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Abstract

The Brazilian Nuclear and Energy Research Insti-
tute (IPEN - Instituto de Pesquisas Energéticas e
Nucleares) has two research reactors, one of them
is the IPEN/MB-01 Reactor. None of these reac-
tors, as well as other Brazilian nuclear facilities,
have a plan for decommissioning, even in a prelim-
inary level. In Brazil, there is only one regulation
that specifically addresses the decommissioning of
nuclear power plants. The aim of this work is to
present the current stage of the study as a guideline
for the development of a preliminary decommis-
sioning plan of IPEN/MB-01 reactor, highlighting
the main proposed procedures. The preparation of
these guideline, as a whole, are based on the tech-
nical documentation (SAR — Safety Analysis Re-
port), on National Nuclear Energy Commission
(CNEN) existing standards and on recommenda-
tions of IAEA publications. The preliminary de-
commissioning plan presents the actions and steps
required, as well as the strategies to be adopted for
the shutdown of the facility, in order to meet the
workers and the general public safety and health,
besides minimizing environmental impacts. The
contribution of this paper intends, also, to meet a
regulatory requirement of CNEN (Brazilian Nucle-
ar Energy Commission) for the facility final shut-
down, besides being a reference in the developing
of other decommissioning plans for other national
facilities..
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1. Introduction

The Brazilian Nuclear Program has progressed
in the past 60 years, resulting in six existing
reactors; there is another under construction
the ANGRA-III. Table 1, in the sequence,

shows the general characteristics of the exist-
ing nuclear installations in Brazil.

Table 1. Brazilian Nuclear Facilities [1].

Oper-
Reactor | Sorting | Type | Power | ation
age
(years)
IPENMB- | Research Zero 100w 26
01 Reactor Power
IEA-R1 Research Pool 5MW 57
Reactor
AR- Research | Argo- 500W 50
GONA- Reactor naut
UTA

IPR-R1 Research Triga 100kw 54
Reactor Mark |

ANGRA Nuclear PWR 640M 29
| Power W
Plant
ANGRA Nuclear PWR 1350M 13
1 Power W
Plant
ANGRA Nuclear PWR 1405M | ---------
H* Power W | -
Plant

*under construction

With the establishment of CNEN, in 1962, it
was possible to standardize the use of nuclear
energy for peaceful purposes, regulating the
activities and practices that use radiation or
radioactive material. Regarding nuclear facili-
ties, CNEN has specific legislation with vari-
ous standards covering the licensing of nuclear
installations, as CNEN-NE-1:04 [2], and all
necessary safety procedures for the operation
of nuclear facilities. The first Brazilian regula-
tion in terms of decommissioning was pub-
lished on November 2012, to comply with the
intrinsic requirements of a nuclear power plant
final shut down procedures [3]. However, the
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decommissioning has not been addressed, as a
whole, by the current legislation, recommen-
dations applied for nuclear research reactor.

Decommissioning refers to actions imple-
mented to shut down a nuclear facility, techni-
cally and administratively, aiming at complete
or partial removal of its regulatory controls
focusing on the plant safety, workers and pub-
lic health, plus the minimization of environ-
mental impacts [4]. These actions require
planning and organization to guarantee the
safety during the activities which are synthe-
sized in the decommissioning plan.

The United States, Canada, and several coun-
tries in Europe which have an advanced nucle-
ar program, have established the practice, the
legislation and the guidelines for decommis-
sioning. However, for other countries the issue
of decommissioning has been gaining rele-
vance in recent years. In several cases, there is
no standard or specific guideline for it. Thus,
the IAEA (International Atomic Energy Agen-
cy) seeks to guide decommissioning activities
to reinforce safety in all the steps to be per-
formed during the preparation, implementation
and conclusion of a nuclear plant decommis-
sioning.

The IAEA recommends that all nuclear facili-
ties, during the planning step, should already
have a decommissioning plan. This plan is
defined as the set of all initial, intermediate
and final actions to be accomplished for a nu-
clear plant decommissioning with maximum
safety. In some IAEA State members, for in-
stance Hungary, the preliminary decommis-
sioning plan is required for a nuclear plant li-
censing [5]. A preliminary and a final decom-
missioning plan for nuclear power plants has
been asked to be an integral part of the licens-
ing process in Brazil, since 2012 [3].

The SAFETY REPORT SERIES No.45 [6] is
one of the main documents published by the
IAEA referring to nuclear plants decommis-
sioning. It contains all the items which should
be covered by a decommissioning plan and it
has been an important reference for this work.

