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FOREWORD

This Safety Guide is addressed to the administrative and technical authorities 
and specialists dealing with the design, construction and operation of nuclear power 
plants, and in particular waste management facilities at nuclear power plants. This 
Guide has been prepared as part of the IAEA Waste Handling, Treatment and 
Storage programme. It is a follow-up document to the Code of Practice on Manage
ment of Radioactive Wastes from Nuclear Power Plants published in 1985 in the 
IAEA Safety Standards, Safety Series No. 69, in which basic principles for manage
ment of radioactive wastes at nuclear power plants are set out.

The IAEA has established wide ranging programmes to provide Member States 
with guidance on different aspects o f safety and technology related to thermal neu
tron power reactors and associated nuclear fuel cycle operations, including those for 
management of radioactive wastes. There are many IAEA publications related to 
various technical and safety aspects of different nuclear energy applications.

All these publications are issued by the Agency for the use of Member States 
in connection with their own nuclear technological safety requirements. They are 
based on national experience contributed by experts from different countries and 
relate to common features in approaches to the problems discussed. However, the 
final decision and legal responsibility in any regulatory procedure always rest with 
the Member State.

This particular Guide aims to provide general and detailed principles for the 
design of waste management facilities at nuclear power plants. It emphasizes what 
and how specific safety requirements for the management of radioactive wastes from 
nuclear power plants can be met in the design and construction stage. The safety 
requirements for operation of such facilities will be considered in the Agency’s next 
Safety Series publication, Safety Guide 50-SG-011, Operational Management for 
Radioactive Effluents and Wastes Arising in Nuclear Power Plants, which will 
appear in the near future within the framework of the Agency’s Nuclear Safety Stan
dards (NUSS) programme.

The first draft of the present report was developed by the Secretariat and Con
sultants at the Consultants Meeting from 13 to 24 February 1984. This working 
document was reviewed by the Advisory Group Meeting in Vienna from 1 to 
5 October 1984 by experts from 11 Member States and one International Organiza
tion (UNIPEDE). Additional revisions were made at the second Advisory Group 
Meeting from 17 to 21 June 1985 by the same experts in conjunction with the 
Agency’s NUSS programme. The document was forwarded in August 1985 to the 
above Member States for comments. To the extent possible, comments received 
were incorporated.
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The responsible officer for this report at the IAEA was V.M . Efremenkov, 
Waste Management Section, Division of Nuclear Fuel Cycle.

The Agency wishes to express thanks to all those who took part in the prepara
tion of the report.
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1. INTRODUCTION

1.1. Purpose

1.1.1. The purpose of this Safety Guide is to give design guidance for radioactive 
waste management systems at nuclear power plants. It emphasizes what design 
objectives and system requirements shall be met and provides recommendations for 
equipment designs.

1.1.2. The Safety Guide is intended to be used in conjunction with the Agency’s 
other safety guides, standards and technical publications dealing with the topics of 
safe operation o f nuclear power plants, environmental protection, radiation protec
tion and waste management practices.

1.2. Scope

1.2.1. This Safety Guide defines the principal requirements for the design of sys
tems important for the management of radioactive wastes at thermal reactor plants, 
including boiling water reactors (BWRs), pressurized water reactors (PWRs), gas 
cooled reactors (GCRs) and heavy water reactors (HWRs). It sets forth design, con
struction and performance requirements for the gaseous, liquid and solid waste 
management systems. Guidance is also given for on-site waste storage and on-site 
transport.

1.2.2. This Safety Guide does not cover the design of radioactive waste manage
ment systems required for major refurbishing or decommissioning, or the design of 
storage facilities for irradiated fuel. Further, it does not deal with design aspects of 
retention of radioactive material during accident conditions.

2. DESIGN OBJECTIVES

2.1. Safety objectives

2.1.1. The radioactive waste management systems shall be designed and con
structed to comply with the authorization for plant discharges to the environment as 
established by the regulatory body.

2.1.2. The radiation exposures to the public and to plant personnel shall be main
tained as low as reasonably achievable (ALARA), economic and social factors being 
taken into account. The dose equivalent to individuals shall not exceed the applicable 
dose limits set by the competent authority.

1
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2.1.3. The design of the waste management systems, including the selection of 
treatment and packaging methods, shall ensure that the resultant waste form meets 
the requirements for off-site transport and storage or disposal of waste, where these 
have been set by the competent authority.

2.1.4. The radioactive waste management systems shall be designed and con
structed to be separate from non-radioactive waste management systems at nuclear 
power plants.

2 .1.5. The design of the radioactive waste management systems should identify 
and consider discrete event sequences, including operator error, which may give rise 
to significant risk.

2.2. Performance objectives

2.2.1. The waste management systems shall be designed and constructed to col
lect, process, package and store wastes in a timely manner to avoid adverse effects 
on plant capacity or availability.

2.2.2. The radioactive waste management systems shall be designed with sufficient 
capacity to enable storage and treatment of the waste generated during normal opera
tion and anticipated operational occurrences of the nuclear power plant.

2.2.3. The design of radioactive waste management systems should provide for the 
reuse of treated materials within the nuclear power plant, as far as is reasonably 
practicable.

2.2.4. The reliability of the waste management systems should be high in all modes 
of normal operation and anticipated operational occurrences.

2.2.5. The design o f the radioactive waste management systems should provide for 
minimization of secondary radioactive waste generation.

2.2.6. Due consideration should be given in the design of radioactive waste 
management systems to the ease of their future decommissioning.

2.2.7. Although outside the scope of this Guide, due consideration should be given 
in the design and operation o f nuclear power plants to minimizing the generation of 
primary wastes.

2
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2.3. Operational objectives

2.3.1. The radioactive waste management systems should be designed to meet the 
operational objectives as identified in IAEA Safety Guide 50-SG-011, Operational 
Management for Radioactive Effluents and Wastes Arising in Nuclear Power Plants.

3. SYSTEM REQUIREMENTS

3.1. Regulatory requirements

3.1.1. The design of the radioactive waste management systems shall meet applica
ble regulatory standards and safety requirements. Information on the minimum 
requirements for the design of radioactive waste management systems is given in the 
IAEA Code of Practice on Management of Radioactive Waste from Nuclear Power 
Plants (in preparation).

3.1.2. Additional guidance on this subject is given in the IAEA Basic Safety Stan
dard on Dose Limitation System for the Design of Radiation Protection Systems (in 
preparation); IAEA Safety Guide No. 50-SG-05, Radiation Protection during Oper
ation of Nuclear Power Plants; IAEA Safety Guide No. 50-SG-011, Operational 
Management for Radioactive Effluents and Wastes Arising in Nuclear Power Plants; 
and IAEA Safety Guide No. 50-SG-D9, Design Aspects of Radiation Protection for 
Nuclear Power Plants.

3.2. Process requirements

3.2.1. Waste classification

Radioactive wastes have different physical forms and chemical compositions, 
and their radionuclide and activity contents vary over a wide range. The classifica
tion of such a variety of substances should be carried out during design in order to 
facilitate their appropriate segregation, treatment and disposal. The following 
aspects should be given consideration in waste classification:

— physical form
— chemical composition
— identity and concentration of radionuclides
— method of treatment
— origin in plant.

On considering the physical form, a very common classification identifies 
waste sources as gaseous, liquid and solid. The principal sources of radioactive

3
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wastes from thermal reactors are listed in Annex I. The sources of radioactive waste 
listed may or may not be applicable to all types of thermal reactors. Other examples 
o f waste classification may be found in IAEA Technical Reports Series No. 198, 
Guide to the Safe Handling of Radioactive Wastes at Nuclear Power Plants.

3.2.1.1. Gaseous wastes may be further classified according to their radionuclide 
contents to select the appropriate treatment. Gaseous wastes may be released into 
plant discharge with or without processing and/or delay. Processing of gaseous 
wastes may generate secondary solid wastes.

3.2.1.2. Liquid wastes may be further classified according to their radionuclide and 
chemical contents to select the appropriate treatment. The chemical nature of the 
liquid waste is an important factor in the selection of processing method. For exam
ple, the presence of detergents, organic matter, a high concentration of dissolved 
salts or high corrosiveness may make special processing necessary. In general, liquid 
wastes may be processed and then released into plant discharge or recycled or solidi
fied. Processing of liquid wastes may generate secondary solid wastes.

3.2.1.3. Solid wastes may be further classified according to their ease of treatment 
into compactible, non-compactible, and combustible categories. Processing of solid 
wastes may generate secondary gaseous, liquid and/or solid wastes. 1

3.2.2. Waste segregation

3.2.2.1. Because o f different treatment routes, radioactive wastes should be 
segregated into appropriate categories consistent with, but not necessarily cor
responding to, the adopted classification. The segregation should be carried out as 
near as possible to the point of their generation.

3.2.2.2. Special consideration should be given to flammable, pyrophoric and cor
rosive radioactive waste materials.

3.2.3. Process flow

3.2.3.1. It is recognized that there are many equipment combinations that meet the 
objectives of this Safety Guide. Figures 1 to 5 of Appendix I show examples of radio
active gaseous and liquid waste management systems for BWRs, PWRs, GCRs and 
HWRs. Figure 6 shows an example of a generic solid waste management system and 
Fig. 7 an example of a generic waste volume reduction system. Figures 6 and 7 
would apply in part to BWRs, PWRs, GCRs and HWRs. Other equipment and 
process combinations not shown in Figs 1 to 7 may be used if  they meet the objec
tives of this Safety Guide.

