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FOREWORID

The terms of reference specifying the functions of AERB include, amongst others:
development  of safety codes, guides and standirds for siting, design, construction,
eommissioning, operation and decommissioning of the different types of plants, kesping in
view intemational recommendations and local requirements, and develop safety policies in
both radiation and industrial safety areas, advise AEC/ DAE on technical matlers that may
gpecially be referred to the Board in connection with siting, design, construction,
commissioning, operation and decommissioning of the plants under DAE.

AERRB has published safety documents on siting, design, construction, commissioning and
operation of nuclear fuel cycle facilitiess and considered it necessary 1o cover
decommissioning aspects as well, in order to complete its assigned functions. This safety
Manual on Decommissioning of Nuclear Facilities is the first step in this direction.

AERB is of the =—ww that every orgemsation should focus attention on the
decommissioning of nuclear facilities after completion of their useful life. AERB is aware
that, intermationally there 18 a growing interest in plant life extension due to ecomomic
considerations. Regulatory bodies stipulate upgradation of safety features based on
international expenence and current safety standards. However, decommissioning
becomes a nocessily aft some time afler the extended life of the plant. Muclear industry has
demonstrated that, with modem technological developments, decommissioning of nuclear
facilities can be camied out without undue risk to the occupational workers, members of
the public and protection of the environment.

In view of limited expericnce in the field of decommissioning, this document is being
izsued as a Saflety Manual instead of 2 Safety Guide, This Manual elaborates the vanous
technical and safety consid=rations in the decommissioning of nuclear facilities including
ultimate disposal of radioactive materials/ wastes penerated during decommissioning.
Details that are required to be fumished to the regulatory body while applying for
authorisation for decommissioning and till its completion are enumerated. This manual s
issued to assist DAE units in formulating a decommissioning programme. Since the
subject of decommissioning of nuclear facilities is a continuously evolving process, AERB
is of the view, that provisions of this manual will apply for a period of five years from the
date of issue and will be subsequently revised, if necessary.

AERR places on record grateful thanks to all members and organisations who have
contributed 1o the preparation, review and amendments of this manual.

(P. Rama Rao)
Chairman, AERB



DEFINITIONS

Approval
A formal consent issued by the Regulatory Body to a proposal.

Atomic Energy Regulatory Board °

Mational authority designated by the Govemnment of India having the legal
suthority for issuing the regulatory consents for various activities related to a facility and
to perform safety and regulatory functions including enforcement for the protection of the
public and operating personnel against radiation and Factories Act for Department of
Atomic energy.

Clearance Level {CL)

A set of valucs established by the Regulalory Hudy and expressed in terms of
activity concentrations and/or total activity, at or below which sources of radiation may be
released from regulatory control.

Competent Authority
A national or state suthority designated or otherwise recognised as such for a
specific purpose. As per Atomic Energy Act, AERB is the designated body.

Conditioning of waste

Those piocesses that transform waste imto a form sml'.a.b]c for transport and'or
storage and’o. disposal. These may include converting the waste to another form,
enclosing the waste in containers and providing additional packaging.

Counfinement

Barrier which surrounds the main parts of a nuclear facility cammying radicactive
materials and designed to prevent or to mitigate uncontrolled relezse of radioactivaty 1o the
environment during commissioning, operational states, during design basis accidents or
decommissioning phase.

Contamination
The presence of radioactive subsiances in or on a material or in the human body or
other places in excess of quantities specified by the Competent Authority.

Containment
If the design of the confinement is to withstand internal pressure that can be
expected to result from design basis accidents, it is generally called containment.

Decommissioning

The process by which a facility is finally taken out of operation in a manner that
provides adequate protection to the health and safety of the workers, the public and the
environment.

Decontamination .
The removal or reduction of contamination by physical or chemical process.
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Pecontamination Factor
The ratio of initial level of contamination of radioactive material to residual level

achieved through a decontamination process.

Disposal
The emplacement of waste in a repository without the intention of rerieval, or the
approved dircot discharge of wastes into the environment, with subsequent dispersion,

Documentation
Recorded or pictorial information describing, defining, specifying, reporting or
certifying activities, requirements, procedures and resuits.

Long-lived wastes '
Long-lived waste is that waste containing radionuclides, which will not decay to
acceptable levels during the tenure of institutional controls.

Nuclear facility

A facility and its associated land, buildings and equipment in which radioactive
material is produced, processed, used, handled, stored or disposed of (for example
repositary) on such a scale that consideration of safety 15 required.

Operating ﬂrgaliisatinn
The organisation so designated by a responsible organisation and authorised by the
Regulatory Body tc operate the facility.

Prescribed limits
Limits established or accepted by the Regulatory Body for specific activities or
circumstances that must not be exceeded.

Quality Assurance
Planned and systematic actions necessary to provide adequate confidence that an

item or facility will perform satisfactorily in service as per design specifications.

HRegulatory Consent

It is a written permission issued by the Regulatory Body to perform the specified
aclivities related to the facility. The types of consent are ‘Licence’, 'Authorisation’,
"Registration’, and 'Approval’ and will apply depending upon the category of the facility,
the particular activity and radiation sources involved .

Responsible Organisation .
The organisation having overall responsibility for siting, design, construction,
commissioning, operation and decommissioning of a facility.

Safety
Protection of all persons from undue hazard.
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Short-lived wastes

Refers to radioactive wastes, which will decay to activity levels considered 1o be
scceplably low from radiological point of view within the time period during which
sdministrative controls are expected (o last,

Site
The area comtaining the facility defined by a boundary and under effective control

of facility management.

Specification
A written statement of requirements to be satisfied by a product, & service, g

material or process indicating the procedure by means of which it may be determined
whether speci fied requirements are satisfied.

Surveillance

All planned activities namely monitoring, verifying, checking including in-service
inspaction, functional testing, calibration and performance testing performed to ensure
compliance with soecifications established in a facility.

Technical specifications for operation

A document submitted on behalf of or by the responsible organisation covering
operational limits and conditions, surveillance and administrative control requirements for
operation of the facility and approved by the Regulatory Body.

Unrestricted release/use ;
Any release/use of materials, equipment, buildings or site without restriction

imposed by the Regulatory Body.
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1. INTRODUCTION

General

Industnal plants are taken out of service when they are no longer safe and
economical 1o continue their operations. The plant may be either taken apart or
adapted for other uses. In the case of nuclear facilities, the radiation-induced
damage to some of the key components adds a new dimension to the safe operation
of the facility. The presence of radioactivity in the system such as piping,
equipment and structures also pose additional challenges. In view of the radiation
environment, regulatory controls arc required to be extended to decommissioning
operations as well. This manual sets forth the requirements for decommissioning of
an operating nuclear facility at the end of its service life.. It provides information
on decommissioning, acceptance criteria and their bases, health and safery
considerations including waste management, documentation requirements and
quality assurance practices to be adopted. An outline of design provisions to
facilitate decommissioning and a discussion on organisational aspects are also
included.

Purpose of the manual

The purpose of this manual 1s (o provide the regulatory framework of safety within
which the decommissioning of nuclear facilities 15 to be carried out.

Scope of the manual

Only those aspects, which are directly related to radiological safety, are discussed.
The recommendations in this manual are the minimum requirements, which should
be met in order to achieve safes decommissioning of nuclear facilities. Aspects such
as industmal safety, chemical toxicity, etc., are not covered. For more information
on these lopics, reference may be made to AERB codes and guides or other
relevant documents [1, 2, 3, 4].



2.1

2.1.2
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2.1.4

2.1.5

Z. OBJECTIVES OF DECOMMISSIONING
The Main Safety Objectives of Decommissioning are:

Decontamination and disassembly of facility, to the extent necessary, the facility
and to clean up the site 1o levels acceptable for:

i) limited use by a responsible organisation in a planned manner and as
approved by AERB; or
it) unrestricted use by the public.

Protection of the workers, the public and the environment from the radiological
and non-radiclogical hazards resulting from decommissioning and

Compliance with the prescribed limits to ensure that all radiation exposures are
kept below the set limits and as low as reasonably achievable (ALARA)

Minimisation of the burden on future generations taking into account social and
economic factors in general.

Selection of the decontamination process such that the resulting radioactive waste
is safely and effectively managed.
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3. PROTECTION CRITERIA

Occupational Exposures

All occupational exposures arising out of decontamination, dismaniling and waste
collection, conditioning and disposal operations shall be governed by the dose
limits and provisions contained in the Manual of Radiation Protection for Nuclear
Facilitics as amended from time to time [5].

_Discharge of Radionuclides to the Environment

Consistent with the statement in Section 4.1, the new technical specifications for
the decommissioning phase shall contain, interalia, limits for discharge of
radionuclides to the environment.

Criteria for Long Term Waste Disposal

Not withstanding the provisions of Section 3.2 above, the following dose limits are
prescribed for the facilities mentioned here under:

The dose limit for members of the public due to & near surface di..spml.i' facility
shall not exceed 100 micro Sievert (uSv) in a year.

The dose lirait for members of the public from a deep geological repository shall
not exceed |00 microSievert in a year. '

Clearance Level (C1.)

Duning decommissioning, appreciable quantitics of valuable metals and equipment
may become available for recycling or reuse. Useful matenials ansing out of
decornmissioning can be released for unrestricted use by members of the public
provided the resultant individual dose to members of the public shall not exceed
the limits specified by the Competent Authority for that purpose. A number of
studies have been underiaken by LAEA and other agencies, from time to time,
proposmg levels of radionuclides mn solid matenials below which there need to be
no regulatory controls or withdrawal of regulatory control on the premise that the
asgociated radiation hazards are tnvial. A set of these clearance levels and the
basis of establishing these are given in Annexure-1 and reference [6].

Note: Annexure-1 gives the denvation of the cntena mentioned in section 4.3
and 4.4.

' Wear surfuce disposal refers to the emplacement of mdicactive solid, solidified waste with or

withow! enginesred barrier at oear surfsce below or above ground level.
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4.2
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4. STRATEGY |7
Geeneral Considerations

The process of decommissioning begins after the final shutdown® of the fecility and
enils with the release of the site for use by a responsible organisation as authonsed
by AERB or for unrestricted use by the public. Prior to decommissioning, &
decommissioning plan would have been prepared by the operating organiration
(See Section 6.4 and Annexure-2). The plan needs approval by AERB before the
glart of decommissioning,

As 8 result of abnormal events, the facility may have to be prematurely retired
before the end of its expected operating life. In such a case. prior to taking up the
decommissioning, the facility shall be first rendered to & state that it no longer
causes release of radioactive material to the environment. The decommissioning
plan shall be further established or modified taking into account the abnormal
event.

The Technical Specifications for operating facilities will cease to be valid after the
final shutdown of the facility. A new set of technical specifications will have been
prepared by operating organisation and approved by AERB based on the evaluation
made on the decommissioning plan. (Sec 3.2 and 11.2)

In facilities tnat had handled fissile materials, the possibility that some residual
fissile material may remain in the sysiem shall be given consideration dunng
decommissioning and suitable precautions shall be taken, [B]

Facilities for which confinement of radicactivity cannol be assured after final
shutdown, due to structurs] degradation, should either be taken up for immediate
decommissioning or put under a new confinement.

