The Abdus Salam m

International Centre —E=
(CTP for Theoretical Physics )

www.ictp.it _JAEA _

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without
nuclear power programme

2 - 6 November 2015

(Miramare - Trieste, Italy)

T 9
he on waste - for
without nuclear power programme is jointly organized by The Abdus Salam
Centre for T Physics (ICTP) and the International Atomic " 0o
Energy Agency (IAEA). Michael Ojovan i
(IAEA, Vienna) === |
ruse N
The Abdus Salcm The Workshop aims to advise countries having small amount of waste from different research, Peter Ormai :
medical, and industrial sources (institutional waste) which physico-chemical characteristics of (IAEA, Vienna) .
radicactive waste should be considered and how to interpret them to effectively create mmwf’émmi“ﬁ.'é :

storage and disposals of their radioactive waste,

- for safe = Cultral Organizal on
n ern a Io n a e n re including intermediate level waste and spent fuel from research reactors, NORM and disused Local organizer 3
sealed sources.
T H P H Focus Claudio Tuniz @
This workshop will focu: inty te i both nd & 2
for h eo retl ca I hys I cs regulators, h:mw::omui:sr?‘mwm:mvé:v power programme to create awareness of é:ne {ICTF, Trieste)
technical inputs and physical and chemical waste for ing or

upgrading national infrastructure for safe and efficient management of radioactive waste.
IAEA

JAEA Activities Related to
Radioactive Waste
Predisposal Management

Michael I. Ojovan
Waste Technology Section,
Department of Nuclear Energy, IAEA

Joint ICTP/IAEA Workshop on
Radioactive waste management - : :
solutions for countries without International Atomic Energy Agency
nuclear power programme .




Michael Ojovan Biography

ORCID ID Michael |. Ojovan has been Visiting Professor in the Department of Materials of Imperial College London and
'ﬂg}orcid.or‘g;’OOGO-OOOI-8928-4879 Associate Professor in the Department of Engineering Materials of the University of Sheffield. He is currently

Nuclear Engineer at International Atomic Energy Agency Headquarters in Vienna, Austria.

Keywords M. Ojovan has been awarded the degrees of DSc in Physical Chemistry and PhD in Solid State Physics. He is

vitrification Fellow of the Russian Academy of Natural Sciences and Member of the Material Research Society and
International Commission on Glass. He is also an Editorial Panel member for Journal of Nuclear Materials

Websites and International Journal of Corrosion. He has authored over 300 peer-reviewed scientific papers, has 42

http://www3.imperial.ac.uk/people/m.of¥&ATS. and published || monographs on nuclear materials including the second edition of “An Introduction
to Nuclear Waste Immobilisation™ by Elsevier (2005, 2014). He has been known for the two-exponential
universal viscosity equation and the connectivity-percolation theory of glass-liquid transition.

For details see: http://www3.imperial.ac.uk/people/m.ojovan;

http://www.sheffield.ac.uk/materials/staff/mojovan;

International Atomic Energy Agency,
Vienna, Austria,
Nuclear Engineer, February 2011 — present

. ing Professor of Imperial College London
The University of Sheffield,
Sheffield, United Kingdom

A o) mwe Assistant Professor, Department of Materials
B e oo Science and Engineering, September 2002 — 2011,

NRNINCG N

B & ok visiting academic at present.

——
0

Scientific and Industrial Association “Radon”,
nADHS Moscow, Russian Federation
Deputy Director, Applied Research Centre, 1982 — 2002.

Joint ICTP/IAEA Workshop on
Radioactive waste management -

International Atomic Energy Agency solutions for countries without

nuclear power programme



ovan: Education

D.Sc. Physical Chemistry. Thesis “Surface effects in
mlb XU nuclear waste forms”. Moscow Scientific Research
Institute of Physical Chemistry. 1994.

3’""::?:?""',& PhD. Solid State Physics. Thesis “Interaction of
1%%_; radiation with small particles”. Moscow Engineering

e Physical Institute. 1982.

. M.Sc. Solid State Physics. Thesis “Pulsed laser-beam
s == deposited thin films”. Moscow Engineering Physical
Institute. 1979.

: B.Sc. Solid State Physics. Superconductivity. Moscow
ws*"  Engineering Physical Institute. 1978.

Joint ICTP/IAEA Workshop on

International Atomic Energy Agency



R

|AEA activities
II. Radioactive waste management

Ill. Radioactive waste predisposal
1. Technical publications
2. Networks
3. Direct support
4
5

Peer reviews
Coordinated research projects

V. On-going support activities

International Atomic Energy Agency



» Safety & Security

The IAEA works to protect people and
the environment from harmful radiation

exposure

» Safeguards &
Verification

The IAEA works to prevent the further
spread of nuclear weapons

> Science &
Technology

The IAEA works to mobilize peaceful
applications of nuclear science and
technology. This includes radioactive
waste processing and disposal
technologies.

International Atomic Energy Agency

The IAEA works to mobilize peaceful
applications of nuclear science and
technology. This includes radioactive
waste processing and disposal
technologies.

