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Abstract 

The waste that is left over after the use of radioactive materials in atomic reactors or at some point after 
the progress of atomic weapons is known as radioactive waste. Since the use of radioactive substances 
has been completed on a large scale in recent years, resulting in the creation of a big amount of 
radioactive waste, radioactive material management has become an important stage in dealing with it. 
Even if not correctly implemented, light from radioactive material will cause problems for humans and 
the climate.  

The peer-review paper discusses a well-known assessment of globally nuclear waste research. The 
cutting-edge evaluation includes studies on protection tests, decommissioning and disinfection of 
nuclear power plants, fusion power plants, and haulage. Furthermore, the evaluation emphasizes 
radioactive wastewater remediation, its management and final disposal alternatives for consumed 
petroleum and  waste materials, by keeping in mind its effects on ecology due to radio radioactive 
isotope mobility in the ecology. 
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1 Introduction 

As a by-product, nuclear reactors, fuel processing 
facilities, health centres, and research centres all 
generate radioactive (or nuclear) waste. 
Radioactive waste is generated during the 
deactivation and dismantling of nuclear reactors 
and other nuclear installations. (Nayak, 
2020)(De 2012). Also be stated as a form of 
unsafe trash that incorporates radioactive 
materials is called as radioactive waste. Radio-
active wastes are produced at some stage of 
manufacturing of nuclear drug and exploration 
institute. During fission of nuclei like 235U, 
239Pu large amount of energy and radioactive 
elements releases which can be controlled in 
nuclear power plant reactors through the fission 
reaction(De et al., 2012). In case of ‘atom’ and 
‘hydrogen’ (thermonuclear) bombs releases vast 
energy in uncontrolled manner. During different 
industrial processes, like nuclear industry, one 
gets hazardous wastes.  Government authorities 

regulate the storage and disposal of radioactive 
waste for the protection of human health and the 
environment. Radioactive wastes are results into 
different forms of wastes. (K. Raj, K. P. (2006). 
Radioactive liquid waste is classified into three 
types: low-level waste (37-3.7 106 Bq/L), 
intermediate-level waste (3.7 106-3.7 1011 
Bq/L), and high-level waste (above 3.7 1011 
Bq/L) (K. Raj, K. P. (2006). Solid radioactive 
waste materials are also categorised  based on 
their physical properties. (Raj, Prasad and 
Bansal, 2006).  

 

1.1 Sources 

There are many different sources of radioactive 
waste. The nuclear fuel cycle and nuclear 
weapons reprocessing generate the vast majority 
of waste in countries with nuclear power plants, 
nuclear weaponry. The others are medicinal 
waste i. e. β particle and gamma ray emitters, 
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industrial waste, coal and naturally occurring 
radioactive material  (Nikunj Khelurkar, 2015). 

 

1.2 Classification of Radioactive waste 

 Classification of radioactive waste differ from 
country to country. Radioactive Waste Safety 
Standards (RADWASS), also plays a vital  role. 
Percentage of different kinds of waste generated 
in the UK: 

low-level waste (LLW) - 4%  

intermediate-level waste (ILW) ~6%  

high-level waste (HLW) - <1%  (Nikunj 
Khelurkar, 2015) 

Figure 1 represent the different steps of 
radioactive waste treatment used in India Only a 
few examples include waste description, 
diagnosis, conditioning, stockpiling, disposal, and 
surveillance/monitoring. Depending on the 
physical form of the waste, various treatment, 
conditioning, stockpiling, and safe disposal are 
also listed. The descriptions provided here are 
general in nature, and they relate to hazardous 
waste management from mining and milling, fuel 
manufacturing, nuclear power generation, 
medical and commercial use of radioactive 
substances, and ecological sustainability.  

Figure 1 Management of Radioactive Waste 

1.3 Storage 

Radioactive waste should be stored in such a 
state which allows its isolation, environmental 
protection, and monitoring, as well as treatment, 
conditioning, and disposal measures. Storage of 
radioactive waste is used for a variety of reasons, 
including decay and subsequent release of short-
lived radionuclides, and storage of high-level 
radioactive waste for thermal concerns. Storage 
may be used for economic or policy reasons in 
other circumstances. 

