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ABSTRACT 

 
Based on the number of cycles and the amount of new fuel elements exchanged in the reactor cores at 

each cycle, the forecast for the exhaustion of the spent nuclear fuel pools of the Brazil plants has provision until 

2021. As are still in the studies the availability of a long-term storage facility for spent fuel, the short-term 

solution will be the construction of the Complementary Storage Spent Nuclear Fuel Unit, it will build inside the 

site in Angra Plants. The dry cask is a method of storage in which the fuel elements of high-level radioactive 

waste are stored, such as spent nuclear fuel, which already cooled in the fuel pool for at least one year and up to 

ten years.  

The purpose of the present paper is to discuss a conceptual study of the safety analysis of a project of 

licensing of a Dry Storage Unit (DSU) with the objective of verifying the application of national and 

international criteria, requirements and standards. The safety analysis will make on the principles adopted by the 

US Nuclear USNRC and the standards adopted at CNEN for dry storage. The concept of installation, seismic, 

geological and other analysis will be approached for approval of the site to be installed at DSU, the approved 

permit for the construction and finally the external and internal events that may occur being incidents and / or 

accidents and which are The necessary mitigations if something occurs within a period of time. 

 

 

1. INTRODUCTION 

 

Nuclear Power Plants use fuel elements for electric energy generation, which after burning 

have to be stored in specially designed pools. These pools are built inside of the plants, with 

the function of enabling the cooling of these fuel elements to future destination. 
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Temporary storage of spent fuel are being designed in the world for safe storage after its 

removal from the spent fuel pool and before it is reprocessed / recycled or disposed of as 

radioactive waste. 

 

The Brazilian strategy for managing spent fuel does not provide, at the time, running the 

reprocessing and recycling of spent fuel elements – SPEs. It is planned to build a facility for 

the long-term storage of spent fuel elements for a future decision making on reprocessing and 

recycling of these fuel elements 

 

The storage capacity of spent fuels from power plant pools is limited. According plant design, 

spent fuel elements storaged longer must be removed for additional storage units in order to 

make room for the storage of fuel elements recently removed from reactor cores. Thus, based 

on the number of cycles and the amount of new fuel elements exchanged in the reactor cores 

at each cycle, the forecast for the exhaustion of the irradiated fuel pools of the plants at each 

cycle is predicted to 2021 [2]. 

 

The Nuclear Regulatory Commission (NRC) has expressed confidence that spent fuel can be 

stored in pools or dry casks for up to 60 years beyond the operating life of the reactors they 

produced. US reactors are now being licensed to operate for up to 60 years, which 

corresponds to temporary storage for up to 120 years [2]. Based on these data, the national 

and international requirements and standards for the implementation of a Dry Storage Unit, 

DSU, will be analyzed. 

 

2. COMPLEMENTARY DRY STORAGE UNITS 

A complementary dry storage units (CDSU) is a controlled area with restricted access, has a 

radiological and occupational monitoring, as well as a security cabin, warehouse and for 

physical protection it is equipped with a double fence, thus the security cabin is the only way 

to CDSU. [4] 

 

The storage procedures in the dry complementary units of spent fuel elements are performed 

using the canister, transfer hull, overpack and the installation for storing the SPEs. The 

process of transfer of the SPEs to the DSU begins with the movement of the empty canister 

and the transfer hull to the interior of the Fuel Building, by means of cart and crane. 

Afterwards, the canister is positioned inside the transfer hull, aiming the transport of the set 

to the interior of the cask pool of irradiated fuel element (submerged condition), where the 

canister will receive the SPEs with the aid of polar crane, which allocates the SPEs to the 

exact positions inside the canister. Normally within a canister 35 fuel elements fit, but that 

depends on the design. [4] 

 

