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FOREWORD

The extensive application o f radioisotopes in scientific research and tech
nology, and the rapid expansion o f the nuclear power industry, have increased 
the need for specialized laboratories for handling radioactive substances o f high 
activity.

The future development o f  the nuclear industry may also involve the use 
and recycling o f plutonium fuel, leading to the accumulation o f significant 
quantities o f such radionuclides as americium-241, americium-243, curium-242 
and curium-244. The handling o f  plutonium and transplutonium elements pre
sents special radiation protection and safety problems because o f their high 
specific activity and high radiotoxicity. Strict regulations must be applied to the 
design o f  the containment and o f the air-cleaning systems. The emission o f 
neutrons necessitates the use o f special shielding materials.

The original edition o f the present manual was published by the IAEA in 
1969. Since then there have been many developments in the field o f  hot labora
tories, particularly in techniques and design, and therefore the Agency considered 
it necessary to bring the manual up to date. For this purpose the Agency con
vened an Advisory Group Meeting in Bombay, India, in March 1979.

The safe handling o f  highly radioactive substances is the main purpose o f 
hot laboratory design and equipment. The manual aims at helping those persons 
who plan to design and construct a new hot laboratory or to modify an existing 
one, particularly in developing countries. It does not deal in great detail with the 
engineering design o f protective and handling equipment; these matters are dealt 
with in publications given in the comprehensive list o f references. The manual 
itself covers only basic ideas and different approaches in the design o f  laboratory 
buildings, hot cells, shielded and glove boxes, fume cupboards, and handling and 
viewing equipment. Material transfer systems and main services are also discussed.

The present edition is the result o f  the revision carried out by the Advisory 
Group. The final compilation was the responsibility o f J.U. Ahmed o f the 
Agency’s Division o f  Nuclear Safety.
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1. INTRODUCTION

With the advent o f  the atomic energy industry, laboratories were called upon 
to handle ever increasing amounts o f  radioactive materials as well as radioactive 
substances o f  high toxicity. In particular, the expansion o f the nuclear power 
industry involves the use and recycling o f  plutonium fuel, leading to the accumu
lation o f significant quantities o f  transplutonium nuclides such as 241Am, 243Am, 
242Cm, 244Cm and 2S2Cf. The handling o f  plutonium and transplutonium elements 
presents special radiation protection problems because o f  their high specific activity 
and high radiotoxicity. Thus it became a matter o f  prime importance to devise 
methods for the safe handling o f these materials [1—31].

The main objects o f  these methods are the safety o f the operators and o f 
the-environment, the provision o f conditions for carrying out work with radio
active materials to enable reproduceable and reliable results to be obtained, the 
maximum operating efficiency o f the laboratories, and the safe discharge o f 
effluents and wastes from the laboratories.

Work with radioactive materials must be carried out under conditions which 
protect the operators, the public and the environment from harmful effects. It is 
the function o f  hot laboratories and their equipment to provide such conditions.

Protection must be given against external and internal radiation and against 
criticality incidents, in addition to the normal hazards o f fire, explosion, etc. in 
hot laboratories.

Radioactive materials are hazardous to man because o f  the photons or 
particles they emit, and some such materials are also chemically poisonous, for 
example uranium and plutonium. These photons and particles transfer their energy 
to the atoms and molecules in the tissue, thereby damaging it by destroying or 
altering vital parts o f its structure.

For protection against penetrating emissions o f radioactive materials, i.e. 
gamma photons, X-rays and neutrons, shielding o f  considerable thickness is 
required; materials emitting large quantities o f such radiations must be handled 
remotely in shielded facilities. Beta emitters can be handled with little shielding; 
when beta radiation is stopped, soft (i.e. less penetrating) X-rays or ‘bremsstrahlung’ 
radiations are generated which may require shielding. Alpha particles are stopped 
by very thin layers o f  materials because they give up their energy over a very 
short range. However, it is this high rate o f  energy deposition which makes alpha 
emitters the most toxic radioactive substances when they are incorporated in body 
tissue. Protection against radiation causing internal hazards can best be effected 
by isolating the material from the operator’s environment. This isolation is 
achieved by containing the radioactive materials in an enclosure, which can take 
the form o f  a fume cupboard, glove box, shielded box or hot cell. The integrity 
o f  the enclosure and the standard o f the ventilation required for the safety o f 
the operator mainly depend on the following factors: toxicity o f  the material, 
quantity, specific activity, physical and chemical form, and type o f  operation.

1
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The isolating enclosure or containment must be designed to enable processes 
to be carried out under the best possible controlled conditions to suit the 
individual process and the radioactive material.

The radioactive materials, however, must be transferred into and out o f  the 
enclosure; therefore, safe methods for the storage and transport o f the radioactive 
materials are required and the operating environment must be monitored to 
detect the presence o f any contamination.

It has been found beneficial for the operating efficiency o f the laboratory to 
gather together in distinct and separate areas those sections or operations that 
give rise to the same or a similar degree o f  radioactive hazard. Operators can move 
between these separate areas by passing through changing rooms where a change o f 
clothes or protective clothing is provided for the operator’s safety and to prevent 
the spread o f  contamination between the areas. An integrated ventilation system 
for these areas must be carefully engineered to prevent the spread o f  airborne 
contamination between the different areas.

When designing hot cell facilities, consideration should be given to automated 
systems and to the use o f  standard systems.

2. PURPOSE OF THE MANUAL

The primary purpose o f this manual is to serve as a guide to those persons or 
authorities (particularly in developing countries) who are responsible for the design 
and construction o f new hot laboratory facilities. It is intended to point out basic 
ideas and alternative approaches in the design o f  laboratory buildings, equipment 
and main services.

3. SCOPE OF THE MANUAL

This manual covers the general principles o f  planning and design o f  areas 
inside laboratories according to the varying potential radiation and contamination 
hazards; enclosures for radioactive material containment; viewing and lighting 
systems and various types o f  manipulators; transfer and transport o f  radioactive 
materials within the laboratories; air cleaning and ventilation systems, with 
particular reference to IAEA Safety Series No. 17; techniques for controlling 
air pollution from the operation o f  nuclear facilities; various radioactive waste 
disposal systems; criticality control; fire protection; personnel monitoring, 
including changing-room monitoring and protective clothing; standardization 
and automation; and administrative controls.

Although alpha, beta, gamma technologies have developed separately, equip
ment used in radioactive work is common to many operations. There is a step

2
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change in technology between work with uranium and plutonium and between 
work with plutonium and other transuranics; with plutonium one enters the field 
o f  alpha, beta, gamma technology.

This manual reports the basic requirements and gives reference to more 
sophisticated techniques available. It is not concerned with work on a commercial 
scale. Other publications o f  interest in this context, for instance IAEA Safety 
Series No.39, are referenced for more detailed information.

4. PLANNING AND DESIGN OF HOT LABORATORIES

4.1. Requirements for safety analysis

Before the conceptual design stages o f  an installation the location o f  the 
plant should be subjected to a siting criteria evaluation in order to determine the 
acceptability o f  the proposed operation in terms o f  the level o f  potential risk, based 
on the inventory o f  radioactive material, the proposed routine release rates o f 
radioactive material and local environmental conditions. The proximity o f the 
proposed hot laboratory to other nuclear installations and the interaction o f  the 
safety procedures must also be considered by the siting evaluation. The evaluation 
should indicate to the plant designers the preferred location and those environ
mental conditions which influence the design.

The design o f  all radioactive facilities requires that detailed consideration be 
given to the radiation doses that will be received by both the operating staff and 
the public, for normal operation and under a range o f accident conditions. Where 
significant quantities o f radioactive materials are to be processed, much o f the 
assessment work is concerned with the probability o f an accidental release o f 
radioactive materials from the containment provided. The aims o f  the safety 
assessment are as follows:

(a) To review the objectives o f  the proposed operation and to establish the 
design philosophy for the hot laboratory

(b) To quantify the frequency o f  occurrence o f  radioactivity release mechanisms
(c) To quantify the amounts o f  radioactive material that would be released as a 

result o f  these mechanisms and the dose rates to be received by the operating 
staff and the general public

(d) To judge the acceptability o f  the consequences o f  (a) and (b) above; if 
these are unacceptable, to indicate to the designers the need for re-design 
and/or additional safety systems.

The hazards analysis should consider the effects o f  natural phenomena such 
as earthquakes, storms, etc., in addition to hazards from fire, flooding and 
missiles.

3
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A risk probability relationship for the nuclear industry with regard to 
radiation exposure o f  the general public has been developed by Farmer [32].
This technique is applicable to the safety assessment o f  hot laboratories; when 
reliability data are available for the individual engineering components it permits 
o f  a quantitative comparison o f the public risk acceptability with the probability 
o f radiation exposure due to plant system failure. If good reliability data are 
not available, so that a numerical reliability analysis o f plant systems is not 
possible, analysing systems on the basis o f  failure modes and their effects are 
recommended where a high level o f  reliability is essential.

The industrial safety requirements o f  the particular industry and the national 
requirements should be considered in parallel with the radiological safety analysis.

From inception to operation the radioactive facilities must be subject to 
detailed safety assessments [33], In addition to the operational requirements the 
design should consider the retrieval o f equipment after accidents and, at the end 
o f the working life o f the plant, the final decommissioning o f the facility.

Such initial assessment work is best done in stages, by a team in which both 
the operator and design staff are represented, together with an appropriate number 
o f technically competent persons. It is essential that a formal document be 
presented at each o f  the following stages:

Stage 1: During design evaluation, advice to the designer on the formulation
o f safety principles and on their application in subsequent detailed 
design;

Stage 2: Formal safety assessment o f  the detailed design and proposed
operating procedures;

Stage 3: (a) Safety assessment o f the operation to ensure that the plant conforms
to the specifications determined at Stage 2, and pre-operational 
radiation surveys to establish base-line levels o f radioactivity;

(b) Administrative procedures for periodic safety reviews during the
operating life o f  the plant to ensure that the installation is 
performing within the specifications on which the safety approval 
was based. This assessment should ensure that additions or 
changes made to the installation are formally recorded in the 
associated safety document so that this documentation always 
represents the current status;

Stage 4: Provision o f certain features in the design which may be essential
to permit safe and economic decommissioning o f the installation.

4
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During Stages 1 and 2, the following points are o f importance:

(a) Proper identification and evaluation o f  all significant hazards
(b) Identification o f  requisite safety standards
(c) Specification o f  relevant design safety principles
(d) Effective implementation o f  the design safety principles
(e) Preparation o f  a well written safety document.

4.2. Classification o f  working areas

In the different working areas, for example those for reprocessing, analysis 
and post-irradiation examination, gaseous and liquid wastes are generated which 
must be disposed of, and the radioactive material may have to be moved from 
facility to facility. The performance o f these functions is associated with varying 
degrees o f  hazard. It is the practice to classify the areas in which work with 
radioactive materials takes place according to the seriousness o f  the radiation 
hazard present [34 -6 0 ]. It is generally accepted that these areas fall into four 
categories. Different systems o f  classifying these areas are used in different 
countries. A typical example is given in Ref.[60], which also gives details for the 
various zones. In this manual the zones will be designated as shown below 
(see Figs 1.—4).

Zone I  (white): In this area no radiation or contamination hazard exists 
(offices, clean side o f  change rooms, main entrance). Entry 
to this area is unrestricted.

Zone II (green): In this area no radiation and contamination hazard in excess 
o f  a certain level set by the local safety regulations for the 
operational staff would normally be expected. Entry to this 
area would require a minimum change o f  clothing (laboratory 
coat and foot covers). Minor surveys for the presence o f 
radioactive materials are recommended for this area 
(corridors, control rooms, workshop).

Zone III (amber): In this area the probability o f  hazards from contamination 
and radiation is greater than in Zone II because o f  the physical 
disposition o f the radioactive materials and the operations 
undertaken here. Radiation and contamination monitoring is 
required for this zone. Particular attention should be paid to 
air monitoring. Personnel movement between Zones II 
and III usually requires a change o f  clothing and monitoring.

5
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FIG.2. Single-line arrangement o f hot cells.
1. Operating area, 2. hot cells, 3. decontamination room , 4. changing rooms, 
5. offices.and laboratory, 6 . workshop, 7. cask storage.

FIG. 3. Double-line arrangement o f  hot cells.
1, 2. Operating area, 3, 4. concrete shielded cells, 5. transfer rooms, 6 . changing room .

Zone IV  (red): This area is designed as a physical enclosure or containment
(glove boxes, hot cells, decontamination areas) where radio
active materials are held, exposed and processed; the 
probability o f  hazards from radiation and contamination is 
greatest. Access to this area is prohibited during normal 
operation and is usually allowed only after removal o f radi
ation sources and the necessary decontamination. Special 
protective clothing and breathing equipment must be worn, 
as specified by the health physicist in control; also, the 
duration o f  stay in this area may be restricted.

7
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0 1 2  0 5
METRES FEET

FIG.4. Elevation showing arrangement o f  zones.
1. Mechanical master-slave manipulator, 2. removable roo f slab, 3. crane, 4. rectilinear electric 
manipulator, 5. barrier, 6 . door, 7. access ports, 8 . shielding window, 9. lights.

Zone II is a general operating area in the laboratory. Zone III is usually an 
area where maintenance, minor decontamination, transfer o f  radioactive material 
and other operations which may lead to some radioactive contamination are 
carried out. In hot laboratories, Zones III and IV are clearly defined areas. How
ever, because o f  the quantity and nature o f  the radioactive materials and with 
some special precautions, in some laboratories Zone III can be merged with 
Zone II for normal operation. In the event o f an expected or actual release o f 
activity, for instance during maintenance operations, a part o f Zone II can 
temporarily become Zone III. For Zones II, III and IV direct access should not 
be allowed.

The chance o f  contamination o f Zone II from Zone III and o f Zone III from 
Zone IV by transfer o f particulate matter is minimized by clothing and foot-wear 
changes, and the possibility o f  airborne contamination is lessened by ensuring that 
the airflow is always from Zone II to Zone III to Zone IV, i.e. from areas o f  lower 
activity to areas o f higher activity. It is recommended that monitoring instruments 
be located at the zone interfaces.

8

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



5. TYPES OF CONTAINMENT

The principal purpose o f containment is to prevent the spread o f  radioactive 
contamination, to protect operators from exposure to radiation and radioactive 
substances and, if required, to provide a controlled atmosphere for processing 
and/or for safety reasons. The provision o f  an inert atmosphere within a contain
ment may be necessary in order to maintain the purity o f  substances or when 
handling pyrophoric or explosive materials.

Containments are therefore designed to meet a varying combination o f  
hazards. Fume cupboards are used when the hazard o f contamination and external 
exposure is small. When the hazard o f  external exposure increases, the fume 
cupboard is replaced by a simple shielded cell, which can be constructed o f 
various materials, the most common being cast iron, mild steel, lead and concrete.

When the contamination hazard is increased but the external exposure 
remains low, glove boxes are introduced. The required leak-tightness o f  glove 
boxes depends on the degree o f the contamination hazard. When both the 
contamination hazard and the external exposure hazard increase, the glove boxes 
must be placed within a biological shield; this requirement led to the development 
o f shielded boxes. The shielding in such a case is made o f  cast iron, mild steel, 
lead, or a combination o f  these; special shielding for neutron-emitting materials 
is based on materials having a high hydrogen content, such as polyethylene or 
water.

In practice, there is no distinct limit for the hazards with regard to the 
various types o f enclosure. The selection o f  the type o f  containment to be used 
will be based on the assessment o f  the hazards involved in the operation. Such a 
decision should be taken by the designers, in consultation with the operators and 
the radiation protection group. Table I gives an indication o f  the radioactivity 
ranges for fume cupboards and glove boxes.

5.1. Fume cupboards

A fume cupboard (fume hood) is an enclosed chamber with a sash-door or 
sliding panel, having a mechanical means o f producing a flow o f  air from the 
working place into the enclosure, with a velocity sufficient to prevent radioactive 
substances or toxic fumes from dispersal at the working place (Fig.5). Fume 
cupboards are used to handle low levels o f  radioactivity; the actual amount 
handled will depend on the type o f  the radionuclide and its physical and chemical 
form.

rSome factors that have a bearing on the design o f  fume cupboards are the 
toxicity o f  the chemicals used and the physical form o f  the materials being 
handled, the use o f  the cupboards for wet or dry operations, corrosion problems 
associated with the processes, and the necessary structural strength o f the cupboard 
when lead shielding is required for personnel protection.
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TABLE I. SUGGESTED RADIOACTIVITY RANGES FOR FUME CUPBOARDS 
AND GLOVE BOXES

Radiation Radioisotopes Radioactivity range

class3 (examples)
Fume cupboards Glove boxes

Ra 370 k B q -  37 MBq >  37 MBq
I Pu

Am
(10 /iC i — 1 mCi) (>  1 mCi)

Co-60 37 MBq — 3.7 GBq > 3 .7  GBq
II Sr-90

1-131
(1 mCi -  100 mCi) ( >  100 mCi)

C-14 3.7 GBq -  370 GBq > 3 7 0  GBq
III P-32

Zn-65
1-132

(100 mCi -  10 Ci) O l O C i )

H-3 370 GBq -  37 TBq > 3 7  TBq
IV Kr-85

UNAT
(10 Ci -  1000 Ci) (> 1 0 0 0  Ci)

As per UK Regulations on Ionizing Radiations (Unsealed Sources), 1968.

