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The Bhabha Atomic Research
Centre (BARC) has been engaged
in research and development of
desalination since 1970s with a view
to augment water resources in
areas of scarcity. As a result, multi-
stage flash (MSF) and reverse
osmosis (RO) technologies were
developed indigenously.

Introduction
In order to gainfully employ the
years of experience and expertise
in various aspects of desalination
activity, BARC (India) has
undertaken installation of a hybrid
nuclear desalination plant coupled
to 170 MW(e) PHWR station at
Kalpakkam, Chennai in the
Southeast coast of India. The
integrated system, called the
Nuclear Desalination Demonstration
Project (NDDP), will thus meet the
dual needs of process water for
nuclear power plant and drinking
water for the neighbouring people.

Objectives

NDDP aims for demonstrating the
safe and economic production of
good quality water by nuclear
desalination of seawater. It
comprises a 4500 m3/d Multistage
Flash (MSF) and a 1800 m3/d
Reverse Osmosis (RO) plant. MSF
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section uses low pressure steam
from Madras Atomic Power Station
(MAPS), Kalpakkam.

The objectives of the NDDP
(Kalpakkam) are as follows:

1. To establish the indigenous
capability for the design,
manufacture, installation and
operation of nuclear desalination
plants.

2. To generate necessary design
inputs and optimum process
parameters for large scale nuclear
desalination plant.

3. To serve as a demonstration
project to IAEA welcoming
participation from interested
member states.

The hybrid plant is envisaged to
have a number of advantages:

1. A part of high purity desalted
water produced from MSF plant will
be used for the makeup
demineralised water requirement
(after necessary polishing) for the
power station.

2. Blending of the product water
from RO and MSF plants would
provide requisite quality drinking
water.

3. The RO plant will continue to be
operated to provide the water for
drinking purposes during the
shutdown of the power station.

Hybrid MSF-RO Nuclear
Desalination Demonstration
Plant
The 6300 m3/d hybrid MSF-RO
nuclear desalination installation is
located in between the existing 170
MW(e) PHWR station and
proposed 500 MW(e) FBR at
Kalpakkam.

MSF Plant
The MSF plant uses cheaper
material of construction, deploying
carefully controlled seawater
chemistry. A wide flash temperature
range leads to more than 30 stages,
offering GORs of 9-10. The long tube
design reduces the pumping power.

The MSF plant uses significant
quantity of low pressure (LP) steam
for seawater desalination. In order
to avoid any chance of ingress of
radioactivity (tritium) to MSF process
and product water, it has been
decided to incorporate an isolation
heat exchanger between MAPS
steam supply and the brine heater
of MSF. The LP steam is tapped
from the manholes in the cold reheat
lines after HP turbine exhaust from
both the nuclear reactors (MAPS I
and II).

The moisture content is removed
through a moisture separator. The
steam is sent to intermediate
isolation heat exchanger to produce
process steam for brine heater of the
MSF plant. The pressure and
temperature of steam generated
from isolation heat exchanger
determines the terminal temperature
difference. It has been decided to
generate steam at 0.270 MPa
(130.48 °C saturation temperature)
in isolation heat exchanger so that
the steam is available at the inlet to
brine heater at about 0.249 MPa.

Furthermore, it is desirable to keep
the steam temperature in brine
below 130 °C to avoid scaling on the
tube side.

The work on steam system is
progressing well. The steam
pipeline layout from MAPS to NDDP
has been finalised. The condensate
from the isolation heat exchanger is
returned back to the deaerator
section of the power station.

Adequate provisions for
monitoring and control have been
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incorporated for isolation of the
steam supply in case of shutdown
of the power station or desalination
plant.

The tender document for the steam
and condensate system has been
released. The offers have been
received from the bidders. The
technical and commercial evaluation
for undertaking the job has been
completed.

RO Plant

The RO plant employs spiral wound
membrane modules. It requires
relatively lower operational pressure
which is due to the use of elevated
feed sea water temperature.

The pretreatment for the RO plant
is presently conventional using
chlorination, clariflocculation, sand
filtration, acid dosing, antiscalant
dosing, dechlorination and cartridge
filtration.

The RO plant is fitted with energy
recovery hydraulic turbocharger. It is
planned to blend the return stream
of cooling seawater from the reject
stages of MSF with the seawater
to bring down the temperature to 36-
38 °C for RO feed.

General Character is t ics of
NDDP

NDDP requires around 2000 m3/hr
seawater. Different alternatives for
seawater intake were considered
and evaluated. The possibility of
an exclusive intake for supply of raw
seawater was investigated in detail.

The bathymetric and morphological
surveys were carried out. The
geology of seabed was identified.
The tests were carried out for the
soil bearing capacity, erosion and
depositional characteristics of the
seabed. The raw water samples
were collected to carry out detail
analysis.

From the bathymetry and seabed
soil characteristics it is observed
that the seabed primarily consists of
silty sand. Morphological changes
along the beach are very high with
respect to seasonal changes. After
studies, it has been decided to use
process cooling water from MAPS

outfall seal pit as a source of
seawater supply for NDDP. The
outfall seawater temperature varies
from 26 - 32 °C which is about 4 °C
higher than ambient temperature
due to heat being rejected from the
process cooling water system.

The cooling water discharge has no
debris since the intake water passes
through the trash rack and travelling
water screens. It is reported to have
less biofouling potential.

The tender for the seawater intake
and reject disposal system has
been released. The offers were
received from the interested parties.

The technical evaluation has been
completed.

Status
Considerable progress has been
achieved in the implementation of
the project. Indents for all the major
equipment and materials for NDDP
have been released and are in
various stages of procurement and
fabrication at works. Fabrication of
process tanks has already been
completed and installed at NDDP
site.

Steam to Evacuafon

and de-aerator has started at
supplier's works. The civil
foundation work for the MSF
module has been taken up. Civil
works at site is in full swing and
nearing completion.

The construction work of workshop,
electrical substation, administrative
and stores building has been
completed. RO building is also
ready.

Installation of the RO pretreatment
system has started at the site. The
offers received for RO modules
have been evaluated and purchase
order has been released to the
party. Electrical systems such as
transformer, HT cables, LT panel
and MCC are in advanced stage of
procurement and supply.

Useful design data is expected from
the plant on the coupling of SMR
based on PHWR with a hybrid
desalination plant.

Trial runs and commissioning are
envisaged later in 2002. On
completion of the commissioning
test, the NDDP will be open to

Makeup Feed To
H 3

1. PHWR 170 MWe
2. HP Turbine
3. Moisture Separator/Reheater
4. LP Turbine
5. Power Plant Condenser
6. Moderator - DM Water Cooling Loop

7.DM Water - Sea Water Cooling Loop
8.Generator
9.MSF Plant Chemical Pretreatment Section
10.MSF Plant Brine Heater
11 .MSF Plant Heat Recovery Section
12.MSF Plant Heat Reject Section

13.RO Plant
14.RO Plant Energy Recovery Turbine
15.lntermediate Heat Exchanger
16.Product Storage Tank

6,300 nA'd MSF- RO DESALINATION PLANT COUPLED TO 170 MW© PHWR

Fabrication of multistage steam jet
ejector with pre-, inter- and after-
condenser has also been
completed and delivered at site.

The fabrication of MSF modules

international participation by
interested Member States under the
IAEA umbrella in order to share the
relevant information of operation
and maintenance of a nuclear
desalination plant.


