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FOREWORD 

The treatment of low- and intermediate-level solid radioactive wastes is 
based on an established and, in practice, proven technology. In fact, a vast 
amount of practical experience exists which indicates that the treatment is very 
advanced from the safety and technical aspects. However, the question of the 
treatment of low- and intermediate-level wastes has assumed added importance 
during recent years, mainly because of the increase of management costs, in 
particular those connected with transport, storage and disposal, and also 
because of the tightening of regulatory requirements. Thus, reduction of 
volume, which can improve both the economics of management and the 
environmental characteristics of waste, has become one of the key issues, in 
particular for low- and intermediate-level wastes from nuclear power plants. 
Consequently, advanced or high-efficiency volume reduction techniques are 
now undergoing rapid development. For example, new methods for incinera-
tion are being introduced or developed. Also, more research is being directed 
towards waste management planning, plant design and operation, and the 
integration of individual methods into appropriate waste management systems. 

To review and collect updated information on the treatment of low- and 
intermediate-level solid radioactive wastes, the International Atomic Energy 
Agency convened a Technical Committee on Volume Reduction Techniques 
for Solid Radioactive Materials on 15 — 19 October 1979, in Vienna. The 
results of this meeting are embodied in the present report, which replaces the 
1970 IAEA Technical Reports Series No. 106, The Volume Reduction of Low-
Activity Solid Wastes. 

This report, besides highlighting the latest methods and techniques in the 
treatment of solid radioactive waste, examines advanced approaches aimed at 
meeting the needs of a new industrial and economic phase. The International 
Atomic Energy Agency wishes to convey its thanks to all those who took part 
in the preparation of this document, and in particular to Mr. W. Hild of 
Eurochemic, Belgium, chairman of the meeting and consultant in preparation 
of the second and final drafts of the document, and to Mr. J. Clarke, UKAEA, 
United Kingdom, who also acted as a consultant in the preparation of the final 
draft. The IAEA officer responsible for this work was Jorma Heinonen of the 
Waste Management Section, Division of Nuclear Fuel Cycle. 

This report is one of three Technical Reports that the International Atomic 
Energy Agency has prepared within its programme on waste management to 



review current information and to update earlier IAEA publications on the 
treatment of low- and intermediate-level liquid and solid wastes. One of these 
reports is Conditioning of Low- and Intermediate-Level Radioactive Wastes, 
IAEA Technical Reports Series No.222; and another, Treatment of Low-and 
Intermediate-Level Liquid Radioactive Wastes, is in preparation. 
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1. INTRODUCTION 

Like almost any other industrial activity, the generation of electricity by 
nuclear fission, the operation of the different facilities in the nuclear fuel cycle 
and the application of radionuclides in medicine, research, industry and other 
fields, are attended by the production of waste materials. 

FIG. 1. Schematic diagram for the phases of waste treatment. 

From the very beginning the primary consideration in the nuclear waste 
management and disposal options has been the effective protection of the public 
and the biosphere, for both the present and the future, from the radioactivity 
of the waste material. One of the essential aims in the waste management is to 
reduce as much as possible the waste volumes to be stored or disposed of, and 
to concentrate and immobilize as much as possible the radioactivity contained 
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in the waste. This document describes the treatment of low- and intermediate-
level solid waste prior to its conditioning for storage or disposal. The conditioning 
is dealt with in another IAEA report [1 ]. 1 

This report aims primarily at compiling the experience gained in treating 
low- and intermediate-active solid wastes, one of the major waste sources 
in nuclear technology. Owing to the rather large waste arisings, considerable 
practice has been accumulated in the nuclear community, and industrial-
scale handling facilities have been, and continue to be, successfully demonstrated. 

Apart from the description of existing facilities and demonstrated handling 
schemes, this report provides the reader with the basis for a judgement that 
facilitates the selection of appropriate solutions for a given solid-waste management 
problem. It thus aims at providing guidelines in the particular field and indicates 
new promising approaches that are actually under investigation and development. 

For those more interested in details of the subject, attention is drawn to 
review articles, books and the proceedings of international conferences dealing 
with waste management and demonstrating the development of relevant technology 
during recent years [2 — 10]. 

As can be seen in the simplified block diagram of Fig. 1, the essential 
purpose of waste treatment is to reduce volume. The main features of operations 
for solid waste comprise waste segregation according to activity and nature, 
pretreatment operations such as sorting, packing and size reduction, and final 
volume reduction techniques such as incineration, compaction and decontamination. 
The waste concentrates having achieved the highest volume reduction are then 
routed to the appropriate conditioning step where the final form for intermediate 
storage or disposal is obtained. 

2. SOURCES AND TYPES OF WASTE 

Primary sources of radioactive wastes concern the nuclear industry as a 
whole, i.e. 
(i) Power reactor operations; 
(ii) Fuel-cycle operations (fuel production, reprocessing, etc.); and 
(iii) The use of radionuclides in medicine, research and industry. 

There is a very broad spectrum of waste materials, contaminants, and 
specific activities. 

This report deals with the treatment of wastes from all these sources although 
the approach may differ since they arise under very different circumstances, e.g. 
(i) and (ii) from major fixed installations, but (iii), in general, from numerous 
smaller establishments. 
1 See Appendix 1 for References cited according to chapter. 

2 



TABLE I. GENERAL CHARACTERISTICS OF LOW- AND 
INTERMEDIATE-LEVEL WASTE CATEGORIES FOR DISPOSAL 
CONSIDERATIONS 
Waste category Important characteristics a , b 

Intermediate-level, Intermediate beta-gamma 
long-lived Significant alpha 

Intermediate radiotoxicity 
Low heat output 

Low-level, Low beta-gamma 
long-lived Significant alpha 

Low/intermediate radiotoxicity 
Insignificant heat output 

Intermediate-level, Intermediate beta-gamma 
short-lived Insignificant alpha 

Intermediate radiotoxicity 
Low heat output 

Low-level, Low beta-gamma 
short-lived Insignificant alpha 

Low radiotoxicity 
Insignificant heat output 

a Characteristics are qualitative and can vary in some cases: "Insignificant" indicates that the 
characteristic can generally be ignored for disposal purposes. 

b For clarification of the terminology, reference is made to the Glossary at the end of this 
report and to Ref. [3] of Chapter 2. (See Appendix 1.) 

In addition to the categories mentioned, the secondary wastes which are 
produced by the treatment of primary wastes are also considered. The treatment 
of these wastes is described in Chapter 8 of this report. 

As well as the ommission of high-level waste treatment, certain specific 
types of waste, e.g. cladding hulls, have also been left outside the scope of this 
report, as has the decommissioning of major nuclear power plant installations. 
All these areas are covered by other activities of the IAEA. 
2.1. TYPES OF WASTE 

Various classification systems are used to categorize low- and intermediate-
level waste. Classification can be based on the specific activity, the dose-rate or 
the radiotoxicity. Other classification principles might be the origin of waste, 
its physico-chemical nature, or type of radiation and half-life of the nuclides. 
Each of these classification systems has its advantages and disadvantages depending 
on the purpose and basis applied. 
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2.1.1. Waste categories 
In 1970, the IAEA made a proposal for Standardization of Radioactive Waste 

Categories, which was published as Technical Report Series No. 101 [ 1 ] 1 . However, 
this classification system is difficult to adapt to the subject of this report, i.e. the 
treatment of solid low- and intermediate-level waste. 

Each establishment usually has its own local classification according to the 
prevailing conditions. In general, low-level waste requires no shielding but inter-
mediate-level waste needs both shielding and remote operation [2, 2a], On the 
other hand, almost all contaminated waste requires "sealed-area" facilities. 

One of the bases for classifying wastes that is generally recognized and 
accepted is related to their disposal method. For this purpose the wastes have 
been categorized as shown in Table I [3]. 
Concentrates from liquid wastes 

Sludges; 
Spent ion-exchange media; 
Concentrates. 

Solid waste 
Combustible (compactible): 

Non-alpha bearing 
Alpha-bearing; 

Non-combustible (compactible or non-compactible): 
Non-alpha bearing 
Alpha bearing. 

Special wastes 
Organic liquids; 
Decanning and dissolution residues; 
Other irradiated material. 
The nature and origin of the types of waste, which fall into the field of 

interest of this report, are briefly described in the following paragraphs. 
2.1.1.1. Combustible non-alpha-bearing solid waste 

Large volumes of compactible and combustible non-alpha-bearing wastes 
are generated at nuclear power plants, research establishments and reprocessing 
plants, e.g.: 

1 See Appendix 1 for References cited according to chapter. 
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PVC and polyethylene bagging and tenting material ("lay-flat"); 
Protective clothing (various plastics, textiles, leather, cellulose, rubber, 
neoprene, hypalon etc.); 
Packing (cardboard, paper, wood, plastic); 
Cleaning materials (rags, tissue); 
Filters (textile cellulose with glass or mineral fibre in wooden or metal 
frames with asbestos or aluminium spacers). 
Furthermore, certain research laboratories discard animal carcasses and other 

biological wastes, most of which are collected and stored in sealed plastic bags. 
It should be noted that: 

Owing to the difficulties associated with the chlorine, PVC will often 
be classified among the "incombustible" waste; 
Mechanical pre-treatment may be affected by the presence of "tramp 
metal" (buttons, nails, wire, toe caps of shoes etc.); 
In the "as-collected" state, some free liquid may still be present; 
During a prolonged period of storage, the organic matter forming the 
bulk of these wastes will be subject to various forms of natural decay -
it can be attacked by microorganisms, insects and rodents, or may 
ferment and decompose under irradiation (radiolysis gases). This could 
lead to the spread of airborne contamination; 
Much of the listed waste must be considered as a fire hazard. 

2.1.1.2. Combustible alpha-bearing solid waste 
These wastes are produced by reprocessing plants (U/Pu separation, Pu 

refining), by mixed-oxide (U0 2 -Pu0 2 ) fuel fabrication plants (MOFFP), and by 
research centres working on transuranic elements! This type of waste is virtually 
the same as that mentioned above for non-alpha bearing, but requires 
a-tight facilities. 
2.1.1.3. Non-combustible non-alpha-bearing solid waste 

This fraction consists characteristically of metal and glassware, construction 
and insulation materials, metallic or ceramic filters, metal-encased HEPA filters, 
small discarded equipment, tools and other mechanical devices, contaminated 
concrete and brickwork etc. Some volume reduction can be obtained by 
compaction of these materials. 
2.1.1.4. Non-combustible alpha-bearing solid wastes 

The materials listed in Section 2.1.1.3 will generally be considered as alpha 
waste if they come from an active area of the Pu-extraction and conversion part 
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TABLE II. VOLUMES AND RADIOACTIVITY CONTENTS OF WASTES LIKELY TO BE PRODUCED 
FROM A 1 OOO-MW(e) LWR UNIT [4] 

BWR P W R 

T y p e o f 

w a s t e 

V o l u m e ( m 3 / a ) 
A c t i v i t y 

V o l u m e ( m 3 / a ) 
A c t i v i t y 

M e t h o d o f 

t r e a t m e n t 
T y p e o f 

w a s t e B e f o r e 

t r e a t m e n t 
A f t e r 

t r e a t m e n t 

( C i / a ) 

Age > 1 y e a r 
B e f o r e 

t r e a t m e n t 

A f t e r 
t r e a t m e n t 

( C i / a ) 

Age > 1 y e a r 

M e t h o d o f 

t r e a t m e n t 

D r y 
c o m p r e s s i b l e 4 0 0 ! - 1 0 0 1 ' " < 5 2 5 0 ™ 6 0 - < 5 C o m p r e s s e d 

Wet 

w a s t e s 1 2 0 ! ' " 

2 0 0 0 1 ™ 
> 6 0 ! ™ 

4 0 -

5000:'»S£ 
In c o n c r e t e 

In b i t u m e n 

T o t a l 

•so-lS 
2 0 0 0 : 5 £ 

33o:r,S 2 2 0 ™ 

ioo:» 
5 0 0 0 ! ' ° ™ 

C o m p r e s s e d + c o n c r e t e 

C o m p r e s s e d + b i t u m e n 



TABLE III. LOW-LEVEL RADIOACTIVE WASTE G E N E R A T E D IN 
THE UNITED STATES O F AMERICA (1978) 

Commercial power-reactor wastes' 

Waste form 

Spent resins, filter 
sludges, and 
evaporator bot toms 

Dry compressible waste 
and contaminated equip-
ment 

Irradiated components 

Total 

m /a 

17 116 

16 653 

1 794 

35 563 

Ci/a 

41 316 

2 723 

360 515 

404 554 

Typical radionuclides 

51 Cr 
54 Mn 
59 Fe 
58 Co 
60 Co 
65 Zn 
134 Cs 
,37CS 
140Ba 
144 Ce 

Institutional wastes (medical facilities and universities)' 

Waste form m 3 /a Ci/a Typical radionuclides 
and % of total 

Biological 1 803 209 3 H 29.1 6 7Ca 0.1 

Scintillation vials 9 223 1 081 1 4C 8.9 " T c m 30.9 

Solidified and 32 p 5.3 126 j 3.5 
absorbed liquids 1 461 171 35 S 2.0 131 j 5.9 

Dry trash 8 761 1 026 51 Cr 1.6 Misc. 12.7 

Total 21 248 2 487 

Industrial wastes f 

m 3 /a Ci/a 

Total 20 397 473 579 

" These are based on USNRC records for 1978. 
b A NUS study for the US Office of Nuclear Waste Isolation (report No. ONWI-20 NUS-3314) 

is the basis for these data. 
c These data were based both on USNRC records for 1978 and on NUS report No. ONWI-20 

NUS-3314. 
d These data were based on communication with the reactor plant operator. 
e These data were based on a draft of the updating of the USNRC Institutional Radioactive 

Wastes Report, No. NUREG/CR-0028. 
f The basis for the total United States volume and curie content was the difference between 

all other waste and the total amount buried. 

7 



TABLE IV. SOLID WASTES FROM FUEL REPROCESSING OPERATIONS [9] 

Quantities 

per MTHM b Annual c 

Category Type Contents Class a Mass Volume 
(m3) 

Mass Volume 
(m3) 

Wet solids: K2UO4 mud K 2 U0 4 (1 kg U/MTHM), 
KOH, H20 LL, non-TRU 80 0.05 120 75 

Ion-exchange 
resins, silica 
gel 

Organic resins, silica 
gel, 100 Ci/m3 mixed 
fission products, Pu, up to 15% 

IL, non-TRU 25 0.05 37.5 75 

Filter aid, 
sludge 

Free H20, sand, diatom., 
earth, floes, etc. 1L, TRU 5 0.01 7.5 15 

Dry solids: Fluorinator fines 

Fluorinator ash 

CaF2, UF4 (6 g U/MTHM), 
PuF< (10 mg Pu/MTHM), 
fission-product fluorides 
(0.6 Ci/MTHM) 

LL, TRU 50 0.1 75 150 

Combustor ash Mixed fission products LL, TRU - 0.01- - 15 

Ag zeolite Zeolite, fission 
product iodine 1L, TRU 5 0.005 7.5 7.5 

Combustible trash: Cellulose, clothes, 
rubber, sorbents, 
etc. 

Misc. organic; mixed 
fission products; actinides: 
(IL-TRU 80 mg Pu/m3) . 

IL, TRU d 

LL, TRU d 

LL, non-TRU d 
-

0.7 

0.3 
0.7 

-

1050 

450 
1050 



TABLE IV. (cont.) 