4
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3.3. System design and'construction

3.3.1. Material selection

3.3.1.1. Materials of construction for components shall be selected to meet the 
design pressure and temperature conditions expected for the operational life o f the 
equipment and according to the applicable regulations.

3.3.1.2. Corrosion, decontamination and radiation effects during normal operation 
and anticipated operational occurrences shall be considered in material selection. 
Further information on these effects may be found in Section 6.2 of IAEA Safety 
Guide No. 50-SG-D9, Design Aspects of Radiation Protection for Nuclear Power 
Plants.

3.3.2. Fabrication

3.3.2.1. Due consideration shall be given to selection of an appropriate method of 
fabrication which is consistent with the material selected and the design basis o f the 
radioactive waste management systems.

3.3.2.2. To minimize leakage in radioactive waste management systems, welded 
construction should be used as much as practicable, keeping in mind the maintenance 
requirements.

3.3.2.3. Where welding is used as the method of fabrication

(1) All welding constituting the pressure boundary of pressure retaining compo
nents and piping shall be performed by qualified welders employing approved 
welding procedures to meet applicable design codes and regulatory 
requirements.

(2) Piping carrying fluids with high concentrations of particulate matter or ion 
exchange resins should have welds that are smooth on the inside, to minimize 
radioactive buildup at the weld joint due to deposits of radioactive material .

3.3.3. Decontamination

Systems which are expected to require periodic decontamination for main
tenance or inspections should be designed with smooth internal finishes and with 
suitable flush or purge connections. Flush and purge connections should be sized to 
allow wash-out at reasonable flow rates. Selection of materials and coatings should 
consider ease of decontamination. Additional information may be found in IAEA- 
TECDOC-248, Decontamination of Operational Nuclear Power Plants, Safety Series

5
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No. 48, Manual on Decontamination of Surfaces, and Section 6.7 of IAEA Safety 
Guide 50-SG-D9.

3.3.4. System flexibility and reliability

The radioactive waste treatment systems may be designed with sufficient flexi
bility to allow the operator more than one choice of process flow path for treatment 
o f the waste.

3.3.4.1. Where alternative process flow paths are provided, attention should be 
given in their design to the overall system reliability.

3.3.4.2. Where alternative process flow paths are available, protection should be 
provided to prevent inadvertent improper operation of the radioactive waste treat
ment system.

3.3.5. Sampling

3.3.5.1. Provisions should be made to allow representative sampling for analysis, 
including sampling of the process fluid at appropriate points o f the systems to deter
mine component performance.

3.3.5.2. Routing o f the sample lines should be as short as possible, and connections 
should be provided for draining and flushing.

3.3.5.3. Consideration should be given to the convenience of routing sample lines 
for all frequently taken samples to a suitable common location unless the sample 
location is so remote from the sample point that representative samples cannot be 
obtained. All such sample points should be clearly identified.

3.4. Quality assurance

3.4.1. A quality assurance programme for radioactive waste management systems 
shall be established and documented to ensure that applicable specified requirements 
are followed. This programme may be a part of the overall quality assurance 
programme for the nuclear power plant. Further guidance may be found in the IAEA 
Code of Practice on Quality Assurance for Safety in Nuclear Power Plants 
(50-C-QA) and related Safety Guides.

6

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



3.5. Other considerations

3.5.1. The design should include provision, to the extent deemed necessary by the 
regulatory body, to limit the effects of significant risks which have been identified 
in the safety analysis. These risks may include both natural and man-made events 
(e.g. earthquakes, floods, aircraft crash, etc.). Safety provisions should be commen
surate with the degree of the risk and therefore the safety provisions incorporated 
in the design of radioactive waste treatment systems are normally less stringent than 
those, for example, in the design of the reactor core cooling and emergency shut
down systems.

4. EQUIPMENT AND MATERIALS

Section 4.1 provides general requirements and recommendations for features 
of the radioactive waste management systems equipment to achieve the objectives as 
set out in Section 2.

In the following subsections 4.2 — 4.5 requirements and recommendations are 
established for principal subsystems and components, as shown in the examples in 
Figs 1-7 (Appendix I), that can be used for the radioactive waste management 
systems.

4.1. General requirements and recommendations

4.1.1. Limiting operating conditions

The design shall consider limiting operating conditions, e.g. pressure, temper
ature, waste composition and flow rate during normal operation and anticipated oper
ational occurrences.

4.1.2. Design codes

The equipment material selection, design, fabrication, inspection and testing 
shall comply with the respective appropriate design codes.

4.1.3. Inspection

Manholes and inspection holes should be provided on components which 
require accessibility.
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4.1.4. Flushing

Connections should also be made for flushing components and piping that will 
contain slurries, e.g. ion exchange resins and concentrates. Some components may 
also include internal flushing devices.

4.1.5. Testing

The design should include provisions for testing of system leaktightness.

4.1.6. Material selection

The material selected shall be appropriate to the operational conditions, with 
regard, for example, to mechanical, thermal and chemical aspects. Radiation and 
decontamination effects on materials should be taken into consideration.

4.1.7. Identification

Components should be identified by a plant identification code, with a 
nameplate showing this code. Piping may be identified by colour codes according 
to the fluid transported.

4.1.8. System internals

Provisions should be made for loading or unloading of system internals and/or 
process media, e.g. filters, ion exchange resins or adsorbent materials. The design 
shall facilitate safe handling and minimize personnel exposure.

4.1.9. Vents

Waste treatment systems should have vents for process and draining purposes.

4.1.10. Drains

Waste treatment systems shall have drains for liquid removal. Drain lines shall 
be located at the lowest point to allow for as complete drainage as is practicable.

4.2. Gaseous waste treatment systems

4.2.1. Pressurized tanks (PWR only)

The tank storage system collects radioactive gases in a collection tank. The 
gases are compressed and stored in pressurized tanks. After an appropriate time for 
decay, the gas may be sampled, monitored and released or stored for further decay.

8
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4.2.1.1. Pressure relief device discharge

Discharge from pressure relief devices provided on tanks shall be piped into 
a building exhaust ventilation system or to another system capable of containing the 
discharge and with provision for monitoring of releases.

4.2.1.2. Purge system

Tank design shall provide for purging or inerting of the tank gas space with 
nitrogen to remove residual gaseous activity or potentially combustible gases. Purge 
and vent connections should be piped into a closed building exhaust ventilation sys
tem or to another vent with provisions for monitoring of releases, with consideration 
given to the properties of the resultant gas mixtures, e.g. combustible gases with 
oxygen or air.

4.2.1.3. Drainage

The drain line shall have provisions to verily that the system is drained without 
permitting escape of contained gases unless the drain line is designed to accept the 
gases.

4.2.2. Charcoal adsorption tanks

Tanks filled with charcoal can provide more delay of gaseous wastes than pres
surized tanks, due to adsorption on the charcoal.

4.2.2.1. Adsorbent bed gas velocity

The charcoal adsorption tanks shall be designed so that if gas flows vertically 
upward the bed is not fluidized when maximum flow conditions occur. The vessel 
should be sized such that the superficial velocity through the charcoal for the design 
flow rate and for the adsorbent volume will prevent loss of efficiency due to axial 
diffusion.

4.2.2.2. Process flow bypass

Bypass of charcoal adsorption tank(s) may have to be provided for the event 
o f humidity in off-gas systems.

4.2.3. Recombiners

Catalytic recombiners should be provided as a means to reduce a combustible 
gaseous mixture by recombining the hydrogen and oxygen available.
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4.2 .3 .1 . Catalyst replacement

The recombiner shall be designed to allow removal and replacement of the 
catalyst.

4 .2 .3 .2 . Catalyst supports

Catalyst support element design shall take into consideration the additional 
weight of wet catalyst and the pressure drop and temperature rise associated with 
high startup flow transients and the prevention of catalyst loss from the vessel.

4 .2 .3 .3 . Moisture removal

The recombiner subsystem shall have a preheater with the following features:

(1) Adequately sized preheated inlet line drain
(2) A sump or similar provisions to remove all water from the process flow during 

startup and transients as well as during normal system operation
(3) Adequately sized preheater steam side drain.

4.2.4. Compressors

Compressors shall be equipped with reliable, high quality seals to minimize 
leakage and to process gas without contamination by oil. Diaphragm-type compres
sors, if  used, should be provided with leak detection capability.

4.2.5. Gas filters

High efficiency particulate air (HEPA) filters meeting regulatory requirements 
shall be used for gaseous waste filtration. Prefilters and charcoal filters may also be 
used before HEPA filters.

4 .2 .5 .1 . Filter element removal (in radiation areas)

The filter vessel should be furnished with guides to locate the filter element 
in the vessel.

4.2.5.2. Filter testing

The filter system should be designed with injection and sampling points to 
allow for periodic testing to verify filter element and seal integrity as well as unit 
efficiency.
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4.2.5.3. Vessel piping

The filter vessel piping shall be arranged for easy disassembly and filter ele
ment removal.

4.2.6. Gas demister and dryers

Various types of dryers and a demister may be used to remove moisture from 
the gas stream. This moisture may contain tritium in HWR plants.

4.2.6.1. Dryer regeneration

If dryer regeneration is necessary, as is the case for adsorption or refrigerated- 
type dryers, the regeneration loop should be a closed circuit or connected to a venti
lation system.