For the following operations the above values should be modified as follows:

Simple wet operations 
Normal chemistry 
Risk o f  wet spills 
Simple dry operations 
Dry and dusty operations

}
multiply by 1 0  

multiply by 1

multiply by 0. 1

multiply by 0 . 0 1

Note. No account is taken o f  the shielding requirements; the values are based on the inhalation 
hazard only.

Fume cupboards can be constructed o f  mild steel, stainless steel, aluminium, 
polyvinyl chloride and reinforced resin-bonded laminates (e.g. fibre glass with 
polyester or epoxide). The front sliding panel can be manufactured from trans
parent plastic, or toughened or laminated glass. When metals are used, the 
interior o f the cupboard must be painted to achieve a suitable finish in order to 
provide resistance against corrosion and ease o f  decontamination. Stainless steel,
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FIG.5. Fume cupboard.
1. Front sliding panel, 2. inlet flow , 3. outlet ventilation, 4. control o f  services.

because o f  its cost, should be confined to those cases where its use is essential in 
view o f  the existing corrosion and temperature conditions. The use o f  plastics 
for fume cupboards is becoming more popular because o f  their cheapness, their 
resistance to corrosion and their ease o f  decontamination. However, with plastics 
it is necessary to take care to exclude the use o f certain solvents, to limit the 
operation temperature, and to consider the behaviour o f  the plastics in the case 
o f fire.

The services used in fume cupboards are usually water, gas, vacuum, elec
tricity and drains for low-level effluents; it is good practice to ensure that the 
controls for the services are situated outside the fume cupboard to minimize the 
number o f  movements through the front opening (Fig:5). The ventilation o f the 
fume cupboards is o f  the once-through type, a detailed description o f which is 
given in Section 8.

Fume cupboards are usually situated within Zone-II areas because o f their 
low potential radiation hazard. The sash-door or sliding panel at the front side 
o f a fume cupboard should be opened only to the minimum extent necessary for 
operations. This is important for maintaining sufficient inward velocity o f  air 
through the opening. When not in use, the sash-door or sliding panel should be 
closed.
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FIG.6 . General layout o f facility.
(a) ‘In-line’ glove box arrangement; (b ) ‘ free-standing ’ glove box  arrangement.
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5.2. Glove boxes

5.2.1. General

A glove box is a total enclosure, with facilities for gloved-hand entry. It need 
not have continuous air change in normal use [61—78].

The box confines the material being worked upon and prevents the spread 
o f toxic or radioactive contamination to the workers’ environment. This avoids 
the necessity o f  treating the glove box operating area as systematically contami
nated and enables personnel in the immediate vicinity o f  the box to work under 
relatively normal conditions [61].

In the case o f experiments with trace quantities o f materials a glove box may 
serve to prevent cross-contamination.

Processes can be carried out inside the box in a variety o f atmospheres to suit 
the different applications.

It is difficult to establish the minimum requirements calling for the use o f 
a glove box. Various factors have to he considered, and it is necessary to assess 
these carefully before deciding on whether a glove box is required or not.

Some typical applications for glove boxes are the following:

(a) Handling o f  certain alpha radioactive materials, e.g. plutonium
(b) Handling o f certain low-energy beta radioactive materials, e.g. tritium
(c) Handling o f  non-radioactive toxic materials, e.g. beryllium
(d) Handling o f  pyrophoric materials in oxygen-free atmospheres, e.g. finely 

divided metals in argon gas.

Usually, glove boxes have no shielding protection against penetrating radiation 
so that in hot laboratories they are used to deal with alpha and beta activity only. 
However, by using additional protective panels (e.g. lead glass), small amounts o f 
gamma emitters can also be handled.

If the box is to be used for research work, the main feature in its design 
should be its versatility; for production use a specialized design is required.

Glove boxes are generally classified into three main categories o f  leak- 
tightness, having leak rates o f from 0.05% to 0.5% o f  box volume per hour, or 
±1000 Pa (+100 mmHjO). For the handling o f  alpha emitters such as plutonium 
or transplutonium elements, glove boxes should have a leak rate o f less than 0.05%.

The installation o f  mechanical and electrical equipment in the boxes must 
be examined to ensure that the glove box maintains its integrity. For example, a 
piece o f vibrating machinery should be installed in such a way that no vibration is 
transmitted to the box or to any equipment in the box. Special fittings are 
required to lead services into glove boxes [61 ].

The hazards associated with the processes must be carefully analysed so that 
the necessary design features can be incorporated in the box to combat these
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FIG.7. ‘Telescopic’ glove.

1. Glove port; the tight part 2 fits around the forearm and wrist; the wider part 3 enables 
easier movements.

hazards. For example, if a highly toxic pyrophoric powder is being exposed in the 
box, the design should ensure a high standard o f  box integrity, together with a 
minimum movement o f  a special inert atmosphere within the box.

5.2.2. Layout

Many arrangements o f glove boxes are possible. Two layouts commonly used 
are the ‘ free-standing’ arrangement (Fig.6a) and the ‘in-line’ arrangement (Fig.6b).

Free-standing boxes are relatively cheap, adaptable and generally suitable 
for experimental applications. They offer good visibility and accessibility. They 
are generally situated in a Zone-II (green) area. For maintenance they must be 
transferred to a special decontamination centre, or a temporary Zone-Ill (amber) 
area must be created around it (see Fig.6a) using a tent.

‘In-line’ arrangements are usually intended for operations which do not 
require many changes or a substantial modification o f procedure. Maintenance 
and removal o f articles from glove boxes may be more easily carried out in the 
common Zone III (Fig.6b).

5.2.3. Construction materials

A careful evaluation o f  the potential hazards must be made when deciding 
on the construction materials for glove boxes. They should be chemically

14

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



compatible with the process and the process materials being handled. The 
construction materials may also have to be heat and fire resistant and resistant 
to shock and abrasion, and ideally they must be capable o f  being readily 
decontaminated. Materials which have been used are mild steel, stainless steel, 
polyvinyl chloride and glass-reinforced plastic.

5.2.4. Gloves and glove ports

The gloves are manufactured from materials with the following characteristics: 
flexibility, leak-tightness, resistance to abrasion, and high resistance to water 
vapour diffusion and aggressive media. Typical materials possessing these charac
teristics to varying degrees are neoprene, hypalon, natural latex rubber, neoprene 
rubber and butyl rubber.

Neoprene and hypalon are the latest developments in glove materials and 
are considered to give the best performance in view o f the required characteristics. 
Natural latex rubber is cheap, has good flexibility, reasonable resistance to acid 
conditions and adequate leak-tightness, but low resistance to solvents. Neoprene 
or hypalon latex rubber has reasonably good resistance to solvents and ultra-violet 
light, and has better leak-tightness than natural latex rubber. Milled neoprene has 
increased mechanical strength and leak-tightness. Butyl rubber has good leak- 
tightness and is used for dry boxes and controlled atmospheres. Some special 
materials are used for particular conditions. In boxes where handling implies 
hazards from beta activity, lead rubber is often used for the gloves. The thickness 
o f the material used for gloves should be decided by considering the conditions 
and operations in each box.

Figures 7 and 8 show two different types o f  gloves, and Fig.9 gives a typical 
arrangement of'gloves in boxes. Two styles o f gloves are used in glove boxes, the 
regular glove (Fig.8) and the ‘telescopic’ glove (Fig.7). The telescopic glove 
provides for somewhat more ease o f  movement for the operator’s arm.

Gloves must be carefully examined before installation and frequently 
examined during use. They must be replaced before they are worn out, and 
damaged gloves must be replaced immediately. Special procedures are followed to 
ensure that the glove box integrity is maintained, i.e. its atmosphere is always kept 
isolated from that o f  the laboratory. Methods o f  replacing gloves are illustrated 
in Figs 8 and 10.

The glove ports are generally attached to the viewing panels. Several kinds o f 
attachment are shown in Fig. 11. The number and position o f  the ports must be 
decided by the use to which the glove boxes are to be put.

5.2.5. Viewing panels

The materials used for viewing panels should be capable o f  withstanding the 
temperatures and pressures involved in the processes and ideally they should not
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FIG.8 . Glove changing system by ejection.
(a) Remove lock ring.
(b) Fix ejection device to box flange and rotate screw to release glove.
(c) Replace lock ring.

FIG.9. Typical arrangement o f  gloves in boxes.
1. Gloves, 2. safety plug, 3. transfer tunnel, 4. inlet filters, 5. outlet filters, 6 . regulating valve.
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( a )

FIG. 10.
(a)
(b)

Method o f replacing gloves.
Cross-sectional drawing o f  the annular retaining ring to which the gloves are attached.
Glove mounted in normal use position. Note that the glove is held on the annular retaining 
ring by means o f  two O-rings.

(c) Glove ready for removal. One o f  the O-rings has been removed and the glove pulled out 
to the very lip o f  the annular retaining ring.

(d) First step in mounting a new glove. The new glove, pulled inside-out, has been mounted 
by means o f  its own O-ring over the old glove.

(e) Second step in glove interchange. Without disturbing the new glove, the old glove has 
been pulled o f f  the annular retaining ring by reaching from inside the glove box.

(f)  Final stage o f  glove replacement. The new glove has been pushed into the glove box and 
is ready for the addition o f  a second O-ring before normal use. Note that at no time was 
the dry box open to room air.
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S O C K E T  HEAD  
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G LO VE  BOX 
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( c )

FIG.l 1. Different types of glove ports and their attachment to the viewing panel.
(a) Glove port, 6  in (152.4 mm) or 7 9/16 in (192 mm);
(b ) Glove port, 9 7/8 in (251 mm);
(c ) Detachable metal or plastic ports.

deteriorate with use. They should have the best possible light transmission and 
should preferably be colourless. The materials most commonly used, either singly 
or in combination, are wire glass, laminated glass, toughened glass, polycarbonate, 
methyl methacrylate and plate or lead glass (given in decreasing order o f  effective
ness for fire resistance). Darvic, a synthetic material, is also used; it may soften at 
a lower temperature than does methyl methacrylate, but it is self-extinguishing and 
therefore box integrity should be maintained much longer in the case o f  fire. The 
main advantage o f Darvic is its resistance to nitric acid.
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FIG. 12. Fitting o f viewing panel.
(a) Combined attachment and seal;
(b) Old system with holes in the panel (clamping method suitable for sheet metal shells);
(c) (d) (e) Clamping systems.
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( c )  ( d )

FIG. 13. Types o f gaskets.
(a) (b) (c) Standard extended strip;
(d) Soft rubber one-piece seal.

There are various methods o f  fitting viewing panels (see Fig. 12), the choice 
being determined by the cost o f  achieving the leak-tightness required. Figure 12(a) 
shows an economic seal with a reasonable standard o f  leak-tightness. Approval 
should be obtained before using this method o f fitting for plutonium boxes. For 
glove boxes requiring a higher standard o f  leak-tightness the preferred method is 
clamping. Figure 12(b) shows a method o f clamping for synthetic viewing panels 
and Fig. 12(c) shows a method used for glass viewing panels.

Some typical gasket sections are illustrated in Fig. 13. If gaskets are not 
manufactured in one piece, it is important that the joints in the gaskets themselves 
are not made at the comers. Soft rubber seals in one piece can ensure a high grade 
o f  leak-tightness.

The construction o f  the glove box should ensure that the interior is smooth 
and free from any pockets where dust, litter or gas could be trapped. Vibrating 
equipment and furnaces within the boxes should be provided with appropriate 
supports to eliminate any problems with associated equipment.

The maintenance conditions in the laboratory in which the box is to be used 
have an effect on the structure o f the box. If the box is to be used in an in-line 
system, maintenance will probably be carried out from one face, and the depth o f 
the box should be such that the maintenance staff is able to reach all sections. If 
the box is to be used in a free-standing arrangement, it may be desirable to have 
secondary flanges on the box so that it can be attached to a decontamination or 
maintenance centre or have a PVC tent attached in situ for maintenance purposes.
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FIG .14. Glove box penetrations.
(a) Welded pipe fitting, (b ) removable pipe fitting, (c) single-cable penetration, (d ) multi-cable 
bulkhead seal.

The services for glove boxes generally comprise compressed air, vacuum, 
liquid feeds, electricity, instrumentation and effluent drainage. The segregation 
o f  the electrical and mechanical supplies should be enforced, and the controls for 
all services should be positioned outside the box, on either attached or separate 
panels. The controls for the processing equipment should also be placed outside 
the box on separate panels.

Typical details o f  penetrations o f glove boxes for piped services and electrical 
cables are shown in Fig. 14. In certain cases, where the leak rate has to be minimized, 
it is necessary to seal the leakage path through the cables themselves or to use sealed 
bulkheads.
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FIG.15. Typical shielded boxes.
(a) Shielded box with independent containment box;
(b ) Shielded box with sealed shielding panels.
1. Lead bricks, 2. lead glass window, 3. tongs on ball and joint, 4. containment box, 
5. transfer door, 6 : conveyor, 7. lighting, 8 . services, 9. remote control o f  the door, 
1 0 . cast-iron shielding, 1 1 . higher-activity enclosure, 1 2 . lower-activity enclosure,
13. glove with shielded door.

The lighting o f glove boxes is described in Section 6. The ventilation o f  glove 
boxes is dependent on the material being handled and on the processes being used 
(see Section 8).

5.3. Shielded boxes

A shielded box is an enclosure with an air-tight containment box and a 
biological shield constructed from a high-density material, e.g. lead and steel. The 
containment can also be provided by the biological shield itself [41, 56, 57, 62, 66, 
68, 79—82], Figure 15 illustrates these two types o f  shielded boxes, (a) the French 
type and (b) the Russian type.

Shielded boxes are used in hot laboratories when the alpha, beta and gamma 
activity o f  the material being handled is in the range o f  some tens o f  megabecquerels 
to some hundreds o f  terabecquerels (millicuries to thousands o f curies), the level 
depending very much on the energy o f the gamma rays. The alpha, beta and gamma 
activity may also be associated with neutrons.

‘Hands-on’ work is not possible with highly radioactive sources; therefore, 
remote handling tongs or manipulators are used (Fig. 15). The tongs move in and 
out through a spherical ball.of lead or depleted uranium, which allows movement
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FIG.16. Booting change procedure.
(a) Remove grip tongs and sphere unit; (b ) put bead o f  booting in first groove; (c ) fit new 
booting in second groove using special device 1 ; (d ) release old booting.

in all directions. The shaft o f the tongs is protected from contamination by a 
flexible sleeve or booting which must be regularly checked and changed (see 
Figs 16, 17).

The determination o f  the required shielding thickness is based on: the 
permitted dose to the. operators; the quantity, nature, location and concentration 
o f radiation sources in the box; and the maintenance and other non-routine work 
which the operators and maintenance staff will be required to do.

The materials used in constructing the containment box are the same as those 
listed in Section 5.2.3. These materials must be closely examined for their 
resistance to the radiation produced by the radioactive material being handled; 
for example, transparent plastic windows may be used, up to a certain 
level o f radiation, above which glass (possibly stabilized) must be used. The 
materials for gaskets must be carefully chosen and the use o f  plastics, which break 
down under high irradiation releasing corrosive products, should be avoided [83].

Materials commonly used for the biological shield are lead, cast iron and 
steel; where neutrons are present, special plastics can be used [84].
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FIG .17. Ejectable ring system.
1. Lead frame, 2. box flange, 3. ejection device, 4. elastic clamping ring in place, 5. new 
clamping ring to be placed, 6 . booting with lip seal in place, 7. new booting to be placed.

Panel-type construction is used with cast iron and mild steel. Lead can be 
used in the form o f bricks, blocks or as a filling for a steel-fabricated casing.

The joints in the biological shield should be carefully designed and positioned 
to minimize radiation leakage. Typical joints are presented in Fig. 18. Straight 
joints in the shield can be filled with lead in the form o f wool, powder or shot ; 
they must be avoided wherever possible.

Lead walls are normally constructed o f  bricks having chevron-type or curved 
joints. A brick-built lead wall is illustrated in Fig. 19, indicating the various French 
standard-type bricks required. Figure 20 shows the British standard features in the 
design o f  lead brick penetrations for tongs, windows, services, etc., which are 
essential for the protection o f the operators against radiation leakage. If the 
walls are constructed o f large cast-lead panels the same standard components for 
windows, etc. should be fitted.

