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FOREWORD

A great deal of inform ation on the treatment and disposal of
radioactive wastes has been accumulated in recent years. At new
establishments the problem is to com pare the practical and e c o 
nomic advantages of the different methods available, and to select
the safest and cheapest for the given circum stances.
This publication is the outcome of a panel meeting on Selec
tion Factors for Waste Management Systems, which was held at the
headquarters of the International Atomic Energy Agency in Vienna
from 24 to 28 October, 1966. It presents a guide to the factors that
should be evaluated in selecting a waste management system, and
should be of particular assistance to new establishments and to those
in developing countries.
A summary of the main points, in the form of a questionnaire,
is given in an Annex, and references are made to the background
literature.
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1.

INTRODUCTION

Radioactive waste management began when an awareness of the
problems connected with disposal of all types of waste had begun
to develop, and the problem of radioactive wastes has been given
m ore attention than all other form s of waste.
Radioactively contaminated waste can either be dispersed or
contained. Both methods or combinations of them can be used safely
with known techniques. There is a wide range of proven treatment
methods available. Every site must be investigated thoroughly be
fore deciding on the methods of treatment and disposal. What is
satisfactory at one site may not be safe or economic at another.
There is no general method of treatment or disposal which is the
most satisfactory at all locations. However, the various methods
of treatment or disposal are fairly well established and it is a rela
tively simple matter to evaluate the problem. Waste management
has advanced more than is commonly believed and the problem nowa
days is not so much concerned with the increasing quantities of waste
as with the most economical methods of treatment and disposal.
The problem in establishing a waste management system is to
decide whether all or part of the waste will be disposed of to the en
vironment and whether it is necessary to treat all or part of
the waste.
The waste management systems evolved in the early days of the
nuclear age were generally developed under conditions in which the
people involved were not entirely aware of the problems of manage
ment of radioactivity, and there were very few established guidelines
for them to follow. Nevertheless, these problems were overcom e
and satisfactory systems for their specific requirements were de
veloped. The experience gained in developing these systems should
enable guidelines to be established which can be followed by other
people faced with waste management problem s.
There are several excellent text books on waste management
and numerous references to waste management practices in the tech
nical literature. The International Atomic Energy Agency has pub
lished and will publish various reports on waste treatment and dis
posal. There is ample technical information in all this literature
but in general it is not reported why establishments chose various
methods of treatment or disposal and what other methods or waste
management schem es were considered and rejected. Faced with
this vast amount of technical information revealing that establish
1
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ments have chosen many different methods and combination of
methods of treatment and disposal, all of which appear to be satis
factory, it is not surprising that countries with developing nuclear
programmes find it difficult to decide what is the best approach to
determine their own specific waste management system . In fact
what often happens is that these countries follow the methods used
at an existing establishment, only to realize later that, while it was
extremely satisfactory at the establishment from which itwas copied,
it is not the most satisfactory or economic for their requirements.
The purpose of this manual is to set out the factors that should
be evaluated in selecting a waste management system so that estab
lishm ents, particularly in developing Member States, can select
the most satisfactory and economical waste management system for
their particular needs. The manual therefore discusses factors such
as type of waste, legislation, climate, location and availability of
materials, equipment and services, etc. ,which must be taken into
account before the preliminary evaluation can be made to decide
which treatment and disposal methods should be further investigated.

FIG. 1 .

2

T y p ic a l waste m a n a g em en t flow sh eet.
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The manual should be applicable to the evaluation of waste man
agement systems at research establishments, reactor centres,
large users of radioisotopes, and central waste treatment facilities,
1. e. facilities which treat and dispose of waste from a number of
small users of radioisotopes. To a lim ited extent, it should also
be applicable to fuel processing facilities although only limited con
sideration has been given to the problem of high level liquid wastes
(i.e. 1st cycle processing wastes).
As an aid in selecting the most suitable type of waste manage
ment system, a simple questionnaire (see Annex) has been prepared
drawing attention to those factors which should be taken into
consideration.
2.

DEFINITION OF A WASTE MANAGEMENT SYSTEM

A typical waste management flow sheet is shown in Fig. 1. This
flow sheet does not necessarily apply to all types of wastes and it
is possible that not all or a slightly different arrangement of the ele
ments may be applicable at any given site. It is also important to
recognize that there are other factors and items than those shown
in Fig. 1 which must be included in the waste management system
and that these are outside the control of the waste management group.
A general breakdown of a typical waste management system is shown
in Fig. 2.
The items within the dotted lines will vary according to the type
and location, etc. , of the establishment, but essentially this area
is what is generally considered as containing those items controlled
by the waste management group. The waste management group may
take part directly or indirectly in some of the other activities but
usually it will not have any administrative control over these activi
ties. It is important for waste management personnel to be aware
of the breakdown of the waste management system as it applies to
their establishment, in particular the items outside their control.
This is especially important in evaluating the waste management
system most suitable for a particular establishment for it can enable
a much m ore system atic and logical approach to be made so that
the most satisfactory system can be developed.
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3.

3. 1.

GENERAL FACTORS IN THE SELECTION OF A WASTE
MANAGEMENT SYSTEM
Dispersal to the environment of wastes containing
radioactivity

In discussing dispersal it will be shown that wastes must be dis
carded at levels that will be harm less to the environment. This im 
plies that something must be known about the toxicity of the waste.
The determination o f concentrations believed to be h arm less is an
extrem ely com plex problem . It has involved much w ork by b io lo 
gists, physicians, public health officia ls, chem ists and radiological
physicists [ 1] .
Because of the diversity of ch aracteristics between the different
isotop es and their varying effects on man, the m axim um p e r m is 
sible intakes vary considerably. When a mixture of isotopes is pre
sent, detailed analysis is difficult and is usually unnecessary since
the m ost toxic of the elem ents known to be present d ecides the f i 
gure to be used fo r control purposes (Table III (1 to 3) in R ef. [2] ).
The legislation and regulations applying to d ispersal of ra d io 
activity into the environment often state that aqueous effluents may
be disposed into public w aters o r gaseous effluents m ay be d is 
persed into the atmosphere at maximum perm issible concentrations
(MPC) averaged over one y e a r . This type o f le g is la tio n is u s u a lly
too restrictive since it does not take into account the capacity of the
environment to accept radioactivity without hazard. At m ost lo c a 
tions dilution or dispersion factors of several thousands occur rapid
ly when aqueous or gaseous effluents are introduced into flowing
water or the atmosphere resp ectively. C onversely, the other situ
ation can apply, i. e. that a concentration or uptake m echanism o c 
curs so that a particular isotope is concentrated many tim es and a
hazard to man may be created if this mechanism occu rs in the food
chain. The use of MPCs for water and air as arbitrary discharge
lim its for radioactive effluents has been shown to be too r e s t r ic 
tive in many ca ses and not sufficiently restrictiv e in others, and it
is extrem ely important that the use of the environment is taken into
account before deciding on discharge lim its.
In paragraph 74 of the R ecom m endations of the International
C om m ission on R ad iological P rotection [3] , it is stated that:
"T h e b asis fo r the lim itation o f exposu res of m em b ers of the
public is the dose to the various body organs and not the derived