Major decommissioning activities as applicable to various nuclear fuel cycle
facilities are indicated in Annexure-3A, 3B and 3C.

Decommissioning may be carried out in one continuous operation following final
shut down (prompt decommissioning) or in a series of discrete operations over an
extended time period (delayed decommissioming).

Preparatory Steps

Major activities during this phase include the following:

i) Transfer of fuel from the plant boundary as practicable;

b) Removal of process radioactive materials and casily removable systems,
equipment and components; and

! The chutting down of a facility ai the cod of normal operating phase.
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4.2.6
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4.3.1

c) Qishilisation and sealing of systems containing radioactive material.-
Suabilisation in a nuclear facility means putting the facility in a stable
condition by ensuring sub-criticality of the fissile materials present,
sdequate cooling of radioactive materials, and adequate control on spread
of contamination.

Plant components, systems and structures, which are highly radioactive and not
easily accessible, are lefl intact. The plant should remain under surveillance of
trained operation and maintenance staff till further decommissioning is taken up.

The contamination harrier’ shall be kept as it was during operation.  All openings
of the process systems shall be permanently hlocked and scaled with valves, plugs,
blanks etc. If necessary, checks should be carried out to ensure that there are no
visible leaks inside the contamination barrier.

Containment building should be kept in a state appropriate to the potential hazard
and the ammosphere inside the building should be under control.

Access control should be enforced. Access into the facility should be subject 1o
monitoring and surveillance procedures.

All utilities such as ventilation system, electric power supply, compressed air
system, waste handling and treatment syslems, fire fighting sysiems, service water
system, mechanical handling equipment including monitoring systems for radiation
and fire hazards should be nperable’ for further safe decommissioning.

All relevant as-buil! construction drawings including alterations should be
available for consultation at this stage. (See section 11.1)

Decommissioning Phase for Restricted Site Release
Major activities during this phase are:
Transfer of fuel from the plant boundary, if it had not been done earlier.

Extensive decontamination and/or dismantling of radicactive pans of the planis
may be carried out. The parts so treated may be gtored for further radiological
decay or disposed off as radioaclive waste. Paris whose radioactivity level
conforms 1o the Clearance Level (CL) may be released as Rppropriate.
Decontaminated areas themselves may be considered for restricted or unrestmcted
uge as authorised by AERB.

Sealing of remaining radioactive parts of the plant by physical means for further
reduction in radiation dose rates due to radiological decay under surveillance,

¥ A syucturelsystem that delays or prevents radsonuclide migration from source matenal.
* Poiged o function in the manner &s envisaged 1o the desiga.



4.3.4

Reduction of the contamination barrier to the required size after decontaminating
and/or dismantling parts of the plant.

Modifications to containment building as also the nuclear ventilation system as per
the radiological safety requirements.

Continuances of surveillance as appropriate for radiological safety, structural
integrity and operability of remaining utilities.

Decommissioning Phase for Unrestricted Site Use
This phase involves:

Removal of all radioactive parts of the plant

a) gither for release to the public after achieving required decontamination to
Clearance Level (CL) or

b) to solid waste management facility. (See section 4.5 below)

The final radiation survey shall be carried out to ensure that residual radioactivity
level on the site conforms to Clearance Level (CL). Following the survey, the site
is released for unrestricted use and no further surveillance, inspection or tests are
required.

Wastes from Decommissioning

During all the phases mentioned in Sections 4.2, 4.3 and 4.4 above especially 4.3
and 4.4 there may accumuiate large quantities of equipment and materials, some of
which may be of economic value. If these articles contam radioactivity at
concentrations below the Clearance Levels given in Annexure-1, then they may be
released to the public either for unrestricted use or for restricted use with or
without clearance, as the case may be, by the Competent Authority.

The remaiming material and equipment (refer section 7.3) shall be deemed as
radioactive waste and treated and disposed off in & manner outlined in Section 7.6.



5. DESIGN PROVISION/CONSIDERATIONS FACILITATING

3.1

5.2
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3.4

5.5

5.6.1
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DECOMMISSIONING (7, 8,9, 10]

Provisions incorporated at the site selection, design, construction commissioning
and operation phascs of the facility with due consideration for decommissioning
would facilitate in reducing occupational exposure. Some of these provisions could
also henelit facility operation and maintenance, reduction in wastes generated and
make decommissioning easier. (Scctions 7.4, 8.5 and 8.6)

In most of the facilities, larpe size equipment are installed at the time of
construction/erection when they are not radioactive and other surrounding
structures are built subsequently. This results in major handling and radiation
exposure problems while planning for replacement for life extension or
decommissioning. Therefore, design should take care of provisions for easy
dismantling of highly active equipment and their disposal dunng
decommissioning.

While compest plant layout for locating various systems, cquipment and
components is beneficial from cost considerations, personnel access and equipment
movements during decommissioning, especially for those, which are highly
radicactive, deserve equal attention. These aspects should be given due
consideration while designing the facility and its plant layout.

Any desig feature introduced to make decommissioning easier shall not conflict
with the basic safety requirement .

Chaice of locations and layout of the nuclear facility such as above or below the
grade should be carefully considered keeping in view that the facility may be
required to be kept under safe surveillance during extended periods of
decommissioning. This is specifically applicable to plants located near sea shore,
in seismie zones or in flood prone areas.

Provisions to Facilitate Decommissioning

Material selection to minimise induced radicactivity and activation of corrosion
products.

Use of Co-free-Ni, avoiding use of Stellite (e,g. use of Colmonoy) to obtain
hardened surface particularly for valve seats, replecement of Monel tubes for steam
generators with Incoloy-800 etc.

Material selection for core components such as reactor vessel, calendria tubes,
thermal shielde and concrete biological shield to prevent/minimise build-up of
long-lived induced radicactivity.

Detziled analysis of as-built stuctural materials for predicting the activation
products for characterisation of the radioactive nuclides, estimation of radicactivily
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3.6.4

5.6.5

5.6.6

3.6.7

5.68
569

build-up, decay pattemn of activated products and dose raie al later stage.
Preservation of samples of oniginal construction materials and installation of in-
core coupcns for further analysisistudies to be carried out later. Sufficient

ision for remote monitoring of radiation fields in inaccessible areas for
radiological assessment.

Protection and treatment of the inner surfaces of the equipment/pipe to minimise
deposition of activated corrosion products {viz. electro-polishing, hot-conditioning
etc.)

Protection of concrete surfaces with suitable covering to aveid contaminant
penetration (such as peelable paints or stainless stecl cladding etc.) as appropriate
depending on the contaminant potential e

Provision of easily removable non-absorbing thermal insulating medium (such as
mirror insulation or insulating medium enclosed in metallic jackets)

Proper layout and location of the equipment and components which are likely to
get activated during operation, for essier access and removal

Provision of lifting features on the components/equipment, wherever possible, to
aid remote removal of the radioactive components/equipment.

Material handling facilities of appropriale capacity

Segregation of flooring in the form of removable concrete slabs/blocks within the
reach of the plant materia! handling equipmert.

5.6.10 Proper sloping of floor to metal lined sumps to facilitate collection of leaking fluwd

and floor washings

5.6.11 Access and hatch requirements to remove the largest size equipment either intact or

with minimal cutting

5.6.12 Provision of removable concrete shielding wall (with prefab concrete blocks).

5.6.13 Chemistry control messures to minimise corrosion and thus minimisation of

activated corrosion products in piping/equipment.

5.6.14 Means for evaluating the structural integrity during the design life and beyond the

design life during decommissioning phase.

5,6.15 Laying underground pipe lines in waterproof concrete trenches with suitable

inspection/surveillance facility to avoid sub-g0il contamination in the eveni of
leakage.



5.6.16 Piping layout for active process fluids should eliminate dead zonmes and low
velocity areas to prevent deposition of crud.

5.6.17 Selection of appropriate design and specification for fuel elements and operating
conditions to minimise fuel clad failure thus obviating activity accumulation
during operation phase.

5.6.18 Provision of on-line decontamination facility including periodic full system
decontamination facility for the plant towards periodic clean up during operational
phase to prevent accumulation of radicactivity,

5.6.19 Design features incorporated and quality of constructions should be such that
failures in wasie handling ' system during operation phase would not lead to
difficulty during decommissioning.

5.6.20 Requirement of temporary local ventilation compatible with the main ventilation
sysiem should be assessed and incorporated.

5.6.21 Provision of Sorcholes at the site of nuclear facility towa ds detection of any sub-
soil contamination and its migration.

5.7  Waste Reduction Technlques

5.7.1 Activated or contaminated concrele forms a major source of waste during
decommissioning. To minimise this waste, the entire binlogical shield can be
fabricated from precast stesl-reinforced interlocking blocks held together by steel
bands and bolis or the inner region of the shield can be fabricated from a plaster-
like material spplicd in layers. In the former case, only the activated blacks need
to be removed for conirolled disposal. In the latier case, the radicactive portions of
the shiclding can be demaolished easily and removed.

5.7.2 Steel plates or gratings in place of conerete slabs have the merit of reducing surface
contamination. Waste volumes generaled would be considerably less since steel is
more easily decontaminatable than conerete,

3.7.3 Drip trays and floor curbs suitably sized and placed to contain the spills,
decontamination of selected materials and components 10 low  levels,
contamination control measures such as tents and hoods, administrative contols
and use of trained personnel are additional factors that help in reduction of wasts

generation.



6.1

6.1.1

6.1.2

6.1.4

6.2

6.2.1

6. DECOMMISSIONING-INFLUENCING FACTORS |7]
Major Factors Influencing Decommissioning Decislon

Safety considerations: Closure of a facility due to safety reasons could arise, if, for
example, rcliability of the safety system is impaired due to ageing and suitable
refurbishing for lifc-extension is not technically or economically feasible. There
may &lso be 2 need to adopt backfitting as appropriate to meet applicable safety
standards. If it 1= found that such backfitting is uneconomical or technically nol
possible, the facility may have 1o be decommissioned

Technical aspects: Closure on obsolescence grounds might arise when an
aliermative facility is available which offers better technology or has wider
applications. In many cases, such as a research reactor or a pilot plant, the facility
ie commissioned for a specific programme at the end of which closure may be
MeCessary

Major damage to the facility: In certzin cases, due to 8 major accident, a nuclear
facility may not be in a position to be rehabilitated for further safe operation and
may need decommissioning.

Economical aspects: There may be instances where even afler all practicable cost
saving opera‘ions related to facility have been achieved, the operating cosls are still
significantly higher than the benefits accrued from the facility. As a result, a
decision to close the facility on economic grounds may have to be taken.

Major Factors Influencing Selection of Decommissioning Time Periods [8][11]

Location and status of the facility.

6.2.1.1 Location, size and type of the nuclear facility, including an estimation of the

amount of radicactivity and its type.

6.2.1.2 Multi-unit or single unit at the location.:

6.2.1.2 Single-unit locations require dedicated personnel for monitoring and surveillance

in case of de-m.lrmrissinrdng with exfended penods, In case of multi-unit locations,
required technical support can be provided by other operating unit(s) at the
location.

