 24 10 7 3 348
E 3 4 159 3 0 1 2 16 15 59 39 10 (I 3 0 4 194
F 63 81 8 77 22 15 19 19 22 22 49 48 45 56 52 35 4 715
A O o0 0 0 O © 0 0 0 O O O 0 1t 0 O0 O 1
B 9 1 8 0 O 2 2 3 S 2 7 148 14 127 0 94
C 1 1 17 4 0 0 1 10 22 25 28 17 14 17 16 5 3 181
2029 D 13 15 21 14 3 2 4 7 6 63 10246 15 19 13 12 4 379
E 4 13 30 16 6 0 4 5 2 7 35 34 12 12 146 3 203
F 39 23 25 33 4 1 4 6 2 0O 2 8 13 19 18 16 0 223
A O 0 0 o 0 0 0 O O O O O 0 O 0 0 0 o0
B 1 O 0 0 0 0O 0 0 0 O O O O O O O O 1
30-38 C o o 1 0 0 2 1t 0 O 2 0 2 3 2 2 2 0 17
D 1 3 105 0 1 5 3 1420177 1 5 3 6 2 93
E 4 3 1 6 0 I 4 0 0 0 1! I 0 0 0 3 1 25
F s 2 1 2 0 0 0 0o 0 0 0 0 0 1 1 1 O 13

386 297474 363 188 149 209 385 432 397 632529 368 437 365 241 273 6125
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4.2  LAND ENVIRONMENT
4.2.1 Vegetation

The two units of RAPS are located on the eastern bank of Rana Pratap Sagar
reservoir. (24°52' N latitude and 75°37' longitude). In general the terrain is hilly and
undulating. Rana Pratap Sagarreservoiris enclosed by mixed forest ranges of Aravali
hills. The RAPS units are built on an elaveted plateau, which is devoid of forest cover
in the immediate vicinity. Only small bushes and grass could be seen all around upto
5 km. However, area around 30 km from RAPS, though mostly rocky but is covered
with mixed forest. The total forested land accounts for 25% of the area. Major forest
cover falls under Chittorgarh district followed by Kota, Bundi and Jhalawar districts.
These forests are classified as typical dry deciduous type consisting of both xerophytic
as well as mesophytic plants. There is a great diversity of plant communities in these
forests, varying from tallest trees like tectona grandis to bushy zizyphus.

Table 4.11 indicates the common plants found in the region.

The available land is being used for agriculture depending upon the soil type.
Since, most of the area is rainfed, having no other alternative source of irrigation,
agriculture practices depend on monsoon only. The land use pattern around 10 km
radius from RAPS indicates that the land available for cultivation under irrigated and
rain fed categories is only 19.2% of the total area whereas waste land constitutes a
major fraction (53.7%). . The area being rocky the soil is unsuitable for cultivation
(Table 4.12)

The samples of ground water (wells) were collected from nearby villages and
analysed for irrigation potential. The samples of ground water (wells) were collected
from near by villages and analysed for irrigation potential. The ground water quality of
the region exhibits a normal trend, with pH varing from 6.5 to 7.7 and Electrical
Conductivity 0.75 to 1.06 mmho, cations are also with in normal limits
(Table 4.13).

4.2.2 Soil

The geological structure of the region reveals that the soil characteritics differ
from place to place. The soil on plateau and plains consists mostly of sandy-clay and
clay, often mixed with stones and gravel, whereas the soil found in the lowlying areas
and in the river basins is black which is very fertile. Most often there is only a thin layer
of soil on plateau. Depending upon the strata beneath, the sotl is usually highly
permeable having high infiltration rate. The soil of the hilly region is brown mixed



List of common plants in forest area
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Table:4.11

around RAPP Rawatbhata

Botanical name Local name
Milingtonia hortensis Akashneem
Buchanania lanzan Chironji
Mangifera indica Aam
Cassia fistula Amaltash
Emblica officianalis Amla
Allanthus excelsa Arudu
Sapindus emarginatus Aritha
Polyalthia longifolia Ashoka
Tamirindus indica Imli
Bauhinia variegata Kachnar
Amhoéepa]us indicus Kadam
Mitragyna Parviflora Kadam
Terminalia arjuna Kohada
Holorrhina antidysenterica Kadwala
Pongamiz; Pinnata Karanj
.Anogeissus Pendula Dhonk
Cassia siamea Kasod
Acacia senegal Kumtha
Acacia catechu Khair
Acacia leucophloea Khejari
Ficus glomerata Gular




Delonix regia
Butea monosperma
Pithecelobium
Tamarix dioca
Salvadora persica
Zizyphus xylopyra
Azadirchta indica
Ficus religiosa
Acacia nilotica
Ficus bengalensis
Madhuca indica
Tectona grandis
Boswellia serrata
Dalbergia SiSS00
Ecalyptus
Albizgia lebbek
Prosopos julifiora
Adina cordifolia

Morus alba

Gulmohar
Palash
Jangal Jalebi
Jhau

Jal

Ber

Neam
Peepal
Babul
Bargad
Mahua
Sagvan
Salar
Sheesham
Safeda

Siris

Vilayati babool

Haldu

Shatut
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Table : 4.12

Land Use Pattern Around 10 km RAPP
(in hectares)

S No L C No Total area Forest Irrigated Rainfed Culturable Notavailable
waste forcultivation

1  Babheliya 364 831 100 16 98 505 112
2 Bakhtpura 288 765 - 15 357 376 17
3 Chenpura 343 158 - 12 91 51 4
4 Deepapura 322 452 216 28 82 58 68
5 JaoraKalan 275 378 - 95 16 11 256
6 JaoraKhurd 276 975 424 158 66 90 237
7 Jhalar baori 315 1743 646 - 45 64 988
8 Jhoojala 341 40 - 5 23 7 5
9 Khajupura 320 88 - 7 38 38 5
10  Kishorpura 152 179 - 63 61 44 1t
I1  Losana 342 205 4 - 99 72 It
12 Malpura 328 329 90 12 65 28 134
13 Manpura 323 ‘ 102 - - 60 14 28
14  Parajhar 314 200 10 50 1 69 -
15 Project - - - - - _ .
township
16 Saneceta 280 419 - 38 49 93 239
17 Sematia 333 1066 13 20 351 4 678
18  Semab - - - - - - -
colony

19 Thamlao 316 1181 539 - 61 10 471
20 Rawatbhata - 2153 1051 12 - 10 1080
Source 11264 3093 531 1633 1641 4341

census 1981 27% 4.71% 145% 14.5% 38.5%



Near Nuclear Power Station at Rawatbhata

Table : 4.13
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Irrigation quality of Sources of Water

Parameters Tamlav Javarakala Manpura

Well Water Well water Well water
E C mohs/cm 0.75 0.73 1.06
pH 6.5 7.5 7.7
Na+ (meq/ 1) 0.52 0.52 1.3
K+ 0.15 0.02 0.51
Ca+++Mg++ 6.16 6.76 8.79
Percent sodium 7.6 7.1 12.2
Note sodium expressed as Na+

* 100

mey/ | percent Cations

Na++K++Ca++-+MG++
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with stones/gravels and unproductive. Soil Samples were collected from different
localities (Figure 4.6) and analysed. The pH of soil sample varies from 5.3 to 7.3. But
mostly the soil is neutral, having an electrical conductivity of 0.29 to 0.87 mmho/cm
The dissolved calcium content is rather high in comparison to available sodium and
potassium. This factor indicates that it has a good binding capacity to absorb strontium
and caesium (Table 4.14).

The major crops of the region are maize (75%) wheat (15%), rice and jowar
(8%), fruits and vegetables (2%).

-4.2.3  Wild life

A large variety of animals, birds and reptiles are found in these forests. Many
of them are recognised fauna of sport such as tiger, panther, deer and wild pigs.

Mammals

The wild animals like tiger, panther, deer, wolf, blue bull, chital, pigs, sambhar,
chinkara etc are found in good numbers in sanctuaries. Hyena, jackal, deer etc may be
seen in the vicinity of the villages near forests and in Paddocks of RPS and Jawahar sagar.

Aves

The birds commonly found are doves, partridges, fowls, peacock, rock pigeons,
quails, parrots, eagles, vultures, bastard, etc. Apart from this many migratory birds also

visit the area every year.
Reptiles

Reptiles like snakes, pythons and lizards are common in the area. Aquatic
animals include turtles and crocodiles in reservoirs and river waters.

4.2.4 Radioactivity in Terrestrial Environment

Terrestrial ecosystem forms the major sink for radionuclides for all types
of releases i.e. into water, land or air either through seepages, water use,
precipitation or deposition. Plants receive these radionuclides either through roots
or impaction on surfaces. Here these radionuclides are retained until they find their way
to another chain. i.e. animal or man or through animal to man. Based upon the annual
reports of ESL. (1974-88) the pattern of radionuclides concentration in milk, cereals,
mutton, (Table 4.15) it is inferred that there is little variation of Sr*** levels in milk
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Table: 4.14

Major Parameters of 1:2 Soil Water Extracts of Soils on Areas

Near the Nuclear Power Station at Rawatbhata

Sample EC Parameters ( cationsin meg/l)

icul H
particular p m mho/ cm Ca+++ Mg++  Na+ K+
Anushaker 7.0 0.52 3.5 0.52 117
500 mts waste
dump
Anushkti 6.4 0.29 2.54 0.26 0.1
1 km below
waste dump
Tamlov 53 0.55 5.17 0.13 0.2
(irrigated)
Javara 7.3 0.75 7.09 0.21 0.2
kala(irrigated)
Sental 7.1 0.54 5.13 0.17 0.1
colony
irrigated
Manpura ~ 73 0.87 7.16 0.34. 1.2

(irrigated)
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Table : 4.15

Cs Sr

Radioactivity levels in Dietary Items (mBQ/kg or litre)
(134+137) (89+90)

1978 1980 1982 1983 1984 1985 1986 1987 1988

Cs St Cs Sr Cs Sr Cs Sr Cs Sr Cs Sr Cs Sr Cs Sr Cs Sr

Milk 333 205 233 151 419 99 220 175 580 147 245 75 333 40 473 86 280 80
Cereals 377 231 830 3771160 3301380 2351126 115 600 150 227 126 1042 300 990 270
Meat 363 198 386 78 690 159 291 4951006 BDL 2044 BDL 877 50 1705 122 590 150
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from 1974 to 88 but Cs"***'¥ levels registered great variations through these years. The
maximum value of Cs"?*"¥ were recorded in 1984 followed by 1987. In case of

B34+137 yetivity exhibited maximumlevels in 1983 and minimum

cereals, the trend inCs
in 1985 followed by arise in 1986. Sr*™** activity did not register wide variations, instead
the maximum levels were observed in 1980. In mutton samples Cs'**'¥ activity levels
followed by up and down trend. The maximum values were recorded in 1985 and
minimum in 1980. Sr*>*% however registered a peak value in 1983 followed by minimum
in 84-85 respectively. (Figure 4.7, 4.8, 4.9) Thus we find that no definite trend is
observed in any of these samples. The values recorded are below the permissible limits

as laid down by PLREF for these items (Table 4.16).

Radioactivity levels in vegetables grown in the region varies considerably with

1% values are found to be

respect to Sr*** and Cs"*'Y. In some vegetables S
maximum while Cs'***'¥ levels are minimum in the same sample or vice versa. The
selective accumulation might be due to specific absorption/assimilation capacity of
the plants. Corriander seeds have registered maximum levels of Cs***'77 (4200 mBq)
while S©**% levels were BDL in them. (Table 4.17). It has been further observed that
leafy vegetables have shown comparatively higher radioactivity levels in comparison
to roots or under-ground parts such as potato or onion. This indicates that there is a
possibility of higher exposure of above ground parts i.e. leaves etc. than absorption
through roots which is dependent upon physicochemical properties of soil. Very little
information is available on the build up of radioactivity levels in plants (vegetables)
over a span of 16 years since RAPS has been commissioned, only in 1974 and again
in 1982 some samples were analysed and reported by ESL. If we compare the values of
these two years we observe that redioactivity levels of potato has gone up from 47
S to 128 Sr*®**and, Cs'**'¥’ from BDL to 249 mBq (Avg.) and in spinach from
BDL in both Cs and Sr to 609 Cs'***'¥ and 564 Sr**®. In general there is a significant
increase in each sample. However, these are much below permissible limits.

