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Abstract

India is one of the developing countries operating waste management facilities for entire nuclear fuel
cycle for the last three decades. Over the years, the low and intermediate level (LIL) liquid waste streams arising
from reactors and fuel reprocessing facilities have been well characterised and different processes for treatment,
conditioning and disposal are being practised. LIL waste generated in nuclear facilities is treated by chemical
treatment processes where majority of the activity is retained in the form of sludge. Decontamination factors
ranging from 10 to 1000 are achieved depending upon the process employed and characteristics of the waste. At
an inland PHWR site at Rajasthan, the LIL waste is concentrated by solar evaporation. To augment the treatment
capability, a plant is being set up at Trombay to treat LIL waste based on reverse osmosis process. Alkaline waste
of intermediate level activity is being treated by using indigenously developed resorcinol formaldehyde resin.
Solid radioactive waste is volume reduced by compacting, baling and incineration depending on the nature of the
waste. Cement matrix is employed for imll7mobilisation of process concentrate such as chemical sludge, ash
from incinerators etc. The solid waste, depending on the activity contents, is disposed in underground engineered
trenches in near surface disposal facility. Bore well samples around the trench are drawn periodically to ascertain
the effectiveness of the disposal system. The gaseous waste is treated at the source itself. High efficiency
particulate air (HEPA) filter and impregnated activated carbon is employed to restrict the release of airborne
activity to the environment. Radioactive waste discharges are kept well below the authorised limits prescribed by
the regulatory authorities. This paper covers the waste management practices being adopted in India for
treatment, conditioning, interim storage and disposal of low and intermediate level waste arising from the
operation of nuclear power plant, research reactor and fuel reprocessing facilities.

1. INTRODUCTION

Safe and economic management of radioactive waste is necessary for the successful
implementation of nuclear power programme. In India, emphasis was laid on radioactive waste
management right from the inception of nuclear energy programme. Waste management plants were
set up at sites along with nuclear facilities. The waste management facility at Trombay is thirty years
old and manages waste generated during operation of fuel fabrication, research reactor, isotope
production, fuel reprocessing, and research laboratories. Also the spent radiation sources from most of
the locations in the country are collected and disposed at this site. Based on the operating experience
at Trombay other waste management facilities were set up at Tarapur, Rajasthan, Kalpakkam, Narora
and Kakrapara along with operation of power reactors and fuel reprocessing plants. The location of
waste management plants along with nuclear facilities avoids transportation of radioactive waste to
long distances through populated areas.

2. MANAGEMENT OF RADIOACTIVE LIQUID WASTE

Large volumes of radioactive liquid waste are generated during operation of power reactor,
research reactor, spent fuel recycling, and general research and development activities. In India, the
categorisation of liquid and gaseous waste is based on specific activity and solid waste is categorised
according to radiation field on the consignment [1]. The annual radioactive liquid waste arising from
different sources have been well characterised and is presented in Table I.



TABLE 1. CHARACTERISATION OF LIQUID WASTE GENERATED IN INDIA

Source of
generation

Research reactors

Power reactors

BWR

PHWR

Fuel Reprocessing
Facility

R&D Laboratories

Average
annual

generation
(cu m.)

16,000

26,800

26,600

34,300

12,000

Specific
activity
Bq/ml

PY

1-3

50-100

0.1-1

4-20

1 -4

pH

8-9

8- 10

8-10

8-9

8-9

Total
Solids

%

<0.5

<0.1

<0.5

O.1

O. IK

Major
Radionuclides
presents

l34'l37Cs,90Sr,3H

l34 ' l37Cs, 60Co

3H, l37Cs, 60 Co
6 5Zn,9 0Sr

l 3 7Cs,9 0Sr, l 2 5Sb
l 4 4Ce, 2 3 9Pu

60Co, l37Cs, 90Sr

Low and Intermediate level (LIL) waste in India is treated by various processes such as
chemical precipitation, ion exchange, evaporation, reverse osmosis etc. either in singular or multiple
mode [2]. The selection of treatment process depends on the nature of the waste, radionuclides present
and the desired level of decontamination. Most of the activity present in LIL waste is in the form of
cesium (137Cs) and strontium (90Sr) along with cerium (l44Ce), cobalt (60Co), ruthenium (l06Ru), etc.