6.2.1.3 Mechanical instability of vanous structures dunng decommissioning taking into

account the following factors:

a) Ageing (cracking & creep) es a result of neutron bombardment and ganima
uradiation and the time-dependent degradation of matenial;

10



6.2.2

6.2.3

6.2.4

b) Change in external forces due to floods, high winds, rainfall and other
natural events of larger magnitude than assumed in design occurring during
extended “cooling™ and/or decommissioning phases;

el Change in loads arising out of the decommissioning operations (e.p.
cutting, blasting etc.) and their sequence;

d) Residual resistance to seismic activity or any other external events such as
severe gales and (loods ete: and

e) Condition of ventilation system and integrity of confinement,

Site characteristics detailed below are updated upio the time of decommissioning:

a) Local topography for continued availability of access to heavy
iransportation means.

b) Geological conditions of site such as seismic wave propagation, soil
characteristics, water table and its seasonal fluctuations ete.

e} Local demography and ecology projected population distribution, land use,
infrastrucrure available in the area, food habits ete.

Future Lltilizsi on of Site

In view of the considerable time, technical efforts and resources spent on selecting
nuclear sites, they represanl 8 valuable resource in terms of low seismic activity,
avatlable cooling water, access to major transportation routes, desirable
demographic patterns and above all public scceptance through environmental
tmpact analysis. As a resuli, an operaling organisation may usually consider the
menis of replacement facilities in the same site. It may even be economically
viable to dismantle the facility completely including inactive components to make
moom for a replacement facility.

Ini mult-facility sifes, personnel st the operating facilities may be available for
continuing maintenance, surveillance and security for the initial decay, dismantling
and for decontamination siages at reladvely low incremental costs. Items such as
turbineg, water treatment and circulating systems, warehouses, buildings and other
sbruchures may be found useful for non-nuclear uses,

Availability of Locations for Disposal of the Radioactive Materials
Avadlability of off-site locstions for final disposal of radicactive wastes from

decommissioning of the facility, in the cvent of inadequacy of the exisling waste
disposal facility on-site,

11



6.2.5 Safety Considerations

6.2.5.1 Considerations of safety include the following:

)

b)
c)

d)

radiclogical safety taking into account that the original contamment barmers
are breached;

industrial safety during dismaniling operations;

doses to workers and members of the public due to routine or accidental
releases of radioactivity; and

hazards to workers and the public during shipment of radioactive material
to disposal site.

§.2.5.2 While encuring that the chosen techniques of dismantling and decontamination do
not significantly reduce the industrial, nuclear or radiological safety of workens, the
following factors should be noted:

1)
b)
c)

d)

Blockage of emergency escape roules;

Increased fire hazards or exposure (o hazardous or toxic substances;
Increas-d hazards due to new electrical installations, inadequate lighting,
increased noise levels or inadequate heating, ventilation and air
conditiocmng; and

Impediments to store, or handle materisls, to work or to walk in areas
because of new equipment or operations.

6246 Technical Considerations

6.2.6.1 Mechanical handling equipment and service systems should be available
continually during different stages of decommissioning, including the means of
monitoring and surveillance of the physical and radiological conditions of the

plant.

6.2.6.2 Considerations should be giver to the availability of newer equipment, techniques
and/or facilitics resulting in faster and/or better means of dismaniling or intact
removal of major contaminated equipment thereby saving cost and/or manrem.
Improvement in remotisation of such equipment and techniques should also be
considered.

6.2.6.3 All systems, technigues and methods should have preferably the following criterin:

g)
b)
c)
d)
e)
f)

B

Fail-safe design;

Reliability, durability;

Easy maintainability, repair and dismantiing;

Ease of decontamination,

Radiation tolerant components;

Compatibility ~with  environmentsl  conditions  obtainsble  during
Simplicity in design.

12



6.3

6.4

6.4.1

642

6.4.3

Training of Workers

For a successful decommissioning programme, trained manpower 15 an essential
prerequisite. Training of workers in decontamination and dismantling should be
done wel! before the decommissioning starts. Disassembly of equipment and
structures should be done under supervision of professional dismantlers.
Supervizory personnel should also be given training in radiation protection.
Lessons leamed out of experience in decommissioning should be shared by other
workers. These factors have the merits of optimal use of equipment and facilities,
reduction in doses and in waste volumes and quantities.

Planning for Decommissioning [7,11]

The responsible/operating organisation shall prepare a decommissioning plan
{Annexure-2) detailing out all steps/activities towerds ultimate release of site for
unresiricled/restricied use and submit the same to AERB for approval before the
start of decommissioning.

The facility would be permitted for decommissioning only afler the detailed
decommissioning plan, as given in the Annexure-2, is submitted to and approved
by AERB.

The approved decommissioning plan, if required, should be updated on the basis of
periodic monitoring by AERB.

For facilitics, which are already in operation, a preliminary decommissioning plan
shall be prepared and submitted to AERB within five years of publication of this
manual. This plan shall be reviewed penodically and updated taking into account
any significant event during the operational phase of the facility as required by
AERB. This review also shall take into account technological progress, changes to
the facility and current regulations.

For a new facility, before the construction license or operation license is issued, a
preliminary decommissioning plan shall be submiited to AERB to show that
decommissioning of the facility can be carried out safely at a future date.

Features which would facilitate easy decommissioning at a future date, should be
assegsed and incorporated during design and construction stages and such features
shall not conflict with basic safety requirements (Section 5).

The preliminary plan subtnitted before the constraction shall be updated during the

operation phase and the final plan shall be prepared as in section 6.4.1, before
decommissioning the facility.

13



6.5

6.35.1

Funding and Costing

Pnor to start of decommissioning, the operating/responsible organisation shall
have established a corpus fund or similar mangements o provide adequate finance
fo cover the cost of decommissioning. The money may be mised through a small
addition to the unit power cost or other means of funding. An estimate of the cost
of decommissioning and details of the availebility of funds should be furnished to
AERRB along with the decommissioning plan.

Cost of decommissioning should include planning and engineering during post-
operation phase, decontamination and dismantling and transportation and disposal
of radioactive wastes from decommissioning. It should also include cost of
maintenance, surveillance and security of the facility particularly if
decommissioning or part of it is deferred for a prolonged period so as not to
impose undue financial burden on fiture generations.

Source of the fund should also be indicated if the facility were to suffer premature
shutdown.

Costing methods for decommissioning should include costs of the particular option
(c.g. immediate or delayed decommissioning) taking into account changes in the
costs overtime due to changes in regulatory requirements, escalation of cost, and
modernization ir technigues.

14



7. DECOMMISSIONING PROCESS AND WASTE MANAGEMENT

Decommissioning of & nuclear facility involves decontamination, dismantling, cutting,
packaging & transportation, of plant equipment/materials; handling, treatment,
conditioning, storage/disposal of radioactive/inactive wastes generated,

Methods followed for decontamination & disassembly, sources of wastes and techniques
adopted for reduction/conditioning that are appropriate for liquid and solid radioactive
wastes resulting from decommissioning are discussed in succeeding subscctions. The
factors involved in selection of proper disposal facilities for various types of wasie are aiso
discussed.

7.1 Decontamination:
7.1.1 General Considerations

7.1.1.1 Decontamination during decommissioning is intended to reduce the radioactivity
contained in deposits, oxide films and dust in the facility for the following reasons:

g} To minimise the radiztion éxposure to decommissioning stafl and public;

b) To reduce radionuclide concentrations in wastes for optimal use of the
waste repository; and

c) To recover or reuse the materials.

7.1.1.2 The processss usually followed include chemical decontamination, mechanical
decontamination using vacuum cleaning, washing or scrubbing with or without
solvents, water/steam jetiing, abrasive jetting, spalling and other processes like
ultrasonic cleaning, melting ete. The current technological development should
also be considered 2nd iaken into account.

7.1.1.3 Factors for selecting the decontamination process should he considered.

7.1.1.4 Analysis thould be camed out by extensive experimental work on samples sclected
from system/facility before finsl choice of the process is made, An analysis may
be made to examine the worth of decontaminating the facility to decide if a soft
decontamination® at a low cost is more advantageous than a hard decontamination®
at a higher cost with the attendant problems in treating the resulting waste.

7.1.1.5 A decontamination process for a site specific application should be selected taking
inio account factors such as type of plant and its operating history, type of surface-
external or intemal, type and composition of contaminant, decontaminartion factor
(D.F.) required ete, Other factors nesding consideration are quantity, treatment and
conditioning of secondary waste gencrated, availability of trained stafl, extent 1o

* The decontamination process in which neither the material nor its specification is affected.
% The decontamination process which nffects the material on which the contamninant was deposited
andlfor i specification.
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which the plant needs to be decontaminated, occupational & public doses, and the
need 1o keep the doses ALARA,

Disassembly

The dismantling of nuclear reactors and other facilities contaminated with
radioactivity generally involves the segmentation of metal items such as reacior
vessels, tanks, piping and other components. In addition, in most facilities to be
decommissioned, scarification of the concrete surface to remove activated/
contaminated layers and‘or demolition of concrete components are required.

The cutting teols/processes applicable to metal components include: arc saw, spark
erosion, plasma arc cutting, oxygen buming, thermite reaction lance, explosive
cutting, hacksaws, guillobine saws, band saws, abrasive cufters, circular cutters, and
pipe crimpers.

Concrete removal processes include: controlled blasting, wrecking ball, rams,
flame cutters, rock spliter, sawing, drilling, explosive cutting, drilling and
spalling, scarification and sand‘water/shot blasting.

In case the components to be cut or scanfied are highly radioactive, the equipment
used in the above techniques may be required to be operated remotely.  As such, a
wide range of techniques and specialised equipment may have to be developed
well in advance in connection with the dismantling task in the decommissioning of
nuclear facilities to prove their workahility.

Many disassembly opcrations may have to be carried out in the presence of &
radiation field, thus necessitating use of devices that can position and operale
disassembly tools withoul exposing operating personnel to radiation exposure.
Remote controlled devices like tele-operators and robotics are often required to be
developed for the task of disassembly, handling of radicactive matenals,
decontamination of contaminated areas elc. Proper precautions should be taken to
establish the capability of such 2 device to handle disassembly tools, matenals,
segments etc. Efforts should be made 10 make use of current developments in the
techniques used and newer techniques, if any.

Waste Generation

General

Waste generated in the decommissioning of a nuclear facility will vary widely
depending upon the nature of the facility viz.. nuclear reaclor, spent fuel
reprocessing  plant, redioisotope production facility etc. and the exient of
decontamination and processes employed.

The waste will consist of radioactive as well as inactive waste, the latter forming a
large bulk. Although the nuclear fuel and the process materials would have been

16
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removed from the facility before the decommissioning process begins, residual
radicactivity will remain in the systems in almost all cases and this will have 1o be
accounted for. Generally, the radionuclides present in nuclear facilities being
decommissioned can be classified into the following:

a) naturally oceurring radionuclides of the wranium and thorium series in fuel
processing plants;
b) radinactive products induced by:

the fission process (fission products); and
pneutron activation of cerain elements in the reacior core or reactor
components and nearby structures or in the coolant.

In addition, there may be daughter radionuclides, which may sccumulate 1o
significant amounts afler periods of decay.

The residual radioactivity thal remains in the systems afler the fuel and process
materials are removed may be entrained in the materials or have deposited on the
surface of the facilitics in the sysiem. In case of nuclear reactors, the induced
radioactivity of the reactor siructures presents an additional source.