>
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Developing Standards and Guidance;
Providing Reviews and Services;
Supporting Capacity Building;
Promoting Knowledge Networks;

Providing a forum for
communicating, increasing
transparency, sharing lessons
learned via workshops, meetings,
and various media.
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[AEA Departments

Nuclear Applications

Nuclear Energy
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Safety & Security

Safeguards

The Department of Nuclear
Sciences and Applications
helps countries use nuclear
and isotopic techniques to
promote sustainable
development objectives in
agriculture, human health,
water resource management,
marine environment and
industrial applications. Read

more —

The Department of Nuclear
Energy fosters the efficient
and safe use of nuclear
power by supporting nuclear
programmes around the
world, catalyzing innovation
and building capability in
energy planning, analysis,
and nuclear information and

knowledge. Read more —

http://iaea.org/OurWork/

International Atomic Energy Agency

The Department of Nuclear
Safety and Security works to
provide a strong, sustainable
and visible global nuclear
safety and security
framework, protecting
people and the environment
from the harmful effects of
ionizing radiation. Read

more —

The Department of
Safeguards carries out the
duties and responsibilities of
the IAEA as the world’s
nuclear inspectorate,
performing an indispensable
role in global efforts to stop
the spread of nuclear

weapons. Read more —

Technical Cooperation

Technical Cooperation

. p o
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The Department of Technical
Cooperation helps countries
to improve their scientific
and technological
capabilities in the peaceful
applications of nuclear
technology, thus
contributing to sustainable

development. Read more —
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Department of

Nuclear Energy

Fostering Sustainable Nuclear Energy for the Future

e ichlio | http:/Avww.iaea.org/OuPNork/ST/NE/Main/ |
Department of Nuclear Hlbhhbhts R aea org T A
Energy Statement at Nuclear Africa 2015 Conference Deputy Director General |

Mikhail Chudakov

Nuclear Power "Technically and financially, access to nuclear power is no

longer limited to developed countries," said IAEA Director

» Nuclear Power Engineering General Yukiya Amano in his Statement at Nuclear Africa About Ts

2015 Conference on 18 March 2015. Read more...
» Nuclear Power Technology Our Role
Development

NE Organizational Structure

Nudear Power Infrastructure IAEA Workshop Discusses Egyptian Public Awareness in

L SAGNE (members only area)
Nuclear Power e y

International Project on

Innovative Nuclear Reactors and _ ; o

Fuel Cycles (INPRO) i A three-day IAEA meeting recently held in Cairo focused on
) advancing stakeholder involvement in EgprS nuclear power i ing Firnis

Nuclear Fuel Cycle & Waste o programme. Held under an IAEA Technical Cooperation

Technology project, the meeting from 17 to 19 February included International Conference on

Management of Spent Fuel
from Nuclear Power Reactors

15 - 19 June 2015

» Research Reactors . B R \ ) Vienna, Austria

Experts Underscore Need to Strengthen R&D Data Sharing

ac P - fp - _F k ~1 1M ¢ _\ : Pl International Conference on
» Waste Technology as Part of Post-Fukushima Action Plan
Research Reactors: Safe
Management and Effective

nuclear communication experts from... Read more...
» Fuel Cycle & Materials

Planning & Economic Studies The need to improve understanding and reduce uncertainty in

i . Utilization
phenomenon and models having bearing on safety by better i
International Nudlear Information sharing information on vital nuclear research projects was 16 -~ 20 November 2015

System "~ underscored at the IAEA's eighth International Experts Vienna, Austria
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Navigation
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» Nuclear Fuel Cycle and Materials
v Waste Technology

Overview

Predisposal Management of
Radicactive Waste The IAEA promotes and develops two important aspects on radioactive

Related Information

Radioactive Waste Disposal waste management: universally applicable safety regime through the

T T development of safety standards and application of safe and proven Meetings & Conferences
Decommissioning of Facilities S : £
technologies in radioactive waste management. g =
: T Publications
Environmental Remediation

: i i ; i News & Stories
B TTLT (o 1ok (L To manage radioactive waste resulting both from the nuclear fuel cycle and

Management nuclear applications, the |IAEA's Waste Technology Section fosters technology Objectives (AEA Nuclear Energy
transfer, promotes information exchange and cooperative research, as well as Series NW-0)

Contact Expert Grou ) e
e 3 builds capacity in Member States by:

» Research Reactors Post Accident & Cleanup
r Documents
ARTEMIS Reviews
* Assisting to develope consistent policies and related strategies; Radioactive Waste Management
» Assurance of Supply for Nuclear . . . . i
Fuel ¢ Assisting with the predisposal and disposal stages of waste management; Information Systems
* Helping to manage disused sealed radioactive sources;
Publications * Assisting with planning and implementing decommissioning strategies
Meetings and projects; and

* Supporting cleaning-up of legacy waste and environmental remediation

Information Systems : : : i 2
actions of radiologically contaminated sites.

» Waste Management Networks

To adequately reflect and respond to the Member States’ needs, the |[AEA eranane ) BRI

T AT

| wtress ‘ - . :
Eesu S iSposal Options

Programme on Radioactive Waste Management is developed in consultations
with Member States; the WATEC working group provides advice and

recommendations on technical and technolegical aspects of radiocactive waste
management, decommissioning and environmental remediation. Related Resources
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IAEA Scientific Forum Highlights Responsibility for
Radioactive Waste

|

Establish Comprehensive Disposal Plans, Says Amano

By Ayhan Evrensel, IAEA De

Related Stories

24

September 2014

Addressing Radioactive Waste

Strengthening Cradle-to-Grave
Control of Radioactive Sources

Read

Related Resources

A two-day Scientific Forumduring the IAEA's annual General Conference emphasized

the need for a comprehensive, integrated, cradle-to-grave approach for management
of radioactive waste.