When shielded boxes are constructed o f  panels, one side o f  the shield should 
be installed as a movable unit. This gives the added advantage o f easy replacement 
o f the containment box (if it has been installed as an independent unit) and easy 
access for maintenance or modification o f the equipment in the box after removal 
o f  the radiation sources.

The services required for shielded boxes are similar to those listed for glove 
boxes. The method o f installation is different from that for glove boxes because 
o f the higher radiation hazard involved. Wherever connections for the different 
services penetrate the biological shielding, special plugs must be used which prevent 
a direct shine o f radiation from inside the box. When a variety o f  services are 
required at one point in the box, it is usual to design remotely operated 
connectors.
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FIG. 18. Construction joints in shield walls.
(A ) Pieces o f  the same material.

A straight joint in front o f  a source can be compensated (path through material) by a small 
block;
A straight joint which is never in front o f  a source can be accepted if scattered radiation 
is not too high;
Typical arrangement o f  joints o f  the wall with roo f 1 and bench 2;
Typical step joint: radiation leakage through the gap is reduced by radiation suffering 
several reflections (absorptions) at interfaces (i.e. no straight radiation path through the 
gap — the maze principle); the direct radiation path through the joint is the same as for 
the solid wall. Occasionally, when gaps 1 and 2 are large, it is necessary to provide a 
‘nose’ (part 3) to guarantee no straight leakage path through the gaps;
Chrevron-type joint;
Curved joint, used for thick shielding walls;
Shielding requirements at door openings: the shielding thickness provided in line x -*■ 1 
must be the same as that provided in line x -*■ 3.
Pieces o f  different materials.
Step joint: shielding presented by path x -*■ 1 in steel and concrete must be the same as 
that presented by path x -»■ 2  in concrete; if lead is steel-lined, path x -*■ 1 is smaller than 
path x ->■ 2 , and this difference must be compensated (see also (d));

(i), (j) Typical lead glass window arrangements; the effective shielding presented by paths 
x -»■ 1, x ->• 2, x -*■ 3 and x -*■ 4 must be the same.

(a)

(b)

(c)
(d)

(e)
(f) 
(g)

(B)
(h)
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FIG. 19. Typical chevron brick-built wall.
1. Standard top brick, 2. standard ordinary brick, 3. standard base brick, 4. half top brick, 
5. half ordinary brick, 6 . half base brick, 7. corner top brick, 8 . corner ordinary brick,
9. corner base brick, 10. corner pillar brick, 11. T-junction pillar, 12. reinforcement steel 
profile, 13. simple bricks on bench.

FIG .20. Typical curved brick-built wall.
1, 2, 3. Bricks; 4, 8 . port bricks; 5, 6 . inserts; 7. lead plugs; 9. frame for sphere; 10. depleted 
uranium sphere on gas bearing; 1 1 ,1 2 ,1 3 ,14i. windows; 15, 16. reduction bricks.
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The ventilation o f shielded boxes is similar to that o f  glove boxes and is 
described in Section 8.

The layout o f  shielded boxes follows the in-line or free-standing arrangement, 
as shown for gove boxes.

5.4. Hot cells

A hot cell is a shielded enclosure fitted with suitable manipulation systems 
to allow the performance o f  operations without subjecting the operator to 
radiation beyond the maximum permissible dose rate. Hot cells are used for all 
activity levels in excess o f  a few tens o f  becquerels (a few curies) wherever a 
continuing demand will exist for the cellsover a number o f  years [41, 55, 59, 69,
82, 85 -112],

The design o f hot cells should be carried out only after hazard assessment 
and establishment o f  a detailed specification. Typical questions that help to 
establish the specification are: What are the quantities, sizes and shapes o f  the 
radioactive materials to be examined and/or processed? What type and level o f 
activity is to be expected? Is the cell to be leak-tight or not? Is the cell intended 
for production or research use? What types o f operations are to be performed 
(wet or dry)? What type o f  material-handling flasks are to be used? Are they 
for top, bottom or side loading? What services are required? What type o f  
viewing system is to be used? Are there any special lighting requirements? What 
types o f  manipulators are required? What maintenance philosopy is to be adopted? 
What hazards other than those from radiation are present? Is there a requirement 
for an inert atmosphere? Are there special requirements for radioactive waste 
disposal?

The main operations carried out in hot cells are the examination o f  irradiated 
fuel and canning materials, the experimental chemical reprocessing o f  spent fuel 
and irradiated targets, metallurgical research, radioisotope production and other 
high-level radiation research work.

Hot cells can be divided into two major categories:

beta-gamma cells (relatively leak-tight) 
alpha-beta-gamma cells (fully leak-tight).

The two types have in common the biological shielding against beta, gamma and/or 
neutron radiation; the second category o f  cells has an important additional 
element — alpha containment.

5.4.1. Biological protection

The main construction material for hot cells is concrete, which is relatively 
cheap and the density o f  which can be varied to suit the requirements o f space,
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FIG.21. Alpha-beta-gamma facility with containment box separate from biological shield.
1. Containment box, 2. master-slave manipulator, 3. window, 4. transfer system, 5. bench.

viewing system, availability o f raw materials, etc. Common types o f  concrete 
for use in hot cells are the following:

Mass density

2.4 g/cm 3
3.5 g/cm 3
5.6 g/cm 3

Hot cells for handling quantities o f  isotopes with neutron hazards are 
constructed o f  concrete with a high hydrogen content; such typical concretes are 
the following:

Mass density Water content

Ferrophosphorus serpentine 3.4 g/cm 3 6 wt%
Magnetic limonite 3.5 g/cm 3 4.5 wt%

Other mixtures o f materials utilize the neutron-absorbing qualities o f 
individual elements. An example o f  this is ‘Chemtree 13’ , which is a leaded 
concrete containing boron and having a specific gravity o f approximately 4. 
Another method o f providing shielding against beta, gamma and neutron radiation 
is to build the cell wall in the form o f a tank filled with water.

It should be noted, however, that even the ‘normal’ types o f concrete, such 
as those mentioned above, can provide relatively good shielding against neutrons. 
For example, a thickness o f 90 cm o f barytes concrete (density = 3.5 g/cm 3) 
provides sufficient shielding for the handling o f  5 mg o f 252Cf.

Portland cement 
Barytes concrete 
Steel shot concrete
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SLAB

DETAIL A

DETAIL B
LIFTED POSITION WORKING POSITION

FIG.22. Vertical section of high-activity cell with alpha box.
Detail A : Locking and sealing system.
Detail B: Closing system o f  the filter boxes by double cover.
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FIG.23. Types o f  doors for hot cells.
1. Roll-out door; 2. hinged door; 3. sliding door; 4. operating area, Zone II; 5. maintenance 
area,Zone III; 6 . transfer room ,Zone IV; 7. ‘frogman’ changing room; 8 . changing room.

When designing and constructing concrete shield walls it is important to 
ensure that there are no cavities around penetrations, such as windows, service 
sleeves, etc., and that any shrinkage o f  the concrete is allowed for. Particular 
attention must be paid to the pouring o f  the concrete, and the wall must be 
checked using a suitable radiometric method.

The working surface inside the cell is usually a stainless steel sheet, which 
gives a reasonably decontaminable surface in an area where abrasion can occur. 
The porous concrete o f the walls and roof must be covered with special paints or 
strippable plastics.

5.4.2. Alpha confinement

Alpha-beta-gamma cells have two types o f  containment:

(a) the box is integral with the shield
(b) the box is entirely separate from the shield.

There are two methods o f constructing the first type. One method is to 
build the containment as a box by welding stainless steel sheets to a steel frame.
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FIG.24. Containment panel.

This box can be vacuum or pressure tested. It is then used as an internal shuttering 
for the concrete shield or concrete blocks placed round it, as in the plutonium 
facility at Marcoule. The second method o f construction is to pour the concrete 
shield so that a steel framework is cast into it. Subsequently stainless steel sheets 
can be welded to that framework. The complete structure can then be tested.

In the second type o f containment the box is entirely separate from the 
contrete biological shield. The internal walls, roof and floor should be given the 
normal finish, and the containment box should be o f the glove-box type suitable 
for operation with master-slave manipulators, as shown in Figs 21, 22.

5.4.3. Access to hot cells

Doors are provided for access to the cells and for intercommunication 
between various cells. Some o f  the various types o f doors are: removable con
crete blocks, roll-out concrete doors, and sliding and hinged metal doors.
Figure 23 shows a plan view o f an alpha-beta-gamma facility at Dounreay, Scotland, 
in which three o f  these types o f  doors are used. The metal hinged door gives

31

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



(b)

FIG.25. Hot-cell penetrations.
(a) Hot-cell penetrations; (b ) sleeve for electric services.
1. Steel-lined hole. 2. concrete, 3. metal tube with removable cable.

access to the cells; the metal sliding doors divide three cells, with the most 
economical use o f building space; and the roll-out concrete doors are used where 
space allows this to be done economically. The doors can be sealed by the use 
o f  inflatable seals or by a containment panel such as that shown in Fig.24.

5.4.4. Services for hot cells

Various services are required in hot cells: viewing equipment and manipulators 
(see Section 6), water, steam, chemical reagents, etc. Typical arrangements o f 
liquor pipes are shown in Fig.25(a) and sleeves for electric supplies in Fig.25(b).

It is good practice to provide the services and equipment either immediately 
above or below the operating face. Figure 26 shows how the operating area can 
be kept free o f equipment; this has been installed on the floor above, thus 
allowing the operator plenty o f  space for manipulation, removal, lighting 
replacement, etc. The controls for in-cell equipment should be arranged around 
the viewing window or other viewing facility, and the arrangement o f  the controls 
must be such as to ensure that the operator needs a minimum o f movement 
for handling them.

5.4.5. Maintenance and decontamination

Generally speaking, the type o f containment required (fume cupboard, glove 
box, shielded box, two types o f  hot cells) depends on the nature and quantity o f 
the radioisotopes handled; therefore, the design features for maintenance and 
decontamination, not only for the scientific and technical equipment 
but also (and most importantly) for the technical ‘infrastructure’ as a whole, i.e. 
cells, containers, etc., should be established from the very beginning o f the 
design o f  the hot cell facility. Such design features are basic factors that 
determine whether the entire facility operates satisfactorily or not.
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FIG.26. Example o f  an operating area which is free o f equipment 
not required for operational control.

FIG. 27. Special shielded areas for maintenance and decontamination.
1. Operating area (Zone II); 2, 3, 4, 5. hot cells; 6 , 7, 8 , 9. corresponding back cells for 
maintenance or decontamination (Zone III or IV, depending on the operations); 10. storage 
o f  hot equipment; 11. air lock; 12. service and transfer area (Zone III),* 13. changing room.
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FIG.28. Hot laboratory with integrated decontamination facility.
(a) Floor plan o f  laboratory; (b) floor plan o f  decontamination facility.
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FIG.29. Hot laboratory with integrated decontamination facility.
(a) Decontamination cells, vertical section A-A o f Fig.28(b);
(b) Decontamination cells, vertical section B-B o f  Fig.28(b).
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Within this context, the problems o f  decontamination are o f major importance, 
above all in view o f their implications for the dose rates to the operating personnel.

Experience shows that the decontamination o f items o f equipment, provided 
that limits are imposed on their size and weight at the time o f their selection, is 
generally a minor problem, especially since the value o f these items does not 
justify costly decontamination except on rare occasions. The same is not true 
o f the cells and their ‘infrastructure’ . The decision on whether to have an 
independent decontamination facility in the laboratory, for example one for 
removable boxes, should be based on a thorough study o f the operating conditions. 
The kind o f  facility in which the hot cells are used (i.e. whether in a research 
centre with a good ‘infrastructure’ or elsewhere), the nature o f the work (routine 
work or work frequently repeated) or frequent changes in the use to which the cells 
are put are some o f the characteristics o f importance in making a choice. 
Figures27-29 give two examples o f such decontamination facilities.

The transfer o f materials and equipment into and out o f hot cells requires a 
variety o f  sophisticated transfer systems, which are discussed in Section 7.

6. VIEWING, LIGHTING AND HANDLING SYSTEMS

To ensure the successful performance o f  work in any enclosure and the 
maximum utilization o f expensive floor space, the three systems — viewing, 
lighting and handling — must be interrelated.

6.1. Viewing systems

Viewing systems should provide a view o f the whole working area o f  the 
cell without distortion; in particular, any part o f  the machinery or manipulative 
process must be visible, i.e. the design must consider viewing problems from the 
start. Common viewing systems in use are mirrors, windows, periscopes and 
television [12—15, 40, 41, 46, 55, 59, 113—142].

6.1.1. Mirrors

Mirrors may be used to enable operators to view areas not visible through 
normal windows (Fig.30).

6.1.2. Windows

Windows in the shielding or containment structures are the obvious means 
o f providing a view into a facility. They have the disadvantage that it is difficult 
to avoid ‘dead spaces’ and they suffer from localized optical imperfections and
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FIG .30. Simple mirror viewing system.

1. Lead frames o f  different widths for chevron brick, 2. lead glass blocks.

chromatic and spherical aberration. Special materials and systems are used to 
provide adequate shielding.

Shielded boxes are fitted with lead glass windows. Figure 31 shows a 
typical arrangement o f  this type, using a 110 mm thick block o f  glass o f 
5.2 g/cm 3 density (50 mm lead equivalent) fitted in' a steel cylindrical holder 
with lead powder and polyester resin cement. For shielding, cerium-stabilized 
glass o f >  100 mm lead equivalent is required at the hot side; the containment 
box window should be o f radiation-resistant material such as Allymer CR39.
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5.

FIG.32. Windows for hot cells.
(a) Lead glass window; (b ) lead glass and oil window for neutron and gamma radiation;
(c) zinc bromide window.
1. Safety stabilized glass, 2. lead glass block, 3. cold-side safety glass, 4. oil, 5. safety sealed glass, 
6 . zinc bromide solution.
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FIG.33. Properties o f lead glass.

Hot cells are provided with large windows o f  various types. A common 
type (Fig.32(a)) uses a series o f lead glass blocks in a mild-steel framework cast 
into the biological shielding. Lead wool is used to fill the gaps between the 
framework and the glass, and the spaces between the glass blocks may be filled 
with oil to avoid reflections and to increase thsj spectral transmission. Different 
types o f  glass with densities o f  between 2.3 and 3.6 g/cm 3 may be used. 
Stabilized glass o f sufficient thickness should be used on the hot side to prevent 
burning o f  the first block o f unstabilized glass. For very-high-activity cells, 
special glasses or liquid-filled windows may be used. Figure 33 gives the 
spectral transmission o f  several types o f  glass.

The windows used for hot cells fall into three major categories:

(a) ‘D ry ’ windows. These are assembled from glass blocks with different 
densities, each block being coated with a layer o f  non-reflecting material.

(b) ‘Wet’ windows. The spaces between the glass blocks are filled with some 
type o f (highly radiation-resistant) oil to ensure satisfactory optical 
contact between them

(c) ‘Composite’ windows. These windows consist o f very-high-density glass 
blocks (density = 6.2 g/cm 3) o f  small thickness, the very large spaces 
between them being filled with oil.

These types o f  window are commonly used in a large number o f  laboratories 
and there have been only a few recorded cases o f flocculation o f  the oil or 
breakage o f  the glass blocks due to electrostatic discharge (these have usually
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3 4

FIG.34. Periscope arrangement.
1. Periscope, 2. lead plug for lamp change, 3. gas-tight transparent cover, 4. removable service 
plug with cooling tubes.

been cases where the radiation doses were particularly high). As far as 
breakage is concerned, it is recognized that glass blocks can become electro
statically charged only when their thickness is greater than 10 cm; furthermore, 
the specialized manufacturers have recently developed types o f  glass for which 
it is virtually impossible for this to happen.

Finally, the different materials used for windows, such as glass, oil, lead 
wool, paints, etc., as well as the materials used for joints, should be considered 
by the manufacturers for their compatibility when exposed to radiation.

The simplest liquid-filled window uses water, possibly boronated for 
improved neutron shielding. The shielding efficiency o f  pure water is low 
compared with that o f the dense materials used for biological shielding; the 
density is commonly increased by the use o f a zinc bromide solution. The 
window tank may be an epoxy-lined concrete tank or a mild steel tank inserted 
in a hole in the biological shielding. Care must be taken to ensure that the zinc 
bromide solution does not come in contact with ferrous materials since it may 
become cloudy. Figure 32(c) shows a typical zinc bromide window consisting 
o f an expoxy-lined opening in the concrete with twin plates o f silicate glass 
fitted at the hot side and twin plates o f  lime glass fitted at the operating side; 
the interspace between the inner glasses is filled with zinc bromide solution.

For work with mixed neutrons and gamma radiation, a window such as 
shown in Fig.32(b) can be used. This consists o f a stepped mild-steel case filled 
with Magnetite concrete, fitted with alternating lead glass blocks and oil tanks.
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At the end sections o f the window, on both the hot side and the operating side, 
are oil tanks faced with 2.5 mm thick plate glass. Placing the individual oil tanks 
between successive lead glass blocks prevents the loss o f all the oil in the window 
at the same time.