In this current global context of nuclear ener-
gy, none of Brazil’s nuclear facilities has a
decommissioning plan, even on a preliminary
way. All these works are ongoing. Therefore, a
decommissioning plan is needed to adapt the
country to the international and national guide-
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lines and patterns, reinforcing credibility, qual-
ity and safety of its nuclear program.

Worldwide, several practices in decommis-
sioning involving application of decontamina-
tion and dismantling techniques, project man-
agement and radioactive waste management
have been developed over the past 20 years,
with satisfactory results. Such experiences are
found and listed in [7] and served as a refer-
ence for the development of this project.

The preliminary decommissioning plan is in-
tended to guide the development in all proce-
dures related to the preparation and implemen-
tation of decommissioning activities, in the
specific case of IPEN / MB-01 Nuclear Re-
search Reactor. This step is important in order
to assist the regulatory body to make decisions
related to project the decommissioning, when
the shutdown date of the installation is an-
nounced and, also, to meet a regulatory re-
quirement related to CNEN licensing [3].

With the adoption of procedures for decom-
missioning in the critical assembly (IPEN/MB-
01Reactor), it is expected that the site may
have doses compatible with the levels of pub-
lic exposure established by CNEN 3.01 stand-
ard [8].

2. IPEN/MB-01 reactor

It is a nuclear research reactor, zero power
type and with maximum nominal power 100
W. The reactor was concluded in 1988 from a
partnership between IPEN (Nuclear and Ener-
gy Research Institute) and CTM-SP (Sdo Pau-
lo’s Navy Technological Center). The IP-
EN/MB-01 Reactor is located at the Univer-
sity of Sdo Paulo, in the city of Sdo Paulo. The
main characteristic is its versatility, allowing
different core critical arrangements, obtaining
different settings and performing naval propul-
sion core tests for the nuclear submarine [9].

.-‘”l_ Bk Pk e
Figure 1. IPEN/MB-01 Reactor [8].



The reactor core is inserted into a moderator
tank in which neutrons are moderated with
light water and placed on a metallic structure
composed by three stainless steel spacers
plates, called lower supporting plate, an inter-
mediate spacer plate and a top spacer plate.
The start neutrons source is a Am-Be, with 1
Ci activity [10].

The default configuration of the IPEN / MB-
01 reactor core, is rectangular, and has a total
of 680 rods, with an array of 28x26 and 48
control rods / safety with function to control
the nuclear chain reaction and the reactor
shutdown. The active dimensions of this type
of configuration are 39x42x54.6 cm, with
2415 pcm excess reactivity [9]. The rods are
coated with stainless steel, containing 52 pel-
lets of uranium dioxide, enriched to 4.3%. The
control rods are also coated with stainless steel
and have inside neutron absorbing materials,
Ag-In-Cd alloys. The safety elements have
Boron Carbide (B4C) powder [10]. The neu-
tron flux of the reactor is around 1x10%n-cm™
s™. The Figure 2 shows the sectors of the IP-
EN/MB-01 reactor.

Zector 1- Critical Call

Tactor 2-Control and Data Acquisition Rooes
Zprtor 3- Laborutories

Zacrod 4= Aded ni wiranive Aanapesent

Secror 5= Auxiliary Budlding

Figure 2. IPEN'MB-01 Reactor sectors [10].

The facility has been divided into five sectors
to meet the safety criteria [2] according to the
type of the developed activity [10]:

Sector 1-Critical Cell: The building where is
the critical assembly. The core is moderated
by light water, providing a flexibility in its
conception to test different core settings;
Sector 2-Control: It is located the control room
and data acquisition;

Sector 3-Laboratories: The area used as count-
ing rooms for irradiated targets, for chemical
activities, as decontamination rooms, ware-
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houses for radioactive materials of low activity
and radiological protection activities;

Sector 4-Administration: The conventional
area where the gatehouse, the management and
restroom;

Sector 5-Auxiliary building: It is used to shel-
ter the water supply treatment, the air-
conditioning and ventilation, compressed air
for instruments and fire-fighting systems.

The focus of this work is on a component of
the sector 1, to illustrate an example of the
procedures to be implemented on the prelimi-
nary decommissioning plan. The choice of this
component for the application is the fact that it
appears as a potential source of radioactive
waste, due its constituents are more suscepti-
ble to the neutron flux. The critical assembly
involves radioactive and non-radioactive mate-
rials. The procedures adopted in the critical
assembly could be as reference for the other
sectors.

In short term, there is no forecast for the final
shutdown of the facility, justifying the devel-
opment of the guidelines to be used in the near
future on development of the preliminary de-
commissioning plan.