~ Safety & Security

SAFETY FUNDAMENTALS
|

General Safety Requirements Specific Safety
Requirements

1. Site Evaluation for
MNuclear Installations

2. Safety of Nuclear Power Plants

Safety Guides

Vol.1 Governmental and
Regulatory Framework

Vol 2 Leadership and Management
for Safety

2 1 Design and Construction
Vol.3 Radiation Protection and 2 2 Commissioning and Operation

Safety of Radiation Sources

Vol 4 Safety Assessment

Vol 5 Predisposal Management
of Radioactive Waste

Vol 6 Decommissioning and
Termination of Activities

Vol.7 Emergency Preparedness
and Response

Collection of Safety Guides -
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{L\? 1}: IAEA Search Search

International Atomic Energy Agency

ABOUTUS~  OURWORK = NEWSCENTREv  PUBLICATIONSv [ SCIENTIFIC RESOURCES O060O (in M=)

Home | Scientific Resources

Scientific Resources - NUCLEUS

NUCLEUS provides access to over 130 IAEA scientific, technical and regulatory resources. This includes databases, websites, applications, publications,
safety standards, training material and more.

https://www.iaea.org/scientific-databases

Featured Scientific Resources

The International Nuclear Information Power Reactor Information System The TAEA lerary
System (INIS) (PRIS)

\
\
Y

o

www.iaea.org/inis

The IAEA Library offers access to many databases, journals
INIS offers online access to a unique collection of non- PRIS contains information on power reactors in operation, and other resources.
conventional literature. under construction or those being decommissioned.

Joint ICTP/IAEA Workshop on
Radioactive waste management -
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Radiaﬁowes
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Excluded Considered
.d_.-ﬂ"' df-’f’d\\%\? ‘
Exempt from regulatory  Under regulatory
control control
" e
o
Cleared from regulatory
control

International Atomic Energy Agency

Waste radioactive. For legal and
regulatory purposes, waste that
contains or is contaminated with
radionuclides at concentrations or
activities greater than clearance
levels as established by the
regulatory body.

The definition is purely for regulatory
purposes. Material with activity
concentrations equal to or less than
clearance levels is radioactive from a
physical viewpoint — although the
associated radiological hazards are
considered negligible.

Joint ICTP/IAEA Workshop on
Radioactive waste management -

solutions for countries without
nuclear power programme
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| Radioactive Materials Routing

(@) Clearance from f
regulatory control

(unrestricted
disposal of waste,
unrestricted reuse Clearance

of useful (treat as normal refuse, efflyent)
materials);

j - A

Clearance
(unrestricted use, recycle)

J—

(b) Authorized !
release
(discharge to the
environment of
waste, authorised Authorised discharge
reuse of useful
materials);

Authorised use

(pa[oAoal1 10 pasn oq Ued)

(no further use foreseen)
s|eLId)ew [NJasn

(c) Regulated
disposal of waste,

regulated transfer )
ofgusefu| Regulated disposal

materials. @ a dedicated repository)

Waste

Regulated transfer
(to another practice)

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without

nuclear power programme
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The general principles and criteria for exclusion,
exemption and clearance have been detailed in the
International Basic Safety Standards for Protection
Against lonizing Radiation and for the Safety of
Radiation Sources (BSS).

IAEA Safety Standards

for protecting people and the environment

Radiation Protection and
Safety of Radiation Sources:
International Basic

Safety Standards

nnnnnnnnnnnnnnnnnn
EC, FAO, IAEA, ILO, OECD/NEA, PAHO, UNEP, WHO

0 N P
EEPOE IO @G
= nea ¥ NEA 5 UNip oo

General Safety Requirements Part 3

No. GSR Part 3

E)aea

Clearance is defined as the removal of radioactive materials or
radioactive objects within authorized practices from any further

regulatory control by the regulatory body.

Specific values of activity concentration of
radionuclides that may be used for bulk amounts of
material for applying exclusion and exemption are
given in the IAEA Safety Guide RS-G-1.7.

International Atomic Energy Agency

IJAEA

SAFETY

- STANDARDS

SERIES

Application of the
Concepts of Exclusion,
Exemption and
Clearance

SAFETY GUIDE

No. RS-G-1.7
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TABLE I-1: LEVELS FOR EXEMPTION OF MODERATE AMOUNTS OF MATERIAL
WITHOUT FURTHER CONSIDERATION: EXEMPT ACTIVITY CONCENTRATIONS AND
EXEMPT ACTIVITIES OF RADIONUCLIDES /s¢e foomores 37 and 38)
Activity Activity Activity Activity
I A EA S afe ty S ta n d a rd S Radionuclide concentration (Bg) Radionuclide concentration (Bg)
for protecting people and the environment (Bq/g) (Bq'g)
H3 1x10° 1x10° Sc-48 1x10' 1x10°
Be-7 1x10° 1x10 Sc-49 1x10° 1x10°
Be-10 1 x 10* 1x10¢ Ti-44 1x10 1x10°
c-11 1x10 1x10¢ Ti-43 1% 10! 1x 106
Sk : c-14 1 x 10* 1x107 V47 1x 10 1x10°
Radiation Protection and i M o ok G
H H . 3 7 4 7
Safety of Radiation Sources: Ne-19 1x10° 1x10° V49 1x 10" Tx107
, , 0-15 1x10° 1x10° Cr-48 1x10° 1x10
International Basic F.18 1% 10" 1 108 Crd9 %101 1% 10°
Na-22 1x10 1x10¢ Cr-51 1x10° 1% 10
Safety Standards Na2d 110 1x10° Mn51 1% 10" 1%10°
Mg-28 1x10* 1x10° Mn-52 1x 10 1x10°
Jointly sponsored by 1 5 g 1 S
EC, FAO, IAEA, ILO, OECD/NEA, PAHO, UNEP, WHO :‘1;6 i R 133 : % :gs x z;m i % 124 ; ” ig’
- ’(\: - 1-. x x - x x
0 5 i@'@ O & & $i32 1x10° 1x10° Mn-54 1 x 10" 1x 10°
IAEA NEA ranc  UNEP P32 1x 103 1x 105 Mn-56 1x 101 1 x 105
. P-33 1% 10° 1% 108 Fe-52 1x10 1% 10°
General Safety Requirements Part 3 % Rl v a8 Fe.55 1 x 10¢ 1% 108
No. GSR Part 3 C1-36 1 x 10* 1 x 10° Fe-39 1x 10! 1x10°
Cl-38 1x10 1x10° Fe-60 1 x 10° 1x10°
Cl-39 1x10 1x10° Co-55 1x10 1x 10
g @% Ar-37 1x10° 1x10° Co-56 1x 10" 1x10°
IAEA Ar-39 1x107 1x10* Co-37 1x10° 1% 10
\qg International Atomic Energy Agency AI—41 1 X 102 l X 109 CO-58 1 x ].0l 1 x 106
K-40 1x10° 1x10¢ Co-58m 1 x 10* 1x107
K42 1x10° 1 x 10 Co-60 1x 10! 1x10°
K43 1x 10 1x10° Co-60m 1x10° 1% 106
K44 1x 10 1x10° Co-61 1x10° 1x 10
K45 1x10 1x10° Co-62m 1x10 1x10°
Ca-41 1x10° 1x 107 Ni-56 110 1x 106
Ca45 1 x 10* 1x10° Ni-57 1x10 1x 10
Ca47 1x10 1x10° Ni-59 1 x10* 1x 108
Sc-43 1x 10 1x10¢ Ni-63 1% 10° 1x10°
Sc-44 1x10' 1x10° Ni-65 1 x 10! 1x 106
Sc-45 1x10° 1x107 Ni-66 1 = 10* 1x 10
International Atomic Energy Agency Sc-46 1x10* 1x10° Cu-60 1x 10! 1% 10°
Sc-47 1 x 10 1x10¢ Cu-61 1x10* 1x10¢