Nuclear Power Planis

Typically, in a nuclear power plant, the wastes generated during decommissioning
will contain steel, stainless steel, wpecial alloys mcluding zirconium alloys.
aluminium, reinforced concrete etc.  The radionuclides of concern may be “Co.
“Cl'. “Ni.. “MT. "‘""hg.“‘Ni and "C.

In pressurised heavy water reactors, ‘1 will be of additional concern, *Zn may
also pose problems in the initial stages or if prompt decommuissioning i1s the option.
There may also be contamination by fission products and traces of transuranics if
the reactor had operated with defective fuel.

In the decommissioning of a nuclear power plant, active components from reaclor
system, radicactive (rad) wastc system, turbines and other auxiliary systems
consisting mainiy of metallic components and contaminated concrete structures
(biological shield) ete., will constitute the pimary decommissioning waste.

After the final shutdown some of the systems such as fuel storage pool, rad waste
systems, reactor building, ventilation system etc. will remain operational for quile
some lime. Wastes from these and from decontaminuation operations as well as
secondary wastes from dismantling activities will constite operstional
decommissioning waste and may be in the form of liquids, shuries spent resins,
contaminated protective wear, filler cartridges, filters from ventilation system,
floor chippings etc.



7.3.3 Fuel Processing/ Reprocessing Facility
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In a fuel processing facility, the radioactive components may consist of reaction
vessels, filters, centrifuges, sintering fummaces, reducing fumaces ete. The main
contaminants are uranium and thorium compounds and their daughier produects,

In a reprocessing facility, the radionuclides of concermn are the uranium and
transuranic isotopes such as ™U, ™U, ™U, *'Np, ™Pu, ™Pu, **Pu, *'Pu, Py,
MAm, "Am, etc. In addition, fission products such as *Sr, Cs, "Cs, "Ce et
may be present. The wastes may consist of dissolvers, choppers, condensers of
various types, filters, conditioning tanks, feed tanks, solvent extraction columns,
intercycle storage vessels, evaporators, jon-exchange columns, product storage
tanks and waste storage tanks etc.. Experience has indicated that these solid wastes
could be in the range of 0.5 to 1 te of steel per ton of uranium fuel processed. One
of the waste products of concern in reprocessing facilities is the organic waste
containing TBP, traces of fission products, plutonium end uranium isolopes,

Radiochemical and Radio-metallurgical Faeilities

Radiochemical and radio-metallurgical facilities in contrast offer a problem of
lesser magnitude in severity. The majority of equipment in these facilities
including isotope production facilities can be easily dismantled, decontaminated
and/or disposed off as waste, From considerations of cost, enlombment of the hot
cells appears to be the only viable solution. Plutonium bearing wastes shall be
collected in stundardised containers which shall be recvcled if the wastes contain
maore than 2 stipulated quantity, Therefore, very little plutonium will appear in the
final wastes released for disposal. Experience indicates that each cu.meter of
glove-hox/fume-hood space generates roughly an equal volume of solid wastes of
different kinds. After entombment of the hot cells, the rest of the lahoralory area is
reusable,

In facilities, which handle ™1, actinides and *™T1 are of major concemn.

Annexure-4 degeribes different types of radioactive solid and liquid wastes
generated during decommissioning of nuclear facilities.

Waste Reduction and Treatment

Waste Reduction Techniques (Sce Section 5.7)

Waste reduction techniques are important in view of significant amount of waste
generation and also to optimise use of disposal facility. This should be achieved

by decontamination, decay etc., and also by volume reduction techniques fisi liquid
and solid wasics,



742 Treatment Methodologies
Liguid Waste:

7.4.2.] Techniques such as filtration, chemical reatment, ion exchange and evaporation
may be used for decontamnination of liquid wastes, singly or in combination,
depending uwpon the characteristics of the waste being treated. While choosing the
method of decontaminetion of various articles, it is important to ensure that the
resulting liquid wastes are amenable for treatment. The choice of the treatment
process is based on the Decontamination Factor (DF) and the Concentration Factor
(CF) which is the ratio of initial volume to final volume of the liquid containing the
radicactive lons.

7.4.2.2 The treated liquid effluent may be discharged with or without dilution to the
environment after monitoring if the sctivities are below prescribed limits.

7.4.2.3 In Pressurised Heavy Water Reactor (PIIWR) systems, large yuantities of tritiated
liquid waste are expected to be gencrated during venous decommissioning
processes. Adequale storage cepacity should be provided before their discharge
with or without dilution fo meet the regulatory requirements.

1.4.2.4 The concenfrates resulting from these processes may be immobilised in cement,
bitumen, polymer or glass mawix before storage/disposal in engineered near
surface disposal facility within the exclusion zone of the nuclear facility,

Solid Waspe:

7.4.2.5 Volume reduction techniques for solid wasies such as incinerition and compaction
may be used.

1.4.2.6 Ashes resulting from incineration may be immobilised in cement matrix before
disposal.

1.4.2.7 Sohd wastes, which are neither combustible nor compactable, may be segmented
50 that standard type of disposable containers can be nsed.

7.4.2.8 Alpha bearing westes may need to be segregated during processing and packaging
since they require special techniques.

7.8  Waste Packaging and Transporiation:

7.5.1 Waste packages and containers for transportation shall be suitably designed to take
care of special requirement for decommissioning waste with respect 1o weight,
volume, shape, radiation ficld and type of contamination. The design shall, in
addifion to normal considerations, include integrity of container compatible with
envimnmental conditions for interim stovage at the disposal site. Interim storage
conditions shall indicate quantities of waste o be stored, type of packaging.
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estimated period of storage, radiation level, type and frequency of monitonng and
personnel access requirements. Possible degradation aspects of the container along
with its contents shall also be considered.

Standard transport containers shall meet the shiclding requirements. For
transportation of higher level wastes, temporary shielding can be incorporated to
meet prescribed radiation dose rates. In addition to the container, the temporary
shiclding shall also be properly secured during transportation. The size and shape
of various components may need containers of special design. Safety analysis
study shall be done to demonstrate the integrity of transport containers. The
operaling organisation shall ensure that the design of the package, performance
standard, procedure for forwarding; transportation eic. conform to requirements
stipulated by the Competent Authonity. [12]

In case of accidents during transportation outside the facility, i.e. in public domain,
AERB Code on Emecrgency Response Planning and Preparedness for Transport
Accidents involving Radioactive Materials [13] shall be strictly followed.

Waste Disposal
Objectives:

The following objectives shall be the guwiding factors in any wasle disposal
praclice:

a) Future generations shall not be subjected to a risk higher than what s
accepled by the present socicly,

b} There shall be no threat to the continued survival of other specics; and

c) The predicted impacts of radicactive waste disposal practices on the
environment shall be such that their interference on the future use of natural
resources is as little as practicable.

Practices

In order to meet the objectives given above, the following practices shell be
adopted [14];

a) Any discharge of radioactive liquid or gaseous wastes [0 the emvironment
shall be such that resultant collective dose shall be as low as reasonably
achievable (ALARA), economic and social factors being taken inlo
account;

b) Solid wastes and solidified wastes resulting from the operation of reactors
and research laboratories arc to be emplaced in near surface disposal
facilities specifically constructed for the purpose.
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Low and intermediate-level wastes containing trace quantitics of alpha
contamination from operation of fuel reprocessing units are also permitted
in near surface disposal facility (Refer Annexure-5); and

c) High-level and alpha contaminated liquid wastes from fuel reprocessing
facilities, which are initially stored in tanks, shall be vitrified and the
solidified products shall be stored in near surface engincered slorage
facilities, with appropriate cooling and surveillance provisions for a
minianum period of twenty years at the end of which the wastes shall be
iransferred to deep geological repositories, Disposal of high-level vitrified
and cocled waste products and alpha wastes shall be in deep geological
formations specifically chosen for the purpose.

Keeping in mind the above, the operating organisation should select an appropriate
method of disposal of solid waste afler considering the factors listed in 7.6.4.

7.6.3 Waste Categorisation and Mode of Disposal

Wastes genersted in the decomunissioning process should be segregated and
categorised in the following five types according to final method of disposal or
ousc.

a) High level waste (HLWY): High-Level waste containing radioactivity
having thermal power output zbove 2 kW/m' and or long lived
radionuclides at concentrations exceeding the limiting concentrations for
short-lived waste as given in ).

- Disposal in deep geological repository.

b) Low and intermediate level waste - Long Lived (LILW-LL); Low and
intermediate level wastes having thermal power output about 2 kWim'
containing long-lived a-emitting radionuclides at concentrations exceeding
the limits for short-lived wastes as given inc).

. Dhsposal in deep geological repository.

c}) Low and intermediate level waste- Short Lived (LILW- SL): Low and
intermediate level waste having thermal power output below 2 kW/m’ and
long-lived a-emitting radionuelides a1 concentration below 1500 By/g per
individual package or 150 By/g average per consignment with or without
short-hived activity.

- Disposzl in near surface disposal facility

* Madified from ihe relationship 3700 Boig of slpha emitting radionuclides of half life > § yr=18
msvy o an [ndividual. (see soncxure-3)

d) Low-level waste (LLW): Low level wastes with thermal power output
below 2ZkW/m' and

(1) aclivity levels exceeding 10 CL

21



disposal in NSD facility
(i)  activity above CL but not exceeding 10 CL

recycle or re-melt refers to modifying factor in Table A 4.1 of
Annexure-1.

Exempt Waste (EW): Exempt waste containing activity levels at or
below clearance levels which are based on an annual dose to
members of the public of less than 001 mSv require neither
radiological restrictions nor restrictions on equipment reuse.

Annexure-5 presents quantities of radionuclides that could be disposed off in near
surface disposal facilities or decp geological repositories.  Long-lived
radionuclides and specific short-lived radionuclides posing radiation dose problems
over long periods of time have been classified into distinct classes A, B and C with
activity concentrations in increasing order. The table in Annexure § also presents
packaging and structural stability requirements for these three classes.

Experience indicates that most of the radivactive' wasle will qualify for low and
intermediate level waste suitable for disposal in near surface disposal facilities.
Small quantities of high-level waste, with or without alpha contarmnation, will
have to be stored mm a retrievable fashion for disposal in deep geological
repositories at a laer daie,

Section 3.4 of this manual contains criteria goveming values of clearance level
{CL). Keeping this in view, instnimentation shall be available to segregate (a), (b)
and (c) from (d) and (e). This is particularly important for item (d) which usually
represents a very large portion of the inactive waste and which goes for jand filling.

7.6.4 Safety Considerations for the Disposal Facilities:

7.6.4.1 The disposal facilitics shall be designed and constructed o limit movement of
nuclides to biosphere such that the radiation detriment to the population is within
the prescribed limits. A model study to demonstrate this ability shall be submitied
o AERB.

7.6.4.2 Safety analysis of Solid Waste Management Facility (SWMF) shall be submutied 10
AERB for approval to demonstrate its suitability for decommissioning waste, in
case the wastes are proposed 1o be disposed off in the existing SWMF. This should
include total site burden, (total waste quantities and activities disposed dunng
normal, off normal operating conditions, decommissioning wasle elc.), wusie
package characteristics, cngineered containment system, physico-chemical
properties of the soil and geohydrological charactenstics of the site. The detriment
to the population assessed from an analytical model of radionuclide migration
based on multi-barrier approach shall be within the prescribed limit. In case a fresh



solid wasle management site is chosen for decommissioning waste, the safety
analysis of the new site ghall also be carried out and submitted. The surveillance
requirements of solid waste management facility are given in section 8.8,

71.6.4.3 The disposal operation and repogitory design shall take into account the radiation
hazard due to gamma radiation to workeérs when containers are transported and
transferred to the SWMF during normal and off-standard operating conditions.