6.1.3. Periscopes

For viewing objects in hot cells, periscopes are used for which a typical 
arrangement is shown in Fig.34. It consists o f  a tubular body inserted through 
the biological shielding as a lens system that permits the viewing eye-piece to be 
in such a position that protection from gamma radiation is achieved. A turret 
lens may be incorporated so that magnification can be varied, and a scanning 
device may also be fitted. The main advantage o f  this type o f  viewing is the 
possibility o f close examination o f  detail, a sharp image and true colour being 
obtained even through thick shielding. The periscope may also be used in 
conjunction with a microscope or camera. The in-cell part o f the periscope is 
usually protected against contamination by using a booting or a permanent 
gas-tight cover.

6.1.4. Television

Television systems can be used to augment or supplement direct viewing 
methods. TV cameras and the associated optics, which are mounted in cells, 
must be constructed o f components and materials enabling a long and reliable 
life in the presence o f  radiation, or else the camera must be shielded. Alter
natively, the camera can be contained behind a lead glass shield in a wall or 
roof-mounted sleeve, thus being protected from radiation. A stabilized-glass 
optical transfer system can then be arranged in front o f the shield to present 
the scene to the camera lens through an indirect path using periscope techniques. 
This method permits o f  the use o f normal commercial cameras and lenses, and 
eases maintenance problems.

For the inspection o f  areas inaccessible to normal view, portable battery- 
operated microwave TV cameras can be used to obviate the need for trailing 
cables.

Unless colour identification is necessary, black-and-white TV is to be 
preferred, as it offers better picture resolution, requires lower lighting levels, 
and is cheaper.

6.2. Lighting systems

For lighting o f fume cupboards and glove boxes, either tungsten or fluores
cent lamps are used. The required level o f illumination in the boxes is 
150—300 lx; the light is usually suspended from the ceiling or fitted at the side
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FIG.35. Lighting systems.
(a) Lighting system for shielded box; (b ) lighting system for hot cell.
1. Bulb, 2: lead plug for bulb change, 3. gas-tight transparent cover, 4. removable service plug 
with cooling tubes.

o f  the box where a suitable transparent panel is mounted. The type o f  lighting 
depends on the quantity o f light required, the size o f the box and on whether 
rotating machinery is present (stroboscopic effect). Care must be taken to 
counteract the action o f  ultra-violet light on rubber and plastic by the use o f 
filters. The heating effect o f  the lighting inside the boxes should be minimized.

Tungsten, fluorescent and sodium are the types o f lighting used in 
shielded boxes where the level o f  illumination required is 1000—1500 lx. The 
higher level o f illumination is necessary because o f the lower optical transmission 
o f the shielding windows. Figure 35(a) shows a typical installation o f  a light 
fitting in a case where the containment is an independent box. The fitting may 
be removable for bulb replacement without risk o f contamination.

The choice o f the type o f  lighting depends on the nature o f  the operations 
being undertaken and on whether sharply defined images are required or colour 
definition is necessary.

Lighting in hot cells is usually provided by normal tungsten, quartz, iodine, 
sodium or mercury vapour lamps. The level o f  illumination required is 
1 5 0 0 -3 0 0 0 lx. Figure 35(b) shows a typical arrangement o f a removable lighting 
system for direct bulb replacement; alternatively, the fitting may be mounted 
directly in the cell and remotely changed. Gas cooling can help eliminate the 
heating effect o f  the bulbs; for this purpose, cooling tubes are cast in the 
shield plugs.

Lead glass and zinc bromide solution are dispersive media, and when an 
object illuminated by light o f  different colours is viewed through these media 
the images produced by the different colours do not coincide because o f  the 
different refractive indices o f  the media produced by the various colours. This 
blurring o f  the image is not acceptable in certain cases, and it is essential that,
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when a sharp image is required, monochromatic light is used. Sodium lamps 
can be used successfully for this purpose, and if colour definition is required a 
spot lamp o f  either tungsten or tungsten iodine can be used.

The choice o f the type o f lamp should be based on its most important 
advantages and disadvantages, which are listed below:

Sodium vapour lamps

Monochromatic light (sometimes a disadvantage)
High luminous efficiency (little heat is given o ff  relative to the light 

produced)
Delay in lighting up (a fairly long period -  several minutes -  is required 

for the lamps to light up fully; this could be a serious disadvantage 
in the event o f  a momentary power failure).

Filament lamps (iodine or tungsten)

Low luminous efficiency (therefore, more heat is given off)
No delay in lighting up
Some risk in the event o f an explosion in the hot cell.

A combination o f  the two types o f  lamp is often a reasonable compromise.

The danger o f  damaging the plastic bootings o f manipulators by ultra-violet 
rays must be avoided: a few weeks’ exposure to a mercury vapour lamp causes 
more damage than a radiation dose o f  108 R (25 kC/kg).

The lighting levels for TV systems need to be higher than those for direct 
viewing systems; a level o f  3000-4000  lx is desirable.

Television camera tubes should be selected in conjunction with the lighting 
system used, e.g. the tube spectral response should match the spectral emission. 
The choice o f  tube should also be in accord with the viewing application (e.g. 
must register fast movement).

Colour background is important for black-and-white TV; for example, with 
sodium light the camera tube should peak in yellow and have minimum sensitivity 
in blue: a colour background o f yellow/blue will then give maximum picture 
contrast.

When viewing objects under water, the lighting should be arranged so as to 
reflect away from the camera lens.

6.3. Remote manipulation and handling equipment

The ideal remote manipulator would reproduce the flexibility and sensitivity 
o f the human hand and improve upon its mechanical strength.
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FIG.36. Tong arrangements.
(a) Tongs with ball and joint; (b ) articulated tongs; (c ) articulated tongs with adjustable angle;
(d) Minimanip (USA).
1. Removable grip, 2. gas-tight intermediate piece to which booting is fitted, 3. articulation 
control, 4. ball and joint.
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FIG.37. Articulated master-slave manipulator.
(a) Through-the-roof type; (b ) through-the-wall type.
1. Manipulator, 2. window, 3. penetration and shielding, 4. lead frame, 5. booting, 6 . tongs, 
7. tong-changing fixture.

The development o f  handling equipment has progressed with the need to 
handle increasing levels o f  radioactivity and the evolution o f the various types o f 
enclosures, from simple tongs, through power manipulators, to sophisticated 
servo-assisted manipulators. The current aim is for manipulators to be replaced 
by fully servo-controlled systems with the slave ends completely detachable.

Simple tongs with special accessories are used in shielded boxes. Figure 36(a) 
shows a typical tong arrangement in which the tong can be replaced by with
drawal through the ball, leaving the grip inside the box. A further development
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o f the simple tong is the articulated tong, the wrist o f  which can be moved 
through 90°. Figures 36(b) and (c) are two examples o f this type; Fig.36(d) 
shows a sophisticated American type o f tong (the Minimanip) which is articulated 
at the elbow and wrist.

Generally, a manipulator is a machine with six degrees o f motion; particular 
types may have more or fewer. The standard six degrees are: to the right and 
left (X motion), backwards and forwards (Y motion), and up and down (Z  motion); 
the wrist has azimuth and elevation, and the tongs have rotation. Manipulators 
can be o f a number o f types: the mechanically linked master-slave types, the 
power-assisted master-slave types and, finally, the more recently developed servo- 
controlled and remotely operated types. There are also powered manipulators, 
generally mounted on a crane-bridge or wall-mounted rail system to give long- 
range mobility.

6.3.1. Master-slave manipulators

Some developments o f  mechanically linked master-slave manipulators are 
shown in Figs 37 -44 .

Figure 37 shows an articulated French master-slave manipulator with a load 
capacity o f  3 kg, which can be mounted either through the roof or through the 
wall. The through-the-wall version has the advantage o f  being safer when the 
radiation level is high.

Figure 38 shows two versions o f  articulated master-slave manipulators with 
an upper-arm section: (a) the French type, (b) the German type. Because o f  the 
disposition o f  the upper arm these types allow objects on the bench to be cleared 
with greater ease.

Two types o f  telescopic master-slave manipulators, with a load capacity o f 
5 kg, are shown in Fig.39. These manipulators operate through the roof. The 
French manipulator shown in Fig.39(b) allows the slave arm to have a greater Y 
motion than the master arm; this is achieved by replacing the upper horizontal 
tube shown in Fig.39(a) by the telescopic assembly shown in Fig.39(b).

Figure 40 shows through-the-wall telescopic manipulators. The manipulator 
shown in Fig.40(a) has a load capacity o f  5 kg and can be fitted with features for 
two additional motions; these are displacement motions in the X and Y directions, 
giving the operator better visibility and covering a greater depth o f the cell. These 
manipulators and the Soviet M—31 type are comparatively light-duty manipulators 
capable o f  handling loads o f 3 -5  kg. Figure 40 illustrates two representative types 
o f this range o f manipulators, the Soviet M—22 and the basic original American 
design o f  through-the-wall telescopic master-slave manipulator. The operator’s 
movements are transmitted by cables, steel tapes or chains according to the 
particular design. A wide choice o f  manipulators to meet specific requirements 
and purposes are now available on the market.

Text continued on page 51

46

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



FIG.38. Improved articulated master-slave manipulator.
(a) Upper arms with symmetrical movement and electric Y motion;
(b) Slave arm with parallel and amplified movements.
1. Upper arm, 2. shoulder, 3. forearm, 4. wrist, 5. through tube, 6 . actuator for Y displacement 
motion, 7. manipulator, 8 . window, 9. penetration and shielding, 10. lead frame, 11. booting, 
12. tongs, 13. tong-changing fixture, 14. smaller master arm, 15. articulated slave arm.
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FIG.39. Telescopic master-slave manipulator (through-the-roof type).
(a) Standard model; (b) modified m odel with Y displacement motion.
1. Manipulator, 2. main tube, 3. shoulder, 4. upper tube, 5. electric actuator for Y displacement,
6 . window, 7. penetration and shielding, 8 . booting, 9. part to prevent booting stopping 
telescopic motion, 1 0 . tongs, 1 1 . tong-changing fixture, 1 2 . ball and joint assembly, 13. telescopic 
upper tube.
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FIG.40. Telescopic master-slave manipulator (through-the-wall type).
(a) Compact model (basic US design); (b) Soviet type M-22.
1. Manipulator, 2. fixed tube, 3. moving tube, 4. intermediate tube, 5. slave shoulder, 6 . master 
fixed tube, 7. window, 8 . penetration and shielding, 9. booting, 10. tongs, 11. tong-changing 
fixture.
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FIG.41. Telescopic master-slave manipulator.
(a) Standard type; (b) extended-reach type; (c ) M odel-11 UK type.
I. Manipulator, 2. fixed tube, 3. moving tube, 4. intermediate tube, 5. slave shoulder,
6 . fixed master tube, 7. window, 8 . penetration and shielding, 9. booting, 10. tongs,
I I . tong-changing fixture.
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( a ) (b) ( c )

(a) Original gauntlet booting system; (b) gauntlet with removable finger on intermediate sealed 
pieces; (c) tongs with intermediate gas-tight piece (this disposition ensures lowest risk o f  damage 
to booting).

FIG .42. Booting attachment at the wrist.

Various versions are available o f  more robust manipulators with load handling 
capabilities o f  between 10 and 25 kg. Figure 41(a) shows the standard version o f 
the telescopic master-slave manipulator. This type can have load capacities o f  10,
15 and 25 kg. It is normally fitted with electrical indexing on the X and Y motions.

Figure 41(b) shows an adaptation o f the standard manipulator^ for use in a 
hot cell with a low floor arrangement. This type o f manipulator with an extended 
reach has a load capacity similar to that o f  the standard model. The manipulators 
shown in Fig.41 are US and UK designs.

Figure 41(c) shows the UK Model-11 manipulator, which has been developed 
as a very rugged manipulator having all the features o f  the standard types and at 
the same time performing much more arduous duties.

6.3.1.1. Boo tings

An essential accessory to the tongs and manipulators described above is the 
protective booting. The use o f  this type o f  booting has a fourfold purpose; to 
prevent contamination o f  the slave arm, to resist corrosive media, to maintain 
containment o f  the enclosure, and to provide a safe system for the removal and 
repair o f  the tongs and manipulators. Booting systems with tongs are shown in 
Fig.42, where the technique for changing bootings is also indicated.
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FIG.43. Various types o f booting for through-the-wall manipulators.
(a) Cold-side change system (can be changed manually from outside the cell without use o f 
special tools); (b) hot-side change system (can be changed from outside the cell using special 
tools); (c) hot-side change system used in conjunction with a rigid inner containment box.

Figure 43 illustrates various types o f  booting for through-the-wall manipula
tors. The UK cold-side change system (a), which has been in use for many years, 
has the advantage o f easy changing without the use o f  special tools. With the 
introduction o f shielding in the through-the-wall tubes the booting is more liable 
to damage; therefore, the system is giving way to the hot-side change system (b), 
which is based on the use o f an ejectable ring that seals the boot to the inner 
surface o f the wall tube. Special tools are needed to accomplish the change at 
the operating face (the ‘cold side’ ), for which systems o f British, French and 
German design are available. Figure 43(c) shows this type o f  system, applied to a 
rigid inner containment box system.
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jaws connected jows disconnected

(a ) ( b )

FIG.44. Leak-tight tong (PEK-EURATOM Karlsruhe).
(a) Slave arm connection to tong body; (b) booting with tong body.

Different types o f booting arrangements are shown in Fig.42. It is essential 
that those parts o f the manipulator which have to be withdrawn into the operating 
area for maintenance are kept free o f contamination by the booting system. All 
three types illustrated in Fig.42 are in use, but types (a) and (b) are more vulnerable 
to damage and hence type (c) is the preferred system.

Figure 44 shows a new type o f leak-tight tong, especially constructed for the 
purpose o f ensuring maximum protection o f the booting. The adopted technical 
solution consists o f  strongly connecting the booting with the tong body. As for 
the systems shown in Figs 43(b,c), the operations to connect or disconnect the 
slave arm o f  the manipulator and the tong body are carried out from the operating 
face with special tools located in the cell.

Polyvinyl chloride (PVC) has usually been employed as the material for 
bootings; good use has also been made o f other materials, such as polyurethane or 
hypalon-lined rubber, which are sturdier and create fewer problems when discarded 
as waste. In any event, the booting material must be carefully chosen to suit the 
job and the type o f atmosphere maintained in the cell. .
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FIG.45. Sealed master-slave manipulator.
(a) Seal on hot side; (b ) seal on cold side.
1. Slave assembly, 2. sealed tube, 3. master assembly, 4. extended-reach slave arm.

In view o f the tremendous advantage o f  the booting for all manipulator 
maintenance operations, its use is highly recommended as a means o f  overcoming 
the vast majority o f  problems created in hot cells..

To give an illustration, a composite booting, with the top part made o f 
‘double-calendered’ PVC (to improve fire resistance) and the bottom part made 
o f hypalon-lined rubber, has proved highly suitable for: (i) keeping an inert 
atmosphere (N2) pure enough (a few ppm o f  water vapour) for operations such 
as polishing plutonium carbides; (ii) accomplishing delicate work with trans
plutonium elements such as 242Cm and 252Cf.

6.3.1.2. Sealed manipulators

When the cell operations planned require an extremely pure controlled 
atmosphere (with a total impurity content o f  only a few ppm), when the toxicity 
o f the products handled calls for a high degree o f containment even under accident 
conditions, or when the temperature o f the elements handled is close to or greater 
than 100°C, the use o f a sealed manipulator is essential.
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FIG.46. Various systems o f master-slave manipulator MA-23 sub-assemblies [144].
1. Master arm, 2. normal slave arm, 3. normal slave arm with protective sleeve, 4. reinforced 
slave arm, 5. power amplification unit, 6 . direct current supply (48 V ), 7. control and servo 
slide, 8 . multiplex transmitter-receiver (master side), 8 . multiplex transmitter-receiver (slave 
side), connected by one coaxial cable or two radio-frequencies, 9. digital recorder (30 min per 
cassette), 10. interface for control by Solar-16 or T-1600 computer, 11. computer control 
aperture, 12. MA-23 assembly with computer control.

Figure 45 illustrates the main features o f  sealed manipulators o f  American, 
British and German designs currently available commercially. They have in 
common the feature o f  a sealed mechanical through-tube mechanism, which 
normally remains in position in the cell wall to maintain the sealed atmosphere, 
with the slave arms detachable for servicing. In the American design the master 
arm is an integral part o f the through-tube mechanism, but in the British and 
German designs the master arm can be removed. In the United Kingdom, a 
power-assisted version o f  the sealed manipulator is used which makes it possible 
to handle 25 kg without effort.