3. Critical Assembly

The Figures 3 and 4 show the main compo-
nents, and an overview of the critical assem-
bly, respectively

Figure 3. Critical assembly main components: 1-fuel
rods; 2-device with absorber rods; 3-activation mecha-
nism; 4-top spacer plate; 5-experiment detector tubes; 6-

detector tubes; 7-cables; 8-data acquisition wiring; 9-
moderator tak.

Figure 4: General view of critical assembly.



4. Methodology

This work is based on the international IAEA
recommendations, which Brazil is a signatory.
The IAEA has several documents and guide-
lines published, giving guidance to decommis-
sioning activities and the preparation of items,
which are present in a general plan. The main
references are on [4, 11, 12]. The specific base
references for decommissioning of research
reactors are present on [13-16], among others.
All these references bring information, assis-
tance and experience to decommissioning ac-
tivities, taking into account safety and
ALARA principle (“As low as reasonably
achievable”). Besides, there is an IAEA doc-
ument, which guides and highlights the man-
datory items that should be included in a de-
commissioning plan: Safety Report Series 45
[6]. It is an important guide, mainly for coun-
tries which do not have specific legislation
regarding nuclear reactor decommissioning.
With respect to national legislation, the main
regulations used in this work are present in [8,
17, 18] and the standard for the decommis-
sioning of nuclear power plant [3].

The Brazilian Nuclear Resolution (CNEN-
NN-9.01) published in 2012, determines the
need of a preliminary decommissioning plan
for all nuclear facilities. The Regulation al-
lows a period of two years from its publication
for the Brazilian nuclear plants to meet its re-
quirements [3].

Moreover, plans and programs already estab-
lished at IPEN/CNEN-SP have been consult-
ed, proposing an adaptation for the decommis-
sioning process. These plans are: Radioprotec-
tion [19], Physical Protection [20], Radiologi-
cal Emergency [21], Fire Protection [22] and
the existing Radioactive Waste Management
programs [23], Non-radioactive waste Man-
agement [24], Quality Guarantee [25], Envi-
ronmental Radiological Monitoring [26],
Chemical and Environmental Monitoring [27]
and Personnel Training [28].

The IPEN/MB-01 reactor has a document re-
quired by standard [2] as part of its licensing,
called SAR (Safety Analysis Report) [10],
which describes the plant as a whole and all
the programs and actions promoted to ensure
the safety operation, the workers, the public in
general and the environment. SAR has im-
portant information, items and programs for
the operational phase of the facility and it has
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been useful to develop the guideline for the
preliminary decommissioning plan.

5. Decommissioning Strategies

Several aspects have been considered to define
the initial decommissioning strategy of the
IPEN/MB-01 reactor, taking into account the
Critical Assembly as a pilot example: the crit-
ical cell inventories, dose rate present in [10],
the general analysis of the main factors affect-
ing the decommissioning strategy selection
(human resources, required technology, waste
management in plants and health, safety and
environmental impacts) [6, 16, 29]; the inter-
national experience and strategies in research
reactors decommissioning presented in [11,
14].

It is important to mention other factors helping
the selection of the decommissioning strate-
gies, such as the existing legislation regarding
the decommissioning, the involvement of
stakeholders and social impacts associated
with the project and costs. Referring to the
first factor, the national legislation which pro-
vides, directly or indirectly support to the de-
commissioning procedures proposed in this
work has already been mentioned on item 4.
The second and third factors, a discussion and
analysis about the social impacts, the involve-
ment of stakeholders and the cost are relevant,
in order to develop a final decommissioning
plan, are not contemplated at this moment due
do not exist a forecast for the final shutdown
in short term.

The main considerations which justify the pre-
liminary decommissioning strategy selection
are briefly discussed as follow.

5.1. Critical cell - inventory doses

The presented estimated doses are based on
the Safety Analysis Report. In order to justify
the decommissioning strategies, an inventory
of estimates doses was used near the critical
assembly, in specific operation condition. The
goal was to assess the radiological safety to
access and perform decommissioning proce-
dures. The obtained results can be found in
Table 2 and Figure 5.

Analysis of data on Table 2 shows that doses
decrease significantly in few days. According
to the table, when the reactor operates 1 hour



long, which is the average time period for the
reactor’s daily operation, the critical cell dose
within the first 12 hours after shutdown is
40x10™ Sv/h and, 12 hours later, this value
can reach 16.5x10° Sv/h. These values are
below the limit access for authorized persons
in the building of critical cell set that is 100x
10° Sv/h [10]. The graphic in Figure 5 shows
that, in a few hours, the doses in the region
close to the moderator tank decrease signifi-
cantly and, 6 hours after shutdown, the dose is
close to 0.