7.64.4 A classification of radiosctive wastes based on quantities of long lived/short lived
activity is presented as Annexure-5. The quantities of radionuclides thet could be
disposed off in SWMF shall be below the concentrations indicated under Class-A
wastes, without the packaging and structural stability requirements or under Class-
B wastes with packaging, stability and physical dimension requirements.
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8. HEALTH AND SAFETY CONSIDERATIONS
General

During decommissioning, a sizable number of persons may be employed to work
in areas, which are contaminated and/or-are likely to have high radiation levels.
The dismantling and decontamination eperations may generate radioactive a=rosols
and radioactive wastes, From health and safety considerations, the factors that
need be considered during decommissioning have already been listed in section
6.2.5.1.

The health and safety programme for decommissioning should be specially tailored
to suit factors listed in section 6.2.5.2 to ensure protection of the workers and the
public.

Radiation Protection Procedures

Radiation protection procedures in a decommissioning program are very much
similar to thoss followed in a reactor operation except thal the radiation
environment within active areas may kecp on changing as decommissioning
progresses. Because of this, the procedures need review at periodic intervals to
ensure their cifectiveness against the hazard present at any given time. These
essentially include:

a) Control of radiation exposure to personnel;

b) Monitoring on-site and off-site which assists in demonstrating the
effectiveness of decommissioning control procedures and integrity of
containment; and

c) Radiation/Contamiration monitoring of working environment/components
& materials during the handling, packing, transportation and storage.

The guidelines given in the Manual [5] shall be followed during decommissioning
phases alzo,

The responsible organisation shall provide adequate trained manpower and proven
equipment for carrying out these functions.’

Radiological Surveillance

On-site and off-site radiclogical surveillance are essential requirements of the
health and safety programme during decommissioning. A pre-decommissioning
on-site survey should be conducted to collect data towards preparing a detailed
decommissioning plan (Section 6.4 and Annexure-2). This should include
maximum and average radiation and contamination levels on systcms, components
and areas, the identification of radionuclides aznd measurement of their
concentrations, and characterisation of contamination inside components and
piping. Subsequent radiation and contamination surveys may be done, as



appropriate, after the selection of & decontamination programme for detailed
planning of activities during decommissioning. The extent and frequency of these
periodic surveys should be spelt out in the decommissioning plan. The on-site
surveys are intended to ensure adequacy of controls and to assist in mitigating
radiclogical hazards to personnel.

Off-site radiation surveys provide indication of adequacy of control over
radioactivity releases lo the environment and provide data on the impact of
decommissioning activities on the environment. Since experience indicates that
off-site cifects are minimal, there may not be a further need for extensive
monitoring. However, the radionuclides of concern during the decommissioning
phase may be different from those duning the operating phase.

Hence, it is necessary to undertake a comprehensive off-site survey prior to
undertaking decommissioning to provide & reference point for assessing
environmental effects, if any, arising out of decommissioning. It is also essential 1o
ensure that the dose limit criteria mentioned in Section 3.3.1 are met.

The handling, packing, storage and transport of radicactive matenals should
conform to AERB requirements on transport of radioactive substances, [12]

Criteriz for Release of Materials from the Site

Materials and equipment released from the site for public use should conform to
the clearance .evels prescribed by AERB (Section 3.4 and Annexure-1).

Release of sirborne and liquid wastes to the environment shall be within prescribed
limits as per the revised Technical Specifications for the decommissioning phase,

Solid wastes of LILW-SL and LILW-LL ranges should conform to the criteria st
forth in this manual (Section 7.6.3 and Annexure- 1}

Annexure-6 gives a ready reference for release of radioactive matenial from the site
in public domain or for waste disposal. (To be read in conjunction with Annexures
1 and 5)

Release of non-radioactive substances i governed by guidelines laid down by
appropriale competent authorities.

Personnel Exposure Contral Methods 2]

During on-site surveys, the aim should be to detect changes in levels of radiation,
airborne activity or surface contamination. Such data could then be used towards
effective control of occupational exposurcs. To check spread of contamination,
¢hange rooms or personal decontamination check points should be placed at
locations between active and inactive areas. Respiralory protective equipment,
special ventilated work tents, local exhausts, emergency showers, working under

water, working on wetled surfaces and application of fixed painis on surfaces to
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contain loose conlamination, eic, are also helpful. Provision for remote monitoring
should exist in likely high radiation zones. Facilities for decontamination of
vehicles waste containers and other equipment; dose recording and documentation
procedure should be available. There should be a system of issuing radiation work
permits.

Techniques for Reducing Occupational Exposure [9)

General

The principal methods for reducing occupational exposure consist of one or more
of the following:

a) Reduction of radioactive sources; and
b) Reduction of dose rates.

Reduction of Radioactive Sources

This is primarily ~chieved by reducing or preventing the formation of activation
products in the reactor and by preventing clean materials and areas from gefting
contaminated. The techniques include:

&) ME;H:EE;:J selection that helps to reduce or eliminate activation products such
EL -+

b) Isolation of areas, equipment and systems which are susceptible to leaks or
need frequent maintenance;

c) Isolation during dismaniling or demolition to prevent spread of
contamination;

d) System decontamination during plant operation to reduce contents of
deposited radionuclides; and

&) Use of dismantling techniques, which aveid or reduce the p-mdur.uun and

spread of secondary contamination.
Reduction of Dose Rate

This is achieved by use of shielding, remote handling & robotics and by
segrepation of active & nom-active systemsfareas. Deconlamination of select
systems showing high levels of contamination may also reduce doses. Removal of
the most contaminated equipment earlier and provision of local shielding placed at
stralegic positions will also reduce dose rate.

Techniques that allow decommissioning operations to be performed in shorter time
periods should be sdopted. Design changes that permit rapid disassembly of
radioactive componenis (e.g. modular construction, improved access 1o equipment)
should be considered Mock-up of operations and improved decommissioning
planming should be camed out to improve existing techmiques or facilitate faster
operation. Mock-up may also improve worker efficiency. Provision of localised
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shielding would also result in reduced exposurcs. Suitable fixtures shodld be
degigned for operation from a distance to reduce exposure,

Survelllance to ensure health and safety during decommissioning activities

Some of the practices used during decommissioning may produce adverse effects
on the safety status of the plant. Examples are blockage of passages and stairways,
increased fire hazards, exposure to hazardous or toxic chemicals, new unfamilinr
electrical installations, poor lighting, ventilation and air conditioning, noise level
increase, inadequate or excessive heating, reduction in working space due to new
equipment being brought in ete. Such events should be watched for and
appropriate corrective action should be taken.

The dose reduction techniques detailed in Section 8.6 should not jeopardise the
plant safety systems, specifically in respect of the following:

a) Reliability, redundancy and diversity, physical separation:

b) Containment integrity, ability to withstand missi'e impact, high pressure
and temperature, pipe whip eic.;

) Integrity of scismically safe systems;

d) Routine operation, inspection and maintenance funclions;

e) Accessibility to control panels, viewing pesitions and sampling stations:

f) Ability to handle, manoeuvre and lay-down equip ment; and

g) Hatches, doorways, equipment loading capacities, safety margins ets.

Surveillance of components, systems and structures, in general, should include
periodic checking to ensure operability of equipment, condition monitoring,
preventive maintenance, updating of records as required for decommissioning,

There shall not be any compromise in the applicability of relevant design and
engineering codes.

Surveillance of Solid Waste Management Facility (SWMF)
General

The responsible/operating organisation may use the existing SWMF or a new
facility for the storage/disposal of low and intermediate level radioactive solid
waste from decomumussioning operation for near surface disposal subject to the
factors listed in section 7.6.4. The environmental surveillance programme should
be re-oriented as indicated in Section 8.3 and approved by AERB prior 1o reuse of
the site.

The surveillance plans must be concerned with detecting the migration of
unacceptable amounts of radioactive and other toxic materials, il any, from the site.
Borewells for monitoring are intended for this purpose. Physical protection
bamiers prevent unauthorised access to the site. In addition to events that might
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reasonably be assumed to occur, such as breach in the engineered containment,
leaching, etc. the plans must attempt to account for events of lower prohability
such as exceptionally heavy rain, flood, fire and inadvertent or intentional
intrusion. In case of a new site, base line data must be established before the
cemmencement of any radiological work on the site.

The following aspects should be covered in the surveillance plan of the solid waste
management facility for the disposal of decommissioned waste.

During Operation and Short Term Surveillance:

a) keeping of records of the waste (volumes, types and activities of
radionuclides) and their lpcations - corrected with benchmarks;

b) detection and monitoring of release of radionuclides if any to the
environment from the SWMF; and

€) taking corrective action to ensure that long-term integrity of disposal
system is maintained. During the period when the SWMF is operational,
the operator should establish that the site is performing as predicted and
that no unexpected release from the SWMF site has occurred.

Any significant changes to the above should be notified to AERB to allow a review
of the site performance, if felt negessary.

Posi-cperationsi or Long Term Surveillance

Provision should be made for preventive maintenance and regular inspection of
access control barrier in the post operational surveillance programme. The
institutional control of the facility under the active control period and the passive
control period should be clearly identified.

B.8.3.1 Active Contro] Peniod:

The following aspects need consideration:

a) Periodicity of sampling from monitoring positions with respect to soil
samples;

b) Frequency of collection of vegetation samples and water samples from
boreholes and nearby well or water body, if any;

c) Their analyses and interpretation of the results compared with the safety
analysis report predictions and base line dara;

d) Rdntbmmnmifﬁmdnmimmmumhngmmm
of the entire disposal systemn; and

€)  Adequate infrastructure support in terms of surveillance and security
personnel.
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The following requirements should be met:

u) Physical barrier to prevent unauthorised human encroschment;

b}  Preparation and implementation of periodic inspection and monitoring
schedule;

c) Review of safety assesement.;

d) Upkeeping of topographical surface and drainsge system of the site in good
condition;

) Prevention of intrusion of deep-rooted vegetation and hsbitation of decp
burrowing animals; and

f) Checking thal the rates of migration of radionuclides, if any, o the
environment and groundwater are within the limits of safety assessment by
taking appropriate measures.

Release of Site for Future Use

Procedures and tests should be specified for conforming that the hazard associated
with unrestricted use of the site after the expiry of agreed institutional control

peniod is acceptable,

In case permission for restricted use of the site is given pnor to unrestricted use,
ceriain activitics such as digging, well drilling or carth moving operations, which
might uncover the waste residues, should be restricted.

