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Radioactive Waste or Nuclear Waste

Waste is any material that has been or will be discarded as being of no further use. Radioactive
waste is any material that is either radioactive itself or is contaminated by radioactivity, for which
no further use is expected.
According to Atomic Energy Regulatory Board (AERB) India, radioactive waste is a
material, whatever its physical form, left over from practices or interventions for which no further
use is foreseen,

a. that contains or is contaminated with radioactive substances and has an activity or activity
concentration higher than the level for clearance from regulatory requirements, and

b. exposure to which is not excluded from regulatory control.

Sources of Radioactive Waste

a. Radioactive waste from the nuclear fuel cycle consists of materials with varied range of
radioactivity levels. The spent nuclear fuel contains radionuclides like uranium, plutonium,
their decay products and many fission products.

b. Operational waste includes a variety of lower-level wastes, either in the form of filtering
residues (e.g. ion exchange resins) or as contaminated supplies (e.g. clothing) containing
fission and activation products.

c. Decommissioning of nuclear power stations gives rise to large volumes of contaminated ma-
terial, including some highly-activated reactor components as well as structural materials
that may be slightly contaminated by activation products and/or fission products.

d. Wastes generated from other units of the nuclear fuel cycle include milling wastes containing
decay products of natural uranium, such as radium and radon and radon daughters.

e. Radionuclides are used extensively in industrial research, agricultural research, geological
exploration, constructions for measuring thickness, density or volume of materials. They are
also used in smoke detectors, tracers, sealed sources for irradiation, heat/power source.
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Classification of Radioactive Waste

International Atomic Energy Agency (IAEA) has classified radioactive waste as,

a. Exempt waste (EW): This type of waste has such a low radioactivity content that it no
longer requires controlling by the regulatory authority. Once the material is cleared by the
regulatory authority it is no longer considered as radioactive waste.

b. Very short-lived waste (VSLW): This type of waste can be stored for a limited period
of up to a few years to allow its radioactivity content to reduce by radioactive decay. It can
subsequently be cleared from regulatory control according to arrangements approved by the
regulatory authority for disposal as ordinary waste, for use or for controlled discharge.
This class includes waste containing radionuclides with very short half-lives often used for
research and medical purposes.

c. Very low level waste(VLLW): This type of waste usually has a higher radioactivity
content than exempt waste but may, nonetheless, not need a high level of containment
and isolation. It is suitable for disposal in near-surface landfill type facilities with limited
regulatory control.
Typical waste in this class includes soil and rubble with low levels of radioactivity which
originate from sites formerly contaminated by radioactivity. It may contain small amounts
of longer-lived radionuclides.

d. Low level waste (LLW): This type of waste has a high radioactivity content but contains
limited amounts of long-lived radionuclides. It requires robust isolation and containment for
periods of up to a few hundred years and is suitable for disposal in engineered near surface
facilities.
It covers a very broad range of waste and may include short-lived radionuclides at higher
levels of activity concentration, and also long-lived radionuclides, but only at relatively low
levels of activity concentration. United States Nuclear Regulatory Commission has
further designated teh following classes of low level waste,

• Class A contains only short-lived radionuclides or extremely low concentrations of
longer-lived radionuclides, and must be chemically stable. It is disposed of in designated
low level waste landfills as long as it is not mixed with hazardous or flammable waste.

• Class B contains higher levels of radioactivity and must be physically stabilized before
transportation or disposal. It must not contain free liquid.

• Class C is waste that will not decay to acceptable levels in 100 years and must be
isolated for 300 years or more. Power plant low level waste is in this category.

• Greater than Class C (GTCC) will not decay to acceptable levels in 300 years.
A small fraction of power plant Class C waste is in this category. Some nations like
Sweden treat GTCC waste like High Level Waste, and the United States may do the
same.

e. Intermediate level waste (ILW): This type of waste has radioactivity content of particu-
larly of long -lived radionuclides that requires a greater degree of containment and isolation
than that provided by near surface disposal. However, intermediate level waste needs no
provision, or only limited provision, for heat dissipation during its storage and disposal.
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Intermediate level waste may contain long-lived radionuclides that will not decay to a level
of activity concentration acceptable for near surface disposal during the time for which in-
stitutional controls can be relied upon. Therefore, waste in this class requires disposal at
greater depths, of the order of tens of metres to a few hundred metres.

f. High level waste (HLW): This type of waste has levels of activity concentration high
enough to generate significant quantities of heat by the radioactive decay process or waste
with large amounts of long-lived radionuclides that need to be considered in the design of a
disposal facility for such waste.
High level waste includes partially used fuel from nuclear power reactors, liquid waste from
the reprocessing of spent fuel. Disposal in deep, stable geological formations usually several
hundred metres or more below the surface is the generally recognised option for disposal of
high level waste.

Treatment and Disposal of Radioactive Waste

The effects due to radioactive wastes can be minimized by storing radioactive substances for an
appropriate time before dumping. Generally, after a period of 7 to 10 half-lives the radioactivity
could decay appropriately so as to allow the contents to be disposed into the municipal dump as
normal waste.
The radioactive waste can be treated depending upon the state of wastes,

Solid Waste

Solid wastes are generally treated at first for volume reduction by compaction or by incineration.
Further treatment of wastes so reduced in volume depends on their level of activity.

