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ABSTRACT 

Radioactive waste management system involves a huge variety of processes and 
activities. This includes; collection and segregation, pretreatment, treatment, 
conditioning, storage and finally disposal. To assure the safety of the different 
facility of each step in the waste management system, the operator should 
prepare a safety analysis report to be assessed by the national regulatory body. 
The content of the safety analysis report must include all data about the site, 
facility design, operational phase, waste materials, and safety assessment 
methodologies. Safety assessment methodologies are iterative processes 
involving site-specific, prospective modeling evaluations of the pre-operational, 
operational, and post-closure time in case of disposal facilities. The safety 
assessment focuses primarily on a decision about compliance with performance 
objectives, rather than the much more difficult problem of predicting actual 
radiological impacts on the public at far future times. The recent organization 
processes of the safety assessment are improved by the ISAM working group 
from IAEA for waste disposal site. These safety assessment methodologies have 
been modified within SADRWMS IAEA project for the establishment of safety 
methodologies for the pre-disposal facilities (treatment and storage facilities) 
and the disposal site.  

 
INTRODUCTION 

Radioactive materials are extensively used in industrial and research 
activities such as; energy production, medical, agricultural and environmental 
applications, and in various other areas. On the other hand uranium and 
thorium, as natural radioactive elements (NORM), are existed in different 
minerals. During the production and use of these materials, radioactive waste 
will inevitably arise. These wastes considered hazardous materials that required 
isolation. Also, they must be managed with particular care owing to its inherent 
radiological, biological, chemical and physical hazards According to their 
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hazard potential, the substances involved have to be kept away from the 
biosphere for several hundreds of years in the case of low- and intermediate- 
level radioactive waste and up to, say, several hundred-thousands of years for 
high- level and long- lived intermediate-level radioactive waste [1]. The 
radioactive waste management should be met with reasonable cost and 
resources by implementing a carefully planned waste management strategy 
using appropriate technologies. Therefore, selection of an appropriate 
technology for waste processing shall be depended mainly on the characteristics 
of the waste, the scale of waste production and the requirements for the final 
waste form. Finally, the overall goal of radioactive waste management is to deal 
with radioactive waste in a manner that protects both human health and the 
environment now and in the future, without imposing an undue burden on future 
generations.  

An in depth evaluation of safety is an essential component of the 
successful operation of nuclear facilities. The Safety Assessment Methodology 
is the tool applied to perform the safety evaluations of a facility in order to 
demonstrate satisfactory safety of such a facility to the operator. A Safety 
Assessment is performed and documented to demonstrate the compliance with 
safety objectives, principles and criteria as stipulated by national and 
international standards. Safety assessment also can be important after regulatory 
authorities have approved a disposal facility. Additional data may be gathered 
during disposal operations or after facility closure and a safety assessment may 
need to be maintained and updated until institutional control is relinquished. 
Thus, safety assessment should be viewed as a tool for risk management, not 
just as a means of gaining approval of a facility by regulatory authorities. 

WASTE MANAGEMENT SYSTEM 

Waste management system is defined as all administrative and 
operational activities involved in the handling, pretreatment, treatment, 
conditioning, transport, storage and disposal of radioactive waste [2]. The types 
and volumes of waste produced depend upon the particular operation being 
conducted, radiochemical, chemical and physical content. Following its 
generation, radioactive waste may be subject to a number of waste management 
processes prior to its disposal. During these processing steps, radioactive waste 
may be stored a number of stages. Hence, radioactive waste will be stored in 
processed and unprocessed forms and for varying periods of time [3]. The 
objective of radioactive waste management is to deal with radioactive waste in a 
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manner that protects human health and the environment now and in the future 
without imposing undue burdens on future generations. Some principles or 
concepts should be considered to implement this objective; these principles are 
as follows [4]: 

The Principles of Radioactive Waste Management 

Principle 1: Protection of human health 

Principle 2: Protection of the environment 

Principle 3: Protection beyond national borders 

Principle 4: Protection of future generations 

Principle 5: Burdens on future generations 

Principle 6: National legal framework 

Principle 7: Control of radioactive waste generation 

Principle 8: Radioactive waste generation and management 
interdependencies 

Principle 9: Safety of facilities 

Stages of management system  

The overall waste management scheme should be properly planned to 
consider all handling processes of radioactive wastes into two principles stages; 
predisposal and disposal.  The predisposal stage is define as any waste 
management steps carried out prior to disposal, such as pretreatment, treatment, 
conditioning, storage and transport activities [2]. l. Approved steps in managing 
radioactive waste are divided into two principal stager; predisposal and disposal 
as shown in Fig. 1. 
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Figure 1. Step of Radioactive-waste Management [5] 

The predisposal stage is define as any waste management steps 
carried out prior to disposal, such as pretreatment, treatment, conditioning, 
storage and transport activities [2] 

a- Pretreatment 

Pretreatment is any or all of the operations prior to waste treatment, 
such as collection, segregation, chemical adjustment and decontamination [2}. 
It is the initial step that occurs just after waste generation. It may involve 
collection, segregation, chemical adjustment and decontamination and may also 
include a period of interim storage. The aim of this step is to segregate waste 
into streams that will be managed in similar ways, and to isolate non-radioactive 
wastes or those materials that can be recycled. Carrying out such operations 
requires an appropriate characterization of the waste which serves to enable the 
appropriate allocation of treatment and conditioning processes. One result of 
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pretreatment of radioactive waste is to reduce the amount of radioactive waste 
that would be subject to additional processing and disposal. A further result of 
pretreatment is to adjust the characteristics of the remaining radioactive waste 
that might require treatment, conditioning and disposal to make it more 
amenable to additional processing and disposal. 

The collection of waste should provide segregation according to half-
life and chemical composition in order to facilitate subsequent storage for 
decay, or treatment, conditioning and disposal. Segregation and Classification 
of radioactive waste can be helpful at any stage, Classification systems may be 
derived from different perspectives, for instance safety related aspects, the 
physical/chemical characteristics of the waste, process engineering demands or 
regulatory issues [6].  

