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FOREWORD 

The project which led to the preparation of this report was organized by 
the Waste Management Section of the Division of Nuclear Safety and Environ-
mental Protection of the International Atomic Energy Agency. Following a 
meeting of consultants in Vienna, a panel of experts convened in Bangkok in 
November 1975, considered the material prepared by the consultants and 
developed a draft report, which was distributed among the Member States for 
comment. A second meeting of the expert group, held in London in February 
1977, considered the comments which had been received from the Member 
States, and produced a revised version of the original report. This revision has now 
been published, and includes some modifications subsequently requested by 
members of the London panel of experts. 

The technical report describes in general terms the various operations 
involved in the handling of fresh fuel, irradiated fuel, and core components such 
as control rods, neutron sources, burnable poisons and removable instruments. 
It attempts to outline the principal safety problems in these operations and 
provides the broad safety criteria which must be observed in the design, opera-
tion and maintenance of equipment and facilities for handling, transferring, 
and storing nuclear fuel and core components at nuclear power reactor sites. 

It is believed that this report will be of use to those concerned with the 
planning, design, operation and regulation of nuclear power plants, and it should 
also be of assistance in the training of operators and supervisors at nuclear 
plants. 

However, this report is not to be considered as providing a detailed listing 
of all safety problems that may be encountered in any nuclear power plant, nor 
is it intended that the safety requirements identified herein be regarded as a 
complete listing of all the safety requirements that should be considered in the 
drafting of safety regulations. 

In this form, this publication should prove to be a valuable supplement to 
the IAEA's series of Codes of Practice and Safety Guides for nuclear power 
plants that are being generated by the NUSS Programme. 

At present, it appears that the water reactors will be the most frequently 
selected type of nuclear power plant and the report therefore tends to emphasize 
these. However, an at tempt has been made to discuss the subject in a manner 
which is also applicable to gas-cooled reactor systems. 

It is also likely that, during the next decade, only thermal neutron reactors 
will be extensively employed for the commercial generation of electricity. For 



this reason, neither the problems uniquely associated with fast breeder reactors 
systems nor those associated with research or experimental reactors are con-
sidered in this publication. 

References are given herein to other safety documents published by the 
Agency, and these should be consulted for further guidance in the areas covered 
by this report. The list also includes a number of national guides and regula-
tions. It would, however, be desirable that the reader consults other safety 
codes and guides concerned with nuclear power plants in order to gain a full 
comprehension of the guidance provided herein, since this technical report 
reflects the practical experience gained in different countries in the handling 
of nuclear fuel. 

The Agency wishes to express its thanks to all the participants who took 
part in the preparation of this report. Their names and the Member States they 
represent are listed in the List of Participants. The Agency wishes, in particular, 
to express its gratitude to Dr. J.A. McBride of the United States of America, who 
served as Chairman of the two panel meetings, and who, as a consultant to the 
Agency during the preparation of this final version, contributed considerably to 
the editing of the material. 

The Agency acknowledges that the preparation of this publication was 
partially funded by the United Nations Environment Programme (UNEP) under 
its Project N q . 0 1 0 2 - 7 4 - 0 0 2 with the Agency. 
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1. INTRODUCTION 

1.1. USE OF NUCLEAR REACTORS 

1.1.1. The rapid development and application of nuclear energy to the generation 
of electric power in the industrialized countries of the world, coupled with the 
demand for increasing amounts of electric power by the developing countries, 
foreshadows the installation of nuclear power plants in these countries, and a 
substantial growth in the number of nuclear reactors world-wide. It is well 
recognized that the use of nuclear reactors in the generation of electricity is 
attended by some hazards, which may be minimized by proper design of facili-
ties, by the use of adequately-trained and responsibly-supervised operating crews 
in the nuclear plants and, finally, by the maintenance of close administrative control 
over all aspects of the design, construction, operation, and maintenance of these 
facilities. 

1.1.2. Nuclear reactors may be of several different types such as research reactors, 
reactors solely for generation of heat or steam, reactors for generation of electri-
city, or prototypes of the latter. 

1.1.3. Nuclear power plants which have already been constructed and operated 
in the world differ widely in the types of reactors which have been used as the 
source of power, in the electric generating capacities of the plants, and in the 
types of fuel used. 

1.1.4. Although most nuclear power plants are stationary, land-based plants 
(except, of course, for those designed as power units for ships), in the future 
it can be foreseen that some nuclear power plants may be built on a floating 
base, while others, of low capacity, may be portable, serving.as power sources 
in remote, inaccessible areas. 

1.1.5. This guidebook is mainly concerned with the methods, problems, and 
safety requirements related to the handling of nuclear fuel and certain other core 
components for nuclear reactors employed in electric generating plants. 

1.2. TYPES OF REACTORS 

1.2.1. The different types of thermal nuclear reactors which have been adapted 
to the generation of electric power are listed in Table I. 
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T A B L E I. T Y P E S O F T H E R M A L N U C L E A R R E A C T O R S 

Reactor type Fuel Moderator Coolant 

Gas-cooled reactors 

(a) Magnox 

(b) Advanced gas-cooled, 
graphite-moderated (AGR) 

(c) High temperature gas-
cooled, graphite-moderated 
(HTGR) 

Natural uranium Graphite C0 2 

Slightly enriched Graphite C02 

uranium (1.2-3.0%) 

Enriched uranium Graphite Helium 

Heavy-water-moderated reactors 

(a) Pressurized heavy-water-
moderated and cooled 
(PHWR) 

(b) Steam-generating 
heavy-water-moderated 
(SGHWR) 

(c) Heavy-water-moderated, 
gas-cooled (HWGCR) 

Natural or slightly 
enriched uranium 

Slightly enriched 
uranium 

Natural or slightly 
enriched uranium 

Heavy water Heavy water 

Heavy water 

Heavy water 

Water 

C02 

These are all pressure tube reactors. 

Light water reactors 

(a) Boiling light-water-cooled 
and moderated (BWR) 

(b) Pressurized light-water-
moderated and cooled (PWR) 

(c) Light-water-cooled, 
graphite-moderated (LWGR) 

Slightly enriched 
uranium (1.5 — 4%) 

Slightly enriched 
uranium (2 — 4%) 

Slightly enriched 
uranium (1 — 3%) 

Water 

Water 

Graphite 

Water 

Water 

Water 

1.3. T Y P E S O F F U E L S 

1.3.1. T h e t ypes of nuc lea r fue l s used in t h e var ious types of reac to rs d i f f e r 
as d o t h e r e a c t o r sys tems themselves . F o r t h e m o s t pa r t , ope ra t i ona l and safe ty 
p r o b l e m s associa ted wi th f u e l hand l ing are gener ic in n a t u r e and are so t rea ted 
here in . T o s o m e e x t e n t , howeve r , each fue l - reac to r c o m b i n a t i o n p resen t s p r o b l e m s 
pecul ia r t o t h a t c o m b i n a t i o n ; w h e r e t h e y r equ i r e s ignif icant ope ra t i ona l or sa fe ty 
cons ide ra t ions such p r o b l e m s are discussed in this g u i d e b o o k . 
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TABLE II. TYPES OF FUELS 

Fuel type Fuel material Cladding 

PWR: Multiple pin assemblies 

BWR: Multiple pin assemblies in channel 

LWGR: Multiple pin assemblies in channel 

PHWR: Multiple pin assemblies 

SGHWR: Multiple pin assemblies 

Magnox: Elements 

AGR: Multiple pin assemblies 

HTGR: (a) Fixed bed-composite graphite 
blocks 

U0 2 

uo2 

uo2 

U0 2 

U0 2 

U 

UO, 
V 

(b) Pebble-bed-composite graphite 
spheres 

(U0 2 + Th0 2 ) 
or 
U0 2 

or 

(UC2 + Th0 2 ) 

(U0 2 + T h 0 2 ) , 

Zircaloy 

Zircaloy 

Zircaloy 

Zircaloy 

Zircaloy 

Magnesium 
alloy 

Stainless steel 

Pyrocarbon 

Silicon-
carbide 

1.3.2. The various types of fuels which may be encountered in nuclear power 
reactors are listed in Table II. 

1.3.3. The different types of fuels require different types of equipment and 
different techniques for the refuelling; these are discussed in Section 3.2. The 
degree of burn-up received by fuel in the reactor directly influences the subsequent 
problems in handling irradiated fuel. As burn-up increases, handling problems 
increase because of the higher rate of heat release, increased radiation levels and 
increasing fragility of the fuel. Safety planning should take into account the 
highest bum-up fuel which is anticipated. 

1.3.4. Extensive general information on nuclear reactors, the composition of 
the nuclear fuel, cladding materials, burn-up, and whether refuelling is on- or 
off-load can be found in Ref.[ 1 ]. 
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1.4. SOURCES OF SAFETY PROBLEMS 

1.4.1. Sources of significant safety problems in the nuclear fuel cycle are handling, 
storage and transport of irradiated nuclear fuel and core components. This 
technical report deals with these problems as they relate to activities at reactor 
sites. 

1.4.2. The high level of radioactivity, the high rate of heat release, and the 
presence of fissile materials in irradiated fuel creates certain problems in handling 
and storage of irradiated fuel assemblies. If irradiated nuclear fuel is improperly 
handled, there is a risk of the installation becoming severely contaminated as a 
result of the failure of the fuel cladding, and uncontrolled spread of fuel material. 
This is especially so during any fuel disassembly operations, because of the 
fragility of the irradiated cladding. There is also the possibility of criticality 
accidents. 

1.4.3. The handling of spent fuel on-site includes operations such as removing 
the fuel from the reactor vessel, transferring it to storage and loading it into 
shipping casks after a suitable storage period for transportation to a reprocessing 
plant or other storage facility. In special cases, disassembly and/or reassembly of 
irradiated fuel assemblies may be required, which will necessitate handling of 
individual fuel pins. 

1.4.4. Related problems include removal of crud from the fuel assemblies, 
decontamination of the transport equipment, and maintenance of adequate 
cooling of fuel assemblies during the transfer operations. Because reactor 
corrosion products are frequently carried with irradiated fuel to the storage 
pond, the water in it may become source of radiation and contamination. 

1.4.5. The handling of failed fuel elements presents some special problems, 
as the cladding has already been breached. Such assemblies should be handled 
carefully to avoid the possibility of enlarging the break, and the location of the 
break should be determined if possible. If major breaches of the fuel cladding 
are found, it may be necessary to isolate such assemblies, and special encapsula-
tion may be required for storage and transportation of the assemblies. 

1.4.6. Problems are encountered in handling reactor components which show 
high levels of induced activity and are contaminated with fission products or 
activated corrosion products. Principal activities in which these problems are 
likely to be most troublesome are the disassembly, decontamination, movement 
and storage of these components on-site. 

4 



1.4.7. Maintenance work performed on fuel-handling equipment and on reactor 
components presents the possibility of resulting in spread of contamination as well 
as personnel radiation exposure if the work is not properly plannedand carefully 
executed. 

1.5. CONSEQUENCES OF ACCIDENTS 

1.5.1. In the design and construction of nuclear power plants, new standards 
and methods of insuring safety have been developed and employed to preclude 
any foreseeable accidents. This has, in many cases, involved the use of automated 
devices to carry out safety-related functions such as control of coolant flow, 
shutting down of the reactor when critical process parameters exceed allowable 
limits, etc. When and where such types of functions must be taken over and 
carried out by personnel, however, the emphasis changes to such considerations 
as training of personnel, written procedures, supervision and evaluation of means 
and methods of accomplishing hazardous operations. 

1.5.2. Because of the human factor present in such activities, accidents are 
more likely during handling of irradiated fuel, and loading and unloading of 
reactors and shipping casks, than in the other routine operations at reactor plants. 
Although the potential hazards in fuel handling have been considered by some to 
be rather high, Appendix I summarizes a few relevant incidents indicating that this 
may not be the case. 

1.5.3. Nevertheless, it is necessary to study the cause of and preventive counter- . 
actions to such accidents very carefully in order to avoid them, or at least to miti-
gate the consequences. Possible consequences of accidents on fuel components 
and the reactor itself are summarized in the following entries; detailed discussions 
of the possible safety problems which may result in accidents are treated in the 
respective sections. 

1.5.4. Direct effects due to mishandling of fuel may include: 

(a) Excessive radiation exposure due to loss of shielding; 

(b) Release of fission products due to cladding failure resulting from 
mechanical damage to fuel in handling or from overheating of the fuel in 
the reactor or cladding defects; 

(c) Contamination of pond water, and the building atmosphere. 