After thecomplete filling of the canister, the set is hoisted up to the water slide of the pool, 

washed superficially, and the canister is closed with a steel cover. Only after this operation 

the assembly canister plus transfer hull is fully emerged from the spent fuel pool. This 

assembly is positioned in a defined area (hull work area) to perform the welding on the 

canister lid and thus remove all the water present inside the canister. Then, canister is sealed 

and inert gas (helium) inside it is introduced, the cleaning decontamination and the drying of 

the hull. In order to allow the exit of the whole of the Fuel Building, the radiation monitoring 

is carried out. Helium gas promotes the removal of heat from fuel assemblies and provides 

watertight retention of spent fuel. Then the transfer hull is also closed and is removed from 

the specific handling area within the spent fuel pool building with the aid of a crane. For the 
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transport of the canister encased in the transfer hull procedures it is necessary to use a truck 

(heavy vehicle prepared for vibration control and level), which routes it to the DSU 

installation. [4] 

 

In order to position the canister inside the overpack, is used hydraulic press, which directs it 

to the cradle is obtained with inside the overpack .The exact alignment the canister needs to 

be positioned, a laser level during the whole handling. If the storage was in upright position, a 

crane with 30 ton capacity is installed. With a spacing of 30 m is capable of reaching any of 

the storage cavities in the storage module. In the case of loss of the external electrical energy 

supply system, DSU does not require any active component for the heat removal process. 

Conceptually, the system was designed to operate in totally passive way (natural convection), 

both in normal operating condition, or in abnormal operation and accident conditions, 

keeping the temperature below the recommended limits. [4] 

 

In accordance with NRC 10 CFR 72 [1], these temporary facilities designs must incorporate 

certain characteristics that should be effective throughout the life of the facilities. These 

characteristics include maintenance of subcriticality, maintenance of fuel integrity, 

minimization of the corrosion of fuel coating, removal of decaying heat from burned fuel, 

provision of radiation protection, maintenance of radioactive material insulation, the 

expansion the capacity of the installation and its possible decommissioning. [1] 

 

Canister may be the first establishing the characteristics of the main equipment used for the 

storage of SPEs, an airtight vessel that provides confinement of the SPEs in an inert helium 

atmosphere during initial storage. It contains basket structure inside for safe storage and 

criticality control of SPEs.  

 

The sealing of the canisters is done by soldering. The function of the canister is to confine the 

SPEs, guarantee the subcriticality of the set of SPEs and facilitate the exchange of heat with 

the external environment.  

 

The canister must be individualized for the specific storage of SPEs of each plant. The 

amount of SPEs in the canister should be maximized, noting, however, the limitations of 

handling and transportation equipment. The canister must be designed to withstand the 

environment of the plant's fuel pool. [4] 

 

The transfer hull shall be designed and manufactured in accordance with specified codes, 

service conditions, and environmental loads, and consistent with the system licensing base 

[1]. The heat transfer must be totally passive, by natural convection, radiation and 

conduction. Heat transfer should be performed without moving parts. It is reusable and 

guarantees radiological shielding and structural stability during the loading and unloading 

operations of the canisters. [2] 

 

Finally, overpack is a mixed concrete and steel structure with wall thickness of the order of 

700mm and devices for air inlet and outlet and is responsible for the arrangement of the 

canister in horizontal or vertical position. Besides, allow the monitoring of temperature, 

radiation and inspection of the canisters. The main functions of the overpack are to provide 

physical protection, radiological shielding and structural protection to the canister during the 

storage period and to ensure the heat exchange between the Canister and the environment in 

accordance with [2]. 
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The overpack shall be designed to withstand a tornado effect, combination of wind, pressure 

and missile impact. [4] 

 

According to Figures 01 and 02, the means for arranging the DSU fuel elements can be made 

horizontally and / or vertically depending on the approved design plant. 

 

 

Vertical Overpackl Horizontal Overpackl 

 

 

 

 
 

  
Figure 01: Arrangements od Overpacks. 

Source: ELETRONUCLEAR 

 

 

In the storage area, the canisters are placed in openings, which are separated by 0.23 m 

between the containers. This provides sufficient space for air circulation and cooling. 