4.2.7. Special requirements

4.2.7.1. Design for explosion conditions

If the potential for an explosive mixture of hydrogen and oxygen exists, the 
gaseous waste handling and treatment system shall either be designed to withstand 
the effects o f a hydrogen explosion, or be provided with redundant gas analysers with 
automatic control functions to detect the formation or buildup of explosive mixtures, 
and shall annunciate in the main control room. In particular, the following measures 
should be used to minimize the potential for explosion:

(1) maintain a non-explosive mixture
(2) minimize potential ignition sources
(3) purge system and components to assure non-explosive mixtures prior to 

inspection and maintenance
(4) execute administrative controls and procedures to assure that features such as

(1), (2) and (3) are enforced.

4.2.7.2. Leakage prevention

Where leakage would result in a release of radioactive material to the environ
ment, joints should be seal welded. Valves with bellows sealed stems, diaphragm 
valves or valves with similar leaktightness characteristics should be used to minimize 
leakage.
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4.3. Liquid waste treatment systems

The different waste treatment systems should be designed to ensure segregation 
o f the different waste categories.

4.3.1. Tanks and sumps

4.3.1.1. Vents and overflows

(1) Atmospheric tanks shall be provided with vents sized to prevent tank overpres
sure or vacuum conditions from occurring.

(2) Tanks shall be provided with overflows routed to a floor drain or other suitable 
collection point. When the tank vents are routed to a process vent system, tank 
overflows shall be water sealed or directed to a ventilation system sized to 
accept vent gases.

(3) Vent and overflow piping shall not interfere with normal maintenance.
(4) Potential leaks from tanks containing radioactive materials shall be collected 

in a suitable way and returned to the liquid waste treatment system.
(5) Tanks may be placed in leaktight basins in order to contain the liquid contents 

o f the tank.
(6) In the case of outdoor tanks and the associated pipe systems the effect of freez

ing and the ingress of rain water to a tank collecting system should be taken 
into consideration.

4 .3 .1 .2 . Cleaning

Tank design shall preclude crevices and pockets. Provision should exist for 
cleaning and decontamination purposes.

4 .3 .1 .3 . Mixing provisions

Provisions should be included for mixing of contents and to obtain a represen
tative sample. Mixing may be required to prevent deposits and incrustation and to 
facilitate the transfer of waste.

4 .3 .1 .4 . Sumps

Sumps should be provided with instrumentation for automatic starting and 
stopping of the sump pump. Monitoring of sump level and pump operation may also 
be included.
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4.3.2. Slurry transfer

The slurry transfer system should provide a clear, free flowing pathway 
between the slurry source and the slurry receiver and preclude solidification of the 
solution or plugging of the lines within the system. Bends of five pipe diameters 
(minimum) radius are recommended.

4.3.3. Pumps

4.3.3.1. Seals

Pumps should be equipped with reliable high quality mechanical seals. Where 
slurries or highly concentrated solutions are to be pumped, seal water should be 
provided to flush the seal.

4.3.3.2. Pump internals

Pumps used for pumping high density slurries or highly concentrated solutions 
shall have internals selected to meet the process requirements.

4.3.4. Valves

Diaphragm or bellows sealed valves may be used to minimize leakage from 
systems containing medium level radioactive liquids. Slurry valves should be full 
ported, for example plug or ball valves or diaphragm-type, such that the slurry will 
not interfere with the operation of the valve.

4.3.5. Ion exchangers

4.3.5.1. Resin addition and removal

Resins shall be removed (flushed) from the ion exchange vessel hydraulically 
and added from an accessible area hydraulically, with or without the aid of air, or 
by gravity. Some ion exchange systems are designed for complete replacement of 
the vessel containing the resins.

4 .3 .5 .2 . Resin retention

Resin traps should be installed to trap resins in the event of failure of the inter
nal screen or resin support device. The traps should be provided with backflush 
capability.
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4.3.6. Filters

Filters are used for removal of suspended solids, and precoat filters also for 
removal of ions, depending on the precoat material.

4 .3 .6 .1 . Precoat filters

(1) Vents and drains. Filter vessels shall be provided with vent and drain connec
tions and shall be designed to allow complete drainage.

(2) Backwash and precoat. All backwash and precoat operations should be auto
matic on manual initiation.

(3) Precoat hold. All tubular pressure precoat filters shall be provided with auto
matic initiation of a holding flow in the event o f low process flow rate. This 
event should be annunciated.

4.3.6.2. Cartridge filters

(1) Vents and drains. Filter vessels shall be provided with vent and drain connec
tions and shall be designed to allow complete drainage. Vent piping and con
nections shall not interfere with remote disassembly of filters.

(2) Cartridge removal. Filter housing and internals shall be designed so that site 
personnel exposure during the removal of spent filter cartridges will be main
tained ALARA. Handling equipment should be standardized throughout the 
facility to the maximum extent practicable. Consideration should be given to 
having a remote operated cartridge removal system.

4.3.6.3. Backwashable filters

Backwashable filters may be used for liquid filtration. Air or nitrogen may be 
used to aid in the removal of deposited solids.

4.3.7. Evaporators

4.3.7.1. Cleaning

Connections shall be provided for the addition of cleaning chemicals for decon
tamination and scale removal.
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4.3.7.2. Materials

Materials shall be selected, and provided with sufficient corrosion allowances, 
to withstand the boiling conditions of the concentrated solutions, with consideration 
to the impurities which may be present and chemical adjustment o f the evaporator 
feed.

4.3.7.3. Evaporator heating steam

The evaporator heating steam supply shall be separated from the plant heating 
steam by intermediate heat exchangers (reboiler) or by a separate source of steam, 
to prevent contamination of the nuclear steam supply system. The nuclear steam sup
ply should not be used directly as the evaporator steam supply.

4.3.7.4. Maintenance

In evaporators with heat exchangers, tube bundles or the entire heater shall be 
removable.

4.4. Solid waste treatment systems

Management of solid waste is generally different for wet wastes and dry 
wastes. (See Annex I — A.1.3.1.2. for description of wet and dry solid wastes.)

4.4.1. D ry wastes

Dry wastes are processed according to their classification (Section 3.2.1.3).

4.4.1.1. Compactible waste processing

The compactor should include the following:

(1) A mechanism to hold the container in position for the ram.
(2) An exhaust system to prevent release of airborne particulates during the com

pression operation. It should either contain a HEPA filter, or be connected to 
a building ventilation system.

(3) Provisions to collect the liquids squeezed out during compaction.
(4) Pre-shredding of waste may be used to further increase the efficiency of the 

compactor. Additional information is given in Sections 4.5.3 and 4.5.4.

It is recommended to have anti-spring-back devices to hold the compacted 
waste in place.
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4.4 .1 .2 . Non-compactible waste processing

Processing of non-compactible wastes is normally done manually or remote- 
manually. Remote-manual equipment, with tools or mechanisms operated through a 
shield wall, and remotely operated manipulators should be designed to protect the 
site personnel from radiation sources. Depending on the radioactivity level and type 
o f radioactive contamination, the item could either be decontaminated, or placed in 
a container which may be filled with a moisture absorbent or solidification agent.

4 .4 .1 .3 . Combustible waste processing

Wastes that are classified as combustible may be processed with incineration 
equipment, as discussed in Section 4.5.2.

4.4.1.4. Dry waste embedment

The dry waste products from the volume reduction systems such as dried ion 
exchange resins, dried sludges, ash and salts may be embedded in bitumen, plastics 
or other suitable solidification agents to immobilize them. Due consideration shall 
be given to ion exchange resins or salt swelling and cracking of the solid matrix fol
lowing exposure to water.

4.4.2. Wet wastes

Wet waste should be solidified in a shipping container prior to storage or ship
ment and disposal. In some Member States it is permitted to transport dewatered or 
partially dewatered wet wastes, if a suitable corrosion-resistant container is used. 
Because of the radioactivity levels of wet wastes the equipment should be operated 
remotely and have flushing capability. The following are design recommendations 
for typical subsystems of a solidification system.

4.4.2.1. Pretreatment subsystem

Pretreatment or preconditioning of the wet wastes may be required prior to 
mixing with the solidification agent. The need would be based upon the chemical and 
physical characteristics of the waste and the specifications of the final product. 
Pretreatment can reduce the volume of waste to be solidified. The following are some 
examples of pretreatment subsystems:

(1) Centrifuge. A centrifuge shall be capable of achieving good separation of 
solids and liquids. The solids should have minimum liquid content and the 
liquid shall be re-routed to the liquid waste treatment system. Removal of
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solids should be possible with minimum site personnel exposure. A centrifuge 
should have a high torque sensing element and throwout device to protect the 
unit from damage. The motor and centrifuge may be designed to allow reverse 
rotation to assist in cleaning the machine.

(2) Tank dewatering device. Tank dewatering devices provide a means to remove 
water from a slurry, leaving the bead resins, powdered resin or filter sludge 
in the tank. If filters are installed in a tank for dewatering, these filters shall 
be designed for remote backflushing or for removal and cleaning or disposal. 
Flushing should be performed with a minimum amount of water. Decanting 
may be used as a means of removing water. The'tank(s) shall be of sufficient 
capacity to allow for the sludge or resins to settle prior to decanting without 
interfering with processing.