Quantities 

Category Type Contents Class 8 

per MTHM b Annual c 

Category Type Contents Class 8 Mass Volume Mass 
(m3) 

Volume 
(m3) 

Non-combus t ib le Small equipment, Metals, ceramics IL, TRU 0.7 1050 
t rash: tools, glass LL, TRU - 0.2 300 

LL, non-TRU - 0.1 150 

E q u i p m e n t : Process vessels, Metals, inorganic, IL, TRU 0.1 150 
apparatus materials LL, non-TRU - 0.1 150 

Filters: HEPA, roughing Metal, glass, IL, TRU _ 0.06 90 
filters organics LL, TRU - 0.1 150 

LL, non-TRU - 0.01 15 

a ' Class designation based on "200 mrem/h" cut-off for LL/IL and 10 nCi Pu/g for non-TRU/TRU. Class IL usually contains mixed fission products and, except for 
storage pool resins, will also be a TRU waste. 

b MTHM = metric ton of heavy metal (U + Pu). 
c Based on 1 500 MTHM/year plant capacity. 
d Uncompacted, non-combusted form. 
LL = Low-level. 
IL = Intermediate-level. 
TRU = Transuranic elements. 



TABLE V. ANNUAL PRODUCTION OF a-BEARING WASTES FROM REPROCESSING AND 
U0 2 /Pu0 2 FUEL-ELEMENT FABRICATION (CORRELATED TO 1000 MW(e)/a LWR) [10] 

Place of 

arisal 

Types of 

primary waste 

Volume of 

primary waste 

(m3) 

Pu-content 

(kg) 

U-content 

(kg) 

Other Actinides 

(Ci) 

Reprocessing 

HLW-concentrate 20 1,0 60 75 000 

Reprocessing 

MLW-concentrate 30 0,1 70 

Reprocessing 
Hulls 15 1,4 150 

Reprocessing 

Feed-sludge 1,5 0,3 30 

Fabrication 

of U02/Pu02 

fuel elements 

liquid effluents 1,5 0,5 200 10 

Fabrication 

of U02/Pu02 

fuel elements 

Solid non-burnable 6 0,3 5 

Fabrication 

of U02/Pu02 

fuel elements 

Solid, burnable, 

non-sorted 50 2,5 40 

Fabrication 

of U02/Pu02 

fuel elements 

Solid, burnable, 

sorted 

2 

48 

2,5 

~ 10"3 

40 

~ 10"2 



of a reprocessing plant, or from a globe-box line in a fuel fabrication plant. 
Similar waste arises in research and development establishments working with 
fissile material. Some volume reduction can again be achieved by compaction. 

2.1.1.5. Special solid wastes 

Various materials irradiated in the reactor core are regularly replaced and 
become waste, e.g. control rods, burnable poisons, in-core detectors and graphite 
slurries, but most of these fall into the high-level category. 

Bulky equipment and structures can be dismantled and discarded as a result 
of maintenance and modification. A variety of different types of waste arise 
which may require size reduction by sawing, shearing, cutting etc. 

Tritium occurs as a contaminant also in many solid wastes produced by the 
nuclear industry. The conditioning of these wastes usually requires special 
techniques since tritium in its oxide form is movable and exchangeable with 
water. On the other hand, the radiological toxicity of tritium is low. 

2.2. AMOUNTS AND COMPOSITION OF SOLID WASTES PRODUCED 

The data on the solid wastes produced have been categorized into three 
separate sources: power plants, fuel cycle operations and research, medicine and 
industry. Only specific examples are given in the following pages but those and 
the references quoted should give a good idea of the practical importance of the 
treatment and arisings, and of low- and intermediate-level solid radioactive waste. 

2.2.1. Power plant wastes 

On the basis of the available data from the operation of light-water reactor 
(LWR) power plants throughout the world, an Internordic study was made in 
1976 [4], Table II, taken from that study, illustrates the ranges of the volumes 
of waste produced yearly from a lOOO-MW(e) LWR unit. 

More recent data on the waste volumes generated at the LWR plants [5—8] 
support the validity of the figures presented in Table II. The comparatively 
wide range of solid-waste arisings reflects not only the various operation histories 
and conditions of the plants, but also the importance of the evaluation of the 
different waste-treatment concepts. 

It is also clear that a lOOO-MW(e) facility will generally produce a lower 
volume of low-level solid waste than twenty times that produced by a 
50-MW(e) unit. 

The radionuclides present in the waste from two types of nuclear plant 
are given in the data of Table III. Of these the cobalt and caesium isotopes are 
probably the most abundant. 
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TABLE VI. CLASSIFICATION OF WASTE TYPES AT WINDSCALE [11] 

Gassification Contribution of classification 

to total waste 

(%) 

Fume-hood waste (combustible with 

polythene) 

0.5 

Fume-hood waste (combustible — 

no polythene) 

0.3 

Fume-hood waste (non-combustible) 0.5 

Gloves 15.6 

PVC 27.7 

Tissues/swabs 8.1 

Process solids 1.7 

Floor covering and tenting 2.1 

Polybottles/polythene equipment 13.9 

Filter, gas or air 1.0 

Filter, liquor 3.4 

Rubber New classification, no data 

Tools 3.8 

Small plant items 5.8 

Glass 4.7 

Tins/cans 10.2 

Fuel pins/cans 0.7 

Table III shows the quantities and some data on the composition of the low-
level waste arisings from United States commercial power stations during 1978. 
The quantities cover many separate stations with a total electrical output 
of 57 GW(e). 

2.2.2. Wastes from fuel cycle operations 

In general, waste from fuel reprocessing and fuel fabrication contains 
relatively large amounts of alpha-active isotopes. 

Table IV has been taken from a compilation study and gives data on the 
amount and composition of wastes produced in fuel reprocessing. One can observe 
from the table that, although the solid low- and intermediate-level wastes may not 
contain a major percentage of the radioactivity in fuel reprocessing operations, 
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TABLE VII. ARISINGS OF PLUTONIUM-CONTAMINATED WASTE 
AT WINDSCALE [11] (Amounts are index values (1973 - 100)) 

Year Total volume Total weight Weight of associated Pu 

1973 100 100 100 

1974 91 83 64 

1975 86 a 64 43' 

3 Excluding 20% of waste with no plutonium content detectable by gamma spectroscopy 

method used. 

their volumes are dominating [9], Table V originates from a study made in the 
Federal Republic of Germany and it also gives information on the quantity of 
solid burnable wastes which arise in the fabrication of mixed-oxide fuel [10]. 

The classification of waste types arising in the plutonium-handling operations 
at the British Nuclear Fuels Limited plant, Windscale, United Kingdom, is 
illustrated in Table VI [ 11 ]. These operations include the separation of plutonium 
from spent fuel, its preparation as fuel for thermal and fast reactors, and 
associated development of other processes. 

As has already been mentioned, the best way of reducing the volume of 
radioactive waste is to prevent its production by practising discipline in plants 
and laboratories. Various administrative and technical measures at Windscale, 
United Kingdom, have successfully decreased the volume of waste arisings as is 
shown in Table VII [11]. The reduction of waste arisings in one of the main 
objectives in the Indian R and D studies for management of alpha-bearing 
wastes [11a]. 

2.2.3. Wastes from medicine, research and industry 

The use of radionuclides in medicine, industry and universities combined 
with those in nuclear research establishments results in a comparatively high 
volume of low-level solid waste and an accompanying small volume of inter-
mediate-level waste. This waste is similar in composition to that mentioned in the 
previous chapter. Table III gives some information on this type of waste 
generated in the United States of America and can be considered as typical. 

An estimate of the amount of low-level solid waste produced at a research 
centre is between 0.25 and 0.5 m3 annually per employee [12]. Private 
communications with members from the Netherlands, Sweden and France, who 
attended the Technical Committee Meeting which produced the report 
for these Proceedings, confirm these figures [8, 13, 14]. 
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The same report, which quoted the above figures, suggests that the low-
and intermediate-level solid waste produced in research centres can be classified 
as follows: 

(a) 70% compressible or combustible materials, sub-divided into: 
Plastic fragments; 25% 
Paper and cloth; 25% 
Small metallic or glass objects; 15% 
Miscellaneous (wood animal carcasses etc.). 5% 

(b) 20% hard materials: metal components, coating or lining fragments, items 
whose size normally calls for fragmentation; 

(c) 10% debris resulting from plant conversions and operational incidents: 
concrete and soil whose specific activity, although low, nevertheless 
precludes disposal via public services. 

3. PRETREATMENT OF SOLID RADIOACTIVE WASTE 

3.1. INTRODUCTION 

Pretreatment of solid radioactive waste is mainly aimed at an appropriate 
preparation of the waste that facilitates the subsequent waste treatment steps. 

Pretreatment actions may comprise: 

Administrative measures; 
Segregation and sorting; 
Packaging for transport to an intermediate storage area or to the treatment 

facility; 
Size reduction; 
Decontamination; 
Decay storage. 

It is obvious from this enumeration that pretreatment must start at the 
source where the solid waste is produced; indeed, the complexities of operating 
a volume-reduction system require that these management aspects be emphasized 
from the very beginning. There, administrative measures fix the rules for the 
very first steps of the solid-waste management, i.e. collection, sorting, segregation 
and packaging for transport to buffer storage areas, or directly to the treatment 
facilities. Emphasis must be placed on an as informative-as-possible description 
of the waste, stating origin, nature, activity (isotopes, radiation level), package 
volume, weight and all further information relevant to the safe execution of the 
subsequent treatment steps. It is imperative that this information is also provided 
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to meet accountability and operational purposes. This, in turn, leads to the need 
to use adequate measuring techniques to obtain the above information. Indeed, 
the establishment has to keep a detailed record system that integrates and documents 
the information obtained in all phases of the waste-management system. In 
addition to this, and for the sake of safety and efficiency, a strong responsive 
administration and control system must oblige all parties within the waste-
management system to comply with operational and safety rules. 

Classifying the wastes into the different categories handled in the integral 
waste-management system is achieved in the sorting and segregation steps. 
Whenever possible, these operations should be done at the source where the 
waste is produced, and they should be combined with the packaging into appro-
priate containers (usually plastic bags and/or 200-litre drums) bearing adequate 
indication (for instance, colour codes) for transport to the corresponding waste-
treatment step. 

Experience shows that even at sites where waste-treatment facilities are 
not yet available, it is highly recommended to start to store the waste in 
segregated categories from the beginning. Non-segregated bulk storage makes 
final waste treatment inevitably more complicated. 

Size reduction will normally be achieved in the treatment facility. It can , 
however, be advantageous to start already at the source, whenever this is possible. 

Decontamination could be considered as a pretreatment step whenever the 
degree and/or the kind of contamination would prohibit treatment of the wastes 
in an existing facility. In the same context, intermediate storage allowing decay 
of short-lived isotopes can be a rather effective pretreatment method, considerably 
facilitating subsequent treatment steps. 

3.2. TECHNICAL PRETREATMENT METHODS 

Apart from the administrative and more general measures described in the 
foregoing section, the main technical pretreatment methods applied in practice 
are briefly presented in the following sections. 

3.2.1. Sorting, segregation and packaging 

The aim of this step is to separate the solid waste into different groups 
according to their degree and kind of contamination, and their physico-chemical 
properties. This particular pretreatment is an essential preliminary for a smooth, 
successful and safe accomplishing of the subsequent waste-treatment steps. 
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3.2.1.1. Manual operations 

Most sorting is done using manual 'hands-on' techniques. This should 
preferably be accomplished at the point where the waste is generated; if not, 
it has to be done at a waste-sorting facility. It must be emphasized that the 
waste generator must be sufficiently knowledgeable about the waste generated 
and the treatment methods chosen. He will then be able to: 

(1) Remove, and/or indicate during sorting, hazardous materials, i.e. corrosive 
or toxic materials, sodium, explosive materials, etc.; 

(2) Sort the waste into types compatible with subsequent operations, i.e. 
a-bearing, combustible, non-combustible, etc; and, 

(3) Provide the maximum amount of information about the waste to the 
waste-management record system. 

If necessary the wastes should be wrapped in plastic sheets or sprayed with 
plastic layers to fix and avoid spread of contamination prior to segregation into 
the appropriate containers. The containers should bear clear markings and 
indications regarding the category of waste for which they are used. 

It must be pointed out that any waste-sorting technique should be designed 
to reduce the radiation dose to the operator and maintenance personnel to as 
low a level as possible, and that this may require the use of adapted or remote 
sorting techniques and of pre-shielded containers for the packing. 

To site some practical examples, attention is drawn to Ref. [1 ] 1 describing 
a sorting programme developed for in-station used by Ontario Hydro, Canada. . 
The waste is sorted at the source and stored in colour-coded, transparent poly-
ethylene bags. The colour code signifies the volume-reduction process to be used — 
incineration, compaction and non-processible. The transparency of the bags 
enables a final check at the waste-treatment facility. This sorting procedure 
permits maximum quantities of waste to be incinerated which results in the lowest 
volume and is essential for the success of waste processing. As a final step, an 
automatically operated metal detector and a radiation monitor are used at the 
incinerator loading conveyor to ensure adequate sorting. 

The procedures applied for the physical segregation and analytical identifi-
cation of the alpha-bearing wastes arising at the facility for the fabrication of 
plutonium fuel elements in Cadarache, France, can be cited as another instructive 
example [2], 

At the Eurochemic plant in Mol, Belgium, sorting and segregation are done at 
the source into combustible compactible, non-combustible compactible and 
non-combustible non-compactible waste, subdivided into a-contaminated wastes 
and ^-contaminated wastes with surface exposure rates of <500 mR/h and 
>500 mR/h. Special pre-shielded drums are used in the latter case [3]. 

1 See Appendix 1 for References cited according to chapter. 
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MORATORY 
SGAE SEIBERSDORF 

S i z e a n d f u n c t i o n o f r a d i o a c t i v e w a s t e s 
l a b o r a t o r i e s w i l l b e a d a p t e d t o s p e c i f i c 
r e q u i r e m e n t s . 

FIG.2. Solid-waste treatment box [4\ 

An example for a sorting facility is presented in Ref. [4], where sorting of 
low-level solid waste is done by manual operation inside a glove-box of 
5m X 6m X 3.5m dimensions with three working positions. Figure 2 shows the 
layout of this box that is designed for direct operation by personnel wearing 
pressurized suits. The incoming waste is poured out of the delivered plastic bags 
inside the box. Unburnable and PVC parts are segregated and put into the press. 
Flasks, containing scintillation liquids, are destroyed with a special machine 
situated inside the box. 

A similar example is shown in Figure 3 [5], where sorting is done in pressurized 
suit areas. At Harwell (UK) it was established that operators wearing PVC-
pressurized suits and working freely at table level could handle a greater volume 
of waste in a given time compared with sorting through glove ports. Also, as 
the waste was sorted and distributed by rakes and pushers, the operation was 
much safer. 

AB <Out>-sluice 
BB Concrete Sealing Compar tment 
FS Sluice for barrels 
M B Operat ions-Compar tment 
M e B Radiation Testing 
PB Compac t ion-Compar tment 
PS Sluice for operators 
SB Sort ing Compar tment 
T W Barrel-earner 
W B Wash-Compar tment 
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FIG.4. Air classification system for introducting combustible feed into a combustible 
system [7], 

3.2.1.2. Mechanical sorting 

Mechanical sorting can be used for the separation of materials of different 
physico-chemical characteristics, and/or different contamination, such as liquids 
from solids, metals from combustible materials, bulk material from fines highly 
contaminated from slightly contaminated material. 

Ideally, mechanical sorting techniques can be automated and combined 
with other pretreatment or treatment techniques like shredding, baling, etc. 
It must, however, be borne in mind that techniques resulting in large amounts of 
dust and aerosols, for instance in an air stream, such as powerful air classification 
systems, high-speed rotating shredders etc., should be avoided in order to reduce 
spread of contamination and secondary waste arisings. 

Examples of mechanical sorting have been reported by the Netherlands [6] 
where, for instance, scintillation cocktail liquids are separated by crushing the 
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containment vials and removing the liquid from crushed vials by a vibration 
sieve. 

A closed pneumatic classification system has been described in Ref. [7] using 
air classification of combustible and non-combustible waste. As shown in Fig.4, 
this system is headed by a shredder that reduces the size of the waste material 
prior to sorting. 

3.2.2. Size reduction techniques 

Size reduction is carried out either to: 

Facilitate packaging of the waste material in view of its transport to a 
waste-treatment facility; or to prepare the waste material in the optimal 
way for the subsequent waste-treatment process. 

