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ABSTRACT

The reprocessing of nuclear fuel assemblies could be a valuable solution in order to make available additional
energy  resources  and  also  to  decrease  the  volume  of  discarded  materials.

After the burning of nuclear fuel assemblies to produce electrical energy, these components have to be stored in
the spent fuel pools of each unit, for at least 10 years, in order to decrease their residual heat. Even after this
initial 10 year-period, these spent fuel assemblies still have a great amount of energy, which can be reused.  

Nowadays, the spent fuel materials can be reprocessed in order to produce electrical energy, or be stored to
provide,  in  the  future,  an  opportunity  to  decide  how  these  materials  will  be  treated.

At the present moment, Brazil does not plan to reprocess these spent fuels assemblies, as performed by some
other countries. Thus, Brazil intends to build a spent fuel long term intermediate storage facility to allow the
chance  to  make  a  decision  in  the  future,  taking  into  account  the  available  technology  at  that  time.

Considering the  three  CNAAA units  (Angra  1,  2  and 3 of  Central  Nuclear  Almirante Álvaro  Alberto,  the
Brazilian nuclear power plant, located at Angra dos Reis county, Rio de Janeiro state) have a life time estimated
in 60 years, and the intrinsical spent fuel pools storage capacity of these units, a Spent Fuel Complementary
Storage  Building  -  UFC  has  to  be  foreseen  in  order  to  increase  the  storage  capacity  of  CNAAA.

Therefore, the Spent Fuel Complementary Storage Building shall be in operation in 2018, capable to receive the
first spent fuel assemblies from Angra 2 and, in the next year,  from Angra 1. The same procedure will be
applied  for  the  spent  fuel  assemblies  of  Angra  3,  currently  in  construction.

The Spent Fuel Complementary Storage Building will be constructed and operated by Eletrobras Eletronuclear
– the CNAAA owner – and will be located at the same site of the plant. Conceptually, the UFC will be built as a
wet storage modality, representing a similar solution used in all the three CNAAA units to store the spent fuel
assemblies.

Taking  into  account  the  above  described  aspects,  this  paper  aims  to  compare  the  licensing  requirements
included in the safety analysis  report  prepared for  external  spent  fuel  wet  storage  facilities  in  USA (NRC
Regulatory Guide) and Switzerland (ENSI - Swiss Federal Nuclear Safety Inspectorate), considering that the
standard formats  applied by CNEN – the Brazilian Nuclear  Regulatory Authority – are based on USNRC
recommendations and Eletrobras Eletronuclear plans, as a preliminary idea, to take the Goesgen NPP - KKG
(Switzerland) spent fuel facility as a reference one for of the UFC.



1. INTRODUCTION

The purpose of this report is to present and consolidate all studies carried out for defining
the Conceptual Design of the Spent Fuel Complementary Storage Unit of CNAAA – UFC,
aiming at proceeding with the activities of design, construction, erection, commissioning
and pre-operation of this unit. 

2. GENERAL CONSIDERATIONS

The Almirante Álvaro Alberto Nuclear Power Station – CNAAA comprises three nuclear
power plants. Angra 1 NPP has a power output of 657 MWe and its operation started in
1985. Angra 2 NPP has a power output of 1,350 MWe and its operation started in 2001. The
start of Angra 3 NPP's operation, with a power output of 1,405 MWe, is estimated for 2016.

For the generation of electrical  power these plants  use fuel assemblies that,  after  being
spent, have to be stored in pools that are specially designed and built in areas adjacent to the
reactors of each plant so as to allow the cooling and decay of these fuel assemblies for a
future destination.

The Brazilian strategy regarding spent fuel management does not include, at this moment,
the reprocessing and recycling of irradiated fuel assemblies. The said strategy provides for
the construction of a facility for long term storage of spent fuel assemblies so that a decision
can be made in the future about the reprocessing and recycling of these fuel assemblies. The
implementation of this project is under the responsibility of the National Commission of
Nuclear  Energy –  CNEN – DICOMBUS Project,  and  its  operation  will  begin  in  2026
according to CNEN's estimate.