Although the term ‘site’, in general, means the area under the physical control of
the operating organisation which includes the facility with associated building
structures and also the solid waste management facility, the ‘release of site’ for
restricted/unrestricted use shall be the “entire site’ or ‘part of the site” with 3 well
identified boundary with physical barrier for the purpose of ‘release of the site for
fature use.
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9. QUALITY ASSURANCE

General

The cperating organisation shall establish a quality assurar = programme for
decommissioning of 2 nuclear facility covering all activities, which may have an
influence on decommissioning in 3 safe manner. The programme shall provide a
systematic approach to all activities sffecting safety and quality, including, where
appropriate, written verification that each task has been performed in accordance
with prescribed limits, regulations and approved procedures. The quality assurance
programme shall be in conformance with the principles and objectives stated in the
codes [15] [16]

Objective

The objective of the quality assurance programme is to ensure that all the
mandatory requirements are met with regard to safety of the public, the workers
and the protection of the environment.

Manusl

A quslity assurance manudl T wecommissioning shall be prepared by operating
organisation for each nuclear facility based on the relevant guidelines [17]. It shall
cover all aspects of decommissioning programme taking into consideration the
requirements intended in the Technical Specification for decommissioning of the
muclear facility. Where applicable, it shall relate to the requirements of other
statutory codes and standards. The munusl shall be approved by the Competent
Authority and shsll be available in time to enable the intended functions to be
performed in an orderly manner by qualified persons.

Alm of the Manual

The quality assurance manual should be prepared with the aim of ensuring the
following:

a) The requirement of quality sssurance for various decommissioning
activities are recognised and verified for conformance;

b) Procedures for decommissioning activilies are prepared, reviewed and
approved, including revisions resulting from major changes; and

c) All important information relevant to decommissioning shall be adequately
documented, stored and made retrievable for future refirence upto 30 years
after the site is released for unrestrictad use.
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9.7

Administrative Control Prior to Start of Decommissioning

For the purpose of administrative control, the following shall be established prior
to stari of decommissioning;

a) Clear line of responsibility and suthority shall be established,

b) All applicable approved procedures and instructions pertaining to
decomnmissioning shall be available; and

) Mecessary training to the staff in decommissioning is given.

Activities Prior to Approved Decommissioning Frocedures:

The following activities should be carried out in accordance with the approved
decommissioning procedures:

a) Identification, handling and control of radicactive materials;

b) Checking of equipment and tools needed for decommissioning for their
proper function and operation;

) Inspection of important sysiems, structures and components for their
integrity; and

d) Carrying oul required surveillance for above activifies.

Accounting of Radioactivity

Since decommissioning of a nuclear facility involves handling of radioactive
material on a large scale, the quality assurance programme should take into
consideration the following aspects for proper accounting of radioactivity:

All information and records relating to radioactivity in the nuclear facility are
collected and documented prior to decomumissioning;

For decommissioning upto restricted release’of the site, the records pertaining to
location, configuration, quantities, and types of radioactivity remaining at the site
during prolonged period are updated and properly accounted for, and

For subsequent decommissioning upte unrestricted release of the site, all the
radiogctive materials that were present at sit= at the commencement of
decomnmissioning are properly accounted for, their ultimate destination identified
along with their residual activity end confirmed before releasing the facility for
unrestricted use.

T The release of materials, equipment, buildings or the site which is restricted by AERB.
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10.2.1

10. ORGANISATION FOR DECOMMISSIONING
General

For efficient supervision of the decommussioning programme, the responsible
organisation should set up at ils headquarters, 8 Decommissioning Cell at the
earliest. This may handle matters pertaining to decommissioning policies and
strategies, contracts and materials, health and safety, quality assurance, waste
management, documentation and records, accounts and finance and supporting
sdministrative services.

Decommissioning activities of a particular facility should be carried out by setting
up a site organisation (or cell) five years before starting of decommissioning

Till the release of the site either for unrestricted public use or for use by
responsible orgenisstion as authorised by AERB, the site cell should continue to
function.

Following release of the site either for unrestricted public use or for use by
responsible organisation, the site cell may be wound up.

After final shutdown of a facility, if decommissioning is taken up immediately for
its completion upto unrestricted release of the site, the site cell may be &
continuation of the operating organisation with changes in personnel as required.

After the completion of preparatory steps for decommissioning, if the subsequent
decommissioning is not laken up immediately, the site cell may be limited to
essential staff required for security and surveillance. Subsequently for completion
of decommissioning uptc unresiricted release of site, augmentation of sile cell
should be done by the headquarters cell,

A typical decommissioning organisation is indicated in Annexure-7.

Responsibilities

The Headquarters Cell

The Headquariers Cell should have the following responsibilities:

a) Preparation of the decommissioning plan and its submittal to AERB for
securing its approval; candr

b) Liasison with AERB, environmental monitoring agencies, if any, and
statutory bodies at national'state level regarding release of chemical
effluents, suspended particulate matter eic. lo the environment;

€) Execution of the decommissioning plan and preparation and submittal of
the final decommissioning report;
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d)

e)

£

g)
)

Management and co-ordination for the removal of recoverahle radioactive

materials like fuel, process fluids ete. as applicable from the facility and jts

safe despatch out of the site;

Compliance by site cell ensuring the following:

1) exposure control of decommissioning personnel including
overexposure investigalions;

i} safe disposal of radicactive wastes;

i)  release of radicactive materials below prescribed levels for
recycling; and

iv)  release of materials below CL for unrestricted use,

Maintenance and updating of documents on surveillance including

drawings:

Provision of resources such gs financing, trained manpower, etc.;

R&D activities relating to development and testing of various

facilities/mechanisms for decontamination and dismantling.

The Site Cell

The Site Cell should be assigned with the following responsibilities:

a)
b)

)
d)

Implementation of the decommissioning activities at site as per approved
decommissioning plan;

Preparation/submission of perodic progress reports on execution of
decom:nissioning activities including major deviations and constraints
encountered:

The final radiation survey after completing decommissioning; and
Assisiance to headquarters cell in preparing the final decommissioning
report including the manner in which how the decommissioning plan
objectives were achieved together with supporting data,
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11. DOCUMENTATION AND REPORTING
During Design, Construction, Commissioning and Operution Phases

During design, construction, commissioning and operational phases of a nuclear
facility extensive amount of information would have been generated and recorded
appropriately. Some of the data could be valuable 1o assist the decommissioning
personnel to plan their program effectively. Since & large part of this dats ia nol
pertinent to decommissioning it would be necessary lo select the information
needed for decommissioning and preserve this in an easily retrievable form which
is al the same time cost effective. This task should be an on-going process during
operation phase. [8, 11]

These include, inter alia:

a) all the relevant details of design basis/calculations and constructional
sequences / methods used;

b} material test certificates and analysis to aid estimation of activation
products,

) as-built construction drawings:

d) photographs & video recordings, if any, taken during consiruction and
installation;

e) data on material handling methods and equipment used during installation
and maintenance, which could be of value during decommissioning;

f) unusual occurrences during operation which may have an effect on
decommissioning procedures,

E) radiation and contamination level maps as per the periodic radiation survey.

h) Scale model of the facility; and

i) accounting of the spent/fresh Fuel till despatch of all fuel o off-site
location.

Final Planning of Decommissioning

After deciding on final shut down of the facility, the operating/responsible
organisation should intimate AERB about the same. Al this point of time, the
decommissioning plan would have already becn prepared by the operating/
responsible organisation and submitted 0 AFRB (section 6.4). Consistent with the
provisions of 3.2 and 4.1 the operating organisation should apply for modification
of the facility. Technical Specifications for operation into Technical Specifications
for Decommissioning.

11.2.2 The operating and surveillance procedures of the systems o be retained in service

during decommissioning phases should be spelt out along with the reports for
surveillance of the same.
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11.2.3 Healthiness of equipment to be used in decommissioning such as cranes, crawlers
and other lifting tackles and their test report to comply with relevant provisions of
Atomic Energy (Factories) Rules should be documented. [4]

11.2.4 Details of various facilities/mechanisms developed during operation phase and to
be employed for decontamination and dismantling during decommissioning should
be available.

1.3 During Decommissioning Periods

11.3.1 The operating/responsible organisation shall keep an up- to-date record of the
decommissioning activities compleied, data on personnel exposure (individual and
collective), record of radicactive wastes under temporary storage, radioactive
effluents released and wastes finally disposed.

11.3.2 Reports on following should be maintained:

a) satisfactory functioning of radiological monitoring instruments, their
calibretion and frequency of testing;

b) results of environmental monitoring and any modification in the moniloring
and frequency of monitonng after start of decommissioning with prior
approval of AERB;

€l demonstration of compliance with national, stale and local government
legislations on envirommental control; and

d) fire detection and fire fighting provisions of the facility and on their testing.

11.3.3 Reports on decommissioning activities and experience shall be sent 1o AERB mt
regular intervals to enable it to monitor the on-going decommissioning process in a
tirmely way.

In addition, any safety related unusual occurrence during decommissioning shall be
prompily reported to SARCOP/AFRE,

11.4 On Completing Final Decommissioning

114.1 A final decommissioning report {refer Annexure-E) shall be prepered and
submitted to AERB at the conclusion of the decommissioning,

11.4.2 Suitable arrangements shall be made for storage and retrieval of relevant

decommissioning records for any reference, for 30 years after the site is released
for unrestricted use.
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ANNEXURE -]

. Criteris Governing Dose Limits for Clearance Levels (CL), Shallow Land Burial
(SLE) and Long Term Wasite Repositories

INTRODUCTION

During the preparation of the AERB Safety Guide on Decommissioning of Nucleas
Facilities, a need was felt to develop a few criteria pertaining to radiological protection
aspects of decommissioning. These are (a) radibactivity limits for articles'materials
released for use by members of the public - the so called values of Below Regulatory
Concern (BRC), (b) dose apportionment values for near surface facility facilities, and (c)
dose limits for disposal of radioactive wastes on a long-term basis. Recently IAEA, as a
part of its Safety series, has studied in detail the Clearance Levels from the point of view
of regulatory approach and has given a set of recommended values. Thess values have
been adopted in this decument.

Part A: Limits on radioactivity in materials released flor use by members of the
public (Clearance Levels) (CL.).

Al Large quantities of scrap and waste materials such as steel and concrete debris
contaimng very low levels of radionuclidss zre generated during decommissioning
of nuclear facilities. Steel can be recyeled because of its economic value,
Concrete debris may be used as land fill or be simply discarded as wasic,

In recycling steel components, some may be put to direct use and some afler
appropriate metallurgics!l treatment with or without dilution by uncontaminated
steal.

A2  Inthe development of the eriteria for the clearance levels, two steps are involved:
(2) to lay down the basic dose ¢riteria which is exempt from regulatory control, and
(b} using these values 10 develop mass activity and surface activity concentralions
of radionuclides for practical use.

A3  Basic Dose Criteria

A3l Existing Criteria Elsewhere

A gleaming of published literature on the clearance levels (known earlier as BRC
values) proposed outside India has yielded the following information:

1.0  USNRC Critenia (1)
a) a dose limit, attnbutable to the exempt practice of 0.1 mSwy (100 pSviy )
to an individual belonging to the critical group

b) a collective dose, which should be ALARA and which in order to qualify
for regulatory exemption, shall be less than 10 man-Sv per year. In
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A4l

A4l

calculating the collective dose, individusl dose rates less than 1 pSviy are
disregarded.

Values suggested by IAEA (2)
LAEA has recently developed the following BRC values

a) a dose upper bound of 10 pSv/y to an individual belonging to the critical

group
b) a collective dose limit of 1 man-Sv per year.