Table 2. Dose rate versus cooling operation time
span, with the reactor operating on 100 W to 1 me-
ter distance from the moderator tank [7].

Radiati
on time
. [ e

Cooling Tim: Span{days)
T T

5 |~u
2 2%

Dosage (10°3vh)

span
(hoars)
)

205 B3

320 190 [130 |100 |80 |60 [50 |40

3 1080 465 |280 |[200 |150 |125 |90 |75 |60

4 1320 |605 |65 |[255 |195 |160 | 12,0 | 10,0 |75

6 1910 |865 |30 |375 |200 |240 |180 [150 113

8 2360 | 1105 | 680 |485 |3s0 [235 | 195 |195 | 145

24 4640 | 2485 | 1655 100,0 | 845 | 660 | 350 | 423

16 4 P=100W
Radiation Time =1 hour

124 Detector next fo TQ-201
close to the core's center line.

Dosage Rate (1E-25w/h)
1

..
ooooo

P —— e
00:00 01:00 02:00 03:00 04:00 05:00
Time after shutdown (hours)

Figure 4. Dose rate versus decay time — detector next to
moderator tank [7].

In order to decommissioning the critical as-
sembly, these doses can be managed in such a
way that a worker can receive a much lower
dose than the constant in the annual limits in
[8], until all tasks have been completed.

Thus, it is possible to secure access in the vi-
cinity of the critical assembly, within a sched-
ule, planning and supervision of doses estab-

06:00
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lished by radiological protection [10]. There-
fore, the risks associated with radiation expo-
sure are minimal during decommissioning ac-
tivities (considering the fast decrease of dose
rates, as seen on Table 2), allowing tasks to be
safely performed by professionals and techni-
cians in the area around the critical assembly.

5.2. Other factors

The information regarding to other factors that
affect decommissioning strategies (human re-
sources, required technology, radioactive
waste management in the plants, and effects
on health, safety, and the environment) are
shown, respectively, as follow:

Human Resources: The IPEN/CNEN-SP has
the necessary infrastructure to train personal
for decommissioning tasks [29];

Required Technology: Decommissioning and
industrial dismantling sophisticated technolo-
gies will not be required, as well as remote
operations are not expected to be used. Fol-
lowing the radiological protection procedures,
dismantling of the critical assembly will be
classified as industrial dismantling;
Radioactive waste management: There are two
plants which will be able to receive wastes
from the dismantling of the critical assembly,
except for the fuel elements. The first one is
the Radioactive Waste Management Plant of
the IPEN/CNEN-SP (GRR), is already in op-
eration and Low and Medium-Level Radiation
Waste Repository, expected to be in operation
on 2018 [30];

Effects on health, safety, and the environment:
Due to the low radiological risks shown in Ta-
ble 2, a low amount of radioactive wastes and
the low activity concentrations of radioisotopic
inventory (alongside) [31] it is expected, no
significant effects on health, and environment
safety during decommissioning activities.

5.3. Strategy Selection

The general strategy recommended for de-
commissioning of the critical assembly is the
immediate dismantling [16]. This action has to
be carried out in agreement with the dose in-
ventory’s estimation results, the plant’s char-
acteristics, and the general analysis of the fac-
tors which affect the strategy as seen in [6, 16,
29]. The strategies recommendations related to
research reactor are based on [11, 14], as fol-
low:

— removal and temporary storage of fuel

from reactor in pits;



— removal, packaging, storing, and defini-
tion of an appropriate place to send low-
activity materials and clearance of materi-
als, in accordance with the limits for dis-
posal, as established in [17];

— dismantling of the critical assembly’s
components;

— managing to send radioactive waste;

— final radiological survey and supervision.

It is important pointing out that the immediate
dismantling strategy does not need to be ap-
plied shortly after the plant shutdown. Since
decommissioning requires a preparation peri-
od, it is still possible to keep the plant inactive
for some specific time in order to promote the
decrease of existing doses, as these doses de-
crease fast as shown in Figure 5. The amount
of time required for the reactor to remain inac-
tive will depend on radiological protection
department.

6. Project Management

Project management has been based on specif-
ic characteristics of the plant and on recom-
mendations shown in [32, 33]. The decommis-
sioning project management proposal was
planned and targeted at the activities described
in the present study. This proposal can be ap-
plied to the entire plant.