When using sealed manipulators with detachable slave arms a powered means 
o f handling the slave arm must be provided within the cell, e.g. a power manipulator 
o f suitable capacity.
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FIG.47. MA-23 master arm [144],
1. Grip, 2. sprung counterbalance, 3. knuckle joint, 4. lower arm, 5. elbow/axle pin, 6 . upper arm, 
7. shoulder/axle pin, 8 . two counterweights, 9. shoulder housing, 10. fixed portion, clamped 
at rear, 1 1 . motors located inside hermetic casing (four on each side), 1 2 . cable and band 
tensioner, 13. movement arresting lever, 14. housing o f  left-hand motor power amplifier.
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FIG.48. Normal slave arm equipped for protective sleeve [144].
1. Tongs, 2. outline o f  sleeve, 3. sleeve extension ring, 4. backplate, sleeve attachment disc,
5. special adapter for heavy manipulator (capacity 250 kg), 6 . rear adapter identical with 5,
7. support, 8 . atmosphere inlet and filter (to  be used in nitrogen atmosphere; the blower is 
not visible), 9. two o f  the outlet filters (the ventilation system keeps the sleeve at under
pressure and clean inside, and evacuates the heat from the motors).

6.3.2. Power manipulators

If the planned handling operations in cells exceed the load capacities for 
master-slave manipulators (up to 25 kg), power manipulators must be used. This 
is the case, for example, in dismantling and decontamination cells.

There are a number o f designs o f power manipulators for use in hot cells. The 
manipulator consists o f a slave arm mounted on a carriage, giving the X-Y motions, 
and a telescopic tube, giving the Z motion. The arm has from one to three articu
lated sections, and tongs capable o f swinging and rotating motions. The move
ments are produced by electric motors, the control being positioned outside the 
cell. The load capacity can vary from 25 to 100 kg, depending on the geometrical 
configuration o f the articulated sections.

57

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



FIG.49. Reinforced slave arm o f  the MA-23 manipulator [ 144].
1. Body group, able to pass through an aperture o f  300 mm X 600 mm, 2. single motor,
3. double m otor, 4. hoisting ring.

The maximum applied forces or torques are visually limited by friction or 
automatic cut-out; the force o f  the grip is pre-set and adjustable, and tools can be 
incorporated at the wrist.

In some cases the manipulator can be mounted on a column that moves 
along the wall o f a hot cell, and vertical motion up and down the column as well 
as horizontal telescopic motion can be included.

Although through-the-wall manipulators afford shielding for the operator, 
the tube may provide a leakage path for radiation which, while not affecting the 
operator, may cause problems in areas away from the operating face; therefore, 
it may be necessary to provide shielding intrinsic with the manipulator or 
external to it. For facilities handling transuranic elements it is also necessary to 
ensure by sealing that the manipulator and its penetrations do not produce a 
potential weakness in the containment.
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FIG. 5 1(a). Manipulator vehicle PaR (USA).

FIG.5 1(b). Manipulator vehicle RIVET (UK).
1. Arm with three articulated sections, 2. television cameras and platform, 3. telescopic column, 
4. caterpillar vehicle, 5. control panel, 6 . power unit, 7. cable drum.
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FIG.51(c). Manipulator vehicle ‘Virgule’ [144],
1. Wheels with integral motors for drive and steering (special tyres for negotiating stairs),
2. front wheel opened (for stability), 3. wheel retracted (both wheels in this position enable 
doorway to be negotiated), 4. accumulators, 5. MA-22 manipulators, 6 . support with three 
degrees o f freedom, 7. right-arm amplifiers, 8 . multiplex transmitter-receiver.

6.3.3. Future developments

A number o f manipulators are still at the research and development stage 
and in many cases only prototypes exist. Certain problems, such as those con
cerned with weight, capacity and price, and the continuing search for improvement 
have led to new developments in some countries. The French [141], for example, 
have developed their system MA 23, which is illustrated in Figs 46—49. This is 
a servo-assisted system which, compared with mechanical master-slave manipulators, 
allows o f  a much heavier loading and practically unlimited movement. The 
potentialities o f servo-controlled master-slave manipulators are compared in 
Fig.50. The system is capable o f  development for use in many situations.
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FIG.52. Diagram indicating typical correlation o f cell parameters and manipulators.

3

FIG.53. Typical coverage diagram for articulated master-slave manipulators (Fig.37).
1. Wrist coverage, 2. tong coverage, 3. absolute limit o f  viewing, 4. limit o f  viewing when handling.
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In the design o f -hot cells, specific provision must be made for the main
tenance and repair o f  manipulators, which can be done either in built-in facilities 
or by withdrawing the manipulators from the cell, contained in a shielded flask 
for transfer to other facilities.

Manipulators may be mounted on vehicles so that they can be remotely 
recovered in emergency conditions. Figure 51 shows three such vehicles.

6.4. Relative dimensions o f cells, manipulators and windows

Careful attention must be paid to the relationship between cell dimensions, 
manipulator capacity and viewing requirements. With mechanical manipulators, 
the shielding thickness o f  the cell determines the type o f manipulator used, the 
cell depth determines the length o f  the fully extended slave arm, which in turn 
determines the minimum cell height. The width o f  a cell or the operating position 
o f two manipulators may be determined by the distance between them (normally 
70—80 cm). The size o f the window is determined by the shielding thickness and 
the width and height o f  the cell. When this is known, the clearance required to 
remove the manipulator can be worked out. Figure 52 gives typical correlations 
for different types o f  conventional manipulators and cell dimensions and shielding 
thicknesses. Figure 53 is a typical coverage diagram for a pair o f  manipulators 
which also shows the limits o f viewing. The use o f  television viewing and o f 
manipulators such as the MA 23 will remove these restrictions and allow the cell 
to be designed according to the operations to be carried out.

7. TRANSFER AND TRANSPORT SYSTEMS

The safe operation o f  enclosures is dependent on the methods o f  introduction 
and discharge o f radioactive materials into and from the enclosures [143 — 156].
The hazards involved in any transfer are radiation and contamination, or a 
combination o f these. The types o f transfer are direct or indirect. Direct transfer 
is between an enclosure and its environment, and between two enclosures with 
a permanent connection. Indirect transfer is between two separate enclosures 
via an independent portable enclosure, i.e. a transport container., The transfer 
system can be one way only or reversible.

7.1. Contained transfer systems (alpha transfer)

Contained transfer systems involve the transfer o f  materials with no external 
radiation hazard. If the materials are transuranics, the contamination hazard 
can be severe, and at least double containment must be specified. For example, 
if a bag transfer system is used for plutonium materials, they must be kept in 
a secure container within the bag.
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FIG.54. Special transfer port (for posting in only).
(a) Seal made by container; (b) seals fixed to port. 
1. Hot side, 2. container, 3. lip seals.

( a )

(b)

FIG.55. Bag posting system.
(a) Detail o f  triple weld on bag; (b) posting-out procedure.
1. Material in bag, 2. bag welded, 3. sealed end with contents cut o ff, leaving sealed bag,
4. new bag fitted, 5. remains o f  old bag withdrawn to new bag.
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(a) Rigid tunnel; (b) flexible tunnel assembly; (c ) disconnection o f  flexible tunnel.
1. Rigid tunnel, 2. cell port plug, 3. flexible tube, 4. rigid tube to prevent tunnel deflating.

7.1.1. Container posting system

A container posting system allows o f  the passage o f material into or out 
o f  a box and has to achieve two objects: the atmosphere o f the box should 
not be disturbed and contamination must not be transferred to the outside.
To achieve these objects, various locks have been devised, i.e. air locks, vacuum 
locks and washable locks.

Air locks can be used in conjunction with the ventilation system in order 
to prevent the outflow o f airborne contamination. Vacuum locks can be used 
to prevent loss o f the special atmosphere in the box, and washable locks can be 
used to prevent any surface contamination o f the transferred material.

In Fig. 54 are shown two types o f  transfer port for posting into a box. In 
one case, the seal is affixed to the transfer container, in the other the seals are 
part o f the transfer port itself.

7.1.2. Bag posting system

The bag posting system is in common use at the present time. A suitable 
plastic bag is attached to the side o f  the facility in the same manner as are gloves.
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FIG.57. Double-door transfer system.
(a) General view showing all components; (b ) before connection; (c ) connected;
(d ) opened for transfer.
1. Cell flange, 2. cell door, 3. sealed container, 4. cylinders to seal cell door and container 
flanges to cell flange, 5. cell door gasket, 6 . container door, 7. container gaskets.

66

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



H O T  C O L D  
S ID E  S ID E

( a ) ( b ) ( c )

FIG.58. Double-door hermetic transfer system.
(a) Approach; (b ) locking by rotation; (c) opening and transfer.

The bag posting technique is shown in Fig.55. To post the item to be transferred 
into the facility, it is placed in a new bag which is fitted by the same technique 
as used for glove changing. In this system the containment o f  the enclosure is 
always maintained. The effectiveness o f  this system depends on the skill o f the 
operator and the soundness o f  the welds. It is used routinely in many laboratories.

7.1.3. Contained direct transfer system

Figure 56 shows a tunnel between two boxes. In (a) the tunnel is fixed;
(b) shows a flexible tunnel assembly which permits o f the removal o f  one or 
other o f  the boxes; the disconnection is shown in (c). The fixed tunnel 
arrangement is suitable for use when one box has a controlled atmosphere.

For a line o f  enclosures the tunnel system described in Section 7.2.1 can 
be adopted if the tunnel is made a containment. The rabbit system (pneumatic 
transfer system) can also be used.

7.1.4. Double-door transfer systems

Over the last decade it has become necessary to handle materials o f 
increasing hazard; for these, double-door transfer systems have been developed 
and are replacing bag posting techniques. In this system the door o f the facility 
and the lid o f the container are matched. When a transfer is to take place the 
container is attached to the facility door. For manipulation o f the container 
the doors are connected, clean side to clean side, and the contents o f the 
container released into the facility. The clean sides o f  the doors are thus never 
exposed to the atmosphere o f the facility. After the transfer the operations 
are reversed. The system can be used for transfers into and out o f the facility 
(see Figs 57—61).
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(a) ( b) (c)

FIG.59. Twin double-door transfer system used for successive connections.
(a) Approach; (b ) locking o f  external container; (c) locking o f internal container.

FIG.60.  ̂ Double-door transfer system container, high-pressure type.
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FIG.61. Transfer o f  standard double-door transfer system joint to the ‘ Scalhene’ system.

7.1.5. Pneumatic transfer systems

Pneumatic transfer systems are used for the transfer o f  samples from stores 
to the laboratory. The material to be transferred is placed in a secure and 
rigid container, which is pneumatically conveyed along a pipe system to the 
laboratory. Complex transport systems are being developed.

7.2. Shielded transfer systems (beta, gamma transfers)

Shielded transfer systems are intended for use when only a radiation 
hazard exists.

7.2.1. Direct shielded transfer systems

Figure 62 indicates the different types o f locks used to give access to 
enclosures. This system is used for transfer o f  inactive material and radioactive 
material held in its own shielded container.
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FIG.62. Passages with permanent shielding.
(a) Shielded lock (in certain cases, for each door a shielding which is inferior to that o f  the 

enclosure is admissible, the two doors when closed ensuring superior shielding).
(b) Reciprocating transfer slide. 1. Lead wall, 2. lead slide, 3. lead compensation shielding.
(c) Rotating lock ( ‘ lazy Susan’), here o f  the same material as the wall.
(d) High-volume rotating lock (lead shielding).
(e) Labyrinth.
(f) Underwater passage. 1. Pool; 2, 3, 4. successive phases o f  loading or unloading a shielded 

container in the pool; 5. version representing a shielded enclosure whose pool constitutes 
a passage with permanent shielding; 6 . container in transfer position; 7, 8 . transfer o f 
object in enclosure.
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FIG.63. Automatic remote indirect transfer to a hermetic enclosure inside shielding.
1. Hermetic enclosure, 2. shielding, 3. shielded container transferred directly through the 
shielding, 4. container, 5. manipulator used for moving the container, 6 . automatic 
support for tilting and locking containers.

A pool is often connected to an enclosure by means o f  a water channel, 
the water performing three very useful functions: as a shielding substance, as 
a means o f isolating the enclosure and as an easy mode o f access. (Contamination 
must be monitored at regular intervals.)

7.2.2. Indirect shielded transfer systems

Transfers between widely separated enclosures are usually achieved by 
means o f a shielded container, one exception being the pneumatic transfer 
system described above.

The two common methods o f transfer are: (1) with the container inside 
the enclosure; (2) with the container outside the enclosure, loading or 
unloading being done through a valved hole in the biological system.

7.2.2.1. Transfer with container inside enclosure

Small containers can be passed into the enclosure through a shielded lock 
as shown in Fig.62(a). Large containers can be passed through a roof port or 
a door in the wall. This system cannot be used where there is any possibility 
o f contamination which could be transferred to the flask and thence to the
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(b)

FIG.64. Inter-cell transfer.
(a) Simple shielding door, (b) rotating valve door, (c) shielded transfer lock.

FIG.65. Tunnel transfer system.
(a) Below-bench system; (b ) behind-cell system.
1. Shielding door, 2. shielding tunnel, 3. conveyor, 4. tongs.

working area. Figure 63 shows an example o f this system, which is also used 
for transfer from ports. Figures 64, 65 show two transfer systems for movement 
within suites o f  cells.

1.2.2.2. Transfer with container outside enclosure

The container is placed in position at the transport port in the shield wall 
or roof. Some protection against escape o f contamination is provided by the 
air flow into the enclosure and the partial seal between the faces o f the container 
and the enclosure; however, the system should not be used for enclosures 
handling plutonium. Examples o f  the system are given in Figs 66(a), 67(a) and 68.
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( C )

FIG.6 6 . Large shielded containers with valved doors.
(a) Shielded container with sliding valve;
(b) Shielded container with split bottom  valve;
(c) Shielded container with screwed plug valve.
1. Container valve, 2. cell valve, 3. tray, 4. tray operating rod, 5. air-tight capsule.

7.2.2.3. Shielded containers

The containers described in this section are for use in transfers between 
enclosures inside a particular factory or research centre. They are not designed 
for use with plutonium or other highly radioactive materials, the release o f 
very small quantities o f which can be hazardous. If the container is required 
for external transport, it should be designed to meet the very stringent regulations 
as laid down in the IAEA Safety Series N o.6.1

1 Regulations for the Safe Transport o f  Radioactive Materials (1973 Revised Edition), 
Safety Series N o.6 , IAEA, Vienna (1973) 148 p.
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7 6

FIG.67. Shielded container with rotating valves.
(a) Container with rotating valve and magazine attached to concrete cell;
(b) Container with rotating valve over pond.
1. Rotating valve, 2. cell plug, 3. operating rod, 4. magazine, 5. rotating door on the cell, 
6 . plug for top loading, 7. lock rod, 8 . compensating shielding.

An important factor in the choice o f  materials for containers is the density.
The higher the density o f  the material used, the greater is the saving in weight
o f the container.

(a) Containers with covers or plugs. Figure 69 shows several types o f 
containers with covers and plugs; for these, straight joints should be 
avoided to prevent a radiation hazard. The main advantage o f  the type 
o f container shown in Fig.69(c) is the smaller weight of the plug as 
compared with the heavy covers for the containers shown in Fig.69(a,b). 
This makes container (c) much more flexible.

(b) Containers with sliding valve doors. Figure 66 shows containers with 
different types o f  sliding valves. This type o f container is economical 
because o f  its simplicity, but care must be taken to ensure the mechanical 
safety o f  the valve.
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FIG.6 8 . Transfer by sliding door accommodating the container plug.
(a) Presentation o f  container; (b ) operation o f  door, with ejection o f  plug into cavity;
(c) opening o f  passage and transfer.
1. Lead shielding, 2. thermal shielding, 3. capsule containing radioactive material, 4. actuating bar, 
5. container plug, 6 . door o f  enclosure, 7. shielding o f  enclosure, 8 . containment enclosure.

(c) Containers with rotating valve doors. During transport, this type o f 
container is safer mechanically than the one with sliding valves, but its 
weight is considerably greater. Figure 63(a) shows a typical multi-channel 
container with revolving interior. This type has a rotating wall valve that 
can be used instead o f  the straight wall plug. Figure 63(b) illustrates a 
container with a rotating valve door in position for transfer o f  material 
from a pool.

(d) Special transfer system. A transfer system used at Windscale is shown in 
Fig.70. Radioactive sources can be transported between different 
enclosures that share a common maintenance area. A container with a 
sliding valve is mounted on a bogie that moves along the length o f  the 
operating area. The bogie can be stopped at any enclosure; the container 
is then rotated and moved to make contact with the enclosure wall valve. 
The valves on the container and enclosure are opened remotely, and a tray 
from the container can be moved into the enclosure to deliver or 
remove sources.

75

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



( a ) (b)

0 _ 2

u

✓
( c )

FIG.69. Small shielded containers.
(a) Container with heavy cover, (b ) Container with heavy pivoting cover; 1. handle with 
automatic lock to close container before lifting, (c ) Container with small plug; 1. cable for 
raising basket, or 2 . basket affixed to the small plug.