• If such wastes carry low and short lived activity, they are put directly in shallow earth
trenches.

• If they contain higher radioactivity with longer half-life they are put in RCC trenches either
directly or after fixing it with concrete in drums.

• If solid wastes are highly radioactive with long lived nuclides they are first immobilised in
concrete/bitumen and further covered by adequate thickness of concrete.

Containment of such deep trenches is further improved by steel lining if necessary. The location
of storage/ disposal sites is selected after thorough site investigation in terms of geohydrology,
geochemistry and other soil and sub-soil characteristics.

Liquid Waste

Liquid wastes by their very mobile nature need to be stored carefully and managed efficiently.
Their treatment depends on their category,

• For low level waste, treatment is specific with respect to sites and the operations and
consist mainly of chemical precipitation and ion exchange treatment. The treated effluent
is then discharged into a waterbody after ensuring adequate dilution. The sludge (Solid) or
the resin containing radioactivity is fixed in cement matrix and disposed off as solid waste.
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• The intermediate level waste is mostly generated from the fuel reprocessing plant. The
waste is chemically treated in a way similar to low level waste. The sludge/ion exchange
resin is conditioned in Bitumen matrix and then stored. More recently polymer matrices
have been used for immobilization of spent ion – exchange resins and higher active waste
concentrates.

• The high level waste mostly arises from the processing of spent fuel for the recovery of
Plutonium. Practically all the radioactivity (99% or more ) is first concentrated and then
stored in liquid form in stainless steel tanks surrounded by concrete shield and cooled with
water if required.

Gaseous Waste

Gaseous wastes are mainly in the form of ventilation air and in a few cases consist of volatile
products generated during certain chemical reactions. Its management is an integral part of the
general plant ventilation system and takes place at or near the plant sites.
The degree of decontamination /filtration required for the exhaust air, coming either from the
vessel/a cell or general ventilation, is worked out in advance and scrubbers/ charcoal filters/
absolute filters/ HEPA filters are installed accordingly.
It further involves the combination of principles that is collections and concentration of air through
a well-designed stack. The height of stack and efflux velocity through it are so chosen that the
ground level concentrations, after atmospheric dispersion, at the site boundary are within the
allowable levels.

Radiation Protection

Source: United States Environmental Protection Agency (EPA)

The three basic methods used to reduce the external radiation hazards are,

• Time: The amount of radiation an individual accumulates will depend on how long the
individual stays in the radiation field. It is given as,

Dose (mSv) = Dose rate (mSv/hour)× Time (hours)
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Hence to limit a person’s dose, one can restrict the time spent in the area. How long a
person can stay in an area without exceeding a prescribed limit is called the “stay time” and
can be calculated from the simple relationship,

Stay time =
Limit (mSv)

Dose rate (mSv/hour)

• Distance: The amount of radiation an individual receives depends on how close the person
is to the source. The point sources of radiation follow the inverse square law i.e. the intensity
of radiation (I) decreases in proportion to the inverse of the square of thedistance from the
source (d2). It is given as,

I ∝ 1

d2

This means increasing the distance by a factor of 2 decreases the dose rate by a factor of 4.
Hence, the farther one stays away from the source, the less radiation he/she receives.

• Shielding: When reducing the time or increasing the distance may not be possible, one
can choose shielding material to reduce the external radiation hazard. Hence, inserting the
proper shield between us and a radiation source will greatly reduce or eliminate the dose we
receive. The proper material to use depends on the type of radiation and its energy.

a. Alpha rays are the least penetrating and even the most energetic alpha particles can
be stopped by a single sheet of paper.

b. Beta rays are more penetrating than alpha particles but can still be absorbed by a few
millimetres of aluminium. Beta shields are usually made of aluminum, brass, plastic,
acrylic glass or other materials of low atomic number to reduce the production of
bremsstrahlung radiation.

c. Gamma rays and X rays are the most penetrating and hence are best absorbed by
atoms with heavy nuclei; the heavier the nucleus, the better the absorption.
In some special applications, depleted uranium or thorium are used, but lead is most
commonly used. Several centimetres of lead are often required. Barium sulfate is used
in some applications as well.
However, when the cost is important, almost any material can be used, but it must be
far thicker. Most nuclear reactors use thick concrete shields to create a bioshield with
a thin water-cooled layer of lead on the inside to protect the porous concrete from the
coolant inside. The concrete is also made with heavy aggregates, such as Baryte or
MagnaDense (Magnetite), to aid in the shielding properties of the concrete.

When working with a radionuclide that emits multiple types of radiation such as beta particles
and gamma radiation, it is sometimes necessary to shield with several materials.
Environmental Health and Safety department of University of Florida states that,

The less penetrating beta radiation can first be shielded with a layer of plastic or
Plexiglas, thereby slowing or stopping the beta particles while reducing the production
of bremsstrahlung. The more penetrable gamma radiation would require an additional
layer of shielding.
Types of shielding and amount of shielding vary depending on photon energy. A good
rule of thumb: shield the less penetrable radiation type first then proceed to shield the
more penetrable type. This usually decreases both scattering and the total amount of
shielding material required.
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