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WASTE MANAGEMENT STRATEGY OPTIONS

Local waste management
Collection
Segregation
Characterization
Storage for decay
Centralized waste management
Treatment
Conditioning
Storage of waste packages (interim and long term)
Disposal
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NEED FOR PROCESSING

Materials with characteristics that make
them unsuitable for authorized discharge,
authorized use or clearance from regulatory
control and for which no further use is
foreseen shall be processed as radioactive
waste. Processing of waste may yield waste
or material that is suitable for authorized
discharge, authorized use or clearance from
regulatory control.
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WASTE CHARACTERISTICS AND AMOUNTS

The amounts and characteristics of
radioactive waste have a major technical
influence on the selection of waste
management technologies

Failure to understand the characteristics of
the waste before selecting the technologies
will increase the risk of the process not
operating successfully
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REQUIREMENTS FOR SELECTION OF
PROCESSING TECHNOLOGIES

Scale of application

Maturity

Robustness

Flexibility

Anticipation of future needs
Complexity and maintainability
Product characteristics

Secondary waste generation

s Compatibility with existing processes
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SCALE OF APPLICATION

Some processes may be restricted to small
scale applications e.g. those which require
manual handling (e.g. preparation of spent
radioactive sources for disposal) or new
processes for which extrapolation to a large
scale application may need more
development and evaluation

Other processes are characteristically large
scale, such as supercompaction of solid
waste, evaporation of aqueous effluents, etc
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MATURITY

Is the process an applied technology or still at the
R&D stage?

Has it been demonstrated (with surrogates or real
waste)?

Has it been licensed or is it licensable?
Is the technology currently in use?

Are designs available and can suppliers be
identified?

What is the practical operating experience (cost,
throughput, reliability, compliance)?

Is there access to information regarding the current
uses of the technology to verify suppliers’

Were any problems experienced in use?
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ROBUSTNESS

Sensitivity of the technology to composition
and variation in nature of the input waste
(e.g. slurries, combustible and non-
combustible solids, aqueous waste
concentrates, ion exchangers)

Dependence of the process upon up-front
detailed characterization of input materials

Complexity of start-up, maintenance,
shutdown and decommissioning operations
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FLEXIBILITY

“Range of application” covers the number of
waste streams the technology can
accommodate

It represents the difference between a well
tuned technology that is very effective for
one waste stream and another that is
applicable for many waste types

PRODUCT CHARACTERISTICS

The product requirements will be influenced
by the disposal option, future conditioning
steps, storage time, transport regulations,
etc

A specific product definition is the WAC
which will be defined against a particular
disposal option, for example factors such as
package type, dimensions and performance
(drop tests, etc.) might be specified
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SECONDARY WASTE GENERATION

Processes and technologies should not be
considered in isolation

No applied technologies are without their
owhn requirements and few can be operated
without secondary waste generation

The upstream processes, the support
services and the secondary waste must all
be considered and provision made in
planning and selecting technologies either
providing additional equipment or utilizing
existing equipment
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ANTICIPATION OF FUTURE NEEDS

The future usage of equipment and facilities
will influence the selection of an appropriate
technology

The choice depends on if the technology is
driven by a short-term need or is part of a
long-term strategy related to the uses of
radionuclides or nuclear power

The use of temporary facilities versus
permanent ones should be considered
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COMPLEXITY

Complex technological processes are not
automatically better than simple ones.

The following should be considered:
few or no moving parts
commonly available reagents for use
stable process, easy to control
Simple operations
easily accessible components
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MAINTAINABILITY

Simplicity

Radiation resistance (hardening)
Corrosion resistance

Wear resistance

Contamination resistance
Ageing management
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COMPATIBILITY WITH OTHER PROCESSES

Processes and technologies should not be
considered in isolation

No applied technologies are without their
own requirements

Upstream and downstream processes
should be taken into account
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FUNCTIONAL REQUIREMENTS FOR A
CENTRALIZED STORAGE FACILITY

Provisions for:

Adequate environment by ventilation, control of
humidity, condensation and airborne salt, dust and
aerosol concentrations, to protect the waste and its
packaging from degradation

Adequate heat removal, if required
Surveillance and inspection of waste packages

Inspection of facility components important to
safety

Movement and handling of waste packages
Retrieval of individual waste packages
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FUNCTIONAL REQUIREMENTS FOR A
CENTRALIZED STORAGE FACILITY

Provisions for:
Identification of individual waste packages

Implementation of adequate operating and
accounting procedures

Maintenance of the facility

Prevention of damage to the facility and waste
packages resulting from facility operation

Additional storage capacity for secondary waste
from the facility operation, and for packages that
are damaged during storage

Decontamination of package handling and storage
areas and equipment after operational incidents
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TECHNICAL FACTORS FOR SITE
SELECTION

Geology

Hydrogeology

Seismicity

Climate

Availability of physical infrastructure

Proximity of natural resources (mineral,
drinking water, forests, etc.)