The spent fuel storage capacity of the pools of the plants is limited and, according to the
design of these plants, the fuel assemblies stored for a longer time have to be transfered for
complementary storage facilities so as to provide space for the storage of fuel assemblies
recently removed from the cores of the reactors. Table 1-1 shows the data related to the
pools' storage capacity as well as the quantity of fuel assemblies in the cores of the reactors.
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Table 1-1 – Fuel assemblies – Storage capacity of assemblies in the reactor core

PLANT

ANGRA

STORAGE CAPACITY OF
FUEL ASSEMBLIES IN THE

POOLS
(assemblies)

QUANTITY OF FUEL
ASSEMBLIES IN THE

REACTOR CORE
(assemblies)

1 1,252 121

2 and 3 1,084 193

Source: Eletronuclear, 2011 /2.1/

Based on the number of cycles and the quantity of new fuel assemblies replaced in the
reactor cores in each cycle, Table 1-2 shows the estimated storage capacity exhaustion of
the spent fuel pools. 

Table 1-2. Estimated storage capacity exhaustion of the spent fuel pools

PLANT
ANGRA 

ESTIMATED STORAGE CAPACITY
EXHAUSTION OF THE POOLS 

(year)

1 2020

2 2018

Source: Eletronuclear, 2011 /2.7/

Taking  into  consideration  the  exhaustion  of  the  storage  capacity  for  spent  fuel  in  the
operating plants and that there are no short-term prospects of having an available long term
storage facility for spent fuel, the solution adopted by ELETROBRAS ELETRONUCLEAR
is the construction of the Spent Fuel Complementary Storage Unit of CNAAA – UFC. This
facility will be built, in two phases, at CNAAA's area and as near as possible to Angra 1, 2
and 3. Each implementation phase shall have a storage tank.

According  to  the  Nuclear  and  Radioactive  Waste  Policy  set  forth  by  the  Executive
Directorate's Resolution no. 795.001/06, of August 16, 2006:

Almirante Álvaro Alberto Nuclear Power Station will have a specific installation outside
the plants for the storage of fuels assemblies in pools that, together with the storage pools
inside the plants, will have a capacity for storing the fuel assemblies used in the cores of the
reactors of Angra 1,  Angra 2 and Angra 3 for the complete service life of  these units,
estimated at 60 years for design purposes with regard to the installation.

The complementary storage of spent fuel will be made in spent fuel storage tanks, using
racks similar to the ones used in the spent fuel pools of the plants. The storage cells shall
have storage capacity for fuel assemblies with sizes typical of Angra 1 and of Angra 2 and
3.

Several studies for defining the place of implementation of this storage unit, as well as the
conceptual design of the unit, were prepared. The reports on the main studies are listed in
the Reference Documents from /2.1/ to /2.9/.
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3. DESCRIPTION OF THE PROJECT

The irradiated  fuel  assemblies  shall  be stored  in  wet  storage  tanks,  with  demineralized
water, without boron addition. These assemblies will be arranged in racks similar to the
ones used in the spent fuel pools of Angra 1 and Angra 2 and 3 and they are designed so as
to ensure a subcriticality lower than 0.95 (Kef < 0.95) /3.2/. The conceptual design of the
tanks will be similar to the design of the spent fuel pools of Angra 2 and 3 NPPs, with
stainless steel lining. Each implementation phase shall have a storage tank.

As aforementioned, the Spent Fuel Complementary Storage Unit of CNAAA – UFC shall
be built  within CNAAA's area and as near as possible to Angra 1, 2 and 3 in order to
facilitate the transfer operation.

The storage cells shall have storage capacity for fuel assemblies with sizes typical of Angra
1 and of Angra 2 and 3.