(3) Dewatering filters. As an example, travelling belt (flat bed) or rotating disc 
type filters may be used to dewater wet wastes. Vent piping and connections 
shall not prohibit the disassembly of filters. If air is used to facilitate drying 
of the sludge or resins, filter vents should be piped to a plant ventilation 
exhaust system which includes HEPA filters. A ll precoat and backflush opera
tions should be designed to be automatic, following manual initiation of each 
of these operations.

4.4.2.2. Solidification agent handling system

The solidification agent handling system should include equipment for filling, 
storage, and metering of the solidification agent, and, if required, additives and 
catalysts. To assure proper solidification of the waste, and the integrity of the con
tainer, the solidification agents shall be compatible with the waste to be solidified 
and the container material. It is recognized that there are several solidification agents 
and combinations of additives which may be used to accomplish the performance 
objectives of this standard. Figure 6 (Appendix I) is a process flow diagram showing 
some possible solidification agents.

(1) Filling. Filling of the solidification agent, additive, or catalyst storage tank 
should be from a non-contaminated, low radiation area with provisions for nor
mal precautions taken for the material involved. If cement or other powdered 
material is the solidification agent, the storage tank should have a dust collector 
system including a filter to remove dust.

(2) Storage. The bulk storage capacity should be large enough to receive bulk ship
ments plus sufficient reserve to permit continued operation. For some systems 
using bitumen or plastic, changes of chemical and/or physical properties due 
to prolonged storage at an elevated temperature should be considered. Some 
plastic solidification agents may require storage at a lower temperature.
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(3) Metering. Metering of the solidification agent, additive, or catalyst shall be 
with the accuracy and range necessary to achieve the desired product quality. 
Powder-type solidification agents should be weighed for better accuracy.

4.4.2.3. Waste metering and mixing

The mixing of the wet waste with the solidification agent should occur in a
mixer just prior to filling a container, or alternatively, in the container.

(1) Metering. Means shall be provided to meter the quantity of waste to be solidi
fied. The accuracy and range necessary to achieve the desired product quality 
shall be established for the design of the metering station.

(2) Homogeneous mixture. The design of the mixing system should ensure that the 
waste is uniformly distributed throughout the insoluble matrix. Homogeneity 
should be demonstrated by visual or by other appropriate means during the pre- 
operational test.

(3) Cement m ixer considerations. The amount of waste that can be solidified using 
cement in a given size of container will vary depending on the chemical and 
physical properties of the waste and the specification of the final product. The 
mixer should have the flexibility to accommodate the various cement/waste 
ratios and be designed to minimize the volume of waste remaining in the mixer 
after use.

(4) Flushing. In systems that mix outside the container, the length of pipe between 
the mixing and filling shall be as short as possible to minimize system flushing 
quantities. Provisions for system unblocking should be included.

(5) Filling and capping (packaging). Means shall be provided to meter the quantity 
of the final mixture delivered to the container. Adequate interlocks shall be 
provided to prevent overfilling. Displaced air from the container during the 
filling and mixing operation should be vented to the building ventilation system 
to prevent the spread of contamination to the containers and the surrounding 
area. The system design should contain provision for remote capping. Final 
solidification shall be accomplished before transport off-site.

(6) Sampling. If sampling is required, provisions shall be incorporated in the sys
tem design.

4.4.2.4. Container handling

(1) Em pty containers. System design shall have regard to space and means for 
storage, transport and inspection of empty containers.
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(2) Container filling. The container handling system should have the capability to 
be remotely operated when the container enters the shielded location of the fill 
station. The operator should have remote visual monitoring of the filling and 
capping operation. The remote handling system should be capable of moving 
the container after filling to a radiological monitoring station (including surface 
contamination sampling) and to the decontamination area (if provided) to 
remove surface contamination.

(3) Container moving. The container handling system shall have the capability to 
move unshielded filled containers remotely. The capability to load containers 
on a transport vehicle should be provided.

4.4.2.5. Container monitoring

Provisions should be included to check for surface contamination and radiation 
levels. Provisions for decontamination of the containers may be included.

4.5. Volume reduction systems

Volume reduction systems are waste treatment systems that are included in 
nuclear plants to reduce the space required at the disposal or storage facility and/or 
reduce the cost o f disposal or storage. Volume reduction systems are sometimes 
integral to a solidification system when the water removal or volume reduction step 
is performed by the heated solidification agent or other techniques. Volume reduc
tion techniques may include processes such as drying (dehydration), incineration or 
high pressure compaction. Figure 7 (Appendix I) shows different volume reduction 
systems. The following are design guidelines for some typical volume reduction 
systems.

4.5.1. Drying equipment

Drying systems heat the wet wastes to evaporate excess water. The design of 
the drying equipment shall incorporate means for flushing with decontamination and 
scale removal chemicals.

4 .5 .1 .1 . Crystallizer

Forced circulation evaporators reduce the volume of liquid wastes or ion 
exchange regeneration wastes by increasing the concentration to higher than the dis
solved salt content at saturation temperatures. This is achieved by circulating the salt 
crystals and suspended solids. The crystallizer should be designed to prevent plug
ging or scaling within the system.
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4.5.1.2. Thin-film evaporator

Evaporator concentrates may be further concentrated for volume reduction in 
a thin-film evaporator. Concentration can be increased from 15-20 wt% to 
50-60 wt%. Some systems are designed to have heated bitumen added to the thin- 
film evaporator. This allows the waste stream to be concentrated to dryness. The bit
umen is in direct contact with the waste stream for good heat transfer and it acts as 
a lubricant for the wiper blades. The mixture is discharged into the container and 
cooled to room temperature. The salts and particulates will be embedded (solidified) 
in the bitumen.

(1) If any special chemical decontamination fluid is required for flushing solidifi
cation agent residue, the system should be designed with sufficient safeguards 
as to flammability, ventilation, and handling.

(2) The rotor shall be removable for cleaning and replacement of wiper blades.
(3) Fire protection equipment shall be located within the container filling area.

4.5.1.3. Extruder-evaporator

The extruder process flow and operation is similar to the thin-film evaporator 
using bitumen. The steam- or fluid-heated extruder mixes the heated bitumen and the 
waste stream. The speed of the screws is adjusted to allow sufficient time for the 
water to be evaporated as the mixture moves through the extruder. Items (1) and (3) 
in Section 4.5.1.2 also apply to the extruder-evaporator.

4 .5 .1 .4 . Batch dryers

Batch dryers may be used to evaporate excess water by mixing waste with 
heated bitumen. The mixture of solids and bitumen is metered into containers and 
allowed to cool.

4 .5 .1 .5 . Dryers

Rotating heated drum dryers, thin-film evaporators and fluid bed dryers may 
be used to remove the water from wet wastes. The waste product is a dry powder.

(1) Water vapour from the evaporation of the wastes should be processed to 
remove solid particles and iodine.

(2) The gases from the purification system should be directed to HEPA filters or 
to the building ventilation system.

(3) The dryer system or solidification system should have the capability remotely 
to transport the dry solids.
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(4) The dryer and transport system shall be provided with appropriate measures 
to prevent the spread of airborne contamination.

(5) Provisions against potential dust and organic vapour explosions should be 
considered.

4.5.2. Incineration

4.5.2.1. The volume of the solid combustible wastes can be effectively reduced by 
oxidation. The most common oxidation process is incineration. The end-product of 
incineration is radioactive ash, which may be embedded in a solidification agent. 
There are a number of incinerator types available that use different combustion tech
niques and different methods for cooling and cleanup of the off-gas. The off-gas 
treatment process itself may generate secondary radioactive solid wastes (e.g. filters) 
and in some instances also secondary radioactive liquid wastes (e.g. scrub solutions).

4 .5 .2 .2 . A typical incineration facility may require the following design provisions:

(a) area for waste feed hold-up, inspection, and pretreatment with fire protection 
and controlled ventilation

(b) automatic or remote manual capability for waste feed and ash container han
dling and transfer

(c) compartmentalization and shielding to reduce area radiation levels during oper
ation, maintenance and repairs

(d) space allotment with adequate clearances for component removal or servicing
(e) localized area ventilation
(f) radioactivity monitoring and cleanup capabilities
(g) fire protection equipment.

4 .5 .2 .3 . Selection of the incinerator type and the design of the off-gas treatment 
subsystem shall take into consideration the physical, chemical, and radiological 
characteristics of the combustible waste and the combustion products.

4.5.2.4. The incinerator system shall be designed to account for anticipated opera
tional occurrences and accident conditions which may compromise operator safety, 
or result in uncontrolled releases of radionuclides into the environment.

4 .5 .2 .5 . Consideration shall be given to provision for venting pressure surges 
directly to the stack from parts o f the incineration system that may have a potential 
o f forming gaseous explosive mixtures.

4 .5 .2 .6 . Unless the incinerator system is designed to operate at above atmospheric 
pressure inside pressure-retaining metal components, it shall be ensured that negative
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pressure is maintained within the boundary of the entire system up to the induced 
draft fan during operation, hot stand-by and shutdown of the system.

4.5.2.7. The process equipment shall be instrumented to monitor all operating 
parameters considered critical to continued process operation.

