
 -569- 

Proceedings of the 7th Conference on Nuclear and Particle Physics, 
 11-15 Nov. 2009, Sharm El-Sheikh, Egypt 

 
 
 

 
ALARA PRINCIPLE APPLICATION FOR LOADING SPENT 

NUCLEAR FUEL ASSEMBLIES FROM NUCLEAR 
RESEARCH REACTOR VVR-S MAGURELE-BUCHAREST 

ROMANIA INTO TRANSPORTATION CASKS 
 

Mitica Dragusin 
 

National Institute for Physics and Nuclear Engineering-Horia Hulubei- 
IFIN HH Bucharest, Magurele, Romania 

 
 

Safety implementation of Spent Nuclear Fuel Assemblies (SNFAs) handling procedures at the 
VVR-S reactor site is ensured by technical perfection and reliability of equipment, monitoring of its 
condition, qualification and discipline of personnel as well as organization and execution of work 
complied with requirements of regulatory documents, process procedures, guidance and manuals. The 
personnel training for execution loading of SNF FAs is other important aspect for radiation protection 
and safely activities. Estimations carried out using MicroShield software show that maximal dose rate 
upon working site when loading four FAs into basket of cask will not exceed 1.7 µSv/h, excluding 
natural radiation. Radiation Safety Analyses estimates for loading 70 SNFAs in 18 transportation 
casks are: maximal individual dose: 4274.7 µSv, maximal expected collective dose persons:  17 031.2 
man µSv.  

By application ALARA principle with technical and administrative measures the loading 
process developed in the following conditions: maximal individual dose: 68 µSv, the collective dose 
persons: 732 man µSv. The work will presented the technical measures and procedures applied in 
loading process. 
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INTRODUCTION 
 

ALARA is an acronym formed from the phrase “As Low as Reasonably Achievable.” 
The phrase refers to a principle of keeping radiation doses and releases of radioactive 
materials to the environment as low as can be achieved, based on technologic and 
economic considerations. The ALARA Principle was intended to ensure that most radiation 
exposures would be well below the defined limits. The defined limits are regarded as the 
upper limits of acceptability. 
The purpose of this paper is to described the approach used, icluding the implementation of 
the ALARA principle for individula and collective doses, in an evolving design process and 
demonstration adequate radiological occupational dose level. 
The ALARA principle is used when better equipment or procedures can reduce the risks of 
an activity. These improvements may cost more money. These extra costs must be balanced 
against the amount by which risk is reduced, for example, it might reduce people's exposure 
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to hazardous chemicals or ionising radiation. The following mitigation methods can often be 
a practical and effective means of minimizing external radiation hazards. These methods are 
based on three aspects: 

1. Time-Reduction of time of exposure can directly reduce radiation exposure. 
2. Distance- Increasing the distance between you and the radiation source will reduce 

exposure by the square of the distance. This principle applies to sources of 
penetrating 
radiation (x-rays, gamma rays, or high-energy beta particles). Increasing distance 
may not be necessary if the radiation is non-penetrating (alpha particles or low energy 
beta particles). 

3. Shielding- Shielding a radiation source often involves additional economic 
considerations. It is not necessary to shield every source. However, shielding can 
effectively reduce radiation doses in some situations. All these approach were used in 
loading process. 

ALARA is a basic radiation protection concept or philosophy. It is an application of the 
"Linear No Threshold Hypothesis," which assumes that there is no "safe" dose of radiation. 
Under this assumption, the probability for harmful biological effects increases with increased 
radiation dose, no matter how small. Therefore, it is important to keep radiation doses to 
affected populations (for example, radiation workers, minors, visitors, students, members of 
the general public, etc.) as low as is reasonably achievable.  

The assumption "no safe dose" is currently being hotly debated in the scientific 
community. Although the "jury is still out" on this issue, it appears that there is more 
evidence than not that there is, indeed, a safe dose level. It is conceivable that if our 
knowledge of radiation effects expands to the point that a "safe" dose is defined, the ALARA 
philosophy, as we know it today, would be eliminated.  

The ALARA philosophy is useful both for radiation worker and people. The main 
component of ALARA philosophy is to keep radiation exposures as low as reasonably 
achievable as an integral component of radiation protection programs throughout in any 
nuclear facility and the world. While one of its primary aims is to reduce the dose incurred by 
an occupational worker, another equally important ALARA goal is to minimize 
radiation/radioactivity releases to the environment. When ALARA goals are realized at the 
nuclear facility in the site "neighborhood", everyone benefits.  