It is obvious that the former purpose requires a well-defined packaging 
procedure and containment system to be optimized according to the needs of 
the treatment facilities. The containers — in most cases standard drums — can 
either be re-circulated for continuing transport operations, or utilized as primary 
containment in a subsequent baling operation. 

On the other hand, the container into which the waste is packed can serve 
as a disposal container if non-combustible solid waste, for instance, is embedded 
into concrete or bitumen in the waste-treatment facility to produce a waste 
package that can be disposed of. In this context, size reduction would have to be 
considered more as a treatment techniques aiming at an optimal volume reduction 
of the solid waste. 

A few of the current size reduction techniques are now discussed. 

3.2.2.1. Dismantling 

Dismantling involves operations normally applied in maintenance operations 
and extends to the complete dismounting of large equipment and facilities. The 
latter problem is faced especially in all decommissioning operations, where bulky 
items have to be reduced to smaller pieces which can then easily be handled. 
Operations are either executed at the source or at specialized treatment facilities. 

Procedures applied in dismantling are mainly conventional engineering 
methods used for dismounting, including sawing, cutting, both mechanically 
and by oxyacetylene or electric arc, special shears, etc. 

Selection of the procedure has to reflect the following considerations: 

Circular saws, compass saws and abrasive cutting wheels may be either stationary 
or mobile depending on the purpose in view. Stationary equipment permits 
the rapid sectioning of flat objects of considerable thickness. Its use is restricted 
by the possibility of accommodating objects on the working surface. When 
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FIG.5. View into special cell at CEA Saclay for operation in pressurized suits [ 7 0 ] , 

mobile it can, at the same time, be adapted for remote cutting. Used on metal 
it frequently produces incandescent particles, which must be taken into account 
in estimating the fire hazard. In all cases (metals, wood, plastic) this method is 
accompanied by the production of aerosols in quantities depending on the 
cutting speed. The chain saw can be used as a rapid method of cutting fibrous 
wastes, but it produces a large amount of cutting scrap, which has to be confined 
to prevent the spread of contamination. 
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TABLE VIII. FACILITIES USING SIZE REDUCTION 

Country Place Machine Waste 

material 

Follow-up 

treatment 

Ref. 

United Kingdom Harwell Shredder Plastic Compaction [5] 

Crusher Glass 

United Kingdom Aldermaston Crusher Glass Compaction [11] 

Fed. Rep. Germany Karlsruhe Crusher Air-filters Incineration 

Compaction 

[12] 

Belgium Mol Breaker Plastics 

Paper 

Cotton 

Glass 

Metals 

Incineration [13] 

USA Hanford Shredder Gen. trash Combustion 

Compaction 
[14] 

Netherlands Petten Shredder Scint. vials Compaction 

Combustion 
[6.] 

France Saclay Shredder 

in hot cell 

High-activity 

metals 

Compaction [15] 

Reciprocating saws are recommended for sectioning long solid metal parts of 
small cross-section (diameter less than 20 cm). In view of the low cutting speed, 
there is little production and dispersion of aerosols, and even this can be eliminated 
by spraying or the use of a machining coolant. 

Electric arc or oxyacetylene cutters are used only for metal objects and are 
especially suited for parts of large dimensions. They are easy to use and rapid 
in operation. The electric arc cutter can be used only for items of small thickness 
(a few millimetres.) These methods, however, give rise to aerosols and involve 
a fire hazard if combustible materials are present. 

Pneumatic or hydraulic shearing machines can be used for sectioning tubes with 
a diameter of up to 10 cm, or solid bars of a few centimetres in diameter. An 
advantage of this process is that no aerosols are produced. It can even be adapted 
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FIG. 6. Shredder showing the cutters [5], 

for use under water [3]. Another example for the application of cutting under 
water is the cutting pond at Marcoule, France, where a plasma arc has been used 
for several years [8], Cutting can also be done by normal application of plasma 
arcs by laser torches or by explosive fuses. Practical examples for the application 
of the latter techniques in decommissioning operations are presented in the 
proceedings of a symposium held on the decommissioning of nuclear facilities 
in late 1978, to which the reader's attention is drawn [9]. 

Examples of dismantling operations carried out in specialized sealed areas 
are numerous. The size of the cell must be sufficient to accommodate bulky items 
and to allow adequate space for two or three operators dressed in pressurized 
suits. 

Figure 5 is a view into the working area of a special cell at Saclay, France, 
for operations in pressurized suits. Operators enter to dismantle or decontaminate 
bulky contaminated equipment of low radiation (a-contamination, etc.) [10], 

3.2.2.2. Shredding 

Shredding techniques are adapted for waste mixtures which are only sorted 
by size and not by compositions. Shredding equipment is installed in stationary 
units. 
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At several establishments shredders, cutters and breakers, which are similar 
to shredders, are used for different purposes. 

Plastics are shredded, for instance, before compaction, or solid waste is 
shredded before incineration. Table VIII gives a compilation of some installations 
actually in operation. 

At the plutonium fuel-element fabrication facility of Cadarache, France, an 
installation is actually being tested where all sorts of solid wastes (glass, steel, PVC, 
polyethylene, cotton etc.) can be cooled down to temperatures of -150°C at 
which the waste is afterwards shredded together with its 100-litre packaging 
drums [15]. The shredded material can afterwards be leached for recovery of 
plutonium. 

Generally, the crushing technique must be used for size reduction of friable 
solids such glass, concrete, ceramics, etc. These techniques bring about a volume 
reduction by increasing the apparent density of the waste that is already reduced 
in size. In principle, all types of mills, grinders, and other crushing machines can 
be adapted to the treatment of radioactive wastes. Blade and hammer grinder 
technologies are often applied for wastes containing plastic material, or clothes 
and also for glass and ceramics. Figure 6 shows the cutter of a typical shredder. 
Other non-compressible waste materials are often crushed on jaw-type or grooved 
roller grinders. 

3.2.3. Other pretreatment techniques 

As already indicated, decontamination could be utilized as a pretreatment 
technique in view of facilitating the subsequent treatment step. In cases where 
radiation and contamination would exceed the design criteria of a treatment facility, 
decontamination would indeed be the only pretreatment technique allowing the 
final treatment of such waste. In principle, a variety of decontamination techniques 
can be applied, which are described in more detail in Chapter 6, as a separate 
approach to volume reduction in solid-waste treatment. 

For the sake of completeness, it has to be stated that 'decay storage' can be 
a very effective pretreatment method in all cases where the spectrum of 
contaminants is governed by short-lived isotopes. This implies, however, the 
existence of an intermediate storage area where such decay storage could be 
achieved prior to the final treatment of the wastes. 

3.3. CONCLUSIONS 

Considerable experience exists on the pretreatment of solid radioactive 
waste, and technical methods have been and continue to be demonstrated in 
nuclear waste-treatment facilities. 
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It should once again be emphasized that a thorough investigation of the 
particular waste problem has to precede the selection of procedures finally 
applied. It is in this context that pretreatment at the source of the waste arisings 
has to be given serious attention as this can very well facilitate the final treatment 
and conditioning methods and at the same time reduce the dose commitment 
for the operational personnel. 

Taking this into account, emphasis should be given to the adaptation of 
size reduction techniques by remote control and with the application of protection 
shielding. In the same line lies the application of preliminary efficient deconta-
mination steps. 

Much effort is actually being devoted to the development, adaptation and 
demonstration of advanced size reduction techniques in connection with 
decommissioning activities. These efforts will undoubtedly be of considerable 
help for the application of advanced and improved pretreatment techniques in 
the future, both at the source of the waste arising, and at the stationary 
solid-waste treatment facilities. 

4. COMPACTION 

4.1. INTRODUCTION 

Volume reduction of solid wastes by compaction aims essentially at an 
increase in the overall density of the waste material. This mechanical volume 
reduction method is widely used in waste treatment. The field of application 
covers low-level and alpha-bearing combustible waste, whenever incineration is 
not used for this waste category, compressible waste and waste mixtures resulting 
from shredding or other size reduction. Intermediate-level solid wastes of the 
same category are treated, too, sometimes requiring remotely operated systems. 

Commercially available presses and compacting devices, like balers, 
compactors, baggers and packers [l]1 , are frequently used in radioactive waste 
treatment after appropriate adaptation to the specific task. 

To feed the waste together with its containment (metal drum, etc.) into the 
compaction unit and to compact it together is a widely used treatment technique. 
Volume-reduction factors obtained depend largely on the waste material and the 
pressure applied, but in general are between 3 and 10. Optimum operations will 
be achieved if appropriate pre-sorting and pretreatment of the waste has been 
accomplished. 

1 See Appendix 1 for References cited according to chapter. 
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Based on economics and practice, compaction can be divided into two main 
categories, i.e. low-pressure and high-pressure units. Forces applied can vary 
between 4.5 and 1500 t, pressures vary normally between 2 and 800 kg/cm2. 
Both hydraulic and pneumatic presses are in use. 

Owing to the varying composition of the waste, it is rather difficult to 
specify optimum pressure and volume reduction for particular waste-treatment 
applications. Thus, it is better to cite pressure and volume-reduction ranges. 
A case requiring particular consideration is the compaction of material showing 
a certain tendency to expand or rebound after releasing the compaction pressure. 
If the compacted material is destined for interim storage or final disposal, 
compaction in steel waste drums or compaction together with other constraints 
(e.g. straps or bands) can minimize or completely overcome the expansion. 

Designers and operators of compaction facilities should bear in mind the 
following facts. 

Large incompressible components could damage the equipment and should 
be eliminated in the pretreatment step; 
Chemical reactivity of the material compacted is not eliminated but might 
be enhanced; for instance, pyrophoric or explosive materials should be 
eliminated in the pretreatment step and the press be provided with appropriate 
fire-fighting means; 
Absorbed or incidentally contained liquids can be released during compaction 
and should be collected in an appropriate drip-tray system; 
Release of air enclosed in the primary waste packages will occur during 
compaction. This can lead to airborne contamination which requires an 
appropriate off-gas treatment system to meet safety criteria; 
Compaction of alpha-bearing wastes requires an alpha-tight containment 
facility; 
Compaction of intermediate-level wastes may need remote operation and/or 
shielding of the facility. 

Thus, a careful selection from the commercially available equipment has to 
be made that can best be adapted to the waste category concerned in order to 
guarantee both conventional and radiological safety. 

4.2. TECHNIQUES AVAILABLE 

From the numerous techniques available, only a few characteristic examples 
will now be described. 

4.2.1. Low-pressure compaction 

Low-pressure compaction is used to reduce the volume of solid compressible 
wastes primarily to facilitate packaging for transport, either to a waste-treatment 
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TABLE IX. COMPILATION OF SOME COMPACTION FACILITIES 

Press-force Volume-
reduction 
factor, • 
VFR 

Capacity Drum 
size 

Country Site 
(t) (kg/cm1) 

Volume-
reduction 
factor, • 
VFR 

primary 
waste 

Drum 
size Ref. 

USA Livermore 4.5 20 4 : 1 200 L 121 
USA Argonne 4 : 1 Bale 131 
USA Oak Ridge 9 :1 850 m'/a 425-L bales 14] 

USA Idaho 50 10:1 400-L bales 15] 
Netherlands Petten 90 56 3 :1 5 m3/h 100 + 200 L 16,7] 

Netherlands Pet ten 1500 800 10:1 
(5 : 1 )a 

2.5 m3/h 100 L [81 

S. Africa Pelindaba 6 4.5 191 
Norway Kjeller 5 2 . 5 :1 200 L U01 

Belgium Mol 2 : l a 111,121 

Japan Tokai 
Mura 5 :1 1131 

France Marcoule 60 30 4 : 1 ' 15 000 m3 100 L 114] 
France La Manche 

(CSM)b 
400 30 3 to 5 : 1 5 000 m ' 100 + 200 L [151 

France Cadarache 250 40 4 : 1 1 000 m3 100 L |16] 

United Kingdom Harwell 17 ' 3 :1 750 m3/a 100 L [171 
United Kingdom Harwell 80 3 to 7 : 1 600.m3/a 650-L bales [181 
United Kingdom Aldermaston 10 3 to 5 :1 550 m3/a 100 L |19,20,20a] 

Fed. Rep. Germany Karlsruhe 300 150 4 : 1 120 m3/a 200 L [21,22] 

India Trombay 5 5 :1 123] 

Austria Seibersdorf 100 4 to 6: 1 100 +200 L [24] 

Canada Bruce 4.5 4 to 5 : 1 4 000 m3/a 200 L [25] 
Canada Bruce 8.5 9 :1 Boxes 125] 
Italy Ispra 50 71 5 :1 50 L [261 
Italy Camen 

Pisa 
20 4 : 1 580 L 126] 

Switzerland Wiirenlingen 100 ,55 4 to 6 : 1 200 m3/a 100 L |27 | 

3 After immobilization in disposal drums. 
The press used to be in Saclay. 

Note that where a range of VRF (volume-reduction factor) is given, this reflects the varying nature of the 
waste being compacted. 

facility where further compaction or other treatment will be carried out or to an 
interim storage facility awaiting final treatment for disposal. : 

Low-pressure compaction techniques, applying forces up to about 100 t, 
are mainly utilized on site by the waste generator, and sometimes at the waste-
treatment facility. A typical application of the low-pressure compaction 
technique at the waste-generation site is the simple compression of bags of trash 
into a 200-litre drum or another suitable package. Implicit in the design of such 
a device is the requirement that adequate containment and off-gas treatment is 
provided to meet safety criteria. 
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FIG.8. The hydraulic waste drum press in Petten [S]. 

4.2.2. High-pressure compaction 

High-pressure compaction applying forces of > 100 t is used to reduce 
finally the compactible waste to the optimum density for the final conditioning 
prior to disposal. The maximum compaction effect would be reached when all 
the voids in the material had been eliminated. This, however, would demand 
tremendously high pressures and sophisticated systems. Good operational 
compromises range somewhere between 70 and 90% of the theoretical values. 
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FIG. 10. The compactor unit at KFK, Karlsruhe [22], 

Generally, the waste compacts resulting from high-pressure compaction are 
packed into disposal containers into which they are embedded by, for example, 
concrete, bitumen or molten metals. 

High-pressure compacting units are almost exclusively used at the stationary 
waste-treatment facility that provide the compacted material either for interim 
storage or conditioning for final disposal. 

4.2.3. Examples of applications 

In Table IX, a compilation of some compaction systems in operation in 
various nuclear installations is presented. This table shows a remarkable dispersion 
between press forces and volume reduction that is a result of the already mentioned 
influence of the nature of the waste material that is compacted. 

At BNPD in Canada, Ontario Hydro operates an in-drum-type compactor 
for processing compactible wastes [25]. The bagged waste is manually deposited 
into the compression chamber of the machine and is compressed into 200-litre 
drums. The compression platter is driven by a hydraulic cylinder generating a 
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platter pressure of 4.5 kg/cm2 (450 kPa). To avoid any spread of contamination 
the compression chamber is totally enclosed with an integral exhaust air filtration 
system. The air filtration system includes an exhaust fan, a prefilter and a HEPA 
filter. Figure 7 gives a view of this equipment. 

Operating experience with the drum compactor has been good. It is reliable 
and trouble-free. The gross volume reduction factor achievable is 4.5: 1, and its 
capacity is about 4000 m3 unprocessed waste annually. At the AERE, Harwell, 
United Kingdom, baling of low-level solid radioactive waste is also done within 
a 200-litre drum by means of a small press [17]. In a typical year of work some 
750 m3 untreated waste were compacted to 250 m3 in storage drums (VRF 3). 

The final waste was disposed of by sea-dumping, and after packaging the 
volume was approximately doubled. In addition, an 80-t compacting machine 
with a compression chamber measuring 1.22 m X 0.61 m X 0.91 m is operated 
at Harwell. The hydraulic lid can be used for cropping large items like ducting, 
but the machine is mainly used for low-level mixed wastes. The compacted bales 
of wastes measure 1.22 m X 0.91 m X 0.61 m. Typical yearly throughputs for 
miscellaneous wastes containing mixtures of paper, glass, plastic, rubber and 
wood, are 650 m3 compacted to 180 m3 at a volume reduction factor (VRF) 
of 3.5 and for paper-tissue waste 550 m3 compacted to 80 m3 at a VRF of 7. 