Perimeter concrete walls 0.2 m thick limit the radiation dose rate on the outer wall surface to 

less than 2.5 uSv / hr. Storage is ventilated by natural convection flow through openings in 

the peripherical walls and roof of the storage building. Light Water Reactor fuel storage spent 

in zirconium alloy in an inert gas atmosphere is a comproved technology up to temperatures 

around 450 ° C. Dry storage of this fuel is licensed in Germany for temperatures <410 ° C 

and in the US for temperatures <380 ° C under inert atmosphere. Dry storage of spent fuel in 

air at temperatures up to 160 ° C has been licensed in Canada. Dry storage of Magnox-type 

fuel has been licensed in the United Kingdom in an air or inert atmosphere. [3] 

 

The drainage of the welding and decontamination area is treated as active liquid waste. Under 

normal conditions, liquid waste is not expected to emerge in the storage area. For 

contingencies, however, the drainage of the floor is directed to two active, aligned stainless 

steel and underground tanks and is transferred through sink pumps to two stainless steel 

holding tanks. After monitoring, the contents of the holding tanks are periodically transferred 

to routine treatment by pumping their contents, through underground nuclear grade stainless 

steel piping to the active liquid waste treatment system. [4] 
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3. PROCEDURES FOR THE APPROVAL AND CONSTRUCTION OF A DSU 

3.1 Evaluation Site Factors 

 

The site proposed for the construction of a DSU goes through several analyzes to identify a 

suitable place for its installation. It will be acceptable if the results do not show unstable 

geological characteristics, soil stability problems or potential vibratory movement of the soil 

at the site in excess [1]. 

 

In areas of known potential seismic activity, seismicity will be assessed. Sites in areas 

subjetcto major ground moviments or near areas with a history of earthquakes will be 

avoided. It should also and should also be assessed for their liquefaction potential or the other 

soil instability due to vibratory soil movement. Site-specific investigations and laboratory 

analyzes should show that soil conditions are adequate for loading the proposed base. In the 

evaluation of alternative sites, those that require a minimum of engineering provisions to 

correct the deficiencies of the site are preferred. Sites with unstable geological characteristics 

should be avoided. [1] 

 

3.2 Local Safety Evaluation Report 

 

After the studies done in the place, the collected data must be presented and only after the 

analysis the construction must be properly approved. The purpose is to demonstrate the place 

where the installation of the UAS will be carried out and after following all procedures, to 

start the licensing. All license applications shall include a safety analysis describing all 

processes including receiving, handling, packaging, fuel storage, and DSU operating 

standards. The information required in the report should systematically describe the DSU and 

evaluate all site security, pondering internal and external events. In the event that DSU is 

installed within an area of a nuclear power plant or any other licensed facility, all potential 

interactions between the DSU and other facilities sharing the same services should be 

evaluated. [2] 

 

This report should also contain information on building materials, general layout, mainframe 

dimensions, and descriptions of all important safety structures, systems and components, in 

sufficient detail to support the finding that DSU will satisfy the design bases with an adequate 

margin for safety. [2] 

 

In addition, it shall contain the public health and safety impact assessment resulting from the 

operation of the DSU, including the determination of safety margins during normal 

operations and expected operational occurrences during the life of the DSU. In addition to the 

adequacy of structures, systems and components planned for the prevention of accidents, 

including phenomena and natural events caused by man. It shall provide a description of the 

equipment to be installed to maintain control over radioactive materials in gaseous and liquid 

effluents produced during normal operations and expected operational occurrences. [2] 

 

It should contain information on where the DSU will be installed within the selected area, 

location (state, city), how the storage modules will be made and everything else needed for 

that storage, as well as the actual transfer of these irradiated fuel elements. [2] 

 

It should contain information from the entire region near the site of the DSU construction, the 

nearest states, population density, if geological conditions are favorable, hydrology, if water 
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is used from any region, if the site for construction is on some coast of the Ocean, some saw, 

some bay and if is located inside the courtyard of a nuclear power plant. A brief description 

of the elements that compose the landscape should be presented in order to illustrate the 

composition of the region's environment. [2] 

 

It will be necessary to indicate all the details of the installation in a clear and descriptive way 

taking into account all the arrangements of the installations, its detailed civil project, the 

logistics of operation, the descriptions of the equipment that will be used in the transfer 

procedure. A system of physical protection and protection against sabotage should be set up 

to avoid any accident or incident. In addition, also should be set to a radiation monitoring and 

control system for both the area to be installed and the people involved in the process. 