In both cases above, values indicated are applicable to each exempt practice.

In the recent revision of Basic Safety Standards (3), IAEA has adopted the
following values:

g) the effective dose to be incurred by any member of the public due to the
exempted practice or source of the public due to the exempied practice or
source 15 of the order of 10uSv or less in a year; and

b) the collective effective dose from one year of performance of the practice is
no more than 1 man-Sv

Criteria Adopted and Denved Values

Consistent with the values suggested by the Basic Safety Standards (3}, the
committes suggest that the following values may be acceptable:

a) the effective dose to an individual from an exempted practice or source
ghall not be higher than 10uSy per year, and

b) the collective dose from the practice so exempied shall not be higher than
one man-Sv in an year of practice,

The Committee believes that in actual practice there may be practices, which may
be treated in actual situations as unconditionally exempt i.e. cleared
unconditionally without the need for regulatory control and a few practices where
some regulatory control may be eéxercised. Pending a detailed study of the
practices that are likely to arise in future needing regulatory control and use of
materials released from decommissioning and other similar operations, the
Committee believes that for the time being the modifying factors have to be

applicd.

Since the modifying factors sugpested elsewhere appear to have merit in use, the
Commiftes has decided to adopt them also in this document.
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Denved Values

A Committee appointed by AERB undericok the task of deriving the clearance
levels for steel and concrete for release in the public domain (4). Based on the
mode of use of the released material, a set of modifying factors was also suggested.
A modifying factor of 0.1 was sugpested for unrestricted release of materials to
garbage and municipal dumps and to uses such as landfill. The Commitiee on
Decommissioning finds that the dose resulting from clearance levels suggested,
tegether with the modifying factor for unrestricted use by the public would be less
than 0.01 mSw/y (10 pSwv/y). Since this dose would be below the dose value
suggested in para A.4.]1 and also since the |AEA has suggested the same dose
value, the Committes has decided to endorse the [AEA values of clearance levels.

The clearance levels and the iodifying factors adopted are given in Table A.4.1.

Table A.4.1
Clearance Levels for Important radlonuclldes relevant to decommissioning
operations
Nuclide Clearance Level in Bg/g | Modifying factors
'H 3x10°
" 3000
o  E 1. Unrestricted release x 0.1
N Ix 1y 2. Restricted releaseto x 1.0
_____ | garbage landfill,
“Nb 3 municipal dumps
e B 3 3. Release for public use x 10
with specific clearance from
competent authonty
B 300 S
®Sr 30 Pl
I-:I-'l{l‘:3 3
Part B: Dose Apportionment for Near Surface Disposal Facilities (NSD)
B.l  Values of dose limits for NSD facilities adopted in different countries have varied

widely. France has adopted 1 mSv/y, UJSA 250 psviy, UK 500 pSviy for effluent
discharges and Czechoslovakia 100 pSviy. In the Indian DAE programme, the
Health Physics Division of BARC has suggested a site burden of 50 pSv per year
for each sitc through the temrestrial route (5). A discussion paper on waste
management prepared in BARC a few years ago had suggested an apportionment
of 100 pSviy) for each site. Taking into sccount the factors considered in Parts A
and C of this presentation, it is considered approprate to have a value of 100 uSv/y
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per year as the dose limit for each site. The intervention level for a probabilistic
event such as human intrusion i3 5 mSv.

The NSD facilities will be designed to receive LILW-LL and LILW-SL, which
may entail long-lived and/or short-lived radionuclides including alpha emirters.
Annexure-5 provides -a classification based on concentrations of long-lived and
short-lived radionuclide supplementsd by other criteria that will determine the
mode of disposal either to NSD or retnevable storage facilities.

The period of institutional control for NSD sites is 100 years,

Part C: Dose Apportionment for Long Term Disposal of Radicactive Wastes

C.1

A survey of published literature available on the subject yiclds values of dose
limits for long term disposal of radioactive wastes as summarised in Table C.1.1.
Column 3 of Table C.1.1 indicates the basis used in deriving these values. To
compare these, a common basis has to be established, Column 4 of Table C.1.1
presents individual risks for the values found in Column 2 of the table, using the
new ICRP risk co-efficient of 5x10° Sv ' for cancer fatalities. {5)

ICRP has suggested a safety goal of 107y for long-term waste management (7).
As ICRP introduced the new risk co-efficient much later than ICRF 46, the dose
that would corrcspond to a risk of 10%" was 1 mSv/y. The new nisk co-efficient
would make 162 yv' equivalent to 0.2 mSw/y.

In this critenion, the sugzested dose limit 5 0.1 mSv/y. This implies the nsk
associated with NSD facility usage will be lower than what [CRP has suggested.

Table C.1.1

Dose Values used in different countries for long term disposal of radioactive wastes

Country Dose limit in | Bases for Denving the | Individual risk in terms of
force mSv.y' | dosc limit ICRP's new nisk cocfficient

Canada 0.05 2x107 as total risk 10%y | 2.5 x 10®

85 dcceplable il
Argentina | 0.10 Lethality nisk 10%y 5x 10 !
Ltaly 0.10 Not specified 5x 10* = =
Switzertan | 0.10 -dio- 5x 10°
d
FRG 0.30 -do- 1.5% 10°
USA 0.25 __-do- 1.25 x 10°

Analytical models used for predicting doses from long term repositones have indicated the
need for time delays between actual disposal and the appearance of the radionuclides in the
environment. Delzys of not less than 1000 years in waste conditioning and packaging and

104

years in geological barriers have been found required for meeting the source upper



bound values. Thus methods of waste packaging, the backfill used and the geological
barrier details need 1o be carefully worked out and analysed in order to meet the criteria,
Such details are bevond the scope of this presentation.
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ANNEXURE - 2

DECOMMISSIONING PLAN (Section 5.1, 7.4)
Information to be provided by Responsible/Opernating Organisation, while applying

for decommissioning to AERB

1.0 FACILITY DETAILS - AT THE TIME OF FINAL SHUT DOWN

1.1 Name and address of the Facility,

1.2  Present Regulatory consent issued.

L3 Proposed modification of Regulatory consent for decommissioning,

1.4 Description of systems and equipment. _

1.5 Estimated inventory of material and their radioactivity, furnishing the calculation
mcthods and measurement used.

1.6 Unusual occurrences related to spread of activity.

2.0 DECOMMISSIONING STRATEGY

21  Decommissioni.:g objactives,

421  Decommissioning strategy considered with ime periods to meet the objectives and
their justification.

23  Types and volume of radioactive waste anticipated and routes for disposal in the
options considered,

24  Dose estimates for the aptions considered.

25  Cost estimates for the options considersd.

2.6  Method of funding the decommissioning.

2.7  Safety Analysis of the decommissioning strategy considered.

3.0 DECOMMISSIONING ORGANISATION AND PROJECT MANAGEMENT

il Structure of organisation.

3.2 Function and responsibilities, minimum qualifications, training and expenence,

3.4  Assistance from outside organisations including contract works
This should include details such as:
Identification of activities to be exscuted
Commitment to comply with relevant regulatory provisions
Training of contractor’s personnel and their records

3.3 Bite security with reference to access control and material movement,

3.6  Project review and monitoring methods,

3.7  Reporting and record keeping,



4.0
4.1
4.2
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4.4

4.5
4.6

5.0

3.1

6.0
6.1

6.2
6.3

7.0

7.1
L1

712

12
73

DECOMMISSIONING ACTTVITIES

Estimated levels of radioactivity at the time of final shut down and their expected
levels at different time periods during decommizsioning.

Requirement of the utilities/service systems and equipment and their surveillance
at different time perieds of decommissioning,

Techniques and procedures to be used for decontamination, dismantling and waste
management based on experience/feed back from construction, commissioning and
operation phases. \
Requirement/development of robotics/remote handling tools/systems for various
decommissioning jobs.

Reviged technical specification as applicable to dscommissioning phase,

Detailed decommissioning activity sequence diagram with time schedule.

QUALITY ASSURANCE PROGRAMME APPLICABLE
TO DECOMMISSIONING

Preparation of quality assurance manual applicable to decommissioning of the
facility, ensuring that all activitics pertaining to decommissioning are carried out in
a safe mannes,

SAFETY ANALYSIS

Availability of safery systems and equipment such s containment, ventilation
system, racialion moniornng instruments efc.

Safety assessmen of probable accidents during decommissioning,

Preparedness for management of site emergency.

RADIOLOGICAL PROTECTION PROGRAMME

Radiological history of the facility

Identification of systems, equipment, areas of the site that might have been
inaccessible dunng the plant’s life-ime and may be excessively contaminated,
Radiation survey and mapping of comtaminated systems, stuctures and
components,

Management's approach to ALARA

Implementation of occupational radiation protection programme as stated below:

()  Occupational radiation protection procedures,

(b) Monitoring and Survey instruments,

{e)  Effluent analysis and personnel dosimetry policy methods,
(d) Contamination control programme

a7
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8.0
8.1
82
83

84

9.0

9.1
92

9.3
9.4
9.5
2.6

Potentiz] sources -

Identification of potential sources of radiation or contaminalion exposure to
workers or to members of the public that mre likely to be generated during
decommissioning activities and their control.

Contractor's personnel -

Radiation protection policies for safety of contractor’s personnel while working in
restricted areas and the method of implementing those policies.

RADIOACTIVE WASTE MANAGEMENT

Process, systems to be used for handling, storing and disposal of madicactive
wEStES.

Estimation of waste generation during decommissioning stages with details such as
volume, radionuclide concentration, waste forms, classifications etc.

Precautions to be taken to avoid contamination'mix-up of large quantity of inactive
material with active material, while taking up decontamination/dismantling.

Details regarding interim/temporary storage of wastes including quantities,
expected length of storage, location of storage, radiation levels at accessible places
and method of positive control and accounting.

In case of landfill, the critenia for unrestricied release would be met.

PLANNED FINAL RADIATION SURVEY

Deescription of survey procedure

Proposed method of survey 1o ensure all structures, systems, equipment and ground
are included and sufficient data is collected for meaningful survey.

Description and data on background radiation.

Type specification and operating conditions of the instrument to be used.

Plan for reviewing, analysing and auditing by AERB.

Expected radiation and contamination levels towards release of facility for
unresmcted use and justification, if regulatory criteria are not likely to be met with.



ANNEXURES - 3A, 3B & 3C

MAJOR DECOMMISSIONING ACTIVITIES AS APPLICABLE TO VARIOUS
NUCLEAR FACILITIES

These annexures attempt to list major activities of decommissioning relevant to various
muclear facilities and they are only indicative.

The activities list are as per chapter 5 and they will depend on the factors listed in
gection 7.2.