Solid Wastes

The radioactivity in terrestrial environment due to the power plant would
significantly depend on the disposal of active materials from the plant as solid waste.

The solid wastes consist of mainly waste cotton, paper, mops, plastic container
or films which can be compressed. Other components are machine or equipment parts,
spent resin, filters, strainers, filter cartridges, filtered sludges etc. The activity of
waste is due to fission, activation and corrosion products. The estimated quantities of
various constituents and their expected surface dose are given in Table 4.18.
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Table: 4.16

Permissible Levels of Radionuclides in Food (PLRF)

(mBg/kg or litre)
Item (134+137) (89+90)
Cs Sr
Milk 30000 10000
Butter 40000 15000
Butter oil 40000 15000
Milk Powder 330000 110000
All other food items 40000 15000

(meat cerels
vegetables)
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Table : 4.17

Radioactivity levels in vegetable samples around

RAPP (Rawathnata) (mBg/kg)

1974 1982
Item Cs Sr Cs Sr
(134+137) (89+90)
Cs Sr
Tomato BDL 39 - -
Carrot BDL 112 263 204
Spinach BDL BDL 609 564
CauLiflower 182 135 527 86
Cabbage 100 280 390 139
Gram Plant BDL 1392 - -
Brinjal 337 124 290 32
Green Peas BDL BDL - -
Potato BDL 47 249 128
Bathua 938 BDL - -
Spinach 840 BDL - -
{Chauli)
Coriander - - 920 491
Coriander - - 3095 BDL
Radish leaves - - 1048 141
Fenugreek - - 1007 556
(leaves)
Onioin - - 301 BDL
(with leaves)
Radish root - - 454 157
Lady’sfinger - - 284 93
Smooth gourd - - 216 30
Rataloo - - 390 139
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Table: 4.18

Estimated Quantities of Primary Radioactive Solid Waste RAPS 3 & 4
(2 x 235 MWe) and RAPS 5to 8 (4 x S00MWe) PHWR Stations

S.No. Type of Waste Average Quantity (cu.m. per yr) Surface Dose Rate

RAPS 3&4 RAPS 5-8 Total

Remarks

1. Combustible Waste 100 280 380 Up to 200 mR/hr
2. Non-combustible Waste 10 40 50 Up to 200 mR/br
{Compactable)

3. Non-compactable Waste 50 140 190 0.1to 10 R/br

4. Spent Liquid Filters 9 30 39 20 to 400 R/hr

5. Spent IX Resins

a) Moderator 12* 54* 66 Up to 10 R/br
b) SFSB 3 12 15 Up to 50 R/br
¢) End Shield Cooling and 1 2 3 Upto 1 R/r
vault cooling system
d) PHT 3 12 15 100 to 500 R/hr
6. Highly Active Reactor 01 04 05 20 50 R/hr
Component Waste
7. Slurries and Sludge 5 15 20 Up to 10 R/hr
8. HEPA Filters 3 10 13 0.1to 10 mR/hr
9. Miscellaneous Wastes 2 6 8 Up to 30 mR/hr

(Activated carbon, molecular
sieves etc.)

Occassionally
dose rate up
to 50 R/hr.

Cenerated
during
replacement

Total :- 198.1  601.4 799.5

* An increase of 50% assummed as per projected estimate for future reactors
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Types of Solid Wastes

The radioactive solid wastes generated at RAPS are classified on the basis

of physical characteristics, radiation and activity level as described in Operational

Manual. These are as follows

i

11

iii.

Suspected Active Wastes

These are the Solid wastes collected from operating inland area which
may not show detectable surface dose or activity since originating from an
active area they are considered as Suspected Active Wastes. This type of waste
is disposed of in earthen trenches and covered with earth. This contains
activity below 2 mR/hr.

Low Active Wastes

This type of waste mainly consists of paper mops, glassware and
polythene and such other items containing activity below 200 mR/hr. This waste
also includes low activity dry ventilation filters which are replaced at regular
intervals and various components or tools and other material used for
maintenance. These wastes conform to Category-1 of IAEA.

To facilitate segregation, treatment and disposal this group is further
classified as

a. Compactable or combustible wastes
Compactable. items such as paper, cloth, mop and plastic film are
segregated at source, compressed and baled and contained in RCC
trenches or vaults.

b. Non-Compactable wastes
The dry filters, metallic components, plastics, wood, glass or wet spent
filters and spent resins come under this category. These are also
contained in RCC trenches.

High Active Wastes

The wastes showing activity upto 50 R/hr are considered as High Active
Wastes which contain process equipment, waste concentrates, highly
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contaminated hardwares from reactors, ion exchange column and filters from
clean up loops. For operational convenience it is so classified, otherwise they
form category 2 and part of category 3 of solid waste as per IAEA. These wastes
are collected in properly shielded lead flasks and disposed of in RCC trenches.

iv. Very High Active Wastes

The wastes showing surface dose more than 50 R/hr are included in this
group which fall in category 3 of IAEA classification. These contain mainly wet
filters, ion exchange cartridges, fuel components, clean up resins, absorber
assembly components and sheathing tubes etc. This type of waste is disposed of
in tile holes (TH). They are collected in shielded flasks.

Quantity of Solid Wastes

The total volume of solid wastes of different categories generated due to
operation of existing reactors | & 2 as reported by RAPP is 165 m*/year (Table 4.19).
The values of different constituents given in the same Table are averaged over the last
16 years. About 200 m® of solid wastes is expected to be produced from reactors
3 and 4 (Table 4.18).

4.3  WATER ENVIRONMENT

The site for RAPP units 5-8 is located about 8 km upstream of the existing
RPS dam, on the right bank of RPS reservoir. In addition to the large quantity of water
stored in the reservoir, certain dugwells in the impact zone form additional source of
water. The unconfined ground water table in the area is replenished only during the
monsoon by rain water. Since the surrounding regions to the reservoir slope steeply
upwards, the water from reservoir does not contribute towards the replenishment of
the groundwater table near the surface.

4.3.1 Reconnaissance Survey

A reconnaissance survey with the objective to obtainthe relevant information
on existing and projected wastewater generation status after the commissioning of
proposed units at RAPP; and to determine the baseline water quality in terms of
conventional, biological and radioactive pollutants was undertaken in August 1989.
During the survey 10 reservoir water samples at 5 sites distributed within 10 km radius
of proposed plant were collected and analysed for conventional parameters related with
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Table : 4.19

Volume of different types of solid wastes generated at reactor 1 & 2

Type/Category Volume at waste Total volume

produced (average (cum/year)

of 16 years)

(cum/year)

Compressible i) 19.24
ii) 0.091
iii) 0.018

Non-compressible 1) 103.12
ii) 0.75
iii) 0.34

Spent resin 1) 4.95
it) 3.81
iii) 0.34

IX Hoppers i) 1.46
ii) 1.49
iil) 1.36 165.35

Concreted sludges : 1) 1.92
it) 6.10
iii) 0.28

Cartridge i) 0.19
i) 0.13
iti) 0.28

Molecular sieve i) 478
ii) 4.78
iii) 478

Suspected active 1) 13.46

waste

Others i) 1.14
ii) 0.026
1ii) 0.08

i) Surface dose upto 200 mR/hr

ii) Surface dose upto < 2 R/hr

iii) Surface dose upto > 2 R/hr
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physico-chemical and biological quality. Sediment samples were also collected in the
reservoir at selected locations and analysed. Though a few samples were also sent
for radiological analysis to BARC Bombay. Due to the paucity of time the results could
not be received till the finalization of this report. Ten years records on radiological
pollutants relevant in water environment, were however collected from ESL, RAPP and
used for analysis in this report.

4.3.2 Wastewater Component
4.3.2.1 In-Plant Survey

An in-plant survey was carried out at the reactor 2 of RAPS with a view to
identify and quantify liquid effluent sources and to examine the adequacy of the liquid
effluent management plan (LEMP) currently being practiced.

The reactor accepts natural uranium dioxide as fuel in the form of small
cylindrical pellets (fissionable material being the U**°) and employs heavy water both as
moderator and coolant. The heat generated in the fuel is removed by a heavy water
coolant which is under sufficient pressure to keep it from boiling. The pressurized
heavy water, in calandria, services as a high capacity heat sink and the systems
containing and carrying this coolant are designed as leak tight as possible. On leaving the
calandria, it passes through a heat exchanger where it gives up its heat to a separate
stream of ordinary water, thereby converting the latter to steam (reactor - boiler plant).
The steam drives the turbine which in tumn drives the electricity generator (turbine -
generator plant).

The radioactive heavy water coolant system is quite separate from the steam
system and, therefore, should normally not contaminate the light water in the steam
system. When heavy water leaks are downgraded with light water, the collected liquid
is analyzed for heavy water content and recycled after upgrading to the required
isotopic purity. This is also true for boron poisoned heavy water.

The operation of the nuclear power plant, however, results in a wide variety
of radioactive wastes which include gases, solids and liquids of various activity levels
and half-lives. These must be handled and disposed off by a corresponding variety of
methods such that they are not hazardous to the public.

The operation manual for LEMP at RAPP is based on ensuring that the average
plant effluent is kept below a Sr* equivalent activity of 107 uci/ml. Specific activity
discharge limit for tritium at major outfall (MOF) is 300pci/l corresponding to 15 ci/d.



86

From Table 6.1.5 of the Annual Report (1988-89) it could be seen that the
annual limit for tritium and beta-gamma are 5.48 x 10°ci and 33.5 ci respectively.

Two holding tanks of 15.850 m? capacity each are available at RAPS. The
contents of the tanks are thoroughly blended by running pumps fitted to each tank on 100
per cent recirculation basis. In addition, there are 2 dispersal tanks of 181.6 m? capacity
each which are mainly constructed to accept water that can be diluted and disposed
or acceptable for transfer to solar evaporation facility (SEF). The area where disposal
tanks are located are also provided with 1 m high walls to make a basin which acts
as asecondary contaminent for the liquids in case of rupture of tanks. Filling up time
of one disposal tank (upto 50%) has been found to be approximately 2 days. Therefore,
in case when dilution is not available, all of the effluents generated from the existing
two reactor systems can be stored in the dispersal tanks for a maximum period of 4

days.
4.3.2.2 Waste Treatment

Depending on the radioactivity of liquid effluent, waste treatment in any

nuclear power plant involves two routes; namely

. dilution and dispersal
. concentration and containment

The treatment scheme adopted by RAPS for radioactive waste is shown in
Figure 4.10. The unit operations involved in the treatment flow sheets include

. holding

. filtration

. dilution

. neutralisation

. reverse osmosis

. ion exchange

. steam evaporation
. solar evaporation
. solidification

All the effluents require initial hold-up for checking the activity. Only wastes
that can be disposed into the process effluent condenser and service water at a rate that
will dilute it to the final lake disposal level of 107uci/ml, or acceptable for transfer
to SEF are acceptable into the dispersal tanks.
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SEF accepts those wastes which have tritium concentration at a level higher
than that prescribed as permissible limit. It has been observed that in case of inland
locations, there may be enough water to dilute the radioactivity containing liquid
effluents (except tritium) to levels below permissible for drinking water purposes. The
same cannot be said to be true for tritium releases as the activity levels involved are
sufficiently high. It is because whenever heavy water is exposed to thermal neutrons,

tritium is produced by the reaction.
1H? + On' - > IH +r

Tritium has a half life of 12.4 years and emits particles of low energy
(soft betas). Tritium isincorporated into the DNA of dividing cells and thus irradiate
the cell molecules directly, which may lead to severe damage to the genetic apparatus.
Tritium is released in the form of water vapour.

In order to overcome problems associated with highlevel of tritium in liquid
effluents generated at inland locations, high tritium bearing effluents are led directly
to solar evaporation ponds for evaporating tritium into the air route. The dispersion
capacity for tritium through air route is significantly high.

Steam evaporation and reverse osmosis unit operations are meant for
concentration of high level radioactive waste before solidification. Concentration for
wastes generated from reactors 1 and 2 are being achieved by steam evaporation
only. The waste to be concentrated by evaporation is neutralised in evaporators feed
tank using caustic solution. If the gross beta activity is above 2x10~uci/ml, the liquid
waste is to be fixed in tement concrete.