1.4 Cause for Concern 

Natural or man-made radioactive waste can 
expose individuals to radioactive material in a 
number of ways. The most common ways 
radioactive materials enter the body are through 
exposure, inhalation of these substances or the 
through food. Natural radiation, such as that 
produced by the Sun as well as stars, radioactive 
materials in minerals and soil, radio nuclides 

incorporated into our bodies' tissues is 
constantly emitted by all people on Earth. We are 
also subjected to radiation exposure from man-
made sources, most noticeably X-ray diagnostics. 
The radiation therapy targeted tissues are 
mainly the ones that are affected by the 
radiation. Radiation effects can be categorised as 
physical and genetic effects. The person exposed 
to the toxin will experience physical effects. 
Delayed physical effects occur. 

The exposed person experiences physical 
symptoms. Somatic effects on the body that are 
due to a mental disorder can lead to cancer and 
cataracts. Skin burns, nausea, loss of hair, 
temporary infertility, and blood alteration are all 
possible side effects of acute radiation. Severe 
chronic effects include ocular cataracts as well as 
cancer development. Genetic effects include 
damage to reproductive cells in the exposed 
person's future generations, which is less risky 
than somatic effects. To put the situation in 
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context, it must be observed that nuclear power 
plants are handled with many radiological 
protection controls in place. Second, "a 1000 MW 
coal-fired power station emits nearly 6 million 
tonnes of greenhouse gases, 500,000 tonnes of 
SOx and NOx mixtures, and nearly 320,000 
tonnes of ash into the atmosphere."  

 

1.4 Prevention 

Generation IV reactors produce less waste per 
unit of energy generated, so in the future, 
reactors will be phased out in favor of these 
more efficient machines. The Nuclear 
Decommissioning Authority of the United 
Kingdom has a position paper on advances in 
approaches to the management of separated 
plutonium that was based on the findings of 
work that the Nuclear Decommissioning 
Authority shared with the UK government. 

2 Radio-active waste management. 

After garbage generation, the first step in waste 
management is pre-treatment of waste. This first 
stage of the waste management process can help 
to separate different waste streams and provide 
an opportunity for recycling as regular 
nonradioactive trash when the proportions of 
radioactive substances present are free from 
regulatory constraints. The process allows for 
the separation of radioactive waste, which can be 
used for near-surface or geological burial.  

2.1 Treatment of Gaseous waste 

All nuclear plants must have an effective off-gas 
cleaning system in order to manage and reduce 
activity discharge via the air route in accordance 
with the ALARA principle. The selected radiation 
protection system is based on the specific 
activity, kind of radioactive material, particle 
density and size distribution and concentrations, 
and other factors. Integrated particle and liquid 
production, testing and supply of I2 filters are 
widely used in nuclear power plant emergency 
air purification systems. In addition, ruthenium 
adsorbers using perchloric acid (PERCOSIB)-
treated silica bricks, particulate respirators, 
charcoal-impregnated sampling filters are in use. 
Nuclear reactor operations are a crucial part of 
ensuring safe and successful nuclear power 
plants. 

 

 

2.2 Chemical treatment 

The clariflocculator sludge is concentrated 
further by decanting, filtering, and centrifuging. 
The radioactive material in a waste disposal site 
is made up of solids. The liquid waste originally 
contains immobilized materials within the 
cement matrix. 

2.3 Ion exchange 

The ion selective process is employed to 
different radionuclides. The intermediate-level 
waste is separated into two streams as a result of 
this treatment: a tiny amount of high-level 
radioactive material and a huge portion of low-
level radioactive material, each of which is 
treated and released into the environment. 
Tarapur currently has an ion exchange plant in 
process (Kulkarni et al., 1996). Trombay has 
recently exhibited the successful deployment of a 
new transportable protected ion exchange 
power station (Ozarde et al., 2002). This method 
employs resorcinol formaldehyde 
polycondensate resin to achieve a high 
throughput of 400 L per hour waste processing. 