Some of the important waste properties and criteria to be considered for various 
classification schemes are [7]. 

*- The origin of the waste. 

*- The radiological properties: half-life, heat generation, activity and 
concentration of the radionuclides, surface contamination, and the dose 
factors of the relevant radionuclides. 

*- The physical properties: physical state (e.g. solid, liquid or gaseous), size 
and weight, compactibility, dispersibility, volatility, solubility and 
miscibility. 

*- The chemical properties: potential chemical hazard, corrosion 
resistance/corrosiveness, 

*- Organic content, combustibility, reactivity, gas generation and sorption of 
radionuclides. 

*- The biological properties: potential biological hazards (e.g. infection and 
putrefaction). 

b- Treatment 

Treatment of waste involves operations intended to benefit safety and/or 
economy by changing the characteristics of the waste [2]. Solid waste may be 
treated by compaction or incineration, and liquid waste concentrated by means 
of chemical precipitation, evaporation or ion exchange techniques Treatment 
involves changing the characteristics of the waste by volume reduction, 
radionuclide removal or change of composition. Typical treatment operations 
include in Table1. [8]. 
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c- Conditioning 

Conditioning is those operations that produce a waste package suitable 
for handling, transport, storage and/or disposal. Conditioning may include the 
conversion of the waste to a solid waste form, enclosure of the waste in 
containers and, if necessary, provision of an overpack. [2]. Common 
immobilization methods include solidification of LLW and ILW liquid 
radioactive waste in cement/bitumen/polymers, and vitrification of HLW in a 
glass matrix. Immobilized waste may be placed in steel drums or other 
engineered containers to create a waste package. In many instances, treatment 
and conditioning take place in close conjunction with one another [9].  

d- Storage 

Storage is the holding of radioactive sources, spent fuel or radioactive 
waste in a facility that provides for their/its containment, with the intention of 
retrieval [2]. Storage is by definition an interim measure, and the term interim 
storage would therefore be appropriate only to refer to short term temporary 
storage when contrasting this with the longer term fate of the waste. In many 
cases, the only element of this definition that is important is the distinction 
between disposal (with no intent to retrieve) and storage (with intent to 
retrieve).  

Table 1. Features and limitation of different aqueous liquid treatment options  
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There are many reasons why it may be appropriate to store radioactive 
waste for varying periods of time. Examples include the following: 

A-To allow for the decay of short lived radionuclides to a level at which the 
radioactive waste can be released from regulatory control (clearance) or 
authorized for discharge, or recycling and reuse; 

B-To collect and accumulate a sufficient amount of radioactive waste prior 
to its transfer to another facility for treatment and conditioning; 

C- To collect and accumulate a sufficient amount of radioactive waste prior 
to its disposal; 

D- To reduce the heat generation rate of high level radioactive waste prior to 
its disposal and, in some cases, prior to steps in its predisposal 
management; 

E- To provide long term storage of radioactive waste in those States lacking 
a suitable disposal facility. 

The period of storage may be highly variable and may be only a few 
days weeks or months in the case of storage for decay or storage prior to the 
transfer of waste to another facility. Extended storage periods of many years 
may be necessary in the case of the storage of high level waste for cooling or for 
the long term storage of radioactive waste for which there is no disposal option 
yet available [3]. 

Storage of radioactive waste may take place at any stage in the 
radioactive waste management process and aims to isolate the radioactive waste 
help protect the environment and make it easier to control its disposal. Storage 
may be used to make the next step in the management process more 
straightforward or to act as a buffer between or within steps.  

Storage facilities should be well constructed, with inner surfaces that 
can be easily decontaminated, and provided with security measures to prevent 
the intrusion of unauthorized persons [10, 11].   

e- Transportation 

In countries where the movement of waste to a centralized site is 
practiced, special attention needs to be paid to transportation. The waste 
packages, means of transportation and overall transport conditions should meet 
the requirements set forth in the internationally accepted IAEA regulations [12]. 
This also applies for the transportation of spent sources back to the supplier, and 
of packaged waste for disposal in a regional or national repository. In many 
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cases, where the amount or activity of the waste is low, there is no obligation to 
use a specifically designed vehicle for transportation. However, for 
transboundary movements of radioactive materials, the need for special 
agreements may arise. 

Disposal  

            Disposal is the emplacement of waste in an appropriate facility without 
the intention of retrieval [2]. 

*- In some States, the term disposal is used to include discharges of effluents 
to the environment. 

*- In some States, the term disposal is used administratively in such a way as 
to include, for example, incineration of waste or the transfer of waste 
between operators. 

Disposal is the final step in the radioactive waste management system. 
It consists mainly of the emplacement of radioactive waste in a disposal facility 
with reasonable assurance for safety, without the intention of retrieval and 
without reliance on long term surveillance and maintenance. This safety is 
mainly achieved by multi-barriers around the radioactive waste. The overall 
safety against migration of radionuclide is achieved by proper selection of waste 
form, suitable engineered barriers, backfill materials and the characteristics of 
the geosphere and biosphere environment of the repository site. Based on the 
nature and type of the radionuclide present in the solid waste and its 
concentration the repository could be near-surface or in deep geological 
formations.  

The multiple barrier concepts have been developed for different designs 
of disposal options. It has reached a state of maturity due to the experience 
gained from developing and operating near surface repositories, and from 
associated research and development; both have provided valuable information 
for improvements in repository design and the technologies needed to 
implement them. Robust designs of engineered barrier systems may be 
employed in which a combination of physical barriers and chemical controls can 
provide a high level of containment [13]. 

Primary Safety Functions of the Disposal System 

The primary safety functions of the disposal system are established by 
the implementer during the design of the disposal system. Subsequently, this 
allows the implementer to optimize its design in terms of long-term safety 
through the successive iterations of its safety case. The primary safety functions 
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of the disposal system are identified as the functions of "isolation", 
"containment" and "limitation and retardation" [13]. 