2.1. Chemical treatment processes

Chemical precipitation/coprecipitation process is employed for the treatment of radioactive
liquid waste associated with higher dissolved solids and varying chemical and radiochemical
composition. The radionuclides 137Cs and 90Sr are coprecipitated using copper ferrocyanide and
calcium phosphate/ barium sulphate at 8.5 pH. Ferric hydroxide precipitation is also employed for
effective removal of other radionuclides. Flocculating agent based on polyacrylamide is employed in
regular treatment to improve the decontamination factor as well as to enhance the settling rate on the
plant scale.

In an effluent treatment plant, the liquid waste is mixed online with optimized concentration
of precipitating chemicals. The precipitates so formed are mixed to achieve intimate contact of
radionuclides with the fines. The waste is then pumped to the settler where the fine particles are
allowed to grow in size and finally settle to the bottom carrying away the radionuclides. The
decontamination factor achieved during chemical treatment is about 10 to 20 and depends on the
nature of the waste and the activity content. A volume reduction factor of about 50 to 100 is achieved.
The supernatant liquid after monitoring is either treated by ion exchange or discharged to the
environment. The sludge with around 1 to 1.5% solid content is transferred to sludge storage tanks.
The sludge is further concentrated either by centrifuge or by filter/gravity settling. The centrate is
again recycled to the plant and the sludge with 10 to 15% solid content is immobilised in cement
matrix. A typical plan and flowsheet of a waste treatment plant at Bhabha Atomic Research Centre
(BARC), Trombay treating 100 m3 of waste per batch is shown in Fig-1. The plant handles around 105

m of radioactive liquid waste annually from research reactors, fuel reprocessing facility and general
research and development activities in the nuclear research centre.



CODE DESCRIPTION

1 PRE TREATMENT TANKS
2 SETTLER
3 VACCUM TRANSFER TANKS
4 SLUDGE TANKS
5 SLUDGE METERING TANK

6 CEWENT HOPPER & CONVEYER
7 SOLIDIFICATION UNIT
8 SOLIDIFIED SLUDGE
9 ION-EXCHANGE COLUMN
10 SPENT ION-EXCHANGE DRUM
11 POST TREATMENT TANKS
12 SAND FILTER
P PUMP
S SUMP
M CHEMICAL MIXER
C CHEMICAL IN
D DECANT
V VACCUM

CA COMPRESSED AIR
SW SERVICE WATER
DS DEWATERED SLUDGE
DP DISCHARGE POINT 830 METERS AWAY FROM SHORE
BW BACKWASH
CF RIN CENTRIFUGE
Fl FLOW INDICATOR

TO SOLID WASTE DISPOSAL SITE

FIG.I. Flowsheet of liquid waste treatment plant.

2.2. Treatment using solar evaporation

At one inland site in Rajasthan where PHWR (2 x 160 MW(e)) reactors are located, the
radioactive liquid waste is treated by solar evaporation. India being a large country has different
meteorological conditions. The temperature at the site during summer season is about 45°C. The solar
evaporation facility (SEF) is constructed in a modular fashion with twenty modules. Each module
consists of three shallow pans with evaporation surface area of about 200 m each. The effluent
storage tanks are provided to collect the overflow from the pans during monsoon season. The effluent
so collected during rains is pumped to the evaporation pans during summer season. Due to high
evaporation rate of about 1.0 to 1.5 m annually, the stored radioactive liquid gets concentrated and the
concentrate/sludge is removed from the pans. Each year about 60 to 70 m of radioactive sludge
containing 3 to 4 % solids is generated. The sludge is finally immobilised in cement matrix and is
disposed of in near surface disposal facility. The solar evaporation facility handles about 12 500 m3 of
waste annually.