5
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criteria by which the dose is controlled. The actual doses r e 
ceived by individuals will vary depending on factors such as dif
feren ces in their age, s iz e , m etabolism and cu stom s, as w ell
as variations in their environment. The variation resulting from
these sou rces makes it im p ossib le to determ ine the maximum
d oses that might be r e c e iv e d individually. In p r a c tic e , it is
feasib le to take account o f these s o u rce s of va ria b ility by the
selection of, appropriate c r itic a l groups within the population,
provided the cr itica l group is sm all enough to be homogeneous
with re s p e ct to age, diet and those asp ects o f behaviour that
affect the doses receiv ed. Such a group should be rep resen ta
tive of those individuals in the population expected to r e c e iv e
the highest dose and the C om m ission believes that it w ill be
reasonable to apply the appropriate D ose L im it fo r m em b ers
o f the public to the mean dose o f this group. B eca u se o f the
innate va riab ility within any apparently hom ogeneous group,
som e m em bers of the c r itic a l group w ill re ce iv e d oses s o m e 
what higher than the Dose Lim it; however, at the very low level
of risk im plied, it is likely to be of minor consequence to their
health if the Dose Lim it is m arginally or even substantially
ex ceed e d ."
The ICRP (paragraph 75) further indicates that:
"in som e situations, esp ecia lly in the planning o f proposed
operations or installations, it may not be p racticable to make
the detailed studies n ecessary for the identification of the c r iti
ca l group. To allow fo r individual v a ria b ility it w ill then be
n ecessa ry to apply an operational safety fa cto r to the derived
con cen tra tion lim its a p p lica b le to a m e m b e r o f the p u b lic ."
The ICRP does not specify, however, any particular safety fa c
tor as this w ill be liable to a very wide range of variation. The
IA E A 's Basic Safety Standards [1] in its revised form (which is about
to be published) w ill give, instead of derived concentration lim its,
derived total intakes by ingestion or inhalation applicable to m em 
bers of the public. It will always be the responsibility of the com pe
tent authorities, taking into account all environmental effects such
as dispersion and concentration m echanism s and the use of the en
vironm ent, to ensure that the discharge from a particular location
w ill not lead to intakes by the c r it ic a l group of individuals which
would give a dose g r e a te r than the lim its set fo r the population.
C ontrol of waste d isp osa l is u sually undertaken at a national
level through the enactment of a statute specifically dealing with such
6
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d isp osa l, o r by in clu sion o f p rov ision s relating to d isp osa l in
a statute dealing with the utilization of nuclear power gen erally or
prohibition o f pollution of the environm ent. Such a statute would
in corp ora te by re feren ce detailed technical regulations regarding
dispersal of radioactivity into fresh water, into the atmosphere, the
so il o r the sea. Such regulations would a lso contain one o r m ore
annexes with scie n tific data relevan t to the text. W hile a statute
would refer normally to radioactive waste in general term s, regula
tions form ulated under it would sp ecify the particular prohibitions
relating to the disposal of solid , liquid o r gaseous w astes.
Regulatory devices aimed at securing the safe dispersal of radio
activity into the environment generally may, for the m ost part, be
said to fall into three main ca tegories:
(i)

The requirem ent that all waste disposal operations must be
ca rried out only after p rior authorization by the competent au
thority and strictly in accord an ce with such conditions as may
be stipulated.
(ii) The prom ulgation of special rules designed to ensure that the
health and safety of radiation w orkers and the public shall not
be endangered as a result of the disposal, such as the establish
ment of a m axim um p e rm iss ib le dose fo r human b ein gs, and
m axim um p e rm iss ib le con cen tration s of ra d ion u clid es in the
environm ent.
(iii) The requirement for appropriate periodical m easurem ents, the
keeping of r e c o r d s , in sp ection o f p re m is e s and oth er m eans
o f adm inistration of the reg u la tory n orm s estab lish ed.
As the sca le of ra d ioa ctivity re le a se d to the environm ent in 
c r e a s e s , it w ill b ecom e m ore and m ore difficu lt fo r governm ents
to be certain they are safeguarding all p ossible interests in neigh
bouring cou n tries, unless there is som e form of agreem ent among
them on p erm issible disposal lim its. Any such agreem ent w ill un
doubtedly be in the nature of an integration of existing national prac
tices which have been based on sound scien tific p rin cip les. M o re 
o v e r, the ob jective of any international agreem ent w ill be to o b li
gate governm ents to m eet agreed standards, d erived in large
m easure from existing national p ra ctice s .
3. 2.