In radiation safety or health physics programs was requirement that human exposures 
be kept "as low as practicable" (the "ALAP" philosophy) before the ALARA philosophy. 
Although ALARA was recognized during this time frame, emphasis was placed on 
controlling exposures in the workplace within the dose limits, rather than lowering the 
exposures to levels below the limits.  

Emphasis on the ALARA philosophy heightened in the 1970s when scientists studying 
Japanese survivors of the atomic bomb blasts noticed an increased incidence of solid tumors 
(i.e., tumors other than leukemia). Similar increases were also observed in patients 
undergoing medical treatments. These increases were associated with very large radiation 
doses. Unfortunately, the scientists were not able to say whether the same results occur at 
small doses. The observations of increased cancer led the International Commission on 
Radiological Protection (ICRP), a body of recognized radiation experts which offer 
recommendations to regulatory agencies around the world, to state that, "As any exposure 
may involve some degree of risk, the Commission recommends that all unnecessary 
exposures be avoided, and that all justifiable exposures be kept as low as is reasonably 
achievable, economic, and social considerations being taken into account."  

The ALARA concept includes social, technical, and economic considerations. 
If we had an infinite amount of money, we could think of all sorts of techniques to reduce 
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radiation dose. Some of these techniques may not be technically feasible (e.g., snuffing out 
the Sun, since it releases so much radiation). Some techniques would be so expensive that, 
even though they might be technically feasible, they couldn't be justified (e.g., requiring that 
every home be equipped with a radon interception system without considering whether radon 
was a problem or not). Most scientists and all standard-setting bodies feel that the radiation 
limits currently in force are safe. They feel that it is prudent, however, to reduce radiation 
doses below these limits when it makes sense. This concept is captured in the ALARA 
philosophy by incorporating the word "reasonable" into its definition. For example, suppose 
the entire community supported the construction of a lead-lined dome over on homes to 
reduce the natural background dose received from cosmic radiation each and every day. 
While this is certainly possible from a technical standpoint (i.e., such a dome could 
conceivably be built), and from a social perspective (since it has been found to be acceptable 
to the community), is it nonetheless "reasonable" to build it if the cost for such a dome is 
several billion dollars? Probably not, in this instance, since it would afford very little 
reduction in the natural background radiation dose, certainly nothing observable. Therefore, 
several factors are, by design, involved in the implementation of ALARA and must be 
examined on a case-by-case basis. ALARA is not a dose limit, but rather a goal. It 
exemplifies a mind set to achieve radiation exposures which are as far below the applicable 
limits as is reasonably achievable. The ALARA can be used both for physical design features 
at a Structure, System, Equipment, Component (SSEC) and on procedures, administration 
and personal practices. The design of a SSEC in nuclear facility is very important in the 
eventual success of an effective ALARA program. If designed satisfactorily, worker doses 
and releases of radioactivity to the environment can not only be controlled but reduced. An 
improperly designed facility or part of SSEC, on the other hand, may require subsequent 
modifications, often at considerable expense to reach the desired dose rates and with a 
corresponding impact on existing operations. While procedures, instructions, other 
components from Quality Management System are important as well, they represent a 
secondary, rather than primary, layer of support. The ALARA program requires an 
appreciation, understanding, and acceptance from each individual involved in work in 
radiation field, need to have safety and security culture. More specifically, an ALARA 
program must have some (preferably all) of the following: a strong commitment from facility 
management at all levels and throughout the entire organization, dedicated staff, an ALARA 
program manual or approved program procedures, education and training programs, a well-
defined ALARA organization with established responsibilities, a Radiological and Nuclear 
Safety Committee which reports to upper management on ALARA issues, and routine 
internal and external audits of the effectiveness of the dose reduction program.  

Implementing the ALARA concept involves six basic principles [2]. These are: 
eliminating or reducing the source of radiation; containing the source; minimizing the time 
spent in a radiation field; maximizing the distance from a radiation source; using radiation 
shielding; and optimization analyses.  