1- "Isolation" Function 

One of the functions of the disposal system is the long-term isolation of 
waste from man and the biosphere, in other words, the prevention of direct 
access to the waste. Disposing the waste in deep geological layers will make 
this function possible. The disposal system and its environment contribute 
jointly to this function  

2- "Containment" Function 

Containment implies the prevention, as far as possible, of any release of 
radionuclides from the repository or any part of the disposal system. The 
containment function cannot, however, be guaranteed over the whole period 
during which the contents of the repository are considered to present a 
radiological risk. 

3- “Limitation and Retardation” 

In the event of the partial or total failure of the containment function, a 
function is required that will retard and limit the flux of radionuclides in all 
parts of the disposal system. The purpose of this function is to attenuate the flux 
of radionuclides that passes through the disposal system up to the boundaries of 
the system itself, either by taking advantage of radioactive decay during 
migration of the radionuclides in the system or by spreading the radionuclide 
flux over time. The scope of the "limitation and retardation" function depends 
on the type of radionuclide and the performance characteristics of the 
components through which they migrate. 

RESPONSIBILITES IN WASTE MANAGEMENT SYSTEM  

Some general roles and responsibilities of the involved organizations in 
the radioactive waste management system are cited as follows [14, 15]: 

Operator Responsibilities.  

The operator is required to submit the proposed design and operational 
practices documents together with a safety assessment, in accordance with 
regulatory requirements 

a)- The operator should prepare plans for decommissioning activities The 
operator should prepare plans emergency management  
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b)-The operator should put in place mechanisms to ensure that financial 
resources are sufficient to undertake all tasks throughout the lifetime of a 
facility 

c)- The operator may process, store and/or dispose of waste in an approved 
manner 

d)- using its own facilities or may transfer waste at some point to another 
operator 

Regulator Responsibilities. 

a-The regulatory body should establish the basic requirements for protection 
of workers and members of the public against the hazards of ionizing 
radiation. These requirements should be consistent with internationally 
agreed approaches to achieving this objective 

b-To review and assess submissions on safety from the operators; 

c-Criteria for the protection of human health and the environment; 

d-Criteria for authorized discharges and authorized recycling and removing 
regulatory control from material [16];  

e-Criteria for the characterization and classification of radioactive waste[6]; 

f-Strategies for the management of radioactive waste [17,18]; 

g-Acceptance criteria for the long term storage and/or disposal of radioactive 
waste [6,11]; 

h-Procedures for the modification and  development of plant or procedures 
[19-23]; 

i-Provide general guidance to the operator on meeting requirements for 
documentation. 

Technical Support Organizations Responsibilities (TSO) [23-27]. 

Recently, all organizations involved in the nuclear and radiological 
activities investigate that in the last decades the changes in the nuclear activities 
worldwide exercised significant challenges and tasks that need to be resolved by 
so-called Technical Support Organizations (TSO). These organizations play a 
supporting role either for the national regulatory bodies or the industry in 
making optimum safety decisions. Therefore, certain countries assign to their 
TSO the following responsibilities: 
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a-Keep all member countries involved in and abreast of developments in 
safety technology; 

b-Review operating experience with the objective of identifying safety issues 
that need to be addressed by new research; 

c-Review the state of knowledge on selected topics of nuclear safety 
technology and safety assessment; 

d-Promote training and research projects that serve to maintain competence 
in nuclear safety matters; 

e-Promote research as needed to reach consensus on nuclear safety issues of 
common interest; 

f-Consider the safety implications of scientific and technical developments 
R&D in Nuclear Science and Technology including R&D in Radioactive 
Waste Management 

g-Operation and Services (including Waste Management Operations and 
Services) 

h-Public Awareness in Nuclear arranging for the safe transport of waste and 
spent fuel to or between storage and disposal facilities, 

i-and for undertaking research, development, and demonstration (RD&D) 
activities directly relevant to its waste management mission (e.g., testing 
the long-term performance of fuel in dry casks and during subsequent 
transportation. 

DEMONSTRATION OF SAFETY 

The demonstration of safety is a fundamental requirement for all 
radioactive waste management facilities. The applicant shall provide all relevant 
information describing the safety approach, basic safety principles, analysis, 
criteria and standards for operation under normal or accident conditions in order 
to demonstrate that the radioactive waste management facility will not present 
undue radiological risks to the site personnel and the public. The applicant shall 
demonstrate to the regulatory body how the design and related operational 
procedures will contribute to the prevention of accidents on the one hand, and to 
their mitigation on the other.  

The relevant information shall be presented in such a way as to 
facilitate for the regulatory body the conduct of the review and assessment 
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process. The demonstration is normally performed by preparing a safety 
analysis report content safety assessment process. The safety assessment shall 
show the extent to which the waste management facility can control or 
accommodate situations related to the various operational stages and accident 
conditions. The complexity of the safety assessment depends on the potential 
risk level of the radioactive waste processed or stored and the complexity of the 
processes involved [28]. 

Content of a Safety Analysis Report (SAR) [29]. 

1. General information  

a- Facility description. 

b- Time schedules.    

c- Conformance to regulatory guides.  

d Material incorporated by reference. 

 

2. Site information  

a- Geography and demography. 

b- Meteorology and climatology. 

Regional climatology: 

Local meteorology:  

Meteorological measurement program:  

c- Geology and seismology.  

d- Hydrology. 

e- Geotechnical characteristics.  

f- Geochemical characteristics. 

g- Natural resources  

h- Ecological features.  

i- Pre-operational monitoring program.  

3. Facility design and construction  

a- Principal design features.  



Narmine Salah Mahmoud et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 800 

b- Design considerations for normal/abnormal conditions.  

c- Construction considerations.  

d. Auxiliary systems and facilities.  

4. Facility operations 

a- Receipt and inspection of waste.  

d- Operational monitoring. 

5. Facility closure and post-operational controls  

a- Site stabilization.  

b- Decontamination and decommissioning.  

c- Post-operational monitoring. 