1.5.5. Undesirable effects of fuel handling in the reactor may result from ' 
improper operating techniques in on-load refuelling which lead to depressuriza-
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tion; other difficulties may result from loading faulty fuel (e.g. with obstructed 
flow passages), from loading incorrect fuel (e.g. wrong enrichment) or from 
inadvertently permitting debris to enter the reactor vessel during off-load 
refuelling. 

1.5.6. Unintentional criticality can result from physical rearrangement of the 
fuel or from addition of moderator to a dry storage area. 

1.6. ADMINISTRATIVE CONTROLS 

1.6.1. An essential feature of safety management at a nuclear power plant 
is a well thought-out system of administrative controls which are intended to 
govern all activities involving hazardous materials (Refs [2,3]). Among the 
reasons for needing such a system, the most significant are: 

(a) Radionuclides, such as the fission products contained in irradiated 
fuel, are potentially hazardous to plant employees as well as to the public 
in the neighbourhood of the plant. It is essential that close control be 
maintained over all operations in the plant where these materials are handled 
or stored. Reference [4] provides basic safety standards, and Ref.[5] provides 
guidance on keeping radiation exposures to the minimum practical levels. 

(b) All activities performed by personnel in a nuclear power plant (such 
as operation and maintenance of plant equipment, responses to abnormal 
plant conditions, etc.) have the potential for creating safety problems. It 
is essential that all such activities be conducted in a consistent manner and 
that the safety implications of each such activity have been evaluated 
beforehand. 

(c) Design limitations in nuclear facilities may in some cases impose a 
requirement that specific actions be taken by the operators of the plant 
in order to maintain safe operating conditions; that is, positive control 
of safety cannot be assured by instrumentation and automatic controls 
alone. 

1.6.2. A system of administrative controls is desirable as a condition of any 
licence authorization issued for a nuclear power plant, and indeed, such a licence 
is in itself the 'master' administrative control. (See, for example, Ref.[2].) 

1.6.3. Within the nuclear power plant, administrative control is achieved as 
follows: 

6 



(a) By establishing an organization of the plant staff in which there are 
clearly described lines of authority and responsibility for all activities which 
have safety implications. 

(b) By requiring that each operation of safety significance be conducted 
in accordance with a written procedure. The procedure for the preparation 
and revision of these procedures should itself be formally organized, and 
should recognize the necessity of dealing with foreseeable abnormal condi-
tions. Furthermore, except in the event of an emergency requiring immediate 
response, it is preferable that no action to respond to an unforeseen abnormal 
plant condition be taken by an operator unless such action has been carefully 
considered by persons other than himself. Where it is not feasible to obtain 
such advice, any action taken by the operator should be to increase the safety 
margin of the present operating condition (e.g. to reduce power level or stop 
the operation). 

(c) By requiring that the following events or activities as a minimum be 
documented: 

(i) Any relocation of any fuel assembly; 
(ii) Any observed abnormality in plant operation; 

(iii) All operator actions taken to correct an abnormal plant condition, 
other than those which may be of transient nature; 

(iv) All equipment failures and the actions taken to correct them; 

(d) By establishing a programme of periodic inspection, maintenance, and 
testing for plant systems; 

(e) By requiring that all foreseeable maintenance work on plant systems 
and modifications to the plant be evaluated beforehand and conducted in 
accordance with written procedures, as set forth in Chapter 8 of Ref.[2]; 

(f) By establishing a system to verify that the administrative controls are 
effective. 

7 



2. RECEPTION, INSPECTION 
AND STORAGE OF FRESH FUEL 

2.1. INTRODUCTION 

2.1.1. Fresh fuel assemblies are shipped from the manufacturer to the power 
plants and after reception they are inspected and stored in a storage facility. 

2.1.2. The fuel elements should be handled very carefully throughout all the 
steps, from reception at the plant through moving into the storage, area, in order 
to prevent any possible damage. Furthermore, they should be maintained in a 
sub-critical array with an adequate margin of safety during all credible storage 
conditions. 

2.2. DESCRIPTION OF OPERATIONAL PROCEDURES AND EQUIPMENT 

2.2.1. Fuel elements are normally designed and fabricated in such a way as to 
prevent the escape of fuel material and, after irradiation, the fission products. 
They are, however, susceptible to damage from rough handling or impact. 

2.2.2. Transport of fresh fuel to the site will be carried out in suitable, containers 
and in accordance with national and/or international regulations, as appropriate 
for such movements of radioactive and fissile materials. The methods of packing 
used will have minimized the possibility of damage to the elements and radio-
activity release. Some containers, for. example, are equipped with special shock 
absorbers and impact-indicating devices. The shipping containers of fresh fuel 
are delivered to the fuel reception area of the reactor plant. In some cases, 
individual fuel pins will be received. Fresh fuel shipments should be carefully 
examined upon receipt at the plant for any evidence of shipping damage to the 
package. 

2.2.3. Each fuel assembly or individual fuel pin must be carefully examined 
before it is loaded into the reactor. The assemblies are removed from their 
shipping package, and any sleeves or other temporary protection are removed. 
A detailed inspection is then made with particular emphasis on: 

(a) Evaluating the mechanical integrity of the fuel pins; 
(b) Detecting any transport damages, particularly to the spacers; 
(c) Detecting any improper materials, especially obstructions to coolant flow; 
(d) Detecting excessive surface contamination by fuel material in case the 

fuel has been found damaged; 
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(e) Confirming, by identification or enrichment measurements, that the 
correct fuel was received. 

2.2.4. The fuel will usually be stored in a dry area set aside for this purpose, 
which should be clean, free of dust and moderating material, secure against fire, 
mechanical damage, and environmental factors such as corrosive atmospheres. 
Storage may be on open racks, in open-top cans or in transport containers. 

2.2.5. During the commissioning of a new plant, the irradiated fuel pond, with 
or without water, may be used to store fresh fuel, because of the larger number 
of rack positions to be found there. 

2.2.6. Fresh fuel will, when necessary, normally be handled by conventional 
hoisting gear using special fixtures that will fit to the top of the fuel and can be 
reliably secured there. 

2.2.7. The fixed as well as the movable equipment necessary to handle, inspect 
and store fresh fuel and control rods may include: 

' (a) Storage racks for fresh fuel; 
(b) Devices, such as chain and split pin to securely fasten the assemblies 

to these racks; 
(c) Storage racks for fresh control rods; 
(d) Inspection stands which permit visual access to the whole fuel length 

for detailed inspection; 
(e) Slide gauges, mandrels, and calipers to check the physical dimensions. 

These should not be used for any other purpose, and should be subject 
to a routine recalibration; 

(f) Light hoisting gear (cranes) with specially designed hooks for grabbing 
fuel bundles and/or control rods securely; 

(g) Tilting mechanisms for bringing fuel into vertical; 
(h) Levelling block to check the squareness and the bending (or bowing) 

of fuel boxes (for BWR fuel); 
(i) Appropriate contamination and criticality monitors. 

2.3. SAFETY PROBLEMS 

2.3.1. Accidents can occur during transportation of the fuel to the plant, which 
can cause defects in the fuel. Similarly, careless handling or the use of inadequate 
hoisting equipment and fixtures can lead to mechanical damage to the fuel. 
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2.3.2. Safety problems may arise from the slightly radioactive fuel should the 
cladding be broken. Damage to the integrity of the cladding may occur during 
shipping due to improper packaging, higher accelerations or shocks encountered 
in transportation or as a result of mishaps during handling on-site caused by 
using inadequate tools or lifting devices, or by other mishandling. 

2.3.3. In wet storage, criticality may occur if the approved spacing is disturbed. 
In dry storage, criticality may occur if moderating material is introduced and the 
spacing is disturbed. No such excursions can occur as long as single fuel assemblies 
are handled in isolation from an array and the integrity of the fuel assembly is 
maintained. 

2.3.4. Damage to other fuel or to the reactor internals could result from loading 
damaged or faulty fuel into the reactor. 

2.3.5. Use of inexperienced or untrained operators, or an inadequate procedural 
system may lead to undesirable consequences. 

2.4. SAFETY REQUIREMENTS 

2.4.1. No more than one shipping container or — after unpacking — no more 
than one fuel assembly should be moved at a time, except on specially-designed 
transport equipment or, for example, during handling of short-length fuel 
assemblies for heavy-water reactors. 

2.4.2. Every fuel element or assembly must be clearly identified and each one 
checked off against the manufacturer's certification sheets and specifications. 
Each assembly must be identifiable in storage. Its location in the storage area 
should be documented. 

2.4.3. Fuel suspected of damage should not be used until it has been demonstrated 
that it meets the criteria for sound fuel. The manufacturer should be immediately 
notified of any transport damages or discrepancy in packaging. 

2.4.4. Fuel should be handled with care to avoid inflicting superficial damage 
to the cladding surfaces which may subsequently lead to failure. Particular care 
should be taken to avoid scratching any autoclaved surfaces on the fuel assemblies, 
and to avoid mechanical damage to spacers and pins. 

2.4.5. With some types of fuel special problems arise if assemblies have to be tilted 
from horizontal to vertical position; such tilting should be done only while the 
assembly is secured to a rigid frame or 'strong back'. 
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2.4.6. Transfer routes for fresh fuel should be simple, short, free from any 
obstructions, and not create a hazard for other fuel or the plant. 

2.4.7. The array of the storage positions will be governed by the racks in the 
storage area. These racks must be so designed and constructed as to withstand 
all anticipated static and dynamic loads, and load combinations, including those 
imposed by seismic stresses applied to structures or components at the given 
plant site in accordance with appropriate codes and standards. Provisions should 
be made to have the assemblies fixed in their positions. 

2.4.8. The fuel array as established by the plant design must be maintained in 
order to ensure that criticality will not be reached as a result of accidental 
mechanical impact or physical re-arrangement or from the accidental introduction 
of moderating material. In this connection, particular attention must be paid to 
the following considerations: 

(a) In a normally dry storage system, the presence of water fogs, mists 
or fine sprays can result in a higher reactivity than liquid water; 

(b) A dry storage area should contain a drain or drains to prevent the 
accumulation of any liquids, especially water, which would serve as a 
moderator; 
(c) When fresh fuel assemblies are stored in the spent fuel pond, the 
possibility of criticality must not be overlooked; an analysis should be 
made of the nuclear safety of the proposed storage array. (See Refs [7—9] 
and Appendix IV.) 

2.4.9. Positive steps should be taken to avoid contamination of the fresh fuel 
in storage. 

2.4.10. External radiation and airborne radioactivity levels in and near the storage 
area must comply with the appropriate national or international standards, as 
appropriate. 

2.4.11. No movements of fuel other than those authorized as per written proce-
dures should be permitted. All relocations should be documented in writing. 

2.4.12. It is necessary to ensure that .during unloading, inspecting and moving 
fuel all concerned personnel be aware of their responsibilities and the effect 
on and importance to safety of all the measures being taken. Thus, the basic 
principles in handling and moving fresh fuel, the proper tools and any other 
special equipment to be used and their maintenance must be fully understood 
by the personnel. Operating and maintenance procedures, and any emergency 
procedures to be followed if a fuel assembly should be dropped, should be laid 
down in writing. 
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3. REFUELLING 

2.1. INTRODUCTION 

3.1.1. Refuelling of nuclear reactors is a sophisticated task which can be carried 
out safely if certain precautions in design, construction, maintenance and operation 
are taken. An equally important requirement is to ensure that all persons taking 
part in the refuelling operations have been properly trained in the fundamentals 
of the task and that each (engineers, technicians, workers) performs his assigned 
job in accordance with written procedures. 

3.2. DESCRIPTION OF OPERATIONAL PROCEDURES AND EQUIPMENT 

3.2.1. Operations involved in refuelling of reactors include preparation of the 
system for refuelling, removal of spent fuel, and insertion of fresh fuel. The fresh 
fuel may be placed directly into the reactor in the form in which it is obtained 
from the manufacturer, or it may require an assembly with other core components. 
In the BWR, for example, a reusable box or channel surrounds the fuel assembly, 
and this is slid over the fuel assembly. 

3.2.2. Either of two basically different types of refuelling operations may be 
employed depending on whether the reactor is to be refuelled while it remains in 
operation (on-load refuelling) or whether it must be shut down and depressurized 
in order to be refuelled (off-load refuelling). 