TABLE 2. VALUES OF ACTIVITY CONCENTRATION FOR ||TABLE 2. VALUES OF ACTIVITY CONCENTRATION FOR
RADIONUCLIDES OF ARTIFICIAL ORIGIN IN BULK (sce para. 4.4) RADIONUCLIDES OF ARTIFICIAL ORIGIN IN BULK (see para. 4.4)
(cont.)
Activity Activity Activity Activi Activi Activi
Radio- concen- Radio- concen- Radio- concen- Radi ctivity Radi ctivity Radi ctivity
nuclide tration nuclide tration nuclide tration a l}g_ c:ton;ell— a lii’_ ionsen— a 1?3_ (:tontc.en—
nucliae ration nuclide ration nuclide ration
(Bq/g) (Ba/g) (Ba/g) (Bq/a) (Bq/s) (Bq/e)
& o =
H-3 100 5 st 75
3 Mn-56 10 Se-7 1 Mo-101 10 % Sn-125 10 Cs-129 10
Be-7 10 - * .
© Fe-52 10 Br-82 ! Te-96 1 Sb-122 10 Cs-131 1000
C-14 1 - -86
Fe-35 1000 Rb-86 100 Tc-96m 1000 Sb-124 1 Cs-132 10
218 k - - Q
F-18 10 Fe-39 ! Sr-83 ! Te-97 10 Sb-125 0.1 Cs-134 0.1
a- . - ) # -8 ! *
Na-22 0.1 Co-55 10 Sr-85m 100 Te-97m 100 Te-123m 1 Cs-134m 1000 *
a- sk _ - Q %
Na-24 ! Co-56 0l St-87m 100 Te99 1 Te-125m 1000 Cs135 100
Si-31 e Srs9 1000 Te99m 100 #  Te-127 1000 Cs136 1
P-32 1000 Co-58 ! S1-90 ! Ru-97 10 Te-127m 10 Cs-137 0.1
P-33 1000 Co-58m 10000 * S1-91 Te-129 100 ® Cs-138 10 £
S-35 100 Co-60 0.1 S1-92 Te-129m 10 Ba-131 10
Cl-36 1 Co-60m 1000 = Y-90 IAEA Te-131 100 . Ba-140 1
C1-38 10 & Co-61 100 & Y-91 SAFETY Te-13lm 10 La-140 1
K-42 100 Co-62m 10 * voim|  STANDARDS Te-130 1 Ce-139 1
K-43 10 * Ni-59 100 Y-92 SERIES Te-133 10 ® Ce-141 100
Ca-45 100 Ni-63 100 Y-93 Te-133m 10 % Ce-143 10
Ca-47 10 Ni-65 10 * 7Zr-93 Te-134 10 * Ce-144 10
Sc-47 100 Zn-65 0.1 7197 Concepts of Exclusion, |25 100 Pi-143 1000
Sc-48 1 Zn-69 1000 * Nb-934 Exemption and 126 10 Nd-147 100
V-48 1 Zn-69m 10 * Nb-94 Clearance 1-129 0.01 Nd-149 100 *
Cr-51 100 Ga-72 10 * Nb-95 1-130 10 # Pm-147 1000
Mn-51 10 s Ge-71 10000 Nb-97 131 10 Pm-149 1000
. _ . SAFETY GUIDE
Mn-52 1 As-73 1000 Nb-98 I-132 10 ¥ Sm-151 1000
. ) No. RS-G-1.7
Mn-52m 10 s As-74 10 # Mo-90 1133 10 * Sm-153 100
Mn-53 100 As-76 10 S Mo-93 @ Il-m\EAm 1-134 10 * Eu-152 0.1
Mn-54 0.1 As-77 1000 Mo-99 S . [-135 10 ¢ Eu-152m 100 =
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Slightly contaminated effluents could be
released to the environment under the
limits authorized by national regulatory
authorities through authorized discharge.

Generic guidance on the authorization
procedure Is provided the IAEA Safety
Guide WS-G-2.3 as well as IAEA-
TECDOC-1638 which summarize
International experience on the
optimization of discharges and the setting
by the regulatory body of authorized
limits.