ALARA Principle #1.Eliminating the source of radiation can be accomplished by 
substituting other appropriate technologies or materials. Source reduction is a reduction in 
the dose rate (the time over which the dose is delivered). Several methods are available. 
These include installing filtration and processing equipment to capture radioactive sources 
before they can reach populated areas, removal of non-essential radioactive materials or 
equipment from the vicinity of personnel, selection of appropriate materials to minimize 
radioactivity depositing on surfaces, draining/flushing fluid systems to remove radioactive 
liquids, and ventilation of airborne radioactive areas. The control of contamination on 
building surfaces, equipment, etc. is an important ALARA consideration in source reduction. 
Removing/reducing the source of contamination will in turn eliminate (or at least reduce) the 
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likelihood of worker contamination and dose. ALARA principle applied in equipment 
decontamination and source reduction. In this case, the method chosen to reduce the dose 
(internal and external) to the worker during the decontamination must be given some thought, 
while at the same time, reducing the volume of radwaste produced and the cost of the 
decontamination. In many radiological situations, not every method selected is appropriate 
for a particular radionuclide or surface. Practical, application ALARA allows the 
radionuclide source(s) to decay for several half-lives. This is a passive (rather than active) 
approach relying on the nuclide's radioactive properties. It is feasible in those situations 
where the half-life is short enough (e.g., minutes, days) to produce acceptable results in a 
short period of time.  

ALARA Principle #2.This ALARA principle can be considered a subset of the first 
principle and involves containment, ventilation, and filtration. Containment involves using 
leak-tight or controlled-opening enclosures to prevent radioactive materials from migrating to 
areas where we don't want them. Containment may be used temporarily and then removed 
after the job is complete, or be a permanent component (as, for example, from a structural 
standpoint. Ventilation is the flow of air and other gases in a certain direction and rate such 
that radioactive airborne particles and gases are captured and directed to collection filters, 
followed by release to the atmosphere once appropriate release limits have been met. A well-
designed ventilation system will go a long way in limiting the potential for intakes of 
radioactive material. For example, designing the flow of air containing radioactive materials 
so that it moves away from people will help to ensure that they don't receive unnecessary 
exposure. Filtration ("filtering") is the capture of airborne particles on a medium (like a 
vacuum cleaner bag), which can then be disposed of in an acceptable manner. 
To meet ALARA objectives in a radiation protection program, it may be necessary to use 
some or all of the following items: ventilated fume hoods, glove-boxes (used to handle 
radioactive materials), exhaust systems, water filtration and processing systems, ventilation 
cleanup systems, and double-walled pipes and tanks, leak-tight valves, etc.   

ALARA Principle #3. Simply put, the less time spent in a radiation field, the lower the 
dose. To meet ALARA goals, no more time should be spent in a radiation field than is 
necessary to perform the required tasks. There are several design factors which can be 
utilized in a nuclear facility to promote this principle. For example, personnel who have to 
work in the vicinity of radioactive sources often conduct rehearsals in low dose areas to 
ensure that they keep their time in the area to a minimum, that they have all the tools they 
need, etc.  

ALARA Principle #4. In the case of distance, the further away from a radiation source 
you are, the lower the dose. This is especially true for "point" sources of radiation which 
follow the inverse-square law. As with time, several design factors are available to aid in 
maximizing the distance from radioactive sources. 

ALARA Principle #5. Shielding involves the use of different materials placed between 
the worker and the source to absorb the radiation. The choice of shielding depends on the 
type of radiation and may either be temporary or permanent. As with time and distance, 
several design factors are available to reduce worker dose. 

ALARA Principle #6. In an ALARA design, cost-benefit analyses are performed to 
balance economic considerations with the expected benefits. Optimization is used to 
demonstrate that any expenses involved - in terms of money, time spent by personnel, dose 
received, etc. - is justified in terms of the benefit received. In so doing, reducing radiation 
exposures can be weighed against competing conflicts (technical considerations, social, 
operational, and economic). In the ALARA process are examined in a radiological area in 
three phases, performing work activities. Working in an area containing radiation and/or 
radioactive materials requires pre-job planning (the extent of which depends on the 
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complexity of the job), implementation of pre-established ALARA controls and tracking of 
worker doses, and a post-job review to evaluate the "lessons learned". These steps allow the 
application of ALARA principles before the job is started, ensure that the principles are 
being applied correctly, and assist in improving performance on future jobs.  
 