6. Safety assessment  

a- Radionuclide inventory. 

b- Infiltration.  

c- Radionuclide release-normal conditions.  

d- Radionuclide release-accidents or unusual operational conditions.  

e- Radionuclide transport to human access locations.  

Groundwater transport. 

Air transport. 

Surface water.  

Other transfer mechanisms. 

f- Assessment of impacts and regulatory compliance.  

g- Long-term stability.  

7. Occupational radiation protection.  

8. Quality assurance 

9. Financial assurance 

SAFETY ASSESSMENT METHODOLOGIES (ISAM) 

Disposal of radioactive wastes is the principal target of the safety of 
waste management system. Consequently, all beginning safety studies had been 
focused on the safety assessment of disposal site. On the other hand, recent 
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work within the IAEA projects has developed safety standards addressing safety 
assessment for facilities and activities of the management of radioactive waste 
prior to disposal.  These projects have realized that the principle of safety 
assessment is very similar in nature to the safety assessment of disposal 
site. Also, there are many similarities; there are also significant differences with 
the nature of the activity or facility and its attendant risk.  Recently, the IAEA 
has developed the principles requirements to conduct a SAM for facilities and 
activities as follows [30]: 

Requirement 1: Graded approach 
Requirement 2: Scope of the safety assessment 
Requirement 3: Responsibility for the safety assessment  
Requirement 4: Purpose of the safety assessment  
Requirement 5: Preparation for the safety assessment 
Requirement 6: Assessment of the possible radiation risks  
Requirement 7: Assessment of safety functions  
Requirement 8: Assessment of site characteristics  
Requirement 9: Assessment of the provisions for radiation protection 
Requirement 10: Assessment of engineering aspects 
Requirement 11: Assessment of human factors  
Requirement 12: Assessment of safety over the lifetime of a facility or 

activity  
Requirement 13: Assessment of defense in depth 
Requirement 14: Scope of the safety analysis 
Requirement 15: Deterministic and probabilistic approaches  
Requirement 16: Criteria for judging safety 
Requirement 17: Uncertainty and sensitivity analysis 
Requirement 18: Use of computer codes  
Requirement 19: Use of operating experience data  
Requirement 20: Documentation of the safety assessment  
Requirement 21: Independent verification  
Requirement 22: Management of the safety assessment 
Requirement 23: Use of the safety assessment 
Requirement 24: Maintenance of the safety assessment  
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A- SAFETY ASSESSMENT METHODOLOGIES OF DISPOSAL SITE 
(SAM) 

As it mentioned, the start of the safety assessment methodologies had 
been considered the SAM of disposal site. Therefore, it is useful to start with the 
description of the SAM of disposal site. SAM is assessment of all aspects of a 
practice that are relevant to protection and safety; for an authorized facility, 
this includes siting, design and operation of the facility [2].Safety assessment is 
the chapter 6 in the safety analysis report of the disposal site. This chapter 
assesses the radiological safety of the environment from the disposal site for 
long-time scales. Safety assessment is an iterative process involving site-
specific, prospective modeling evaluations of the post-closure time phase of 
disposal systems.  

SAFETY ASSESSMENT OF THE DISPOSAL SITE [31-38] 

Safety assessment requires an evaluation of the performance of a 
disposal system and quantifying its potential radiological impact on human 
health and the environment. It considers the possible radiological impacts of the 
facility both during its operation and in the post-closure phase. Assessment 
should be distinguished from analysis. Assessment is aimed at providing 
information that forms the basis of a decision whether something is satisfactory 
or not. Various kinds of analysis may be used as tools in doing this. Hence, an 
assessment may include a number of analyses.  

The “iterative process” of safety assessment refers to an expectation 
that safety assessment probably will require two or more sequential sets of 
calculations as additional data are collected during site characterization 
activities and, perhaps, during facility operations and post-closure monitoring of 
a facility. In conducting a safety assessment, considerable effort often is spent in 
developing an appropriate balance between use of realistic and conservative 
models. The safety assessment process provides input to management decisions 
regarding needs for additional data collection, design activities, and monitoring. 
In general, iteration of safety assessments is necessary when new information 
becomes available that could affect a licensing decision, but care should be 
taken to avoid unnecessary iterations that would impede the licensing process. 

Although the discrete steps taken in a safety assessment can be quite 
variable, the process can be conceptualized in terms of six principal tasks [39]: 

a-Identification of the safety assessment objective, safety requirements and 
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performance criteria; 

b-identification of all the safety issues associated with a proposed facility or 
activity and the related safety requirements, especially those pertaining to 
radiological safety and nuclear safety; 

c-identification of all the circumstances which will affect or influence the 
facility or activity, in whole or in any of its parts, throughout its lifetime; 

d-identification and examination of the various elements or parts of the 
facility or activity which, under the identified circumstances, can have an 
influence on the identified safety issues; 

e-development and assessment of credible scenarios (combinations of 
identified circumstances and the respective response of the facility or 
activity, including individual elements or parts) that are important to 
safety; and 

f-estimation of the effects or consequences to the facility or activity under 
the prevailing scenarios, the associated radiological impact and 
comparison of the results with established safety requirements and 
criteria relevant to the safety issues. 

Various approaches had been established and are being developed to 
assist in evaluation of the long term safety of near surface disposal facilities. 
Last and the recent organized system for the SAM of disposal site is concluded 
from the IAEA’s coordinated research project "Improving Long Term Safety 
Assessment Methodologies for Near-Surface Radioactive Waste Disposal 
Facilities" (ISAM), which was launched in 1997 and completed. The SAM 
processes are organized in the year 2000 as shown in Fig. 2. 