To remove 90Sr, an iminodiacetic acid resin is 
used.  

2.4   Cementation 

The cementation process provides significant 
advantages due to its minimal cost and 
simplicity, as well as its ability to produce high-
quality products. (K. Raj, 2006). Special type of 
cement is developed in India by mixing it with 
suitable additives to enhance characteristics. 
There are cementation facilities that use 
reusable agitators to condition radioactive 
waste. The cementation process has also been 
used in some cases to immobilize intermediate 
level waste in situ. 

2.5 Polymerization 

In India, polyester styrene has been chosen and 
is being used to immobilize LLW concentrates 
and wasted ion exchange resin from nuclear 
power plants and other facilities. A cone mixer in 
use at WIP in Trombay. A 90 kg resin batch is 
moved to a specifically built product drum that is 
kept on a load cell. The vacuum dewatering 
system removes any excess water followed by  
installation of mixing assembly on the product 
drum. 
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Premixed with an optimal concentration of 
accelerator (dimethyl aniline) and catalyst, the 

required amount of benzoyl peroxide is used. 

 

 

Figure 2 Process for vitrification of high-level radioactive liquid waste. 

 

2.6 Management of high-level liquid waste 

Evaporation is used to concentrate HLW 
produced during spent nuclear fuel reprocessing, 
which is then stored in stainless steel tanks. 
These storage tanks should be maintained at a 
low temperature and constantly monitored. 
Liquid storage in stainless steel tanks is only a 
band-aid solution, and India has executed a 
three-step strategy for HLW management. This 
process requires the fixation of waste iron oxide 
containers of the conditioned refuse under 
continuous cooling, and disposal in deep 
geological formations. To avoid exposure of any 
radiation to the public during transportation, the 
HLW management facility is co-located near a 
reprocessing plant. Pumping HLW from the 
reprocessing plant to the vitrification plant is a 
difficult task. A secondary stainless-steel pipe 
surrounds the primary stainless-steel pipe used 
for waste transfer, and this outer pipe is shielded 
from its surroundings by a stainless-steel box.  

 

2.6 Processes to treat HLW 

 

2.6.1 The TRUEX process 

Two carbamoyl organophosphorus extractants 
have been thoroughly tested for their 
effectiveness in removing all actinides from 
HNO3 waste solutions on a plant scale: one uses 
the superior extractant octyl(phenyl)-N,N-
diisobutylcarbamoyl, and the other uses the 
well-studied dihexylN,N-

diethylcarbamoylmethylphosphonate (CMP) 
(CMPO). 

It has been created to employ CMPO that has 
been dissolved in the PUREX process solvent to 
extract trans-uranic elements from nitric acid 
waste (TBP in normal paraffin hydrocarbon). 
Trans-uranic elements can be extracted from 
nitric acid wastes using CMPO. 2,3 TRUEX is a 
method that may significantly lower TRU 
concentrations in waste solutions that contain 
various quantities of nitric acid, salt, and fission 
product. A crucial component is that the 
technique is easily adaptable for waste 
processing in current fuel reprocessing facilities. 

 

 

Figure 3 Structures of dihexyl-N,N-
diethylcarbamoylmethylphosphonate (CMP) and 

octylphenyl-N,N-di isobutyl carbamoyl methyl 
phosphine oxide (CMPO) 

 

A new generic actinide extraction and recovery 
method called TRUEX is suggested in a review 
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paper as a means of removing all actinides from 
acidic NO3- and Cl- nuclear waste solutions. For 
the purpose of predicting the TRUEX process's 
applicability in actinide partitioning in HLLW 
from the PUREX process, some counter-current 
studies have also been conducted. According to 
the findings, the major actinides had 
decontamination factors higher than 103. An 
extraction chromatographic approach using 
CMPO adsorbed on Chromosorb-102 has also 
been tested as an alternative to the TRUEX 
solvent extraction process to recover minor 
actinides from high activity waste solutions of 
PUREX origin. 