Public relations

One im portant factor in waste management operations that
is som etim es overlook ed is public rela tion s. R a d ioa ctive w aste
7
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management started at a time when a growing realization of the ef
fects of pollution of the environment by all types of waste had begun.
In addition, since the fir s t use of atom ic energy was as a w artim e
explosive the general public is somewhat sca red of the effects that
could result from the peaceful uses of atom ic energy. Mankind is
prepared to accept hazards resulting from non-radioactive industrial
activities and to a limited extent mankind will accept hazards result
ing from some uses of radiation, e .g . from X -r a y m achines. How
ever, the public will generally object if it knows of any radioactivity
that is introduced to the environm ent as a resu lt of the operations
of nuclear industry. Most of these objections are based on ignorance
but it is a rea l problem in ra d ioa ctive waste m anagem ent, and it
must be given serious attention. It is a positive fact that the opera
tions of nuclear industry have proved to be much sa fe r than many
other industrial operations. It is also a fact that the radiation haz
ard to mankind resulting from disposal of radioactively con tam i
nated waste to date is but a very small fraction of the total radiation
to which mankind is exposed; the m a jor fraction of such radiation
is from diagnostic and therapeutic m ed ical usage. B ecause o f the
con serv a tive approach adopted in ra d ioa ctiv e waste m anagem ent
it is certain that this situation will continue. It is essential to rea 
lize that it is the over-all pollution potential of the waste discharged
which is of prime importance and that the radioactive materials pre
sent are only one factor, albeit often an important one.
The population is som etim es wary of accepting statements con 
cernin g the sig nifican ce o f ra d ioa ctivity in the environm ent fro m
atom ic energy authorities, and it is gen erally a w ise p ra ctice fo r
such statements to be issued by other authorities such as public
health s e rv ice s or conservation boards. It is essen tial that all
governm ental, sem i-gov ern m en ta l and lo ca l authorities that have
dealings With the public not only in public health but in the use o f
the environment be kept inform ed of all waste management disposal
operations that occu r in locations over which these authorities have
som e control. Sometimes these authorities, e .g . the public health
s e rv ice , have som e control over waste disposal and this is set out
in legislation or by governm ental regulations. H ow ever, all the
other authorities, even if they have no such control, should be kept
inform ed of waste disposal operation s. If this w ere done it would
be these authorities who would advise the public that there is no haz
ard resulting from the disposal operations and their advice would
be accepted by the public much m ore easily than if the advice came
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from the atom ic energy authority. As the unwarranted fears of the
public would be rem oved they would then realize the inherent safety
of waste disposal and the nuclear industry as a whole, and the public
relations aspect of waste management would be placed in proper
perspective.
3. 3,

Economics

In waste management the health and safety factors demand first
attention but the econ om ic fa ctor is so b a sic that it must be co n 
sid ered a clo s e second in im portan ce.
To try to achieve a discharge level approaching ze ro would be
extrem ely expensive and is seldom required. In the past unneces
sary restriction s have often been placed on discharge levels, which
have resulted in high costs fo r waste m anagem ent. On the other
hand, attempted saving in such co s ts can resu lt in e x c e s s iv e and
n eedless expenditure in other d irection s. F o r exam ple, it could
result in the necessity for extensive environmental surveys or, ulti
mately, for restoration of the environment which, even if possible,
would be prohibitive in costs. A balance must always be sought be
tween using the capacity of the environment to receiv e wastes with
out detrim ent and the treatm ent n e ce s s a ry to ensure that the d is 
charge le v e ls are such that no hazard a r is e s .
F rom inform ation available it appears that the capital c o s ts 1
that should be a llocated to waste m anagem ent as a percen tage of
the total capital cost of the establishment are of the following order:

1

T h e se figures should on ly be used as a rough

guide

as th e re are so m an y fa cto rs a ffe c tin g

the costs that th e figures m ay not n e c e s sa rily b e app lied to a new e sta b lis h m e n t.

T h ey do how ever

give an order o f m a g n itu d e.
On th e s u b je c t o f lo n g - t e r m w aste m a n a g e m e n t c o sts in a n u c le a r pow er e c o n o m y B e lte r
has stated [4 1 th at th e t o t a l fu e l c y c l e co st for a 15 0 0 0 -M W (e ) e c o n o m y is e s tim a te d to be about
2 . 5 m ill/k W h (e ) .

(It is noted th a t w ith th e o p e ra tio n o f US power re a cto rs in the 10 0 0 M W (e) size

ran g e by 1 9 7 0 , fu e l c y c le co sts are e s tim a te d at about 1 . 9 m ill/k W h ( e ) .

In clu d ed in th e se costs

are fu e l fa b r ic a tio n , c h e m ic a l p ro ce ssin g , tra n s p o rta tio n , 235 U b u rn -u p , in v en to ry for use ch a rg e s
and a 0 . 3 - m ill/k W h ( e ) c re d it for th e plu to n iu m p ro d u ced .

T h e e s tim a te d co st o f c h e m i c a l pro

c e ss in g in c lu d e s th e c o st o f gaseo u s and l o w - l e v e l w aste m a n a g e m e n t and in te rim ta n k s to ra g e
o f h ig h - a c tiv ity w aste but no u ltim a te disposal o f th e h ig h - a c t iv it y w a ste .
m e n t and storage costs h av e b een e stim a te d at 0 . 03 m ill/k W h (e ) .

U ltim a te w aste t r e a t 

T h is rep resen ts about 1% o f th e

t o t a l fu e l c y c le co st and s u b sta n tia lly less th a n 1% o f the c o st o f n u c le a r pow er in a 4 - m i l l / k W h
econ o m y.

It is b e lie v e d th e re fo r e th a t w aste m a n a g e m e n t co sts w ill n o t d e te r th e d e v e lo p m e n t

o f e c o n o m ic a l n u c le a r p ow er.

9

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

(i)

For general research establishments — 1% to 6% with a mean
of about 2. 5% ;
(ii) F or power rea cto r sites — 1. 5% to 6% dependent on the pow er
output and decreasing as the rea ctor size or the number of r e 
actors at a site is increased.
In addition, annual operating and maintenance c o s t s 2 for waste
management expressed as a percentage of the establishm ent's annual
operating and maintenance costs are of the following order:
(i)

F o r general re se a rch establishm ents — 1% to 6% with a mean
o f about 2%;
(ii) F or power re a cto r sites — 5% to 10%.
Much o f the published cost data is fragm entary, incom plete
and does not always contain the same item s. It was for this reason
that the IAEA convened a Panel on the E conom ics of Waste Manage
ment and its report w ill be published.
The objectives of the study w ere:
(i)

To examine the elem ents of waste managem ent; to establish
all the factors that determ ine their costs and to determ ine the
effect o f various com binations of these elem ents on the co sts
o f waste m anagem ent, and
(ii) To suggest a system of costin g which, if used, would perm it
com parison s of costs and enable a c lo s e approxim ation o f the
true costs of various p ro c e s s e s to be obtained.