The implementation of the UFC Unit will be performed in two construction phases. In the
first implementation phase, a storage area for 2,400 fuel assemblies is estimated and, in the
second phase, more 2,400 positions are estimated to be provided, totaling 4,800 positions.
The  decision  about  carrying  out  the  second  implementation  phase  will  depend  on  the
execution schedule of the DICOMBUS long term store, under CNEN's responsibility.

For the residual  heat  removal  of the fuel assemblies stored in the tanks of this  facility,
storage tank cooling water systems will be used, by means of a passive circulation process
(natural circulation) at upset or accident conditions (with loss of power supply) and by an
active circulation process (forced circulation) at the plant's normal operating condition. The
heat will be transferred to the atmosphere (ultimate heat sink) by dry cooling towers, built-
in  to  the  fuel  assemblies  storage  building.  For  the  designing  of  this  system,  it  will  be
considered that the UFC Unit will have to store fuel assemblies already stored in the pools
of the plants for at least 10 years and that each fuel assembly (FA) of Angra 1 NPP will
generate ≤ 0.99 kWt and of Angra 2 and 3, ≤ 1.25 kWt /3.1/.

For the purification of the water of the irradiated fuel assemblies storage tanks, equipment
with mechanical filters (cartridges) and ion-exchange filters (resins) shall be installed.

The UFC Unit shall be a nuclear installation, built with reinforced concrete, laid on bedrock
and designed according to the same structural design criteria adopted for Angra 3 NPP, for
normal operation loads and postulated external events.

So  as  to  continuously  verify  the  leak  tightness  of  the  spent  fuel  storage  tanks,  a  leak
monitoring system will be installed, embedded in the structure of the tanks, similar to the
one used in the design of the spent fuel pools of the plants. In addition, the creation of
clearances and galleries surrounding the tanks is included in the layout of this Unit in order
to monitor possible leaks.

4. BASIC DESIGN ASSUMPTIONS

For the preparation of the Conceptual Design of the UFC Unit, some design assumptions
were set forth as follows:
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4.1 LOCATION OF THE UNIT 

The chosen site for implementation of the UFC Unit at the CNAAA is situated downstream
from the slope where the Information Center is located,  according to the Report on the
Study of Possible  Places  for  Implementation of  the Complementary Spent  Fuel  Storage
Building  –  UFC  -  BP/G/6560/090011  /4.1/  and  in  compliance  with  the  Executive
Directorate's Resolution No. 970.007/10, of May 11, 2010.

The area for the two implementation phases of the UFC Unit and of the Long Term Interim
Spent Fuel Storage Demonstration Facility – DACQ is presented in the Figure 4-1 below:

Figure 4-1 – Location of the Spent Fuel Complementary Storage Unit of CNAAA – UFC – Source: /4.2./

The location coordinates of the polygon in which this complex will be placed are shown on
Table 4-1 below:
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Table 4-1 – UTM (in relation to CNAAA and SAD69), Geographic and UFC Area Coordinates – Source: /
4.2/.

Vertex

Figure
4-1

UTM Coordinates UTM Coordinates
Geographic Coordinates in SAD69

In relation to CNAAA In relation to SAD69

(N) (E) (N) (E) (N) (E)

A 7455698.91 554683.25 7455736.45 554701.38 23°00’20.664” 44º27’58.380”

B 7455658.66 554815.41 7455696.20 554833.54 23°00’21.957” 44°27’53.732”

C 7455561.80 554785.91 7455599.34 554804.04 23°00’25.110” 44°27’54.756”

D 7455547.44 554736.43 7455584.98 554754.57 23°00’25.583” 44°27’56.492”

E 7455575.11 554645.56 7455612.65 554663.70 23°00’24.694” 44°27’59.687”

The  final  location  of  the  UFC Unit  will  be  established  so  that  the  foundations  of  the
building are placed on bedrock – direct foundations. Therefore, a comprehensive program
of field and laboratory geological and geotechnical investigations is being carried out in
order to define the bedrock horizons as well as the parameters for the foundation design,
seismic  calculations,  rock  excavation  design,  and  slope  retaining  wall  design.  The
coordinates shown on Table 4-1 shall be adjusted according to the final location of the UFC.