International Atomic Energy Agency

SAFETY

SERIES

REGULATORY
CONTROL OF
RADIOACTIVE
DISCHARGES TO THE
ENVIRONMENT

SAFETY GUIDE ‘
No. WS-G-2.3

NNNNNN

Setting Authorized Limits for
Radioactive Discharges:
Practical Issues to Consider

Report for Discussion

e

Joint ICTP/IAEA Workshop on
Radioactive waste management -

solutions for countries without
nuclear power programme



* Based on flowsheets for processes involved
* Assume Best Available Technology to abate discharges

* Doses to the public
taken into
consideration

° Reviewed on a
regular basis.

International Atomic Energy Agency

TABLE 1. NORMALIZED DISCHARGES FROM NUCLEAR POWER STATIONS
(AVERAGE FOR THE YEARS 1990-1994) [10]

Normahized discharges (Bg/ (GWiela))

v Ni
e

H-1 C-14  DNoblegazes: [-131  Particulates H-3 Other
PWE 23=10% 22x10" 27=10" 30x10° 20x10° 22x10% 19«10
BWR 94x10" S51=10" 35=10" 80x10* 18«10" 94x10" 43«10
GCR! 47:10" 14=10" 16=10" 14x10" 30x10° 22x10" 51x10"
HWE 65=10" 16x10% 21=10% 40x10* 50x10"7 49x10" 13=x10"
RBME 26=10° 13x10%  17=10% 70x10° 14x10" 11=x10° 350=x10°
FBR 49x10° 12x10" 38x10" 30«10 12x10" 18x10% 49x10"

TABLE 2. NORMALIZED DISCHARGES FROM NUCLEAR REFROCESSING PLANTS
(AVERAGE FOR THE YEARS 1990-1994) [10].

Dizcharge Normalized discharge: (Bg/(GWiela))

mode H-3 C-14 Kr-§3 r-90  Rul0§  I129 1131 137
Gaseous 24 10" 40107 £3=10° - - 10=10" 8010 80=10
Liquid 27x10"  80x10" - 20x10% 21107 30x10" - 1.0 = 10"

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without
| nuclear power programme




The generally preferred approach is to concentrate the waste and to
contain the radionuclides in it by means of a waste form and waste
container followed by disposal in an appropriate repository.

The effectiveness and safe isolation of radioactive waste depends on the performance of the

overall disposal system which consists of three major components, namely:

I.  The site (the host rock and surrounding geological media representing natural barriers
aiding waste isolation);

[l.  The repository (the facility into which waste packages are emplaced for disposal,
including any engineered barriers); and

[11.  The waste package (the waste form in any suitable container).

Only waste packages, which comply with so called “waste
acceptance criteria” (WAC) are accepted for disposal.

Joint ICTP/IAEA Workshop on
Radioactive waste management -

International Atomic Energy Agency solutions for countries without

nuclear power programme
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Generation
|
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Ceared | operations prior to | Palkacte
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UL &5 Pretreatment
- Collection
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Excluded 1
Baass “Wolu me reduction,
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Excmpl from mgulamq.' changes of composition
control
! Conditioning
Solidification, embedding, T to
encapsulation followed by o Ilaa.e:lpfbagg
. packaging Taclity maybe hwobed)
Cleared from regulatory
control
4 Flacement of waste in
a nuclear facility where :
Storage for decay human control and Interim storage

retrienability are ensured

1
Transfer of waste
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b a k= ased Taclity
whiowt heation of
retreval
1 3 3
Ervironment or landfill Near surface Ehwe!
depending on the repository underground
physicd form of waste repository




roadmap

radioactive waste management Generation
All admimstrative and operational activities involved in the handling, 1

pretreatment. treatment, condifioning, ftransport, storage and disposal of

radioactive waste.
predispasal management of radieactive waste. Any waste management Pre-disposal
steps camried out prior to disposal. such as pretreatment, treatment, management

conditioning, storage and transport activities.
@  Predisposzal management iz used as a contraction of “pre-disposal management
of radicactive waste’; “predisposal’ is not a form of disposal.

processing. Any operation that changes the characteristics of waste,
inclunding pretreatment. treatment and conditioning.

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without

nuclear power programme
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‘ i IAEA Safety Standards

The fundamental safety objective is
to protect people and the | s
environment from harmful effects e
of ionizing radiation.

(Daea
Objective of radioactive waste management = =
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Technlcal Publications:;
Networks:

International Decommissioning Network (IDN),

Network for Environmental Management and Remediation
(ENVIRONET),

e Network for Underground Research Laboratories for Geological
Disposal of HLW (URF),

e Near-surface Disposal Network (DISPONET),
Waste Characterization Network (LABONET),

CONNECT - Connecting the Network of Networks for
Enhanced Communications and Training in RWM, D&ER.

e We are launching new network for radioactive waste
predisposal management — IMMONET

Direct Assistance and Technical Cooperation Projects;
International Peer Review Services
Coordinated Research Projects;

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without

nuclear power programme

International Atomic Energy Agency




N
Muclear Fuel CBI’C'E & Waste TEChﬂDngF Muclear Energy  Muclear Safety & Security  Nuclear Applications  Safeguards  Technical Coop.