At the French storage centre in the La Manche (CSM) [15, 28] 200-litre 
and 100-litre drums filled with compressible waste are compacted in a steel 
mould with a force of 400 t. The compacts are placed in prefabricated concrete 
containers where they are conditioned by cement grout prior to disposal at the 
storage site. The capacity of this installation is roughly 20 m3 of uncompacted 
waste per day. 

The 60-t compacting machine used at the Marcoule Centre is a hydraulic 
press with a vertical rammer which compacts the waste directly in a 200-litre 
metal drum [14]. The 250-t machine installed at Cadarache is equipped for 
compacting medium-level radioactive waste contaminated with alpha emitters 
[16], The nuclear power plants in France carry out on-site precompacting of 
low-level dry waste in 200-litre drums in order to reduce the volumes that have 
to be transported to the long-term storage site. For the same purpose the 
Societe des Travaux en Milieu Ionisant (Society for Work in Ionizing Radiation 
Environments) used in its own working areas a mobile compacting machine with 
a main jack and a cover jack developing altogether a force of 100 t and giving a 
volume-reduction factor of at least 2 for metallic waste [28]. 

At Petten, the Netherlands, the unsorted waste is collected in 100-litre 
drums [8]. The drums are automatically transported into the press and compacted 
with a total force of 1500 t. The average volume reduction factor (VRF) is 10:1 
and the capacity of the unit 15 m3 unprocessed waste per day. The compacted 
waste is transferred to a 200-litre drum and covered with concrete. The overall 
VRF is 5: 1. The whole process is automated and operated by a computer. 
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Figures 8 and 9 present respectively a scheme of the press and the operation 
system. 

Figure 10 indicates the operational principle of the Karlsruhe compacting 
unit utilizing 3 different working phases [21 ]. The compaction pressure of this 
plant is 150 kg/cm2 and the throughput amounts to 300 m3 unprocessed waste 
annually at average volume reduction factors of 4 :1 . 

4.3. R & D ACTIVITIES 

Much research and development is directed towards further improvement 
of the actual compaction facilities and also to increase their operational efficiency. 
Most of the remaining efforts are concerned with the compaction of hulls and 
residues from the dissolution step in a chop and leach reprocessing plant. These 
materials contain activation products, fission products and transuranic elements 
and thus belong to the higher category of intermediate-level solid waste. 

Owing to the rather high volume of this waste in a loosely packed form — 
roughly 320 kg, representing about 0.3 m3/t fuel — volume reduction or 
densification is very important. 

At the SCK/CEN Mol [29], for instance, stainless-steel cladding hulls and 
Zircaloy cladding hulls were compacted at 34 kg/cm2 to compacts of 75 and 74% 
of the theoretical density, respectively. 

Compaction tests at Harwell on AGR fuel hulls and related hardware gave 
volume-reduction factors of 2 or 3 [30]. Compaction tests at the Karlsruhe 
Nuclear Research Centre by application of a rolling press system have resulted 
up till now in a volume-reduction factor of 2.8 [22]. 

Compaction of these rather bulky materials is, in addition, complicated by 
the fact that fragmented zirconium particles pose a potential pyrophoricity 
hazard. Technical precaution taken in this context, and adaptation to complete 
remote-handling techniques, are R & D projects that can be of importance for 
routine solid-waste compaction. 

4.4. CONCLUSIONS 

Compaction of solid wastes is a widely used treatment technique in waste 
management leading to volume reduction factors up to 10. Today, nearly all 
nuclear power stations, research centres, and other plants of the nuclear fuel 
cycle apply compaction systems. 

A selection can be made from a great variety of compaction facilities with 
a wide capacity range. Sufficient practical experience is available on the operation 
of compaction units and the basic interrelations between waste types and 
pressures applied. 

33 



Continuing operational experience leads to steady improvement of the 
treatment facilities and recent developments show very efficient functional 
combinations of pretreatment operations with compaction and final conditioning 
of the compacts into containers for final disposal. A high degree of automation 
will in this context undoubtedly improve the operational efficiency and the 
radiation protection aspects. 

5. COMBUSTION 

5.1. INTRODUCTION 

The primary purpose of the combustion is the volume reduction of waste. 
At the same time combustion converts the waste to a form which is well suitable 
for the subsequent management steps, e.g. immobilization, transport, storage or 
even disposal. Combustion can also be used to reduce the chemical hazard 
associated with some radioactive wastes. 

A large proportion of solid contaminated wastes produced in nuclear 
facilities is combustible and can be reduced substantially in volume and weight 
by incineration. Composition of incinerable waste includes paper and other 
celluloses, polyvinyl chloride, polyethylene and other plastics, latex neoprene 
and other synthetic rubber, animal carcasses from medical research facilities, 
and incidental organic liquids. 

In the past decade incineration and acid digestion technology has moved out 
of the laboratory and pilot-plant stages and is now being installed in numerous 
locations as accepted volume-reduction technology. Incinerators were initially 
employed in the nuclear industry to reduce the volume of low-level radioactive 
waste and to recover plutonium. Incineration facilities are now being installed 
in many countries that have nuclear facilities. 

Historically, incinerators have exhibited various problems ranging from 
incomplete combustion, clogged off-gas system components, and excessive 
corrosion throughout the equipment. Recent engineering designs are effectively 
circumventing most of these earlier deficiencies. Review articles that summarize 
the status of incineration technology have been published in Refs [1— 6]1 . 

5.2. FEATURES OF THE PROCEDURE 

Combustion procedures include incineration (.controlled and excess air), 
pyrolysis, acid digestion and molten-salt combustion. Incineration involves 

1 See Appendix I for References cited according to chapter. 
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TABLE X. RESULTS OF SOME RANDOM SORTING COMPAIGNS FOR 
POWER PLANT COMBUSTIBLE SOLID WASTE [7] 

Material 

wt% of total 

(mean value) 

Variation in wt% for 

different sorting 

campaigns 

Plastics 

Cloth 

Wood 

Paper 

Rubber 

Non-combustible 

37 

26 

16 

7 

5 

7 

32-44 

18-42 

1-27 

2 - 1 1 
0-9 

0-13 

the burning of combustible materials in air or in an oxygen-rich atmosphere. 
Pyrolysis implies burning materials in air or in an oxygen-poor atmosphere, which 
provides gasification of part of the waste material. Acid digestion involves 
oxidation of materials by nitric acid in a concentrated sulphuric acid media. 
Molten-salt combustion involves oxidation of combustion materials in a molten-
salt environment. 

5.2.1. Characteristics of applicable waste 

Information on sources and volumes of combustible waste is given in 
Chapter 2. 

For the purposes of combustion, wastes can be divided into four types: 

(i) Cellulose materials (paper, cardboard and wood) and graphite; 
(ii) Plastics and rubber; 

(iii) Animal carcasses; 
(iv) Ion-exchange resins. 

In Table X, the composition of combustible solid waste from typical power 
plants is given. 

Account must be taken of waste characteristics such as the physical and 
chemical states and calorific value, which are important for combustion processes. 
The physical state affects the combustion rate. With materials which are too 
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compact, combustion may be incomplete, whereas powdered materials may give 
rise to spontaneous combustion. The chemical state governs the degree of corrosive 
gases (HC1 and HF), which can damage the gas extraction and filtration system. 
The calorific value determines the temperature in the furnace. All wastes have 
a certain calorific value or a certain moisture content; both these factors affect 
the combustion rate and charging frequency. The calorific value of waste varies 
in wider ranges, e.g. round 12 000 kJ/kg for wood and 40 000 kJ/kg for rubber. 
The correct temperature must be maintained so as to ensure complete combustion 
and to restrict the entrainment of unburnt particles. In some cases, additional 
heat is provided by gas, oil or electricity. 

Special attention has to be given to the composition of the feed waste when 
burning ion-exchange resins to ensure complete combustion. The air flow through 
the furnace has to be controlled to prevent a carry-over of unburned or partially 
burned particles from the incinerator unit to the off-gas stream. 

Alpha-bearing wastes and also spent ion-exchange resins are sometimes 
decomposed by wet techniques (acid digestion) because the air entrainment of 
radioactive products is less than with incineration. 

Liquid wastes can also be disposed of in an incinerator, provided they have 
some calorific value, such as mineral oils or solvents. They are burned simultaneously 
with solid wastes, but for injection through nozzles it may be necessary to 
adjust their viscosity by preheating, or by cold dilution with a solvent. These 
liquids may contain mineral particles in suspension, which should be removed by 
filtration. In the case of emulsive oils, the aqueous phase must be removed by 
prior destruction of the emulsions. 

Incineration is suitable for both low-level waste (LLW) and intermediate-level 
waste (ILW). The difficulty in processing ILW lies in the necessity for shielding 
and the use of remote-handling techniques. Special care must be taken when 
alpha emitters are present in the waste, e.g. alpha-tight handling techniques 
are needed. 

The acceptance of delivered waste according to the activity inventory depends 
on the construction of the combustion facility. Surface dose rates for waste 
drums are between 1 and 10 mrem/h for typical operating units [8]. The specific 
activity of the waste is probably around several curies per drum. Only in special 
cases, particularly for tritium-bearing waste, can the specific activity be considerably 
higher. This must be qualified by what happens to the tritium. It all goes into 
the waste gases and ends up in the atmosphere if there is a dry gas clean-up system, 
or into the scrubbing liquors if there is a wet scrubbing system. This is stressed 
so that operators can decide their options. Many operators would not welcome 
a liquid effluent containing a large amount of tritium from the scrubbing system. 
The only way one could burn high tritium content waste would be where it could 
be certain that all the tritium would go up the stack to the atmosphere without 
causing any airborne hazard. 
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5.2.2. Major technical problems 

A number of technical problems are involved in the safe combustion of 
radioactive waste, e.g.: 

(i) Off-gas filtering is complicated because of the large volumes, its corrosive 
nature, and the high temperatures, of corrosive gases and often causes 
technical problems; 

(ii) Ashes are easily dispersable materials and they must, therefore, be 
treated carefully, preferably immobilized; 

(iii) Handling of wastes and residues can cause doses to the operation 
personnel. 

Nevertheless, the major technical problems have been successfully met in 
various national research and pilot programmes. The problems that remain 
principally concern reducing the radioactivity releases to the environment through 
improved off-gas systems, and reducing the volume of secondary waste generation. 
Much current research is being performed on developing improved off-gas systems. 
A summary of this work is given in the following paragraphs. The economics will 
not be discussed in this report. For secondary waste generation see Chapter 8. 

5.2.2.1. Waste sorting before incineration 

Wastes should be sorted before incineration. Chapter 3 deals with the 
sorting, but in this context some specific aspects of particular importance to 
incineration are emphasized. Any explosive substance must be excluded before 
putting the waste into an incinerator. Substances liable to give rise to corrosive 
vapours (organic chlorides and fluorides) may either be excluded or limited in 
feed to the incinerator and off-gas systems that are fabricated primarily of ferrous 
metals. Ceramics or alloys containing mainly nickel, chromium and cobalt have 
shown the greatest corrosion resistance to HC1 produced from the burning of 
PVC. Plastics and FRP (fiberglas reinforced polyester) have been found suitable 
for low-temperature off-gas components. 

A further advantage of sorting is that fairly homogeneous feed to the burner 
can be provided, thereby giving better combustion control and preventing the 
accumulation of unburnt matter in the off-gases and the ashes. 

The sorting of the radioactive, wastes is normally done manually but also 
pneumatic sorting after shredding is used. Shredding of the combustibles, if 
needed, can be largely automated. The combustible wastes are put into bags or 
cartons of non-halogenous material (polyethylene, paper, etc.). 

These operations must be located well away from the incinerator charging 
point in order to avoid the risk of fire spreading in the event of an explosion or 
excess pressure in the charging lock. 
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5.2.2.2. Charging 

The feed to the furnace must be charged via a suitably ventilated lock; the 
ventilation will be controlled in accordance with the relative pressure levels in 
the outside area and in the combustion chamber. 

The lower door should be of refractory material, or should consist of a 
double envelope cooled by circulating water, so as to prevent the wastes in the 
locOronToveTheating. 

It should be noted that a feed system involving successive batches presents 
fewer difficulties than a continuous feed (e.g. by a screw), although the latter 
procedure has the advantage of ensuring more uniform operation, especially with 
the calorific value and the desired temperature of the oven. In practice this will 
be done by controlling the oven temperature. 

In general, it can be stated that charging is one of the potential development 
objectives in which experiences from the conventional incineration technology 
can be utilized to a large extent. The optimization of feeding involves an adoption 
of the most appropriate pretreatment option as well. 

5.2.2.3. Combustion control 

The heat required for initiating and controlling combustion is provided by 
burners using propane, coal gas or oil. The choice will depend on the supply 
possibilities that exist; it should be borne in mind, however, that although oil 
releases less water during combustion, it generally gives rise to sulphuric oxides 
which, in the presence of water, lead to the formation of sulphuric acid and 
thus to increased corrosion. In some cases electric heating may be used, especially 
if the furnace is of low capacity or if high temperatures are required. 

When starting up, the burners serve to bring the furnace to operating 
temperature, after which they play only an auxiliary role because of the heat 
provided by the combustion of the wastes, in most cases the reaction being 
exothermic. During charging the temperature will tend to vary, but should not 
be allowed to exceed 1100°C or to drop below 700°C. Usually an average 
temperature of 900°C is aimed at to limit the quantity of unburnt material and 
soot in the off-gases, and to maintain conditions which will not damage the 
installation; excessive temperatures would cause rapid deterioration. 

To reduce the amount of unburnt material entrained by the gases an 
afterburner should be installed at the outlet of the main combustion chamber. 
The temperature in the afterburner is kept at about 1100°C, higher than the 
temperature in the combustion chamber, and the area of contact between the 
hot walls and the gas should be as large as possible. In special high-temperature 
incineration techniques still higher temperatures (above 1200°C, and in slagging 
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incineration up to 1500 - 1600°C) are applied. Complete combustion is an 
important problem in any kind of incineration; thus, the supply and mixing of 
oxygen is of great importance. 

5.2.2.4. Ash collection 

Enough ash collection points must be provided to permit cleaning of the 
entire installation. The ash pits should be made of corrosion-resistant refractory 
material. The ashes can be collected either directly in drums connected to the 
outlet of the ash pit, or by means of manual or mechanical raking. 

This operation can also be performed by flushing the ashes out with water 
through a special channel draining the various collection points. This process 
reduces airborne contamination, but produces a certain amount of liquid effluents 
which have to be treated elsewhere. 

The remarkable benefit of slagging incinerators is their end product, slag, 
which has a low dust and fines content. According to safety analysis performed 
the slag is much better than ash and is perhaps even suitable for disposal [9]. 

5.2.2.5. Con trol and safety sys tems 

The controls for the various electro-mechanical or pneumatic components of 
the incinerator (fan, pumps, burners) are located on a panel close to the installation. 
This panel also contains the indicators for the various instruments measuring 
combustion-chamber temperatures and pressures, gas temperature at different 
points in the cleaning circuit, differential pressures for controlling the clogging 
of filters and the pH of the washing water. 

To prevent the escape of radioactive gases into the working area in the event 
of excess pressures in the combustion chambers, the furnace may be provided 
with a relief chimney with a calibrated safety valve. The air inlets are fitted with 
non-return valves. 

In the case of off-gas cleaning by the dry method, anti-spark devices would 
be useful up-stream of the bag filter. In addition, a water or inert-gas extinguisher 
system should be provided. 

5.2.2.6. Off-gas treatment methods 

A variety of systems, wet and dry, is utilized for off-gas treatment. Such 
methods can be divided into: 

(1) Wet methods; 
(2) Dry, hot methods; 
(3) Dry, cold methods; 
(4) Removal of special components; and 
(5) Absolute filtration. 
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(1) After cooling, gases can be wet cleaned in either: 
A packed column; 
A washing cyclone; or 
A washing column packed with ceramic spheres or Raschig rings. 