1- Assessment context 

The assessment context provides a framework for performance of the 
safety assessment, and it covers the following key aspects: purpose; regulatory 
framework; assessment end-points; assessment philosophy; disposal system 
characteristics; and timeframes. 

a- Purpose. Most safety assessments of radioactive waste disposal 
facilities have the principal, objective to demonstrate that an acceptable level of 
protection of human health and the environment will be achieved both now and 
in the future. In addition to this overall demonstration of safety there can be a 
variety of additional purposes. In any specific case, however, the purpose of 
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conducting an assessment may vary from testing initial ideas for disposal 
concepts with simple calculations, to support for a licence application for 
disposal or for upgrading the safety of an existing facility requiring detailed, site 
specific. In addition there can be a variety of additional purposes, such as 
derivation of quantitative acceptance criteria. The operator should provide a 
clear description of the purposes of the assessment. 

b- Regulatory framework. In undertaking a safety assessment it is vital 
to consider the regulatory requirements that apply the assessment. The 
regulatory framework governing the conduct of safety assessment should be 
documented as part of the assessment context, and the safety assessment work 
undertaken should be conducted in a manner consistent with that framework. 

c- Assessment end-points. The end-points of a safety assessment need 
to correspond with its purpose and the associated regulatory requirements and 
take into account the assessment assumptions such as timescales and critical 
groups. It is important to ensure that the end-points, such as dose and risk, are 
adequately defined. 

 
Figure 2. The ISAM Approach for Safety Assessment Methodology. 
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d- Disposal system characteristics. The waste disposal system can be 
considered to consist of: the near field; the geosphere; and the biosphere. These 
components are described in more detail in the next step of the assessment 
approach, the system description. It is useful to provide, within the assessment 
context, an overview of the present-day system and to document any associated 
fundamental assumptions. As part of the initial description of the system 
characteristics, assumptions concerning future human actions can be defined, 
such as, level of technological development, type of society, and basis for habits 
and characteristics.  

e- Timeframes. Radioactive waste disposal should ensure equitable 
protection of both current and future generations. Time-related factors that need 
to be considered in a safety assessment include: 

*-The duration of the operational period 

*-The duration of the institutional control period (both the active control 
period and the passive control period); 

*-The natural and human induced environmental changes; 

*-The degradation of the engineered barrier system; and 

*-The half-lives of relevant radionuclides. 

2- Description of the disposal system.  

*-The disposal system can be considered to consist of the following 
components: 

*-The near field 

*-The waste, the disposal area, the engineered barriers of the disposal facility 
including the disturbed zone of the natural barriers that surround the 
disposal facility. 

*-The geosphere  

*-The rock and unconsolidated material that lies between the near field and 
the biosphere. It can consist of both the unsaturated zone (which is above 
the groundwater table) and the saturated zone (which is below the 
groundwater table). 

*-The biosphere  

*-The physical media (atmosphere, soil, sediments and surface waters) and 
the living organisms (including humans) that interact with them. The 
division between these disposal system components, especially the 
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geosphere and biosphere, is somewhat arbitrary for a disposal facility that 
is located at or within a few meters of the ground surface.  

*-it is particularly important to ensure that the relevant characteristics of this 
multi-barrier system are documented. The description that is developed 
should be a qualitative and quantitative description of the system 
components.  

3- Development and justification of scenarios 

In a safety assessment of a waste disposal facility, it is important to 
assess the performance of the disposal system under both present and future 
conditions, including anticipated and less probable events. This means that 
many different factors (e.g. conceptual model and parameter uncertainty, long 
time periods, human behavior and climate change) should be taken into account 
and evaluated in a consistent way, often in the absence of quantitative data. This 
is often achieved through the formulation and analysis of a set of scenarios. 

Scenarios are descriptions of alternative, but internally consistent, 
future evolution and conditions. Scenarios handle future uncertainty directly by 
describing alternative outcomes. They also allow for a mixture of quantitative 
analysis and qualitative judgments. The selected scenarios should together 
provide an appropriately comprehensive picture of the system and its possible 
evolutionary pathways based on the assessment context and system description. 
The choice of appropriate scenarios and associated conceptual models is very 
important and strongly influences subsequent safety analysis of the waste 
disposal system. 

In some countries scenarios are specified by the regulator, although the 
operator may also choose to consider others. In other countries, the operator 
may select the scenarios and be required to justify the selection to the regulator. 
They include methodologies such as expert judgment, fault tree and event tree 
analysis. It is increasingly recognized that systematic techniques are especially 
helpful, in particular because they develop a justified and documented audit 
trail, and thereby enhance the transparency and defensibility of the assessment. 
It should be mentioned that in most of the cases, the conclusions reached by the 
different techniques are very similar; the output is, or should be, the selection of 
a small set of scenarios encompassing most of the possibilities in terms of 
potential impact. 

4- Formulation and implementation of models 

Once the scenarios have been developed, their consequences in terms of 
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the assessment context should be analyzed. Depending on the nature of the 
scenario, an appropriate approach for its analysis is chosen. For some scenarios 
it may be appropriate to use a qualitative assessment approach (e.g. when data is 
not available). For the scenarios that are to be quantitatively assessed, the 
scenarios should be organized into a form that can be mathematically 
represented. A set of model-level assumptions is needed for each of these 
scenarios. These assumptions comprise the conceptual model. More than one 
conceptual model may be consistent with available information for a scenario. 
A conceptual model should comprise a description of: 

A description of the scope of the model is necessary in order to record 
the assumptions under which it has been developed and the situations to which 
it applies. This in turn is important in ensuring fitness for purpose and avoiding 
inadvertent use of the model outside its intended domain of applicability. The 
conceptual model will form the basis of the mathematical model that is used to 
describe the behavior of the system and estimate its performance over time. 

The conceptual models for each scenario are expressed in mathematical 
form as a group of algebraic and differential equations with appropriate and 
adequate boundary and initial conditions that then need to be solved. These 
equations may be empirically and/or physically based, depending upon the level 
of understanding and information concerning the processes represented. Yet 
again, more than one mathematical formulation might be appropriate for the 
conceptual models considered. These equations and their associated parameters 
form the basis of the mathematical models. These mathematical models should 
be developed from the conceptual model. However, it is all too often more 
convenient to develop a mathematical model to be consistent with the 
immediately available tools due to limited resources. When this approach is 
taken, the reasons for adopting the approach should be explained and the 
associated limitations documented. 