4.5.2.8. The off-gas treatment system shall be capable of adequate retention o f par
ticulates, chemical contaminants, and radioactive isotopes to ensure that the dis
charge to atmosphere is in conformance with all applicable regulations, for 
radioactive as well as for non-radioactive releases, during operation and during 
anticipated operational occurrences. Any solid or liquid radioactive waste arising 
from the operation of the off-gas system of an incinerator should be treated in accor
dance with the appropriate recommendations of this Guide. Scrub solutions shall be 
recycled to the extent practicable after suitable treatment.

4 .5 .2 .9 . If heat exchangers are used, their tubes should be straight and of sufficient 
diameter to facilitate their cleaning.

4.5.2.10. Since incineration of waste results in concentration of radioactivity in the 
ash product, the radiological implications o f this shall be considered in the design.

4.5.2.11. Negative pressure should be reliably maintained in the ash container or the 
enclosure during ash removal and cooldown to prevent ash from dispersing into the 
air.

4.5.3. Shredders

Shredders may be used for volume reduction, or as a pretreatment step for 
volume reduction of dry solid wastes.

4 .5 .3 .1 . Shredders should be provided with a reversing cycle in the event of shred
der jamming. '

4 .5.3.2. The potential for combustible dust or vapour explosions, or both, shall be 
considered for the specific application and appropriate measures shall be adopted to 
mitigate or eliminate this hazard.

4.5.3.3. An exhaust system should be provided to prevent release of airborne par
ticulates during the shredding operation. It should either contain a HEPA filter or 
be connected to a building ventilation system.
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4.5.4. High pressure compactors

4.5.4.1. If high pressure compactors are used, the recommendations in Section
4.4.1.1. (1) to (4) apply.

4.5.4.2. High pressure compactors may also be used for compaction of waste that 
has been classified as non-compactible and may be used for further compaction of 
previously compacted waste.

5. WASTE STORAGE AND TRANSPORT

5.1. Waste storage

5.1.1. Plant storage

The radioactive waste management systems shall include provisions for the 
storage of wastes, including conditioned wastes, generated during normal operation 
as well as those from anticipated operational occurrences.

5.1.1.1. The plant storage capacity will be dependent on the waste generation rate 
and on the time intervals between routine transfers of these wastes to either a condi
tioning facility, a disposal facility, or to an on-site or off-site interim storage facility.

5.1.1.2. Plant storage shall be in controlled areas.

5.1.1.3. For unconditioned wastes, the waste storage area shall be designed to pre
vent the spread of contamination.

5.1.2. On-site interim storage

Pending permanent disposal arrangements or interim off-site storage availabil
ity, engineered storage facilities with interim storage capacity may be required on
site.

5.1.2.1. Depending on the length of time required for interim storage, options for 
extensions to the facility or construction of additional capacity should be taken into 
consideration during the initial design of the interim storage facility.

5.1.2.2. The storage facilities shielding design shall take into consideration the 
quantity of waste to be stored and the expected activity level of the waste. The shield
ing shall be designed to reduce the radiation exposure to meet the plant requirements
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for operation and maintenance both inside the facility where access is allowed and 
outside the facility in uncontrolled areas. Site boundary radiation levels shall meet 
the limits set by the competent authority.

5.1.2.3. Provisions for the surveillance of containers and recovery of failed con
tainers should be included. The design should provide for easy retrievability o f the 
stored wastes.

5.1.2.4. Consideration should be given to the use of remotely operated systems for 
placement and retrievability of stored containers with relatively high dose rates.

5.1.2.5. A suitable drain system should be provided to collect liquids in the storage 
area, with the possibility of monitoring and treating.

5.1.2.6. The system design should take into consideration occurrences such as the 
operation of the fire protection equipment.

5.1.2.7. Environmental conditions shall be controlled to ensure proper conserva
tion of waste containers.

5.1.3. Storage containers

The bulk storage of unconditioned waste and containers chosen for storage of 
wastes shall be compatible with both their content and the environmental conditions 
they are likely to encounter, so that their integrity is maintained over the required 
storage period. The containers should also be compatible with the requirements of 
the national waste management policy, the actual or expected characteristics of 
interim storage and/or disposal facilities, as well as with the regulations for off-site 
transport o f radioactive materials.

5.2. On-site waste transfer

5.2.1. The radioactive waste management system should include suitable equip
ment for all anticipated on-site transfers of the waste, including conditioned waste.

5.2.2. The radioactive waste management system should include lifting and trans
fer equipment for loading packaged waste for transport.

5.2.3. Depending on the radiation dose rates o f the containers, shielding may be 
required when containers are moved. In such a case, the plant storage and/or the on
site interim storage facility should have lifting capability to load and unload 
remotely, as appropriate, waste containers into the shielded casks.
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5.2.4. Containers should be monitored for radiation dose rate and surface contami
nation prior to their entering or leaving the plant storage and/or the on-site storage 
facility.

5.3. Off-site waste transport

The off-site transportation of radioactive wastes is governed by the regulations 
affecting the transport of radioactive materials. (See also IAEA Safety Series No. 6, 
Regulations for the Safe Transport o f Radioactive Material, 1985 Edition, and also 
the 1986 Supplement.)

6. CONTROLS AND INSTRUMENTATION

6.1. System control and monitoring

6.1.1. General requirements

The controls and instrumentation discussed in this section include all sensing 
elements, remote control switches and status indicators for equipment and valves, 
other process information instruments, and all automatic control equipment neces
sary to ensure safe and reliable operation.

6 .1.1.1. The instrumentation shall provide indication and/or recording of 
parameters necessary to monitor and control the system and its equipment.

6 .1.1.2. The measuring range of the instrumentation shall cover the system varia
bles under normal conditions and anticipated operational occurrences.

6 .1.1.3. The instrumentation shall also give an alarm of, and/or indicate, abnormal 
or undesirable conditions which could adversely affect system releases or system or 
equipment performance.

6 .1.1.4. Redundant controls and instrumentation for the waste management sys
tems are not generally required.

6.1.2. Process control and instrumentation

6 .1.2.1. Instrumentation

Waste management systems shall have sufficient instrumentation to provide 
safe operation and suitable alarms. A remote control area should be provided to start,
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operate, monitor, and shut down the waste treatment systems. Typical monitoring 
parameters are given in Safety Series No. 50-SG-011 (Annex II) (in preparation). 
However, these lists are not considered as all-inclusive.

(1) Suitable instrumentation with alarms shall be provided to monitor radiation and 
contamination levels throughout the waste treatment system area.

(2) A suitable leak detection system should also be provided.

6 .1.2.2. Remote controls

In order to minimize personnel exposure and to allow a better display of the 
status of the system, remote control switches should be provided for frequently actu
ated valves and components.

6 .1.2.3. Interlocks

To ensure proper operation and component protection, and to minimize opera
tor errors, the control system shall be provided with the necessary interlocks.

6 .1.2.4. Manual override

Provided safety is not affected where automatic control is provided, a manual 
override capability should be available to maintain system operability during a fault 
sequence.

6 .1.2.5. Control rooms and panels

Controls and instrumentation should be provided to allow operation of a system 
from a radwaste treatment control room, with a limited amount of information dis
played in the main control room. In the case of BWRs and PWRs, controls and 
instrumentation for the gaseous waste treatment system are generally located in the 
main control room. Local control panels should be provided where necessary for 
specific process requirements, e.g. for resin transfer, volume reduction and solidifi
cation systems, etc.

6 .1.2.6. Remote viewing

Remote viewing provisions should be included in the design where radiation 
protection considerations preclude direct viewing of operations, e.g. mixing, pack
aging, capping and container handling.
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6.1.2.7. Communications

Communications shall be provided between major operating locations as well 
as with the main control room.

6.2. Radioactive effluent monitoring

6.2.1. General

Suitable instrumentation and sampling facilities shall be provided to monitor 
and record all radioactive liquids and gases released from a nuclear power plant, as 
appropriate, to confirm compliance with the authorized limits. Some isotopes, such 
as tritium, will be monitored by sampling.

6.2.1.1. Alarms shall give warning, if releases exceed pre-established values.

6.2.1.2. Effluent monitoring readout and alarm displays shall be located in the 
main control room and in the radwaste control room.

6.2.1.3. Discharges shall be monitored and recorded in such a manner as to enable 
the actual radioactive releases to be assessed, and to establish that they remain within 
the authorized limits. In order to facilitate this monitoring and recording, discharge 
points for gaseous and liquid effluents should be limited in number to the extent 
practicable.

6.2.2. Liquid releases

For the release of liquid effluents, positive operator action shall be required 
to initiate any controlled discharge to the environment.

6.2.2.1. Facilities for sampling and analysing liquids prior to discharge shall be 
provided.

6.2.2.2. Gravity or siphoning flow shall not be the normal method used for making 
controlled discharges from storage tanks.

27

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



7. PHYSICAL ARRANGEMENTS

7.1. General requirements

In accordance with the objectives as discussed in Section 2, equipment and 
components within the radioactive waste management systems shall be located, 
arranged, and shielded to minimize radiation exposure to site personnel during oper
ation and maintenance. The system and equipment design and arrangement shall 
limit the need for personnel to enter high radiation areas to perform maintenance, 
inspection or testing. Operating organizations may establish radiation and contami
nation reference levels for various areas within the plant to ensure the ALARA objec
tives are met.

7.1.1. Building and general layout

The building structure and the general system layout shall be arranged so that 
gross leakage from any piping system or equipment is confined to the local area. The 
layout should give consideration to segregating equipment containing high activity 
materials.