3.2.3. On-load refuelling of the reactor is possible where each fuel channel is 
isolated by design, such as in the Pressure Tube Reactor, or can be approached 
individually by the fuelling machine, such as in the Magnox and AGR systems. 
The refuelling is achieved by the use of either a single all purpose machine or a 
combination of machines. A specific description of the refuelling operation in a 
PHWR is given in Appendix II. 

3.2.4- Off-load refuelling is required in reactors in which the primary coolant 
system must be depressurized in order to gain access to the fuel assemblies in 
the core. In the case of LWRs the removal of the pressure vessel head and some 
of the upper internals is required, and a single machine is employed. A specific 
description of the refuelling operation in a LWR is given in Appendix III. 

3.2.5. In the case of HTGRs, there are both on- and off-load variants. In the 
pebble-bed reactor, the elements are replaced by means of a continuous on-load . 
technique. The fixed-bed system is refuelled off-load by means of an individual 
approach to fuel channel blocks via the reactor vessel standpipes. 
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3.2.6. Many of the important safety problems and safety requirements in the 
refuelling operation are equally applicable to both on-load and off-load refuelling 
systems. In the following discussion of safety problems and requirements, a 
point which is relevant only to one or the other system is so identified. 

3.3. SAFETY PROBLEMS 

3.3.1. Inadequate design of shielding or the overhoisting of a fuel assembly or 
control rod into a region of insufficient shielding can lead to unacceptable radiation 
doses to personnel. 

3.3.2. During the short times of transport between the reactor and the irradiated 
store or the fuelling machine, higher limits on the radiation dose rates may be 
tolerated, provided the dose to the operating personnel can be limited to nationally 
accepted standards. 

3.3.3. Loss of heat-removal systems may lead to a breach of the fuel cladding 
and a source of a contamination due to the release of fission products. This is 
primarily a problem in on-load refuelling operations. 

3.3.4. The rapid insertion or withdrawal of the fuel in the core may lead to a 
high rate of change of reactivity. 

3.3.5. A criticality incident may occur if the approved array is disturbed or if 
control rods are moved improperly. 

3.3.6. Dropping of heavy objects due to equipment failure or maloperation may 
lead either to breach of the fuel cladding or damage to the reactor pressure 
boundary or components. 

3.3.7. Dropping of a fuel assembly due to grab failure may result in damage to 
the fuel and its cladding. Should the fuel fall onto a near critical array it may 
create a criticality problem. 

3.3.8. Application of excessive force to fuel or components during the loading 
or unloading operation may result in damage to the fuel. 

3.3.9. Dropping of debris on fuel elements of other components can lead to 
restriction of coolant flow paths and subsequent overheating of fuel. 

3.3.10. Activated corrosion products and fission products can be transferred 
to the coolant and equipment which can lead to increased radiation levels in 
pond water and the possibility of spread of contamination. 

13 



3.3.11. Loading an incorrect fuel assembly, for example one having a higher 
enrichment, or selecting the wrong core position, may lead to overheating of 
fuel and a reduction of other margins of safety. 

3.3.12. Loading a faulty fuel assembly may result in the release of fission products 
or the restriction of coolant flow paths with subsequent overheating of fuel. 

3.3.13. Reactor depressurization due to faulty equipment or maloperation in 
connecting or disconnecting the fuelling machine at a pressurized circuit may 
lead to fuel overheating. 

3.3.14. The carrying out of operations by inexperienced or inadequately trained 
personnel or without adequate written instructions can lead to unsafe conditions. 

3.4. SAFETY REQUIREMENTS 

3.4.1. General 

3.4.1.1. The safety problems associated with the reactor refuelling operation arise 
as a result of the intense radioactivity of the spent fuel assemblies, their high rate 
of heat generation, and the possibility of an inadvertent criticality. These problems 
may be adequately handled by observance of a number of precautions in the design 
and operation of the systems employed in the refuelling operations and in the 
governing administrative procedures (Ref.[ 10] ). 

3.4.2. Design requirements 

3.4.2.1. In the design of the refuelling machine and other fuel transfer and handling 
equipment, consideration should be given to the following general design safety 
measures: 

(a) To protect the personnel concerned, measures must be taken to assure 
that levels of external radiation and airborne contamination do not exceed 
nationally accepted standards; 

(b) Account should be taken of all credible static and dynamic loadings 
on machines and equipment, including dynamic loadings due to seismic 
forces; 

(c) The design should minimize movements of fuel and equipment over the 
reactor in order to limit the possibility and severity of any impact damage; 
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(d) It is desirablelhat items of'equipment should be capable of easy deconta-
mination or be readily accessible for replacement. The latter point applies 
particularly to grabbling mechanism; 

(e) It should not be possible through design to add reactivity to the reactor 
core at a dangerous rate; 

(f) Equipment should be provided, in working order, for direct communica-
t ion between the control room and the refuelling crew ; 

(g) Where refuelling operations are carried out by remote control, refuelling 
machine operation and refuelling operations should be performed from the 
plant control room, assisted by viewing devices, e.g. a television camera, 
with scope for manual intervention. 

3.4.2.2. In the design of the refuelling machine, the following specific design 
features should be provided: 

(a) Back-up manual drive capability in essential fuel movement components 
to facilitate fuelling machine recovery operation if powered drive components 
fail; 

(b) Back-up cooling supplies to ensure irradiated fuel does not overheat if 
normal cooling is lost; 

(c) Proper limitations on the movement, positions and horizontal and 
vertical speeds and accelerations of the refuelling machine and its mechanisms; 

(d) Programming or interlocking the direction and speed of movement of 
refuelling machines and associated mechanisms, including refuelling hall 
cranes, to assure compliance with prescribed safety regulations; 

(e) Interlocking of the movement of the refuelling machine to preclude the 
transfer of fuel assemblies or components into insufficiently shielded areas; 

(f) Interlocking of grabbing mechanisms against unintentional activation 
or release. The grab should be lose, or remain closed, if the driving energy 
supply should fail. No single failure in the refuelling machine mechanism 
should result in the dropping of fuel; 

(g) For pressure tube reactors, testing facilities to check the pressure con-
tainment integrity of the fuelling machine convection to the fuel channels 
prior to breaking the channel seal should be provided. Test facilities, to 
check the fuel channel closure seal pressure containing integrity after fuelling 
and prior to removal of the fuelling machine from the channel, should also be 
provided. 
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• In machines for on-load refuelling, positive mechanical interlocking 
of mechanisms in order to minimize the risk of depressurization 
during connection of a machine to a pressurized circuit are required; 

• Overload protection to prevent the application of excessive forces 
to the fuel assemblies or other core components during handling 
should be provided. Overload protection may be achieved by the 
use of such devices as slipping clutches or the tripping of drive 
motors. A continuous indication of the loading should be available 
to the operator. 

3.4.2.3. In the design of heat removal systems for either on-load or off-load 
refuelling, the following design considerations should be taken into account: 

(a) Adequate and reliable heat removal systems should be provided for all 
stages of the fuel loading and unloading operation. The reliability of residual 
heat removal may be achieved by the provision of independent back-up 
systems: 

(b) Adequate coolant clean-up systems should be provided, and appropriate 
materials should be selected to minimize the degree of contamination of the 
fuel handling equipment; 

(c) Provision of coolant flow paths in clean-up systems should ensure that 
suspended particles will be taken to a purification circuit in a short but 
practicable time and that there will be no areas of stagnation; 

(d) Provision should be made to prevent contamination of the coolant , 
from lubricants associated with drive mechanisms. 

3.4.3. Operational requirements 

3.4.3.1. The operational procedures employed during the refuelling operations 
should include, as a minimum, the following safety precautions: 

(a) For off-load refuelling of LWRs the control rod drives should be de-
energized and the rods fixed in fully inserted position. If a soluble poison 
is used for supplemental reactivity control (in LWRs), its presence should 
be verified before loading fresh fuel; 

(b) Provision should be made for regularly verifying the proper operation 
of the monitoring equipment, its associated indications and alarms, and other 
safety systems during the refuelling operation; 
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(c) No movement of fuel other than those authorized as per written 
procedures should be permitted and all relocations should be documented. 
During abnormal fuelling activities,- never move from a condition where 
fuel cooling is assured to a condition where the cooling capability is reduced, 
without using approved procedures specifically prepared for the prevailing 
conditions. 

(i) Provision should be made to hold down adjacent components 
during removal of fuel from the core in off-load refuelling of 
LWRs; 

(ii) Where permitted by design, the location in the core of each fuel 
assembly and control rod should be verified by identifying each 
of them following an off-load refuelling programme. This may be 
achieved by reading numbers which are machined into them, using 
viewing devices, e.g. a television camera; 

(iii) The freedom of movement of associated control rods should be 
established after the loading of fuel assemblies. This may be 
achieved by checking the power needed to drive each rod through 
its whole travelling length. During such checks, due consideration 
should be given to preventing inadvertent criticality, for example 
restricting the number of control rods that can be withdrawn at a 
time; 

(iv) The refuelling machines and associated equipment should be subject 
to periodic inspection, maintenance, and testing. 

3.4.4. Administrative requirements 

3.4.4.1. The plant administrative procedures should, as a minimum, meet the 
following safety precautions: 

(a) There should be appropriate administrative procedures to supplement 
engineered safety provisions. These administrative procedures should be 
implemented by a system of approved written instructions; 

(b) Refuelling operations should be carried out only by persons who have 
been appropriately trained and authorized; 

(c) No refuelling operations should be initiated until the operability of the 
cooling systems has been verified. In off-load refuelling of LWRs, both the 
primary and back-up systems for removal of residual heat should be operable; 

(d) No person should be allowed to work alone in any of the fuel handling 
operations; 
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(e) All movement of fuel and components should be carried out according 
to a detailed step-by-step schedule which is set out beforehand and checked 
and acknowledged by those in charge of the refuelling operation. Each step 
in moving fuel and components should be signed off on completion and the 
document with signatures should be forwarded, at least daily, to the control 
room for inclusion in a log book; 

(f) Each fuel assembly should be carefully examined before it is loaded into 
the reactor and there should be procedures for identifying faulty fuel and 
the prevention of its loading into the reactor; 

(g) Procedures should be provided to minimize the possibility of accidentally 
dropping any materials or equipment into the reactor, or of leaving equipment 
and tools in the reactor system after completion of the refuelling operation; 

(h) Training of operators should be conducted under simulated operating 
conditions as far as possible. For off-load refuelling, which normally occurs 
about once a year, it is desirable to carry out refresher training just prior 
to the refuelling campaign; 

(i) If it is necessary to return fresh or dummy fuel to the dry storage area, 
measures should be taken to prevent the transfer of excessive contamination. 
The procedures adopted should ensure that irradiated fuel can never follow 
this route. Dummy fuel should be clearly identified and its movements and 
location should always be recorded; 

(j) A quality assurance programme should be established and followed during 
design, construction, operation and maintenance of refuelling equipment and 
systems. 



4. STORAGE OF IRRADIATED FUEL 

4.1. INTRODUCTION 

4.1.1. Fuel discharged from the reactor has to be stored on-site for a minimum 
period varying from three to six months, depending on reactor type, to allow 
fission products to decay and thereby reduce heat generation and gamma emission. 
Longer periods of storage may be required if reprocessing capacity is unavailable 
or lacking at any given time. 

4.1.2. The length of time during which irradiated fuel may be held at a nuclear 
power plant will thus be determined by either or both of the following 
considerations: 

(a) The possibility of reprocessing the nuclear fuel; 
(b) The capacity of the pond. 

4.1.3. If irradiated fuel is to be stored for a long time (five years or more), dry 
storage using natural draft air cooling may be considered. Irradiated fuel may 
be moved to such dry storage after sufficient decay under water to reduce the heat 
release rate to a level which will permit it to be safely stored in air. Cladding 
temperature and gamma heating of the concrete structure are the parameters of 
concern. 

4.1.4. As an alternative to constructing air-cooled storage, consideration could 
be given to enlarging the capacity of the pond. This may be accomplished in some 
cases by using high density storage racks, which use a fixed poison between fuel 
assemblies to permit closer spacing. Provision may also be made in the original 
design of the pond structure for extending the pond area at a future time. 

4.1.5. In this report underwater storage is assumed. 

4.2. DESCRIPTION OF OPERATIONAL PROCEDURES AND EQUIPMENT 

4.2.1. Irradiated fuel assemblies removed from the reactor are transferred to the 
irradiated fuel pond, where they are usually stored. The pond may be situated 
either outside the reactor containment or inside, depending on reactor type and on 
the containment design with respect to accessibility during reactor operations. 