Solution of the mathematical models is usually achieved by 
implementing one defined or more computer tools using analytic and/or 
numerical techniques. These tools may be proprietary tools and/or tools 
specifically developed for implementation of the chosen mathematical models. 
If there is only a limited set of conceptual and mathematical models to be 
represented, it may be possible to use one computer tool. However, if models 
differ markedly in terms of the processes or level of detail represented, it is 
often not desirable or feasible to use a single tool. 
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5- Selection and Implementation of Mathematical Models 

Following development of conceptual models, mathematical models to 
represent the concepts must be selected and implemented. There are three types 
of mathematical models, referred to here as generic, compliance and research 
models that can be used in safety assessment. Generic models are relatively 
simple and are used primarily in establishing regulations and in studies intended 
to give an appreciation for the scope of the problem.  

6- Performing calculations and analyzing the results 

Once the models have been parameterized these can be used for 
performing deterministic and/or probabilistic calculations for the assessment 
cases corresponding to the different scenarios. The calculation cases should 
adequately address the appropriate scenarios using the conceptual models and 
site and design information. A sufficient range of sensitivity and uncertainty 
analyses have to be performed to demonstrate system understanding, and to 
show that parameter correlations have been treated in an appropriate way. 

When presenting the output from safety assessment calculations, 
sufficient results should be provided, both needed for comparison with the 
ultimate assessment endpoints and with any alternative or sub-system 
performance criteria. Guidance on the use of the safety assessment results 
should be provided. For example, it should be explained whether the safety 
assessment results (endpoints) will be compared directly with regulatory criteria 
(e.g. safety targets) or whether these will be used for illustrative or other 
purposes. 

B- SAFETY ASSESSMENT METHODOLOGIES OF TREATMENT 
FACILITY 

Recently, The SADRWMS (Safety Assessment Driving Radioactive 
Waste Management Solutions) Project is an international program of work to 
examine international approaches to safety assessment in aspects of predisposal 
radioactive waste management, including waste conditioning and storage. This 
project was designed to examine the application of safety assessment 
methodology to predisposal waste management practices and facilities including 
waste storage.  SADRWMS complements the experience gained with the 
IAEA’s projects “Improvement of Long-term Safety Assessment 
Methodologies for Near Surface Disposal Facilities” (ISAM) completed in 
2000, and “Application of Safety Assessment Methodologies for Near Surface 
Disposal Facilities” (ASAM), which had been completed in 2007 [40-43].   
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The following description is generic safety assessment methodology. Recently, 
this study is further adapted and expanded in the Framework and Methodology 
Working Group; the final form of the adaptation will be published. Meanwhile 
the diagram of the SAM of the treatment and storage facilities are published as 
shown in Fig. 3 and 4. 

1- Assessment Context 

Safety assessment of a radioactive waste predisposal activity or facility 
is generally undertaken to provide an assurance to stakeholders (such as 
government, regulatory authorities, the general public and technical/scientific 
personnel) that the system is managed and operated in such a manner as to 
ensure protection of humans and the environment over operational timescales. 

The safety assessment context is intended to clarify what is going to be 
assessed and why is it going to be assessed. In addressing the assessment 
context, information should be provided concerning the following key aspects 
that need to be considered at the start of the safety assessment. It should be 
noted that many components of the assessment context are inter-related, and 
decisions relating to one component can influence other components. For 
example, the end-points assessed should be appropriate for the timeframes 
considered in the assessment. 

 (a) Purpose. In any specific case, however, the purpose of conducting 
an assessment may vary from simple calculations to test initial ideas to support 
a license application for predisposal activities or for upgrading the safety of an 
existing facility requiring detailed, site-specific safety indicator assessment 
against regulatory criteria. In addition there can be a variety of additional 
purposes, such as derivation of quantitative acceptance criteria. 

 

 (b) Regulatory Framework. In undertaking an assessment it is 
necessary to consider the regulatory framework that is relevant to the safety 
assessment. At one extreme this might be a detailed, prescriptive framework, at 
the other it might be non-prescriptive or may not have been fully developed. 
While national regulatory frameworks vary considerably, they mostly have 
some link to international recommendations such as relevant IAEA and ICRP 
publications. 

 (c) Assessment Goals. The goals of an assessment need to be well 
defined, correspond with the safety assessment purpose and the associated 
regulatory framework, and take into account the assessment assumptions made 
concerning time scales and critical groups. An additional consideration is that 
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the trend in safety case development is not to rely on evaluation of just a single 
factor, such as individual dose.  

 (d) Assessment Philosophy. The assessment philosophy is an 
expression of the extent to which the assessment is designed to provide a 
“realistic” estimate of potential impacts for comparison with the assessment 
goals, or whether more cautious, or pessimistic assumptions should be adopted 
for the purposes of demonstrating compliance with safety requirements. 

2- Description of the Radioactive Waste System 

This aspect of the safety assessment is important as it provides the 
information on the characteristics of the radioactive waste being considered in 
the safety assessment. Therefore it is necessary to ensure that the data collected 
are pertinent to the assessment context. The limited availability or adequacy of 
data is an important factor in many safety assessments and hence when 
developing the system description, it is important to be aware of and to 
document the assumptions made and the associated uncertainties. 

3- Development and Justification of Scenarios 

The safety assessment for a predisposal waste practice or facility must 
address the performance of the system under both present (normal and 
abnormal) and future conditions, including anticipated and less probable events. 
This means that many different factors (eg. conceptual model and parameter 
uncertainty) must be taken into account and evaluated in a consistent way, often 
in the absence of quantitative data. A very broad range of combinations can 
result from these considerations, which need to be addressed in a manageable 
way. This is often achieved through the formulation and analysis of a set of 
scenarios. The selected scenarios need to provide a comprehensive picture of 
the system and its possible future performance based on the assessment context 
and system description..  