The  available  area  for  implementation  of  the  UFC  Unit,  the  DACQ  Facility  and  the
infrastructure installations is  insufficient and thus this area needs to be extended by the
excavation of part of the slope toward the Information Center.

The access elevation of the UFC Unit is located at the elevation +7.5 m CNG.

4.2 NORMATIVE BASIS

According  to  the  Design  Criteria  Report  /4.3/,  the  following  CNEN  standards,  among
others, are pertinent and shall be considered in the design and operation of the UFC:

• CNEN-NE-1.04 – Licensing of Nuclear Installations /4.4/.

• CNEN-NN-1.16 – Quality Assurance /4.5/.

• CNEN-NE-2.01 – Physical Protection /4.6/.

• CNEN-NN-2.02 – Nuclear Materials Control /4.7/.

• CNEN-NN-2.03 – Fire Protection for Nuclear Power Plants /4.8/.

• CNEN-NN-3.01 – Basic Directives for Radiological Protection /4.9/.

• CNEN-NE-3.02 – Radiation Protection Services /4.10/.

• CNEN-NE-5.02 – Transport, Receiving, Storage and Handling of Fuel Assemblies in
Nuclear Power Plants /4.11/.
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• USNRC 10CFR Part 72: Licensing Requirements for Independent Storage of Spent
Nuclear Fuel, High-Level Radioactive Waste, and Reactor-related greater than Class
C Waste /4.12/.

• IAEA Draft Safety Guide DS371: Storage of Spent Fuel /4.13/.

4.3 GEOLOGY, GEOTECHNICS AND SEISMOLOGY

The geological structure of the UFC Unit implementation place consists of granitic gneiss of
Precambrian era,  intrusive granites,  basic dikes and a zone of lamprophyre dikes of the
Mesozoic era.

The prevailing rocks are the Precambrian gneisses,  probably from the Trans-Amazonian
age, with igneous intrusions, herein called aplites, possibly from the end of the Brazilian
cycle, about 600 million years old. These aplites fed the pegmatitic intrusions in a final
phase of crustal movement when the rock reached a less deep structural level. The diabase
dikes intrude the Precambrian rocks and are related to the opening of the South Atlantic
Ocean in the Mesozoic era (Juro-Cretaceous period, about 65 million years ago). The rocks
found in the area belong to the Paraíba do Sul Complex, /4.14/ and /4.15/.

Owing  to  the  geological  background  of  the  UFC  Unit  implementation  place,  the
characteristics related to support, stability and hydrogeological model are enough to provide
guarantees to projects with the complexity equivalent to a reactor building, which is the case
of the UFC Unit. 

The considerations above apply to the cases in which Class 1 structures are implemented on
the exposed surfaces of the underlying rock. We emphasize that, in this case, there are no
support,  deformability  and  hydrogeological  requirements,  which  exceed  the  maximum
needed requisites, /4.14/ and /4.15/.

The region wherein CNAAA is located has a geomorphology typical of the Serra do Mar
mountain range, with prevalence of gneisses and granites covered by residual and colluvial
soils. The surface dynamics of the region has been characterized, for most of the time, by
the sliding of the residual soil mantle that occurs under special conditions of rainfall volume
and concentration time. 

In geotechnical terms, in the area of CNAAA site, there are soils in the surface produced by
the weathering  of  the  underlying  rock,  consisting  of  residual  soils  in  different  maturity
phases, which, owing to the surface dynamics, move and degrade into colluvial soils, talus
and  alluvial  deposits,  accumulating  on  valleys  that  are  flatter  and  on  lower  elevations,
originating the recent (Quaternary) deposits of granular materials, /4.14/ and /4.15/.