4.2.2. In those reactors where the fuel pond is located inside the containment, 
the refuelling machine generally serves to transfer fuel to the pond. Where the 
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pond is located outside the containment, the storage pond is frequently connected 
to the reactor pond by a canal. In this case, the irradiated fuel is transferred from 
the refuelling machine to a carriage on which it is moved into the storage pond, 
where it is picked up for transfer to the storage location by another fuel handling 
machine. 

4.2.3. The fuel assemblies are placed in racks to maintain a fixed subritical array. 

4.2.4. Enriched uranium fuel assemblies from LWRs are usually arranged in a 
square lattice within the racks. Other types of fuel may be stored in different 
arrangements, depending on the design of fuel, and the fuel handling requirements. 
Reference [8] provides additional guidance on control of criticality outside reactors. 

4.2.5. Operational support equipment necessary at the pond for handling and 
storing fuel assemblies may include both fixed and movable equipment such as: 

(a) Fuel assembly storage racks or trays; 

(b) Storage rack and/or special cans for fuel failure due to an extended 
period of underwater storage; 

(c) Equipment to transfer fresh fuel assemblies from the fresh fuel storage 
room to the irradiated fuel storage fuel pond; • 

(d) Equipment to prepare fuel assemblies for insertion into the reactor core 
or for transport off-site; 

(e) I r rad ia ted fue l hand l ing too ls ; 

(f) Equipment to repair, inspect, disassemble or reassemble irradiated fuel 
assemblies; 

(g) Crane for handling irradiated fuel casks; 

(h) Appropriate yokes and fittings for lifting the irradiated fuel cask and for 
handling the cask lid. 

4.2.6. The following special tools and equipment will be required to handle other 
components and parts, where these are handled and stored in the irradiated fuel 
ponds: 

(a) Control rod storage equipment; 

(b) Miscellaneous tools and equipment to replace, inspect and repair core 
components other than fuel assemblies; 

(c) Racks for control rod drive mechanisms; 

(d) Consoles for storage of parts of core components other than fuel and 
control rods; 
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(e) Consoles for temporary storage of reactor pressure vessel irradiation 
samples. 

4.3. SAFETY PROBLEMS 

4.3.1. Dropping an irradiated fuel assembly during transfer can lead to contamina-
tion of the pond water, if the assembly is sufficiently damaged to breach the 
cladding. 

4.3.2.. Use of excessive force in lifting an assembly out of a storage rack could • 
lead to breaching of the fuel cladding, with the same result as above. 

4.3.3. Dropping, tipping or overturning of a fuel cask while transferring it into 
or out of the pond can, depending on the specific design of the pond, create 
severe damage to the pond or neighbouring structures, possibly resulting in loss 
of water or damage to fuel assemblies stored in the immediate vicinity. 

4.3.4. Failure of the pond water cooling system will, if uncorrected, result ulti-
mately in boiling of the pond water leading to damage to pond structure and loss 
of shielding. 

4.3.5. Massive loss of pond water can occur by other means, such as failure of 
associated pipework or pond leak. 

4.3.6. Failure of water clean-up system can result in activity build-up in the 
water causing increased radiation doses to personnel and poor visibility through 
the water to observe fuel handling and inspection equipment. 

4.3.7. Inadvertent lifting of irradiated fuel into a region of insufficient shielding 
can lead to unacceptable radiation doses to personnel. 

4.3.8. Dropping of foreign objects on to stored fuel can result in either damage 
to the fuel or blockage of coolant flow passages. The latter could cause over-
heating of the fuel if it is subsequently reloaded into the reactor. 

4.3.9. Breaching of fuel cladding as a consequence of extended period of under-
water storage. 

4.3.10. Collection of corrosion products and scum on the sides of the pond can 
give rise to areas of high radiation and personnel exposure. 
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4.4. SAFETY REQUIREMENTS 

4.4.1. General 

4.4.1.1. The principal safety problems in handling and storage of irradiated fuel 
assemblies arise because of their high radioactivity, the consequent heat emission, 
and the possibility of forming a critical assembly. The basic safety principles for 
the storage arrangements can be met by appropriate design and operational 
requirements in combination with administrative procedures. 

4.4.2. Design requirements 

4.4.2.1. The following considerations should be taken into account in the design 
of the storage pond and its associated systems1: 

(a) The standard of radiological protection must be in conformity with 
national standards during all operations and under all anticipated operating 
conditions; 

(b) Containment means must be provided to prevent release of radioactivity, 
either in airborne or liquid form; 

(c) The design of the storage array must take into account criticality 
considerations. The nuclear safety analysis should consider credible fuel 
handling accidents because the maximum anticipated reactivity in the stored 
fuel not always corresponds to the pre-irradiated enrichment; 

(d) For all normal operations adequate shielding should be provided by 
means of the structural design of walls and floor of the pond or the minimum 
depth of water. Handling equipment should be designed so as to preclude 
the hoisting of fuel or components to a level at which shielding requirements 
are violated; 

(e) The design should eliminate the likelihood of a massive loss of pond 
water 'from seismic or other causes; 

(f) Particular attention must be paid to avoid the installation of piping 
systems which could syphon the water from the pond. Devices must be 
provided to monitor the water level and warn when it falls below safe 
limits for adequate shielding; 

1 Additional details regarding design requirements appropriate to irradiated fuel storage 
ponds may be found in Refs [11,12]. 
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(g) The structure and the fuel handling equipment and components should 
be designed and constructed to withstand thermal stress due to foreseeable 
variations in water temperature and also to conform to accepted seismic criteria; 

(h) The stress analysis of the pond structure should take into account the 
effects of possible boiling of the pond water in the event of loss of external 
cooling; 

(i) Sufficient and redundant heat removal capability should be available 
at all times to maintain a safe temperature in the pond water at the maximum 
anticipated heat output. The system should be so designed that radioactivity 
is not released to the environment; 

(j) A means should be provided to detect and remove from the pond water 
radioactivity in the form of both dissolved and suspended materials; 

(k) The removal of dissolved and suspended radioactivity from the water is 
usually carried out by circulation through an external system of filters and 
ion-exchange beds. The design of this equipment should be subject to safety 
analysis, e.g. shielding requirements; 

(1) Means should be provided to detect and locate leakages from the pond. 
A make-up system should be provided so as to replace these losses and any 
others such as those from evaporation. The capacity of this system should 
be sized to ' the largest expected loss during both normal and anticipated 
operational occurrences, and the reliability of the system should be 
demonstrable under all environmental conditions which are credible for 
the reactor site. 

(m) Double skinned ponds with an interspace can be usually inspected 
for leaks. Metal lined ponds must be designed with channels behind welds 
and other likely leakage places to channel active water to monitoring sumps; 

(n) If a pond is lined, the choice of material for the lining is determined by 
the standard of leak tightness required and the anticipated need to deconta-
minate it. Where a high standard of leak tightness must be guaranteed, 
welded stainless steel of adequate thickness to allow good welding is usually 
employed. This also gives a surface less difficult to decontaminate and which 
will withstand high levels of gamma radiation; 

(o) An area of the pond which can be isolated from the area of fuel storage 
should be provided for loading and handling casks. Provision should be 
made in this area to hold the cask lid and means should be provided where 
necessary for resisting the force exerted by the impact of moving casks; 

2 3 



(p) It is also desirable to provide for isolation of part of the pond for 
operations such as inspection, encapsulation and repair of fuel assemblies 
and other operations which could lead to increased water contamination. 
Facilities should be provided so that this isolated bay may be emptied and 
decontaminated independently of the main storage pond; 

(q) The storage building should be designed as a low air leakage structure 
which will normally be operated at slightly negative pressure; 

(r) The design should minimize movements and handling of equipment 
over the fuel and the possibility and severity of any impact damage; 

(s) Radiation instruments must be provided to warn personnel of high or 
changing radiation fields due to loss of shielding on the irradiated fuel or 
control rods; 

(t) Facilities should be provided to decontaminate the irradiated fuel flasks 
after removal from the fuel storage pool; 

(u) Storage pool layout should consider the requirements of safeguard 
procedures to facilitate fuel verifying and periodic inventory taking; 

(v) Overload protection should be provided to prevent the application 
of excessive forces to fuel during its handling; 

(w) It is desirable that the handling and storage equipment should be capable 
of easy decontamination; 

(x) Adequate illumination should be provided, by underwater lighting 
or other means, to enable operations to be performed safely. 

4.4.3. Operational requirements 

4.4.3.1. The operational procedures for the storage pond should, as a minimum, 
provide for the following functions: 

(a) Water treatment, in order to control the corrosion of fuel cladding, 
structural materials, reactor components or auxiliary equipment as well 
as to provide good visibility for underwater operations; 

(b) Control of the purity of the make-up water so as to prevent the introduc-
tion of both inorganic and organic materials. Microscopic organisms have the 
capacity to concentrate certain radioactive isotopes and must not be allowed 
to grow in the water. They also cause the water to become cloudy; 
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(c) Periodic inspection, maintenance and testing of the fuel handling 
equipment and appropriate items of the pond systems; 

(d) Maintaining sufficient unoccupied storage spaces such that at all times 
there is pond space to permit the discharge of the entire reactor core. It 
should still be possible to carry out storage pond operations safely when all 
spaces are filled. 

4.4.4. Administrative requirements 

4.4.4.1. The administrative procedures governing the operation of the storage 
pool should, as a minimum, provide for the following functions: 

(a) Use of appropriately trained personnel for the conduct of all operations 
with irradiated fuel; 

(b) Monitoring of the relevant safety conditions during both handling and 
storage of fuel; 

(c) Maintenance of records showing the identity, location and condition of 
all fuel assemblies in storage; 

(d) Maintenance of records of all transfers of fuel assemblies into and out 
of the storage pond. 
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5. INSPECTION OF IRRADIATED FUEL 

5.1. INTRODUCTION 

5.1.1. Inspection of irradiated fuel is carried out for a variety of reasons, the 
main one being the detection of defective fuel assemblies and failed pins. Other 
objectives may be more concerned with the control of fuel integrity or gaining 
a better knowledge of fuel performance. 

5.1.2. If the concentration of fission products in the coolant increases to a high 
level, the effluents from the plant may exceed the established standards, and the 
radiation levels in the reactor primary coolant system may become unacceptable. 
This may force the operator to decrease power or shut down the reactor. The 
detection and location of the failed fuel is thus vital. 

5.1.3. The control of the integrity of the fuel pins, and fuel boxes (BWR) is very 
important if the fuel has to be returned to the reactor. In this regard a close 
examination for possible damage to the fuel pins (bowing, swelling, ridging, etc.) 
or to fuel components is very helpful in assessing the suitability of specific 
components for return to the reactor. 

5.1.4. An analysis of the nature of fuel damage or, more generally, the analysis 
of the fuel performance either, for research or statistical purposes, is considered 
to be outside the scope of the routine power plant operations. Also, post-
irradiation analyses including metallurgical, physical and chemical investigations 
must be performed in hot-cell facilities, and in most cases will require that the 
irradiated fuel be shipped off-site. 

5.1.5. Certain of the inspections which are required for analysis of the nature 
of fuel damage and preliminary assessment of fuel performance (such as the use 
of non-destructive examination techniques) can, however, conveniently be per-
formed in the reactor pond. 

5.2. DESCRIPTION OF OPERATIONAL PROCEDURES AND EQUIPMENT 

5.2.1. General 

5.2.1.1. Gross detection of the presence of leaking fuel assemblies in the reactor, 
identification of specific assemblies containing leaking fuel pins, and inspection 
of individual assemblies to evaluate their physical condition are required for the 
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proper management of the reactor and in particular to aid in the control of 
radioactivity emissions from the reactor plant. 

5.2.2. Detection and handling of failed fuel 

5.2.2.1. In LWRs, gross detection of failed fuel is normally accomplished by 
monitoring on a continuous or periodical basis the radioactivity in the reactor 
coolant and, in the case of BWR plants, the radioactivity of the off-gas. Tech-
niques for accomplishing this are described in Section 5.2.3. 

5.2.2.2. When evidence of leaking fuel assemblies has been found, the reactor 
operation manager must decide whether to sip the fuel or not. The sipping of the 
fuel has to start as soon as possible after shutdown. Result of the sipping operation 
is the identification of specific leaking assemblies. 