The concreting facility is aself contained system operated remotely for fixation
of high active effluents into cement concrete. The liquid to be fixed is first measured to
118 litres in a measuring tank and fed into 202 litre steel drums (5 Nos). About4to 4.5
bags of portland cement and 4 kg of bentonite are used for fixation. The liquid alongwith
cement and bentonite are then thoroughly blended by a mixer for 10 minutes and then
the drums alongwith its contents are transported to SWAMP for disposal in concrete
monoliths. A period of 24 hours is required for the drum contents to set before cappings.

Resin slurry is released from the spent fuel bay ion exchanger by flushing with
water and consists of large proportion of solids. This effluent is required to be directly
connected without any hold up and any preconditioning before disposal. Since
its activity is very high, its release should be carried out by pre-arrangement so that the
concreting facility is available for its processing. This slurry is released in batches,
each batch representing 118 litres in volume suitable for concreting in one drum.
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4.3.2.3 Discharge into the Lake

When the full flow of the station coolant and service water is available for
dilution, the effluents from the disposal tank can be disposed off into the lake at the full
disposal tank dispersal rate of 385 litres per minute achieving the specific activity
of 107 uci/ml after dilution. This is only possible when the activity level of the dispersal
tank is within the acceptable limit of 2.2 x 10 uci/ml. If the activity exceeds this limit,
the effluent has to be discharged at a control rate below that of 385 litres per minute.
The minimum discharge rate from the dispersal tanks under controlled release is 18
litres per minute which fixes the upperlimit of discharge of activity from the dispersal
tanks at 4 x 10 uci/ml provided full rate of discharge of coolant and service water at
a rate of 1.259 x 10° m®per day is available.

If there is no dilution water available, all the effluents have to be pumped to
SEF.

Though reactor 1 became critical on August 11, 1972, the SEF was
commissioned only on March 20, 1979 as tritium content in the lake was increasing due
to 100% discharge of liquid effluent in lake. The annual limit for beta-gamma discharge
is 1240 GeBq or 33.5 Ci. While that of tritium is 5.48 x 10° Ci(Table 8.1.5, Annual
Performance Reports, 1988-89). The annual discharges between 1972 and 1978 are
shown in Table 4.20.

Reactor 2 became critical on October 8, 1980 and the generation of effluent and
their activity levels are shown in Table 4.21A and 4.21B.

4.3.3 Water Balance

As described earlier within the impact zone of 30 km radius from the plant site
of RAPP, the major source of water comprises the reservoir Rana Pratap Sagar (RPS)
formed by the construction of Rana Pratap Dam on river Chambal 5 km downstream the
plant site. The RPS reservoir provides maximum gross storage of 2900 million m* and
live storage of 1564 million m® at full reservoir level 352.80 m above the MSL. The
catchment area of RPS (approximately 24500 Sq Km) over a period of last ten years
(1979-1988) on average received a yearly rainfall of approximately 750 mm. In
addition to the rain waters in its catchment RPS also receives tail discharges of
upstream dam Gandhi Sagar. During the past ten years RPS failed to achieve full
reservoir storage. The reservoir levels during these years have been observed to fall in
the range of approximately 350.0 m and 345.0 m above MSL and represent a effective
annual recharge capacity of approximately 700 million cubic metres (neglecting the
tail discharge from the reservoir which has been negligible ever since the
commissioning of RPS dam).
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Table : 4.20

Generation of effluent and their activity levels at RAPS

(1972-78)
Ycar Annual generation  Tritium % of  Beta-Gamma % of  Discharge
m’ Ci Limit mCi Limit to lake CID

<

o >
1972 292 x 10? - - - - 100
1973 11.80 x 10° 410 0.74 19 0.06 100
1974 9.53 x 10° 224 4.10 12 0.04 100
1975 16.67 x 10° 414 7.55 93 0.27 100
1976 21.80 x 10® 700 2.78 299 091 100
1977 1537 x 10° 936 17.09 172 0.52 100
1978 16.12 x 1¢° 379 6.92 133 0.41 100
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Table : 4.21 A

Generation of effluent and their activity levels at RAPS

(1979-88)
Year  Annual generetaion  Tritium Yoof Beta-Gama % of Discharge
m’ Ci Limit mCi Limit 10 lake CfD
>

1979 18.43 x 10° 718 13.12 419 1.28 79
1980 20.98 x 10° 167 3.06 56 0.17 38
1981 23.95x 1P 114 2.08 25 0.08 13.8
1982 19.13x 10° 206 3.81 24 0.07 16.0
1983 20.29x 10° 120 2.20 22 0.07 21.7
1984 19.25x 10°* 28 0.50 7 0.02 6.10
1985 20.72x 10° 184 3.36 77 0.23 21.8
1986 30.04 x l()3v 416 7.56 95 0.29 42.6
1987 23.02 x 107 ** 145 2.64 12 0.04 14.15

1988 27.61 x 10° 729 13.31 79 0.24 46.84

*  82.92m* pumped back to station
** Excessive rainfall collected and sent back to LEMP and discharged from SEF included
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Table : 4.21B

Yearwise release of tritium in air

Year Tritium (Ci)*
1979 151
1980 103.5
1981 98.3
1982 173
1983 93.96
1984 26.3
1985 144
1986 234
1987 124.5
1988 387.5

* Assuming 100 % loss of tritium in air from SEF
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Water requirement at existing units of RAPP comprises demand for once
through cooling system and process water. Approximately 12.5 m*/s is used for once-
through cooling and 3.85 m’/s as process water at unit 1 and 2. Envisaged process
water requirement for additional units (3-8) is 6.8 m’/s whereas 4.53 m’/s is required
for cooling tower uses. Based on these data, the total water demand as process water at
RAPS after the commissioning of all units is expected to be 10.65 m*/s. Since water
required for cooling tower blowdown is discharged back to the reservoir, it does not form
a part of calculations for water balance. 336 million m?/year water is therefore required
for all units at RAPP against the average annual availability of 700 million m*/year. An
additional annual water requirement for domestic uses for the projected population of
RAPP colony (10500) and 24000 persons currently residing within a radius of 16 km of
the plant site at the rate of 100 Ipcd is estimated as 1.23 million m*/year. Thus the total
future water demand at RAPS site is expected to be approximately of the total annual
water availability.

4.3.4 Surface Water Quality
4.3.4.1 Biological Quality

The biological species specific for a particular environmental condition are
the best indicators of environmental quality. Studies on biological aspects of certain
ecosysterns are important in environmental impact assessment in view of the
conservation of environmental quality and safety of natural flora and fauna.
Information on the impact of environmental stress on the community structure serves
as inexpensive and efficient early waming and control system to check the damage to
a particular ecosystem. Phytoplankton, zooplankton and fishes are good indicators of
environmental stress and are thus selected in this study.

The nature and quality of such biological species in a particular environment is
dependent on various physico-chemical characteristics of water, such as pH,
conductivity, nutrients, BOD, alkalinity etc. and also on the nature of the water body
such as flowing waters like river, or stagnant waters such as lakes and saline water like
estuary and sea. Thus the quality and quantity of plankton obtained in any water body
is an indicator of the physico-chemical quality of water as well as the type of waterbody.
The estimation of the following parameters of plankton community structure in a
waterbody is thus helpful as indicated of the quality of water.

(a) Total biomass

Generally total biomass increases with the increase innutrients and BOD content
of water and vice-versa and serves as a good indicator of trophic status of water
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(b) Quality

Organisms have been listed in standard publications according to increasing
trophic levels of an aquatic environment. Similarily many organisms have been listed
to favor certain physico-chemical conditions and presence of certain groups is also
indicative of trophic conditions.

Desmids and diatoms indicate clean water condition, however, increasing
dominance of diatoms, ciliates, flagellates, chlorophyceae and cyanophyceae
indicate progressively increasing trophic conditions. Presence of euglenophyceae
indicates highly eutrophic contions. Planktonic rotifers are usually more abundant
in freshwater than in estuarine waters. It is beleived that when crustaceanes
(copepoda, cladocera, ostracoda etc.) and insects outnumber other groups, the situation
reflects the enriched organic condition of water. Thus, presence of certain organisms
help in classifying waterbady in trophic levels on knowing its physico-chemical
characteristics. Similarly, trophic status of a water body is also reflected by the presence
of different fish species within it. Presence of major carps (Labeo rohita, Catla catla,
Cirrhina mrigala and Labeo calbasu) and availability of weeds like vallisneria sp.,
Hydrilla sp., Najas sp., Potamogeton sp., Ceratophyllum sp., Myriophyllum sp.
and Elodea sp. in Ranapratapsagar indicates that the waterbody is not polluted by
organic matters. ‘

(c) Diversity

Diversity of plankton depends on physico-chemical characteristics of water
specially on trophic levels. Inobligotrophic waters diversity of plankton is high while
with increasing levels ‘of pollution such as mesotropic and eutrophic conditions
diversity of plankton decreases. Shannon Weaver Index is a measure of diversity of
plankton which takes into account the total count and individual species count in a water
sample.

d=- > (ni/n) log,(ni/n)

where, ni = number of individual of each species in sample
n = total number of individual of all species in sample

It can also be noted that diversity is susceptible to other parameters such as
turbidity, color, flow rate etc. A widely accepted ecological concept is that communities
with larger number of species (that is, with high diversity) will have high stability that
can resist adverse environmental factors. The maximum value of Shannon Weaver
Index of phytoplankton for clean waters has been reported as 6, though it may differ



95

shightly in different locations. Decrease in the value of index may thus be taken
as indicator of pollution. The index values 3 and above for zooplankton are generally
considered healthy conditions of waterbodies. The values between 1 and 3 and less than
I are believed to be for mild and highly polluted conditions respectively.

Since Shannon Weaver Index considers only total number of species and index
numbers, sudden appearance and disappearance of species along an environmental
gradient can further be evaluated by similarity and dissimilarity indices.

Similarity Index (S)=2C /(A + B)
and Dissimilarity Index (D)=1-S

where, A = number of species in sample A
B = number of species in sample B, and
C = number of species common to both samples

Systematic ecological monitoring of population dynamics and  species
composition of relevant parts of the ecosystem in Ranapratapsagar was carried out to
generate the baseline data. The results obtained for biological characteristics are
summarised in Tables4.22 and 4.23. Mostly plankton from diverse groups viz. rotifera,
cladocera, copepoda, cyanophyceae, chlorophyceae, euglenophyceae and
bacillariophyceae were obtained at various locations of the lake. Studies revealed that
usually phytoplankton levels were less inupstream points as compared to those of down
stream. However, situation was reverse for zooplankton. This might be due to grazing
of phytoplankton by primary consumers.

Based on Shannon Weaver Index values it can be said that the lake is
semiproductive.  However, similarity indices among various points (Table 4.24)
indicate that the lake waters were more or less alike on various points. Obviously,
a decrease of similarity index among the points 2 and 3 supports change of water
characteristics caused due to warm water discharge of RAPS.