. Navigation

# Home
w Technical Arsas
p MNuclear Fuel Cycle and Materials
+* Waste Technology
Overview

Fredisposal Management of
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Radioactive Waste Disposal
Decommissioning of Facilities
Environmental Remediation
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Management

Contact Expert Group
» Research Reactors
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Publications
Meetings
Information Systems

F Waste Management Networks

http://www.iaea.org/OurWork/ST/NE/NEFW/Technical-Areas/WTS/predisposal.html
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Related Information

Waste Technology Section I
Predisposal publications

Predisposal Management of Radioactive Waste

Depending on the origin, radicactive waste can
occur in different physical state (solid, liquid, gas)

t#%  and can have a variety of characteristics such as

activity levels and half-lives of the radionuclides
present in the waste. In the life cycle of radioactive
Fhoto courtesy: COVRA waste, disposal is the final step. Before final
disposal, the waste usually goes through a
number of steps such as pretreatment, treatment, conditioning, storage and
transport. Predisposal management encompasses all of these steps that
collectively cover the activities from waste generation up to final disposal.
Characterization of waste is also an essential predisposal activity that is

common to all of the steps above.

TAEA's Assistance to Member States

The Waste Technology Section’s assistance covers a wide range of predisposal
management topics such as policy and strategy, inventory assessment,
analysis of costing and waste management economics, waste minimization,
selection of technical options for waste processing and storage, improvement
in operating practices at nuclear facilities, optimization of waste management
infrastructure, development of technologies etc. Besides the LAEBOMNET

netwark, the assistance is delivered through:

LABONET

Contact Point

Ms. Rebecca ROBBINS

Predisposal steps Photo essay

Joint ICTP/IAEA Workshop on

Radioactive waste management -
solutions for countries without

nuclear power programme




Publications

Predisposal publications are organised below according to eight thematic subject categories (note some reports appear

under more than one category):

1. Pre-treatment of low and intermediate level waste

2. Treatment of low and intermediate level liquid waste

3. Treatment of low and intermediate level solid waste

4. Treatment of gaseous waste

5. Conditioning of low and intermediate level liquid, solidified and solid waste

6. Processing of high level waste and spent nuclear fuel declared as waste

7. Characterization and monitoring of radioactive waste, waste forms and waste packages, and

& Storage of radicactive waste and conditioned waste packages.

http://www.iaea.org/OurWork/ST/NE/NEFW/Te TR TRIAER Wora b
Radioactive waste management -

International Atomic Energy Agenc solutions for countries without

nuclear power programme
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Treatment of Low and Intermediate Level Liquid Waste

Treatment of low and intermediate level solid waste

Mobile Treatment of gaseous waste
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The Waste Technology Section is preparing a series of comprehensive state of the
art technical handbooks on:

“Characterization, categorization and monitoring of radioactive waste,
waste forms and waste packages”,

“Conditioning of low and intermediate level liquid, solidified and solid
waste”,

“Processing of high level waste and spent nuclear fuel declared as waste”,
“‘Storage of radioactive waste and conditioned waste packages”,
“Pre-treatment of low and intermediate level waste”,

“Treatment of low and intermediate level liquid waste”,

“Treatment of low and intermediate level solid waste” and

“Treatment of radioactive gaseous waste” — IAEA TECDOC-1744 (2014).

These are intended to assist professionals in Member States involved in field
implementation of predisposal facilities by providing information on selection of
technical options, design and operation in a structured way with recommendations
on using cementitious materials where relevant.
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solutions for countries without

nuclear power programme

International Atomic Energy Agency




)sal Handbooks

1. 2. 3. 4.
Characterization Pre-treatment of Treatment of Treatment of
of Radioactive Low & Low & Low &
Waste, Waste Intermediate Intermediate Intermediate
Forms and Level Solid and Level Liquid Level Solid
Packages Liquid Waste Waste Waste
IAEA TECDOC SERIES
6. 7. 8.
N Conditioning of Processing of Sto.rage.of
Gaseous Waste Low & ngh level & Radioactive
Intermediate Spent Nuclear Waste and
Level Liquid Fuel Declared as Conditioned
and Solid Waste Waste Waste Packages
* Published ! !
(Daea

International Atomic Energy Agency
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ment Hierarchy

Technical Support Documents for RWM Policy & Strategy ( Level 3 — Category A) |

. Methodolagy for Establishing an Inventory of B. Salection of Technical Solutions . Economics of Radioactive D. Management System for
RW and for Assessing the Subsequent - r the Management of Radioactive |« "."u;a.ste Management +—»|Radioactive Waste
Management Neads \Waste g Management (QA)

| Generic Handbooks on Predisopsal Technologies (Level 3— Calegory B) |
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Packages Fuel Packages

| Topical Documents on Predisposal Technologies (Level 3 - Category C) |
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http://nucleus.iaea.org/sites/nefw-projects/IMM
International Atomic Energy Agency

bDN —beta-Delayed Neutron
Emission

CGULS -  Coordination
Group for Uranium Legacy
Sites

DISPONET - International
Low Level Waste Disposal
Network

ENVIRONET — Network of
Environmental Management
and Remediation

ICT — Instrumentation and
Control Technologies

IDN — International
Decommissioning Network

C
S

@

LABONET - International
Network of Laboratories for
Nuclear Waste

Characterization

MSN — Management System
Network of Excellence

NKM - Nuclear Knowledge
Management Network

SFM — International Network
on Spent Fuel Management

URF — Underground research
facilities Network

International Predisposal Network.

To be launched in 2016

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without

nuclear power programme




b

V4

MEFW Projects

JIAEA | NUCLEUS

Search this site...

W Tags & Not

IMMONET » Home

Sites
Graphite CRP
HLW-SFW Handbook
Conditicning Handbook
Reactor Core Waste

Graphite Processing
Approaches (GRAPA)

Discussions

Team Discussion
WS on Technology
Selection

Training on Large Size
Radwaste

WS on Storage and
Repository Safety

Training on PDM RER9107
TM on BMS WWER
TM on Institutional RW

WS on HLW and SFW
RERS9107

WS on Modular Design
WS on NPP RW Treatment

WS on Solid RW
Processing

WS RWM Financing

Welcome to the IMMONET SharePoint Site!