2.3. Treatment using ion exchange

Ion exchange process is widely used in India for the treatment of LIL radioactive waste.
Among the various naturally occurring minerals, vermiculite is widely used for removal of traces of
l37Cs in effluents from chemical treatment plants. The insoluble hexacyanoferrates (II) which are used
as highly selective precipitants for cesium is prepared in granular form or incorporated on suitable
supports such as charcoal, acrylic fibres.

A specific ion exchange resin based on resorcinol formaldehyde (RF) has been developed in
India for the management of alkaline intermediate level radioactive waste of fuel reprocessing plant
origin [3]. These wastes are characterised by high percentage of salts (200-250 gm/L) of sodium
nitrate and specific activity of the order of 10 7-10 8 Bq/L. After suitable pretreatment, the RF resin
has been employed to treat about 500 m5 of alkaline waste [4]. The decontamination factor for 137Cs
is around 2000-3000 upto 100 bed volumes. The ion exchange capacity of the resin for Cs has been
found to be 2.8 meq/gm on actual waste. The developed RF resin also has chelating group for removal
of strontium and the DF for 90Sr has been found to be between 40-50.



2.4. Treatment by membrane process

Membrane processes which selectively allow the transport of one component among the
constituents of the solution are being investigated for the treatment of LIL radioactive liquid waste.
This process has been found to be quite effective to treat saline water for public use. Reverse osmosis
systems using cellulose acetate membranes were earlier tried in BARC Trombay for treatment of LIL
waste achieving decontamination factor of about 10 with volume reduction factor of about 20 [5]. To
augment the treatment facility, a reverse osmosis plant of 100 m3 per day is being set up at Trombay
using polyamide membrane.

3. MANAGEMENT OF SOLID WASTE

The management of LIL solid/solidified waste has been practised in India since early sixties.
Beginning with BARC, Trombay, five other solid waste management sites (Tarapur, Rajasthan,
Kalpakkam, Narora and Kakrapara) are presently under operation [6]. The waste generated at each
nuclear facility is collected, conditioned and disposed at site itself. The overall approach is to isolate
the radioactive waste from the environment by providing multi barriers.

3.1. Characterisation of solid waste

Solid radioactive waste is segregated into compressible/noncompressible and
combustible/noncombustible at the source of generation and packed in standard steel drums. Certain
wastes like contaminated equipment and components etc., which are not amenable to any treatment,
are packed in suitable containers. Spent radiation sources from radiography units, hospitals, industry,
agriculture, medicine centres, research etc. from all over the country are collected at Trombay or
Kalpakkam. Each waste package is monitored for its surface dose and radioactivity content. The
nature and quantity of waste generation depends on the type of nuclear activities at that site. Typical
details of LIL solid waste from nuclear facilities is given in Table II.

TABLE II. CHARACTERISATION OF SOLID WASTE GENERATED IN INDIA

Source of
generation

Research Reactors

Power Reactors

BWR

PHWR

Fuel Reprocessing
Facility

R&D Laboratories

Average annual
generation (cu m.)

20-25

80

340

130

50

Radiation field
(mGy)/h

0.01-1000

0.05-1000

0.01-1000

0.01-500

0.01-7000

Major
Radonuclides
Present

5lCr,95Nb,90Sr,
l06Ru, l37Cs, l44Ce

54Mn,60Co,l37Cs

137Cs,3H, 65Zn

239Pu,90Sr, l 37Cs,
238U, l 06Ru, l 44Ce

239Pu,60Co,l92Ir

3.2. Treatment of solid waste

Solid waste management plants in India are equipped with facilities for segregation,
repacking, compaction, incineration and embedment of spent radiation sources. Compaction and
incineration provide economic benefit in terms of lower volumes for disposal. The earlier design of
the compactors was suitable for very low activity level and most of the handling of the waste was



manual. With a view to reduce exposure to the personnel and compaction of large equipment like
HEPA filters, the design of the compactor is being modified. This facility at Trombay will provide a
volume reduction factor of 4 to 5 for used HEPA filter, which constitute about 10 % of the volume of
solid waste produced.