Fisheries at Rana Pratap Sagar

Rana Pratap Sagar, a man-made reservoir, is situated in Chittorgarh district of
Rajasthan State. The reservoir is among the biggest one of the state. The total area of
the reservoir is 19600 ha and the fishing area at full tank level is 16300 ha. lt may
be mentioned that the zone between 1.6 km upstream and downstream of RAPS is
non-fishing area. There are two main landing centers viz. Singaria and Kuakhoda.
The fishing is conducted at one after the other points for a fortnight. Fishes are caught
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Percent composition and index values of zooplankton at
various points of Ranapratapsagar

Sampling Total 9% Zooplankton in groups Shaonon
point no.of Weaver
Zoopl- Rotifera Copepoda Cladocera Index
ankton
perm’
1. 4040 40.1 58.9 1.0 2.36
2. 14240 259 73.6 0.6 1.58
3. 12640 31.0 46.8 221 2.79
4. 29280 20.0 59.4 20.5 2.94
5. 37400 19.8 81.2 0 1.94
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TABLE : 4.23

Percent composition and Index values of phytoplankton
at various points of Ranapratapsagar

Sampling Total Diversity % Organisms in cach group
stations count Index

per ml DI Bacill- Cyanophy- Chloro- Eugleno-

arioph- ceae phyceae phycecae
ccae

1. 60 3.245 49 13 30 8
2. 26 3.041 30 28 32 10
3 36 3.204 32 44 18 5
4. 22 2.045 18 73 19 0

5. 14 1.381 17 68 25 0
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TABLE : 4.24

Similarity and dissimilarity [in parenthesis] indices of Zooplankton among
various sampling points of Ranapratap Sagar

Sr. No. Sampling points
2 3 4 5
I 0.77 0.71 0.67 0.62
[0.23] (0.29] 10.33] [0.38]
2 - 0.62 0.59 0.67
10.38] 10.41] 10.33]
3 0.62 — 0.76 0.62
{0.38] 10.24) 10.38]
4 0.59 0.76 — 0.71

[0.41] [0.24] 10.29]
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only by gill nets because of trees and stumps at bottom of the reservoir. About 44
species of fishes have been reported in this reservoir (Table 4.25). Total fish catch in
different years is shown in Figure 4.11 (Report of State Fisheries Dept., Rawatbhata).
The reduced fish catch incertain years was explained as inefficiency and lack of skill
of the contractors for proper exploitation of the reservoir. Since the reservoir was
not auctioned for fishing in the years 1971-72, 1977-78, 1979-80 and 1985-86, sudden
rise of fish harvesting was recorded in succeeding years. About half of the total catch
is contributed by major carps (Labeo rohita, Catla catla, Cirrhinus mrigala and
Labeo calbasu) which attract contractors and in return enhance lease values (about Rs.
5to 10kg-1 fish) (Table 4.26). It may be noted that major fish catches are from bottom
dwellers (Labeo calbasu, Cirrhinus mrigala, cat fishes etc.) which feed on bottom
fauna and detritus. Since radionuclides are mostly stored in bottom sediments these may
be transported in the tissues of bottom dwelling fishes through food chain. However,
average fish catch (268 metric tons or 16.5 kg ha-1 Yr-1 tons) during the years 1970-71
to 1988-99 indicates poor productivity of the reservoir. It was understood (personal
discussion : State Fisheries Dept.) that the fishes do not breed in the reservoir since last
6to 7 years. Inorder to boost up major carp population inthe reservoir sizable number
of stocking of spawn and fingerlings is being practiced in every year.

Poor production and loss of breeding ground of commercially important
fishes in Ranapratapsagar might be attributed to (i) presence of huge number of
carnivorus fishes (Notopterus sp., Wallago atu, Channa marulius, Mystus aor etc.),
crocodiles and turtles which feed on spawn, fry and finger-ling of other fishes; (ii) rocky
bottom which does not provide sufficient live food for bottom feeders; (iii) higher
water-depth that inhibits penetration of sunlight after a certain level; (iv) lower levels
of nutrients, (v) reduced flow of water and (vi) lack of sufficient rain fall.

4.3.4.2 Non-radioactive Pollutants

Information on RPS reservoir water quality at four locations for a period of
Dec. 1978 to Jun. 1980 was available with ESL/RAPP. It was observed that except
for temperature and for minor variations in Dissolved Oxygen (DO), water quality
in the reservoir did not exhibit discernible seasonal variations. The water quality data
at these site marked in Figure 4.12, in terms of 18 physico-chemical parameters for
Aug. 1979 is presented inTable 4.27. Water quality analysis was also carried out
at five locations marked in Figure 4.13. during the reconnaissance survey in
Aug. 1989. The reservoir water quality status in terms of 17 water quality parameters
at these sites is reported in Table 4.28.

It is observed from Table 4.27 that in terms of physico-chemical parameters
the reservoir water quality did not show significant spatial variations during the
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TABLE : 4.25

Fish Species available at Ranapratapsagar

11.

13.

15.

17.

19.

21.

23.

25.

27.

29.

31.

33.

3s.

37.

39.

41.

43.

Catla catla
Cirrhinus mrigala
Tor tor

Puntius chola
Wallago attu
Cirrhinys rcba

Rita rita

Ompok pabo

Chela bacaila
Nandus nandus
Cirrhinus latia
Glossogobius giuris

Rasbora daniconius

Mastocembelus armatus

Opsarius bacaila

Notopterus notopterus

Channa punctatus
Ompok bimaculatus
Ambassis ranga
Channa gachua

Brachydanio rerio

Labeo boggut

10.

12.

14.

16.

18.

20.

22.

26.

28.

30.

32.

34.

36.

38.

40.

42.

Labeo rohita

Labco calbasu
Mystus aor

Labeo gonius
Eutropiichthys vacha

Mystus cavasius

Channa marulius
Puntius sarana
Bagarius bagarius
Danio devario

Xenentodon cancila

Mystus tengara
Mystus seenghala
Silonia silondia
Labeo bata

Barilius bola

Channa striatus

Ambassis nana
Barbus sp.
Puntius sophore
Labceo boga

Mystus corsula
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Table : 4.20

Production of major carps and lease value of
Ranapratapsagar in different years

Major Minor carps, Total Lease

Year camps cat fishes and (tonnes) Value
(tonnes) others (tonnes) (Rs.)

1981-82 40.6 53 45.9 77040
1982-83 89.8 322.6 4124 1511000
1983-84 278.6 161.7 440.3 1651000
1984-85 254.6 191.5 246.1 2112000
1986-87 288.9 216.1 505.0 2727786
1987-88 167.0 176.4 3434 2149786
1988-89 134.6 113.0 247.6 2652786
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Table : 4.27

Surface Water Quality : Physico-chemical Parameters
(August, 1979)

Para-meter Sampling Points

Saddle Discharge RAPS RAPS

Dam Canal Jetty Phasc-11

Side

pH 8.5 8.6 8.6 8.5
Temp. (°C) 29 30 30 30
Dissolved Solids 168 178 187 178
Conductivity 307 310 307 307
Total Alkalinity 117 114 115 113
as CaCO,
Carbonate as CaCO, 20 15 14 16
Bicarbonate CaCO, 97 99 101 97
Hydroxide CaCO, Nil Nil Nil Nil
Total Hardness CaCO, 96 96 92 92
Calcium CaCO, 66 - - 66
Magnesium CaCO, 30 - - 26
Silicate as SiO, i1 12 12 11
Phosphate as PO, _ 5 7 7 4
Chloride as Cl- 16 17 17 £7
Total Ammonia as N 0.67 0.28 0.8 4.0
Nitrates as N 0.023 0.13 0.4 0.03
Dissolved Oxygen 7.2 6.4 7.4 7.2
Chemical Oxygen Demand 6.0 6.0 6.5 9.4

Rua Tabl 4:28 fov wanits
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Table : 4.28

Surface Water Quality : Physico-chemical Parameters
(August, 1989)

Paramceter Sampling Points
RPS D/S 1.5 Km Dischagrge U/S2Km U/S 6 Kms
Dam from Disc-  Canal from Djsc-  from Disc-
harge Canal harge canal harge canal
pH 8.4 7.9 7.9 8.3 8.4
Temp. (°C) 31 31 33 29 29
Conductivity, umho 230 230 210 220 450
Total Alkalinity 112 80 104 96 92
as CaCO, (mg/h)
Total Hardness CaCO, (mg/l) 140 108 108 104 104
Calcium Hardness CaCO,(mg/l) 25 25 28.75 27.5 35
Chloride as Cl- (mg/l) 40 32 24 32 36
Ammonia Nitrogen (mg/1) Nil Nil Nil Nil Nil
Nitrates Nitrogen (mg/l) 0.4 0.2 044 0.16 0.26
Sulphate as SO, (mg/1) 12.75 3.7 4.0 7.0 3.7
Calcium (mg/1) 10 10 11.5 11.0 14.0
Magnesium (mg/1) 6.5 5.7 5.0 6.0 5.6
Sodium (mg/l) 17 18 6.0 6.4 6.0
Potassium(mg/1) 3.37 2.0 1.37 2.5 2.75
Dissolved Oxygen(mg/l) 7.6 7.4 6.5 1.5 7.3
Biological Oxygen Demand(mg/l) <2.0 <240 <2.0 <20 <2.0

Chemical Oxygen Demand(mg/t) 24 9.6 9.6 7.2 7.2
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Aug. 1979 survey except for total ammonia which had a higher value at RPS dam phase-
II side. Similarly Aug. 1989 survey exhibits almost uniform water quality throughout
the surveyed areaexcept for slightly higher values at the RPS dam for a few parameters
namely sulphates and sodium (Table 4.28). A comparison between common
parameters during the two surveys namely pH, temperature, conductivity, alkalinity,
total hardness, chlorides, nitrates, dissolved oxygen and COD shows that over past ten
years there has been no significant variation in physico-chemical characteristics of
reservoir water quality. A comparison with Classification of Inland and Surface Water
by CPCB for relevant parameters indicates that in terms of physico-chemical parameters
reservoir water quality satisfies the criteria for class A (highest class) surface waters.

Thermal pollution in the reservoir specially in the vicinity of effluent canal is
also observed (less than 5°C). In order to identify the intensity and extent of thermal
pollution caused by the discharge of once through cooling system with a discharge rate
of approximately 12.5 m?/s, obesrvation of surface temperature were made at regular
spatial interval. For the region near the canal a grid size with 50 m longitudinal
distance and 20 m lateral distance was selected. The results of these observations
are summarised in Table 4.29. Surface water temperatures slightly higher than 2°C of
ambient water temperature were observed upto 150m near the bank from the outlet point
of the discharge canal. Maximum difference in ambient surface water temerature
and that at 50m below the discharge canal observed was 3°C. The effect of thenmal
discharge was observed to be confined in a zone extending to approximately 300 m
inside the reservoir from discharge bank with a longitudinal spread of approximate
lkm.

4.3.4.3 Radioactive Pollutants

Water samples from selected sites within RPS and upstream and downstream
water bodies are examined at regular intervals throughout the year for tritium, **'Cs
and ***Srby ESL, RAPP. Data on activities level as observed during past 10 years have
been collected from ESL/RAPP. The activity levels for trititum and the other two
radionuclides in Reservoir water from 1980-1988 are reported in Tables 4.30 and4.31.
In addition to lake water, sediment samples from a few relevant sites are also routinely
analysed for ***1¥Cs and ¥**°Sractivity. Table 4.32 presents the past dataon these levels
for the similar period. The locations of sampling points for radioactive analysis are
described in Figure 4.14. On an average 50 samples for activity levels of the three
radionuclides in lake water and 10 samples for sediment activity levels are analysed
every year for each site.

The 12 sites for tritium activity at which data is reported in Table 4.28 can
evidently be grouped into three categories,namely, sites near the reservoir bank close
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Table : 4.29

Surface Temperature distribution in R.P.S. downstream
effluent discharge canal on 22 Aug. 1989

Transect  Lateral distance Obscrved Temperature (°C) at
No. from effluent lateral distance(m) from canal side
outlet reservoir tank

20 40 60 80 100 120

1. 50m 345 339 333 335 339 339
2. 100 m 342 34 333 330 332 335

3. 150 m 339 338 327 325 33.1 33.0




Table : 4.30

Tritium in Lake Water Activity in (Bg/ml)

Location/Year 80-81 82 83 84 85 86 87 88
Max GM Max GM Max GM Max GM Max GM Max GM Max GM Max GM
Value Value Value Value Value Value Value Value

1. Discharge Canal 27.20 0.229 59.2 0.41 0.716 0.160 0.95 0.08 2.92 0.10 0.54 0.05 6.85 0.09 0.74 0.14

2. Jetty RAPS 9.24 0.191 356 0437 1944 0.141- 130.20 0.11 4.31 0.25 5.92 0.06 5.35 0.11 148.77 0.07

3. Gr.Water Seepage 515.1 21.0 1097.0 5.13 1789 0.891 67.5 1.95 18.12 2.82 23.01 06 3338 1.2 795.98 0.89

between Jetty

& Forebay

4. HWP(k)Condarasate 173.0 1.6 512 2.04 16.135 2.884 3730 1.66 1403 044 302 056 2.68 0.3 1.39  0.30
discharge at Bank

g..RPSDamPhaseII 153  0.069 0.861 0.148 0376 0.080 0.33 0.07 0.45 005 022 005 024 0.06 0.15 0.03
1te

g..(lilePS Dam Township 0.4 0.076 0.503 0.158 041 0.1 025 008 0.7 005 015 0.05 015 0.05 NA*»™ 004
i

7. Saddle Dam 0.55 0.096 0473 0.148 1.313 0.076 0.41 0.05 0.6 0.07 0.23 0.05 0.14 0.04 0.07 0.04

8. Santab 0.46 0.076 0.290 0.118 0.233 0.058 0.37 0.06 0.38 0.04 NA NA 0.23 0.03 0.09 0.05

Submersible

Bridge

% Jawahar Sagar 0.23 0.056 0.232 0.080 0.166 0.072 0.13 NA 0.28 NA 0.12 NA 0.07 NA 0.04 NA
am

10 Barkheda 0.34 0.038 0.179 0.132 0.242 0.068 0.17 NA 0.27 NA 0.10 NA NA NA 0.05 NA

11 RPS and 0.24 0.041 0.246 0.093 0.153 0.016 0.21 NA 0.12 NA NA NA NA NA 0.06 NA

Gandhi Sagar

12 Gandhi Sagar Dam 0.22 0.054 0.111 0.22 NA 0.10 NA NA NA NA NA NA NA

* . Geometrical Mean *% . NotAvailable T T



Table : 4.31

Observed Cs %+ and Sr ®+°" in Lake Water During 1980-88
(Concentration in m Bq/litre)

.....................................