The resources used to implement, coordinate

and plan the decommissioning phases can be

described, in general way, as material re-

sources and technical/scientific to accomplish

a specific task. The specific roles and proper

organization of the managed project should be

defined [6]. The resources necessary to im-

plement decommissioning activities include:

— human resources (IPEN technicians and
contractors);

— physical space and equipment necessary
for administrative functions;

— safety system;

— tools required for certain tasks;

— radiation monitoring and detection equip-
ment;

— packaging and barrels used to transport ra-
dioactive materials;

— personal protection equipment;

— radioactive and non-radioactive material
transport vehicles.

The responsibility and organization in the pro-
ject management is associated with the defini-
tion of specific functions to accomplish certain
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tasks, requiring specialized technical, adminis-
trative and field support, establishing how the-
se functions are related [6], as showed on Fig-
ures 6 and 7 [33].

| D&D Project Manager |

—

. -
‘ Finance == Quality Assurance J

—_—
Independent Revision-—

I 1
| Admin. Support J

{ Subsidiary Organizations | [Subsidiary OrganizatiunsJ Subsidiary Organizations 1
N \ J

{ Technical Support | Field Activities

Figure 6. Overall hierarchy for decommissioning activi-
ties [33].

D&D Project Manager
Technical Support [ Admin. Support ] ( Field Activities
[ . [ Decommissianing Efferts |
Physical Health Aquisition and Contracts Temicians
Industrial Safety _{ Fire Safety Radiological Safety
L | Techmicians
_( Tailings Management } —[ Emergencies ‘ Maintenznce Technicians
_( Engineering } —‘ safety 1 Special Subcontracts
Trsning Public and Related Paties
Relation
—‘ Licensing 1 —‘ Environmental Monitoring J
—( Subcontracts J —( Record Management ]
Delivery and Receiving of
| Materials

Figure 7. Support, administration, and field sectors’ or-
ganizational hierarchy structure [33].

7. Decommissioning activities

The IAEA publications, as seen in [32] and
[34], describe the distribution of decommis-
sioning activities in work packages in detail.
The activities have been divided in 4 work
packages, as follow:

Package 1 — Before Decommissioning Activi-
ties:

— planning of quality, health and safety
assurance, radioactive waste manage-
ment, safety assessment, environmen-
tal assessment, safeguarding, surveil-
lance and maintenance, training, and
emergency plans;

— acquisition of barrels or containers to
store and dispose of radioactive and
non-radioactive wastes;

— development of documents related to
the licensing of radioactive wastes
barrels and containers;

— training;



— conclusion of the decommissioning
plan, which will be sent to CNEN for
further assessment.

Package 2 — Field Activities: Critical Assem-
bly Dismantling:

— removal and storing of the fuel ele-
ments within the critical cell pits;

— removal of all equipment, wires, de-
tectors and tubes of critical assembly;

— dismantling of control devices;

— removal of control/safety rods;

— dismantling of the core spacer plates;

— dismantling of the critical assembly
upper platform;

— removal of the moderator tank;

— dismantling of the core support struc-
ture.

Package 3 — Radioactive Waste Management:

— storage and transportation of critical
assembly wastes;

— storage of non-radioactive materials
and final disposal.

Package 4 — Conclusion Activities:

— survey and final radiation monitoring
around the critical assembly;

— conclusion of records and reports.

Activities related to Package 1 will be carried
out by IPEN/CNEN-SP professionals and fa-
cility workers. Regarding Package 2, service
will be carried out by a third-party company
experienced in industrial dismantling, super-
vised by the project manager, in accordance
with the established hierarchy seen in figures 6
and 7. Third party and IPEN/CNEN-SP work-
ers are advised to perform Package 3. The
Package 4, responsibility for activities may be
performed by IPEN/CNEN-SP and reactor’
professionals. The activities mentioned in
Packages 2, 3, and 4 will be supervised by ra-
diological safety workers, who will plan a spe-
cific schedule maintaining the doses as low as
reasonably achievable (ALARA Principle).

8. Waste Management

The proposed waste management procedures
were based on [17], [23], [35], and [36]. Spe-
cific strategies were planned covering radioac-
tive and non-radioactive waste in order to per-
form the actions related to the management of
wastes, originated from the critical assembly
decommissioning. The Figures 8 and 9, show
the strategies.

In the sequence, the radioisotopic inventory of
the main components of the critical assembly
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will be applied for proposals of waste man-
agement taking account the flowcharts showed
in Figures 8 and 9.

Radioactive Tailings

S Half-life
7 longer than
100 days

i
!

Classification

. Half-life shorter
“than 100 days

[Decontamination|
Dismantling

Handling

I

Packaging

Storing for
decay

Storing

B—

Reuse Release into
Recycling Disposal environment

Figure 8. Radioactive materials strategy flowchart [35].
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Figure 9. Non-radioactive materials strategy flowchart.