It was agreed that the items presented in Fig. 1 are all straight
forward operational elements of waste management. In addition to
these there are in d irect elem ents that must be co n s id e re d . F o r
example, applied research has been found n ecessa ry at many sites
and pre-operational site surveys may be required to establish waste
management philosophy and disposal lim its. It is these s o -c a lle d
"hidden" costs that can be easily overlooked and that can contribute
significantly to the total costs.
In the rep ort a sim ple but adequate costing system is r e c o m 
mended together with details of how the variou s co s t figu res m ay
be obtained. Attempts have been made also to give ord ers of costs
for various elements of waste management even though it is appre
ciated that such costs must vary from establishm ent to esta b lish 
2 S e e F ootn ote 1 .
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ment. The reason s for the variation s are num erous but the main
fa cto rs m ay be sum m arized as follow s:
(i) The activity lev el and volum e of the waste handled.
(ii) The size of the plant installed. F or example, should the initial
ly installed cap acity be based on the need pred icted fo r som e
future year or should a m ore econom ical plant be built initially
with provision for connecting to additional equipment in the
future.
(iii) The decontam ination fa c to r req u ired which w ill be dependent
not only on the activity le v e l o f the waste but also on the p e r
m issib le disch arge to the environm ent.
(iv) The ch em ica l com position o f the raw w aste.
(v) Manpower co s ts , the availability of pow er, clim a te, etc.
(vi) The amount o f "overheads" charged against waste.management.
(vii)T h e variation in capital costs from country to country and the
manner in which such costs are am ortized.
(viii)
The question of "in terest on investm ent", which is the charge
som e sites assign to all operations to com pensate fo r interest
that must be paid on capital borrowed to invest in the land, build
ings and equipment required for waste management.
H ow ever, if all the fa ctors that influence co sts are examined
system a tically it is p ossible to determ ine the m ost econ om ica l
methods of treatm ent and d isposal.
One other factor that must be taken into account in the le ss in
dustrialized countries is the availability of equipment and particu 
larly of spare parts for that equipment. If this has to be purchased
from another country and especially if hard currency has to be used
it may be advisable to ch oose equipment which can either be pur
chased loca lly or manufactured in the country. Sometimes this may
appear to be uneconom ic but may w ell prove m ore satisfa ctory and
result in savings in the o v e r -a ll period.

4.

SELECTION FACTORS FOR WASTE MANAGEMENT
SYSTEMS

The problem in establishing a waste management system is to
decide whether all or part of the waste will be disposed of to the en
11
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vironm ent and whether there is any n e ce s s ity to treat all o r part
of the waste. It is important to realize that treatment does not d es
troy the radioactivity, but only creates another waste that may r e 
quire further treatment.
The various fa cto rs that w ill a ffect the se le ctio n o f the m ost
sa tisfa ctory system are interwoven and one cannot p ro ce e d in a
straight line fashion from one factor to another. A certain amount
o f back tracking is req u ired but n everth eless it is p o ssib le
to p roceed in a somewhat lo g ic a l fashion.
The two starting points in evaluating any waste management sy s
tem are the amount of radioactivity that may be dispersed to the en
vironment and the types of waste that occu r. These two factors will
effectively decide the collection method, the amount of segregation
of w astes that is req u ired , the type and amount o f treatm ent that
is needed and the amount o f environm ental m onitoring n e ce s s a r y .
4. 1.

Establishment of perm issible discharge limits

The perm issible discharge lim its may be set directly by le g is 
lation. This legislation may bear direct referen ce to the A g e n cy 's
publication, Basic Safety Standards for Radiation Protection, or the
ICRP recom m endations fo r m axim um p e rm issib le con cen tration s
of radioactivity or radionuclides in air and w ater. C on versely the
legislation may perm it discharge lim its set indirectly by the MPCs
but take into account the usage of the environment and its capacity
to receive radioactivity. The radioactivity in the waste may be only
a sm all portion of the potential hazard o f the industrial w aste and
as such it is important to determine whether there is legislation set
ting discharge limits for non-radioactive contamination.
Annex II in R ef. [5] gives extracts from three sets of national
regulations concerning the d ispersal lim its o f radioactivity. These
show two different approaches, the regulations of the USSR and the
United States of A m erica specifyin g d isposa l lim its o f wide appli
cability and those of the United Kingdom specifying disposal lim its
on a c a s e -b y -c a s e basis.
The first factor which must be considered is the legislation and
regulations applying to disposal into the environm ent not only with
resp ect to radioactive contamination, but also with resp ect to non
radioactive contamination. In this connection the follow ing should
be c lo s e ly studied.
12
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(i)

National and lo ca l laws and ordinances regulating radioisotope
handling, radiation protection a ssociated with waste d isposal,
e s p e cia lly the m axim um p e rm iss ib le d isch a rges into the en
vironm ent and whether disposal to public sew ers is perm itted.
(ii) National and loca l laws and ordinances regulating environmental
pollution by contaminants other than radioactivity, particularly
the permitted discharge concentrations for such m aterials.
(iii) If there are no national or loca l laws or ordinances it must be
determ ined what regulations and guides should be used b efore
they are prepared.
If the national legislation sp ecifies d ispersal lim its that are to
be applied for all disch arges reg a rd less of the p articular environ
ment then this lim it must be accepted and the only environm ental
study required is to ensure that there is no hazardous build-up of
radioactivity in that environment. If, how ever, the national le g is 
lation s p e cifie s d isp ersa l lim its which are set on a c a s e -b y -c a s e
basis, a p re-op eration al study w ill be n e cessa ry to determ ine the
amount of radioactivity that can be released to the environment. Even
in the first instance, a pre-operational study should be done as this
w ill often mean that a m ore econ om ica l operational environm ental
monitoring program m e is required later. It is important to deter
mine any possible biological indicators as part of the pre-operational
study. The scop e of any environm ental surveys should be related
to the margin between specified disposal lim its and foreseen discharges.
F or small relea ses of waste it may be possible to dem ons
trate safety without much detailed inform ation. This can often be
achieved by making con servative assum ptions.
F or inform ation on environmental m onitoring see Refs [6,7 ] .
F or sm all quantities of soluble wastes containing radioisotopes
of short h alf-lives, the most convenient and generally the most prac
ticable p roced u re is d isp osa l into the san itary sew era g e system .
This im plies, of cou rse, that a sewerage system is available which
is capable of having industrial wastes discharged into it.
Chapter 3 in R ef. [8] deals v e ry fully with d ire ct d isposal
o f rad ioactivity to se w e rs. F urther re fe r e n c e may a lso be made
to R ef. [9] . The fa ctors that should be con sid ere d if d isp osa l to a
sew erage system is being con sid ered a re:
(i)