There are several methods that can be used to generate scenarios. These 
may involve expert judgment, fault tree and event tree analysis. A common 
element in many scenario generation methodologies is the systematic 
identification and consideration of Features, Events and Processes (FEPs) that 
can directly or indirectly affect the release and transport of radionuclides from a 
waste management facility. Whatever approach is selected it is necessary to 
ensure that the scenario generation process is systematic, comprehensive, 
logical and transparent. 
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4- Formulation and Implementation of Models 

Once the scenarios have been developed, their consequences in terms of 
the assessment context must be determined. First a conceptual level model 
representing each scenario may be established depending on the complexity of 
the situation. It is necessary to ensure that the selected models and associated 
data correspond to the assessment context and represent adequately the waste 
management system. 

5- Analyses of Results and Confidence Building 

Once the scenarios, and associated appropriate conceptual and 
mathematical models have been developed and implemented in software tools 
and the associated data collected, calculations can be undertaken to assess the 
impacts of a waste management facility. The results will have to be compared 
with criteria defined in terms of the specific assessment context. These will in 
most cases include regulatory criteria, although design and economic constraints 
may also be a major consideration. When analyzing the results from an 
assessment, consideration should be given to various sources of uncertainty 
(e.g. scenario, model, data uncertainty).  

The final results of the assessment often have to be presented to 
different audiences and for different purposes. Therefore it is also important that 
due care is given to the selection of approaches and means for presentation of 
results appropriate for the audience under consideration. It is very important that 
the various parties who make use of the results have a reasonable degree of 
confidence in them and the underlying assessment.  

It is important to underline that the entire safety assessment process is 
iterative and the first pass through the process should usually be followed by 
one or more iterations. This promotes consideration of improvements to the 
waste management system regardless of how favorable results initially appear. 
Subsequent iterations will often contribute to confidence that the safety case is 
acceptable or whether there is a need for further improvements [30]. 
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Figure 3. Safety assessment Methodology of Radioactive Waste Treatment Facility 

[43] 

 

UNCERTAINTY AND SENSITIVITY ANALYSES 

Uncertainty analysis is the estimation of the uncertainties in the 
assessment endpoints from the uncertainties in the input data and model 
parameters. Sensitivity analysis is used to identify the relative importance of 
each uncertain input parameter to the results of the assessment. In view of the 
complexity of radioactive waste disposal systems, efforts should be undertaken 
during the assessment to understand the significance of the uncertainties and to 
reduce or bound uncertainties.  
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Figure 4. Safety assessment Methodology of Radioactive Waste Storage Facility 

[43] 

A- Uncertainty Analysis 

The analysis of uncertainties should be an integral part of the dose or 
risk calculation process and, whenever possible, reported results should include 
ranges of possible values (indicating what each range represents) rather than 
single point values. The analysis of uncertainty should be adequate for the 
purpose of the assessment. 

Sources of Uncertainty 

In safety assessment for a disposal facility there are several sources of 
uncertainty, which can be broadly categorized as:  

(i) scenario uncertainty;  
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(ii) model uncertainty; and  

(iii) data/parameter uncertainty. 

Scenario uncertainty refers to uncertainty in the future states of the 
disposal system. It includes human use of the environment, geological and other 
long-term processes, as well as human intrusion. Model uncertainty arises from 
a necessarily imperfect knowledge of the processes, which leads to imperfect 
conceptual models. The mathematical representation of the conceptual models 
may be approximate or over-simplified, also contributing to model uncertainty. 
Data/parameter uncertainty refers to the uncertainty in the values of the 
parameters used in safety assessment models. 

Approaches for uncertainty analysis 

Deterministic Approach. 

In this approach the model and the representative sets of input 
parameters are selected and the analysis is performed providing a single 
outcome. To address uncertainties a single parameter sensitivity analysis is 
performed by altering a single parameter and measuring the effect on the 
projected outcome. The procedure is repeated for all parameters that are 
expected to have a major impact on the outcome. 

This approach does not permit a rigorous mathematical estimate of 
uncertainties. To overcome this difficulty, parameters are often chosen which 
will over predict the dose. Thus, the confidence needed to make the decision on 
the safety assessment of the disposal depends on the confidence with which the 
selected parameters lead to conservative outcomes.  

Probabilistic Approach. 

This approach is based on the assumptions that the data are random and 
independent. Monte Carlo is one very commonly used method of uncertainty 
propagation analysis. Monte Carlo can be performed using one of two random 
sampling processes: 

B- Sensitivity Analysis 

Sensitivity studies, which include systematic variation of the input 
variables and modeling parameters, should be used to identify the important 
parameters necessary for the analysis and to show that there is no abrupt change 
in the result of the analysis for a realistic variation of inputs.. The physical 
systems involved can often be very complex. Sensitivity analysis allows the 
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effect of perturbations in the values of input parameters to be investigated. Such 
perturbations could arise from data/parameter uncertainties but also future and 
model uncertainties and therefore. Therefore overall changes in parameter 
values (and changes in scenarios and models) need to be assessed. This in turn 
allows attention to be focused on improving those aspects of the assessment that 
have the greatest impact on the model output. However, it should be recognized 
that different models might have sensitivity to different parameters, depending 
upon the structure of the model. 

IAEA emphasizes the important role of sensitivity analysis. It suggests 
that single parameter variation or variation of combinations of a few parameters 
should be considered as a starting point. Different methods for varying 
parameter values can be used for this task, but the analysis should be structured 
with care to ensure that the combinations that are chosen by the computer code 
are not physically unrealistic. In addition, the output from the safety assessment 
should be structured to preserve the information needed to determine the 
sensitive combinations and to identify sensitive parameters [44, 45]. 

CONFIDENCE IN REPOSITORY PERFORMANCE AND SAFETY 

The performance and safety assessments studied of a near surface 
repository requires the confidence of many interested parties. Scientists, 
regulators, decision makers, concerned groups and the general public all need to 
have confidence in the safety of the disposal facility.  

Performance and safety assessments generally imply estimating the 
evolution and performance of near field and far field barriers. The estimates, to 
be reliable and convincing, require an adequate scientific and technical basis, 
and satisfactory modeling capability. 