5.2.2.3. Significant failures of fuel have to be detected and evaluated in order 
that a decision may be made as to whether the failed assembly must be bottled 
for shipment (or for storage prior to shipment). In light water reactor fuel 
assemblies, it may be possible to replace the failed pins with undamaged pins and 
reuse the repaired fuel assemblies during the next operating period if the assemblies 
would otherwise be returned to the reactor for another cycle. 

5.2.2.4. Further investigation of the leaking fuel assemblies should normally not 
be made during the refuelling period but could be performed in the fuel pond 
while the reactor is operating. 

5.2.3. Leak detection during operation 

5.2.3.1. Both discrete and continuous sampling techniques are employed for the 
detection of radioactivity due to failed fuel. The methods of detection are based 
on analysis of the fission product concentration in the coolant or in the off-
gas system. The detection system is preferably based on gamma activity, but 
in special cases methods based on beta activity or delayed fission neutrons may 
be feasible. Experience confirms that gaseous or volatile fission products will 
leak from failed fuel elements at a substantially higher rate than non-volatile 
fission products. There thus may be a significant increase in their concentrations 
in the reactor building air, in the coolant, and in the off-gas system (as compared 
with the background level) before other indications of fuel failure become apparent. 

5.2.3.2. In the case of LWRs, under normal operating conditions the amount of 
fission product activity in the coolant is related to the extent of fuel failure. 
Though in general it is not possible to locate specific failed assemblies in the core 
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during operation, in a BWR it is possible to locate the area or areas of the core 
where there are leaking fuel assemblies by moving the control rods in a systematic 
way. In pressure tube reactors and some gas-cooled reactors it is possible to 
monitor individual fuel channels during operation, and thereby to identify specific 
fuel channels containing leaking pins. 

5.2.3.3. General methods for detection of leaking fuel pins involve observation 
of the radioactivity in ventilation air, coolant, and off-gas streams; the following 
represent necessary actions: 

(a) Continuous monitoring of the air contamination levels in the reactor 
building; 

(b) Periodical monitoring of gamma activity in coolant samples and at the 
input and output of the gas purification system; 

(c) Periodic measurement (about once per week) of the concentrations of 
certain gaseous radioactive isotopes in the off-gas stream; 

(d) Periodic measurement (about once per week) of the concentration of 
certain radioactive isotopes such as 1 3 11 and 2 3 9Np in the coolant. 

5.2.4. Leak detection after shutdown (off-load refuelling) 

5.2.4.1. The problem of detecting failed fuel pins is considerably easier once 
the reactor has been opened. The method used for detection is the sipping 
technique, which can be applied to fuel in the core in the BWR and to fuel from 
all types of reactors in the pond (Ref.[ 13]). 

5.2.4.2. Failed fuel assemblies may be stored in the same pond as other fuel 
assemblies. If there are too many leaking fuel assemblies and the pond clean-up 
system has a small capacity, it may be necessary to place the failed assemblies 
in special racks or cans which seal them off from the pond water and ensure 
heat removal while the failed fuel is being stored. During the period while the 
irradiated fuel is being stored an effort must be made to reduce the required 
movement. 

5.2.5. Examination of fuel 

5.2.5.1. For water reactors, non-destructive tests may be performed on failed 
or other fuel in the pond provided sufficient space is made available for the 
operation and the necessary remote handling equipment has been provided. 
These non-destructive tests can be divided into three groups as follows: 
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(a) Checking the integrity of fuel element cladding:. This may be performed 
by means of eddy current and ultrasonic methods. The former can be used 
for detecting defects in the cladding and the latter for determining the presence 
of water in fuel pin. Visual methods are also very valuable for detecting 
cracks, changes in the colour of welds which may be a consequence of 
corrosion processes, and generally to inspect the condition of the fuel surface. 

(b) Measuring of dimensional variations: This may be performed by visual 
inspection and/or remotely operated gauges, mandrels or calipers, to reveal 
and measure swelling, elongation or bowing of fuel pins. The equipment used 
in the visual methods includes a closed circuit TV (black and white or colour), 
periscopes, or telescopic devices.. Adequate lighting is required in the inspec-
tion area to make these methods feasible. 

(c) Measuring of burn-up and power distribution profile: This may be 
performed by gamma scanning techniques. 

5.3. SAFETY PROBLEMS 

5.3.1. Inspection of irradiated fuel is an operation involving extensive handling 
of fuel assemblies and components. The potential safety problems which 
accompany such activities have been discussed in earlier sections of this guide-
book and will not be repeated here. The high radiation levels of the fuel and the 
fragility of the irradiated cladding material demand the use of utmost care in the 
removal and handling of individual fuel pins, especially on the LWR fuels. 
Personnel exposures are of particular concern in connection with inspection 
activities, and special care must be taken in the design of the inspection equipment 
and in the written inspection instructions, to assure that exposures of personnel 
to radiation do not exceed applicable national and/or international limits, as 
appropriate. 

5.4. SAFETY REQUIREMENTS 

5.4.1. General 

5.4.1.1. In addition to safety requirements previously presented in Sections 3 
and 4, this section of the guidebook presents some design, operational and 
administrative requirements which must be considered in providing for fuel 
inspection activities. 
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5.4.2. Design requirements 

5.4.2.1. The following considerations should be taken into account in the design 
of fuel inspection activities 

(a) Sipping equipment should be designed in such a way that it is not possible 
to lower the coolant below a predetermined safe level in the fuel channel. 
Before the shutdown operation, the sipping equipment should be serviced, 
calibrated, and tested on a mock-up, if possible; 

(b) During the inspection of irradiated fuel assemblies there may be a need 
for removing and handling of individual pins in the pond. The equipment 
used should be designed to ensure minimum risk of damaging the pins. 

5.4.3. Operational requirements 

5.4.3.1. The operational procedures for fuel inspection activities should, as a 
minimum, provide for the following functions: 

(a) There should be monitoring devices in operation to detect release of 
radioactivity and increase of air contamination and of radiation levels above 
the pond surface; 

(b) For effecting improvement in fuel management including fuel design, 
the equipment and techniques used for handling and inspection of fuel 
should be kept under constant review to improve their performance. 

5.4.4. Administrative requirements 

5.4.4.1. The administrative procedures governing the fuel inspection activities 
should,as a minimum, provide.for the following functions: 

(a) During the inspection it is essential to maintain detailed records of any 
movements of the pins, because identification will be impossible once they 
are taken from an assembly. This is particularly important when several pins 
of different composition are handled at the same time; 

(b) All operations with the irradiated fuel should be well thought out in 
advance, and the procedures to be used should be prepared in writing, and 
tested; 

(c) For ensuring safe operation it is necessary to train the operators in the 
use of the procedures using a dummy fuel assembly of approximately equal 
pin weight, dimensions, and configuration before starting the actual operation 
with radioactive material. 
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6. ON-SITE MOVEMENTS AND PREPARATION FOR 
OFF-SITE TRANSPORT OF IRRADIATED FUEL 

6.1. INTRODUCTION 

6.1.1. Irradiated fuel is normally stored at the reactor site for a limited period 
of time. Following the storage period it may be transported to a fuel reprocessing 
plant or to other storage facilities. The packages used for transport of irradiated 
fuel are heavy, shielded casks which may or may not be filled with water. The 
fuel is frequently transferred into these casks under water in a section of the fuel 
storage ponds set aside for this purpose. An alternative method is to load and 
unload the cask in a shielded dry handling facility; in this way one can reduce 
some radiation problems usually encountered in handling casks in ponds. 

6.1.2. Rail is usually the preferred mode of transport for casks since there is a 
lower probability of accidents and the cask is generally less accessible to the 
.public, but other modes may be used such as road or water. Road transport of 
heavy casks may require special arrangements due to the state of roads, traffic 
problems and local regulations. Routine shipment of casks by overweight trucks 
may not be possible in some national or local jurisdictions. Provision of rail con-
nections to reactor plants is therefore desirable where possible. 

6.1.3. This section of the report covers the principles for on-site movements of 
irradiated fuel and the preparation for off-site transport. Consideration is given 
to the potential accidents associated with these movements. Considerations related 
to the design of shipping casks are beyond the scope of this document. Regula-
tions establishing design criteria for these casks will be found in the national regula-
tions and in Ref.[ 14]; Ref.[15] presents detailed information of use to the cask 
designer. 

6.2. DESCRIPTION OF OPERATIONAL PROCEDURES AND EQUIPMENT 

6.2.1. On-site movements 

6.2.1.1. For movements of irradiated fuel entirely restricted to the reactor site 
it may be possible to use a cask specially designed for these movements. Since 
greater control can be exercised than for off-site movements, the test require-
ments for the cask need not necessarily be to the same standard as required by 
the IAEA transport regulations (Ref.[14]). For example, the availability of 
adequate fire-fighting facilities may obviate the need for fire protection on the 
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cask,and control over the height of lifting the cask- or speed of movement may 
eliminate the need for shock absorbers. The safety of the cask should be assessed 
against the potential for accidents on the specific site. 

6.2.2. Preparations for off-site movements 

6.2.2.1. Casks should be chosen according to the type of fuel and its condition 
at the time of transport. If the loaded cask is to be transported off-site, it should 
comply at least with the requirements of the IAEA regulations for the safe trans-
port of radioactive materials (Refs [14, 16]) or appropriate national regulations. 

6.2.2.2. The equipment provided at a reactor site must be compatible with the 
handling requirements for the fuel casks to be used. Particular attention must be 
paid to crane facilities where it is necessary to re-orient the cask after filling, 
and to the clearances between the cask and reactor equipment or fuel when it 
is being moved. Due attention should be paid to any design limitations imposed 
by the cask, e.g. drop height, fire resistance etc., especially if the cask has to be 
moved before the attachment of shock absorbers or thermal shields is made. 

6.2.2.3. The fuel may be supported within the cask by an inner basket, and may 
also be inside a separate container to minimize contamination of the inside of the 
cask. Particular care should be taken to prevent contamination of the outside of 
the cask to ease problems of subsequent decontamination prior to transport. This 
may be achieved, for example, by preventing contact between cask and conta-
minated pond water. 

6.2.2.4. Facilities should be provided to decontaminate the cask prior to transport 
and to complete the pre-dispatch tests required for the cask, e.g. leakage tests. 

6.2.3. Cask handling 

6.2.3.1. On arrival at the reactor plant, the cask should be checked for the pre-
sence of contamination. Prior to immersion in the pond it should be washed to 
remove surface dirt. The transport vehicle should also be checked for possible 
contamination. The following precautions should generally be observed when 
handling casks: 

(a) The cask should follow the most direct route possible from the reception 
area to the pond and should not pass over vital safety equipment or fuel in 
the pond. It should not be raised above a height from which it might fall or 
cause excessive damage to the facility if dropped; 
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(b) The crane or lifting device should have a high standard of reliability. 
This may be achieved by frequent maintenance and special test procedures 
as well as redundancy within the system such as dual breaking, dual ropes 
and locks or yokes. (Appendix A to Ref.[ 11 ] and Ref.[l 7 ] present detailed 
criteria for cranes to be used in handling large fuel casks.) 

(c) Lid removal should be done only in such a way that adequate safety 
measures are foreseen to prevent high dose rates if spent fuel has been 
inadvertently left in the cask. 

6.2.3.2. The following criteria apply particularly when handling casks in ponds: 

(a) The cask loading point within the fuel pond area should be clear of 
irradiated or fresh fuel racks so that falling or tipping of the cask cannot 
cause any radioactive release by damage of irradiated fuel nor criticality by 
rearrangement of fuel elements. If feasible, a separate pond should be 
provided for cask loading; 

(b) Casks are designed to have a smooth surface for ease of decontamination. 
In some cases it has been found to be more convenient to sheathe the cask by 
either plastic or steel before placing it in the fuel pond than to decontaminate 
the cask subsequently; 

(c) The use of special lifting arms may reduce the problems of decontamina-
tion of handling equipment and avoid contamination of pond water with 
lubricants. 

6.2.3.3. The problems described in the previous three paragraphs can be avoided 
or mitigated by providing a shielded facility in which fuel may be removed from 
and loaded into the casks in the dry state remotely. This also reduces radiation 
exposure of personnel on site and prevents contamination of the exterior of the cask 
which avoids problems related to protection of non-radiation workers during 
transit. 