The size of the sew erage system , and the o v e r -a ll flow , daily
flow and hourly variations of flow that occu r within the system .
13

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

(ii) The probability of contamination of the drainage system , which
might present a hazard during rep airs.
(iii) The probability of contamination of the sewage itself, which
could present a hazard to men working in the sew er.
(iv) The type of treatment, if any, to which the sewage will besub
jected, and contamination of treated sewage effluents which might
affect their subsequent use or disposal.
(v) The probability of possible build-up of certain radionuclides in
filter beds or other units of the sewage treatment system .
(vi) The possible use of sewage sludges.
/
The locality and environment of the site will decide the type of
disposal and the amount of rad ioa ctivity that can be re le a se d . A
pre-operational environmental study may probably be n ecessary to
establish the disposal lim its after account has been taken of the ap
plicable legislation. Each site will present different problem s and
different factors will therefore have to be taken into account in a s 
sessing each site.
Detailed inform ation on disposal of radioactively contaminated
wastes into the environment is given in various IAEA publications
[6, 10-15] .
The following is a brief summary of the general factors for fresh
water, sea, ground and atmospheric disposal which should be investi
gated or upon which information should be obtained.
It is important to note that very often there are official organi
zations who collect or are able to collect such data in the cou rse of
their norm al duties. R ecou rse to such organizations may, firstly ,
often lessen the amount of investigation that has to be done sin ce
the information is already available, and, secondly, if these organi
zations ca rry out the investigations this may eliminate the possible
risk of unnecessarily alarm ing the public.
In all cases it is desirable to prepare charts or maps showing
the situation of various areas from which wastes w ill be re ce iv e d ,
and the proposed waste treatment and disposal a re a s . L ocal s tre a m s,
riv ers, lakes, coa st-lin es, populated and industrial areas, and dis
tricts under crops should be shown where appropriate.
It is a lso d esira ble to have knowledge of the radion u clides to
be released and their activity level (see Section 4. 2) and if possible
the proposed method of relea se. In many cases this knowledge will
be required by the regulatory authorities.
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This publication is no longer valid
Please see http://www.ns-iaea.org/standards/

When freshwater disposal is being considered it is desirable to
obtain the following inform ation:
(i)

Location of the river or lake relative to the origin of the effluent
o r the p rop osed treatm ent plant and distance fro m estuarine
w a ters;
(ii) M axim um , m inimum and average r iv e r flow s;
(iii) Nature and quantity of other industrial o r ra d ioa ctive w astes
including therm al pollution being discharged into the riv e r or
lake, and details of any dilution studies p erform ed relative to
their disposal;
(iv) Chemical quality of the water particularly with resp ect to su s
pended and colloid al m aterial;
(v) W ater usage (quantity) for drinking w ater, irriga tion (and the
crop s which are grown) and for other purposes;
(vi) Species and quantity of fish, shellfish or edible flora collected
or h arvested from the r iv e r o r lake, and the per capita co n 
sum ption;
(vii) Other u ses of the riv e r or lake, e .g . bathing o r dredging of
riv e r bottom ;
(viii) U pstream o r downstream regulation of r iv e r flow .
When marine disposal is being considered it is desirable to ob
tain the following inform ation:
(i)
(ii)
(iii)
(iv)

(v)

Location of the estuary or ocean relative to the proposed treat
ment plant;
Tidal and current movements;
W ater usage fo r coolin g w ater or other indu strial p u rp o se s;
Nature and quantity of other industrial wastes being discharged
into the estuary or ocean, and details of any dilution studies
p erform ed relative to their d isp osa l;
Species and quantity of fish, shellfish or edible flora collected
or harvested from the nearby marine environment, and the per
capita consumption;

(vi)
(vii)

Use for bathing and sport;
Other uses of the m arine environm ent, e .g . dredging from
the ocean bottom ;
(viii) If solid waste disposal is being considered it is also desirable
to know the depth at the d isposal area, and the effect of that
depth on the structure of the waste container to be used.
15
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When ground disposal is being considered it is n ecessary to ap
preciate the d ifferen ce between shallow land burial which tends to
be rela tiv ely sim ple and inexpen sive, and d isp osa l into deep f o r 
m ations that are n orm a lly m ore com p licated and expen sive.
(a)

F o r shallow land b u ria l the b a s ic in fo rm a tio n r e q u ir e d i s :

(i)
(ii)
(iii)
(iv)

Depth o f w ater ta ble;
P e r m e a b ility o f the s o il;
D istance to n earest point of w ater usage (r iv e r , w e ll, etc. );
A bility of the s o il to absorb ra d ion u clid es.

Further details such as the direction and rate of flow of the
ground water, clim ate (particularly the distribution of rainfall and
the evaporation rate) and the proxim ity of population centres would
be desirable.
In some countries (e .g . the United Kingdom) and under certain
conditions (see p. 73 in Ref. [8] ) use may be made of municipal and
industrial refuse dumps for burial of certain low activity solid wastes.
It is then desirable to obtain the following information:
(i)

L oca lity of the dump with sp ecia l r e fe r e n c e to the avoidance
of contamination of su rface and underground w a ters;
(ii) W hether, after burial at the site has been discontinued, the
ground will remain undisturbed for a long period or if it will be
used for some particular purpose;
(iii) Security of the site with resp ect to whether it is fenced and
substantially free from fir e ris k s .
(b) F or disposal of wastes into deep form ations it is d esira ble to
obtain the following inform ation:
(i)