7.3. Contained and shielded transfer systems (alpha, beta, gamma transfers)

These systems are used for the transfer o f  materials presenting radiation 
and contamination hazards.

7.3.1. Contained, shielded direct transfer systems

These systems are used for two or more enclosures joined together.
Figure 71(a) shows a tunnel system for two adjacent enclosures and Fig.71(b) 
a tunnel for a line o f  enclosures. For the latter, it is possible in many cases 
to omit the shielding door to the tunnel. The tunnel itself must be an enclosure 
to ensure containment.

7.3.2. Contained, shielded indirect transfer systems

When the contamination risk is high, as with plutonium operations, then 
the containment must be maintained during transfer operations and means o f
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( b )

FIG.70. Special transfer system.
(a) Bogie travelling down centre line o f  maintenance area;
(b) Bogie rotated to present container to selected cell.
1. Cell transfer port shielding door, 2. container shielding door, 3. transfer stillage, 4. turntable 
and slider assembly.

FIG.71. Sealed shielded transfer system (see also Figs 49(c) and 50).
(a) Tunnel between two shielded cells; (b) tunnel connecting a line o f  cells.
1. Shielded enclosure, 2. shielded door, 3. shielded tunnel, 4. containment box, 5. gas-tight door.
6 . containment to tunnel.
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( b ) ( c ) ( d )

FIG.72. Bag transfer system, with welds made by remote control.
(a) Place material in bag from inside the box; (b ) weld, cut and place material by manipulation 
from the outside; (c ) place new bag on adapter ring; (d ) lift and eject old bag.
1. Cell port with gasket, 2. bag fitted on support ring, 3. bag adapter ring, 4. lifting fork,
5. polyethylene bag, 6 . transfer chamber, 7. jack for bag exchange, 8 . remote bag welder and cutter.

ensuring containment must be provided. The safety o f the transfers depends 
directly on the quality o f the welding o f  different plastic materials used to 
ensure containment. For many reasons (mainly in connection with the length 
and accessibility o f  the welds) this kind o f transfer has usually not proved 
very reliable, especially when the welds are made by remote control (Fig.72).
The bag transfer systems shown in Figs 73 and 74 can be used for transporting 
alpha emitters.

The transfer systems most commonly used at present are based on the 
double-door technique developed in the early 1960s at Los Alamos. The operation
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FIG.73. Horizontal bag transfer system.
Introduction: (a) Open outer door, place container in front o f  transfer lock, open in-cell door; 
(b) open container door, operate scoop; (c ) close in-cell door, remove container, put in new bag. 
Extraction: (d ) First as in (a) and (b), then pick up object with scoop in bag; (e) pull bag inside 
out, close container door when scoop is in container; ( f)  close in-cell door, weld, cut, etc.
1. Tunnel in shielding with two shielding doors working as radiation lock, 2. shielded container 
with door and scoop, 3. bag fitted outside the cell.

FIG.74. Vertical bag transfer system.
(a) Seal with bag and remove welded bags (see Fig.56(cj), drain with argon; (b) connect container, 
open shielded doors and transfer object; (c) close doors, valves, weld and cut.
1. Sealing bag, 2. disposal pouch, 3. gas-tight seal, 4. welded and cut bag, 5. shielded doors.
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( b )

FIG.75. Vertical section o f  a medium-activity cell with a connected movable container.
(a) View o f  a part o f  the cover on the rear side o f  the cell;
(b ) View o f  a connected transfer container equipped with two frogman suits.
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o f  the double-door transfer system is shown schematically in Figs 57, 58. The 
two systems most commonly found on the market at present are a lip-type 
joint system and a butt joint system.

Many other systems based on the same principle are to be found in a large 
number o f laboratories. Figure 75 shows, as an illustration, a large rectangular 
double door (1.4 m X 1.1 m) used to connect a removable transfer container 
at the back o f an alpha-beta-gamma cell.

All these systems have proved their worth, even in facilities where alpha 
emitters o f such a high specific activity as 242Cm and 252Cf are handled. 
Whether they function properly depends on how far certain basic principles are 
applied when using them. The most important o f these principles are:

Exactness in connecting the systems (removable guide rails may be o f 
great value);

Periodic accessibility o f  the joints (to ensure regular decontamination and 
to prevent an unacceptable increase o f contamination).
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FIG.77. Automatic indirect transfer in an independent array o f  hermetic cells in a large 
shielded enclosure.
(a) Trolley making a connection; (b) trolley transporting a container, passing under another 
container in place; (c) containers taken by manipulators for cooling storage; (d ) glove boxes 
for transfer o f  non-radioactive contaminants; (e) passage through dynamic containment for 
placing o f  inactive container on trolley; ( f)  position for shielded container; (g) container tilted 
by trolley for acceptance by cradle o f  shielded container.
1. Hermetic cells, 2. large shielded enclosure, 3. manipulators outside hermetic cells, 4. automatic 
transport and locking trolley, 5. containers.
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FIG.78. Indirect transfer system with low contamination risk.
1. Container plug, 2. auxiliary shielding, 3. cell plug, 4. offset rod, 5. plastic lining for transfer 
hole, 6 . cell plug plastic cover (contaminated), 7. intermediate piece for container, 8 . container, 
9. tilting platform. (Both 7 and 8  can be replaced by a bigger container on the same tilting 
platform.)

The systems may also be used to bring an operator into a contaminated 
environment; obviously, this can be done only in the case o f  alpha transfers 
(Figs 59—61). Figures 76, 77 show further specific applications o f  the system.

The double-door system is a very valuable technique for alpha-beta-gamma 
laboratories. However, it is an illusion to expect to be able to use it for ‘perfect’ 
transfers, i.e. transfers free from any contamination at all; for most problems 
the system represents an acceptable compromise, provided that its use is 
carefully regulated and controlled.

In special circumstances, when the contamination hazard is not too great, 
containment can be achieved by controlled air flow. Such a system is illustrated 
in Fig.78, with the container shown in Fig.67. The container is opened under 
an auxiliary shield with a small top bulge into which the plug is lifted. An offset 
rod is used to remove the plug from the transfer port, and the container is then 
tilted on wheels so that its cavity is in a position opposite the transfer port, which 
is lined with a flexible plastic tube fitted to a flange on the containment box. 
(Replacement o f  the plastic tube is as shown in Fig. 17.) The wall plug has a 
plastic cover (replaceable outside the shield) which can be used as a seal on the
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FIG.79. Solid waste transfer system.
(a) General view; (b ) container connected; (c ) double door opened.
1. Container, 2. shielding cover, 3. lightweight drum, 4. split bottom door, 5. auxiliary shielding, 
6 . containment box, 7. gas-tight door, 8 . transfer chamber, 9. shielded gas-tight door,
1 0 . electromagnet, 1 1 . drum cover.

containment box whenever the box is to be removed. Whenever the containment 
is open, air is drawn through the transfer port by the box ventilation system, 
the air velocity being maintained high enough to prevent contamination leaking 
from the box. Tongs operating from the other side o f the cell are used to load 
or unload the container when it is in position. This system is used in France 
for containers with 5 to 15 cm o f  lead shielding.

Figure 79 illustrates a solid waste transfer system used in French laboratories, 
with the container shown in Fig.66(b). This system is a simplified adaptation o f 
the double-door system. A lightweight drum with a sealed lid is placed in the 
container, and its shielding cover is removed close to the cell wall. The container 
is moved under the port and the drum is sealed to the containment flange; then
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FIG.80. Liquid transfer connections using the Cendrillon system.
1. Reservoir in enclosure; 2. enclosure; 3. shielded plate connecting pipes 4 and 5; 4. high-activity 
pipe; 5. rinsing pipe; 6 . rinsing liquid reservoir; 7. receptacle (Cendrillon type)-, 8 . connection 
identical to that o f  plate 3; 9. connection to a tap which is washable before disconnection;
10. com ponent accommodating coupling 9a after disconnection; 11. aspirator circuit for filling 
the receptacle; 12. filter; 13. air filter for Cendrillon; 14. aspirator device in the enclosure reservoir 
for emptying the receptacle; 15. reservoir air filter.

the containment plug is raised into the box, taking with it the drum lid held 
by means o f  an electromagnet. When the drum is filled the operations are 
reversed; the filled sealed drum can eventually be discharged to the waste 
storage system via the bottom valve in the container.

7.4. Transfer and transport o f radioactive liquids

Radioactive liquids arise as process liquids from the dissolution o f radioactive 
materials, as a product from irradiated fuel reprocessing plants, and as waste 
liquids from processing and wet decontamination procedures. These liquids 
can pose chemical, toxic, radiation and contamination hazards or any 
combination o f  these.

The transfer o f these liquids is carried out by a variety o f  direct and 
indirect systems. Waste liquids may be absorbed on solids before transfer.
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7.4.1. Direct transfer system

The safest method o f  transfer is by the direct system, i.e. using a pipe which 
goes from the place o f  origin to the required destination. In the design o f  the 
system provision must be made for foreseeable maintenance, modification or 
replacement with the minimum risk o f  contamination.

If the pipe is carrying a particularly hazardous liquid, e.g. plutonium 
nitrate, then there must always be double containment. If the pipe passes 
from the containment o f one facility through working areas, then it must be 
surrounded by another pipe in this section and the annular space around the 
pipe must be monitored for leakage o f  radioactivity.

The liquids can be moved by any o f the usual means, such as pumps, 
ejectors, air lifts. A recent method introduced for moving radioactive and 
toxic fluids is the fluidic pump. Fluidic pumps are simple and reliable, having 
no moving parts.

7.4.2. Indirect transfer system

The liquids can be transferred to the container by any o f the means 
suggested above or perhaps, for small quantities in a laboratory, simply by 
pouring. The containers can be anything from simple plastic bottles to heavily 
shielded vessels. If the container is within the primary containment o f  the 
facility, the transfer may be carried out using one o f the systems already described. 
Figure 80 illustrates a French transfer system (Cendrillon) which has been used 
for liquids o f  radioactivities up to 37 TBq/1 (1000 Ci/1). Attention must be 
paid to the methods o f disconnecting the transfer pipes after use to avoid 
contamination. The system can be washed out or the connection made within 
a containment.

In certain special cases, the solidification o f  liquid waste (for example in 
cement or by evaporation) obviates the need, for relatively small amounts, 
to install devices that are over-sophisticated and, as a result, often unreliable.

8. VENTILATION AND AIR CLEANING SYSTEMS

8.1. Ventilation systems

The principles involved in the design o f safe ventilation systems for hot 
laboratories are fully described in the IAEA Safety Series Noi.17.2 Some features

2 Techniques for Controlling Air Pollution from the Operation o f Nuclear Facilities, 
Safety Series N o .17, IAEA, Vienna (1966) 118 p.
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o f  the ventilation o f  the various enclosures are worth noting [55, 56, 157-171] 
(see also IAEA Safety Series No.39)3.

In any facility handling radioactive materials the ventilation and filtration 
system forms an integral part o f  the overall system for the protection o f  the 
personnel and the general public from radioactive contamination. The design 
o f  the ventilation system must be based on an assessment o f the hazards 
involved and has to take into account the relationship between Zones I, II, III, IV 
(see Section 4.2). The following principles for the ventilation design o f  
radioactive facilities should be considered:

(a) The air flow must be from areas o f lower to areas o f higher radioactivity; 
each zone o f  higher activity must be maintained at a negative pressure with 
respect to the preceding zone, with air velocities through breaches or 
potential breaches in the containment barriers being sufficient to prevent 
unacceptable back-diffusion o f  contaminated air.

(b) The total air flow through the system from inlet to discharge into the 
atmosphere should be minimized in order to reduce the number o f 
filters to be disposed o f as radioactive waste and the radioactive material 
o f  small particle size which penetrates the filter and is dispersed to the 
environment via the stack.

(c) Sufficient fresh air must be supplied to the working places in order to 
provide acceptable conditions o f industrial hygiene.

(d) The system should provide for a sufficient air exhaust rate to the fume 
cupboard openings and to the gaps in primary containment barriers which 
are not effectively sealed, including doorways, so that the proper velocities 
are achieved.

(e) Under accident conditions, the ventilation systems should be capable o f
maintaining an inward flow o f air through all leakage paths to the 
atmosphere, bearing in mind the wind effect on the building enclosures.

(f) Sealed total enclosures must always be provided where the possibility o f  a
reverse flow o f  air into the working environment cannot reasonably
be excluded.

Other factors which should be borne in mind are the need for energy 
conservation and the response o f  the system to sudden pressures generated 
within itself. 1

Air change rates

The number o f  air changes is determined by the need to maintain the 
correct air flow and underpressure between the compartments. A brief guide 
for handling this problem is given below.

3 Safe Handling o f  Plutonium, Safety Series No.39, IAEA, Vienna (1973) 135 p.
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Green Zone (Zone II). Typical air change rates in Green Zones are likely to be 
between five and ten per hour. However, increasing the air change rate 
may not in itself produce a significant reduction in the level o f airborne 
activity at the working place, but it does reduce the average concentration 
in the zone as a whole. These rates include quantities o f  air drawn in 
from the White Zone (Zone I). In certain circumstances, after a thorough 
assessment o f the situation and with appropriate safeguards, a proportion 
o f the air change may be obtained by recirculation o f the air within 
the compartment.

Amber Zone ( Zone III). Typical air changes in Amber Zones are likely to 
exceed five per hour, increasing with increasing risk.

Red Zone (Zone IV). The ventilation rate within the primary containment 
varies with the processes handled there. Some processes require up to 
30 air changes per hour, whereas others require only a few when 
associated with self-contained, recirculating, inert gas systems. Where 
flammable gases and vapours are handled, the rate o f air change may be so 
designed as to maintain the concentration o f  flammable material below 
a certain level.

Pressures

Green Zone (Zone II). If no significant hazard exists, there is no need to hold 
the compartment at a negative pressure with respect to the White Zone 
(Zone I). With a low potential hazard, the underpressure should generally 
be sufficient to draw air into this zone through any openings from the 
White Zone (given a still external ambient air) at an average velocity 
o f 0.5 m/s. With a high potential hazard, the enclosing structure should 
be built to containment standards. If it is necessary to support the 
containment with the help o f  the ventilation system, the compartment 
should be held at an underpressure which is marginally greater than that 
created by the wind on the external walls. Containment pressures o f  the 
order o f -6  mbar could be required under accident conditions.

Amber Zone ( Zone III). Assuming that the amber compartment is situated 
between the green compartment and the primary containment, the 
underpressure in Zone III (amber compartment) should be sufficient to 
draw in air from the Green Zone through any openings at an average 
velocity o f 1 m/s. ■
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Red Zone (primary containment) ( Zone IV). The theoretical underpressure in 
the primary containment should be sufficient to draw in air through any 
openings, including postulated breaches o f containment, at an average 
velocity o f 1 m/s. (It should be noted that within the Red Zone specific 
items o f equipment may have independent off-gas systems with special 
clean-up equipment.)

8.1.1. Fume cupboard ventilation

The minimum velocity through the opening o f the fume cupboard is
0.5 m/s; to effectively achieve this at all points in the fume cupboard opening, 
the mean air flow must, for design purposes, be calculated using twice this speed,
1.e. 1 m/s. It is common practice for fume cupboards to exhaust all the air 
delivered into the room in which they are situated, i.e. the room has no other 
exhaust air system. It is therefore important that a suitable bypass system be 
installed so that a balancing air flow is maintained in the fume cupboard 
whenever this is closed [172]. Such a bypass system is illustrated in Fig.81.
When the volume o f  air required for the fume cupboards is much greater than 
that needed in the room where they are situated, it may be worth supplying 
unconditioned air rather than conditioned air at the face o f the fume cupboard, 
as indicated in Fig.8 1. This would lead to considerable energy savings.

8.1.2. Glove box ventilation

The objectives o f a glove box ventilation system can be given as follows:

(a) To provide an atmosphere within the glove box o f  the quality and quantity 
required for the process

(b) To provide a flow o f  gas o f the quantity and distribution necessary to 
prevent excessive accumulation o f undesirable gases or vapours within 
the box

(c) To prevent conditions within the box which may lead to dispersal o f 
particulate radioactive material, causing radiation and decontamination 
problems

(d) To assist the glove box containment in preventing the spread o f radioactive 
contamination to the environment under normal and accident conditions

(e) To ensure that toxic and noxious materials are removed from the exhaust 
air before discharge to the environment.

A typical example o f  the specifications for the control o f  ventilation in 
a glove box is given below.