6.3. SAFETY PROBLEMS 

6.3.1. Equipment design 

6.3.1.1. Heat and radiation limit of casks: Limitations are imposed by the heat 
removal capability of the cask, by the maximum allowable radiation dose on 
the cask surface and by criticality considerations. The first two conditions are a 
function of the fuel rating and burn-up at discharge. Casks should be designed 
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for specific fuel with specific heat loads and radiation levels. Minimum cooling 
time of the irradiated fuel before transport to the processing plant depends on 
the type of reactor2. Special casks may be necessary for irradiated fuel which 
must be transported after short cooling times for early examination. Forced 
cooling may be necessary for heat dissipation in such cases. 

6.3.1.2. "Criticality limits for casks: Criticality considerations apply to enriched 
fuel only. Initial limits for fuel loading are calculated on the basis of assuming 
the 'undamaged case', i.e. cask and contents as presented for transport. Conserva-
tive assumptions are usually employed to establish the allowable upper limit on 
loading for purposes of transport including: 

(a) The original fuel enrichment with no burn-up or the maximum achievable 
reactivity whichever is more conservative. (In special cases, however, the 
actual burn-up may be taken into account; see Ref.[7] and Ref.[14] 
Section VI, Para.603 (a)); 

(b) The worst geometrical consideration either under normal conditions 
or following an accident, e.g. fuel pin break-up and compaction to the bottom 
of the cask; 

(c) The effect of water in-leakage or out-leakage as appropriate for one 
package (i.e. cask and contents). This also serves to evaluate the potential 
hazard of the operational requirement for draining and flushing of the cask. 

6.4. SAFETY REQUIREMENTS 

6.4.1. Operational requirements 

6.4.1.1. Selection of cask: The adequacy of the cask for the intended shipment 
must be verified by reference to the cask design documents or to the licence 
limitation imposed by the competent authority, as appropriate. 

6.4.1.2. Preparation for loading: Before the cask is loaded it should be inspected 
to reveal the presence of any obstructions to the placing of fuel, such as material 
remaining in the cask from previous use. 

2 
For example, fuel from gas-cooled and heavy water reactors is usually stored for at 

least 90 days and fuel from light water reactors usually at least 120 days. 

34 



6.4.1.3. Loading: The cask is loaded with irradiated fuel from the pond by the 
refuelling machine or other lifting device. It is necessary to take into considera-
tion the risk of crud contamination, when moving the fuel in the pond. If the 
crud deposit is heavy, it may be necessary to can the fuel assemblies in order 
to avoid this problem. Safety problems which may be encountered are essentially 
the same as those described in Section 4.3 of this report. 

6.4.1.4. Preparation for transport: The loaded cask is removed from the pond 
with the cover in position and partially bolted. The protective sleeve (if used) 
is then removed and the bolts tightened. The cask body is then decontaminated, 
all penetrations correctly sealed and secured, and the cask is tested for leaks. 
Radiation and contamination levels and surface temperatures and internal pressures, 
where appropriate, are checked to demonstrate compliance with applicable national 
regulations. The cask is placed on the transporter and securely bolted down where 
appropriate; shock absorbers (or other crash protection) are fitted if required. 

6.4.2. Administrative requirements 

6.4.2.1. The loading of casks intended either to be moved only on the site or 
to be moved off the site must be controlled by effective administrative procedures. 
The following points should be considered: 

(a) Fuel elements should be identified by appropriate means, e.g. administra-
tive records and/or visual checking of their identity; 

(b) All movements of fuel should be carried out in accordance with a detailed 
step-by-step schedule .which has been previously prepared, checked and 
verified by those in charge of loading operations; 

(c) The load of elements must conform to appropriate national regulations 
and safety assessments for the cask; 

(d) Particular care must be taken to prevent inadvertent loading of insuffi-
ciently decayed fuel or combinations of elements which contravene the 
criticality limits; 

(e) Prior to dispatch a certificate shall be prepared and signed by the person 
responsible to confirm that the consignement conforms with the relevant 
documents; 

(f) Special design provisions may be required in the cask when used for 
dry transport in order to ensure that permissible temperature limits for fuel 
assemblies are not exceeded during transport. 
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6.4.2.2. Potential accidents, which can occur during handling of fuel, have been 
discussed in Section 1, and Sections 2, 3 and 4 discuss problems which can result 
in accidents. In addition to these accidents, the following accidents with casks 
are unlikely but foreseeable, and procedures should be available to deal with 
them. Consideration should include: 

(a) The possibility of dropping a cask when over a pond, e.g. damage to fuel, 
damage to cask, and damage to pond or pond lining, leading to excessive 
loss of water and subsequent high radiation dose; 

(b) The possibility of dropping a cask outside the pond, e.g. damage to vital 
equipment, damage to cask and damage to fuel in cask. 

6.4.2.3. Where high lifts of casks are required by other design consideration, 
the structure of the building should take into account the possibility of a cask 
falling due to crane failure. Provisions should be considered to cushion a fall 
in order to prevent damage to the cask. It should also be ensured that such an 
accident would not damage any vital mechanical or electrical safety components. 

6.4.2.4. The probability of a cask drop accident can be minimized by the use of 
crane inspection and maintenance procedures, operator training, and properly 
designed cranes with safety catches on hook trunnions. 
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7. NON-FUEL-BEARING REACTOR COMPONENTS 

7.1. INTRODUCTION 

7.1.1. In order to ensure the safe operation of a nuclear power reactor throughout 
its lifetime, it is necessary to perform various kinds of surveillance and maintenance 
on the reactor core auxiliaries and other components as flux monitoring and detec-
tion instrument probes, burnable poison inserts, primary and secondary neutron 
sources, control rods, and, in some reactors, pressure tubes. Out-of-core compo-
nents include such items as control rod drives, steam generators, pressurizers, and 
miscellaneous studs, nuts and seals. Depending on the particular reactor type 
employed, some or all of these items will have to be handled, or will be the subject 
of maintenance work during the lifetime of the reactor. In general, all of these will 
be radioactive to a greater or lesser degree, and on-site handling of them requires 
special attention. 

cr 

7.1.2. This section of the report is concerned only with the handling of non-fuel-
bearing, in-core components of the reactor. It does not include the requirements 
for handling of such items as control rod drives, nor does it consider the special 
requirements for maintenance of components such as steam generators, pumps,etc. 

7.1.3. Radioactivity found in various components of a reactor may differ not 
only in level but also in origin. For example, the in-core components which are 
subjected to neutron fluxes constitute sources of induced activity, whereas other 
types of equipment and instruments may be surface-contaminated by fissibn 
products or other radionuclides. 

7.1.4. Neutron sources, both primary and secondary, used in the start-up reactors 
emit weak neutron fluxes but their handling seldom presents serious problems 
because of their relatively small dimensions; however, they may present a serious 
disposal problem because of the nature of the isotopes used. 

7.2. DESCRIPTION OF OPERATIONAL PROCEDURES AND EQUIPMENT 

7.2.1. Safe handling of the reactor components either contaminated or having 
induced activity may be achieved by use of shielding and/or distance. Selection 
of special construction materials for reactor components e.g. with reduced cobalt 
content and appropriate water chemistry control will reduce the problems in 
handling components. 
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7.2.2. In the LWRs, in which the primary coolant system must be opened up 
in order to carry out the refuelling operations, the shielding is provided by the 
water in the reactor pond or the storage pond. In HTGR systems, shielded 
transfer casks are required to handle both fuel and radioactive core components. 

7.2.3. Many of the components which must be handled will have varying amounts 
of surface contamination deposited from the coolant. They may be decontaminated 
to an acceptable level and reused if still serviceable; this may require rather large 
decontamination installations. Components having induced activity may be reused 
after an adequate period of decay. In case the decay period is too long (e.g. items 
with high cobalt or nickel content) or the components cannot satisfactorily be 
decontaminated or are no longer serviceable, they should be disposed of as solid 
radioactive waste. It will usually be necessary to cut, bend or compact such items 
in order to reduce the volume and be able to handle them in appropriate containers. 

7.2.4. If work is done in the pond on these components in order to reduce their 
size or volume, considerable care must be exercised to reduce possibilities of 
contamination of the pond such as the use of an isolated section. It is therefore 
preferable to minimize the amount of such work. 

7.2.5. Where possible, it is preferable to decontaminate items to be scrapped, and 
remove them from the pond for more extensive work elsewhere on the site. 
However, only a limited amount of decontamination and waste treatment can 
be performed in the pond, and the special shielded facilities required for general 
decontamination and waste treatment are not normally provided at a reactor site. 

7.2.6. In such a case materials may have to be transported in suitable shielded 
containers to an appropriate facility elsewhere. If centralized facilities are not 
available for storage of large and/or highly radioactive components, it may be 
desirable to store these on-site until such time they can be stored elsewhere. 

7.3. SAFETY PROBLEMS 

7.3.1. Safety problems generally arise from equipment failure, maloperation or 
failure of the operators to adhere to the operating instructions. These may lead to: 

(a) Fall of a component from the handling/transportation device resulting 
in possible spread of activity, or damage to fuel or other components; 

(b) Spread of activity from contaminated components during handling 
or decontamination operation; 
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(c) Extensive contamination of the pond water, with consequent overloading 
of the water clean-up system;. 

(d) Neutron exposure to operating personnel, if the neutron sources are 
handled without adequate shielding (e.g. inadvertent removal of a source 
from the pond with a handling tool); 

(e) Gamma exposure of operating personnel, if such devices as control 
rods or thimbles are withdrawn without adequate shielding. 

7.4. SAFETY REQUIREMENTS 

7.4.1. Design requirements 

7.4.1.1. All the equipment used for handling the components must take into 
account the conditions under which it is to be used and the operations which 
must be performed; the mechanical structure of the equipment must be sound, 
in order to minimize the probability of its failing during use. Its construction 
should be such as to make the equipment easy to maintain. The designer of the 
handling equipment should also provide the operator detailed operating and 
maintenance instructions. 

7.4.1.2. Means should be provided to prevent spread of any contamination 
released during these types of operations, and provisions must be made for 
packaging the material and removing it from the pond. Suitable space must be 
provided in the pond, with adequate lighting and proper tools, in order to perform 
such operations. 

7.4.2. Operational requirements 

7.4.2.1. Movements of components on-site may be accomplished in shielded 
containers which need not necessarily comply with the IAEA regulations as long 
as national radiological standards are adhered to and the movements on-site are 
restricted to a controlled area of the plant. (Refer to Section 6.2 for a more 
detailed discussion.) 

7.4.2.2. To ensure safe handling of radioactive components, the operating 
organization must: 

(a) plan in advance each operation from the beginning to the end; 
(b) provide detailed written procedures and instructions; 
(c) ensure that the operating instructions are followed; 
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(d) maintain the handling machine regularly; 
(e) select adequate packaging and/or an appropriate shielded container for 

transporting radioactive components. 

7.4.3. Administrative requirements 

7.4.3.1 • An effective programme of administrative procedures must be introduced 
to ensure that equipment is not modified or altered without the full safety implica-
tions being examined. Facilities for storage should be fitted with adequate 
monitoring and handling equipment to ensure safety during the period of 
storage. 
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8. PHYSICAL PROTECTION 

8.1. The subject of sabotage has been cited in several sections of this report 
as a safety consideration which must be taken into account by the reactor plant 
operator. Prevention of sabotage is one important means of maintaining the 
safety of reactor plant operations. Reference [2 ] provides guidance for the 
establishment of security systems for nuclear power plants. The fuel storage 
areas of such a plant are sufficiently vulnerable to sabotage to warrant the 
highest level of security; therefore access to these areas of the plant should 
be limited to only those individuals who have a demonstrated need for access. 
This limitation should be considered applicable even to members of the plant 
operational staff. 

8.2. A discussion of detailed requirements for provision of sabotage are outside 
the scope of this report; there are, however, both national regulations and stan-
dards, as well as Agency documents, which treat this matter in some detail. The 
Agency has, for example, prepared a guide [18] , which discusses the requirements 
for protection of.materials in use, in storage, and in transit. These and other 
pertinent national standards which may provide useful information on this subject 
are listed in" Ref.[ 19]. 

8.3. The implementation of the recommendations outlined in these documents 
should be taken into account early in the design of nuclear power plants. 
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APPENDIX III 

EXPERIENCE IN FUEL DROPPING INCIDENTS 

A-I.l. In return to a questionnaire distributed by the IAEA in March 1976, 
eleven nuclear power plant organizations provided information on fuel dropping 
incidents. The information covers drop heights from a few centimetres up to 
9 metres into reactor cores and storage ponds; eleven irradiated and two fresh 
fuel assemblies were involved in the incidents which were reported. 