In  CNAAA's  area,  the  slopes  deemed  critical  were  already stabilized  and  are  monthly
monitored by means of inclinometers, piezometers, load cells, surface movement pins and
surface marks. Therefore, there is no possibility of landslides. The other events are related
to the slow creep of colluvial  masses and transport  of sediments near the thalwegs and
beaches. 

The UFC Unit implementation place is characterized by the existence of a rock mass which
plunges into the sea. This rock mass, located between the areas called Itaorninha and Saco
Fundo, was cut and the entire surrounding area was later backfilled, as presented in the
Figures 4.3-1 to 4.3-3 below:
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Figure 4.3-1 – View of Angra 1 and Angra 2 site, of the Saco Fundo region, before the cut and the backfill, and of
the rock mass of Ponta Grande before the cut (1974) – Source: /4.16/

Figure 4.3-2 – View of the Information Center (IC), with the cut, and the Saco Fundo region, partially backfilled. (1978) –
Source: /4.16/
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Figure 4.3-3 – View of the IC with the cut and the final configuration of the backfill in the Saco Fundo region,
interconnecting Angra 3 site (almost the current configuration) – Source: /4.16/

In geotechnical terms, the rock mass is covered, on the top of the slope, by residual or
colluvial soil with thickness of less than 1 m. On the lower part of the rock mass, that is, on
the remaining plateau of the cut of the rock mass, the soil cover is very low.

In 2007 and 2008, an expeditious evaluation of the UFC Unit implementation place was
performed, as presented in the report BP-G-6560-080010 /4.16/. The main purpose of this
evaluation was to identify the profile of the rock top and thus verify the availability of an
area on bedrock for laying the structures of the UFC Unit on it. 

The trenches were located downstream from the rock mass. As the trenches came away
from the slope of the Information Center and came near to the sea, the depths of the rocky
top increased and thus it was not possible anymore to determine the elevation of the surface
of the bedrock by stability limit  of excavation.  From then on, borehole drilling became
necessary.

Based on the performed investigations, it was verified that there was an available area for
implementation of the main structures of the UFC Unit on bedrock.

So as to complement the preliminary investigations and support the UFC design, a large
program of field geotechnical investigations and on-site and laboratory tests was prepared,
also including geophysical investigations and the semi-detailed geological and geotechnical
mapping of the rock slope. This investigation program is being carried out /4.17/.

The geotechnical investigations and on-site tests consist of the performance of:

• Mixed  and  rotary  and  vertical  and  inclined  borehole  drilling,  with  core  samples,
placed on the foot and on the slope of the rock mass;

• Pressure water loss tests,  if  the borehole drilling reports  or the televising indicate
fractures and if there are records of water loss during drilling; 

• Installation of water level measuring devices;

• Cross-hole tests;
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• Televising of boreholes.

The laboratory tests comprise tests on:

• Rock: characterization with determination of the index properties, petrography and
determination of the resistance and deformability parameters of the rocks from core
samples obtained through mechanical borehole drilling;

• Soil: characterization and determination of the resistance parameters in undisturbed
core samples obtained in the test pit located on the top of the rock slope, if samples
can be taken.

The geophysical investigations comprise the performance of 10 lines of geoelectrical imaging
and of five vertical electrical soundings in the area where the UFC is to be implemented. 

The  semi-detailed  geological  and  geotechnical  mapping  of  the  rock  slope  comprises  the
megascopic  identification  of  the  existing  lithotypes  and  the  survey  of  the  geological
structures  by means  of  a  geological  compass,  by the  visual  inspection  of  10-meter  high
vertical sections, spaced 10 meters apart.

The location of the geotechnical investigations is presented in the Figure 4.3-4 below. The
location of the UFC Unit presented in this figure is merely indicative since the final location
of  the  unit  will  be  decided  by taken  into  consideration  the  result  of  the  geological  and
geotechnical investigations under way.