In order to reduce extractant and solvent waste, 
the Los Alamos National Laboratory developed a 
membrane based on the TRUEX technique. The 
TRUEX process fluid contains trivalent 
lanthanides alongside actinides, necessitating the 
separation of lanthanides from actinides. 
SETFICS (Solvent Extraction for Trivalent f-
Elements Intragroup separation in CMPO-
complexant System) is a procedure that has been 
designed to accomplish this goal. (K. Nash, 
2010). The recovery of Am and Cm from acidic 
waste solutions as well as the separation of 
trivalent actinides and lanthanides have been 
accomplished using the SETFICS method, a 
version of the TRUEX process K. Nash, J. B. 
(2010). Trivalent actinides are selectively 
stripped using a solution of diethylenetriamine-
N, N, N, N, N, N-pentaacetic acid (DTPA)-NaNO3 
using the general TRUEX solvent as the 
extraction reagent. The tris-CMPO ligand system 
has been used by certain researchers to separate 
actinides and lanthanides.  

 

 To improve the selectivity of actinide extraction 
over lanthanide extraction, a ligand with three 
preorganized CMPO moieties attached onto a 
stiff (3)-symmetric triphenoxymethane platform 
has been designed. This ligand's solutions were 
used to extract simulated nuclear waste streams, 
and the results showed a strong affinity for 
actinide thorium and a weak, but consistent, 
affinity for lanthanides. The TRUEX method has 
been tested to remove actinides from a variety of 
acidic waste streams, including liquid Na-bearing 
wastes that have high levels of Hg. The ability of 
Hg to be extracted into and stripped from the 
solvent is demonstrated by successive extraction 
batch contacts with the Hg spiked waste and 

successive scrubbing and stripping batch 
contacts with the Hg loaded TRUEX solvent. The 
distribution behavior of Mo (VI) under the 
circumstances of the TRUEX and PUREX 
procedures has been investigated in order to 
compare the outcomes. Molybdenum is less 
extractable under PUREX settings, however 
larger molybdenum distribution ratios are seen 
under TRUEX process conditions. Oxalic acid was 
found to effectively reduce molybdenum 
extraction when TRUEX was utilized. 

 

2.6.2 The DIAMEX process  

This process involves the use of diamides for the 
extraction of actinides from HLW nitric acid 
solutions. The main advantage claimed is the use 
of CHON principle, which leads to a minimization 
of the generation of wastes from extractant. In 
fact, organophosphorous extractants produce a 
solid residue that can be avoided by the use of 
diamides. This approach has been the basis for 
intense research efforts, tending to improve the 
diamides design to optimize their extractive 
performance (Anne Jorden, M. A., 2013). 

 

Figure 4 Structure of N,Ní-dimethyl-N,Ní-
dibutyltetradecylmalonamide (DMDBTDMA) 

 

An effective trivalent actinide recovery has been 
cited as drawbacks of the DIAMEX method. 

2.6.3 The DIDPA process  

Diisodecylphosphoric acid was used as the 
technique' primary extractant by Japanese 
researchers in the late 1980s (DIDPA). Thus, to 
separate the TRU elements, namely U(VI), Pu 
(IV), Np (IV), Am(III), Cm(III), and lanthanides 
from HLW, a mixture of DIDPA and TBP is 
utilised (III). However, the HLW's acidity must be 
decreased to 0.5M. Through batch and 
countercurrent studies, this procedure has 
already been assessed, and the results showed 
extremely high actinide extraction profiles. The 
lanthanides (III) are separated from Am (III) and 
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Cm (III) using DTPA as a strippant, with the 
latter being recovered by a 4M HNO3 solution. 