These cleaning devices require an ancillary installation for filtering and 
neutralizing the washing water before recycling. This may consist of a coarse 
prefilter followed by a sand or fine filter, a heat exchanger to lower the 
temperature of the purified water to below 50°C, and a pH control system to 
maintain the pH at about 7.5: 

(2) High-temperature filters are designed to accept off-gases directly from the 
combustion chamber. Uncombusted particles carried by flue gases stick on the 
filter and burn to ash. Good results are achieved with ceramic candle filters [8]. 
Sintered metal filters are also used. Problem areas are the cracking of filters 
owing to thermal stresses and blocking of filter pores so that cleaning by blowback 
is not possible. To increase the efficiency of the filter, it can be precoated with 
an inert material. 

(3) Bag filters need cooling of the off-gases by heat exchangers or dilution air. 
The maximum allowed temperature depends on the filter material used, but is 
generally around 250°C. Bag filters are cleaned by shaking or blowing the 
bags [10, 11], 

Electrostatic filters are considered an alternative to bag filters in the same 
particle size range. 

(4) The granular moving bed filter seems to have a somewhat promising future 
in the removal of some special components. It consists of a column packed with 
granules of some reactive material. When gas passes through the bed of granular 
particulates it will adhere on bed material and the gas will react with it. For 
instance, Na2C03 can be used to remove corrosive halogens from off-gas stream. 

When the removal of 129I is considered necessary, a caustic scrubber or 
silver-impregnated absorbents can be used [12, 13]. 

(5) Finally, if the removal of dust from the gases has to be continued by a more 
thorough, absolute-type filtration, the entrained water droplets must first be 
trapped at the outlet of the wet separators and the gases then heated above their 
dew point. 

5.3. PROCESSES IN OPERATION 

Numerous types of method are used for combustion of radioactive waste. 
Incinerators are classified by different characteristics according to the amount 
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of air used, such as controlled or excess air according to special characteristics 
of the combustion chambers and according to the form of the combustion residue. 

Some of the different types of incinerator and other methods used for the 
combustion of wastes in the nuclear industry are described below. 

A typical incinerator consists of blowers, material-loading mechanisms, 
combustion chamber, afterburner, scrubber, ash-removal equipment, and 
off-gas treatment system. 

5.3.1. Excess-air incineration 

The most common and simple type of incineration is incineration in excess 
air, 30 - 100%, in a cylindrical chamber (shaft) with a grid in the bottom. The 
use of excess air can result in lower burning temperature and more fly-ash 
carryover into the combustion gas in comparison with controlled-air incinerators. 
To get complete combustion one or more additional combustion chambers are 
normally included (afterburning chamber, secondary chamber). The temperature 
of this type of incineration is in the range of 800 - 1100°C. 

5.3.2. Controlled-air incinerator 

Controlled-air systems use the concept of multiple-chamber burning to achieve 
complete combustion of solid waste. Charges of waste enter the first chamber 
where they burn in the presence of sub-stoichiometric quantities of air at about 
500 to 800°C. The products of partial oxidation and volatilization flow into 
a second heated combustion chamber where excess air provides complete 
combustion at 1000 to 1500°C. This mode of operation produces a low 
turbulence combustion environment in the first chamber and minimizes the 
entrainment of fly ash. 

The most frequently used configuration for controlled-air incineration 
consists of two stacked horizontal cylinders. Small units do not have a second 
chamber but use the stack for secondary, or gas-phase, burning. Most designs 
have multiple natural-gas burners for maintaining temperature control in the 
chambers. 

Pyrolysis incinerator: In a pyrolysis incinerator combustible material is 
thermally decomposed in an oxygen-deficient atmosphere to yield a volatile gas 
that is subsequently combined with excess air and burned in a secondary combustion 
chamber. A pyrolysis incinerator depends on accurate control of the amount of 
air fed to the burning chambers for efficient operation. 

5.3.4. Fluidized-bed incinerator 

In the fluidized-bed incinerator the shredded wastes are introduced into a 
vertical, fluidized bed of inert material at 525 to 625°C. The highly agitated 
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fluidized system improves mixing and combustion efficiency. It also provides 
temperature control owing to the heat-dissipation properties provided by the 
fluidized inert material. Use of pelletized sodium carbonate as the inert bed 
material provides additional benefits through the neutralization of acidic 
combustion products such as hydrogen chloride, thus permitting the use of less 
expensive construction materials in the incinerator and off-gas treatment system. 

5.3.5. Slagging incineration 

In slagging incineration the essential part of the process involves melting 
the incombustible residues of the incinerated wastes at a high temperature, 
resulting in a highly insoluble basaltic slag. Slag can be compacted still further 
in high pressure and temperature (e.g. 950 MPa and 800°C) [9]. 

5.4. PROCESSES UNDER DEVELOPMENT 

5.4.1. Acid digestion 

The acid digestion process is a method that traditionally utilizes the dehy-
drating action of concentrated sulphuric acid to carbonize solid organic materials 
and nitric acid to oxidize the carbon. The process has been studied in laboratory 
and bench-scale test units, and the technology should be available for industry in 
the near future (see Fig. 20) [3, 14, 14a, 15, 15a]. 

5.4.2. Molten-salt combustion 

Wastes are burned with air in molten sodium carbonate and sodium sulphate. 
The residues, the ash and non-combustibles are retained in the melt. The process 
is flexible in accepting a variety of waste materials including PVC, filters, metal 
tubing, etc. The technique has been demonstrated on bench-scale and pilot-plant-
scale test units [16, 17]. 

5.4.3. Microbiological fermentation 

In cases where waste composition is mainly cellulosic, enzymatic hydrolysis 
could be an attractive method for digesting the waste. To obtain a reasonable 
digestion rate the addition of water and fertilizers containing nitrogen is necessary; 
also, shredding of the waste improves the conversion. Both aerobic and anaerobic 
digestion can be applied. The residues can be separated by filtering, centrifugation 
and/or evaporation. An advantage of this method is the very low activity 
release [12,18]. 
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5.5. DESCRIPTION OF PLANTS 

5.5.1. List of incinerators 

In Table XI (a), (b) and (c), a number of incinerators are listed, which 
have been classified into three categories: 

(1) Incinerator plants in operation 1979; 
(2) Incinerator plants to be constructed; 
(3) Incinerator processes under development. 

Table XI gives the type and location of some incinerator plants and also 
other details, such as off-gas cleaning system and capacity. Operating hours 
and total output or operational start-ups are also given. 

Despite the fact that the lists are not complete they reflect the world 
situation. It can be seen that considerable experience is available on incineration 
in the nuclear industry; the plants under construction and those under develop-
ment show that the importance of volume reduction by combustion is widely 
recognized. The variety of different types of incinerator is also seen. It would be 
premature to attempt to select those systems which may become the standard 
types to meet the future needs. The incineration plants in operation (Table XI(a)) 
can be classified according to selected system characteristics as follow: 

1. Waste sorting: 
Sorted by deliverer (Bruce, Canada; Karlsruhe, Fed. Rep. Germany); 
Sorted at the incinerator site (Bruce, Canada; Hinkley Point, 
United Kingdom; Tokai-Mura, Japan); 

2. Feeding system: 
Batchwise (almost all incinerators); 
Continuously (Mol, Belgium; Cadarache, France). 

3. Furnace characteristics: 
Horizontal (Cadarache, France; Hinkley Point, UK); 
Vertical (most incinerators). 

4. Combustion process: 
Pyrolysis (Bruce, Canada); 
Controlled air (Bruce, Canada; Windscale, UK; Julich, FRG); 
Excess air (most incinerators). 

5. Combustion chamber 
One chamber (Karlsruhe, FRG); 
With a post-combustion chamber (almost all incinerators). 

6. Ashes: 
Soft ashes (almost all incinerators); 
Hard inert granules (Mol, Belgium). 
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TABLE XI (a). INCINERATOR PLANTS IN OPERATION 

Location 
Country Site Concept Off-gas cleaning Capacity 

Operating hours 

or total output Remarks 

Canada Bruce 

F.R.Germany Karlsruhe 

Batch-type 

pyrolysis 

(Trecan) 

Vertical shaft 

Switzerland 

Japan 

Wiirenlingen Same 

Tokai-Mura Same 

F.R.Germany Jiilich 

France 

France 

France 

Sweden 

Fontenay-

aux-Roses 

Marcoule 

Marcoule 

Studsvik 

Pyrolysis-

pretreated 

excess-air 

combustion 

Furnace with 

post-combustion 

Furnace with 

post-combustion 

Electrical 

furnace with 

post-combustion 

Vertical 

shaft with 

afterburning 

Bag filters 

Hot ceramic candle 

filters 

Same 

Same + HEPA 

Filter mats + 

HEPA filters 

Bag filter + 

HEPA 

Rotative filters 

+ HEPA 

HEPA filters 

Bag filters 

2270 kg/batch 3000 m3 

60 kg/h 

25 kg/h 

50 kg/h 

75 kg/h 

100 kg/h 

100 kg/h 

50 kg/h 

80 kg/h 

1 kg/h 

2 2 0 0 0 h 

5000 h 

80 t 

400 t solid 

300 t liquid 

13800 h 

200-400 kg/h 300 t 

Ref. [10] 

Scrubber in hot test operation 

Ref. [8] 

3 plants in operation [17] 

Ref. [19] 

Essentially for animal 

carcass [20] 

Can burn liquid wastes 

Ref. [21] 

Pu incinerator 

Refs. [21, 22] 

Ref. [11] 



TABLE XI (a), (cont . ) 

Location 
Country Site Concept Off-gas cleaning 

Operating hours 

Capacity or total output Remarks 

Belgium 

UK 

UK 

Italy 

Italy 

Mol 

Hinkley 

Point 

Windscale 

Ispra 

CNEN 

Casaccia 

High temp. Sand-bed + HEPA 

slagging chamber filter 

Horizontal Scrubber + HEPA 

furnace filters 

stationary 

grate excess air 

Controlled air Scrubber + HEPA 

Electric heat filters 

Submerged Scrubber + Con-

combustion denser + HEPA 

incinerator filter 

Vertical Bag filters + 

furnace with HEPA 

2 zones 

lOOkg/h Ref. [23] 

70 kg/h 1300 m3 Ref. [5] 

5 kg/h 341 Pu incinerator [17] 

25 L/h Can burn liquid organic 

wastes [24] 

20 kg/h Cold operations performed 

Hot operations will start 

next months [24] 



TABLE XI (b). INCINERATOR PLANTS IN CONSTRUCTION 

Country Site Concept Off-gas cleaning Capacity 

Operational 

startup Remarks 

Austria Seibersdorf Vertical shaft Hot ceramic candle 

filters + HEPA 

60 kg/h 1981 Can burn liquids as well [25] 

Canada Chalk River Batch-type 

pyrolysis (Trecan) 

Bag filters 1135 kg/h 1981 AECL-Chalk River [26] 

France Cadarache Vertical 

furnace with 

two zones 

Prefilter + HEPA 

filt. + scrubber 

30 kg/h 1980 Ref. [17] 

France Cadarache Horizontal 

furnace 

Bag filter + HEPA 

filter + scrubber 

50 L/h 1980 Burn liquids, organochloride 

and organophosphate 

UK Windscale Controlled air Scrubber + HEPA 

filters 

20 kg/h 1985 Pu-waste incinerator [17] 

USA Nine Mile 

Point, NY 

Newport News 

Fluidized-bed 

caLciner/ 

incinerator 

Scrubber-demister 

HEPA filter-iodine 

adsorber 

92 kg/h 1980 45 kg/h ion-exchange resins 

[27] 

USA Three power 

reactor 

sites 

Aerojet 

Fluidized-bed-

dryer incine 

ininnerator 

Scrubber + HEPA 

filters 

92 kg/h 1982 

1984 

1986 

3 plants 1082-86 

Byron, 111. 

Blaidwood, 111. 

North Carolina [27] 



TABLE XI (b). (cont . ) 

Country Site Concept Off-gas-cleaning Capacity 

Operational 

startup Remarks 

USA Rocky Flats Rotary kiln Scrubber + Venturi 

scrubber 

40 kg/h 1982 Ref. [27] 

USA Rocky Flats Agitated hearth Scrubber + Venturi 

scrubber 

100 kg/h 1982 Ref. [27] 

USA Rocky Flats Fluidized-bed Sintered metal + 80 kg/h 1980 Ref. [27] 

incinerator HEPA filter 



00 

TABLE XI (c). INCINERATOR PROCESSES UNDER DEVELOPMENT 

Country Site Concept Off-gas cleaning Capacity Remarks 

UK Harwell Acid digestion Scrubber + HEPA 5 kg/h Ref. [17] 

USA Hanford Acid digestion Scrubber + HEPA 10 kg/h a-operational since 1979 [14] 

USA Mound Cyclone Scrubber + Venturi 27 kg/h Batch operated 13, y modification planned 

facility Scrubber + HEPA a-operational since 1976 [17] 

USA Los Alamos Controlled air Venturi scrubber 45 kg/h a-operational since 1980 [17] 

Scientific incineration + scrubber + HEPA 

Laboratory 

USA Andeo Slagging Sintered metal 3500 kg/h To be built at INEL and begin 

Torrax Pyrolysis filters + HEPA operation 1987 [9] 

USA Hanford Microwave plasma Scrubber + HEPA 5 kg/h Experimental unit only [14] 

F.R.Germany Karlsruhe Acid digestion Scrubber + HEPA 1.5 kg/h To be demonstrated with the 

contaminated waste at Eurochemic, Mol, 

Belgium [28] 
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FIG. 11. The batch process, Ontario Hydro, Canada. 



FIG.13. The incinerator in Studsvik [7], 
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FIG. 14. The wagons are emptied directly into the feeding lock. 

7. Off-gas system: 
Wet filtration (Windscale and Hinkley Point, UK; Karlsruhe, FRG; 
Dry, hot filtration (Karlsruhe, FRG; Tokai-Mura, Japan; Seibersdorf, 
Austria; and Wiirenlingen, Switzerland); 
Dry, cold filtration (Bruce, Canada; Cadarache and Marcoule, France; 
Studsvik, Sweden). 

From this list it can be seen that some of the characteristics represent more 
widespread technical settlements than others, such as batch-wise feeding, vertical oven 
excess-air incineration process, soft dry ash, and finally dry filtration. This is 
due to several reasons and does not justify a statement in favour of any one 
specific technique. 
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FIG.15. From the ashbox the ashes are emptied into steel drums. 

5.5.2. Examples of applications 

Brief descriptions of a few of the existing combustion plants are given below. 
They are intended to illustrate some of the processes which basically differ f rom 
each other and which are already in industrial use. 

5.5.2.1. The batch process, Ontario Hydro, Canada 

The system is based on batch type, and controlled-air incineration with 
secondary clean-up equipment to reduce radioactivity release to the atmosphere. 
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FIG. 16. Harwell radioactive waste incinerator [5], 

This design with a gentle air flow pyrolyses the waste and leaves most of the ash 
in the primary chamber. The afterburner section is designed to ignite and burn 
the partially oxidized effluent from the primary chamber. A heat-exchanger is 
required to reduce the temperature of the gaseous effluents from 1000°C at the 
afterburner to 200°C as they enter the bag filters. A bag house filter removes 
particulate matter from the exhaust gases. One plant started operation in 1977,, 
another one is under construction. The system is illustrated in Fig. 11. 

5.5.2.2. KFK type (Karlsruhe), Federal Republic of Germany 

This operating facility consists of a shaft furnace lined with ceramics with 
a downstream series of ceramic flue gas filters. In 1976 the plant was expanded 
by the installation of a pilot facility for burning organic solvents, and of a flue 
gas scrubber. The plant has so far been in operation for more than 22 000 hours 
and has processed more than 12 000 t of solid and some 150 t liquid low-level 
radioactivity waste. There are two plants — one in Switzerland and one in Austria — 
and three in Japan utilizing the same gas-cleaning system in operation. Three 
more are under construction or in the planning stage. Figure 12 gives a schematic 
outline of the plant at Karlsruhe [8]. 