Figure 4.3-4 - Location of the geotechnical investigations

The  UFC Unit  implementation  area  is  in  the  site  of  the  NPPs  and  the  geological  and
seismological  characteristics  considered  in  Angra  1,  2  and  3  designs  shall  be  likewise
considered. The site is in a low-seismicity region and no capable tectonic faults are known.
Therefore, the seismic design of the UFC Unit shall take into account the same bases. As
regards Angra 1, 2 and 3, a peak horizontal acceleration value, at the outcropping bedrock,
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of 0.10 g as well as a design spectrum for safe shutdown earthquake (SSE – as specified by
the Weston Geophysical Research) were adopted.

However, the design earthquake shall be evaluated and defined according to the specific
characteristics of the UFC Unit basic design.

5. CONCEPTUAL DESIGN

This chapter presents the main characteristics of the conceptual design of the UFC Unit,
consolidating the studies performed so far and enabling the progress of the initiatives for
implementation of this project.

5.1 ARRANGEMENT OF THE FACILITIES – LAYOUT

The Unit will be 39.70 m high, 68.00 m long and 34 m wide. The arrangement of the UFC
shall comprise several levels for all compartments designed for: fuel assembly receipt and
storage areas; cask drying and decontamination area; cooling, refrigerating, and air intake
and exhaust systems; spent fuel storage tank; and all equipment for internal transfer and
handling of fuel assemblies.

In addition, the fuel storage tank will have surrounding galleries and inspection clearances
as well as monitoring systems for possible tank leaks, similar to the ones used in the design
of the spent fuel pools of the NPPs. 

The Spent Fuel Complementary Storage Unit of CNAAA will  have two implementation
phases. The first phase is meant for 2,400 fuel assemblies from Angra 1, 2 and 3. For the
second implementation phase, there is an initial estimate of 2,400 fuel assembly storage
positions.  The  final  quantity  of  fuel  assemblies  storage  positions  for  the  second
implementation phase of the UFC Unit will be confirmed later based on the actual need of
spent fuel storage, to be defined according to the availability of the facility for long term
storage of spent fuel, called DICOMBUS. The construction of this store is under CNEN's
responsibility.

The UFC building, whose accesses are on the elevation +7.50 m CNG, is divided in two
sectors. One of them is outside the spent fuel handling and storage area and the other is
related to the handling of these fuel assemblies.

The first sector is above the level of the accesses to the Unit  and houses the following
systems/components:

• Battery Room; 

• Electric Panels; 

• Water/Air Heat Removal System, installed in towers; 

• Air Intake and Recirculation System; 

• Control Room, 

• Stores in general; 

• Restrooms, Changing Rooms, Portals and Decontamination Room; 

• Control Point, 
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• Conventional Cooling and Air Conditioning System; 

For the erection and maintenance of the first sector,  an electric chain hoist  of three-ton
capacity will be installed over the erection opening.

The  access  between  the  different  levels  will  be  through  a  central  staircase  and/or  a
freight/passenger elevator next to the staircase.

The transit of personnel between the sectors will occur via the control access and personnel
monitoring area. 

The second sector, which has parts below and above the ground, basically comprises the
following units:

• Cask Receipt and Shipping Area; 

• Empty Cask Storage Area; 

• Skirt Storage Area; 

• Spent Fuel Storage Tanks; 

• Cask Pool; 

• Cask Drying and Decontamination Area; 

• Water/Water Heat Removal System; 

• Air Exhaust and Recirculation System and corresponding Filters; 

• Liquid Waste Collection System; 

• Make-up Water Storage Tanks; 

• Solid Radioactive Waste Storage Area; 

• Tools and Maintenance Devices Store; 

• Liquid Waste Transfer Station; 

• Overhead Traveling Crane of 150 tf capacity;

The communication between the different levels of this sector will  be through a central
staircase and/or a freight/passenger elevator. 

For the erection and maintenance of the second sector, an electric hoist of 3 ton capacity
will be installed over the erection opening.