Location/Year 80-81 82 83 84 85 86 87 88

1. RAPS site area

Cs 23 33 348 1.3 13 23 262 3.7 83 6.8 138 17.8 347 200 80,6 25.1

Sr 11 3.4 19.3 3.7 10 34 25 5.2 20 5.9 19.5 24 134 3.6 2.8 1.9
2. RPS Dam Side

Cs 17 1.4 47 0.4 21 2.2 38 23 157 5 182 8.9 123 8 368 11.2

Sr 17 2.8 82.5 3.0 12 35 15 4.4 22 3 15.8 21 12.4 2.6 57 24
3. RPS d/s area

Cs 45 1.1 13.3 0.5 7 L5 80 1.7 228 4.7 32 83 56 8 389 14

Sr 32 2.2 17 3.2 14 3.9 10 3.6 9 35 7.7 1.5 9.0 1.6 8.5 24
4. Jawahar Sagar

Cs 17 1.7 45.0 L5 10 4.1 12 4 145 8.7 16 5.4 NA** NA 187 43

Sr. 19 3.6 9.3 2.0 9 3.6 11 1.7 13 3 6.5 1.8 NA NA 5.2 2.6
5. Barkheda

Cs 30 1.7 6.9 1.2 8 24 133 4.8 13 6 12 3.5 NA NA 107 86

Sr 30 5.0 9.2 39 18 5.0 7 21 9 35 5.2 2.2 NA NA 7.4 33
6. Gandhri Sagar Dam

Cs 43 L3 9.3 0.6 20 35 14 5.0 40 5.2 6 2.1 NA NA 82 47

Sr 7 29 6.4 2.8 4 24 7 2.1 14 5.6 6.3 1.5 NA NA 30 23

* GM : Geometric Mean
** NA : Not Available

or1



Table : 4.32

Radioactivity in Silt and Sediments Units (Bq/Kg)

Location/Year 80-81 82 83 34 85 86 87 88
Max GM Max GM Max GM Max GM Max GM Max GM Max GM Max GM
Value Value Value Value Value Value Value Value

1. RAPS Site area
Cs 1036 103.6 544 143 NA** NA NA NA 3726 187.7 NA NA 12479 620.8 790.2 521.2

Sr NA 24 NA NA NA NA NA NA NA NA
2. RPS dam area
Cs NA 32.9 28.6 27 NA NA NA NA 31.8 21.1 NA NA NA NA 67.4 67.4
Sr NA 34 NA NA NA NA NA NA NA NA NA 1.8 1.8
3. Barkheda

Cs NA 132 3.6 36 NA NA 31.6 104  28.0 18.1 8.8 73 16.7 11.6 NA NA
Sr 1.8 31 0.8 2.0 1.6

4. Saddle Dam
Cs NA 26.5 31 259 NA NA NA NA NA NA NA NA NA NA NA NA
Sr NA 2.8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
5. Gandhi SagarDam
Cs NA 44 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Sr NA 3.0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
* Gm . Geometric Mean
**  NA : Not Available

111
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to the plant, sites between 2-5 km lateral or longitudinal distance from the site and
distant sites generally located at more that 10km distances from the plant.
Figures 4.15 to 4.17 present the observed tritium activity levels (geometric means)
at the sites within these groups, respectively. It is clear from the Figure 4.15 that
the tritium activity levels reaching the reservoir either through discharge canal or
by seepage from near plant locations are in general on the decline. The levels at these
sites however are either closeto or higher than the effluent tritium activity limit of
3000 pci/l stated to be practiced by NPC before discharge the of effluents into the
reservoir. The declining trend of tritium activity is also discernible in tritium activity
levels at the sites comprising the second group (Figure 4.16). For the past few years
the activity at these sites appear to have stabilized at about 0.05 Bg/ml (1350 pci/l).
Data at distant locations between 1980-83 exhibits some fluctuations though the levels
generally remain lower than 111 Bg/l1 (3000 pci/l) (Figure 4.17).

As regard to *#*'¥Cs which is the major contributor to gross beta activity in plant
liquid effluent stream, the average activity levels at about 2-5 kmdistance from the point
were comparable to those occurring naturally in the upstream reservoir Gandhi Sagar
upto 1985. An increase in "***'¥Cs during past 3 years (86-89) in the level has been
observed. This may be related to slightly higher discharge of gross beta activity during
1985-86 and 1988 in comparison to 1980-84. Data on activity levels in sediments have
been comparatively scarce (Table 4.32). A sharp increase in '***'’Cs however is
evident from the available information (Figure 4.18).

4.3.4.4 Biological Uptake of Radionuclides

In aquatic ecosystems phytoplankton serve as food for the smaller zooplankton,
which, in turn, serve as the basic nourishment of serveral higher trophic levels. Various
trace elements that may or may not be essential to life processes are accumulated and
magnified at different trophic levels. However, the process is related to biological half-
lives of the elements (Table 4.33). Thus, this phenomenon must be taken into
consideration when any decision is made as to the rate at which any given radionuclide
can be released to any waterbody (Table 4.33).

Comprehensive monitoring of selective radionuclide levels in fish and aquatic
weeds of Ranapratapsagar was carried out by Environmental Survey Laboratory of
RAPS in different years (Table 4.34). It appears that concentrations of “**'*'Cs are
gradually increasing in aquatic organisms. However, the levels of ****Sr are almost
steady in different years. The fact does not reflect the biological half life of ***'Sr
which increases many folds within the body.
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le : 4.33

USAEC permissible levels and half-lives of selective radionuclides
released from nuclear powerplants
(Eisenbed 1973)

Element Isotope Water permissible limits Half-lives
Occupational ~ Non Occupational Physical Biological
Exposure exposure (Unres- (days)
(Restricted tricted area)
area uci/mi) uci/ml

Cesium ¥Cs 4x10* 2x10° 30 yrs. 100

Hydrogen H 1x10" 3x107 124 yrs. 9.5

lodine By 6x10° 3x107 8.05 days 138

Strontium S 3x10* 3x10* 50.5 days 1.3x10¢

St 1x10° 3x107 28.1 yrs. 1.3x10*
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Table : 4.34

Accumulation of selective radionuclides in fish and aquatic weeds of
Ranapratapsagar in different years

Fish Aquatic weed
(m BgKg!' wet wt.) (Bq kg dry wt.)

Year

CSISMIJ'I er9m Csl34fl37 erom
1980-81 1393 83 427.0 7.6
1982 425 79 12.7 *
1983 574 256 3.0 *
1984 2345 188 78.1 33
1985 * 83 12.1 5.7
1986 2390 50 31.1 3.6
1987 6966 120 32.0 22
1988 _ 4510 120 * *

* Data not available
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4.3.5 Hydrogeological Setting

From the stratigraphical succession met within the RAPP area Exclusion Zone
and the Sterilised Zone, rock formations precisely encountered comprise varieties of
quartzitic sandstones, shales, slates and only occasionally limestones of massive,
stromatolitic or crystalline type with weathered mantle and thin alluvium with again
varieties of soils.

In the hard rocks amongst them there are often 4 to 6 sets of joints, of which one
or more may form master joints. Such network of joints often extend in depth upto 30
to 60 mb.gl. They are again covered with weathered mantle not exceeding 30 min
depth with a thin cover of soil mantle.

However, limestones and dolomites in the form of crystalline, massive or
stromatolitic type are different from the rest. Although these rocks occur in association
with hard rocks, they are by themselves neither so competent nor hard enough. In them
joints, fractures, faults and lineaments are all developed into secondary structures in
the form of interconnected network of small or big cavities, caves and caverns of simple
or most complex and anastomosing shapes and dimensions, and that all these cavities are
often interconnected in vadose, phreatic and confined zones to form complex
trajectories for the movement of water.

Then the gravel and sand beds are potential formations in their own right.
However, when they are intercalated with clay, mud or silt beds they are rendered
into relatively poor and problematic formations.

Water-Bearing Properties of the Formations

In hard rocks groundwater is confined to joints, fractures, faults and such
other zones of weaknesses. Larger the network of joints and deeper they extend in
depth, deeper will be the access of water in them. Occurrence of groundwater is
thus limited to 30 m, and in exceptional cases to 45 to 60mb.g.1. Groundwater in such
cases occurs under phreatic or semi-confined condition and only rarely under confined
condition, except when there are certain opaque massive intervening formations or
natural barriers in the form of sills, dykes or impervious beds. When the groundwater
occurs under semi-confined condition, tapping such water in tubewells often leads to
depletion of water not only of deep subsurface but also of the phreatic zone as well, and
in such case the harm so caused is often rendered irreparable.

In limestones and dolomites, on the contrary, groundwater occurs under
both water table and confined condition, and this is also equally true in respect of sand-
gravel-pebble beds.
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4.3.5.1 Ground Water Quality
Non-radioactive pollutants

Since 1979, survey conducted by ESL, RAPP data on physico-chemical
quality of well waters from four villages (indicated in Figure 4.19)is being determined.
Two of these villages were covered in Aug. 89 survey. The characteristics of well
water quality in terms of physico-chemical parameters for Aug. 1979 & Aug. 1989 are
summerised in Tables 4.35 and 4.36 respectively. Itisobserved from these tables that
over the last ten years there has not been any significant change in well water quality in
terms of its physico-chemical characteristics.

Radioactive pollutants

About 65 samples from dugwells within 20 km radius are annually analysed by
ESL, RAPP. The past records for these analysis indicate that in most of the wells the
tritium activity very often lies below the detectable limit. Very low level of
radioactivity have been observed in the remaining cases.

44  NOISE ENVIRONMENT

The objective of the survey of noise pollution in and around the power plants
I and 2 and around the site of proposed plants 3-8 is to assess the unpact of noise that
will be generated by the plants I to 8 and also the increamental impact of the plants
5,6,7 and 8 on the human settlements within 30 km from the plants. At present plants
1 and 2 are operating and construction of plants 3 and 4 isin progress. The studies were
carried in the following steps.