The dedicated (registered users only) Share Point Site IMMONET is the Waste Technology Section’s '

Predisposal Unit Site focused on nuclear waste processing technologies, immobilisation and storage

of disposal ready forms. It consists of sub-sites to promote share of work results and discussions
among participants of particular on-going Coordinated Research Projects. The IMMONET is also used as

share point by IAEA staff and external participants developing various technical publications. In the £

nearest future this site will be used in development and evaluation of e-learning material devoted to
training of waste specialists in different predisposal activities.

The site could be accessible to any waste management professional willing to cooperate with IAEA staff in dedicated activities.
The access to the site could be obtained by first registering to IAEA NUCLEUS and then contacting Michael Ojovan
(M.Ojovan@iaea.org) for user registration of IMMONET.

http://nucleus.laea.org/sites/nefw-projects/IMMONET/SitePages/Home.aspx

International Atomic Energy Agency
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Welcome to Institutional Radioactive
Waste site!

| |
| NUGLEAR ENGINEERING |
chnical Meeting on “Processing and storage of institutional radic

waste: Operating experience and lessons learned”,
IAEA, Vienna, 25-29 August 2014

]
=

Radioactive waste is generated in a broad range of activities involving the use of
radioactive material in medicine, industry, agriculture, research and education
which is often termed institutional radioactive waste aiming to emphasise that
this radioactive waste arises not from power generation.

The Technical Meeting was intended to collect and share the operating practice
and lessons learned on institutional radioactive waste processing and storage
technologies and facilities. It should identify mostimportant aspects and current
trends as well as those areas which need special consideration and further
development.
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I=3.':quect Assistance and TC Projects
N\ Zan\

Members States being supported through national projects in
the 2012-2013 and 2014-2015 TC cycles include Argentina,
Brazil, Georgia, Iraq, Jordan, Latvia, Mexico, Moldova,
Serbia, Slovakia and Ukraine.

« 24 regional workshops have been held since 2012 and
one is planned for the end of October 2015.

« 3 national workshops have been held in Argentina
covering radioactive waste characterization, thermal
treatment methods and off gas purification systems on
plasma treatment of radioactive waste.

Joint ICTP/IAEA Workshop on
Radioactive waste management

International Atomic Energy Agency



Internatlonal Peer Review of UK Magnox
Decommissioning Programme (2008-2011)

— final report handed over to Magnox
representatives at the IAEA in February 2012.

Korea: Geological disposal programme with
emphasis on suitability for pyro- processed waste
(2012);

UK, NDA: Peer Review of Interim Storage of
Higher Activity Waste Packages-Industry Guidance
(2012);

Russia: International Peer Review on the
application of international safety standards to the
liguid RWM practices in the Russian Federation
(2013);

The Follow-up International Mission on
remediation of large contaminated areas off-site
the Fukushima Daiichi NPP (2 EM’'s 2013).

Review of Hungarian waste management

framework.
International Atomic Energy Agency
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’ Othper 2014’ IAEA Experts Malaysian Rare Earth Plant Complies with IAEA
to Visit Japan to Present Recommendations, Report Concludes
Results of Fukushima M —————
Seawater Analysis 2
Comparison, take new

samples;

* February 2015, IAEA Experts
to Review Japan's SO
D e CO m m ISS I O n I n g WO rk at :EeATa(ljaysién goyer{lméntzfgas imple;r_werfted alf! recom:e:datiir: put fzn&/ard byl an

Fukushima Daiichi Site; e i i S e R
° April 2015, IAEA Experts to
Visit Fukushima for Additional
Information on Contaminated
W ate r M an ag e m e nt’ Integrated Review Service for Radioactive Waste and Spent Fuel Management, Decommissioning and Remediation

« May 2015, Third IAEA-led Expert Visit to Collect Marine Samples Offshore
Fukushima.

IAEA on the request of the Malaysian government. The release of the report in itself

complies with recommendations to ensure maximum transparency over the project.

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without

nuclear power programme

International Atomic Energy Agency




mmissioning Mission to Japan

9 17 February 2015;

v Follow-up mission and review of current on-site status &
strategic plans for D&D and review progress in specific
areas:

v

AN NN

v

Management of contaminated water,
Countermeasures against groundwater ingress,
Removal of spent fuel and damaged fuel debris from Units 1-4,

Management of waste: storage, features of waste, identifying waste
streams,

Institutional and organisational issues: responsibilities, staffing and
training, safety culture, communication with public ...

v' Team : 11 IAEA staff (NE, NS, NA, OPIC), 4 external
experts (Philippines, RF, USA, OECD/NEA);

v' Team leader : Juan Carlos Lentuo DIR- NEFW

International Atomic Energy Agency




CRP on Planning, Management and
Organizational Aspects in Decommissioning of
Nuclear Facilities (2009-2011), IAEA-TECDOC-
1712 published in 2013;

CRP on Innovative and Adaptive Technologies
in Decommissioning of Nuclear Facilities (2004-
2008), IAEA-TECDOC-1602 published in 2008;

Performance and Behaviour of Cementitious
Materials in Long Term Storage and
Disposal of Radioactive Waste (2007-2010),
IAEA-TECDOC-1701 published in 2013;

Treatment of Irradiated Graphite to Meet
Waste Acceptance Criteria for Disposal
(2011-2013) — TBP2015;

Processing Technologies for High Level
Waste, Formulation of Matrices and
Characterization of Waste Forms (2013-2015).