Incinerators are in operation for last 25 years at Trombay and Kalpakkam and more recently
at Narora. The combustible waste up to 2 mGy/hr is incinerated at a temperature of 800-1100°C. The
off-gas emanating from the incinerator is treated using a train of equipment comprising of settling
chamber, cyclone, bag filter, and final filtration through HEPA filters. The ash generated is collected
in drums and immobilised into cement matrix. A volume reduction factor of 10 to 50 is achieved.

Spent radiation sources are embedded into cement matrix prior to their disposal in tile holes.
The details regarding origin, type of source, activity levels and disposal location are maintained on
database. A facility for polymer fixation of spent resin is in operation at Narora site.

Process concentrate/sludge generated during treatment of radioactive liquid waste is
immobilised into cement matrix in standard steel drums. At few sites in India, the practice of in situ
solidification of sludges in barrier impregnated cement matrix is followed. The practice is site specific
being close to the plant generating sludges and results in better utilisation of disposal space.

3.3. Disposal of solid waste

A multibarrier approach is followed in disposal of radioactive solid waste. The overall safety
against migration of radionuclide is achieved by proper selection of waste form, suitable engineered
barriers and back fill materials and the characteristics of the geo-environment of the site.

& * •

Wastes having beta gamma activity in the range of low and intermediate level
(Category I, II, & IE) are disposed in earth/stone lined trench, RC trench and the tile hole depending
on the activity content and the waste form. The options for disposal of solid waste are listed in
Table HI. The concept of retrievability in respect of certain wastes like spent resin has been
introduced to meet specific requirement at a future point of time. Such wastes generally in Category-
Hi and IV are stored in high integrity containers and /or tile holes. Alpha contaminated waste (less
than 4000 Bq/gm) package is disposed of along with beta gamma waste so that the overall burden due
to alpha waste is less than 400 Bq/gm for the site. The waste with higher alpha specific activity is
being stored and will be transported to deep geological site in future.

Earth trench is unlined shallow excavations in soil, 1 to 4 m deep and is used for disposal of
low level waste with radiation field up to 2 mGy/hr. After disposal of waste, the trenches are closed
by providing one meter of soil cover. Backfill materials like vermiculite and bentonite which are well
known for their uptake of radionuclides are also employed to prevent the migration of activity.
Reinforced concrete trenches are planned zone wise for modular construction as batteries. A typical
trench is 4.8 m. deep, 2.5 m. wide and 15 m. long. The outer containment wall thickness varies from
350 mm at top to 750 mm at bottom (Fig.2). Due to special considerations such as seismicity at
Narora and less soil coverage in Rajasthan site, the trenches are constructed totally or partially above
ground. The entire zone of trenches is serviced by gantry crane or mobile crane. Waste packages up to
radiation field of 200-500 mGy/hr are disposed in RC trenches. Special closure procedure, updated
with experience, is adopted to prevent ingress of rainwater. Tile hole is used for disposal of packages
having higher activity levels than permissible for RC trenches.

They are also used for storage/disposal of spent radiation sources and alpha contaminated
waste. These are circular in construction having 700 mm inside diameter and a depth of 4m. (Fig.3).



TABLE IE. SOLID WASTE CATEGORIES AND DISPOSAL OPTIONS

CATEGORY SURFACE DOSE NATURE OF WASTE DISPOSAL OPTIONS

0-2 mGy/h Paper trash,
Concrete chips,
Cotton mops,
Rubber items

Earth trench/
RC trench

I I 2-20 mGy/h Contaminated
equipments,
Hardware and filters

RC trench/
Vault/Dyke

in 20-500 mGy/h

>500 mGy/h

Conditioned/
processed
concentrates, sludges,
spent resin

RC trench/
Vault /Dyke

Hardware from High integrity
reactors, container,
Highly contaminated Tilehole
equipments,
spent resin from PHT
system

Waste bearing alpha
activity

(< 4000 Bq/gm)

Solidified alpha active RC trench,
waste with or without Tilehole
fission product

FIG.2. Reinforced concrete trench.