5.5.2.3. Excess-air incineration 

One example of an excess-air incineration facility is that at Studsvik in 
Sweden. In addition to the wastes produced at the centre the combustible low-
level wastes from six nuclear reactors are also incinerated at the plant. It has 
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FIG. 17. Schema of the CEN-FAR incinerator [20\ 
o - Indicator contactor vacuum gauge; • - Indicator vacuum gauge; 
A - Indicator contactor pyrometer; - Recording pyrometer; 
d - Contactor thermostat; • - Thermometer; 
0 - Gas extinction; • - Water extinction. 



been in operation since 1976 and about 300 t of waste have been treated. A 
schematic outline of the incinerator is given in Fig. 13, while Figs 14 and 15 
illustrate practical operation phases. 

Wastes are loaded batch-wise into the primary chamber. Combustion gases 
pass a secondary chamber and an afterburning chamber before being diluted 
by cold air. The off-gases are further cooled in a heat exchanger. Then they 
are filtered in a bag filter unit operating at about 200°C and sent to the stack. 
After each campaign ashes are filled in 100-L drums that are later encapsulated 
in concrete in 200-L drums. 

5.5.2.4. Harwell radioactive waste incinerator 

This incinerator applies an excess-air technique and it has a vertical shaft, 
stationary grate as well as scrubber and filters for gas cleaning. The capacity 
of the installation is 150 kg/h. In 1978 the incinerator at the Atomic 
Energy Research Establishment at Harwell burnt some 1177 m3 waste and 
the amount of ash produced was 10.2 m3, i.e. a volume-reduction factor of 115. 
Against this, however, is the fact that the wet-scrubbing for the off-gases produced 
about 2.5 m3/d of effluent, which must be treated in the liquid effluent plant, 
and this adds to the amount of radioactive sludge produced for treatment and 
disposal. A scheme of the incinerator is shown in Fig. 16 [5], 

5.5.2.5. The CEN-FAR incinerator for putrescent waste 

A 100-L metallic drum tipper feeds the waste at a rate of 10 to 15 kg 
every 15 min. The furnace consists of a fire chamber for combustion of 50 kg/h 
which has a fuel-fired burner and it operates at 900°C. The furnace is followed by 
a post-combustion chamber, then by a chamber with special refractory bricks 
that act as a catalyst, then by an expansion chamber and finally by a cooling 
chamber where the temperature is reduced to 350°C. The gases pass through a 
blade-type cooler and are then cleaned by a bag filter and an absolute filter before 
being extracted by a ventilator to a 45-m-high stack. The ash is collected in drums 
and mixed with pebbles and cement to form concrete blocks. The incinerator is in 
operation at Fontenay-aux-Roses, France and its total throughput up to 1980 is 
80 t waste. This is illustrated in Fig. 17 [20], 

5.5.2.6. The plutonium recovery incinerator of the Marcoule reprocessing plant 

The waste, mainly PVC, latex and cotton is crushed in a rotating cutting 
crusher and fed continuously into the combustion furnace which is electrically 
heated to 900°C. Combustion is brought about by air injection. The gases 
produced are mixed with an excess air and burned at 1200°C in a post-combustion 
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G A S 

FIG. 18. The incineration unit in Marcoule [22], 

chamber. The gases are cooled by air dilution and in a heat exchanger. They are 
released to the atmosphere after filtration. All the equipment is in a containment 
and the ash is recovered using a glove-box attached to the vessel. A scheme of 
the installation is seen in Fig. 18 [22], 

5.5.2. 7. FLK - Slagging incineration system 

In the laboratories of the Nuclear Energy Research Establishment at Mol, 
Belgium, an integrated treatment and insolubilization system is being developed 
for the processing of low-level radioactive solid wastes and concentrates arising 
from the treatment of gaseous and liquid effluents. The main part of the process 
consists of a high-temperature flash incineration (at 1500 to 1600°C) of a mixture 
containing the combustible and some of the incombustible waste and concentrates 
such as chemical sludges, ion exchangers etc., producing a highly insoluble, basaltic 
slag. Preliminary operational experiences on the pilot plant have been most 
satisfactory. Active trials on the plant have been in operation since 1977 [9]. 

5.5.2.8. Acid-digestion unit in Hanford 

Acid digestion has been developed at the Hanford Engineering Development 
Laboratory (HEDL) in Richland, Washington, to reduce the volume of combustible 
nuclear waste materials, while converting them to an inert, non-combustible residue. 
A 100-kg/d test unit has recently been constructed to demonstrate the process 
using radioactively contaminated combustible wastes. The unit, called the 
Radioactive Acid Digestion Test Unit (RADTU) was completed in 1977 and it 
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FIG.19. Radtu digester design with foam glass [14\ 

underwent inactive tests with simulated waste before the introduction of 
potentially contaminated material. The system treated 2100 kg of waste from 
a plutonium facility, then it was shut down for installation of a new high-rate 
digester vessel [ 14, 15]. The digester is shown in Fig. 19. A similar acid-digestion 
plant is under development at Karlsruhe, Fed. Rep. Germany [28], 

5.6. CONCLUSIONS 

The treatment of combustible wastes by incineration to achieve a significant 
volume reduction has proved to be a safe and efficient operation over the last 
decade. This fact has been established by the great amount of experience gained 
by running various incinerators for radioactive waste in many countries and the 
large-scale use of incineration plants for domestic and other conventional waste. 
The modern plants tend to be simpler to operate than those built in the early days. 

Technological development is mainly aimed at three major areas of 
applications: 

Incineration of small volumes contaminated to a high level with plutonium 
or other transuranics; 
Incineration of very large volumes of very low contaminated material; 
Incineration of moderate volumes of low contaminated material. 

The particular need for an incinerator system that will handle volumes of 
low-activity waste is for on-site volume reduction of power-reactor and possibly 
institutional waste. 
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It would be premature to attempt to select from the variety of systems now 
under development those which may become the standard systems to meet those 
future needs. However, examples of attractive systems are the acid-digestion 
process for low-volume highly contaminated plutonium waste and the slagging 
pyrolysis incinerator for very large volumes of low-activity waste. Particular 
advantages of the acid-digestion process include its low reaction temperature 
which makes recovery of plutonium feasible and the low flow off-gas system 
which is free from fly-ash particles. 

A particular advantage of the slagging pyrolysis incinerator includes its 
high capacity which makes it attractive for regional application, consuming 
the contaminated wastes from several plants, and the glass-like quality of its 
slag, simplifying disposal. 

6. DECONTAMINATION OF EQUIPMENT 
AND COMPONENTS 

6.1. INTRODUCTION 

Radioactive contamination results basically from the contact between radio-
active materials with any surface and occurs whenever radioactive elements are 
handled. Decontamination is loosely described as any process which reduces any 
ionizing radiations from the surface of a contaminated article. It is evident that 
neutron-activated material cannot be decontaminated in general as the induced 
activity is part of the material itself. The types of surface regularly affected 
include glassware, metallic and non-metallic equipment and concrete. Waste 
contamination should be avoided or minimized by the user in order to reduce 
the volumes of contaminated materials and all equipment should be designed 
with ease of decontamination as an important objective. 

If the ultimate treatment and disposal methods are known, this will greatly 
assist the decontamination staff in deciding whether or not to decontaminate and 
which method to use. 

Every single article which is decontaminated for re-use results in a reduction 
in volume of solid waste. Thus, a comprehensive, well-run decontamination centre 
is an essential part of waste-management strategy. This chapter gives a comprehen-
sive review of decontamination processes in current use and also refers to techniques 
into which further research and development are thought necessary. 

6.2. CHARACTERISTICS OF THE OPERATION 

Decontamination of radioactive equipment is frequently practised prior to 
maintenance or storage to reduce the radiation levels and thus to: 
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Minimize personnel exposure during subsequent operations; 
Re-use equipment and components; 
Reduce contamination to levels acceptable for disposal as low-level waste. 

Another important advantage is the possible recycling of discarded 
contaminated components after thorough and efficient decontamination. 

Indeed, in Chapter 1 of this report, much emphasis is placed on the need 
to minimize the amount of waste by the producer and also the secondary streams 
which result from waste treatment. One of the most effective ways of achieving 
the former is to decontaminate as much as possible so that the so-called "waste" 
can be recycled into the system. In addition, by carefully selecting and controlling 
the decontamination processes, it is possible to minimize the volume of secondary 
waste produced. 

The decision to decontaminate and re-use or to waste and replace is 
dependent both on cost factors and dose factors. All operations with contaminated 
material give some radiation dose that should be considered for the operator 
performing the decontamination, as well as for the operator re-using the material 
which has been decontaminated to a certain level. Also, doses to man received in 
handling and disposing the material play a role in decision making. If the material 
is to be re-used in a contaminated area, reducing contamination and radiation dose-
rate to an acceptable level for repair or modification will be sufficient. 

Both the grade of decontamination to be achieved and the technique to be 
used depend strongly on the final destination of the object, e.g. repair modification, 
re-use or disposal. This strong interaction between the option which is aimed at, 
and the actual cleaning treatment to be performed, makes it difficult to give clear-
cut criteria for the application of decontamination. 

In many cases, decontamination can be performed to result in a contamination 
on surfaces, which is below a maximum permissible level. Currently quoted levels 
are 1CTS to 10"6 juCi/cm2 for a-emitters and 10~4 to 10"5 yCi/cm2 for ^-7-emitters. 
Decontamination to such levels however is mostly very elaborate and will not be 
applied to material remaining waste; it will generally be performed for apparatus 
which needs repair outside controlled areas. 

Decontamination of the waste results in downgrading the activity so that 
disposal will also have a lower impact on the environment. Costs of subsequent 
processes may be reduced as well as doses in handling the waste for disposal. 

The process of decontamination produces radioactive waste, both solid and 
liquid. Usually, the radioactive material is successfully removed and transported 
into a volume of waste which in turn has to be treated in a solid or liquid effluent 
treatment plant. This fact must be recognized when deciding what decontamination 
techniques to use, the main object being to keep those waste volumes to a minimum 
and in a suitable chemical and physical form. This is particularly important when 
using liquid chemical cleaning agents as quite often the resultant radioactive 
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effluents can be very difficult to treat and may themselves produce relatively large 
volumes of waste for disposal. Close liaison between the decontamination staff 
and the waste-treatment section is therefore essential. 

Most experience has been gained in purpose-built facilities where large numbers 
of relatively small portable articles of relatively low-level contamination, e.g. flasks, 
tools, glove-boxes, experimental pumps and valves, are decontaminated. The 
problem with some of these facilities is the inability to deal with very large objects 
which consequently have to be first dismantled or decontaminated in situ, both of 
which can result in extra man-rem doses to the operators. The problems can be 
much more severe when fixed facilities and equipment have to be decontaminated 
and decommissioned. Once again, the reader's attention is drawn to the symposium 
organized jointly by IAEA and NEA on the decommissioning of nuclear facilities, 
in Vienna, during late 1978 [ 1 ] a n d the numerous international activities on 
decontamination in relation with decommissioning [2, 3], An example of the 
layout of a purpose built decontamination centre is given in Fig. 20, which shows 
the facility in use at the AERE, Harwell, England [4], 

The question of fixing 'de minimus' levels for contamination is also very 
important because if, by decontamination, such levels can be reached, it may be 
possible to recycle materials for unrestricted use. It may be possible to recycle 
metals to the smelting industry, concrete and rubble to the road construction 
industry, or even dumping the materials on to a local municipal rubbish dump. 
A French model of study for evaluation of such possibilities is given in Ref. [5]. 
The big problem in these cases is finding a reliable method of measuring the 
contamination at such low concentrations. 

6.3. DESCRIPTION OF DECONTAMINATION TECHNIQUES 

This chapter describes the techniques at present used on a routine basis in 
different installations. The first question in decontamination is to ascertain the 
form of contamination because this essentially affects the technique to be used. 
For example, the following questions concerning the contamination must be 
answered: 

Is it a removable inorganic surface layer? 
Is it readily removable oil or grease? 
Is it removable rust or dust? 
Is it liquid on the surface? 
Has the contamination penetrated the surface? 

1 See Appendix 1 for References cited according to chapter. 
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The type of surface contaminated must also be considered as this, too, affects 
the chosen decontamination technique, e.g. is it smooth or rough, plastic or metal, 
or porous concrete. 

By answering the questions, one can roughly say that oil and grease can best 
be removed by organic solvents or perhaps detergents but this is more difficult if 
the surface is rough or porous. Dust can be removed by vacuum techniques but 
again it is easier on smooth surfaces. Liquids on the surface are quite easily 
removed from smooth surfaces but on porous concrete they will almost certainly 
have penetreated the surface. If the contamination has penetrated the surface, 
or adheres strongly to it, as happens in many cases, then the type of surface is 
often the most important criterion especially if a non-destructive technique is 
desired. 

The techniques are divided up into mechanical and chemical cleaning. Both 
methods can be further subdivided into non-destructive and destructive cleaning. 
Destructive cleaning of surfaces is generally very efficient in removing contaminants 
together with surface layers of the base material and is mainly applied in cases 
where disposal as waste is the objective. The question regarding whether a 
technique is non-destructive or not is not only dependent on the technique used 
but widely depends on the item being cleaned and its future destination. 

6.3.1. Mechanical methods 

Manual cleaning 

This method, using brushes and swabs with water and/or detergents or cleaning 
solvents, is based upon the cleaning techniques used in the household. It applies 
mainly to complicated items of small to medium size. 

Water and steam jets 

Water and steam jets are widely used for decontaminating large surfaces and 
equipment. The water or steam jets remove the contaminant from a surface using 
the mechanical and/or thermal energy of the water, or individual droplets as they 
hit the surface with a high speed. Pressures up to 1000 kg/cm2 are used. Cleaning 
solvents, detergents, or even chemicals, may be added to the water to improve 
the result of the process. Figure 5 of Chapter 3 illustrates working by a water jet 
at Saclay. 

High-pressure water jetting has proved to be a very efficient decontamination 
technique, both as far as removal of radioactive contamination and the time needed 
are concerned. Furthermore, it has the advantage of utilizing practically salt-free 
solutions that can be evaporated into negligible volumes of liquid-waste concentrate. 
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Blasting techniques 

Blasting techniques are used for small and medium-size equipment where the 
water-jet technique is not sufficient. In general, the blasting will affect the surface 
of the equipment being decontaminated. Blasting is generally done in a closed 
cabinet. Water, air or a combination of both, are used as a driving material. The 
solid particles used for blasting can vary in size and material. Typical materials are 
glass, quartz sand, carborundum. 

The solid particles are recycled until the activity level becomes too high. 
Blasting is a very efficient decontamination technique. It can, however, give rise 
to considerable secondary waste arisings. 

At one power station in Switzerland, from 10 t contaminated metal, 
9 t have been decontaminated to a level allowing disposal as non-radioactive 
material [6]. 

Machining, grinding, chipping 

Another method of reducing the amount of radioactive waste is by machining. 
The method is typical for big components. This is definitely a destructive method, 
as material is removed from the surface (i.e. a few metres up to a few millimetres). 
The decontamination can be done either in a radioactive workshop or anywhere 
else in the installation. This is a common practice in the active workshops at 
AERE Harwell where pumps and transport flasks are regularly decontaminated 
by this method. Even large equipment can be cleaned by this technique as 
demonstrated by the following examples: 

Removing superficial layers of the contaminated surface of a reactor vessel 
stud by machining; 

Grinding of the contaminated inside surface of a heavy piece of equipment 
(i.e. pump casing or piping). 

It is obvious that these techniques can be directly applied only for equipment 
with contamination of a low dose level. For a higher dose level, long-range 
application or complete remote operation has to be adopted. 