The activities related to documentation and records are separalely covered in
chapter 12. !
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Y - Generally applicable

N - Generally not applicable

ANNEXURE-3 A

PREPARATORY PHASE FOR DECOMMISSIONING
X - May or may not be applicable
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ANNEXURE -3 B
DECOMMISSIONING PHASE FOR RESTRICTED SITE RELEASE

Y - Generally applicable X - May or may not be applicable
N - Generally not applicable
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ANNEXURE-3C

DECOMMISSIONING PHASE FOR UNRESTRICTED SITE RELEASE
Y - Generally applicable X - May or may not be applicable
N - Generally not applicable
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ANNEXURE - 4

Detsils of different types of radioactive solid and liquid waste in decommissioning of
boiling water reactors (BEWR), pressurised heavy water resclors (FHWR) and other
nuclear facilities

NUCLEAR POWER PLANTS

A detailed assessment regarding sizes, volumes and categories of waste, radiochemical
characterisation and activity levels of different types of waste namely pnmary
decommissioning waste and operational decommissioning waste should be done.
Assessment of facilities required for their handling, treatment, conditioning, packaging,
ransportation and disposal is also required to be done.

1.1

1.2

Primary Decommissioning Waste

These are mostly active componsnts from reactor sysiem, rad waste system, turbine
and other auxiliary systems comsisting mainly of metallic componenis and
contaminated concrete structures (biological shield) etc, These wastes will be
generated during dismantling operation during preparatory steps  for
decommissioning. After  decontamination in  preparatory  steps  for
decommissioning, the radiation levels of most of the equipment, particularly the
reactor externals will fall to the levels presently permitted for disposal in RCC
Vaulis/Trenches i.e. less than 0.5 Svwh. As far as possible, most of the matenals
from reactor externals should be cut to suitable size which can be packed and
transporied in disposable standard mild steel drums (200 litre capacity) in reusable
shielded concrete/lead casks. Wherever necessary, immobilisation with cement
concrete should be done before transportation. In certain cases, cutling may not be
possible/desirable. These eguipment such as heal exchangers, pumps eic. may
have 1o be transported in specially designed cask and disposed in especially
designed disposal facilities. The reactor vessel can be disposed as a whole in one
piece in a specially built vault or cut inte suitable sizes, In the latier case, remote
cutting tools and techniques may be required. Arrangements for placing the pieces
in suitable containers and their transportation in shiclded casks needs to be worked
oul. Disposal in tile holes for this waste may also be considered.

Owperational Decommissioning Waste
Operational decommissioning waste wili be generated m all the threc phases of

decommissioning. There will be sizable guantities of wastes in the form of solids
and liquids. These wastes are likely to consist of the following
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Operational Solid Wastes

A) Assorted Waste
Contamninated concrete chips, cellulosic materials (woods, cofion, mops
etc.), rubber and plastics.

B)  Higher Active Solids

[Spent resins, filter sludges, filters from ventilation system, fuel cladding hulls etc.]

Operational Liquid Wastes

Liquid from draining and flushing of active systems, jon exchange regeneranis,
spent decontamination solutions and washings, slurries from reactor building,
turbine building dry well, rad waste building sumps, etc. constitute operational
decommissioning wastes.

The details of the activities carried out from the point of view of generation of
waste during decommissioning are as follows:

(i} Preparatory steps

The waste will he generated in the initial period of 5 to 10 years invelving
important activities such as defueling, spent fuel cooling, removal of casily
sccessible process radioactive materials {moderator, coolant, process streams eic.)
and plant components, draining and flushing of the systems including
decontamination of primary systems efc.

(ii) Promp! decommissioning

Major portion of dismantling will be done during this stage, followed by
decontamination of easily removable parts of the reactor. This is aimed at reducing
the contamination barrier to a minimurn. Large quantities of solid and liquid wastes
will be generated during this stage.

(iif) Delayed decommissioning

Afler completion of earlier phases of decommissioning (which is 10 be decided by
the operating organisation and outlined m the decommissioning plan), dismantling
of the remaining active sysiems would be taken up. In this phase, major portion of
equipment structural, concrete ctc. in which activity is still remaining will be
removed. The waste generated in this stage include low level decontamination
solutions and dismantled active system and components of assorted nature.

Other wastes, namely, filter sludges and spent ion exchangers from clean up
systems of spent fuel, filters from ventilation system etc., will be generated unul all
systems including spent fuel storage bay is decommissioned and dismantled.



2.1

1.4

i3

OTHER FACILITIES:

Radioactive waste will be generated in the decommissioning of other nuclear
facilities such as reprocessing plants, uranium mining and malling facilities, fizel
fabrication plants, storage facilities for waste and spent fuel and also dunng
decommissioning of a facility after an accident. For all facilities, a well developed
strategy, good tramning, thorough planning and good documentation are necessary
to carry cut the decommissioning in a safe, timely and economic manner. The
wasle quantities in appropriate categories need (o be estimated and its
storage/disposal scheme worked out.

Decommissioning of reprocessing facilities will require extensive use of shiclding,
remotely operated equipment, containment and respiratory profection equipment
because of high radiation field and significant alpha contamination in many parts
of the plant.

Plants handling transuranics may coniain significant concentration of alpha Bclivity
and low level gamma activity. Deferred dismantling of plants like Uranium and
Thorium mining/milling, fuel fabrication plants and abandoned radium processing
facilities does not tesult in any significant reduction in occupational exposures
because of long half lives of contaminants. Also, such Jeferment could result in
increased spread of contamination if plant is allowed to deteriorate afler shutdown.
The major problem in these types of facilities is the managument of very large
volumes of waste. Wastes containing transuranics should be classified as per
Annexure-5 for further management.

DECOMMISSIONING OF SOLID WASTE MANAGEMENT FACILITY
(SWMI):

A near surface facility for the management of low and intermediate level
solid/solidified waste (having limited fission products activity of '"'Cg and *Sr and
very low transuranics (TRL waste) is being practised at all nuclear facilives, The
SWMF is generally within the exclusion zone of the nuclear facility. An acuve
and passive institutional control for the desired period of isolation shall have to be
planned by the licensee or his representative. A detailed plan of active and passive
contral with complete documentation of waste inventory at SWMF and stages of
decommissioning or complete decommissioning of SWMF shall be worked out by
the operating organisation and submitted to AERB for approval,
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ANNEXURE - §

Maximum Concentrations of Radioouclide permissible for Disposal in Near Surface
Disposal (NSD) Faellity

1 2 3 4 5
“C 120 GBg/m’
“E W 12{“} F)
BT 3250 %
hH-h 3 "

[ ¥Te 45"
-mI 17 "
Alpha emitting 1500 Bg'g
transuranics of
T,»>5 years
Hipy 50 kBa/g
iCm 0 "
Total of all |10 TBg/m’ 2] g
radionuclides
of T,p <35 yT.

L] " i

H 0.6
[ ®Ca 10.0
i

Ll L1

0.05 | TBg/m® | 10 TBg/m’
"N * 0.5 0 " o "
T4 0.6 GBg/m' |22 * 100 "
WiCh 15 ™ | 06" 70_*"

Modified from 10 CFR 61 in activated metal

** Mg limits given for Class B und C wastes.

MNote 1:

Radioactive Wastes are classified based on type and quantity of radionuclides present.
Class A: Wastes are those which contain

i) None of the isotopes listed in the Table.

andlor
i) Less than or equal to 0.1 times of ihe radionuclides concentration listed, in
Column 5.
and for

iii)  Less than or equal to radionuclides concentttions listed in Column 2.
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Class B: Wastes are those which contain radionuclides whose concentration excesd that in
column 2 but does not exceed valoes in Column 3.

Class C: Wastes are those which contain

i) Radionuclides whose concentration exceed that in Column 3 but less than or equal
to concentration listed in Column 4. and/or

i) Radionuelides concentration exceeding 0.1 times and upto the concentrations listed
in column 5

Wastes containing excess of values of Column 4 and/or of Column 5 are not suitable for
NSD.

Mote 2:

Class B and Class C waste form/packages must be structurally stable and must maintain
physical dimension and form under repository conditions over a period of 300 years and
institutional control of the site upto 100 years. While nuclide contents of Class A and B
will decay to innocunus levels within the control period, Class C wastes could still present
a hazard after the 100 vear period and would require decper burial or the installation of
intrusion bamriers' having an effective life of 500 years or more.

The components of & desposal systern designed to prevent inadvertent access 1o the wasie by
man, animale and plants.
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ANNEXURE-6

Radionuclide Concentrations for Release of Materials in Public Domain or for Waste

Disposal
(Integrated from Table A.4.1 of Annexure-1 and Annexure-3)
Huelid | Unrestriz- | Remice | Bestricied Hoar Serface Dhsponal Dieep
lvﬂ- - — =-re [ —————— ‘h
. i M oo SRl T & Cines B Clani € ok 20
{ExemmplL (prrbage | clemmnee
wiiibd) landfifl) | $om
(Bgg) (Bigy'g) campelen
suthonoy
(Bars) .
He £12 GBgm* 17 GBge* 120 GBgm® | >120 OBgm*
i, < 120, GBigm’ =130 OB 5120 OBgr® | *120 OBgm”
g | £134 C8gm’? *325 Obqm*<1230 GBqey. | 3250 OBam
b =i =14 30 £33 Ghgm? >3 GRgm™ €1 OBgm™ >} GBgm "
*Te <it <300 Wl %45 OBgm™ »4.% GBqm™ <45 GBqm® | >45 OBgm?
1w £0.120Bgm” 012 GBgm? £1.2 GBgm* | =13 Gage*
WPy | <03 <30 <H <150 Bg'g =1 50 Bg'g <1500 Ba'y >] 500 Big'g
s | <03 =34 ! 150 By . =150 By 51500 Bo'y >1 500 Bef'g
H izl <3xil* | <duil? 0.6 TRge® | Ma HA
"o =03 <10 <30 210 TBgm? | NA HA -
=005 THgm™
“ni ol | <t | <kigt 5005 TBgm”® | 31.0 TBom? | 10 TBgm” £10 TBgm" >10 THgm'*
P . - 0.5 TBgm? > {00 THgm ™
oy <05 TBge! | si0TRgm? | =10 THgm 100 Thgm"
0.0 CiHgm )
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15 Cifigm”
| ™Cs | <03 <3 <30 sI500gm® | =06 TBgm® | >0.6 TBgm® <70 TBqm® | >T0 THem'
Tomlof | - . - 10 Tegm® | MA B .
Al
Muzludes
Tin €33y
Femarks Inherent | Feeyele rl
®in diluiron g remeil
activaied with
maieTial BESUPES
dhlutagm

58




ANNEXURE -7

RESPONSIBLE ORGANISATION

DECOMMISSIONING ORGANISATION

DECOMMISSIONING (11004 Quarter Cell)
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ANNEXURE- 8

FORMAT OF FINAL DECOMMISSIONING REPORT

To be provided by the Responsible/Operating Organisation to AERB on completion of

decommissioning

The final decommissioning report should contain atleast as & minimum the following

information:

g) description of the nuclear facility,

b) summary of the decommissioning activities carried out including major deviations
and constraints encountered in‘executing the approved plan;

&) vizsual record of important activities;

d) audit report highlighting compliance with respect o regulatory stipulations,
statutory requirement, quality and acceptance criteria and non-conformance il any;

e) details of any abnormal events that occurred during decommissioning:

f) individual and collective doses during decommissionng;

B} the approved final radiological survey with details of the residual activity;

h) quantity and characterisution of radioactive waste and their destination;

i) types and quantity of materials, equipment released for reuse and the exemption
criteria used;

1) details of rernaining systems or structures, if any,

k) fiature use of the decommissioned site and restriction, if any; and

1) lessons learmt during decommissioning,
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