According to the current regulations, it is necessary to install a lightning protection system, a 

fire protection system ensuring greater site control, and the training of a DSU-specific 

safeguards force. [2] 

 

The neotectonic aspects of the region and the area of interest of the DSU construction, 

together with the data of the seismic activity in this region, should be presented in order to 

describe some characteristics that are important for the evaluation of the DSU project. Also 

the risks of floods, landslides, winds, tornadoes and man-made accidents related to the unit's 

design should be described. [2] 

 

In the context of licensing, it is necessary to postulate accidents likely to cause radiological 

consequences to the general publicTo minimize them, due care must be taken when designing 

safety-related systems. 

 

In the estimation of these consequences, conservative hypotheses are adopted and it must be 

demonstrated that the resulting dose values are far below those that may cause some 

deleterious effect on the health of the most affected people. Accidents are events capable of 

causing impacts far superior to abnormal events, although they have a lower frequency than 

these. They are unintentional events, including operation errors, equipment failures, natural 

events, etc., whose actual or potential consequences are relevant from the point of view of 

radiation protection. [2] 

 

The Complementary Dry Storage Unit for Fuel Elements should be included in an 

Emergency Plan, once it receives the first loading of fuel element. If the construction of the 

Unit occurs within the facilities of a Nuclear Power Plant, all those involved in the 

construction of the Unit will receive training so that they can access the DSU. [2] 

 

The Quality Assurance Program must encompass organization, qualification, personnel 

training, control and verification of activities, and control of documents and records, in all 

phases of the enterprise. [2] 

 

Decommissioning represents the final stage of the life cycle of a nuclear installation. It 

involves all the activities undertaken for the dismantling of the facilities and to eliminate the 

remaining radioactive contamination. The ultimate goal is to release totally or partially the 

facility from regulatory control and also release the site to be reused for other purposes. 

These activities require efficient management, since they involve complex and 

multidisciplinary processes. [2] 
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3.3 External and Internal Events and their mitigations  

 

During the analysis process must be considered the events having their action plan always in 

effect. They are unintentional events, including operation errors, equipment failures, natural 

events, etc., whose actual or potential consequences are relevant from the point of view of the 

radiation protection. In the case of the ECI Dry Complementary Storage Unit, some of the 

accident scenarios are postulated in the listed below. [1] 

 

Falling of storage devices: The possible drops of the storage devices should be analyzed 

considering the horizontal and vertical positions. For the overpack, consider the effects of 

impact forces with on the storage floor which are a function of the design and material used 

in this floor. The storage modules found on the market are designed to withstand vertical and 

horizontal free falls of a height approximately equal to 28 cm, with an acceleration equal to 

45g in relation to the storage concrete floor. This value must be compatible with the height of 

the module in relation to the floor of the DSU, when it is moved by the transfer vehicle [1]. 

Action plan: For the hoisting of transfer hulls use redundant devices. From resistance 

calculations, establish the height and maximum acceleration that the modules can be 

submitted and verify the structural integrity of the canister with the SFEs, as well as the 

shields against ionizing radiations. [1] 

 

Overpack (vertical) tipping or faill: events of tipping or fall of components such as hull 

transfer and overpack should be considered. This consideration, according to US-NRC, is 

based on the concept of defense in depth. For this event the US-NRC considers it plausible to 

tipping the transfer hull or overpack from a rest position on a contact surface [1].Plan of 

action: perform analysis based on finite element using suitable software for detailed 

development of fthe oundation and overpack, taking into account the external concrete 

region, and defining significant safety margins that maintains structural integrity. [1] 

 

Explosion: Possibility of explosion caused by the tank fuel of the overpacks transfer vehicle. 