H ydrologic situation including depth of water table, d irection
and rate of flow of the ground water and relative rate of m ove
ment of the radioactive substances;
(ii) Geographical situation including physical features of the area,
vegetation, climate (particularly precipitation - monthly aver
age, maximum and minimum — and evaporation rate - monthly
average, maximum and minimum ), location of adjacent water
b odies and w ater u sage, and loca tion o f population c e n tr e s ;
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(iii) Geological situation including type of soil, type of lower geologi
cal stru ctu res, perm eability of form ations, chem ical and m i
neral com position s of form ation s and the physical ch e m istry
of form ation s (sorption and desorption ch a ra cte r is tics ).
It is n ecessa ry to have a record of the various geologica l h orizons,
p articu la rly the interconnection of the w a ter-b earin g strata. F o r
injection purposes probably the most important data are the porosity
of the receiving formation and the com patibility between the injected
solutions and the naturally resident fluids.
When atm ospheric disposal is being considered it is desirable
to obtain the following inform ation:
(i)

G eographical situation including physical features of the area,
vegetation, location of crop -grow in g and anim al-raising areas,
and location of population cen tres;
(ii) M icrom eteorological data for the area including prevalent wind
direction and wind speed throughout the year, vertical tem pera
ture gradient, precipitation (monthly average, m aximum and
m inim um );
(iii) Other releases to the environment of airborne industrial wastes.
It should be noted that analysis and m eteorolog ica l interpreta
tion of the above data are n ecessary, preferably by an experienced
m eteorologist.
A fter con sideration of the p relim in ary evaluation as outlined
above it can then be decided what further inform ation is requ ired
and what studies are n ecessa ry . The p re-operation al a ssessm en t
will decide if disposal is possible and the lim its of disposal, but the
sam e fa ctors must be taken into account in determ ining the p ostoperational environmental m onitoring program m e that may be
required.
4. 2.

Types and categories o f waste

The second starting point in evaluating waste m anagem ent is
the type of w aste. This va ries with the type of establishm ent and
the operations p erform ed there.
F or inform ation on the various types of waste that a rise at the
various stages of the n uclear industry, re fe r e n c e should be made
17
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to textbooks on waste management [16-18] . F or sp e cific inform a
tion on the type of waste a ssociated with som e uses of a number of
radioisotopes see R ef. [5] .
Once the types of wastes likely to arise at an establishment are
estim ated the ca tegories into which waste should be segregated
should be provisionally set. These categories may have to be
amended later because of the treatment methods chosen or the d is
posal lim its. The working scientist p refers to have a single or
lim ited number of ca teg ories, which means that the waste problem
is one of processing a very large volume of waste that is only slight
ly contaminated. The waste p rocessor p refers to divide the wastes
at the s ou rce into many ca te g o rie s by p hysical state and a ctivity
level resulting in the treatment of a v e ry much sm a ller volum e of
waste at a somewhat higher a ctivity le v e l, but a la rg e part of the
waste will be able to be disposed of without treatment, Either view
if taken to extrem es is uneconom ic sp.a serisiliig..com prom ise must
be reached.
'•'.'•s.,.
* •; ~' "
In estim ating the ca te g o rie s and quantities' of w aste lik e ly to
occu r at an establishment use should be made of inform ation avail
able from establishments that have been operating for considerable
periods. This estimate of the quantities of waste likely to occu r is
v e ry im portant. In the past it has been a com m on o c c u r r e n c e in
many countries to overestim ate the amount of activity in the waste
and the quantities to be treated, which has resulted in handling and
treatment facilities being provided for much greater quantities than
have actually o cc u rr e d . In fact many establishm ents have waste
treatment facilities that are ra rely used sim ply because of the o r i 
ginal overestim ate of the quantities of waste.
Both the volume and activity of waste vary considerably from estab
lishment to establishment. This applies particularly to the so-called
lo w -le v e l activity liquid wastes and is mainly due to d ifferen ces
in the extent of segregation that is p ra ctised . A v e ry significan t
factor is whether coolin g -w a ter and industrial waste arisin g from
n on -rad ioa ctive contamination areas is segregated either fully or
in part from the low -level activity liquid wastes arising from radio
active contam ination a rea s. This fa cto r accounts m ainly fo r the
apparent large d iscrep a n cies between various establishm ents.
Another fa ctor influencing the volum e of this type of waste is the
type of operations and resea rch perform ed at the establishm ent.
Naturally an establishment with a high proportion of radiochem ical work
will have greater volumes of liquid waste than an establishment where
18
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high energy physics resea rch is p erform ed . A third fa cto r is the
way categories are defined. F or instance, Establishment A defines
lo w -le v e l liquid waste as waste co lle cte d with an a ctivity le v e l of
le s s than 10'3 ^ C i/m l w hereas the waste collecte d actually has an
average activity level of 10"5 mC i/m l. Establishment B defines lowle v e l liquid waste as waste co lle cte d with an activity le v e l o f le s s
than 10'5 juCi/ml whereas the waste collected actually has an average
activity lev el o f 10'7 /uCi /m l. This establishm ent further defines
waste collected with an activity level between 10’ 1 and 1CT5 juC i/m l
as intermediate level waste and the waste collected in this category
has an average activity level of 10-4 juC i/m l. These two exam ples
show the problem in com paring waste categories in different estab
lishm ents. However, as a general guide, providing segregation of
cooling-w ater and industrial waste is practised, the amounts of lowlevel liquid wastes arising per person producing radioactive wastes
w ill vary between 10 and 100 m3 per y ea r, or arisin g per w ork er
at the establishment, between 2 and 30 m 3 per year. If segregation
of cooling-w ater and industrial waste is not practised, the amounts
of lo w -lev el liquid wastes w ill in crea se to between 200 and 600 m 3
per yea r per p erson producing ra d ioa ctive w a stes, o r to between
50 and 200 m 3 per year per worker at the establishment. It has also
been shown that with efficient segregation of very lo w -lev el activity
wastes at an establishment no m ore than 5 to 10% of the water used
at the establishment will require other than minimal treatment and
be considered as liquid wastes containing radioactivity.
The quantity of lo w -le v e l activity solid wastes which o cc u r at
various resea rch establishm ents has been shown to vary generally
between 0 .3 and 0 .8 m 3 p er p erson prod u cin g w aste each y e a r.
The quantities of interm ediate- and high-level liquid wastes a ri
sing at an establishment depend almost entirely on the type of opera
tion perform ed; to obtain a reasonable estimate for com parison re f
erence should be made to an establishment perform ing sim ila r
functions.
The above figures are only very approximate as so much depends
on the operations p erform ed at the establishm ent, and they should
be used only as a rough guide.
4. 3.