8.1 Radioisotopic Inventory of Critical As-
sembly Components

The radioisotopic inventory estimates are
shown in Tables 3 and 4 [10]. The data refer
to metallic components subjected, to the neu-
tron flux and to fuel rods. The radioisotopic
inventories of the main metallic components
and of the fuel rod were estimated for the 24
hours operation on 100 W power. The results
are presents in Tables 3 and 4.

The data on the Tables 3 and 4 reveal that the
activities are considered low and most of the
present radionuclides. The half-life is shorter
than 100 days, with fast increasing decay. The
radionuclides whose half-life is longer than



100 days, namely, 14C, 59Ni, 60Co, 63Ni and
182T3, among them, the ®°Co is that contributes
more significantly to the components activi-
ties. The guide tube and the fuel rod coating
activities are bigger than the other compo-
nents, due they are closer to the core active
region. The intermediate spacer plate is also
located in this region, and should have a simi-
lar radioisotopic inventory. To facilitate the
classification of radioactive waste in accord-
ance with the determinations found in [17] and
its management, the Table 5 shows the mass
and volume of main components of the critical
assembly.

Table 3. Steel AISI-340’s activity (core structure).

Activity (Bq\kg)
Isatope lower guide fuel r_od
spacer tube cladding

plate

“c 6,29E-06 | 4,15E+01 | 2,84E-05
“Fe | 1,86E+05 | 5,28E+11 | 3,99E+05
*Mn | 1,70E+08 | 3,74E+15 | 2,85E+09
“Si | 7,40E+04 | 4,36E+11 | 3,31E+05
“p 9,58E+03 | 5,74E+04 | 4,34E+04
*s 4,71E+01 | 2,80E+02 | 2,13E+02
“Cr | 810E+06 | 4,86E-03 | 3,68E+07
*Ni | 1,76E+01 | 8,05E+01 | 8,00E+01
%Co | 2,90E+04 | 1,70E+05 | 1,31E+05
®Ni | 2,76E+03 | 1,65E+04 | 1,25E+04

Table 4. Moderator tank activity [10].
Isotope Activity
Ba/kg
Fe 3,66E+04
c 4,95E-05
*Mn 6,66E+07
3Igj 1,63E+04
%2p 6,94E+03
®3 4,10E+01
Icr 8,38E+07
Ni 6,94E+00
®2Ta 4,06E+04
®Co 1,38E+04

Table 5. Mass and volume of the main components
of the critical assembly [10].

Materials Mass Volume
(kg) (m°)

moderator tank 1003 1.25E-1
guide tube 0/12 1.45E-5
lower support 41 5.24E-3
plate
intermediate 41 5.24E-3
spacer plate
top spacer plate 41 5.24E-3
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According to the strategy of the radioactive
waste management presented in Figure 8 and
considering the information of the estimates
presented in tables 3 and 4, the moderator tank
is classified as class 2.1[17] waste, due to the
presence of 60Co. Due the low activity
compared to the other components shown in
Table 4 and also the mass has a value less than
1000kg, the moderator tank can be stored until
the radionuclides reaching the clearance limits
established in [17] with the estimated time of
2.5 years. Satisfied this condition, the
procedures described in Figure 9 can be
applied.

The lower support plate (table 3) is also
classified as class 2.1 waste [17] and has
activity concentrations slightly higher than the
moderator tank. Thus, this component can be
stored according to the flowchart path
presented in Figure 8, until the activity
concentrations meet the clearance levels
established in [17]. For this case the estimate
times for exemption is approximately 8 years.

The guide tube and probabily the intermediary
spacer plate can follow the path for
radionuclides with half-life longer than 100
days, as presented on the flowchart of Figure
8. These materials have activity concentrations
compatible with Class 2.1 waste [17]. As the
guide tube and, probably, the intermediate
spacer plate have higher activity concen-
trations than the presents on moderator tank
and lower spacer plate, is recommended that
this component follows the path outlined
above. If after performing treatment proce-
dures, these materials reach the same clearance
levels established in [17], it can be released,
recycled or reused.

For all management waste procedures pro-
posed, is recommended to analyse the
feasibility in economic terms and other
resources available.

In case of component to need be cut off, the
most adequate techniques to be used are:
thermal cutting techniques using a plasma arc;
the contact arc metal cutting (CAMC); a
mechanical technique using arc saw. All these
techniques take into consideration the fact that
the above mentioned components are
composed of stainless steel [36]. Fuel rods are
classified as nuclear material according to
[23], thus the CNEN should establish the final
disposal [37].