Proximity of raw materials (water, power,
personnel, etc.).
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Management of Radioactive Waste

Sources of Radioactive Waste Type

Operational (NFC, NPP,
Research, Institutional)

|

Historic Decommissioning

/Legacy

! |

Minimization of Generation

Classification Characterization 'reatment  Conditioning  storage

|

!:h_ _.e-} |AEA Geological Intermediate Depth  Near Surface VLLW Landfill

IAEA RELEVANT ACTIVITIES -
Policies and strategies

Guidance document on radioactive waste
management policies / strategies (ongoing)

Report on “Radioactive Waste Assessment
Methodology” (ongoing)

Report on “Economics of Radioactive Waste
Management” (ongoing)

“Review of the Factors Affecting the Selection
and Implementation of Waste Management
Technologies”, TECDOC-1096
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RWM Policies and Strategies Document

Highlights the main elements of national
policy and strategy for safe SNF and RW
management recognising that policies and
strategies vary considerably depending on,
among other things, the nature and scale of
the generation of radioactive material in a
country;
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RW Strategy Implementation Linkages

Understanding the Nature and
Scope of the Situation:

Assessing and Establishing the Current
Waste Inventory and Future Waste
Forecasts

Strategy Development,
Implementation and Updating
Technical Options Economic Considerations Long-term Planning
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Develop a waste management plan

Note: May include several alternative scenarios

Develop cost estimates for each scenario

Note: In planning phase, before scenarios are chosen, indicative cost
estimates can be used, based on benchmarking information

Select one or two scenarios for detailed costing/analysis

Note: For costing selected scenarios, detailed cost estimates are
recommended, utilizing a well developed &8 detailed work breakdown
structure

MDDetailed cost estimates for each process/life cycle cost estimates by waste
management stream, including fixed and variable costs; Labour & material
escalation rates; Discount rates to be used (can be prescribed by regulation);

O Current status of funding (if established)
Outputs:

D Present value or current value of liability; Annual funding requirement by waste

stream
[IFinancial guarantees needed

Perform risk assessment
Key inputs:
O Cost estimates uncertainty (i.e. ranges); Economic indices uncertainty (i.e.
ranges); Strategy uncertainty (e.g.
in-service dates of facilities)
Outpu
DConfidence in scenario(s) chosen as an input to decision making
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Enumerate assumptions and
bounds for assessment

Determine current inventories

Forecast future waste arisings

Determine appropriate waste
management options

Prepare forecast of resulting
future waste inventories

Prepare plan of future waste
management needs

define starting and end points of the assessment
- define constraints and limitations (e.g. waste
lassification, categories, etc)

establish existing waste inventory by source,
classification, category, type, location, etc.
level of detail needs to be sufficient for purpose

establish planning scenarics (e.g. lifetime of future
Gperations
- gather and collate raw data inputs from waste
generators
level of detail needs to be sufficient for purpose

- select reference options for treating and managing
the various waste streams (e.g. to determine volume
eduction factors, final waste forms, etc)

based on forecast of future arisings and
reference waste management options, calculate
expected future waste inventory

the future waste forecasts and the reference waste
‘management options provide a basis for determining
future waste management infrastructure needs (what
yceds to be built by when and perhaps where)
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Pre-Disposal RELEVANT ACTIVITIES

Current On-going new activities

* Reference Design for a * Reference design for a
Centralized Spent Sealed processing / conditioning /
Sources Facility, storage facility for RW from
TECDOC-806 nuclear applications

Reference Design for a Modular design of low level
Centralized Waste waste processing and
Processing and Storage storage facility

Facility, TECDOC-776-
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Pre-Disposal RELEVANT ACTIVITIES

On-going new activities
* Provide guidance on “ Technical Conditions for
Long-term Storage of Radioactive Waste ”

* Coordinated Research Project on “Performance
and Behaviour of Cementitious materials in long
term storage and disposal of radioactive waste”
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Pre-Disposal RELEVANT ACTIVITIES

Current and on-going

* Report on “Determination
and Use of Scaling Factors
in Waste Characterization”.

Strategy and Methodology
for Radioactive Waste
Characterization,
TECDOC-1537

Characterization of
Radioactive Waste Forms
ggg Packages, TRS No.

Categorizing Operational
Radioactive Wastes,
TECDOC-1538
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Pre-Disposal RELEVANT ACTIVITIES

Current On-going new activities

Considerations for Waste e TECDOC on “Organization and
Minimization at the Design Technical Options for Waste
Stage of Nuclear Facilities, TRS Minimization during Operation
No. 460 and Maintenance”

TECDOC on “Liquid and
Gaseous Effluents from Nuclear
Reactors”

PROJECT: International
benchmarking project on

“ Minimization of liquid and solid
RW generated at NPP sites
(WWER Reactors)”




Pre-Disposal RELEVANT ACTIVITIES

Current On- going

Development of « “Characterization

Specifications for and management
Radioactive Waste of “mixed” waste

Packages, TECDOC-
1515
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Pre-Disposal RELEVANT ACTIVITIES

On-going new activities

* “Processing of waste from innovative types of
reactors and fuel cycles”

* “Mobile Processing Technologies and Systems for
Radioactive Waste Management”

* Best practices for the processing and conditioning
of HLW, including SNF encapsulation
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 Maintain focus on
human resources
capability development

Sharing of practical
experience, and use of best
practices, will continue to be
developed and promoted
through regional training
courses and workshops

Regional TC Projects provide
the best mechanism for
uniformed, standardized training
for the waste operators.
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TC projects in IAEA Member States

The extent of the general
knowledge in a MS on
treatment and conditioning
of HLW to stable disposal
ready waste forms is very
limited

There are no recent IAEA
publications on treatment
and conditioning of HLW.
The last publication on the
subject matter is from
1992.
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@ Development of
WM strategy

B Establishing WM
infrastructure

O Improvement of
WM infrastructure

O Upgrading WM
technologies

B Establishing
CWPSF

O Upgrading
CWPSF

B Waste
characterization

O Management of
QaRg
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« Some other older
publications related to
the HLW management
especially for durability
of the waste packages
and institutional
framework should be
updated
systematically.

()
()IAEA

.

IAEA RW Pre-Disposal

Thank you for your attention!
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