1) Reconnaisance survey

2) Identification of existing sources of noise

3) Measurement of baseline noise levels in the NPC premises

4) Measurement of baseline noise levels in the neighbouring villages and
colonies

5) Present noise exposure of general population and employees

4.4.1 Reconnaissance Survey

The site is located on the bank of Rana Pratap Sagar in the Chambal valley. There
is good forest cover on the hillsclose tothe plant area. The range of weather parameters
over the yearis as follows. Temperature (8°-47°C.), Relative humidity (5 to 100%),
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Table : 4.35

Ground Water Quality : Physico-chemical Parameters
(August, 1979)

Parameter Sampling Potiots

Tamlao Charbuja Rawatbhata Jawari
pH 7.1 7.4 6.9 8.4
Temp. (°C) 28 30 29 28
Dissolved Solids 518 199 1049 194
Conductivity (umho) 832 276 1741 295
Total Alkalinity 96 47 240 118
as CaCO, (mg/1)
Carbonate as CaCO, (mg/l) Nil Nil Nil 8
Bicarbonate CaCO, (mg/l) 96 47 240 110
Hydroxide CaCO, (mg/l) Nil Nil Nil Nil
Total Hardness CaCO,(mg/1) 282 78 420 94
Calcium CaCO, (mg/T) - 62 298 -
Magnesium CaCO, (mg/) - 16 122 -
Silicate as SiO2 (mg/) 13 I 8 14
Phosphate as PO, (mg/l) 66 66 34 BDL
Chloride as Cl- (mg/1) 96 17 255 17
Total Ammonia as N (mg/1) 0.56 0.17 0.28 0.95
Nitrates as N (mg/1) 304 14.4 28.8 0.33
Dissolved Oxygen (mg/l) 1.6 11.4 1.0 6.2
Chemical Oxygen Demand 10 17 12 14

(mg/M)
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Table : 4.36

Ground Water Quality : Physico-chemical Parameters
(August, 1989)

Parameter Sampling Points

Charbuja Well Tamla Well
pH 7.5 6.8
Temp. (°C)
Conductivity (umho) 290 680
Total Alkalinity 144 84
as CaCO, (mg/)
Total Hardness CaCO,(mg/l) 136 444
Calcium Hardness CaCO, (mg/l) 50 150
Chloride as CI- (mg/l) 43 180
Ammonia Nitrogen (mg/l) Nil Nil
Nitrates Nitrogen (mg/1) 1.44 16
Sulphate as SO, (mg/l) 53 323
Calcium (mg/1) 20 60
Magnesium (mg/l) 6.1 21.25
Sodium (mg/1) 15 36
Potassium (mg/1) 2.37 5.5
Dissolved Oxygen (mg/1) - -

Biological Oxygen Demand (mg/1) - -
Chemical Oxygen Demand (mg/l) - -
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mean wind velocity (30 km/h), wind direction (North-East, South-West). The plants 1
and 2 had been working for over a decade and foundation of plants3 and 4 is being laid.
Therefore, the present sources of noise are located in the plants 1 and 2, construction
and transportation activities.

4.4.2 Identification of Existing Sources of Noise

The main sources of noise in the nuclear power plants are 1) turbines 2) air
compressors 3) liquid nitrogen compressors 4) ventilation inlets 5) diesel
generators 6) pump houses 7) chillers 8) vents 9) transportations activities. The
noise generated by these sources is given in Table 4.37. The detail specifications of the
same could not be obtained. The frequency distribution of the noise generated by the
sources is given in Table 4.38. It isclear that the most of the sound energy lies from
16 Hz to2 KHz. Even background noise also has similar frequency distribution, with
higher intensity in 20 to 600 Hz range.

Present volume of traffic is not very high. About 250 heavy vehicle trips and
300 light vehicle trips generate insignificant noise in the area.

Heavy water plant is the only other industry in the vicinity with noise levels of
37t047 dBA at its periphery. The hydroelectric power plant was also not very noisy (50
dB near the dam).

4.4.3 Measurement of Baseline Noise Levels in the NPC Campus

Extensive survey of distribution of noise in the NPC campus has been carried.
Just outside the campixs noise levels fall to 35to 40 dBA, except near the roads where
vehicular traffic leads to noise levels of about 40 to 60 dBA. Inside the campus of the
proposed power plants 5 to 8, noise levels are about 40 to 45 dBA and at the constuction
site of the plants 3 and 4 noise levels are 53 to 61 dBA except at the time of rock-
blasting. Just outside the plants 1 and 2 noise levels vary between 50 dBA to 80 dBA
depending upon the locations vis-a-vis sources given in the Table 4.39. In the
administrative and technical management block noise levels are 65 to 74 dBA due to air
ventilation system and diesel generators. Turbine house, compressors house, pump
house and waste treatment plant are the noisiest areas with noise levels from 78 to 95
dBA but with few personnel around.
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Table : 4.37

Sr.No. Name Number Noise level Distance
Present Postproject dBA m

1. Turbines 2 8 94 S5m

2. Compressors 6 25 96-105 Im

3 Veantilation Inlet 1 4 90 2m

4, Diesel Generators 2 8 95 2m

5. Pump House 2 8 94-97

6. Chiller (pumps) 7 30 93 Im

7. Liq Nitrogen 1 4 85 2m
Compressors

8. Waste Treatment 10 40 78 Inside
Plant

9. Reactor 2 8 79-84 Inside
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Table : 4.38

Octave Analysis of Major Sources of Noise
{Noise levels in dB)

Octave Turbine Compressor Ventilation DG set Pump house
Centre(H) Inlet
A weighted 94(at Sm) 96-105 90 95(2m) 94-97
315 77 84 73 84 80
63 86 87 86 78 82
125 82 86 87 85 87
250 79 82 83 79 84
500 81 87 84 88 86
1000 80 86 78 87 88
2000 78 82 71 82 81
4000 72 75 63 72 70
8000 74 72 59 63 65

16000 66 65 53 55 56
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Table: 4.39

Noise Level in Nuclear Power Plant

Sr. No. Location Time Noise Level
Hirs. dBA
1. Campus Main Gate 10.30 40 - 60
2 Foyer of Reactor 16.00 73-78
Building
3. Conference room 16.30 65 - 68
4, Officers cabin with 16-17 71-73
air ventilation
5. Officers cabin with 16-17 64 - 65
Air-conditioner 74 when DG is on
6. Corridor of Adm. wing 16-17 66 - 68
7.  Computer Control Room 16-17 77 - 82
AC, announcements etc.
8.  Badge office 16-17 80 - 88
9. Service Area 16-17 79 - 80
10. Site of Plant 3 & 4 11.30 53-61
11. Site of Plant 5to 8 11.30 40 - 45
12. Offices of Plant 3&4 11.00 52-58
13. Waste Dumps 16.00 38-42
14, Just outside Plant 1&2 14-15 50 - 80
15. Turbine House 15-16 80-95
16.  Compressor House 15-16 94 - 105
17. Pump House 15-16 94 - 97
18. Waste Treatment Plant 15-16 78 - 80
19. Reactor 15-16 78 - 85
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4.4.4 Measurement of Baseline Noise Levels in the
Neighbouring Villages and Colonies

Background noise levels measured in several villages at different times of the day
and locations as also in fields and forests (location depicted in Figure 4.20) are
summerised in Table 4.40. The noise levels in unpopulated fields are around 28 to 38
dBA. Inthe villages surveyed the noise levels followed typical diurnal cycle, changing
from 30-35 dBA in the night to 40-50 dBA in the morning and evening and 38-42 dBA
in the noon time due to normal village activities. The residential areas are less noisy by
about 10 dBA than the market as expected. The plant colonies are noisier, registering
50-60 dBA in the day time and 34-38 dBA at night. Rawatbhata is noisier due to
increased population and higher living standard than other human settlements around
the plant.

4.4.5 Present Noise Exposure of General Population and Employees

Equivalent sound pressure level, Leq, can serve as an indicator of the noise
exposure. It is defined as

, 1T
L. (T)=10Log (— { 10=°dt) dBA
T O

where Lp(t) is instantaneous sound pressure level and
T is the period of averaging normally 8 or 24 hrs.

Presently the impact of noise due to plant on the human settlements is indirect
either due to increased traffic or increased population and their living standard. ch (24
hrs) for the villages lies in the range 36-39 dBA except for Rawatbhata and plant
colonies, where it is about 37 to 40 dBA. Presently about 30-40 operators are exposed
to noise levels above 80 dBA per day and alarge number to noise levels above 60 dBA
for 8 hours shift. These exposures are due to plants 1 and 2. For personnel working
for plants 3 and 4 the exposures is from 50 to 60 dBA for 8 hours shift.

4.5  SOCIO-ECONOMIC ENVIRONMENT
The study area of 30 km. radius falls within five tehsils of five districts of Rajasthan

viz. Chittorgarh, Kota, Bundi, Bhilwara, Mandsaur and three tahsils of Mandaur district
of Madhya Pradesh. The study area is shown in Figure 4.21.
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Table : 4.40

Background Noise Levels in Villages/Colonies

Sr.No. Name of settlement Location Distance from Direction Time Noise levels
Blast KM. from blast Hrs. indBA
1. Rawatbhata Residential 6.5 North-West 17.30 48 - 52
2. Rawatbhata Market 6.5 North-West 17.00 65-70
3.  Eklingpura Residential ~ 14.0 South-East 16.00 48 - 52
4.  Tamlao Residential 6.0 East 17.00 46 - 48
5.  Jhalar Boari Residential 6.5 North 10.30 45-52
6.  Dippura Residential 8.00 North-East 15.00 45 -50
7.  Chempura Residential 8.00  West 16.00 46 - 48
8. Anu Asha colony Residential 6.00 North 11.00 55-60
9.  Anu Bhagya colony Residential 6.00 North 10.45 50-52
10.  AnuKirancolony  Residential 6.00 North 11.15 50-53
11.  Anu Dip colony Residential 6.00 Norh 11.30 50-52
12.  Anu Chhaya colony Residential 6.00  North 11.45 55-60
13.  Forest 4.00 East 12.30 29 - 37
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As an integral part of Environmental Impact Assessment Study, baseline
information is collected to define the socio-economic profile of the study area. This
information includes data on demographic structure, existing basic amenities like
housing, educational and medical facilities, water supply and  sanitation,
transportation and communication, power supply etc. Information on baseline health
status is also collected with special reference to diseases related to radiation hazard.

4.5.1 Socioeconomic Profile - Demographic Structure
Particulars of study area are shown in Table 4.41.

The total population within 30 km radius is 1,37,547, Sectorwise population
distribution in the study area is depicted in Table 4.42 and 4.43.

An area of 1.6 km or 2 km radius around the plant is designated as the
“exclusion zone” where no habitation is allowed. As such, there is no habitation in this
zone in RAPS and hence no villages need to be uprooted or rehabilitated.

Around exclusion zone upto 5 km radius natural growth is permitted but new/
expansion of activities that would lead to enhanced population are referred to DAE for
evaluation and decision. Within this sterilized zone, population is about 4000. The
population within 8 km and 16 km radius is about 29,000 and 46,000 respectively.

Population density in the study area is 49 persons/sq.km as against 100
persons/sq.km of the Rajasthan state. This low density can be attributed to major portion
of the study area being submerged in the Rana Pratap Sagar dam, number of villages
being uninhabited, and also the barren nature of land.

Scheduled caste fraction is about 14% of the total rural population whereas
Scheduled Tribe fraction is larger (29%) than the state average of 12.2%.

The level of literacy is considerably low in the rural portion of study area viz.
16.4% as against the state average of 24.38%. Female literacy is very poor.
Employment ratio in the study area of 35% is comparable to that of state average of
37.8%.

These demographic details are presented in Table 4.44.



Table : 4.41

Particulars of the study area

S.No.  State District Tehsil No. of
Villages
1. Rajasthan Chittaurgarh Begun 178
2. Kota Ladpura 4
3. Kota Ramganjmandi 61
4. Bundi Bundi 23
S. Bhilwara Mandalagarh 7
6. Madhya Pradesh Mandsaur Bhampura 14
7. Mandsaur Manasa 3
8. Mandsaur Jawad 9

Total 339
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Table : 4.42

SECTORWISE POPULATION AROUND RAPS (WITHIN 30 KM RADIUS)

S.No. Sector No.of Villages Human Population
1. N-NE 17 10938
2. E-NE 52 6909
3. E-SE 57 26390
4. S-SE 17 3842
5. S-SW 26 6295
6. W-SW 59 8221
7. W-NW 45 18948
8. N-NwW 44 47783

Total 317 137547
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Table : 4.43

Tehsil-wise distribution of rural population

S.No. Tehsil Population
1. Begun 48548
2, Ladpura 7886
3. Ramganjmandi 14004
4. Bundi 26777
S. Mandalgash 2344
6. Bhampura 3504
7. Manasa 22
8. Jawad 3206

Total 106291

Urban Population 31256

Grand Total 137547




TABLE :4.44

SOCIO - ECONOMIC PROFILE OF THE STUDY AREA
(PARTI : DEMOGRAPHIC STRUCTURE)

S.No. Census Name Area No. of Total Male Female SC ST Literate Total Main Workers
code No. Ha  Houses Population Male Female Male Female Male Female Male Female

BEGUN TEHSIL (CHITTORGARH DISTRICT)

--------------------

1 259 Kishanpuria 390 Uninhabited

2 260 Nahargarh 544 52 276 129 147 - - 128 144 1 - 69 4
3 261 Pratappura 323 85 447 232 215 16 13 48 46 93 3 131 12
4 262 Gorakiya 581 2 18 9 9 - - 8 7 - - 4 3
5 263 Sukhpura 1241 111 585 322 263 38 29 96 76 76 2 182 66
6 264 Khumanganj 1249 34 216 102 114 8 10 5 4 34 - 52 38
7 265 Bhoonjar Kalan 149 112 514 283 231 5 2 238 205 25 - 156 20
8 267 Bhoonjar Khurd 402 79 316 164 152 1 - 122 121 11 1 110 8
9 268 Khalgaon 109 Uninhabited - - - - - - - - - -
10 269 Amba 37 17 76 31 45 - - 6 12 4 - 21 13
11 270 Bhainsrorgarh 2873 707 3558 1859 1699 200 192 335 298 864 367 906 189
12 271 Jagpura 818 95 516 259 257 6 8 134 120 45 14 126 21
13 272 Koriyakhol 109 2 9 6 3 - - 6 3 - - 2 -
14 273 Hajipur 120 4 22 14 8 - - 6 3 2 - 8 2
15 274 Balapura 122 13 67 34 33 - - 34 33 - - 16 2
16 275 Jaorkalan 378 72 356 177 179 17 17 121 127 13 - 91 12
17 276 Jaorakhurd 975 81 452 228 224 10 9 198 197 45 1 116 23
18 2717 Baroliya 233 153 745 392 353 116 99 198 184 106 10 236 98

CONTD.