The instrumentation and other critical as-
sembly components, after being monitored and
inventored, will have the waste management
submitted to the strategies defined in the
flowcharts of figures 8 and 9, according to the
radionuclides concentration and activity. All
of these components are classified as solid
wastes and are incompressible, according to
[23].

8.2 Waste Destination

The adequate location for disposal of metallic
wastes is the Low and Medium-Level Ra-
diation Waste Repository, due these wastes
comply the acceptance criteria established by
the GRR, regarding materials activities. The
Repository is designed to receive wastes with
very short half-life (approximately, 100 days)
and short half-life (30 years), from decom-
missioning activities of nuclear facilities.

The fuel rods will remain in dry cast storage
within the pits in the critical cell building until
the Brazilian government establishes a policy
for the used fuel elements final disposal.

9. Conclusion

This work presents a series of recom-
mendations as a guideline including the main
procedures and actions that should be used to
develop the preliminary de-commissioning
plan of the IPEN/MB-01 reactor on near
future.

The guideline presented shows all phases of a
typical decommissioning project taking
account recent experience and good practice
reflecting the new safety requirements.

The strategy selected for the reactor is the

immediate  dismantling considering the
analysis of the radioisotopic inventory
estimates.

The main contribution is that, Brazil so far,
does not have a policy decommissioning re-
garding to nuclear research reactors, therefore,
this study can contribute as a reference on the
development of decommissioning plan of
others Brazilian research reactors.

References

1. José Augusto Perrota (2012) “Seguranca nos
Institutos da CNEN” Comissdo Nacional de
Energia Nuclear, Brasil.

70

2. Comissdo Nacional de Energia Nuclear (2002)
“Licenciamento de Instalacbes Nucleares (CNEN-
NE-1.04)". Comissdo Nacional de Energia
Nuclear, Brasil.

3. Comissdo Nacional de Energia Nuclear (2012)
“Descomissionamento de Usinas Nucleoelétricas
(CNEN-Resolugdo N° 133)” Comissdo Nacional de
Energia Nuclear, Brasil.

4. Decommissioning of facilities using radioactive
material (Safety Standards Series WS R5). Inter-
nacional Atomic of Energy Agency, 2006, Vienna.
5. G. Toth (2011) “Initial Decommissioning Plan-
ning for the Budapest Research Reactor”. Nuclear
Technology & Radiation Protection, Vol. 26, No.
1, pp. 00-00. 1-3.

6. Standard Format and Content for Safety Related
Decommissioning Documents, (Safety Report Se-
ries No° 45). International Atomic of Energy Agen-
cy, 2005, Vienna.

7. Decommissioning of research reactors: Evolu-
tion, State of the art, Open issues, (TECHINCAL
REPORT SERIES 446). International Atomic of
Energy Agency, 2006, Vienna.

8. Comissdo Nacional de Energia Nuclear (2005)
“Diretrizes Basicas de Protecdo Radiologica
(CNEN-NN-3.01)”. Comis  sdo Nacional de
Energia Nuclear, Brasil.

9. Ipen — Instituto de Pesquisas Energéticas e
Nucleares (2012) “Reator de Pesquisa IPEN-
MB/01”. Sao Paulo, Brasil.

10. Instituto de Pesquisas Energéticas e Nucleares
(2006) “Relatério de Analise de Seguranga
(RAS)”. Instituto de Pesquisas Energéticas e Nu-
cleares, S&o Paulo.

11. Innovative and Adaptive Technologies in de-
commissioning of Nuclear Facilities (TecDoc-
1602)”. International Atomic Energy Agency, 2008,
Vienna.

12. Financial Aspects of Decommissioning
(TecDoc-1476). International Atomic of Energy
Agency, 2005, Vienna.

13. Decommissioning of Nuclear Power Plants and
Research Reactors, (Technical Report Series W S
G 2.1). International Atomic of Energy Agency,
1999, Vienna.

14. Decommissioning Techniques for Research
Reactors, (TecDoc-1273). Internacional Atomic of
Energy Agency, 2002, Vienna.

15. Decommissioning of research reactors: Evolu-
tion, State of the art, Open issue (Technical Report
Series 446. International Atomic of Energy Agency,
2006, Vienna.

16. Decommissioning Research Reactors and Other
Small Facilities by Making Optimal Use of Availa-
ble Resources (Technical Report Series No 463).
International Atomic of Energy Agency, 2008,
Vienna.