Removal of surface contamination from walls, floors, ceilings, etc. may be 
an efficient means of reducing the volume of solid wastes. In this case, chipping, 
pneumatic hammering and scrubbing to a depth sufficient enough to remove the 
contamination can be applied. A powerful vacuum-cleaning system is necessary to 
collect the removed surface layers. 

Special precautions must be taken where grinding is used so as not to 
contaminate other equipment and to collect all fines produced. 
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Vacuum techniques 

Vacuum-cleaning techniques are widely used in removing loose contamination. 
Small-model vacuum cleaners can be used inside glove-boxes in order to remove 
dust and solid waste produced as a result of decontamination carried out before 
any dismantling of the box begins. 

During grinding and pneumatic hammering of concrete surfaces, or in similar 
operations where particulate matter is being removed from the surface, a "vacuum 
head" can be fitted to the tools or close to the area of operation to remove any 
contaminated fines as they are produced, thus preventing the spread of contamina-
tion. 

Very powerful, commercial-size household and industrial vacuum-cleaner 
models can be used. A disposal drum can be positioned in the vacuum system 
between the actual machine and the end of the vacuum hosepipe so that any 
radioactive matter is deposited in the drum and does not enter the vacuum 
machine. Any exhaust gases can be discharged from the drum through a HEPA 
filter. The drum containing the removed fines can then be used as a disposal 
container after appropriate conditioning of its content [4], 

6.3.2. Chemical methods 

6.3.2.1. Chemical baths 

This technique is mainly used on smaller items in centralized decontamination 
plants. The part to be decontaminated is immersed in a bath containing chemical 
reagents like citric acid, phosphoric acid, nitric acid, oxidizing or reducing 
chemicals, paint strippers or complex detergents. 

Typical decontamination solutions include commercial cleaners, caustic 
permanganate, oxalic acid or phosphate base products, laundry detergents, and 
chloride base cleaners. 

Such baths are often operated at elevated temperatures and the material to 
be decontaminated is moved in the liquid to improve the washing action. It must 
be remembered that once an immersion bath has been used, its contents are 
contaminated, so care must be taken not to grossly contaminate the solution early 
in its life, otherwise it will not be suitable later for slightly contaminated articles. 
Furthermore, consideration should be given to the fact that this solution will 
eventually have to be treated as liquid radioactive waste, and that existing liquid-
waste-treatment facilities should be capable of conditioning these wastes without 
problems. Finally, it should be noted that equipment which is to be re-used may 
need careful decontamination. 
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6.3.2.2. Equipment rinsing 

This method can also be used for contaminated chemical process loops or 
components of circuits carrying radioactive solutions. Loops and components are 
filled with the agent which is circulated until the required decontamination level 
is reached. Regular replacement of solutions is needed to avoid recontamination, 
thus close analytical follow-up is imperative. 

On equipment with large vertical surfaces, the chemicals can be applied as a 
gel that, after a certain time, is removed and the surface cleaned by rinsing or 
spraying. 

6.3.2.3. Combined methods 

Chemical methods can effectively be combined with mechanical methods 
often by applying the latter process as a preliminary step. 

Another way to improve chemical decontamination is the combined applica-
tion of chemical baths and ultrasonic agitation. This technique has given quite 
successful results on small-scale equipment. 

6.3.2.4. Melting 

Though melting is basically a metallurgical process, it should be mentioned 
here, as one can consider slagging fusion as a kind of chemical decontamination. 
The contaminants are concentrated into a small volume of slag leaving the 
decontaminated molten bulk material that can be cast afterwards into ingots. 

Based on the degree of decontamination achieved, these ingots can either 
be recycled or discarded as waste after having been processed to achieve the 
highest volume reduction possible. 

Melting is, however, rather elaborate and in most cases a high-temperature 
process that, apart from high capital expenditure, involves the necessity of 
combining it with an efficient off-gas purification system. 

6.4. EXAMPLES OF APPLICATION 

6.4.1. Equipment 

World-wide practical experience in decontamination includes the use of 
commercially available equipment used for cleaning purposes in industry and the 
household as well as equipment adapted for a particular purpose. From a large 
list, the following are characteristic examples: 

65 



o\ 0\ 



Absorbent material for swabbing (paper tissues are preferred to cotton wool); 
Scrubbing towels like kitchen pan cleaners; 
Scrubbing brushes, both manually operated and motor driven; 
Vacuum cleaners; 
High-pressure water-jet lances; 
Steam-jet lances; 
BlastingTances, both dry and combined with liquids; 
Mechanical motor-driven grinding machines; 
Ventilated immersion tanks; 
Ventilated decontamination cabinets, both directly accessible and shielded 
for remote operation; 
Blasting cabinets; 
Melting furnaces. 

Regular monitoring of the material being decontaminated must be carried 
out at each cleaning stage to assess the amount of contamination removed and to 
decide when to stop the operation. When the operation is completed, the material 
must be removed from the decontamination area preferably wrapped, so as to 
avoid re-contamination. This is particularly important when heavy contamination 
has been removed. 

6.4.2. Facilities 

The following data have been obtained from practical experience in purpose-
built facilities: 

Karlsruhe (FRG) [7] 

The Karlsruhe facility is illustrated in Fig. 21. In one year some 5400 plant 
hours were spent on equipment which was retained for re-use while only 1100 
plant hours were spent on materials which became waste. 

Harwell (UK) 

The Harwell centre is illustrated in Fig. 20. In 1978, some 2500 individual 
items were decontaminated and approximately 80% of these were returned for 
re-use. 

Saclay (France) 

The decontamination facility at Saclay, France, includes, amongst others, two 
special cells, a shielded cell equipped for the dismantling and decontamination of 
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large contaminated equipment and another unshielded cell for direct operation by 
men in "pressurized suits", allowing direct effective decontamination of bulky \ 
articles only slightly contaminated [8]. Figure 22 gives a diagram of the facility [9], 

In 1978, 2250 items were decontaminated and recycled, representing a volume 
of 270 m3 and a weight of 400 t. In addition, 70 t waste material were dismantled 
and treated prior to storage or disposal. 

ECN Petten (Netherlands) 

At ECN, Petten, in 1979, a total of 206 requests were received to 
decontaminate articles varying from a fuel-element container to a screwdriver. In 
total, 1042 individual items were treated. The work was carried out by two 
people and all the decontaminated materials were re-used [10, 11]. 

These examples demonstrate the large savings in waste arisings due to 
successful decontamination. 

Apart from the decontamination achieved in purpose-built facilities, in-situ 
decontamination is carried out in all nuclear installations, either in view of direct 
maintenance or with regard to decommissioning. This type of operation is some-
times difficult to carry out and needs special adaptation, as the techniques chosen 
are necessarily limited to those which can be used away from the main centre and 
which are mobile and compatible with the installation. 

An example of industrial development of the lead-smelting method is to be 
found at the Saclay Centre, where it has been used for some 20 years. The lead 
or lead alloy, treated at around 450°C with an entraining agent selected to suit 
the composition of the metal and the nature of the contaminant, was originally 
melted in a small apparatus in batches of 400 to 450 kg; about 1% was extracted 
as waste [12], In view of the good results thus obtained, the equipment was 
replaced by a large-capacity installation, consisting of a vat furnace which can 
contain 15 t melted lead. A circular casing of decreasing cross-section surrounds 
the periphery of the vessel and is connected to an air-extraction network with a 
capacity of 15 000 m3/h. The air taken in circulates at the surface of the liquid 
and forms a screen beneath-which the smoke, purified by a scrubber, is entrained: 
A detachable stirrer makes it possible to mix reagents into the melt which then 
produces contaminated slag. This equipment makes it possible to recover the 
lead contained in biological shielding elements and in shielded transport containers 
for recasting. About 200 t lead are treated in this way annually [9]. 

6.5. EVALUATION OF EXPERIENCE 

In the following, an effort is made to give some insight into the advantages 
and disadvantages of various decontamination techniques. 

The cleaning methods mentioned have been roughly divided into mechanical 
and chemical. 
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6.5.1. Mechanical techniques 

Advantages 

(1) Often produce no liquid radioactive waste; 
(2) Can be used to clean parts of facilities like glove-boxes without the introduc-

tion of liquids which could affect other equipment in the box; 
(3) Can be used as a preliminary to wet decontamination methods, removing the 

bulk of the contamination as solid radioactive waste; 
(4) Good for removing localized contamination if grinding or similar methods 

can be applied. 

Disadvantages 

(1) Liable to produce a dust hazard, resulting in airborne contamination; 
(2) When carried out in ventilated areas, the airborne dust needs to be filtered 

out and this can produce Filters as more waste; 
(3) Liable to change the dimensions of the article being decontaminated. 

6.5.2. Chemical techniques 

Advantages 

(1) A wide variety of decontaminating agents is available; 
(2) Immersion baths are relatively simple to operate and can be filled with 

chemical solutions, often at elevated temperatures; 
(3) Good for removing localized contamination; 
(4) By using "gels" instead of true solutions, the decontaminating agent can be 

applied to vertical surfaces, a big advantage when doing in-situ decontamina-
tion; 

(5) Long contact times are possible in many applications. 

Disadvantages 

(1) Tendency to produce complex liquid effluents for subsequent treatment; 
(2) Many decontaminating solutions are corrosive and need careful handling; 
(3) The choice of decontaminating agent is limited when cleaning articles with 

fine dimensional tolerances; 
(4) With organic solvents there is sometimes a fire hazard. 
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6.5.3. Water jets and steam lances 

Some of the equipment mentioned requires special techniques and does not 
fit in with this broad classification of mechanical and chemical cleaning methods. 
Two such techniques are water-jet and steam-lance cleaning and vacuum techniques, 

Cleaning with water jets and steam lances has long been practised in industry 
and the method is now widely used in the nuclear decontamination field. Coupling 
the two together has many advantages and disadvantages, some of which are listed 
below. 

Advantages 

(1) They can be used at varying pressures to suit the conditions; 
(2) They can replace immersion baths and reduce the amount of liquid effluent 

waste; 
(3) They can be portable and used for in-situ decontamination; 
(4) Varying decontamination agents can be added to the spray; 
(5) The equipment is relatively simple; 
(6) They only produce minimum radioactive residues if demineralized water is 

used for jetting. 

Disadvantages 

(1) Liable to spread water and airborne contamination; 
(2) Rely heavily on the competence of the operator if it is not a fixed installation; 
(3) Conventional safety risk during handling. 

6.5.4. Vacuum techniques 

Advantages 

(1) Can be used as portable machines; 
(2) Simple to operate and relatively safe; 

(3) The working parts can be kept relatively free from contamination. 

Disadvantages 

(1) Liable to spread airborne contamination; (2) Depend partly on the skill of the operators; 
(3) Only suitable for loose contamination. 
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6.5.5. Melting 

Advantages 

(1) Very high volume re duction; 
(2) Waste in final conditioned form; 
(3) Ready for eventual recycling. 

Disadvantages 

(1) High-temperature process, 
(2) Elaborate equipment; 
(3) Complicated off-gas treatment. 

6.6. R & D ACTIVITIES 

Based on the experience gained in the various decontamination installations, 
a steady improvement of the applied procedures has been aimed at in supporting 
R & D activities. These efforts continue and aim at further improvements to 
existing facilities and techniques in view of increasing the savings in waste arisings, 
of reducing secondary waste streams and radiation doses to operational personnel. 
One of the greatest impacts in this context is the effort to increase recycling or 
re-use of material whenever this is possible. 

Promising new techniques actually under development include the following. 

6.6.1. Electropolishing 

The technique is fairly well developed in the metal-plating industry. Adaptation 
of the method for decontamination purposes can create some minor problems, 
but they can surely be overcome. The main problems that have to be solved before 
the method can be applied as a standard decontamination method are: 

Electric current distribution; 
The influence of the object's shape, e.g. cavities, studs, etc.; and 
The solutions used. 

In ECN, Petten [10, 11], extensive tests are going on with electropolishing 
on a relatively large scale (bath size 1 m X 1 m X 1 m). The experiments have 
so far shown promising results, and it is possible that a useful method can be 
developed over the next two years. The object is immersed in a large stainless-
steel tank filled with an electrolyte. Then, by applying an electric potential 
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between the tank and the object, parts of the surface are dissolved. The electrolyte 
is mainly composed of mixtures containing phosphoric acid resulting in more or 
less insoluble metallic phosphates as secondary wastes [13]. 

6.6.2. Ultrasonic cleaning 

The use of ultrasonics to remove contamination is a promising technique 
which has not been fully exploited. The commercially available models have 
fairly limited aims. There are many variables that could be investigated: 
Power input; frequency; liquid used; temperature; shape of vessel, etc. 

6.6.3. Melting 

Investigations similar to those of lead melting are continuing in various 
countries. 

Pilot-plant studies of decontamination of metallic alpha-beta-gamma-
contaminated materials by electropolishing have also been under way for several 
years at Hanford. 

At the Rockwell Hanford Operations [ 14], original melting under a fused 
inorganic slag has been oriented towards vacuum melting of metals. A full-scale 
production plant is scheduled to be operational in 1984 [15]. Specific R & D 
topics include the behaviour and distribution of radionuclides between metal 
bath and slag, off-gas treatment, remote operation, etc. The melting processes 
envisaged for radioactive wastes include induction heating, electric-arc melting, 
plasma-arc melting and electroslag melting. It is in this context that works in 
relation to the fusion of decladding wastes containing Mg and Zr have to be 
mentioned. Here, and in combination with melting in eutectic salt mixtures 
emphasis is mainly on waste volume reduction and waste conditioning. 

Nevertheless, melting processes of predecontaminated scrap leading to an 
additional decontamination are extremely interesting in view of recycling of the 
material too. 

6.6.4. Other techniques 

Further techniques under development or proposed for investigation are: 

Flame spalling: Used in steel factories to remove oxide layers from steel plates 
and large bore tubes. * 
Plasma cutting: Already often used for the volume reduction of equipment, 
even under water. It can also be applied to remove sticky surface layers by heat 
shocks. 
Laser techniques: Application of high-powered gas lasers causes micro-explosions 
on the surface of contaminated equipment, thus removing these layers. 
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Spark machining: A technique used for the manufacture of precision tools by 
attacking the surface of an object with high-voltage sparks. 

All R & D activities obviously aim at the efficient elimination of surface 
contamination in sticky layers. Application of the procedures under development 
will largely depend on the complexity of the procedure itself, the actual problem 
for which it is foreseen, and the secondary wastes and the dose commitments it 
entails. 

6.7. CONCLUSIONS 

Decontamination techniques are well-established procedures in the nuclear 
fuel cycle, facilitating not only the operation of plants by simplifying maintenance, 
but also considerably improving waste management. Items normally disposed of in 
waste can, after sufficient decontamination, be re-used. Experience gained in this 
field demonstrates considerable savings for the re-use philosophy if compared with 
the "directly to waste and replace by new item" philosophy. 

Decontamination in the latter context is always applicable if only surface 
contamination is concerned, and the base material has, for instance, not been 
activated by neutron capture, etc. In all these cases, decontamination can 
effectively reduce the radiation level to such values that safe re-utilization can be 
conceived. Decontamination could thus indeed be considered as the ideal waste-
management process: elimination of the small amounts of contamination so that 
the bulk of the inactive material can be re-used. A consequent application of 
decontamination in that sense would not only contribute to improved waste 
management but also to the public acceptance of nuclear energy and its technology. 

Practical experience in the application of decontamination processes on an 
industrial scale favours the selection of appropriate techniques and decontamina-
tion approaches for practically all cases encountered in the installation of the 
nuclear fuel cycle. Supporting R & D activities are continuing to improve the 
decontamination processes. Future trends are undoubtedly aimed at more 
efficient decontamination, which means producing only a minimum in secondary 
radioactive wastes by application of highly selective techniques and/or processes 
using chemical compounds that can be either recycled after regeneration or 
completely destroyed, leaving virtually no additional residues at all. 