Oxalic acid phase is then used as a stripping 
agent for Np (IV) and Pu (IV), and a Na2CO3 
solution is used to strip U(VI) at the end of the 
process. Using a hydrazine carbonate solution, a 
further investigation shown that it is possible to 
back-extract Am(III), Eu(III), Pu(IV), and Np(IV) 
from DIDPA; the last ion being oxidised to Np(V) 
during stripping. 

 

Fig.5 Structure of diisodecylphosphoric acid 
(DIDPA) 

 

Numerous foundational studies have 
documented the recovery of Nd (III), U(VI), Th 
(IV), Am (III), and other elements from nitric acid 
solutions using dialkylphosphoric acids of the di-
2- ethylhexylphosphoric acid (D2EHPA) type or 
synergistic combinations of these acids with 
neutral phosphorous extractants. 

But up until this point, only DIDPA has advanced 
technologically significantly. 

However, a significant amount of research has 
been done on the use of dialkyldithiophosphinic 
acids, or Cyanex 301, which are promising 
extractants that enable effective separation 
factors for trivalent actinide/lanthanide 
elements3,19,99 (for further details, see last 
section).  

The necessity for high dilutions and denitration, 
both of which significantly increase the volume 
of HLW to be treated, are the principal problems 
of the DIDPA procedure, and they are essentially 
comparable to those raised against the TRPO. 

2.6.4 The UNEX process  

Researchers from the former Czechoslovakia 
created the UNEX technique before having it put 
into practise in Russia. The most recent 
discoveries result from research collaborations 
between Russian and American scientists. It is 
based on the utilisation of a synergistic mixture 
consisting of polyethylene glycol (PEG), 
diphenylcarbamoylmethylphosphine oxide (a 

specific CMPO), and the hexachloro derivative of 
cobalt dicarbolide (CCD), which extracts Cs(I), 
Sr(II), and a number of actinides and lanthanides 
from HLW. As a result, PEG helps to increase the 
extraction of Sr(II), CCD extracts Cs(I), and CMPO 
extractant is sufficient for the 
actinide/lanthanide fraction. The solvent was 
methodically optimised for an effective 
treatment of particular HLW using a number of 
batch100 and flowsheet development 101 
investigations. When the HLW was diluted with 
an HF solution to prevent a significant extraction 
of Fe and Zr instead of Eu, promising results 
were obtained (III). After retiring Fe and Zr using 
an HNO3-citric acid solution scrub stage, Cs, Sr, 
and the actinides/lanthanides were stripped 
with a guanidine carbonate/DTPA solution. A 2M 
HNO3 aqueous phase demonstrated to be an 
effective reagent for the solvent cleanup. 

2.7 Management of solid waste  

Radioactive solid wastes produced at various 
stages of the nuclear fuel cycle are present in the 
larger diversity of materials, sizes, forms, and 
levels of contamination. According to the 
radiation field, radioactivity concentration, and 
type, these wastes are divided into different 
categories. They are divided into two categories: 
combustible and non-combustible, and 
compressible or non-compressible. The majority 
of the total solid waste is either flammable or 
compressible and has minimal activity. 

 

3. Conclusion 

The problems with managing radioactive waste 
are severe over the long run. It hasn't been able 
to comprehend it thus far. Over the past 50 
years, the development of solvent extraction 
techniques has been crucial to the technological 
advancement of the nuclear sector. As a result, 
the development of the PUREX process, some of 
its most recent advancements, and a general 
overview of all the new technological processes 
idealized to address the issues related to the 
disposal of radiotoxic wastes are just a few 
examples of the significant investment made in 
this field of knowledge and are reported in this 
review paper. 

The information provided therein makes it quite 
evident that the nuclear business will continue to 
employ this established practice. Although there 
are several emerging alternative technologies to 
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solvent extraction (supported liquid membranes, 
extraction chromatography, molten salt 
solutions, magnetic ion exchange resins, etc.), 
they were mostly developed to coexist with 
solvent extraction methods in pilot-plant 
experiments. It has been observed that research 
on the application of solvent extraction had a 
significant impact on the creation of all of these 
methods. 
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