17. Comissdo Nacional de Energia Nuclear (2014)
”Geréncia de Rejeitos Radioativos de Baixo e
Médio Nivel de Radiagdo”(CNEN-NN-8.01).
Comissdo Nacional de Energia Nuclear. Brasil.



18. Comissdo Nacional de Energia Nuclear (2002)
“Critérios de Aceitagdo para Deposicao de Rejeitos
Radioativos de Baixo e Médio Nivel de Radiacdo
(CNEN-NN-6.09)”. Comissao Nacional de Energia
Nuclear. Brasil.

19. Instituto de Pesquisas Energéticas e Nucleares
(2002)” Plano de Radioprote¢ao”. Instituto de
Pesquisas Energéticas e Nucleares, Sdo Paulo,
Brasil.

20. Instituto de Pesquisas Energéticas e Nucleares
(2008) “Plano de Protegdo Fisica”. Instituto de
Pesquisas Energéticas e Nucleares, Sdo Paulo,
Brasil.

21. Instituto de Pesquisas Energéticas e Nucleares
(2007) “Plano de Emergéncia Radiologica”.
Instituto de Pesquisas Energéticas e Nucleares,
Sé&o Paulo, Brasil.

22. Instituto de Pesquisas Energéticas e Nucleares
(2009) “Plano de Protegdo Contra Incéndio”.
Instituto de Pesquisas Energéticas e Nucleares,
Séo Paulo, Brasil.

23. Instituto de Pesquisas Energéticas e Nucleares
(2012) “Programa de Geréncia de Rejeitos
Radioativos”. Instituto de Pesquisas Energéticas e
Nucleares, Sdo Paulo, Brasil.

24, Instituto de Pesquisas Energéticas e Nucleares
(2012) “Programa de Geréncia de Rejeitos Nao
Radioativos”. Instituto de Pesquisas Energéticas e
Nucleares, Sdo Paulo, Brasil.

25. Instituto de Pesquisas Energéticas e Nucleares
(2011) “Programa de Garantia de Qualidade”.
Instituto de Pesquisas Energéticas e Nucleares,
Séo Paulo, Brasil.

26. Instituto de Pesquisas Energéticas e Nucleares
(2013) “Programa de Monitoragdo Radiologica
Ambiental”. Instituto de Pesquisas Energéticas e
Nucleares, Sdo Paulo, Brasil.

27. Instituto de Pesquisas Energéticas e Nucleares
(2012) “Programa de Monitoracdo Quimico
Ambiental”. Instituto de Pesquisas Energéticas e
Nucleares, Sdo Paulo, Brasil.

71

28. Instituto de Pesquisas Energéticas e Nucleares
(2012)”"Programa de Treinamento de Pessoal”.
IPEN, Instituto de Pesquisas Energéticas e
Nucleares, Séo Paulo, Brasil.

29. Selection of Decommissioning Strategies: Is-
sues and Factors(TecDoc-1478). International
Atomic Energy Agency, 2005, Vienna.

30. Mouréo R.,Freire,C.(2013) “Conceptual Design
of the Brazilian Near Surface Repository”. Interna-
tional Nuclear Atlantic Conference, 24-29 de Janei-
ro, pg.1-10, Recife-PE. Brasil.

31. Decommissioning of Small Medical, Industrial
and Research Facilities: A Simplified Stepwise
Approach (IAEA NUCLEAR ENERGY SERIES
No. NW-T-2.3).1-17, 2011, Vienna.

32. Planning, Managing and Organizing the De-
commissioning of Nuclear Facilities: Lessons
Learned. International Atomic Energy Agency,
2004, Vienna.

33. Lawrence, Boing (2006) “Decommissioning
Nuclear Facilities: Management of Decommission-
ing Projects”. International Atomic Energy Agency,
Manila, Phillipines.

34. Safety Assessment for Decommissioning (SRS
N°77). International Atomic Energy Agency, 2013,
Vienna.

35. Minimization and Segregation of Radioac-
tive Waste. (TECDOC-652). International Atomic
Energy Agency, 1992, Vienna.

36. Methods for the Minimization of Radioactive
Waste from Decontamination and Decommission-
ing of Nuclear Facilities”(Technical Report Series
401).Pg 73-112, 2001, Vienna.

37. Brasil, Lei n°10.308(2001) “DispBe sobre a
selecdo de locais, a construgdo, o licenciamento, a
operacdo, a fiscalizaco, os custos, a indenizagéo, a
responsabilidade civil e as garantias referentes aos
depdsitos de rejeitos radioativos, e da outras
providéncias. Presidéncia da Republica”. Brasil.
Art 2°, Brasilia, DF, Brasil.