Many establishments are now finding that they need shielded facilities for 
decontamination work, or remotely operated mobile equipment, in order to 
reduce the doses received by the operator. This entails the use of remote handling 
techniques and the decontamination methods are having to be modified to be 
used in this manner. There is obviously a need for such techniques, especially 
in decommissioning operations and there is a great incentive for further research 
and development work in this field. 
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Application of combined techniques and refined processes will steadily 
increase the re-use and/or recycling of material instead of disposing of it as waste. 
Serious consideration of this possibility from the beginning of any activity is 
highly desirable, if not essential, for the future. Any step towards a reduction 
of waste arisings is a step in the right direction. Decontamination processes are 
most promising measures in that way. 

7. CONDITIONING OF PROCESSED PRIMARY WASTE 

7.1. INTRODUCTION 

The wastes, resulting from different treatment operations, should finally be 
conditioned for transport, storage and disposal. The main objective of this 
conditioning is to convert the waste into a form which is chemically and mechani-
cally stable throughout the lifetime of the hazardous radionuclides it contains. 
At the same time the conditioned waste product should be sufficiently leach-
resistant and, last but not least, the final waste forms and their packages should 
preferably be of relatively small volume and space in view of requirements in 
intermediate storage and final disposal. 

Different methods of conditioning are described in detail in a companion 
report in the IAEA Technical Reports Series [ 1 ].' Therefore, only some general 
remarks are made in this chapter. 

7.2. IMMOBILIZATION 

Immobilization involves processing radioactive waste to a solid monolithic 
matrix by mixing or incorporating it with a suitable material. The primary 
purpose of the immobilization is to improve the safety associated with the 
subsequent management steps. At present, the most widely used medium for 
immobilization is cement, or concrete, but bitumen and organic polymers are 
also used. Materials and their combinations like cement/bitumen, cement/ 
polymer, bitumen/polymer, glass and ceramic materials are used at some facilities 
or are under development. 

Immobilization of ashes could cause some problems due to possible dust 
formation when transferring and adding the ashes. If there are inhomogeneities 
like slag in the ashes a special pretreatment, such as grinding of the ashes, could 
be necessary before immobilization. If the activity content is sufficiently low 

1 See Appendix 1 for References cited according to chapter. 
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it may be better not to immobilize the ashes but to encapsulate them, by placing 
for instance a 100-L drum containing the ash and slag into a 200-L drum and 
surrounding it by concrete. 

7.3. PACKAGING 

Packaging is an essential link in the management chain of radioactive wastes. 
Primarily, the package is used as a receptacle for the immobilized waste. Further-
more, it can provide an additional containment giving extra shielding, increased 
mechanical strength and greater corrosion resistance and less contamination risk, 
which improves safety and makes handling easier. 

To fulfil its functions, the package should meet certain requirements, e.g. 
concerning transport, IAEA and national regulations. In sea-dumping there also 
exist guidelines and recommendations given by the OECD/NEA and IAEA, 
respectively. Besides this, the packages should meet general and special require-
ments depending on the waste-management scheme applied, in particular the 
type of transport, storage and disposal. 

The main types of packaging container in use are steel drums of different 
sizes (mostly 200 L), steel drums with concrete lining, large steel containers, 
disposable prefabricated concrete containers and wooden boxes. Each facility 
will have to make its own choice in view of the actual circumstances. 

7.4. STORAGE AND DISPOSAL 

Immobilization and packaging of the wastes will normally result in a 
volume increase of the wastes to be stored and disposed of. In evaluating 
different volume-reduction techniques this has to be taken into account. 

Storage of the immobilized and packaged wastes can be made for different 
time periods in many different ways, in open-area storage or in different types of 
engineered store (surface, below surface, ventilated, variable shielding, etc.). The 
type of storage will decisively influence the choice of container and waste form, 
i.e. the type of conditioning, in terms of corrosion resistance, deterioration over 
storage time, retrievability. The common feature of the different storage 
operations is that the waste can be removed when desired. Thus, the waste 
packages must be retrievable during the whole time period planned for intermediate 
storage. 

The main reasons for having intermediate storage of the wastes are that a 
disposal site is not available or that the intermediate storage is used as a buffer 
storage prior to disposal. Intermediate storage could sometimes also be used to 
take advantage of the activity decay, thereby facilitating later handling, transport 
and disposal of the waste. 
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The main options for disposal of solid low- and intermediate-level waste are 
sea disposal, shallow land burial and disposal in different kinds of cavities in 
various geological formations. Extensive work is being done in different countries 
and in international organizations regarding what waste type and waste forms 
could be accepted and what geological formation would be best suited for safe 
disposal [2], 

7.4. CONCLUSIONS 

Conditioning of processed primary wastes is the final waste-treatment 
operation prior to intermediate storage and/or disposal. It aims mainly at an 
improved quality of the final waste form by converting the processed primary 
wastes into compact, stable, and leach-resistant forms, and packaging. 

Substantial industrial experience exists in the conditioning of radioactive 
wastes, as far as both various suitable matrix materials and technical process 
solutions, including packaging techniques, are concerned. 

Practical application of conditioning processes continues to be supported by 
extensive research and development activities aiming not only at an improvement 
of the existing technologies but also at the demonstration of advanced matrix 
materials, new processes and suitable disposal formations. 

8. SECONDARY WASTE TREATMENT 

8.1. INTRODUCTION 

The treatment of wastes, besides processing the primary object into a 
different form, gives rise to an additional problem, i.e. production of secondary 
waste streams such as contaminated off-gases liquids and solid materials or 
equipment components. 

Indeed, the same fundamental rules discussed in connection with the 
operation of nuclear facilities also hold for the operation of waste-treatment 
plants — trying to limit as much as possible the production of wastes by proper 
selection of your operational techniques and keeping discipline in the daily 
activities. 

It is evident that a volume-reduction system would be completely useless 
if it were operated in a way that generates more secondary wastes than the 
original waste arisings, or secondary wastes more difficult to process. Secondary 
wastes necessarily must comply with the existing treatment provisions. 
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TABLE XII. THE MAIN WASTE-TREATMENT TECHNIQUES AND THE RESULTING SECONDARY SOLID AND 
LIQUID WASTES 

Volume reduction Results of the 
Secondary wastes 

treatment method treatment 
Solids Liquids 

Mechanical methods Dismantled objects, 

crushed material, etc. 

Prefilter - HEPA filters and 

wastes from maintenance, repair, replacement 

Contaminated water 

Compaction Original waste Prefilter - HEPA filters and Small quantities of all kinds of 

in a reduced volume wastes from maintenance, repair, replacement liquids including oil and other 

organic solvents 

Combustion: 

Incineration Ash Prefilter - HEPA filters and 

wastes from maintenance, repair, replacement 

Acid and/or neutral and/or 

caustic scrub solutions 

Pyrolysis Carbonaceous residue Prefilter - HEPA filters and Condensates and organic liquids 

Char wastes from maintenance, repair, replacement" and/or different scrub solutions 

Molten salts Salts + ash Prefilter - HEPA filters and 

wastes from maintenance, repair, replacement 

Eventual different scrub solution 

Acid digestion Sludges Prefilter - HEPA filters and 

wastes from maintenance, repair, replacement 

Acid solutions and different 

scrub solutions 

Decontamination Decontaminated Sand, granulate, slag, rags etc. Contaminated water, acid and 

objects or material Prefilter - HEPA filters and 

wastes from maintenance repair and replacement 

caustic solutions, detergents, 

solvents, etc. 

a Eventual poisoned catalysts. 



Taken altogether, a well-designed waste-processing system will produce 
secondary wastes that can be taken care of in the existing facilities by current 
processes without problems, and it is thus that practically the same treatment 
principles apply for the secondary wastes as for the gaseous, liquid and solid 
primary wastes. This is why this chapter can be limited to a short review only 

8.2. ORIGIN AND NATURE OF SECONDARY WASTE 

As already stated, all the treatment steps and technologies reviewed so far 
produce their own types of secondary waste, which must also be contained and 
reduced to a form that is suitable for storage, disposal or recycle. In Table XII 
the main solid-waste-treatment techniques described in this report are listed 
together with the principal secondary wastes produced. 

During mechanical pretreatment such as dismantling, crushing, cutting or 
shredding, secondary wastes will be generated by the filtration of the ventilation 
air of the installations. Essentially, pre-filters and HEPA filters collecting the 
active dust are generated. In addition, discarded parts of the equipment such as 
shredder knives and cutting blades, which have a limited operation lifetime, and 
other solid wastes from maintenance operations, including protective clothing, 
will arise. 

Large quantities of radioactive effluents are formed during the underwater 
cutting of large contaminated articles. 

During compaction again pre- and HEPA-filters will arise together with 
wastes from maintenance, repairs and replacements. In addition, it is possible 
that even after careful sorting of the waste, liquid will have been introduced, 
absorbed on paper, cotton wool, or as residues in bottles. After any compressive 
treatment these liquids will separate and must be collected and treated, depending 
on their nature and activity. 

During combustion most of the secondary waste arises from the off-gas 
cleaning system, and the repair and replacement of defective parts. In addition 
to pre- and HEPA-filters, ceramic or stainless-steel filter candles may arise, as well 
as filter bags. 

Off-gas scrubbing solutions of different chemical nature, often containing 
particulated matter (fly-ash) and reaction products formed during incineration, 
are other important sources of secondary wastes. In some cases even organic 
liquids and liquid silicones are generated. 

Oxidation catalysts may become poisoned, resulting in a possible frequent 
change generating another secondary solid waste. 

Very corrosive acidic waste solutions are produced in the acid-digestion 
process apart from the general ventilation wastes and contaminated glass 
components. 
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The secondary waste streams formed during decontamination differ in 
nature according to the treatment used and the nature of the material being 
cleaned. They also depend on the type of decontamination technique applied. 
Indeed, a great variety of solid residues and aqueous and organic effluents of 
different chemical composition can be expected. 

Decontamination by abrasive projection of sand, glass or metal, beads etc., 
results in almost the largest part of the secondary solid wastes. Decontamination 
by high-pressure water spray produces generally a liquid effluent which is almost 
salt-free that can, however, contain some suspended'matter, e.g. sand, grit, etc. 

Chemical treatment leads normally to the following types of secondary 
liquid effluent: 

Alkaline solutions of NaOH, KOH, Na 2 C0 3 ; 
containing sometimes oxidants like KMn0 4 ; and 
Acidic solutions of HN0 3 , H 2 S 0 4 , H 3 P0 4 or 
mixtures thereof, sometimes containing oxalic acid 
tartaric acid, etc. 

Decontamination by melting results in an accumulation of the impurities 
and isotopes into the upper part of the molten metal bath, which is skimmed off. 

Care has finally to be taken of the liberated volatile nuclides, elements and 
compounds such as tritium iodine, 14C02 etc., in the gaseous form when 
incinerating or melting waste contaminated by these nuclides. 

8.3. TREATMENT OF SECONDARY WASTE 

As already mentioned, the secondary wastes generated during the different 
treatment methods used for the volume reduction of radioactive wastes do not 
differ in character from the other wastes normally treated in a waste-disposal 
centre. 

8.3.1. Liquid waste 

Aqueous waste of low salt content is generally concentrated by evaporation 
and the resulting concentrates are solidified by mixing with cement or incorporating 
into bitumen or polymers with simultaneous evaporation of the water. The 
solidification can be preceded by a chemical pretreatment, aiming at the precipi-
tation of radionuclides, the reduction of corrosiveness, the elimination of compounds 
that tend to hinder the safe execution of the solidification, etc. Common 
precipitates are nickel or copper ferrocyanide (caesium), metal hydroxides 
(cobalt, alpha emitters), calcium or barium-carbonate, -phosphate or -sulphate 
(strontium). 
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The same chemical pretreatments can be directly applied to waste streams 
of high salt content. Chemical decomposition of compounds into gaseous 
products that, after purification, can be released to the atmosphere (N 2 0 , N2, 
C0 2 , H 2 0) , can be an efficient means of reducing the salt content of waste 
solutions. Precipitates can either be solidified together with the mother liquor, 
or separately if the decontamination factor achieved allows safe release of the 
filtered supernatant to surface waters. 

Evaporator distillates are normally salt-free and contain only negligible 
amounts of activity, allowing release to surface waters. Eventually a second 
evaporation or an ion-exchange treatment can be foreseen to achieve the 
necessary decontamination factor. 

Organic waste solutions are normally destroyed by incineration together 
with other solid combustible wastes. A certain quantity (5—10%) could also be 
incorporated into bitumen, either directly or mixed with concentrates such as 
sludges resulting from the chemical treatment of effluents, provided the organic 
liquids have a high boiling point. 

Sometimes small quantities of organic liquids are mixed with an absorbent 
(vermiculite) before being incorporated into concrete. 

8.3.2. Solid waste 

This secondary waste stream may not pose significant problems to 
installations located on an appropriate nuclear site. In principle all the techniques 
described in this report can also be applied for the treatment and conditioning 
of the solid secondary wastes. 

8.4. CONCLUSIONS 

Secondary wastes generated in waste processing and conditioning facilities 
do not in general differ substantially from other wastes produced in nuclear 
installations. Properly designed waste-management installations must safely and 
effectively take care of these particular waste arisings. 

9. CONCLUSIONS AND OBSERVATIONS 

The experiences referred to in the various chapters of this report clearly 
demonstrate the fact that the treatment of low- and intermediate-level radioactive 
waste is based on established and, in practice, proven technology. From a technical 
and safety aspect, the treatment is well in hand. 
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There are two principal ways to reduce the volume of waste: 

(1) To decrease the waste production; and 
(2) To concentrate the activity into the smallest volume possible. 

The former is an ambitious objective and is possible through improvements to 
waste-management planning, plant operations, administration and discipline in 
waste-production activities. Also, by more efficient use of existing technology 
in the field of decontamination, articles can be recirculated or re-used. A 
successful realization of this widely acceptable recirculation idea would imply 
further development of monitoring methods and decontamination techniques 
as well as regulatory and administrative decisions. It should be emphasized that, 
although waste production should be kept as low as reasonably achievable, it 
will never get a higher priority than the safety of the operators. 

The second is a technical problem, solutions to which have been described 
in this report. The activity may be concentrated into a smaller waste volume by 
compaction, combustion or decontamination techniques. Each have their 
advantages and disadvantages but a large, well-planned waste-treatment centre 
should include all three. The extensive chapters in this report, covering all three 
techniques, illustrate their importance in waste-management planning. 

When planning waste-treatment facilities it must be remembered that the 
composition of the untreated waste will have a major bearing on the total amount 
of treated waste produced. The major contribution to the treated waste is the 
non-compactible plus the non-combustible, the volume-reduction factor being 
very low for the former and probably a maximum of 10 for the latter. For 
combustible waste, the factor can be up to 100. 

If 80% of the waste is compactible and combustible and the volume-reduction 
factors are taken as 10 for compaction and 100 for combustion, the total volumes 
of treated waste produced will be 28% of the original for the former process and 
21% for the latter. However, if the volume-reduction factors are taken as 4 for 
compaction and 50 for combustion, the final figures become 40% and 22%. The 
difference between the two options (compaction and combustion), if it is not 
possible to have both, is thus very much dependent on the composition of the 
wastes and volume-reduction factors achievable by the proposed compaction. 
The importance of good pretreatment methods and the production of a minimum 
amount of secondary waste has also been stressed. Development work on existing 
technologies is still progressing and improvement to combustion, compaction and 
decontamination methods is well worth while. In addition, better sorting and 
combined or integrated treatment methods seem to be an attractive aim for the 
immediate future. There are methods, for instance, which are regularly used in 
the non-nuclear industry which only require development and adaptation for 
use in the nuclear industry. One development objective, which is constantly 
worth while, is improvement to the safety of the operating staff, in all its aspects, 
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both nuclear and non-nuclear. Development work is constantly in progress and, 
with regard to individual treatment methods, there is no sharp distinction between 
technologies which are available and those that require a lot of development. The 
inclusion of paragraphs on research and development activities in most of the 
chapters shows the importance of these to good waste management. The 
comprehensive references cited in most chapters and listed in Appendix 1 
illustrate the vast amount of practical experience which exists on the treatment 
of low- and intermediate-level solid radioactive waste. 
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