(a) The underpressure in the box must not be less than 250 Pa (~25 mmH20 ) 
below atmospheric pressure in order to prevent leakage from punctures 
or leak tracks.
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FIG.81. Bypass system for fume cupboard.
(a) When the front panel is opened, inlet ventilation flow serves as a curtain in front o f  the 
opening (part o f  the flow comes from the room exhaust flow ), (b ) When the front panel is 
closed, the fume cupboard is still strongly ventilated, partly by direct ventilation flow and partly 
by the air exhausted from the room . The room exhaust flow  is, however, minimal.
------------ Inlet ventilation f lo w ,...........room exhaust flow.

(b) The underpressure should not exceed 500 Pa (~50 mmH20 ), since otherwise 
the gloves become stiff and awkward to manipulate.

(c) Gloves must be regarded as fragile; in the event o f  gloves being pulled o ff 
flanges, sufficient underpressure and air flow capacity must be made 
available immediately to guarantee a minimum inward air velocity o f
30 m/min through the open port. This ensures that radioactivity cannot 
diffuse outwards across the ports.

(d) In order to prevent the glove box from collapsing under atmospheric 
pressure, no accident should result in an underpressure in the box exceeding
1500 Pa (~ 1 50 mmH20 ). This can be achieved either by traditional methods 
using mechanical valves, solenoid valves, pressure switches, etc., or by the 
use o f  fluidic devices (vortex amplifier). Fluidic devices have no moving 
parts, hence their reliability is enhanced and their response time is faster. 
Normally, the vortex amplifier (see Fig. 83) can be used for vacuum 
regulation.
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FIG.82. Glove box protection: vortex amplifier.

Figures 82, 83 show two emergency control systems for glove box ventilation. 
Figure 82 gives a conventional mechanical system with a needle valve, Fig.83 
a fluidic control system with a vortex amplifier replacing the electromechanical 
system. The fluidic system has no moving parts and a faster response time [ 173].

8.1.3. Shielded box ventilation

The ventilation o f shielded boxes is similar to that for glove boxes. A 
major difference is that the filters on the air exhaust system may have to be 
shielded and may require the provision o f remote changing facilities. Ventilation 
can also be used in spaces between the containment and the biological shield to 
provide an additional measure o f  containment.
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FIG.83. Glove box protection: solenoid valve.

8.1.4. Ho t cell ven tilation

The basic aims o f  hot cell ventilation are the same as those for glove 
boxes. Much higher volumes o f air are involved here, and to minimize the 
load on the outlet filters the ingoing air must be filtered. Because o f  the 
comparatively long paths which the air traverses from inlet to outlet, channelling 
may occur, leaving stagnant pockets in some places. It may also be necessary 
to provide localized air exhaust systems at specific points in the cell. Units 
within the cell may have an independent off-gas system.

Where special atmospheres are required, e.g. nitrogen or argon, a once- 
through system or recirculating system may be used. The latter system is o f 
value in conserving the gas used when high volumes are involved.

8.2. Air cleaning systems

The function o f  air cleaning systems is to minimize the amount o f  radio
activity released to the environment. All air exhaust systems serving Zone IV

SOLENOID VALVE

a h d  -I
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are equipped with cleaning systems. Whether these are also required in Zones I,
II and III must be decided by an assessment o f the hazards involved.

The standard cleaning system is the filter. To filter air contaminated with 
radioactive particulates, High-Efficiency Particulate Air (HEPA) filters are 
used. These will perform satisfactorily for most applications. However, for 
systems where a high level o f  humidity (in excess o f  80% RH) or entrainment 
o f  water droplets in the air stream is likely to occur, it is necessary to install 
a water droplet interceptor or ‘water eliminator’ in order to avoid partial blockage 
and loss o f function o f the HEPA filter. Alternatively, other systems such as 
scrubbers or electrostatic precipitators may be used.

8.2.1. Absorption filtration

The use o f  iodine filters is generally required only in laboratories which 
handle large quantities o f  partially cooled fuels (for example dismantling 
facilities associated with reactors). In this case the iodine filters must be 
located, together with the absolute filters, in the down-wind direction o f  the 
air flow.

Generally, for air cleaning systems the following points should be considered:

(a) Maintenance o f  ventilation systems. Since these systems also require 
maintenance o f  their electrical power system, it is necessary to arrange a 
separate standby power system in order to ensure that in all cases a 
minimum guaranteed flow-rate is maintained.

(b) Location o f  the air exhaust stack. The stack must be located in such a 
way as to make recycling o f the exhaust air through the inlet openings 
impossible, since the exhaust air could possibly be polluted or contaminated.

In order to reduce the dust load and to increase the filter life it is advisable 
to ensure that the incoming air is filtered.

To ensure that filters are operating at maximum efficiency they must be 
tested after installation and at intervals during their life. Many test methods 
are available, o f  which the di-octyl phthalate (DOP) aerosol, Poliak, and sodium 
fluorophotometry systems are commonly used; provision for carrying out 
tests must be made in plant design.

Filters serving alpha facilities must be changed in a containment system. 
Figure 84 shows such a system. Figures 85, 86 show shielded filter change 
systems using the double-door system [174], Figure 85 is an automatic system, 
Fig.86 a simpler manual system. The exhaust air streams from the various 
zones are typically kept separate until they enter the stack.
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FIG.84. High-alpha, low-beta/gamma filter installation.
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FIG.85. Remote robot filter change system.

FIG.8 6 . Manually operated shielded filter change system.

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



Fresh
air
input [—o**

Green working zone

[—o Amber zone

[—o Red zone

cell

InDut |n Pu t f ans to
filters overcorne *ilter and 

duct resistance only
Extract Extract 
filters fans Main extract fan

FIG.87. Ventilation model for good containment.
All extract fans would normally have 100% in parallel standby to guard against extract failure 
in red zone.

The ventilation model shown in Fig.87 illustrates the general principles 
for good containment. It can be seen that each (radio)active exhaust duct has 
its own filter placed before entry into the common duct. In principle the filters 
should be placed as near as possible to the source o f  activity to avoid contaminating 
long parts o f the duct. It may also be expedient to provide a second bank o f 
filters on the main exhaust duct, together with spark and flame arrestors, 
should it be considered that there is a possibility o f fire or explosion in the plant 
which could damage or destroy the primary filters.

A specific installation will probably need a specific filter change system; 
for this, the systems illustrated may well provide the basic principles.

Care must also be taken on all filter installations to ensure that the filters 
seal effectively onto their support frame, preventing contaminated air from 
bypassing the filter element.

9. RADIOACTIVE WASTE DISPOSAL SYSTEMS

In the design o f radioactive facilities, one aim must be to minimize the 
generation o f waste. The wastes from radioactive facilities are divided into 
liquid, solid and gaseous wastes. Ventilation and gas cleaning systems have been 
discussed in the previous section.

The quantity, level o f activity and radioactive isotopes involved determine 
the treatment process and these must therefore be known or measured.

In some facilities separate collection systems are installed to collect all 
wastes that are known to be non-active in order to minimize the volume o f 
radioactive waste to be handled.
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The processes o f handling wastes are basically storage — with or without 
treatment, and disposal -  again with or without treatment; these are usually 
subject to authorization by the national licensing authority [37, 160, 175-190]

9.1. Liquid radioactive wastes

Liquid radioactive wastes can be divided into three categories; these kinds 
o f waste must be collected separately.

(a) ■ Low-level waste. After collection and monitoring, these wastes may be
discharged, according to the authorization. Provision must be made for 
diversion o f  the waste to a higher-category system should a break-through 
o f  radioactivity occur, e.g. a leakage into a cooling system.

(b) Medium-level waste (process liquors from end-cycles o f  a solvent extraction 
system; sample residues, decontamination liquors, etc.). These wastes 
may be treated in order to reduce the radioactivity — ion exchange and 
flocculation being two possible treatments — and the resulting low-level 
liquor discharged. Alternatively the liquid may be concentrated by 
evaporation, the concentrate being treated as high-level waste and the 
distillate as low-level waste.

(c) High-level waste (process liquors, samples). Small volumes o f  high-level 
waste may be ‘ fixed’ directly. If necessary, larger volumes are stored in 
tanks to decay before treatment, the present intention being that they 
should be converted to solid waste for permanent storage.

There is no firm dividing line between the categories and each country 
should define its own categories.

9.1.1. Collecting systems and segregation o f  liquid wastes

Two main types o f systems for collecting liquid radioactive wastes are 
used, by which the liquor is stored for monitoring before discharge or treatment:

(a) Radioactive waste solutions are poured into specially provided containers 
and transferred to the laboratory collection tank (for which there must 
be a standby) or directly to a treatment facility.

(b) Radioactive effluents are discharged from the place o f  arising through 
specially constructed sinks and drain lines leading to the collection tank
for monitoring and conditioning. Organic liquors must be separately collected 
and identified.
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Sometimes a combination o f the two systems is used. The choice o f the 
system depends on many factors such as volume, constant waste inflow, radio
activity level and nature o f wastes, and design o f the laboratory.

One o f the advantages o f collecting wastes in special containers is that the 
volume o f  material handled at any one time is greatly reduced. However, since 
these containers must be accurately labelled as to their content, this system 
requires the full co-operation o f  laboratory staff. This type o f system is 
especially applicable to limited laboratory operations involving small volumes 
o f low-level waste. Special containers are useful in segregating long-lived or 
more hazardous radionuclides that require specialized handling, treatment 
(decontamination) or disposal.

The type o f  container used (its size, material and shielding) will, o f  course, 
depend on the radioactivity level, the chemical composition and the volume 
o f  the effluent. Containers for storage and transportation are shown in Fig.88.
The transfer system discussed in Section 7 may be adapted for use with 
liquid wastes. The use o f  special sinks and separate drainage systems leading 
to hold-up tanks is common in many large laboratories. Radioactive drains 
should be self-draining or other means o f emptying provided. Such systems 
permit o f  segregating low-volume high-level wastes from large-volume low- 
level wastes.

The materials used for drainage systems should be such as to ensure the 
leak-tightness of joints and should offer adequate corrosion resistance. In 
most cases the ease with which the construction material can be decontaminated 
is an important consideration. Stainless steel, polyethylene, PVC, glass tubing 
and ceramic pipes are examples o f  materials commonly used. Obviously, each 
material has its advantages and limitations. If the nature o f the wastes to be 
collected is known, it may be possible to select cheaper materials that will 
perform adequately under the particular prevailing conditions. An important 
requirement o f  a liquid-waste collection system is that any leakages are rapidly 
detected and contained. The methods used will vary according to circumstances; 
in general, the systems should be easy to inspect, not buried in walls or 
floors. A particularly important factor is the radioactivity level o f  the wastes 
being collected. In some cases double-walled piping and efficient leak detectors 
are used. A more common method is to place the collection pipes in waterproofed 
troughs where any leakage from the piping is contained.

The number o f  separate drains provided for radioactive wastes varies with 
the nature o f the operation. Sometimes the laboratory may be provided with 
two or three separate drains collecting radioactive wastes o f  different types.

The segregation o f liquid wastes at the source is usually worth while, 
as it is normally more economical and satisfactory to treat small volumes o f 
high-level effluent than to treat large volumes o f  low-level effluent. Therefore, 
enclosures for radioactive operations (fume cupboards, boxes, hot cells) must
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FIG.8 8 . System for transfer and transport o f  radioactive liquor.
1. Container and protective cover for laboratory storage, 2. coupling and plastic pipe for 
transfer o f medium-active liquor, 3. shielded coupling platform, 4. washout container,
5. service plug with air pump, 6 . sampling unit, 7. waste bag with extractor for washed coupling 
gaskets, 8 . unshielded coupling platform, 9. shielded transfer unit for highly active liquor,
10. handling stand, 11. vacuum pump, 12. dynamometer measuring quantity o f  liquor, 13. air 
filters, 14. protective cover used in transport, 15. additional protection for external transport. 
(Containers o f  the same size may have thin shielding and large capacity, or heavy shielding and 
small capacity.)

be designed so that they enable easy segregation o f the different types o f 
radioactive effluents. It is important to avoid accidental leakage o f costly 
material or high-level wastes through drains designed for low-level radioactive 
wastes. For this purpose, a special trap or small intermediate collection tank 
is often installed in cells or boxes.

When the waste volume is small, the wastes may be solidified directly in 
the cell or box for convenience o f  transport. In some specific cases the 
pre-treatment o f certain radioactive wastes can be performed directly in 
the laboratory.
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FIG.89. Typical delay tank installation for radioactive waste liquor.
1. Low-activity tanks, 2. automatic pump sump, 3. medium-activity tanks, 4. sampling, 
5. drain to low-level effluent treatment plant, 6 . hand basins, 7. showers, 8 . laboratory, 
9. cooling water, 10. active sink, 11. covered duct, asphalt-lined, 12. pump house,
13. transport by tanker to medium-level effluent treatment plant.

9.1.2. Collection tanks for liquid wastes

The collection tanks are usually located on the underground floor o f the 
laboratory building, as shown in Fig.89, and are provided with adequate 
radiation shielding. Sometimes they may be situated outside the building and 
after being filled may serve as transportation tanks.

The collection tanks are provided with monitoring, sampling and 
conditioning equipment. The instrument dials, showing the volume and 
activity o f the collected wastes, are usually placed on a central panel to 
facilitate control.

The use o f  double-walled tanks (or a tank within a tank) may be advisable 
if leakage from a collection tank would not otherwise be contained. Polyethylene/ 
PVC lining may be used for the inside o f  the tank to protect it against corrosion.

Tanks for long-term storage o f  high-activity liquors may require cooling 
and will have to be well instrumented.
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9.2. Solid wastes

Solid wastes consist o f  a wide variety o f material encountered in laboratory 
operations. They may range from pieces o f  contaminated paper and laboratory 
glassware to furniture, equipment and machinery. Solid wastes also include 
such items as contaminated filters, absorbers and spent ion-exchange columns. 
They are segregated during collection with a view to subsequent treatment 
and handling processes. The segregation into two groups -  combustible and 
non-combustible wastes — is common practice, non-combustible wastes often 
being subdivided into glass and others. It is recommended that the volume of 
waste be reduced as far as practicable.

The standard categories o f  solid waste are: high alpha, low beta/gamma; 
low alpha, high beta/gamma; high alpha, high beta/gamma. Classification o f 
wastes into these categories may be by monitoring,or simply by identification 
o f  the source, e.g. the waste from a glove box is high alpha, low beta/gamma. , 
Waste from some sources must be measured for its fissile material content in 
order to obtain an accurate fissile material inventory. The method o f waste 
collection will depend on the category.

Frequently, normal refuse containers, sometimes with foot-operated lids 
and shielded, if necessary, can be used for small low-contaminated objects.
It is preferable for such containers to have a removable inner lining, for 
example a plastic refuse bag. These liners are usually sealed by a plastic clip, 
adhesive tape or welding when full, a procedure which facilitates removal from, 
and prevents contamination of, the outer container.

For high-level waste the transfer systems discussed in Section 7 may be 
used. Figure 79 illustrates a method o f transfer o f high-level wastes to a 
central facility.

After collection the wastes may be subject to treatment in a special centre, 
e.g. volume reduction by incineration, shredding, compacting, incorporation 
in concrete for storage or disposal.

10. CRITICALITY CONTROL

In facilities handling fissile material, means o f preventing a critical 
excursion are required. In laboratories the simplest method is by limiting the 
mass o f fissile material present. In more complex systems engineered safeguards — 
the use o f  geometrically safe vessels, installed fixed poisons or soluble poisons — 
can be applied. Leakages from geometrically safe systems must go to 
geometrically safe containments; with fixed poisons, a means o f  continuously 
monitoring their presence is required. Transfer out o f  a geometrically safe 
system must be carefully controlled.
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TABLE II. MINIMUM CRITICAL MASSES

Radionuclide

Solution Metal

Bare Water-reflected Bare Water-reflected

235u . 1.4 kg 800 g 46 kga 2 2 . 8  kga

233U 1 . 2  kg 570 g 17 kg 7.6 kg

239Pu 900 g 530 g 1 0 . 2  kg 5.4 kg

a Masses o f  93.5% enriched uranium metal. (All other masses refer to the radionuclide 
in question.)

In the absence o f  these systems administrative control o f  the quantity 
and concentration o f the fissile material and o f the moderator, etc. in the unit 
is required. This means that it is necessary to have a system which controls 
every move o f fissile material in and out o f  the unit, or a method o f  measuring 
every change o f  concentration. In system assessment the possibility o f  unwanted 
changes in concentration (e.g. precipitation) must be considered. It is common 
practice to display the amount o f  material in the facility.

A number o f criticality guides [191 — 193] are available. Table II gives an 
example o f  a listing o f criticality data. Every unit must be reviewed by an 
expert in criticality control before the start o f  operation and before any change 
in operation. In risk buildings alarms must be installed.

11. FIRE PROTECTION

Fire in a hot facility could lead to a spread o f  contamination within the 
building and to the environment. Fire protection involves both designed and 
administrative controls. The three aspects o f fire protection are fire prevention, 
fire alarm and fire fighting.

11.1. Fire prevention

The design o f  a hot facility must be preceded by a hazard assessment, an 
identification o f  all risk procedures and materials and, where indicated, their 
replacement by systems and materials presenting lower risk.