International Atomic Energy Agency

IAEA-TECDOC-1572 '

Disposal Aspects of Low and
Intermediate Level

Decommissioning Waste
Resulis of a coordinated research project 2002-2006

IAEA-TECDOC-1701

The Behaviours of
Cementitious Materials in
Long Term Storage and
Disposal of Radioactive Waste

Results of a Coordinated Research Project

o
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The Behaviours of
Cementitious Materials in
Long Term Storage and
Disposal of Radioactive Waste

Results of a Coordinated Research Project

Photo CRP Cement
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Calcium Available commercially or
S L EUNNIIEY made by mixing commercial
te cement calcium aluminate cement
(CSAQC) (CAC) with calcium sulphate

Calcium Based on clinkers or fused
aluminate products with  dicalcium
oInlhIN(o\ silicate and CaAl,O,

Geopolymer Mixture of sodium silicate
SIAL (hydrate) with metakaolin

Mixture of fine grained

Magnesium MgO (periclase) and a
phosphate phosphate  source, e.qg,
cement phosphoric acid or

monopotassium phosphate

International Atomic Energy Agency

ce and Behaviour of Cementitious Materials in

Has a history of use (~40 years)
as a construction cement.
Developed in China but now widely
available.

Calcium aluminate cements are
widely available as commercial
products with a long history of use
In construction.

Geopolymer-type matrix which is
characteristically X ray amorphous

Many variants are known, differing
in pH and solubility. Not fully
commercial except for small scale
applications, e.g., as refractory or
dental cements

Joint ICTP/IAEA Workshop on
Radioactive waste management -
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nuclear power programme
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Consultants Meeting on “Treatment of Irradiated Graphite to meet Acceptance Criteria for
Waste Disposal”, 22 — 24 July 2014, IAEA, Vienna, Austria

Processing of Irradiated Graphite to e
meet Acceptance Criteria for Waste X
Disposal

Resulrs of a coordinated research praject

Joint ICTP/IAEA Workshop on
Radioactive waste management -
solutions for countries without

nuclear power programme

International Atomic Energy Agency
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IMONET » Hame.

Sites
Graphite CRP
Gaseous Waste Handbook
HLW-SEW Haodbooke

Cement CRP

Libraries
Site Pages

Shared Documents

Lists.
Calendar

Tasks

Discussions

Team Dscussion

TC WS2-6DEC13 RER9107

WS22-25APR14 RER9107

for Disposal (2011-2013)

£¥) IAEA | NUCLEUS

Welcome to the IMMONET SharePoint Site!

The dedicated (registered users only) Share Point Site IMMONET Is the Waste
Technology Section’s Predisposal Unit Site focused on nuclear waste processing
tachnologles, Immobilisation and storage or disposal ready forms. It consists of sub-
sites to promote share of work results and discussions among participants of
particular on-going Coordinated Research Profects. The IMMONET is also used as
share point by IAEA staff and external participants developing various technical
publications. In the nearest future this site will be used in development and
evaluation of e-learning material devoted to training of waste specialst in different
predisposal activities.

The site could be accessibk to any waste management professional wiing to cooperate with IAEA staf n dedicated activies. The access to the ste coukd

e obtained by frst regsterg to JAEA NUCLELS and then contacting Michael Ojovan (M.Ojovan@isea.org)for user regtrabon of IMMONET.
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Graphite from Decommissioning (GRA-PA),
IAEA HQ, Vienna, 5 — 8 May 2015
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On-going Support Activities

« Technical Meeting on International Project on Irradiated
Graphite Processing Approaches (GRAPA) (9-12.02.2016).

« Technical Meeting to Launch the International Predisposal
Network IMMONET (28.06-1.07.2016).

« Technical Meeting on the Processing & Storage of Activated
Material from Reactor Cores and Structures (29.11 2.12.2016).

On-going Projects
* CIDER - Constraints in the Implementation of Decommissioning and ER
project;

* DACCORD - Data Analysis and Collection for Costing of Research
Reactor Decommissioning project;

* DRIMA International Project on Decommissioning Risk Management
(DRiMa);

International Atomic Energy Agency




* Development of publications and technologies

* Support of field activities — conditioning and removal
of higher-activity sources and aggregations:

* currently underway in more than 20 countries (Europe,
Middle East, Africa, Central and South America),

°* In some cases Mobile Hot Cell is used.

International Atomic Energy Agency



Q"’ ' lal Projects & Working Groups

* Integrated Safety Case for Dual Purpose Casks for SNF;

° HIDRA Project: Human Intrusion in the context of Disposal of RW;

°* Follow up project on Demonstration of Safety of Geological Disposal
(GEOSAF);

°* Prisma: Follow up of Prism on demonstration of safety of near surface
disposal (SC and SA);

° International WG on Disposal of ILW;

° CRAFT Project : Demonstration of Safety for predisposal
management;

° MODARIA: Modelling and Data for Radiological Impact Assessment;

* RSLS: Regulatory supervision of Legacy Sites;

* CGULS: Coordination Group for Uranium Legacy Sites;

* R2D2: International Research Reactor Decommissioning Demonstration
Project.

International Atomic Energy Agency



ner Countries

° INIR (Integrated Nuclear Infrastructure Review)
Missions (Jordan, Nigeria + planned to Kenya,
Morocco, Bangladesh);

* WTS organized Workshop/Training Meeting on
Radioactive Waste dedicated for newcomers countries
In Vienna. Similar regional events were organized

through TC.

Joint ICTP/IAEA Workshop on
Radioactive waste management -
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nuclear power programme
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* Peer reviews for MSs (ARTEMIS); __ ARTEMIS

* Development of costing methods and financing schemes
for waste disposal,;

* |AEA, OECD-NEA and EC Joint Working Group on
Status and Trends in Radioactive Waste Management
and Spent Fuel Management;

* |AEA International conference on the safety of
radioactive waste management (November 2016, VIC).

Joint ICTP/IAEA Workshop on
Radioactive waste manageme

International Atomic Energy Agency solutions for countries
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