7.1.2. Access

Piping, tubing, conduit, and valve extension handles from tanks or equipment 
should not hinder the access of personnel and the ordinary movement of materials.

7.1.3. Pump, valve and instrument location

7.1.3.1. Pumps associated with tanks or process equipment containing radioactive 
materials should be located outside the shielded area in which the tank or process 
equipment is located. The same recommendation applies to process valves frequently 
operated and/or maintained.

7.1.3.2. Consideration shall be given to the prevention o f damage to pumps and 
drivers due to leakages from the failure of any nearby process component.

7.1.3.3. Instrumentation, controls, valves, and chemical addition points, etc., 
should be located, as far as practicable, outside tank and process equipment 
enclosures.

If the radiation levels are low enough in these enclosures, components may be 
located in them.
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7.1.4. Shield penetration

Penetrations of shielding walls by pipes and ducts shall be designed to 
minimize personnel exposures, apart from other design considerations, such as fire 
barriers, ventilation air flow, etc.

7.1.5. Pipe runs

7.1.5.1. Process subsystems should be arranged to minimize tees, elbows, deadlegs 
and the length of piping runs and thus minimize the number of points in the piping 
where radioactive sediment can collect.

7.1.5.2. It is recommended that gravity and a minimum slope of piping be used as 
far as practicable to ensure proper flow. Formation of unintended siphons should be 
prevented.

7.1.5.3. Process lines carrying resins, evaporator concentrates and filter sludges 
should be provided with arrangements for flushing.

7.1.6. Contamination control

Process equipment, such as tanks, compressors, centrifuges, and evaporators, 
shall be located so as to minimize the spread of contamination and facilitate decon
tamination should spillage occur. Typical measures include provision of adequate 
ventilation, drainage systems, curbing, and surface finishes for facilitating decon
tamination of floors and walls.

7.1.7. Electrical equipment

Electrical switchgear and controls shall be located to prevent damage deriving 
from component failures and shall conform to the applicable environmental qualifi
cation requirements. Wherever practicable they should not be positioned in areas of 
potential contamination.

7.1.8. Eyewash and shower

Appropriate safeguards shall be provided to protect site personnel from chemi
cal hazards in areas where hazardous chemicals are handled or stored.
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7.1.9. Insulation and shielding removal

Insulation and shielding around radioactive process equipment that must be 
periodically inspected or serviced should be designed to permit rapid removal and 
reassembly to minimize radiation exposure to site personnel.

7.2. Shielding

7.2.1. Shielding calculations shall be based upon the design basis activities (includ
ing contamination buildup) and quantities.

7.2.2. The shielding and arrangement of equipment and components handling 
radioactive wastes shall be a function of the degree of access required for operation, 
inspection, testing and maintenance.

7.2.3. Consideration should be given to the possibility that systems not containing 
radioactive fluids during normal operation may carry radioactive fluids under antici
pated operational occurrences.

7.2.4. Component separation by distance or shielding, or both, should be utilized 
to minimize exposure to site personnel.

7.3. Requirements and recommendations for operation

To provide guidance for design of the radioactive waste treatment facilities 
from an operational standpoint, the following requirements and recommendations 
are given:

7.3.1. Equipment location

Tanks and process equipment (e.g. filters, ion exchangers, evaporators) should 
be separated and shielded from equipment and components requiring periodic main
tenance, calibration and/or inspection. The tanks and process equipment should be 
in individual cells unless low inspection and maintenance frequencies and/or low 
dose rates do not justify interpoint shield walls. Only piping and those sensing ele
ments which cannot be located away from the equipment (e.g. thermocouples) should 
be installed in equipment cells.

7.3.2. Non-radioactive systems

Valves and equipment of non-radioactive systems such as cooling water, 
instrument air, service air and auxiliary steam should be located in areas which are
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not anticipated to be subject to significant occupancy limitations due to radiation 
levels.

7.3.3. Valves

All manual valves and valve operators shall be located in areas readily access
ible to operating personnel. Should valves be installed in high-radiation areas, they 
should be provided with extended stems or equivalent devices allowing actuation 
from a lower-radiation area. Handwheels, chain or extension handle operators 
should be so located above the floor or a permanently installed platform as to allow 
easy operation.

7.3.4. Labyrinths

Labyrinths (or in particular situations, removable wall sections or shield plugs) 
shall be provided for entry to shielded areas. Doors shall be located or shielded so 
that personnel standing in front o f a closed door are not exposed to direct radiation 
from the equipment within.

7.3.5. Piping and valves

Piping and valves should be located and marked so the operator can easily iden
tify the flow paths. It is recognized that some piping connecting components may 
have flow in both directions.

7.4. Requirements and recommendations for maintenance

To provide guidance for design of the radioactive waste treatment facilities 
from a maintenance standpoint, the following requirements and recommendations 
are given.

7.4.1. Equipment removal

Equipment and components shall be arranged so that adequate clearances are 
provided to perform removal and maintenance, including removal and replacement 
o f internals and parts. Piping, tubing, conduit runs, ventilation ducts, etc., should 
be arranged to facilitate access and maintenance. These items should not be attached 
to or mounted on equipment in a manner which interferes with the maintenance or 
removal of the equipment or components. Where necessary, ladders and platforms 
should be provided to permit access and minimize time spent in radiation zones.

Further guidance may be found in Safety Guide 50-SG-D9, Design Aspects of 
Radiation Protection for Nuclear Power Plants.
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7.4.2. Local shielding

Whenever local shielding is provided, e.g. around radiation monitors, it shall 
be structurally supported independently of the equipment or component and arranged 
for easy removal and replacement.

7.4.3. Lifting and transfer provisions

Lifting and transfer facilities should be provided for the removal and transfer 
of heavy equipment or parts from the area in which they are installed in order to ena
ble maintenance activities to be performed in other areas.

7.4.4. Emergency lighting

Adequate emergency lighting and indication of escape routes shall be provided 
in all equipment areas.

7.4.5. Maintenance o f  equipment with accumulated activity

The removal from service of equipment containing a significant quantity of 
radioactivity requires consideration at the design stage. Various means to accomplish 
or facilitate maintenance include:

7.4.5.1. Semi-remote methods

These include use o f long handled tools which utilize distance and equipment 
shielding to reduce personnel exposure.

7.4.5.2. Temporary shields

These may be used to shield adjacent sources or to minimize exposure of per
sonnel doing maintenance at contact distance. Sufficient space shall be provided in 
the design for the installation of these shields.

7.4.5.3. Removal o f radioactive contents

If removal of waste processing system material (for example, filter elements, 
resins, or charcoal) is required before performing the maintenance, provisions for 
removing the material should be included. Removal of the material will depend on 
the radiation level of the material and the background radiation level of the area.
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7.4.5.4. In-place decontamination

In-place decontamination may be accomplished by water flushing or chemical 
cleaning and the relevant facilities should be provided. Care needs to be exercised 
in the choice of decontamination methods to ensure that there is no adverse effect 
on equipment arising from the process. Detailed guidance may be found in Safety 
Guide 50-SG-D9 and in Safety Series No. 48, Manual on Decontamination of 
Surfaces.

7.4.5.5. Shielding on the component

Owing to the construction of a system and the arrangement of the components, 
some of the components may require shielding from other components that are 
expected to need maintenance.

7.4.6. Piping encasement

Radioactive waste process piping should not be encased in concrete, because 
maintenance or replacement may be necessary (floor drain piping to sumps is an 
exception).

7.4.7. Pipe bends and length o f  piping

Layout of process components containing radioactive fluids should be such as 
to minimize the length of piping and number of bends, compatible with maintenance 
requirements.

7.4.8. Use o f  models

In order to incorporate in the design the required features to allow main
tenance, inspection and surveillance to be carried out safely and with minimum per
sonnel exposure, engineering models may be used during the design stage.

7.5. Fire protection

Particular protection against fire should be provided for certain areas of the 
waste treatment systems. The actual amount and type of protection will vary from 
plant to plant, depending on radwaste system characteristics as well as on national 
fire protection regulations and practices. The instrumentation of the fire protection 
system shall be located in the main control room or in a room where site personnel 
are always on duty. Further guidance may be found in Safety Guide 50-SG-D2, Fire
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Protection in Nuclear Power Plants. The following are examples of areas requiring 
particular fire protection.

7.5.1. Gaseous waste systems

7.5.1.1. Off-gas hydrogen and oxygen

To prevent a hydrogen or oxygen fire or explosion, the hydrogen level in the 
off-gas system shall be monitored and an alarm given when pre-established limits are 
exceeded. Design for explosion conditions is discussed in Section 4.2.7.1.

7.5.1.2. Charcoal

If charcoal is used in delay tanks, the charcoal storage and loading area should 
be provided with fire detection and suppression systems. The frequency of charcoal 
bed replacements may be low enough for portable fire extinguishers to afford suffi
cient protection. Charcoal in tanks does not require particular fire protection.

7.5.2. Solid waste systems

7.5.2.1. Dry wastes

Areas used for dry waste storage, prior to processing, should be provided with 
a fire protection system. Examples are automatic sprinkler systems with automatic 
detection and manual actuation, which have been installed at various nuclear power 
plants in addition to conventional fire fighting systems. The choice of means of fire 
protection depends on the physical and chemical properties of the materials in storage 
as well as on national fire protection regulations and practices.