Non-flammable materials must be used in the construction o f the facility. 
The design o f  the building should be such that a fire will be contained in one 
sector, for instance a cell or compartment,by the construction materials,
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dampers, fire doors, etc. Particular attention must be paid to the ventilation 
systems and the prevention o f  fire spreading through them. Non-combustible 
filters should be'specified where possible and must be preceded by spark or 
flame arrestors. Possible sources o f  ignition, i.e. electrical systems, heating 
systems and systems which rely on water cooling, must-be carefully studied. 
Consideration should be given to the need for explosion-proof equipment.

Administrative control involves limiting the quantity o f  flammable or 
explosive materials and ensuring that all personnel are aware o f  the hazards 
and are trained to deal with them.

11.2. Fire alarm

It is important to be able to immediately detect the start o f  a fire.
Therefore, reliable detection systems must be installed which should initiate 
an alarm system and/or an automatic fire fighting system. A necessary 
consideration is whether the Operation o f  an automatic fire fighting system in 
the case o f a false alarm might create a hazard and whether it would be 
preferable to rely on operator intervention. If the latter is decided, then the 
administrative procedures must be thoroughly established.

Care must be taken in the choice and placement o f  fire detectors to ensure 
that the type o f detector chosen does not respond to the normal conditions o f 
temperature, fume, dust and radiation in the facility.

11.3. Firefighting -

The fire fighting systems available, i.e. systems using water, carbon dioxide, 
dry powders (perhaps in small packets, e.g. in glove boxes) and halogenated 
compounds, each have their specific function and the system must be selected 
to suit the facility. Questions to be considered are: “ will the pressure rise 
created by the discharge o f  C 0 2 into the cell cause release o f  radioactivity to 
the building?”  arid “ could criticality be caused?” .

There is no firm rule as to whether the ventilation system should be switched 
o ff  in the event o f  a fire. If it is switched off, the fire may burn more slowly, 
but radioactivity may escape to the building; .if left on, the radioactivity will 
be transferred to the gas clean-up system but the fire may bum more strongly 
[194-201] (see also IAEA Safety Series 17)4. When designing the ventilation 
and air cleaning systems for hot laboratories, the following should be taken 
into consideration: fire hazards, fire containment, and the possibility o f 
localizing the fire to a specific area in the event o f fire in a radioactive laboratory.

4 Techniques for Controlling Air Pollution from the Operation o f  Nuclear Facilities, 
Safety Series No. 17, IAEA, Vienna (1966) 118 p.
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FIG.90. Newt suit, seen from the hot zone.
1. Containment panel, 2. port for bagging wastes.

The ventilation design should incorporate facilities such that the system would be 
capable o f  isolating any part or segment o f  a hot laboratory, if required. The 
system should also be provided with controls to enable a reduction o f the 
exhaust volume, if necessary.

12. RADIOLOGICAL PROTECTION

The radiological protection system for a facility has many constituent 
parts: arrangement o f  building zones and instructions for movement o f 
personnel between the zones; use o f protective clothing; personnel and area 
monitoring and provision o f  experts in radiological protection techniques.

The arrangement and classification o f  the zones in hot laboratories is 
discussed in Section 4. Here it is appropriate to examine the means o f moving 
between these zones, which is via changing rooms as described below.
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( a ) ( b )

FIG.91. Double-helmet suit.
(a) Intervention box is connected to active zone (open double helmet, operator enters suit 

through the flange);
(b ) Double helmet is closed, outside helmet is locked (operator unlocks inside helmet);
(c) Operator enters active zone (breathing lines and telephone cables enable operator to 

move about in active zone and keep in touch with control point).
1. Fixed or mobile intervention box, 2. double helmet, 3. harness to hold helmet, 4. breathing 
and telephone lines.

12.1. Protective clo thing

The protective clothing required depends on the degree o f  contamination 
expected to be encountered. In Zone I the operators wear their own clothing 
with perhaps a laboratory coat for protection against ordinary dirt and wear.

In Zone II the wearing o f  laboratory coats or boiler suits (or coveralls) 
and o f  special shoes or shoe covers is compulsory.

In Zone III, coveralls, rubber gloves, rubber boots or special shoes and 
hats are usually specified, with a complete change o f personal clothing.

In Zone IV, which is normally a total enclosure that is only entered for 
special purposes (the exception being ‘frog suit’ areas for special work), special 
protective clothing is required. This is in the form o f  a PVC coverall with some 
form o f  respiratory protection, or a pressurized suit to which breathing air is 
supplied from outside the zone. Figures 9 0 -9 3  show four types o f  suit [202],
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FIG .92. Typical one-piece pressurized suit.
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Opaque PVC

FIG .93. Typical two-piece pressurized suit.
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FIG.94. Model changing room.
M =  Hand and foot monitor.
(A  similar changing room  should be designed between Zones II and III.)

FIG.95. Typical changing room for Zones III and IV.
I. Changing-room area, 2. Zone IV or access to Zone IV, 3. entrance corridor, 4. maintenance area, 
5. clean pressurized-suit wardrobe, 6 . control window, 7. exit air lock, 8 . suit decontamination 
shower, 9. lock chamber, 10. glove-box area for disrobing with aid from maintenance area,
II . underwear disrobing area and personnel shower, 12. air lock, 13. barrier bench.
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When using a frog suit, the operator must be in contact with someone 
outside. When PVC clothing is used, care must be taken in dressing and 
undressing; particularly, it is necessary for the person undressing to use a 
respirator. It is also necessary to ensure that a person wearing this equipment 
is medically fit, will not be adversely affected by wearing it and is trained 
in handling it.

12.2. Changing rooms

All movements o f personnel and equipment between the zones must be 
through changing rooms. The purpose o f these rooms is threefold: (1) as an 
air lock to prevent any spread o f  contamination between the zones; (2) to 
ensure personnel protection through additional protective clothing before 
entering a zone with higher contamination hazard; (3) to check contamination 
on persons before they return to a ‘colder’ zone; personnel decontamination 
can be carried out if required.

Changing rooms are usually permanent installations, but in certain 
circumstances temporary facilities or tents may be used. The design o f  changing 
rooms depends on their relative position in the zones.

Figure 94 shows the layout o f  a typical changing room between Zones I 
and II. A changing room between Zones II and III would be similar. There would 
be no personal lockers as shown in Fig.94; these would be replaced by hooks 
to hold Zone-II clothing.

Changing into PVC coveralls or a pressurized suit requires special 
conditions. The layout o f  a typical permanent pressurized-suit area is shown 
in Figs 95, 96. In Fig.95, entry and exit are by different routes, allowing a 
sequence o f operators to enter. In Fig.96, entry and exit are by the same route. 
Entry into a Zone IV is often required on a temporary basis, for repair or 
inspection, and a temporary changing room must be set up for this purpose. 
Figure 97 shows the arrangement o f  .a typical temporary pressurized-suit area.

12.3. Monitoring

To ensure the safety o f laboratory personnel an adequate monitoring system 
must be provided. This system includes personnel monitoring and area 
monitoring. Monitoring is carried out by specially trained personnel, with the 
help o f special radiation measurement equipment such as dose meters, radiation 
indicators and radiation monitors that are capable o f determining individual 
exposures and radiation fields in working areas, as well as surface and air 
contamination [203—215]. In this section, only the main principles o f 
monitoring systems are given. Detailed information may be found in other 
IAEA publications.
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FIG.96. Typical permanent pressurized-suit area.
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FIG .97. Typical temporary pressurized-suit area.

I l l

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



12.3.1. Personnel monitoring

The principal objects o f  a personnel monitoring system are to prevent 
overexposure and to avoid unnecessary exposure o f  personnel working with 
various radiation sources. An adequate system o f  personnel monitoring in hot 
laboratories must provide for the measurement, evaluation and recording o f 
significant radiation doses accumulated by persons, together with a recording 
o f  the conditions under which these doses were received. Personnel monitoring 
in hot laboratories usually includes monitoring o f external exposure and o f 
skin and clothing contamination. The personnel should also be subject to 
routine bioassay and whole-body monitoring procedures.

The monitoring o f  external exposure is used to assess the whole-body 
doses and the doses received by parts o f  the body if there is any likelihood o f 
their being significantly in excess o f  the whole-body dose (for example, doses 
received by the fingers in the case o f  working with soft gamma-radiation 
sources in a glove box). In the case o f  accidental overexposure, such information 
may be particularly useful in deciding on subsequent action. External exposure 
is usually monitored with a combination o f  physical indicators o f  small weight 
and size (film badges and rings, pocket chambers, activation detectors, 
lithium fluoride sachet (TLD), etc.) which make it possible to estimate the dose 
equivalent for the region o f the body where they are placed, provided that 
the conversion factors required to calculate the dose equivalent from measured 
quantities can be determined. Monitors are also available which will give alarm 
if a certain dose or dose rate is reached. These are useful when working in 
areas for which it has not been possible to carry out a survey, e.g. inside a 
cell, for controlling the dose in special situations, and where the conditions 
may change as a result o f the work being done.

A proper assessment o f  the radiation situation for individuals, areas and 
jobs makes it possible to select adequate personnel monitoring devices and 
methods, and the frequency o f  exposure evaluation. In simple cases it is 
sufficient for the individual to wear a single dose meter on the trunk o f  the 
body; the readings provided by this dose meter are accepted as representing the 
whole-body exposure to external radiation. In situations where the radiation 
distribution is not uniform it may be necessary to wear dose meters on several 
parts o f  the body. In complex radiation situations, i.e. with several types o f  
radiation, it is necessary to wear a dose meter sensitive to all types o f radiation 
likely to be encountered. In situations where fission-product contamination is 
present, high beta-to-gamma ratios will be experienced requiring special 
dosimetry. In laboratory practice, neutron monitoring is rare. However, it 
should be noted that provision o f  neutron monitoring may be necessary, not 
only in work with neutron sources but also in chemical work with intensive 
alpha isotopes in the presence o f  light elements due to (a,n) reactions.
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Monitoring o f the clothing and.skin is normally done to detect any 
potential risk o f incorporating radioactive material. Such monitoring is 
particularly necessary when a person crosses the border between two zones 
with different levels o f contamination hazards. Therefore, all changing rooms 
should be equipped with special monitors. It is sufficient to employ a 
contamination detector that will indicate whether the contamination is below 
the acceptable limit. A contamination detector that gives a quantitative response 
is useful in indicating the level o f  contamination and the progress o f deconta
mination. Special hand monitors dr hand/foot monitors are convenient if 
frequent monitoring o f  hands or feet is required. The monitor should give a 
sound or light signal when the contamination exceeds the acceptable level.

12.3.2. Area monitoring

Some indication o f the dose received by a person may be obtained by 
monitoring his environment. To apply the results o f  such monitoring to the 
person, it is necessary to know how long he has been in the area, details o f 
his movements therein, and changes in environmental conditions with time. 
Unless these additional factors are accurately known, complete reliance on 
area monitoring is possible only when the hazard is trivial and when the 
monitoring devices give adequate warning o f any deterioration in working 
conditions.

The object o f  area monitoring is to provide an adequate assessment o f 
external radiation, o f  the concentrations o f radioactive aerosols and gases in 
the air, and o f  surface contamination.

If the purpose is to provide an assessment o f  individual exposure, area 
monitoring is carried out in the specific working area o f the person concerned, 
aimed at determining the type, energy, level and uniformity o f radiation. The 
radiation levels are determined by instruments (fixed, portable or semi-portable) 
designed to indicate directly the rate o f external radiation exposure.

In most o f  the hot laboratories the radiation levels in working areas are 
measured continuously, with fixed monitors located in the vicinity o f the 
operators. The reading parts o f the monitors are usually located on a control 
panel. Duplicated reading instruments may be located directly in the monitored 
area. The monitors must give an audio signal or a light signal when the radiation 
exceeds the acceptable level. In some cases monitors are also installed in cells, 
with the reading instruments located in the cell control area or on the central 
panel. Portable or semi-portable measuring equipment is used for periodic 
monitoring o f working rooms, for assessment o f  the contamination level of 
surfaces in the area, for indicating the progress o f decontamination operations, 
as well as for evaluating the activity level, in order to determine the duration
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o f working time in areas with higher radiation level (maintenance o f cells, 
work in accident conditions, etc.).

The selection o f an air monitoring system depends on many factors, 
including the type o f  operation, toxicity o f the material to be handled, and 
safety standards o f  the protective installation and devices. Two systems are 
being used. The more complicated one is a fixed centralized system with 
continuous or periodical sampling o f the air at the working places and 
centralized measuring and reading equipment. The other system is based on 
continuous air sampling in working areas, with portable or semi-portable 
samplers which can be continuously monitored.

Air sampling procedures should be based on the assumption that the 
activity o f the sampled air is representative o f  the activity o f  the inhaled air. 
Since the radioactive contamination o f the air inhaled by persons working in 
certain areas may be substantially different from that in the working space as a 
whole, it is preferable to sample the air directly in the zone where these persons 
are working, using portable or semi-portable devices. Small air samplers are 
available, some with alarm devices, which can be worn by the operator on his 
clothing and thus give a more representative sample o f the air he breathes.

It must be borne in mind that many air samplers and monitoring devices 
give information a fter the event has occurred and therefore do not give 
any protection:

13. STANDARDIZATION AND AUTOMATION

The advantages o f  standardization o f equipment include: economy o f 
production, consistency in manufacturing standards (and thus, for example, 
in containment standards), availability o f  spare parts and familiarity o f 
personnel with the equipjnent. Examples o f standard series o f  equipment are 
the Harwell-3000 series o f instruments, the standard units produced at 
Saclay [216], and German Industrial Norms (DIN) [217]. Work on the: 
international standardization o f the various national standards has not 
been completed.

Automation o f  routine, repetitive processes is standard practice in modern 
industry. In the nuclear industry, automation reduces the requirement for 
operator contact with radioactive materials, in addition to increasing the 
efficiency o f  the process. Analysis, which normally consists o f many repetitive 
operations, is very suitable for automatic techniques [218]; the most suitable 
being on-line analysis.

Application o f  computer control and data logging techniques to flow 
processes should also be considered.
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M. CONTROL INSTRUMENTATION

In addition to radiological protection facilities, instrumentation must be 
provided for monitoring and controlling many o f  the routine operating conditions 
o f a hot facility, such as cell underpressure, air flow and purity o f  special 
atmospheres. This instrumentation may have alarm functions or may actuate 
intervention devices, for instance cut o f f  the hydrogen flow if analysis shows 
a mixture to be in the explosive range. The alarm signals for the operators 
must be extremely clear so as never to be misleading. In addition, essential 
technical alarms must be connected to a central monitoring station.

This instrumentation, as well as the radiological protection and criticality 
alarm equipment, must have an acceptable degree o f reliability in relation to 
the functions performed. This is assessed by means o f  standard reliability 
assessment techniques [219, 220].

The power supplies to this instrumentation must be guaranteed by the 
provision o f standby supplies (perhaps from diesel generators) or emergency 
operation from a trickle-charged battery system with a life o f  several hours.
These systems must also be subject to reliability analysis.

15. ADMINISTRATIVE CONTROLS

15.1. Routine

The overall safety o f  a nuclear facility depends on its design and construction, 
and on its shielding and equipment; but safety can be put at risk by badly 
organized or badly trained personnel.

Before a facility begins to operate, it must be subject to a rigorous safety 
assessment which should be approved by an independent group. The assessment 
may take the form suggested in ICRP Publication No.26 (Ref.[30]).

The operators must be instructed regarding the hazards involved in the 
operations, and their knowledge must be kept up to date. Routine operations 
must be covered by written operating instructions. New operations and 
procedures should be approved by the independent group.

Intervention in, and maintenance of, radioactive systems and electrical 
systems should be subject to written authorization (clearance certificate) 
stating the hazards and precautions to be taken. This authorization should 
be signed by those undertaking the work as an acknowledgement that they 
understand the situation.

Any incidents at the facility should be investigated to find the cause and to 
institute action to ensure that it does not recur.

Many large sites have ‘standing orders’ which give the framework for all 
operations on the site.
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15.2. Emergency

Plans for coping with foreseeable emergencies must be worked out. Such 
emergencies include fire, explosion, criticality, release o f airborne activity, 
high radiation levels and chemical toxicity. Planning for emergencies must 
ensure first the safety o f personnel and the public and then the handling 
o f  the incident.

Personnel safety relies normally on alarm systems and the response o f 
personnel to these systems. Public safety involves the use o f elaborate area 
monitoring systems and, if necessary, evacuation o f local people. All systems 
should be listed in an emergency handbook and practised regularly.

Each individual is responsible for his own safety and for the safety of 
others, but he must be provided with the necessary knowledge and training 
and with the appropriate systems to enable him to meet these obligations.
This is the responsibility o f the group leader. The group leader must be 
provided with expert advice on general and radiological safety.
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