Waste collection, treatment and storage

Once the disposal lim its have been set for discharge to the en
vironm ent, and the types o f w astes and their quantities have been
19
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estim ated, the p roposed system s fo r waste co lle ctio n , treatm ent
and storage should be investigated.
4 .3 .1 .

W aste collection

A fter the collection categories for the waste have been decided
the collection system must be considered. B asically this w ill con 
sist of various types of containers for the different wastes, especial
ly for intermediate- and high-level activity liquid wastes and for solid
w astes. It is important to standardize the collection containers as
soon as p ossible, keeping the number of types to a minimum but at
the sam e time allowing flexib ility to segregate wastes at the point
of collection to avoid further segregation of wastes necessitated by
treatment p rocesses, etc. , at a later stage (see Chapter 2 in R ef.[8] ).
It has gen erally been found p refera b le fo r lo w -a ctiv ity liquid
wastes to provide separate collection system s with individual delay
tanks at lab ora tories where ra d ioa ctivity is handled. Delay tanks
have the following advantages :
(i)

They enable segregation to be made to avoid o v e r-tre a tm e n t,
e .g . if after m onitoring the radioactivity is low then discharge
can be made to a central drainage system . It has been found that
the cost of treating industrial waste is about 30 to 40 times less
than treating low -activity liquid wastes;
(ii) They enable it to be determ ined whether the system is being
m is-u s e d ;
(iii) They enable it to be determ ined whether unexpected leaks and
faults have o c c u r r e d in exp erim en ta l and op era tion a l w ork ;

(iv) They enable costing to be ca rried out of individual laboratories
for waste quantities.
F or lo w -le v e l liquid waste a d ecision w ill have to be made as
towhether the volume is sufficient to install a piping system or
whether the liquid should be tra n sferred from the co lle ctio n point
to the treatment, storage or disposal point by tanker. Distance from
the collection to the treatm ent point also should be taken into co n 
sideration.
In the past many lo w -le v e l a ctivity liquid c o lle ctio n sy stem s
have been over-d esig n ed , and certain m a terials, e .g . stainless
steel, have been used reg a rd less whether they w ere n e ce ssa ry or
not. This is a very important econom ic factor, and the design and
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m aterials of construction o f co lle ctio n system s must be given full
F or drainage system s from la b ora tories to delay tanks
stainless steel has been found to be good but troubles may occu r if
the co r re c t welding techniques are not used or if high ch loride con 
centrations are present. PVC is now being widely used for this pur
pose but it is important when using polyvinyl chloride or polyethylene
plastics that the correct grades or types are used. From delay tanks
to treatment plant ceram ic pipes are often used. Rubber-lined mild
steel delay tanks have been found to be the cheapest but in hot coun
tries a cover has to be provided to prevent deterioration from sunshine.
It is important for developing countries to use where p ractical
materials available in the country. Stainless steel and PVC are not
manufactured in many cou ntries and th erefore it may be better to
use m ild steel pipes which have been ru bber o r bitumen lined o r
have had an internal surface coating applied. Even cheaper piping
may be used but this means that there must be a strict check on leaks.
It may be better in these cases to condition the waste at the sou rce,
e .g . by neutralization, and use cheaper m aterials of construction
for the later stage.
attention.

4 .3 .2 .

Waste treatment

It is important to rea lize that there is no general method o f trea t
ment of liquids which can be applied at all locations if the most econom ic
method is to be chosen. The technology of the various methods and
their expected decontamination factors is very well established, and
the d ecision as to which treatm ent m ethod should be u sed can be
mainly based on a purely econ om ic evaluation. The technology of
treatment of gases and aerosols is also well established and methods
of air cleaning can generally be the sam e for m ost establishm ents,
unlike the m ethods fo r liq u id s. G en erally the treatm ent o f s o lid
w astes is m inim al and the main p rob lem that has to be solv ed on
an econ om ic basis is to decide the collection ca te g o r ie s , and if it
is econ om ica l to endeavour to redu ce the volum e o f the co lle cte d
solid waste fo r d isp osa l p u rp oses.
Detailed inform ation on the treatment of radioactive wastes is
given in various IAEA publications [8, 14, 19-26] .
Waste treatment for various categories of waste will now be con
sid ered . These ca te g ories are som ewhat a rb itra ry and an in te r
change between ca teg ories may take place.
F or purposes of this report low -activity liquid wastes have been
defined as having an activity le v e l le s s than 1 0 '3 ju C i/m l. W astes
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having higher activity le v e ls have not been separated further and
are con sid ered in term ed ia te- and h ig h -le v e l w astes.
As a general principle treatm ent plants should be designed to
handle the quantities of waste which norm ally a ris e . They should
not be designed to handle large quantities of waste which may arise
abnorm ally, i . e . from an accident. H ow ever, in ca s e s w here the
normal flow of waste is discharged without any treatment it may be
n ecessary to have a standby treatment plant capable of partially or
wholly treating any w astes, that are m ore highly contaminated than
n orm al. Generally also it is sufficient to have a hold-up capacity
in the liquid co lle ctio n and treatm ent system of about 10 to 15 d.
4 .3 . 2 . 1.