DESCRIPTION OF METHODS 
 

The upper end of the range 0.1-5 mSv should be almost always be justified, and the 
lower end was based on a judgment that optimization of exposure- as ALARA objectives) 
should suggest an action level not less than one third of that dose ( International Commission 
on Radiological Protection-ICRP 1993a, 1999). The principle of optimization is applied even 
if the individual dose are below the limit. Optimization of the collective dose use cost-
benefits analyzes. The ALARA principle is still be applied in reducing doses from any 
practices below an applicable source constraints. For practices radiation protection system 
(ICRP1977,1991) contains three basic elements: justification of practices-meaning that any 
practices that increases radiation exposure should result in positive net benefit to society; 
optimization of exposure-meaning that exposure should be reduced to levels that as low as 
reasonable achievable, taking into account technical and economical factors and other 
societal concerns; limitation of dose to individuals and critical population groups. The 
(ICRP1990,1991) recommendations on radiation protection distinguished between practices 
and interventions. A practice is any activity that increases radiation exposure, whereas an 
interventions is any activity that decreases radiation exposure for preexisting situations. The 
preexisting situations has evaluated based on radiological assessment and nuclear safety 
report. The individuals and collective doses were estimated in conservative modes, taking 
into account highest dose rate on wall on SNFA calculated and measured. For practice-
loading process applied radiation protection system: justification, optimization (ALARA) and 
dose limitation. For interventions (ICRP 1991) recommend that any actions to reduce 
exposures should have a positive net benefits, taking into account monetary cost as well as 
industrial hazards ( non-radiological risks) and societal impacts-“ more good than harm”; 
given that an interventions is justified the ALARA should be applied to determine the 
appropriate actions that maximizes the net benefit. Is important to knew that in interventions 
do not apply dose limitation. ALARA principle applied on specific practice-loading SNFA- 
because the goal of ALARA to achieve similar risks for all practices and sources it is not 
generally applied. Have been used also excemption levels-(International Atomic Energy 
Agency-IAEA recommendations), that annual effective dose to individuals receiving the 
highest exposures would be on the order 0.01 mSv or less and either collective effective dose 
from one year of an unregulated practice would be no more 1 man(person) Sv, or an 
assessment of optimization of protection indicate that exceptions is the optimum option 
(BSS- Basic Safety Standard-IAEA-1996). 
 
 

RESULTS 
 

The spent nuclear fuels resulted from nuclear research operation have been stored in 
ponds under water. One of the most important aspect in spent nuclear fuels management is 
maintaining all time in safety conditions chemistry of water from ponds, mechanical integrity 
of SNFAs, nuclear security, appropriate training of the workers, utilization of the Quality 
Management System (QMS) and technical and administrative dispositions approved by 
Regulatory Body. The spent nuclear fuel assemblies can be loading in transportation casks 
from the storage ponds by transferring assemblies under water, by air with radiation 
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unprotected devices or with a transfer cask. In Nuclear Safety Report was assess and 
demonstrate the feasibility to use a transfer cask for loaded SNFAs from storage pond to 
transportation cask. In QMS have elaborated the procedures and developed the training and 
authorization program for workers in application of the ALARA principles presented above. 
The effective individual and collective doses were reduced by ALARA principles using the 
following measures: 

- create permanent lighting underwater in storage pond and thus eliminate a radiation 
exposed worker with portable lighting device; 

- increase the number of training hours for workers and minimize the number of the 
workers involved in loading operation; 

- procure a new fixed crane for lifting and handling the lid of the transportation cask- 
important  reduction of the duration of operation and the radiation exposure; 

- utilization a remote control devices for fixed crane and for handling the transfer cask; 
- utilization a pictures and movies for evaluations, corrections, lessons learned during 

implementation training program for workers; 
- have in mind utilization a super absorbents put on appropriate device for recovery a 

spill of potential contaminated water from ponds spread on floor during handling 
transfer cask [4, 5] 

Radiation Safety Analyses using MicroShield software estimates for loading 70 SNFAs in 18 
transportation casks are: maximal individual dose: 4274.7 µSv, maximal expected collective 
dose persons: 17 031.2 manµSv. [3] 
By application ALARA principle with technical and administrative measures the loading 
process developed in the following conditions: maximal individual dose: 68 µSv, the 
collective dose persons: 732 man µSv. These were the principal results by application the 
ALARA principles in loading process of SNFAs in transportation casks. 
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