7.5.2.2. Solidification systems

Solidification systems which use bitumen or other organic substances as the 
solidification agent should have as protection a fire detection, alarm and suppression 
system for the storage tank and the process equipment. Compatibility of fire sup
pressing means with solidification agents should be ensured.

7.5.2.3. Volume reduction systems

Volume reduction systems for combustible wastes should have a fire detection 
and alarm system. Fire protection may be provided by a water sprinkler system or 
fire hose station; in particular applications, foam or powder may be more appropri
ate. Depending on the radiation level expected for some of the components, an auto
matic or a remote actuated suppression system may be required.
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7.5.3. Waste storage

7.5.3.1. Solidified waste

Waste storage areas for waste embedded in bitumen or other organic sub
stances should be provided with a fire detection, alarm and suppression system as 
appropriate.

7.5.3.2. Compacted waste

Storage areas for combustible wastes which have been compacted in a steel 
container should be provided with a fire detection and alarm system. This is often 
installed in the ventilation exhaust duct from the storage area. Fire hoses or portable 
fire extinguishers should be considered for location in or close to the storage area.

8. SYSTEM CAPACITY AND REDUNDANCY

The processing and storage capacity of the waste management system and the 
extent of component redundancy provided in the system are normally economic con
siderations. These two factors may directly affect the availability of the waste treat
ment system, which in some cases may also affect the availability of the nuclear 
power plant.

8.1. System capacity

8.1.1. System input

To design the system capacity of the individual waste treatment systems 
properly, the waste design volumetric inputs and activity levels shall be determined 
both for normal operation and for anticipated operational occurrences. These data 
should be based on information from the reactor vendor and applicable experience 
from similar reactor plants.

8.1.2. Process rate

System and component process rates are determined with reference to system 
input and to storage capacity prior to processing.

8.1.2.1. In liquid treatment systems, for example, a larger collection tank will 
allow the process equipment to be sized with excess capacity with respect to the
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expected input flow rate in order to reduce processing time. Some systems are 
designed to process in less than six hours the waste produced in 24 hours of normal 
operation. This will provide a capacity margin to cope with particular periods such 
as refuelling outages as well as with equipment outages for maintenance reasons.

8.1.2.2. Some gaseous treatment systems store the waste gas prior to processing 
and the process rate should be designed for steady state operation. For systems that 
process the waste gas as it is produced, the process rate shall be capable of dealing 
with both normal and anticipated operational occurrences.

8.2. Redundancy

If component redundancy is not required purely for safety reasons, it is neces
sary to consider the costs of providing redundancy as opposed to the cost penalties 
associated with system downtime resulting from outages of equipment without 
backup. Experience has shown that, as a minimum, the need for redundancy of waste 
processing subsystem components involves the following factors:

(1) Probability of component failure
(2) Effect of failure on system performance
(3) Ease of replacement or repair of components
(4) Availability of alternative processing methods
(5) Availability of cross-connections with other systems
(6) Cost o f providing redundancy
(7) Cost associated with component outages.

Redundancy should be provided where the benefits o f increased system availa-
bility offset the cost of redundancy. For a particular system design, component
failure should be considered, using probabilistic data and past experience. Failures 
which can be avoided by preventive maintenance should not be included in the evalu
ation. The cost of unscheduled system downtime hours should be compared with the 
cost of component redundancy using equivalent economic bases. Redundancy should 
be provided where the value of increased hours of system availability due to redun
dancy is balanced by the costs o f redundancy,,on an individual component basis.

9. SYSTEM TESTING AND COMMISSIONING

9.1. System cleaning

Before system testing is performed it shall be ensured that the whole system 
is clean and free from foreign materials, according to the appropriate specifications 
of the designer.
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9.2.1. Completed process systems or portions thereof shall be pressure tested in 
accordance with the applicable design code to demonstrate tightness and pressure 
integrity.

9.2.2. Forms of testing tanks, vessels and piping may differ.

9.2.2.1. Piping systems should be pressure tested in their entirety.

9.2.2.2. Temporary plugs at atmospheric tank connections may be used.

9.2.2.3. Atmospheric vessels should be hydrostatically tested in their entirety.

9 .2.2.4. It may be required to leak test all or part of the systems.

9.2.3. If hydrostatic testing is used on charcoal systems and recombiner systems 
for the gaseous waste treatment system, extreme care should be taken to assure that 
the system is completely dry prior to filling with charcoal or catalyst.

9.3. Functional and pre-operational testing

The completed waste management systems shall be tested as a whole to the 
maximum extent practicable to verily the operability and functional performance of 
the systems. To this end, each system should be run treating similar but non
radioactive substances, in order to simulate as far as practicable the design condi
tions. These tests shall demonstrate that the systems equipment will operate in a relia
ble, safe manner and that provisions are available to cope with anticipated 
operational occurrences.

9.2. System integrity testing

10. DOCUMENTATION

10.1. Quality of documents

Documents shall be produced in accordance with the applicable Quality Assur
ance requirements (see the IAEA Code of Practice on Quality Assurance and related 
Safety Guides).

They shall be produced in such a form as to be retainable, retrievable and 
modifiable throughout the life of the plant or any other length of time as may be 
required by the regulatory body.
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10.2. Design criteria

10.2.1. Design criteria, intents and assumptions shall be clearly stated in writing, 
so as to document the basis for the overall system design. A complete safety analysis 
report, also covering the effects of postulated failures, shall be included.

10.2.2. Design codes and standards assumed in the project of systems and compo
nents shall be clearly referred to.

10.3. Baseline documents

All technical design documents, such as design criteria, specifications, equip
ment descriptions, process flow diagrams, piping drawings, components drawings, 
equipment operating and maintenance manuals, etc., shall be made available to the 
operating organization in the updated, as-built versions. Commissioning documents 
such as test specifications, test procedures and test reports shall be included.

10.4. Process data

10.4.1 . Data resulting from the monitoring of the releases of the gaseous and liquid 
waste systems shall be recorded (see Section 6.2.1).

10.4.2. Data on radioactive waste containers being put into storage or being shipped 
to final disposal shall be recorded in accordance with the requirements of the regula
tory body. The following is an example of the type of information included in these 
records:

— individual container number
— power plant name or code
— type and assessed quantity of radioactivity contained
— type of waste, resins, filter cartridges, etc.
— external dose rates
— position o f container in storage (if applicable)
— date of container closure or entry into intermediate storage (if applicable)
— date of transport from power plant.

Facilities should be provided to enable collection of such information.
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Annex I

WASTE SOURCES

This annex presents the principal sources of gaseous, liquid and solid radio
active wastes which arise in light water reactors (PWR and BWR), heavy water reac
tors (HWR) and gas cooled reactors (GCR). Waste sources in general may arise as 
a result o f leaks from the primary coolant system or as a result o f operation, main
tenance or waste processing. This annex discusses typical sources of waste which 
may or may not be applicable for all types of thermal reactors.

The quantities of waste generated from the operation of nuclear power plants 
vary greatly from plant to plant and from one type to another. Some examples of 
quantities for all thermal reactor type plants are given in IAEA Technical Reports 
Series No. 198, Guide to the Safe Handling of Radioactive Wastes at Nuclear Power 
Plants, Appendix 2 (Waste Management Data from Typical Nuclear Power Plants).

A I.l. GASEOUS WASTES

AI.1.1. Gaseous wastes from light water reactors

A I. 1.1.1. Radionuclides

The various sources listed below may contain radioactive nuclides in the form 
of noble gases (xenon and krypton), activation gases (13N, 14C, I6N, 1?N, 190 ,  18F, 
37A r and 41Ar), radioiodines and tritium from water vapour released (3H). The 
PWR may have greater quantities of tritium.

A I .l .  1.2. Typical gaseous waste sources from boiling water reactors

(1) Main condenser air removal system
The main condenser off-gas consists of hydrogen and oxygen arising from 
radiolytic decomposition of reactor water, air leakage into the main condenser, 
water vapour, radioactive fission products, and activation gases.

(2) Turbine steam seal system
The turbine gland seal system exhaust contains air drawn into the turbine seals 
and non-condensibles from the sealing steam. If main steam is supplied to the 
turbine seals the steam packing exhauster discharge will contain noble and acti
vation gases and some radioiodine and particulates. If clean steam is supplied 
to the turbine seals the steam packing exhauster will contain negligible quanti
ties of radioactive material.
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(3) Mechanical vacuum pump system exhaust
The mechanical vacuum pump, used to evacuate the main condenser, dis
charges some radioactivity. The quantity and mixture of radionuclides dis
charged is a function of decay time following reactor shutdown.

A I .l .  1.3. Typical gaseous waste sources from pressurized water reactors

(1) Volume control tank (VCT)
The hydrogen concentration in the reactor coolant system may be controlled 
by the addition of hydrogen in the volume control tank. Since the reactor 
coolant contains radioactive gases, the volume control tank vapour space will 
accumulate them in various concentrations. Gas from the volume control tank 
may be either continuously purged or periodically vented into the waste gas 
processing system.

(2) Reactor coolant drain tank (RCDT)
An RCDT is used to collect liquid effluents from the system containing 
primary coolant and controlled leakoffs. Gases accumulate in the RCDT’s gas 
space and enter the gaseous radioactive waste processing system from the tank 
vent. Activity from this source is highly variable and depends upon process and 
system design.

(3) Gas stripper
The degasifier or gas stripper removes dissolved gases from liquids and dis
charges them to the gaseous radioactive waste processing system. Flow rates 
and activity concentrations from this source depend upon system design.