LET



code No.

Neem-ka-khera
Kacholiya

21 280 Saneeta

22 281 Teendwa

23 282 Deopuriya

24 283 Sakhalon-ka-Dhunda
25 284 Bhaupura

26 285 Shayampura

27 286 Bhawanipura

28 287 Udpuriya

29 288 Bakhtpura

30 289 Peerpura
31 290 Shiripura

32 291 Lothiyana

33 292 Dhangadmaw kalan
34 293 Laxmikhera

35 294 Borao

36 295 Khema-ka-khera

Area No. of Total Male Female SC ST Literate Total Main Workers
Ha  Houses Population Male Female Male Female Male Female Male Female
144 11 53 29 24 5 7 8 5 1 - 15 8
37 Uninhabited
419 42 204 105 99 11 5 49 44 - - 39 -
81 Uninbabited
201 16 117 61 56 7 2 6 7 13 1 25 -
363 51 180 113 67 25 23 9 8 66 15 49 1
197 . 4l 172 86 86 - - 20 24 14 - 43 -
45 Uninhabited
336 34 168 87 81 13 15 57 48 11 1 57 19
127 61 296 159 137 7 3 46 49 35 1 95 21
765 103 475 249 226 35 24 134 126 65 4 138 95
98 Uninhabited
1410 175 921 477 444 40 41 220 199 160 46 240 69
452 9 380 199 181 4 3 172 164 11 - 114 3
388 92 430 232 198 138 117 8 12 56 9 123 6
404 37 194 96 98 - - 22 25 10 - 57 9
1465 406 1997 1040 957 191 164 86 67 443 127 598 40
227 43 200 103 97 1 - 10 9 17 - 64 1
CONTD.

8¢l
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S.No. Census Name Area No. of Total Male Female SC ST Literate Total Main Workers

code No. Ha Houses Population Male Female Male Female Male Female Male Female
37 296 Tamboliya 445 60 286 162 124 32 22 11 10 30 - 85 -
38 297 Takarda 470 143 703 364 339 35 35 10 6 65 3 210 1
39 298 Kesharpura 291 38 231 116 115 48 53 - - 22 - 56 2
40 299 Ganeshpura 235 47 281 146 135 43 41 1 - 73 1 79 -
41 300 Kalayanpura 53 Uninhabited
42 301 Bordan 431 100 547 287 260 30 24 15 11 100 18 187 160
43 302 Gopalpura 357 122 583 294 288 38 33 54 51 121 11 178 -
44 303 Shambhoopura 309 41 230 116 114 - - 116 114 - - 62 55
45 304 Umarcha 1633 35 176 95 81 3 3 83 74 3 - 52 -
46 305 Jainagar 91 15 95 49 46 12 10 37 36 2 - 28 -
47 306 Nangpura 1241 117 592 309 283 - - 194 167 22 2 170 1
48 307 Dhangadmau Khurd 6216 113 491 261 230 3 2 249 228 9 - 184 149
49 308 Mandesera 1164 198 948 486 462 16 11 286 285 80 10 279 6
50 309 Ratanpura 308 46 204 111 93 38 39 3 3 37 - 63 10
51 310 Hatoli 447 30 168 83 85 - - 75 73 3 1 41 2
52 311 Lohariya 1778 109 557 301 256 25 19 79 72 70 1 155 21
53 312 Morthuka \ 114 26 104 56 48 34 32 22 16 13 - 33 11
54 313 Beerkalakhet 313 60 253 138 115 3 3 107 90 6 - 82 13
CONTD

6¢l



..................................................................................................................................................................

S. No.

Census

Name Area No. of Total Male Female SC ST Literate Total Main Workers
code No. Ha  Houses Population Male Female Male Female Male Female Male Female
55 314 Parjarkhurd 200 100 524 281 243 31 23 124 119 21 1 177 11
56 315 Thalar Baori 1743 108 553 298 255 - 114 111 52 8 134 35
57 316 Thamlao 1181 99 500 240 260 I 7 0 65 55 6 138 37
58 317 Jalanpula 170 Uninhabited
59 318 Kishorpura 202 43 188 .93 95 - - 93 95 - - 48 46
60 319 Kelukheri 196 15 80 49 31 - - 1 2 16 - 22 -
61 320 Khajapura 88 20 125 73 52 14 8 31 28 13 - 27 2
62 321 Bana-ka-khera 173 9 37 21 16 - - 21 16 - - 13 11
63 322 Deep pura 452 57 289 140 149 8 9 73 78 19 7 72 55
64 323 Manpura 102 Uninhabited
65 324 Jarjhani 1825 232 1224 652 572 107 94 106 92 168 29 332 75
66 325 Nai-ki-Talai 96 Uninhabited
67 326 Amarpura 73 23 136 72 64 71 64 - - 6 - 39 29
68 327 Bhagwatpura 181 3 16 12 4 1 - - - 7 3 7 -
69 328 Matpura 329 20 112 50 62 - - 50 62 4 - 34 29
70 329 Kotra 340 50 296 160 136 8 8 75 56 19 - 78 20
71 330 Bambori kalan 3N 29 158 78 80 3 2 33 33 20 10 43 8
72 331 Badodiya 634 222 1150 628 522 156 144 88 57 207 54 315 110
CONTD

141



.................

S.No. Census Name Area No. of Total Male Female SC ST Literate Total Main Workers
code No. Ha  Houses Population Male Female Male Female Male Female Male Female
73 332 Menpura 147 12 72 36 36 - - 9 10 3 - 10 -
74 333 Semaliya 1066 31 165 81 84 15 14 19 18 25 9 41 1
75 334 Kherli 4147 794 3266 1876 1390 359 303 35 22 1117 381 1066 73
76 335 Kundaliya 56 340 1344 701 643 116 126 45 35 459 321 389 39
77 336 Emti 228 4 11 8 3 - - 8 3 - - 5 -
78 337 Ganga-ka-khera 87 Uninhabited :
79 338 Sarangpura 238 9 32 17 15 - - 17 15 3 - 12 -
80 339 Toda-ka-khesa 175 Uninhabited
81 340 Barwan 1410 Uninhabited 7
82 341 Jhoojnabala 40 25 130 70 60 3 2 67 58 - - 40 19
83 342 Lasana 205 42 230 125 105 - - 105 89 14 - 61 2
84 343 Chenpura 158 55 249 124 125 4 8 92 86 12 - 69 10
85 344 Kushalgash 178 51 253 126 127 - - 125 126 4 - 67 34
86 345 Keraveeran 20 12 65 36 29 - - - - 4 - 28 -
87 346 Nati 829 59 275 139 136 - 139 136 3 - 72 37
88 347 Paral Bandha 203 Uninhabited
89 348 Phootpal 504 20 94 54 43 1 - 8 1 13 - 27 4
90 349 Kolpura 1701 67 339 173 166 - - 156 151 5 - 91 78
CONTD.

134!



Census

...................................................................................

Name

code No.

Rawatoura
Kamai
Kripapur
Agra
Ogadiya
Rajpura
Arenakalan
Ganeshpura
Arenakhurd
Doodi Talai
Ratoli
Batheliya
Kesha-ka-khera
Manoli
Chhatarpura

No. of Total Male Female SC ST Literate Total Main Workers
Houses Population Male Female Male Female Male Female Male Female
43 181 95 86 2 2 84 81 8 - 54 46
Uninhabited
Uninhabited
43 220 106 114 1 1 99 105 16 - 56 55
80 349 174 175 16 15 156 160 4 - 96 -
32 177 92 85 - - 92 85 - - 36
122 534 274 260 7 4 245 237 29 2 143 -
Uninhabited
50 234 106 128 - - 52 64 29 1 51 1
101 486 262 224 3 3 216 176 29 - 110 -
Uinhabited
Unihabited
109 657 340 317 19 14 301 300 19 - 176 -
8 26 16 10 - - 16 10 1 - 9 -
49 308 153 155 26 19 54 65 44 2 80 30
Uninhabited
Uninhabited
Uninhabited
CONTD.

wil



........................................................................................................................................

Census

Name

code No.

Raipur
Bheempura
Renkhera
Halsera
Ladpur
Jalkhera
Bambori khurd
Dhardi
Karanpura
Dhawadkhurd
Dhawad Kalan
Mohanpura
Khatikhera
Vijaypura
Eklingpura
Dholoi
Matasara

No. of Total
Houses Population

Uninhabited
Uninhabited

28 192

136 697

37 204

146 863

135 770

T 17 80

83 397

25 134

29 145

133 800

102 541

274 1419

28 178

235 1260

55 256
Uninhabited

Male Female
93 99
359 338
103 101
461 402
400 370
41 39
208 189
67 67
75 70
440 360
279 262
738 681
98 80
626 634
138 118

SC ST Literate Total Main Workers

Male Female Male Female Male Female Male Female
1 - 37 44 25 4 49 2
138 123 22 20 93 18 176 3
70 69 5 6 22 2 60 -
80 67 - - 149 19 230 3
110 106 7 7 117 24 224 14
- - 41 39 1 - 22 11
65 51 19 13 44 2 107 97
9 8 24 24 17 - 38 18
- - 75 70 - - 41 29
139 108 52 39 137 12 200 127
42 39 55 48 79 6 122 22
65 56 21 17 377 57 386 85
5 3 84 67 31 1 42 9
81 86 75 68 270 31 338 59
16 16 19 17 59 4 74 -

CONTD.

1374



.............................................................................................................

Kerpura

Chak Baori-ka-Mal
Thah-ka-khera
Morli

Amlat
Anandpura
Armiya
Motipura
Neema Kakhera
Rooppura
Udpuriya
Narayanpura
Malgarh

Area No. of Total
Ha  Houses Population
359 Uninhabited
355 Uninhabited
204 Uninhabited
230 Uninhabited
171 Uninhabited
131 Uninhabited
142 . Uninhabited
297 Uninhabited
343 Uninhabited
241 Uninhabited
627 Uninhabited
264 Uninhabited
84 Uninhabited
149 Uninhabited
713 Uninhabited
251 46 215
449 Uninhabited
33 Uninhabited

Male Female

109 1

Male

SC
Female

.............

Male

.............................................................................................................

101

ST
Female

13

Literate
Male Female

Total Main Workers
Male Female

144!



Census

.................................................................................................................................

Name

code No.