Quality Assurance 

Quality assurance (QA) is incorporates factor in building confidence in 
the safety assessment for a near surface disposal facility. QA is the means by 
which accepted systematic processes are incorporated as appropriate and 
applicable, into the safety assessment process. Application of QA standards is a 
means of helping to ensure that activities are properly planned, data and 
methods are properly documented, and an auditable trail is developed as the 
safety assessment proceeds.  

QA procedures provide a tool to ensure that sources of input data are 
traceable and that analyses are carried out in a reproducible manner. The use of 
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QA does not necessarily ensure that the analysis is right, but the use of quality 
procedures does ensure that the decision process is documented, the staff 
carrying out tasks and reviews are identified, the method of arriving at 
conclusions is reviewed by identified people and there are clear signoff 
responsibilities. 

Peer Review of Safety Assessments 

In scientific activities, confidence in the validity of results depends to a 
great extent on the outcome of the peer review process. Scientific work and 
results relevant to safety assessment should be published in the open literature, 
so that they become available for detailed scrutiny by other experts active in the 
same field as well as by anyone interested in the subject. 

The peer review process for work that constitutes the basis for safety 
assessments should include forms other than the typical peer review of scientific 
publications and program results. National radioactive waste management 
programs should have provisions for the technical review of important 
activities. The regulatory body should develop an independent capability for 
reviewing safety assessments.  

In some cases the operator of the repository organizes, or the competent 
authorities organize, critical reviews by independent bodies. Such reviews can 
additionally make use of the expertise of natural and social scientists and can be 
effective in raising the level of confidence in the assessment. 

Verification and Validation of Models 

Verification of a computer program is achieved primarily through the 
execution of a set of verification test problems designed to show that the stated 
equations are satisfactorily solved. Verification is a process help to build 
confidence  

Validation is concerned with the real understanding of nature, that is, of 
the reality behind the models. It is a process carried out by comparison of 
models predictions with independent field observations and experimental 
measurements. A model cannot be considered validated until sufficient testing 
has been performed to ensure an acceptable level of predictive accuracy.  

Natural and Anthropogenic Analogues  

Natural analogues have been studied so that the results of observations 
in nature may be compared with the performance of repository components or 
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processes expected to take place in a disposal system. The analogy between 
natural analogues and a waste repository is not perfect since in most cases only 
the end results of the naturally occurring processes can be observed, and there is 
significant uncertainty about initial conditions and their evolution over time. To 
date, it has proven difficult to use natural analogue studies in a quantitative way 
to calibrate/validate models or to provide values for the parameters used in these 
models.  

On the other hands, anthropogenic analogues address the performance 
of human-made items exposed to the natural conditions during long term 
behavior. These analogues provide scientific information and data necessary to 
support the geological disposal option, its concepts and uses of different barrier 
materials. 

CURRENT SITUATION OF RADWASTE MANAGEMENT SYSTEM  

IN EGYPT  

From The recent Nuclear Law No 7 for year 2010, Hot Laboratory and 
Waste Management Center (HLWMC), is the only organization in Egypt that 
has the responsibility of radwaste management system. This center was 
established in 1980 in the Egyptian Atomic Energy Authority. The center aims 
at the development of expertise in the fields of the back and of the fuel cycle, 
radwaste treatment as well as radioisotope production for various medical and 
industrial applications. Major research and service facilities in the center 
include:  

*- The low and Intermediate Level Liquid Waste Plant. 

*- The Radioisotope Production Facility. 

*- The Radwaste Long-Term Storages. 

Some of the responsibilities have been addressed to the HLWMC such as: 

a-Collect and transport the different form of radwaste from Utilities 
(hospitals, universities, industries, etc..) and from nuclaear and 
radiological facilities (research reactors, and radioisotope facility, etc..)  

b-Treatment of low and intermediate radioactive waste (LIRW). 

c-Conditioning of LIRW in cement matrices. 

d-Qa & QC of waste packages. 

e-Radiochemical analysis of constituents of radwaste in different waste 
packages. 
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f-Analytical control of waste treatment processes. 

g-QC of treated radioactive effluents. 

h-Safety assessment of radwaste management facilities (treatment,storage 
and disposal. 

i-Environmental monitoring of radwaste management facilities. 

j-Collect, stored, recovery, and conditioning of spent sealed sources. 

According to the Nuclear law No7, 2010, The Nuclear and Radiological 
Regulatory Authority is established as regulatory bodies considering the 
following tasks: 

a-Preparing safety requirements, regulations and criteria concerning 
radwaste management system. 

b-Reviewing safety analysis reports of radwaste management facilities. 

c-Inspecting all radioactive waste management facilities in HLWMC, and 
radwaste handling facilities in Egypt. 

d-Licensing the various facilities deals with management and handling 
radwaste. 

CONCLUSION 

Radioactive waste is being generated in increasing quantities in many 
countries as the demand for nuclear and radiological applications. Waste 
management system is an urgent need for the disposal of these wastes until their 
decay to radiologically insignificant levels within a few decades or a few 
centuries. Therefore, a well prepared safety analysis report is essential for the 
approval of waste management facilities by the regulatory authorities. Safety 
assessment of these facilities is considered through the safety analysis report.  

Safety assessment is the formal methodologies for evaluating the long 
term safety of such facilities. These methodologies have been developed over 
the years. The intercomparison of these methodologies that had carried out by 
the IAEA has revealed a number of discrepancies between them. As a result of 
these findings, the IAEA organized a co-ordinated research project on 
Improvement of Safety Assessment Methodologies for Near Surface Disposal 
Facilities (ISAM) to improve and harmonize the approach of safety assessment 
methodology. These Methodologies have been modified to suit the assessment 
of pre-treatment facilities within SADRWMS IAEA project. 

The ISAM project has resulted in the development of a consistent and 
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transparent safety assessment methodology that can be applied during all stages 
of the life cycle of the waste management facilities. The methodology can also 
be used to provide input to the decision making process concerning any 
potential remediation, upgrading of existing facilities and development of new 
ones. 
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