Causes of the incidents were: 

Improper design of grapples 2 

Improper design of rack 1 

Improper design of hoisting gear 1 

Improper or emergency handling equipment used 4 

Improper function of the grapple 3 

Telescope mast too weak 2 

Corrective action taken: 

Positive verification of grip 2 

Rod put in a transport cask 1 

Visual monitoring ordered 1 

Use of hoisting gear prohibited 1 

Redesign of grappling device 2 

A-I.2. There was just one case where contamination was sufficiently high that 
it was necessary to wait several weeks before the fuel handling machine (cask 
type) could be decontaminated. In all the other cases there were no measurable 
releases of radioactivity, and in nine cases there were no detectable mechanical 
damages impairing the integrity of the fuel. 

A-I.3. No harm to personnel was reported. 
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APPENDIX III 

REFUELLING OF PRESSURIZED HEAVY WATER REACTORS 
(PHWR) 

A-II-1. INTRODUCTION 

A-II.1.1. The refuelling operation of the PHWR type of reactor, which has hori-
zontal fuel channels, requires the application of two identical fuelling machines. 
These machines serve a dual purpose of: 

(a) loading new fuel into; and 

(b) removing irradiated fuel from the fuel channels of the reactor while the 
reactor is in operation. The machines are remotely operated from the control 
room; either machine may serve as a 'charger' or 'discharger'; for a given 
operation the machines are suitably interlocked with adequate safety features. 

A-II.2. REFUELLING OPERATION 

A-II.2.1. The essential steps involved in a typical on-load refuelling operation 
are as follows: 

(a) Preparation for the fuelling/refuelling operation is done according 
to the following sequence: 

(i) Heat the head of the fuelling machine 
(ii) Perform pressure test 

(iii) Make operational check of the machine 
(iv) Cool the head of the machine 
(v) Bring heavy water to a specified level 

(vi) Move the machine to fresh fuel ports 
(vii) Remove remotely the end plugs of the machine 

(viii) Charge new fuel bundle(s) into the magazine of the fuelling 
machine. 

(b) Refuelling is accomplished by moving both refuelling machines to the 
desired location and locking them onto opposite end fittings of the selected 
channel. 

(c) Each head is fully filled with heavy water and pressurized to the pre-
vailing fuel channel pressure. After the leak test, the fuel shifting operation 
can begin. 
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(d) A combination of charge tube and ram motions removes the closure 
plug from the end fitting with the aid of an adapter and stores it in the 
magazine of the machine. The shield plug is also removed and stored. 

(e) With the removal of the closure plug and the shield plug, cold water 
from the head penetrates into the fuel channel. 

(f) Each machine extends a fuel carrier into the end fitting with the aid 
of the charge tube; the carrier of the 'charge' machine contains a new 
bundle and the 'discharge' machine carrier is empty. The ram of the 'charge' 
machine pushes the new fuel bundle into the channel, causing the last bundle 
of the fuel string in the channel to enter the empty carrier of the 'discharge' 
machine. 

(g) After a channel has been serviced, the shield plugs and end fittings are 
put back in place. The machines are then cooled and depressurized and 
heavy water is lowered to a specified level. The irradiated fuel received by 
the machine is discharged into the storage pond and the machines are then 
moved to the next channel as required. 

(h) During the actual insertion of new fuel into the channel and removal 
of the irradiated fuel, precautions must be taken to ensure that the following 
parameters are limited to safe values: 

(i) Rate of change of reactivity; 
(ii) Rate of change of core component temperature; 

(iii) Power density at all points; 
(iv) Degree of coolant by-pass flow. 



APPENDIX III 

REFUELLING OF LIGHT WATER REACTORS (LWR) 

A-III.l. INTRODUCTION 

A-III. 1.1.. The refuelling of light water reactors of the PWR and BWR types 
requires that the reactors be shut down, cooled, and depressurized in order to gain; 

access to the fuel. This Appendix describes the operations involved in the refuelling 
operations'with these reactors. 

A-III.2. PREPARATIONS FOR OFF-LOAD REFUELLING 

A-III.2.1. Preparations for off-load refuelling consist of the following steps: 

(a) Shut down the reactor; 

(b) Establish decay heat removal system; 

(c) Cool and depressurize the primary coolant circuit; 

(d) Clean up the primary coolant to remove fission and active corrosion 
products to such levels that the airborne activity will be acceptable. 

A-III.3. ACCESS TO THE CORE 

A-III.3.1. Access to the core requires that the following steps be accomplished: 

(a) Remove the shielding lids and bars; 

(b) Loosen the bolts (and remove the nuts) securing the closure of the reactor 
pressure vessel; 

(c) Seal the pressure vessel to the reactor pond; 

(d) Unlatch control rod clusters from their drive rods (PWR); 

(e) Remove the pressure vessel closure; 

(f) Flood reactor pond to provide shielding and a fuel transfer route; 

(g) Remove the reactor internals from above the core and store these in 
the reactor pond; 

(h) Withdraw incore instrumentation thimbles (where appropriate); 

(i) Establish the fuel transfer route; 

(j) Leak test the fuel assemblies (BWR). 
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A-III.4. REFUELLING 

A-III.4.1. Refuelling is accomplished using the refuelling machine. This machine 
usually consists of a bridge, travelling across the reactor and/or pond on rails, 
and a cross travel trolley on the bridge. The trolley is equipped with the grab 
mechanism or hoist which at the lower end holds different tools for grabbing 
different incore components. Controls are provided on the trolley for positioning 
the machine over the desired core component or fuel assembly, and for controlling 
movement of the hoist. 

A-III.4.2. The refuelling machine serves both the reactor pond and the storage 
pond in those plants having the fuel storage pond in the containment vessel. Where 
the storage pond is not directly accessible from the reactor pond, a different but 
similar machine is used to handle the fuel assemblies in the pond, to which they 
may be transferred through an underwater canal connecting the two ponds. In 
either case, the fuel handling machines perform the following operations: 

(a) Remove irradiated fuel from the core and transfer to the pond; 

(b) Transfer fresh fuel from the pond to the reactor core (due to in-core 
fuel management reasons it may happen that partially burned fuel will be 
stored temporarily and reloaded to the core); 

(c) Shuffle (or relocate) partially burned fuel within the core; 

(d) Shuffle control rods, neutron absorbers or other core components; 

(e) Exchange control rods, neutron sources, neutron detectors or other : 

components from the core and store them in the pond. 

A-III.4.3. All these movements must be controlled carefully by appropriate 
administrative measures to exclude any mistake. At all times the actual position 
of each fuel element must be registered. 
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APPENDIX III 

MARGIN OF SAFETY IN COMPUTATION OF 
EFFECTIVE MULTIPLICATION CONSTANT FOR 

FUEL ASSEMBLY ARRAYS 

A-IV. 1. In order that an adequate margin of safety exists in arrays of fuel assemb-
lies, it is necessary to compute the effective multiplication constant using the best 
criticality data available, and employing conservative assumptions regarding the 
influence of other factors on the reactivity of the array. 

A-IV.2. Computation of the Keff for an array should therefore take into account: 

(i) The geometrical arrangement (pitch, etc.); 
(ii) The parasitical absorption of the rack structure; 

(iii) Any poisoning shims as long as they are fixed in a similar way as the 
racks; 

(iv) Credible potential moderation, 
(v) Any neutron reflectors. 

A-IV.3. The effective reactivity (Keff) so calculated, plus allowances for modelling 
errors and nuclear data ( E m ) and for the statistical uncertainties (E p ) of the code 
used, must still leave a safe margin for unknown factors (ER); 

then Ke f f + E p + E m < 1 - ER. (See Ref.'[7]) 

For example, if the statistical standard deviation is such that 

E p = 3a, and if E p = E m = ER = 0.05, then Ke f f < 0 . 8 5 . 

This value is an example only and is not to be taken as a limit to be applied 
in every case. 

A-IV.4. The results should be independently verified, preferably by a different 
group from that which performed the original calculation. Other formulae may 
be used to demonstrate criticality safety, provided that they and their associated 
data can be adequately justified. 
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GLOSSARY OF TERMS 

Terms which are frequently used in reactor operating codes or guides are 
defined in IAEA Safety Series No.50-C-0 (Ref.[2]). The following list refers 
to terms used in this report. Beside each term is given a form of words, with 
similar meaning, which is sometimes used in other texts. 

A more extensive list, with English, French and Russian equivalents can be 
found in a recent ISO publication (Ref.[6]). 

Accident — Abnormal occurrence, and incident* 

AGR — Advanced gas-cooled reactor 

Box — Fuel assembly channel; casing around a BWR fuel assembly 

BWR - Boiling water reactor 
Cask — Flask, spent fuel cask, shielding cask, shipping cask, shielding container 

Criticality incident — Neutron burst, nuclear excursion; an unintentional 
and unwanted nuclear chain reaction 

Crud — Corrosion products formed in water-cooled reactors which can cause 
surface contamination on fuel and reactor components 

Failed fuel — Fuel which has sustained mechanical or other damage resulting 
in loss of integrity of the fuel cladding 

Fresh fuel - New fuel, unirradiated fuel 

Fuel assembly — An assembly of fuel pins in the pre-determined array in which 
the fuel is loaded into the reactor 

Fuel pin - Fuel rod, fuel element 

Fuel reception area - Specially equipped area(s) or room(s) in the reactor plant 
which has suitable cranes and other provisions for opening fuel shipping 
containers and transferring fuel assemblies to and from storage 

HWR - Heavy water reactor, Candu reactor, steam-generating heavy-water 
reactor (SGHWR) 

Irradiated fuel — Spent fuel 

LWR - Light water reactor 

Movement — Transfer, transport .on site, relocation 

* The term 'accident' as used in this report does not carry the same connotation of 
seriousness as is usual when this term is used in connection with nuclear reactors; as used 
herein, it refers to any unprogrammed event which has the potential for release of radioactivity 
or the radiation exposure of personnel. 
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Neutron absorbers — Poison rods, boronated stainless steel plates, control rods, 
boron carbide or other nuclear poisons used in fuel assemblies or as a solution 
in pond water 

Nuclear power plant — Nuclear power reactor, nuclear power station, power 
plant, power station 

Pond — Bay, basin, pool, irradiated fuel pond or pool, spent fuel pool or pond 

PWR — Pressurized water reactor 
Refuelling machine - Fuel charging machine, fuel handling machine, fuel 

loading machine 

Shuffle — Rearrangement of the fuel and/or control rods or other fuel assembly 
inserts in a reactor core for better power management 

Sip — Method to detect leaks in individual fuel assemblies by raising the tempera-
ture of the fuel and detecting and measuring the volatile radioisotopes 
released through cladding defects. 
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The following conversion table is provided for the convenience of readers and to encourage the use of SI units. 

FACTORS FOR C O N V E R T I N G SOME OT THE MORE COMMON UNITS 
TO INTERNATIONAL SYSTEM OF UNITS (SI) E Q U I V A L E N T S 

NOTES: 
(1) SI base units are the metre (m).-ki logram (kg), second Is), ampere (A), kelvin (K), candela (cd) and mole (mol). 
(2) ^ indicates SI derived units and those accepted for use w i th SI; 

^ indicates addit ional units accepted for use w i th SI for a l imi ted t ime. 
I For further information see The International System of Units (SI), 1977 ed., published in English by HMSO. 
London, and National Bureau of Standards, Washington, DC. and International Standards ISO-J 000 and the 
several parts of ISO-31 published by ISO, Geneva. \ 

(3) The correct abbreviation for the unit in column 1 is given in column 2. 
(4) -ft indicates conversion factors given exact ly; other factors are given rounded, most ly t o 4 significant figures. 

= indicates a def in i t ion of an SI derived uni t : ( J in column 3+4 enclose factors given for the sake of completeness. 