(4) Cover gases
Cover gases, used to exclude air from tank vapour spaces to limit oxygen con
centration in the water or to prevent the formation of explosive mixtures with 
hydrogen, may contain radioactive gases and normally enter the gaseous radio
active waste processing system.

(5) Pressurizer relief tank (PRT)
Radioactive gases from the pressurizer relief valve enter the PRT. Periodically 
or continuously the PRT is vented to the gaseous radioactive waste processing 
system.

(6) Miscellaneous sources
Gases from other sources such as the reactor vessel head and pressurizer vent
ing or fuel inspection operations may discharge to the gaseous waste treatment 
system.
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AI.1.2. Gaseous wastes from heavy water reactors

AI. 1.2.1. Radionuclides

The primary radionuclides in the gaseous waste are fission product noble gases 
(133Xe, 135Xe, 85Krm, 87Kr, 88Kr), activation gases (4lAr, 14C), radioiodines and 
tritium. Tritium quantities are typically greater than with light water reactors.

A I.1 .2 .2. Typical gaseous waste sources

(1) Heat transport pressure and inventory control system
Fission product noble gases may be released due to fuel failures to systems 
which have direct or indirect contact with irradiated fuel. These gases are col
lected from the pressurized heavy water heat transport system in the degasser 
condenser and heat transport D20  leakage collection tank, both of which may 
be vented as required to the noble gas off-gas treatment system.

(2) Fuel handling systems (on-power fuelling)
The fuelling machine heads air purge exhaust and the irradiated fuel discharge 
mechanisms may be vented as required to the noble gas off-gas treatment sys
tem when fission product noble gases are present due to handling of failed fuel.

(3) D20  vapour recovery
Containment air is circulated through desiccant dryers for heavy water collec
tion and tritium control. A small purge flow for containment pressure balance 
is directed to the filtered and monitored contaminated exhaust system.
Dried air from rooms containing auxiliary heavy water systems is vented to the 
contaminated exhaust system.

(4) Moderator cover gas
The heavy water moderator cover gas system is a source of activation gases 
( 14C and 41 Ar) to the exhaust.

(5) Annulus gas
The annulus gas system (gas space between pressure tube and calandria tube) 
is a source of activation gases, 14C (if nitrogen annulus gas) and 41 Ar.

AI.1.3. Gaseous wastes from gas cooled reactors

A I. 1.3.1. Radionuclides

In general, active gaseous effluents arise as a result of inadvertent coolant leak
age from the primary circuit and from planned operational coolant discharges. Iso
topes in the gaseous effluents include fission products (noble gases and iodines being
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most significant), coolant activation products (41Ar, 14C, 16N) and moderator acti
vation products (3H and 35S).

In general, treatment of gaseous wastes consists of filtration and charcoal bed 
adsorption of organic iodine species, where appropriate.

A I .1.3.2. Typical gaseous waste sources from GCRs

(1) The reactor shield cooling air .
Where this is required the shield cooling air is continuously discharged through 
filters.

(2) Gaseous coolant blowdown
Periodic blowdowns of coolant gas may be made for coolant purity control pur
poses. The minimum treatment prior to discharge is filtration together with 
charcoal bed adsorption for removal of organic iodine species where required.

AI.1.4. Ventilation

Ventilation air from all reactor types which is contaminated or potentially con
taminated is passed through appropriate filters prior to discharge.

AI.2. LIQUID WASTES

AI.2.1. Liquid wastes common to all reactors

A I .2 .1.1. Radionuclides

The following radionuclides are present, to varying degrees, in the liquid 
wastes for all reactor types:

3H, 14C, 32P, 35S, 45Ca, 51Cr, 54Mn, 59Fe, 58Co, “ Co, 63Ni, 65Zn, ^S r, 95Nb, 95Zr, 
l03Ru, 106Ru , 110Agm, 119Snm, 124Sb, 125Sb, I29I, 131I, 134Cs, 137Cs, 140Ba, 141 Ce and 
144Ce.

Alpha emitters also may be present in these wastes.

A I .2 .1.2. Typical liquid waste sources common to all reactors

Separation or segregation of liquid wastes may vary from one design to 
another, but generally the way in which liquid wastes are collected and subsequently 
processed is based on their radioactivity content and/or their chemical content. The
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processing may differ, depending on the water characteristics. The following liquid 
waste sources are common to all reactor types:

(1) Chemical waste sources
Radiochemistry laboratory drains, chemical cleaning waste, decontamination 
waste, ion exchanger regenerant solutions, and other liquid radioactive wastes 
which contain high concentrations of chemicals.

(2) Detergent waste sources
Sources of detergent waste are: laundry, personnel decontamination and other 
liquid radioactive wastes containing detergents and soaps. The detergent waste 
collection system should be segregated from other waste collection systems to 
reduce operational problems with processing equipment.

(3) Miscellaneous waste sources
Sources of miscellaneous waste are: floor drains, outdoor controlled-area 
wastes, sampling station radioactive waste, equipment drains, auxiliary system 
ion exchanger and filter waste, reactor coolant auxiliary systems, processing 
and component cooling systems, and solid waste treatment and volume reduc
tion systems.

AI.2.2. Additional sources of liquid wastes for light water reactors

A I.2 .2 .1 . Pressurized water reactors (PWRs)

Liquid wastes may arise from:

(1) Major systems
Residual heat removal system, emergency core cooling system, and reactor 
containment cooling system; steam generator blowdown, if contaminated.

(2) PWR secondary systems
This waste is normally not radioactive, but can be if primary to secondary leak
age occurs. The plant design may include provisions to treat this waste. 
Sources of secondary system waste are: steam generator blowdown, turbine 
building drains and secondary system ion exchanger spent regenerant and filter 
waste.

A I.2 .2 .2. Boiling water reactors (BWRs)

Wastes may be segregated by conductivity, as high conductivity waste is 
treated differently from low conductivity waste.

(1) Low  conductivity waste
Major sources of low conductivity waste are: equipment drains from the 
drywell, the reactor, turbine, radwaste and auxiliary buildings; ion exchange
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resin cleaner effluent, bead resin backwash and transfer water, fuel pool filter 
and demineralizer backwash. Water resulting from the dewatering of slurry 
wastes in the solid waste system may also be an input to this subsystem if the 
low conductivity requirement is met. If a powdered resin (filter/demineralizer) 
condensate treatment system is used instead of a deep bed system, decantate 
from the condensate phase separator becomes another input to the system.

(2) High conductivity waste
Drywell, reactor, turbine, radwaste and auxiliary buildings floor drains. Water 
resulting from the dewatering of slurry wastes from the solid waste system may 
also be an input to this system if the conductivity is high. In addition, any mis
cellaneous liquid waste that is normally expected to fall within the high conduc
tivity definition should be collected and treated with these wastes.

AI.2.3. Additional sources of liquid wastes for heavy water reactors

(1) Heavy water systems
Systems containing heavy water (moderator and primary heat transport and 
related auxiliary systems) are designed as leaktight as possible, with integral 
purification systems, so as to minimize heavy water losses. Dedicated leakage 
collection systems drain to sumps that are segregated from light water areas 
and heavy water is recycled after treatment. When heavy water leaks are down
graded with light water, the collected liquid is analysed for heavy water content 
and recycled after upgrading to the required isotopic purity, if  economically 
justified.

AI.2.4. Additional sources of liquid wastes for gas cooled reactors

(1) Liquids from coolant dryer plant
The liquid waste from the reactor gas drying plant is usually kept separated and 
may be diluted and discharged after sampling.

AI.3. SOLID WASTES

AI.3.1. Solid wastes common to all reactors

A I.3 .1.1. Radionuclides

The radionuclides listed in Section AI.2.1.1. are present, to varying degrees, 
in the solid wastes for all reactor types.
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AI.3.1.2. Typical solid waste sources common to all reactors

Solid wastes result from the operation and maintenance of the nuclear power
plant, the gaseous and liquid waste processing systems, and the waste volume reduc
tion systems. The nature of these wastes varies considerably from plant to plant, but 
in broad terms, they may be classified as ‘wet’ or ‘dry’ wastes. The former consist 
mainly of slurries, such as spent ion exchange resins, powdered resins, evaporator 
concentrates (bottoms), cartridge filter and precoat filter cake (sludge). ‘D ry’ solid 
wastes include contaminated rags, clothing, wood, paper, plastic, etc. Other sources 
o f ‘dry’ solid waste are ventilation system filters, tools, contaminated core or plant 
components, charcoal, etc.

AI.3.2. Additional sources of solid wastes for gas cooled reactors

(1) Fuel element cladding support struts, fuel stringer debris, fuel element graphite 
sleeves. These activated components are generally stored in bulk on site.

(2) Gas processing media, e.g. spent desiccant or catalyst.
(3) Circuit dust from the reactor coolant cleanup.
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Appendix I

FIGURES ILLUSTRATING 
RADIOACTIVE WASTE TREATMENT SYSTEMS 

AT NUCLEAR POWER PLANTS
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FIG. 1. Typical radioactive gaseous and liquid waste systems for a BWR.
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FIG. 3. Typical radioactive gaseous and liquid waste systems for a GCR.
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FIG. 5. Radioactive liquid waste management systems for a HWR.
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FIG. 6. Radioactive solid waste management systems.
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