Doongariya
Anwalhera
Jheenkra
Peepalkheri
Mawada
Govindpura
Kuakhera

No. of
Houses Population

21 123
Uninhabited
Uninhabited

29 145

65 338
Uninhabited
- Uninhabited
Uninhabited

47 257

21 137

52 242
Uninhabited

37 196

25 110
Uninhabited

55 303
Uninhabited

97 500

Total

Male Female SC ST Literate Total Main Workers

Male Female Male Female Male Female Male Female
61 62 - - 50 49 7 - 33 -
76 69 - - 61 57 3 1 40 -
177 161 27 34 42 36 3 - 111 14
138 119 14 14 124 105 1 - 75 2
68 69 - - - - 15 - 31 -
125 117 12 16 81 77 3 - 72 2
103 93 2 2 51. 48 15 - 56 9
56 54 - - 24 27 6 - 29 3
165 138 - - 79 57 26 - 77 2
258 242 76 64 32 28 78 22 143 62

CONTD.
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Census

Name

code No.

Naya Gaon
Chittoriya
Kethoola
Rampuriya
Kanati
Dotara
Peepalda
Barkhera
Kanworpura
Rodi
Monhana
Rooppura
Gilota
Manya Kheri
Shogarh

Area No. of Total Male Female SC ST Literate Total Main Workers
Ha  Houses Population Male Female Male Female Male Female Male Female
85 Uninhabited
1557 23 102 44 58 24 30 - - 18 2 30 13
457 15 110 79 31 - - 35 31 34 - 62 1
517 Uninhabited
1299 Uninhabited
343 25 124 71 53 - - 57 45 1 - 35 -
3375 . Uninhabited
1079 27 135 74 61 - - 67 61 4 - 46 -
2614 83 - 361 182 179 11 12 50 51 57 11 109 23
121 Uninhabited
6732 65 536 334 202 12 11 22 19 44 1 212 11
2095 123 580 301 279 26 27 64 58 122 34 125 7
1057 45 248 199 129 - - 40° 39 18 1 65 18
596 117 659 349 310 21 18 77 63 70 1 189 43
524 82 413 210 14 20 30 78 60 23 84 43
390 61 364 192 172 5 4 88 77 29 - 67 47
CONTD.
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..........................................................................................................................

S.No. Census Name Area No. of Total Male Female SC ST Literate Total Main Workers
code No. Ha  Houses Population Male Female Male Female Male Female Male Female
BUNDI TEHSIL (BUNDI] DISTRICT)
1 237 Gopalpura (Barad) 741 170 835 445 390 133 122 40 30 16 6 291 30
2 238 Dhorala 1342 72 471 251 220 27 19 107 97 15 1 159 61
3 239 Gordhanpura 381 38 218 113 105 26 18 33 34 18 - 59 5
4 240 Budhpura 664 - 734 2641 1518 1123 301 208 328 279 237 11 961 83
5 241 Barfoo 1603 110 459 292 217 22 23 70 63 37 - 155 42
6 242 Ratanpura 75 11 76 37 39 - - - - 1 - 19 2
7 243 Lamba-khoh 2049 1218 4598 2704 1394 650 454 663 567 430 30 1956 528
8 244 Ganeshpura 369 133 686 356 330 5 7 338 315 22 - 191 48
9 245 Chhant-ka-khera 413 24 123 68 55 - - 34 29 11 7 43 1
10 246 Naroli 743 309 1194 711 483 147 103 318 207 24 2 505 253
11 247 Rajpura 1211 410 1663 937 726 225 169 317 263 50 5 627 392
12 248 Bakchanch 2619 Uninhabited
13 249 Gurha 656 143 581 330 251 82 61 93 75 3 - 219 45
14 250 Dasalya 692 89 436 224 212 11 16 65 73 8 - 134 47
15 251 Daboosar 149 12 47 27 20 - - 27 20 - - 21 13
16 252 Dabi 3034 565 2871 1515 1356 202 174 434 400 331 99 932 423
17 253 Thari 982 86 481 260 221 3 4 159 154 31 2 143 108
18 254 Satoora 1016 313 1789 926 863 45 36 203 207 74 3 496 75
CONTD.
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S.No. Census Name Area No. of Total Male Female SC ST Literate Total Main Workers

code No. Ha  Houses Population Male Female Male Female Male Female Male Female
19 255 Bhawanipura 514 28 129 65 64 - - 65 64 4 - 37 1
20 256 Kanwarpura 2550 162 700 373 327 4 3 190 151 1 - 200 -
21 257 Bijari 1588 43 183 97 86 1 - 40 34 4 - 49 -
22 258 Dhanesar 5951 192 983 525 458 34 25 328 294 53 19 309 63
23 259 Khadipur 9791 " 885 3689 2032 1657 346 313 416 341 1020 444 1086 200

MANDALGARH TEHSIL (BHILWARA DISRICT)

1 291 Hasipura 26 5 30 12 18 - - 12 18 - - 6 -
2 296 Kalighati 160 24 255 141 144 9 5 128 109 9 - 79 5
3 297 Jaloo-ka-Dhoondha 24 7 38 24 14 - - 24 14 - - 8 1
4 298 Danpura 237 47 221 121 100 - - 85 67 12 4 73 15
5 299 Ummedpura 152 54 266 143 123 26 16 32 25 32 - 83 6
6 300 Ant 1437 147 579 336 243 59 37 57 40 48 - 220 18
7 301 Gudha 1239 211 959 490 466 78 67 121 118 189 28 295 113
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S. No.

Census

Name

code No.

No. of Total Male Female
Houses Population

LADPURA TEHSIL (KOTA DISTRICT)

O O ~3 OV bW

Ratkankra
Baorikhera

Kolana @ Lakshmipura

Rel

Dolya
Akhawa
Borawas
Tholanpur
Kot Baori
Goron-ka-Gaon
Kolipura
Ratariya
Deopura
Neemkhera
Shodampura
Rooppura
Barkui
Bachhriya

39 187 94 93
110 760 403 357
122 1555 788 767

Uninhabited :
“121 724 390 334
- 30 15 15
437 2307 1207 1102
Uninhabited
Uninhabited
Uninhabited
4] 324 182 142
Uninhabited
Uninhabited
Uninhabited
Uninhabited
Uninhabited
Uninhabited
Uninhabited

54

61

92
51
325
48

443

112

................................................................................................................................................................................................

ST Literate Total Main Workers
Female Male Female Male Female
93 1 - 37 3
42 80 - 199 4
323 76 - 436 129
48 117 7 234 7
- 9 - 11 -
433 132 12 694 160
93 8 - 400 18
CONTD
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S.No. Census Name Area No. of Total Male Female SC ST Total Main Workers
code No. Ha  Houses Population Male Female Male Female Male Female Male Female
19 132 Bugchach Kalan 288 Uninhabited
20 133 Bugchach Khurd 97 Uninhabited
21 134 Ummedpura 57 Uninhabited
22 135 Girdharpura 2134 139 615 330 285 91 82 107 105 52 200 152
23 136 Hirapura 224 Uninhabited
24 137 Chand Baori 73 52 267 135 132 4 1 36 40 19 74 1
25 138 Sabalpura 34 Uninhabited
26 139 Kishanpura 986 31 173 97 76 - - 24 24 21 56 17
27 140 Motipura 61 Uninhabited
28 141 Bhagwanpura 43 Uninhabited
29 142 Udaipura 95 Uninhabited
30 143 Prithvipura 321 2 7 3 4 - - - - 3 3
31 144 Amarpura 120 Uninhabited
32 145 Khangarpura 142 Uninhabited
33 146 Dohniya 372 Uninhabited
34 147 Indrapura 228 Uninhabited
35 148 Jaspura 463 15 85 42 43 - - 4 4 4 27 15
36 149 Narayampura 683 Uninhabited
CONTD.
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.................

S.No. Census Name

code No.
37 150 Ganeshpura
38 151 Ama-ka-pani
39 152 Kharli Baori
40 153 Keshopura
41 154 Rojhala
42 155 Mandargarh
43 157 Damodarpura
44 158 Mohanpura

........................

No. of Total SC ST Total Main Workers
Houses Population Male Female Male Female Male Female Male Female
Uninhabited
Uninhabited
3 11 S 6 - - - - - 1 4 -
18 90 50 40 - - 50 40 - - 25 -
Uninhabited
65 345 185 160 3 3 176 154 11 - 82 1
. 30 157 92 65 11 5 11 5 12 3 52 7
46 242 123 119 1 - 54 61 19 - 65 2
CONTD.
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S.No. Census Name Area  No. of Total Male Female SC ST Literate Total Main Workers
code No. Ha  Houses Population Male Female Male Female Male Female Male Female

RAMGANIMANDI TEHSIL (KOTA DISTRICT)

1 1 Balkoo 847 12 52 26 26 - - 26 26 2 - 14 6
2 2 Ghatoli 1341 129 663 362 301 57 46 29 30 27 26 201 44
3 3 Hathona 575 111 626 330 296 62 72 44 36 104 14 177 19
4 4 Bakspura 471 28 166 88 78 8 6 5 1 £3] 16 46 4
5 19 Kotri 700 - 87 668 351 317 65 69 - - 119 9 176 52
6 20 Sandyakheri 256 109 600 316 284 72 69 52 47 124 6 169 7
7 21 Deoli Kalan 813 168 908 473 435 170 146 - - 156 17 227 1
8 22 Bordi 204 73 373 186 187 46 55 - - 35 1 90 -
9 23 Dudiyaheri 149 22 143 84 59 6 4 S 3 19 - 28 -
10 24 Arlai 557 129 608 311 297 87 87 3 1 137 10 173 53
11 25 Khera Rudha 468 230 1298 679 619 161 145 62 47 283 60 343 53
12 26 Phawa 293 67 350 182 168 85 79 - - 75 - 92 18
13 27 Alod 828 209 1100 562 538 98 92 5 2 278 50 284 112
14 28 Motipura Kalan 187 37 221 111 110 - - 3 5 53 3 60 6
15 29 Neemoda 474 73 393 214 179 66 48 7 9 103 1 122 3
16 30 Mawasa 653 69 397 219 178 61 44 9 13 86 8 110 27
17 31 Zalimpera khurd 169 11 77 37 40 - - - - 1 - 28 2
18 32 Phanda 168 78 566 295 271 80 72 - - 115 13 150 2

CONTD.
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...............................................................................................................................................................

Census

code No.

S. No.

19 48
20 50
21 51
22 52
23 53
24 54
25 55
26 56
27 57
28 58
29 59
30 60
31 61

Name Area  No. of Total  Male Female SC ST Literate  Total Main Workers
Ha  Houses Population Male Female Male Female Male Female Male Female
Kalyakheri 117 8 239 122 117 - . . . 13 . 59 4
Chandrapura 521 79 456 254 202 2 - - 84 1 144 47
Jagpura khurd 264 Uninhabited
Salera khrud 353 130 725 385 114 93 - . 120 8 210 2
Reenchhi 366 140 742 376 366 70 71 28 32 221 20 202 185
Khani 768 123 615 313 302 46 4 165 156 54 15 182 80
Rajpura 209 30 162 89 73 24 21 56 42 39 1 47 -
Borina 280 93 548 283 265 50 29 - - 138 13 175 10
Hathiya kheri 540 67 370 189 181 45 44 . - 128 38 87 -
Gulabpura 228 21 96 49 47 - - - - 2 - 25 -
Amlawad khera 110 Uninhabited
Madanpura 55 126 791 403 388 17 21 37 41 211 35 192 18
Rooppura 140 12 50 24 26 5 5 6 9 1 - 16 -
CONTD
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Index of codes used in Table 4.44 - (Part 11)

Sr.No. Amenities Code Description
I. Educational P Primary School
M Middle School
S Secondary School
PUC Higher Secondary/
Pre-University
C College
H Secondary School
2. Medical H Hospital
MCW Matemity and Child
Welfare
3. Adult Literacy Class AC Adult Literacy Class
4. Medical o Others
MH Materinity Home
CcwcC Child Welfare Centre
HC Health Centre
PHC Primary Health Centre
PHS Primary Health Sub-centre
D Despensary
RP Registered Private Practitioner
CHW Community Health Worker
5. Drinking Water A Well Water
TK Tank Water
™ Tube Well
HP Hand Pump
R River
C Canal
L Lake
N Nallah
0 Other
6. Post & Telegraph PO Post Office
TO Telegraph Office
PTO Post and Telegraph Office
Phone Telephone Connection
7. Communication BS Bus Stand
RS Railway Station
8. Approach to Village KR Kutcha Road
RS Pucka Road
9. Power Supply ED Electricity for Domastic Purpose
EAg Electricity for Agriculture
EA Electricity for all Purposes