High impact explosion may also occur due to the presence of vehicles with explosive charge 

near of the DSU. The effects of an explosion of TNT defined on the basis of the shortest 

distances to the transport routes and the maximum presumed loads to be carried in the 

vicinity of the nuclear power plants should also be considered [1]. Action Plan: Limit the 

amount of fuel in the overpacks transfer vehicle tank. It must define a minimum distances for 

vehicles to carry explosive charges close to DSU. Perform calculations recommended by US-

NRC and IAEA, defining actuating pressure values, considering the propagation of free-field 

and straight-line waves from the point of explosion closest to the road until the DSU 

structure. Ensure the efficiency of the ventilation channels inside the overpack structure. [1] 

 

Fire: Due to the fact that the structures of the overpacks are constructed in concrete, it 

excludes the possibility of fire points, leaving the storage area free of any risk. Among the 

structures that may contain a fire load, are the security cabin and the warehouse [1]. Action 

plan: Installation of detection and extinguishing systems in compliance with current 

regulations, in places with possible fire points, such as the security cabin and the warehouse. 

Removal of possible external ignition sources, such as flammable objects, trees and 

vegetation, which may cause damage to structures. [1] 

 

Flooding: Flooding the overpack storage area can cause two situations: overpack tipping 

(vertical) and water into the ventilation channels of the storage module. During the flood, 
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water may seep through the overpack's ventilation channels causing an increase in the 

reactivity of the canister containing SFEs [1]. Action plan: Analyze the problem of entering 

water inside the ventilation channels. Construction of rainwater drainage channels around the 

DSU area, being dimensioned for heavy rains and the construction of the water outlet 

protection jet [1]. 

 

Tornado: A tornado can basically cause variations of pressure, wind forces and missiles in the 

region affected by it. Under these conditions the overpack must maintain the integrity of the 

canister with the SFEs stored inside. For this, it is necessary that the mechanical loads 

associated with a tornado do not endanger the physical integrity of the canister [1]. Action 

plan: Ensure that the projected DSU structure includes protection against postulated missiles 

in order to to ensure the tightness of the helmets and canisters containing SFEs. [1] 

 

Earthquake: The set of seismic events in the surroundings of the DSU, which put at risk the 

integrity of the set formed by overpack, canister and SFEs [1]. Action Plan: Design all civil 

structures to support requests arising from a project earthquake equivalent to a safe shutdown 

earthquake. Determine the stability limit of a DSU system based on the static stability 

criterion, considering the calculated acceleration values, verifying if there is a possibility of 

overpack tipping in an earthquake.[1].  

 

Lightning: Dry-running electrical equipment is not normally used in dry storage facilities 

(such as ventilation systems for the removal of radioactive decay heat). The likelihood of 

damage occurring on a DSU-type unit is so low that this event may be considered non-

believable. But due to the use of electricity both in the guardhouse and in the warehouse, an 

air discharge protection system must be considered[1]. Action Plan: An Air Discharge 

Protection System should be installed in the security cabin and in the warehouse, and it must 

be external, apparent, in the ceiling to the floor. [1] 

 

Adiabatic heating: It is the most conservative thermal transient considered for an SFE storage 

overpack. This is a hypothetical accident where it is postulated that all ventilation channels of 

the overpack are blocked and consequently all the heat generated in the SFEs remains inside 

the storage module (overpack) [1]. Action plan: Ensure that the ventilation channels of the 

overpack are always free, without any obstruction and monitor the temperature so that it is 

always within the limits stipulated by the regulator, guaranteeing the integrity of the coating. 

[1] 

 

Aircraft crash: A nuclear facility is considered to be adequately protected against aircraft 

impacts if the likelihood of a particular event of that type, resulting in radiological 

consequences higher than those allowed by 10 CFR Part 1002, is less than 10
-7

 accidents per 

year. If the probability of such an event occurring is less than the aforementioned value, it is 

not necessary to consider the aircraft drop in the project [1]. Action plan: Aircraft can not 

pass a minimum height of 2780m above sea level. All airports in the DSU vicinity are listed 

in the site analysis report [1]. 

 

Landslides: After an on-site analysis and identifying fractures in the soil or slopes, where 

there is a possibility of a present or future problem, measures should be taken for control [1]. 