25 mm SPUN CONCRETE

CEMENT BASED WATERPROOFING

6 mm CARBON STEEL

DETAILS AT 'A'

FIG. 3. Tile hole with shielding plug.

Each tile hole has a 6 mm thick carbon steel shell with one end closed and is lined with 25 mm thick
cement mortar on inside and outside. Each tile hole is provided with a concrete plug on top for
shielding purpose during operation and after permanent sealing of tile hole.

3.4. Surveillance features

Provisions for monitoring and surveillance are incorporated during the design of the disposal
facility itself. Boreholes 4 to 7 m deep are provided at appropriate locations and the ground water
samples are monitored periodically. Soil and vegetation samples from the site are also periodically
investigated for any uptake of radioactivity. Radiation survey of the entire site is carried out at
predetermined intervals. The RC trenches are provided with inspection pipes to monitor the inside
condition after closure of the trench. This facilitates checking of ingress water and subsequent
removal, if required. The entire disposal site is totally closed by a physical security wall to avoid
unauthorized access.

4. MANAGEMENT OF GASEOUS WASTE

The ventilation system in nuclear power plant, research reactor, fuel reprocessing and other
nuclear facility has a vital role in ensuring that air in working areas and in the outside environment
remains free from radioactive contamination. To achieve this goal, the air cleaning system is designed
to handle normal and anticipated abnormal conditions.



High Efficiency Particulate Air (HEPA) filters are provided in the exhaust systems. These are
standard filters of capacity 1700 m/h with collection efficiency of more than 99.97% for submicron
particles. The filters are normally replaced when the pressure drop increases to 75-100 mm of water
gauge.

Fission product iodine is of main radiological concern, as regard to environmental release, in the
event of a reactor accident and hence the ventilation and containment systems in nuclear facilities
employ combined particulate and iodine filters, for the removal and retention of radio-iodine. Coconut
shell based activated charcoal impregnated with potassium iodide and potassium hydroxide is used as
the adsorbent. The standard filter unit assembled using selected charcoal is of capacity 1700 m/h
having 50 mm bed depth and 0.36 second contact time. These filters provide a collection efficiency of
more than 99.9% for elemental iodine as well as for more penetrating methyl iodide. The useful life of
these filters has been investigated to be around two years depending on the operating conditions. The
filters are tested in situ using radio-iodine.

5. CONCLUSION

India is self reliant in the management of all type of radioactive waste arising during operation of
nuclear facilities. The radiation exposure to the worker and the activity discharge to the environment
has been maintained to the minimum. Technologies for the management of radioactive waste have
been constantly upgraded based on research and development activities and the operating experience
with a view to minimise the release of activity to the environment, reduction in volume of solid waste
disposed and to lower the radiation exposure to the operating staff.

REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Standardisation of Radioactive Waste
Categories, Technical Report Series No. 101, IAEA, Vienna (1970).
[2] KUMRA , M.S., BANSAL, N.K., "Waste management in nuclear industry", Facets of Nuclear
Science & Technology, Department of Atomic Energy, Mumbai (1993) 163.
[3] SAMANTA, S.K., et al., "Studies on cesium uptake by phenolic resins", Sep. Sci. Technol., 27(2),
(1992)255.
[4] KULKARNI, Y., et al., "Process for treatment of intermediate level waste based on radionuclide
separation", Waste Management Symposium 96, Tucson, Arizona (1996).
[5] PANICKER, S.T., et al., "Radioactive liquid effluent management — state of art and the role of
membrane processes", BARC Report No. 1534, Bhabha Atomic Research Centre, Mumbai (1990).
[6] GUPTA, M.P. et al., "Indian experience in near surface disposal of low level radioactive solid
waste", Proceedings of the Symposium on Experience in the Planning and Operation of Low Level
Waste Disposal Facilities, International Atomic Energy Agency, Vienna (1996).