Column 1 Column 2 Column 3 Column 4 

Multiply data given in: by: to obtain data in: 

Radiation units 

• becquere l 1 B q (has d i m e n s i o n s o f s 1 ) 
d i s i n t e g r a t i o n s per second (= d is /s) 1 s"1 = 1 .00 X 10° B q * • 

> c u r i e 1 Ci = 3 . 7 0 X 1 0 ' ° B q * 
> r o e n t g e n 1 R = 2 . 5 8 X 1 0 " 4 C / k g j * 

• g ray 1 G y 1 .00 X 1 0 ° J / k g J * 
> rad 1 rad = 1 .00 X 1 0 " 2 G y * 

s iever t (radiation protection only} 1 Sv = 1 .00 X 1 0 ° J / k g ] * 
r e m (radiation protection only) 1 r e m = 1.00 X 1 0 " 2 J / k g J * 

Mass 

• u n i f i e d a t o m i c mass u n i t (T^ o f t h e mass o f 1 2 C) 1 u = 1 . 6 6 0 57 X 10 2 7 kg, a p p r o x 

• t o n n e (= m e t r i c t o n l 1 t = 1 . 0 0 X 10 3 k g ] * 
p o u n d mass ( a v o i r d u p o i s ! 1 I b m = 4 . 5 3 6 X 1 0 " ' kg 
o u n c e mass ( a v o i r d u p o i s ) 1 o z m = 2 . 8 3 5 X 10 ' g 
t o n ( long) (= 2 2 4 0 I b m ) 1 t o n = 1 . 0 1 6 X 10 3 kg 
t o n ( sho r t ) (= 2 0 0 0 ' I b m ) 1 sho r t t o n = 9 . 0 7 2 X 10 2 kg 

Length 

s ta tu te m i l e 1 m i te = 1 . 6 0 9 X 1 0 ° k m 
nau t i ca l m i l e ( i n t e r n a t i o n a l ) 1 n m i l e = 1 . 8 5 2 X 10° k m * 
y a r d 1 y d = 9 . 1 4 4 X 1 0 " ' m * 
f o o t 1 f t = 3 . 0 4 8 X 1 0 " ' m * 
i n c h 1 in = 2 . 5 4 X 1 0 ' m m * 
m i l (= 1 0 " 3 in) 1 m i l = 2 .54 X 1 0 " 2 m m * 

Area 

> hec ta re 1 ha 1 . 0 0 X 10 4 m 2 l * 

> ba rn (effective cross-section, nuclear physics) 1 b = 1 .00 X 1 0 " 2 8 m 2 ] * 

square m i l e , ( s ta tu te m i l e ) 2 1 m i l e 2 = 2 . 5 9 0 X 1 0 ° k m 2 

acre 1 acre = 4 . 0 4 7 X 10 3 m 2 

square y a r d 1 y d 2 = 8 . 3 6 1 X 1 0 " ' m 2 

square f o o t 1 f t 2 = 9 . 2 9 0 X 1 0 " 2 m 2 

square inch 1 in 2 = 6 . 4 5 2 X 10 2 m m 2 

Volume 

• l i t r e 1 I or 1 I t r 1 .00 X 1 0 " 3 m 3 ] * 
cub i c y a r d 1 y d 3 = 7 .646 X 1 0 " ' m 3 

c u b i c f o o t 1 f t 3 = 2 . 8 3 2 X 1 0 " 2 m 3 

c u b i c i nch 1 i n 3 = 1 .639 X 10 " m m 3 

g a l l o n ( i m p e r i a l ) 1 gal ( U K ) = 4 . 5 4 6 X 1 0 " 3 m 3 

g a l l o n (US l i q u i d ) 1 gal (US) = 3 . 7 8 5 X 1 0 " 3 m 3 

Velocity, acceleration 

f o o t per second {= fps) 1 f t / s = 3 . 0 4 8 X 1 0 " ' • m / s * 

f o o t per m i n u t e 1 f t / m i n = 5 . 0 8 X 1 0 " 3 m / s * 

1 m i l e / h 
[ 4 . 4 7 0 X 1 0 " ' m / s 

m i l e per h o u r (= m p h ) 1 m i l e / h 
11.609 X 10° k m / h 

k n o t ( i n t e r n a t i o n a l ) 1 k n o t = 1 . 8 5 2 X 1 0 ° k m / h * 

f ree fa l l , s t anda rd , g 9 . 8 0 7 X 10° m / s 2 

f o o t per second squared 1 f t / s 2 = 3 , 0 4 8 X 10 1 m / s 2 * 

This table has been prepared by E.R.A. Beck for use by the Division of Publications of the IAEA. While every ef for t has 
been made to ensure accuracy, the Agency cannot be held responsible for errors arising f r o m the use of this table. 



C o l u m n 1 

Multiply data given in: 
C o l u m n 2 C o l u m n 3 

by: 
C o l u m n 4 

to obtain data in: 

Density, volumetric rate 

pound mass per cub ic inch 

pound mass per cub ic f oo t 

cubic feet per second 

cubic feet per m inu te 

Force 

• n e w t o n 

dyne 
k i logram force (= k i l o p o n d (kp) ) 
poundal 
pound force (avoi rdupois) 
ounce force (avoi rdupois) 

1 l b m / i n 3 = 2 .768 X 104 k g / m 3 

1 l b m / f t 3 = 1.602 X 10' k g / m 3 

1 f t 3 / s = 2 .832 X 1 0 " 2 m 3 / s 
1 f t 3 / m i n = 4 .719 X 10 " 4 m 3 / s 

1 N [ s 1.00 X 10° m k g -
1 d y n = 1.00 X 10~s N 
1 kgf = 9.807 X 10° N 
1 pdl = 1.383 X 1 0 - ' N 
1 Ibf = 4 .448 X 10° N 
1 oz f = 2.780 X 10 " ' N 

Pressure, stress 

• pascal 1 Pa [ = 1.00 X 10° N / m 2 I * 
> a tmosphere^ , standard 1 a tm = 1.013 25 X 10s Pa * 
> bar 1 bar = 1.00 X 10s Pa * 

cent imet res of mercu ry (0°C) 1 c m H g = 1.333 X 103 Pa 
dyne per square cent imet re 1 d y n / c m 2 = 1.00 X 1 0 " ' Pa * 
feet o f water (4°C) 1 f t H 2 0 = 2.989 X 103 Pa 
inches of mercury (0°C) 1 inHg = 3 .386 X 103 Pa 
inches of water (4°C) 1 i n H 2 0 = 2.491 X 102 Pa 
k i l og ram force per square cent imet re 1 k g f / c m 2 = 9.807 X 104 Pa 
p o u n d fo rce per square f o o t 1 l b f / f t 2 = 4 .788 X 10 ' Pa 
pound force per square inch (= psi) ^ 1 I b f / i n 2 = 6 .895 X 103 Pa 
to r r (0°C) ( = mmHg) 1 to r r = 1.333 X 102 Pa 

Energy, work, quantity of heat 

^ jou le ( = W-s) 1 J [ = 1.00 X 10° N - m ] * 
• e lec t ronvo l t 1 eV [= 1.602 19 X 1 0 " " J, approx. ] 

Br i t ish thermal un i t ( In te rna t iona l Table) 1 B tu = 1.055 X 103 J 
calor ie ( thermochemica l ) 1 cal = 4 .184 X 10° J * 
calor ie ( In te rna t iona l Table) 1 cal IT = 4 .187 X 10° J 
erg 1 erg = 1.00 X 10 " 7 J * 

f o o t - p o u n d fo rce 1 f t - I b f = 1.356 X 10° J 
k i l o w a t t - h o u r 1 k W h = 3 .60 X 106 J .V-

k i l o t o n explosive y ie ld (PNE) ( = 101 2 g-cal) 1 k t y ie ld — 4.2 X 10 ' 2 J 

Power, radiant flux 

• w a t t 1 W 1.00. X 10° J / s l * 
Br i t ish thermal un i t ( In te rna t iona l Table) per second 1 B tu /s = 1.055 X 103 W 
calor ie ( In te rna t iona l Table) per second 1 ca l | T /s = 4 .187 X 10° W 
f o o t - p o u n d force/second 1 f t - l b f / s = 1.356 X 10° W 
horsepower (electr ic) 1 hp = 7.46 X 102 W * 

horsepower (met r ic ) {= ps) 1 ps = 7.355 X 102 W 
horsepower (550 f t - l b f / s ) 1 hp = 7.457 X 102 w 

Temperature 

• tempera tu re in degrees Celsius, t 
where T is the t h e r m o d y n a m i c tempera tu re in kelv in 
and T 0 is def ined as 273 .15 K 

degree Fahrenhei t 
degree Rank ine 

degrees o f tempera ture d i f ference6 " 

Thermal conductivity 0 

t o F - 3 2 

T °R 
ATc, (= A u c ) 

t (in degrees Celsius) * 
T (in kelvin) -* 
A T (= A t ) • * 

1 B tu 1 i n / ( f t 2 • s , 0 F ) (International Table Btu) = 5.192 X 102 W m " ' K " 1 

1 B t u / ( f t s ° F ) (International Table Btu) = 6 .231 X 103 W m " ' K " ' 
1 c a l I T / { c m - s ° C ) = 4 .187 X 102 W m " ' • K " 1 

a tm abs, ata: atmospheres absolute; ^ I b f / i n 2 (g) (=ps ig ) : gauge pressure; 

a tm (g), atii: atmospheres gauge. I b f / i n 2 abs (= psia): absolute pressure. 

The abbrev ia t ion f o r tempera tu re d i f fe rence, deg (= degK = degC), is no longer acceptable as an SI un i t . 



HOW TO ORDER IAEA PUBLICATIONS 
An exclusive sales agent for I AEA publications, to whom all orders 

and inquiries should be addressed, has been appointed 
in the following country: 

UNITED STATES OF AMERICA UNIPUB, 345 Park Avenue South, New York, N.Y. 10010 

In the following countries I A E A publications may be purchased from the 
sales agents or booksellers listed or through your 
major local booksellers. Payment can be made in local 
currency or with UNESCO coupons. 

ARGENTINA 

AUSTRALIA 
BELGIUM 

C.S.S.R. 

FRANCE 

HUNGARY 
INDIA 

ISRAEL 
ITALY 

JAPAN 
NETHERLANDS 

PAKISTAN 
POLAND 

ROMANIA 
SOUTH AFRICA 

SPAIN 

SWEDEN 

UNITED KINGDOM 
U.S.S.R. 

YUGOSLAVIA 

Comlsl6n Nacional de Energfa At6mica, Avenlda del Libertador 8250, 
Buenos Aires 
Hunter Publications, 58 A Gipps Street, Colllngwood, Victoria 3066 
Service du Courrier de I'UNESCO, 112, Rue du Trone, B-1050 Brussels 
S.N.T.L., Spdlend 51, CS-113 02 Prague 1 
Alfa, Publishers, Hurbanovo nSmestie 6, CS-893 31 Bratislava 
Office International de Documentation et Librairie, 48, rue Gay-Lussac, 
F-75240 Paris Cedex 05 
Kultura, Bookimport, P.O. Box 149, H-1389 Budapest 
Oxford Book and Stationery Co., 17, Park Street, Calcutta, 700016 
Oxford Book and Stationery Co., Scindia House, New Delhi-110001 
Heiliger and Co., 3, Nathan Strauss Str., Jerusalem 
Libreria Scientifica, Dott. Luciode Biasio "aeiou". 
Via Meravigli 16,1-20123 Milan 
Maruzen Company, Ltd., P.O. Box 5050, 100-31 Tokyo International 
Martinus Nijhoff B.V., Lange Voorhout 9-11, P.O. Box 269, The Hague 
Mirza Book Agency, 65, Shahrah Quaid-e-Azam, P.O. Box 729, Lahore-3 
Ars Polona-Ruch, Centrala Handlu Zagranicznego, 
Krakowskie Przedmiescie 7, Warsaw 
llexim, P.O. Box 136-137, Bucarest 
Van Schaik's Bookstore (Pty) Ltd., P.O. Box 724, Pretoria 0001 
Universitas Books (Pty) Ltd., P.O. Box 1557, Pretoria 0001 
Diaz de Santos, Lagasca 95, Madrid-6 
Diaz de Santos, Balmes 417, Barcelona-6 
AB C.E. Fritzes Kungl. Hovbokhandel, Fredsgatan 2, P.O. Box 16358 
S-103 27 Stockholm 
Her Majesty's Stationery Office, P.O. Box 569, London SE1 9NH 
Mezhdunarodnaya Kniga, Smolenskaya-Sennaya 32-34, Moscow G-200 
Jugoslovenska Knjiga, Terazije 27, POB 36, YU-11001 Belgrade 

Orders from countries where sales agents have not yet been appointed and 
requests for information should be addressed directly to: 

„ Division of Publications 
jjl International Atomic Energy Agency 

& Karntner Ring 11, P.O.Box 590, A-1011 Vienna, Austria 



CO 

o 



INTERNATIONAL SUBJECT GROUP: II 
ATOMIC ENERGY AGENCY Nuclear Safety and Environmental Protection/Waste Management 
VIENNA, 1979 PRICE: US $7.00 