Action Plan: Perform the installation of planned containments related to the case, be it done 

in reinforced concrete, metal grids, or both [1]. 
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3.4 Radiation Protection 

 

Personnel monitoring begins with verification of the right of access by persons to the 

controlled area. Access is only allowed to persons who have a valid pass, have been declared 

eligible for radiation protection training, have been informed of the risks and radiation 

protection measures within the controlled area and hold a radiological work permit. Personal 

dosimetry shows that the limit values set by the authorities have not been exceeded. [1] 

 

All persons who access controlled area will be equipped with thermo-luminescent dosemeters 

(TLD) and direct reading detectors. TLD dosemeters are evaluated at regular intervals, 

usually every month. Who people leave the controlled area  will be examined for the level of 

incorporation of radioactive substances through personal monitors with large meters or 

scintillators that detect contamination in the body (hands, feet, clothes, hair, face). [1] 

 

Vehicles should receive special attention for access to such areas, considering the possibility 

of theft and introduction of hazardous material, and private vehicles are not allowed. Samples 

of the aerosol filter are collected periodically and the activity determined in the laboratory.  

The registered dose rates have to be evaluated and in this case the dose rate is obtained as a 

function of time. In addition, samples of soil and plants are collected by measuring their 

activity. The structures, systems and components involving operation, maintenance and 

inspection may expose personel, and shall be designed, manufactured, located, protected, 

controlled and tested to prevent or minimize exposure external or internal to staf. [2] 

 

Radiological alarm systems shall be provided in accessible work areas, as appropriate, to alert 

staf of radiation and concentrations of radioactive materials in the air above a set point and 

concentrations of radioactive material in effluents above the limits of control. Radiation 

alarm systems shall be designed with provisions for calibration and testing their operability. 

Areas containing radioactive materials shall be equipped with systems to measure the levels 

of direct radiation in theis surroudings. [2] 

 

The DSU shall be designed to provide means to limit the levels of release of radioactive 

materials into effluents during normal operations and to control the release of radioactive 

materials under accident conditions. Analyzes shall be performed to show that releases to the 

environment during normal operations and anticipated occurrences will be within the 

exposure limit. It is necessary to monitor the dose rate online with fixed detectors inside the 

DSU fence, with local alarm, as well as the online monitoring of aerosol, both systems will 

send signal to a computer in the guardhouse that will be built for the DSU. [2] 

 

Provide radiation measurements with dose rates to prevent a possible accident by assisting in 

radiation protection in order to avoid unnecessary exposure of personnel due to local dose 

rates. For this purpose, dose rate detectors must be installed in predetermined locations. On 

each side of the storage area, there is a safety and radiological control area with a minimum 

width of 5 meters, located between two physical protection fences, avoiding exposure and 

dose rate in personnel. The controlled area may be covered by a highway, railroad or 

waterway, provided adequate and effective arrangements to be performed in place in place to 

control traffic and protect public health and ensure public safety. [2] 

 

The licensee shall ensure that each entrance or access point to a high radiation area has full 

control both of the employee involved and of the operation supervisor, and that every dose 
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received shall be controlled by a control device which energizes a visible signal alarm 

boasting the excess. For each individual who is likely to receive an annual occupational dose 

requiring monitoring, the licensee must determine the dose of occupational radiation received 

during the current year. Before allowing an individual to participate in a planned special 

exposure, the licensee shall determine the internal and external doses of all previous planned 

special exposures and all doses in excess of the limits received during the life of the 

individual. The licensee must record each individual's exposure history as required by the 

regulatory body. The form or record shall show each period in which the individual received 

occupational exposure to radiation or radioactive material and shall be signed by the 

individual who received the exposure. [1] 

 

3. CONCLUSIONS  

 

Based on the theoretical results obtained from the analysis of the available standards, it is 

concluded that dry storage facilities are an excellent choice for countries that do not yet 

consider reprocessing of the burned fuel. If countries comply with all required standards, it 

does not offer any risk and ensures safe storage of ECIs for at least 40 years and can be 

extended. In addition to present low operating costs and being a technology consecrated in 

several countries such as USA, UK, Canada, Japan, France, India, among others, DSU also 

offers the advantage of expanding incremental storage capacity, allowing additional storage 

capacity to be built as needed. For the future works, it would be interesting to analyze the 

practical installation of the DSU after it was built and to evaluate the composition of the 

canisters and overpacks, performing tests of their resistance to anthropic events. 
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