An additional winch of 12.5 tf capacity for the handling of fuel assemblies and for general
services as well as a hook of 6.3 tf capacity for the handling of the skirts will be installed in
the overhead traveling crane.

The walls of the building will be designed not only considering structural characteristics but
also  radiological  barriers,  according  to  the  ALARA (as  low  as  reasonably  acceptable)
concept.

5.2 CIVIL DESIGN

The civil design of the UFC Unit will be prepared according to the same standards and
criteria used in the civil design of Class 1 structures of Angra 3, with normal operation loads
and postulated external events /5.1/.
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The UFC Unit will be a building with reinforced concrete, with two construction phases. It
will house tanks for the wet storage of spent fuel. Such tanks will be lined with stainless
steel plates and have galleries and clearances around them for the monitoring of possible
leaks. It will also have a monitoring system embedded in the walls, similar to those used in
the spent fuel pools of the plants in operation.

For the implementation of the UFC Unit, rock and soil excavation will be required in the
slope of Itaorna's Information Center. After the necessary cuts, the resulting surfaces shall
be inspected and surveyed for identifying the need of stabilization and treatment works for
the rock slope.

For  the  foundations  of  the  UFC  Unit,  excavations  will  be  done  until  the  structure's
foundation elevation is achieved.

The UFC Unit foundations will be directly placed on bedrock.

The UFC Unit will have conventional building installations of domestic fresh water and
sewage  system for  meeting  the  needs  of  the  occupiers  of  the  building  as  well  as  roof
rainwater drainage.

The area outside the UFC will be adjusted to the Urban Master Plan of CNAAA, making
access routes available, adjusting the rainwater drainage networks and other infrastructure
services.

5.3 TRANSFER CASKS

The spent fuel assemblies shall be transferred from the Spent Fuel Pools – PCUs of the
NPPs to the Spent Fuel Complementary Storage Unit of CNAAA – UFC by using transfer
casks.

The quantity of casks to be purchased will be determined after the detailing of the UFC Unit
operation.

The transfer capacity of each cask (quantity of fuel assemblies) as well as the dimensions
and weights will be defined after the detailing of the UFC Unit operation.

The Transfer  Cask shall  be of  the  "commercial"  type,  that  is,  standardized  and already
licensed  for  the  final  users  of  the  corresponding  countries  (Figures  5.3-1  and  5.3-2).
Therefore, the Casks shall be standard market products of their manufacturers.

The Transfer Cask shall meet all CNEN standards concerning the transport of Radioactive
Materials and radiation and physical protection.

The  main  physical  characteristics  of  the  Cask  are:  leak  tightness,  radiation  shielding,
negative pressure, cooling, and resistance to drop tests.

The loading and unloading operation of the Casks with Fuel Assemblies is carried out inside
the Cask Pools of the NPPs and of the UFC Unit.

INAC 2013, Recife, PE, Brazil.



Figure 5.3-1– Transfer cask

Figure 5.3-2– Transfer cask

For performing the loading and unloading of spent fuel assemblies in the Cask Pools of the
NPPs and of the UFC Unit, the protective skirt for the heat dissipation fins of the Cask will
be necessary as it has the function of:

• Isolate the Cask/Fins from direct contact with the water of these Pools/Tanks,
thus reducing the necessary time for decontamination and release of the cask;

• Provide the cooling of the Fuel Assemblies by a Cooling System in the space
between the Skirt and the Cask (see Figure 5.3-3).
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Figure 5.3-3– Transfer cask and protective skirt

The transfer operation of Fuel Assemblies can be performed with dry or wet assemblies and
will be defined after the detailing of the UFC Unit operation. 

Considering  that  the  fuel  assemblies  of  Angra  1  have  different  characteristics  from the
assemblies of Angra 2 and 3, each NPP (Angra 1 and Angra 2 and 3) shall have a transfer
cask.

When they are not being used, the Transfer Casks can be stored inside the UFC Unit.
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