L o w -le v e l a ctivity liquid waste treatm ent

Many different treatment p rocesses for radioactive liquid wastes
are in use at nuclear establishm ents. The fact that there are so
many different types of p rocesses indicates that each establishment
must ex e rcise considerable judgement b efore installing a p ro c e s s .
This is particularly true for low -level activity liquid wastes but
the only processes that should be given consideration are those based
on chem ical treatment, ion-exchange and evaporation or co m b i
nations o f them. E lectrod ia ly sis is also proving suitable fo r som e
sorts of liquid waste but has not yet developed as a routine liquid
waste treatment. It is important to realize that while a process
may give satisfactory results at one establishment the same process
may give indifferent results at another. Many factors such as local
water quality, w aste-water com position, radionuclide concentration
and the presence of sm all quantities of detergents or chelating
agents will have a strong influence on the decontamination factor actu
ally achieved. It is a lso im portant to note that national or lo ca l
regulations may lay down lim its for non-radioactive pollutants which
may be disch arged to the environm ent, and often lo w -le v e l liquid
wastes collected on an establishment may have to be treated because
of the above restriction even when the rad ioactivity le v e l is below
p erm issib le disch arge lim its. This fa ctor must be taken into a c 
count in deciding the cap acity of the treatm ent plant req u ired and
in a ssessin g what p ro ce ss should be chosen or what p ro c e s s w a r
rants further investigation.
In many instances careful attention to good segregation practice
will alm ost entirely eliminate the need for liquid waste treatment,
since sm all volum es of m ore concentrated liquid wastes which do
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accum ulate may be handled by solid ification in con cre te or in c o r 
poration into bitumen, o r som e other method without p r io r
treatm ent.
W here the total solids contents of the waste is re la tiv ely high
and where a large decontamination factor is not required, chem ical
treatm ent is often a sa tisfa ctory p r o c e s s . (While a D .F . of 10 is
generally obtained with ch em ica l treatm ent p ro c e s s e s it should be
noted that D. F. s o f 200 o r higher can be obtained fo r a s p e c ific
isotope with a sp ecific coagulant or co-precipitant. ) However, d es
pite the low costs generally associated with the chem ical treatment
process itself, volume reduction factors are often low and con sider
able costs and effort may have to be expended in the solid ifica tion
and disposal of the sludges resulting from chem ical treatment. The
choice of a particular p rocess w ill be governed by the nature of the
installation and the operations producing the waste. The concentra
tions of ra d ioa ctive and n on -ra d ioa ctiv e m a teria ls w ill a ffe ct the
choice greatly. It is particularly important to give attention to the
concentrations of the non-radioactive pollutants since it will generally
be found that these are far g rea ter in concentration than the
radioactive contam inants, and if the bulk of the total solids is p re 
cipitated in the p ro c e s s , the radioactive m aterials w ill also be c o 
precipitated or adsorbed on the floe. F or many of the chem ical
treatment p ro ce sse s described in the referen ces in Section 4.3.2, a
con sid era b le amount of la b ora tory w ork is req u ired to determ ine
optimum dosage of ch e m ica ls, w hich, m o r e o v e r, may va ry from
day to day, p articu la rly in sm a ller establishm ents. On the other
hand, if it is n e ce s s a ry to treat only an o cca sio n a l batch of waste
that is unpredictable in its ch aracteristics, use of a m assive chem i
cal treatment, i .e . using large concentrations of a mixture of coagu
lants, etc. , w ill elim inate the need for much la b ora tory w ork and
w ill probably be m ore econ om ic in the long run despite the co st of
ch em icals involved.
W here w astes have a low total solids content (preferab ly le ss
than 1000 ppm), ion-exchange treatment is a m ost suitable method.
It has the advantages of simple equipment requirem ents, high volume
reduction factors and the activity concentrated in a form that is easi
ly handled for packaging and disposal. Particularly if synthetic ionexchange resins are used, the main disadvantage is cost of the resin,
but this can be overcom e by regeneration of the resin. This means,
of cou rse, that a further stage is n ecessa ry to treat the regenerant
liquid, and som etim es it may be m ore econ om ic not to regenerate
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the resin but to consider it as solid waste. Further, the regen era
tion liquid is often d ifficu lt to handle. Some naturally o cc u rr in g
ion-exchange m a teria ls, while having a low er D .F . than the syn
thetic ion-exchange resins, have proved satisfactory because of their
low cost. Ion-exchange is often a very useful p ro ce ss to follow up
ch em ica l treatm ent to rem ove ra d ioa ctivity that has not been r e 
moved in the chem ical treatment. A filtration step may be needed
between the p r o c e s s e s o r , m ore im portant,should be used b e fo re
the ion exchange even if no other treatm ent m ethod is em p loyed.
Since the bulk of the solids has already been rem oved, ion-exchange
resin s that rem ove s p e cific isotopes may be used even if they are
expensive because the useful life of the ion-exch an ge colum n may
be very long.
Evaporation is a very good method where high D. F. s are r e 
quired, or where the waste is otherw ise not suited fo r p ro ce ssin g
by alternative techniques. Compared with other methods capital costs
are high but provided the p ro ce ss in g capacity is fully u tilized the
co sts per unit volum e are gen erally not e x c e s s iv e .
A ll these p rocesses w ill give concentrates ( i.e . sludges, eva
porator residu es, ion-exchange resin s,etc. ) that w ill generally r e 
quire further treatment before storage or disposal (see R ef.[26] which
presents the advantages and disadvantages of the various methods
of sludge treatm ent).
With low -lev el activity liquid wastes great im portance must be
given to the decontamination factor that is desirable. If one attempts
to rem ove all the radioactivity the cost of the p ro ce ss w ill becom e
prohibitively uneconomic. It is therefore wise to set a D .F . that
w ill perm it discharge of the treated effluent at a radioactivity level
below the permitted discharge level. It may be possible to achieve
a higher D .F . by other p rocesses but the sim plest and cheapest
method that will achieve the above objective is good p ractice.
Since low -level activity liquid wastes will probably be the type
of waste which will receiv e the greatest attention at most establish
ments it is essential that the treatment p rocess adopted is such that
any equipment, spare parts or consum ables used should be avail
able at short notice and preferably obtainable locally. This presents
a problem for the less-industrialized countries where generally there
is also a shortage of hard curren cy. This means that in evaluating
the treatment p rocess that should be installed in these countries it
is preferable that consideration be given to this problem , and that
the method chosen should be such that the equipment and consumables
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are available loca lly or relatively easily. Consideration should also
be given as to whether it is worthwhile to construct the plant locally
rather than to purchase it from abroad.
The selection of the treatm ent p ro c e ss for lo w -le v e l liquid
wastes is based on many factors. The inform ation that must be ob
tained includes the following:
(i) The decontamination factor required;
(ii) C h aracteristics of the water supply to the site, e sp ecia lly the
concentration of magnesium and calcium salts and any unusually
high im pu rities. It is also important to know if the water has
been given any treatm ent at the water supply w orks and if so
the p ro c e s s used;
(iii) C h a ra cteristics of the influent to the treatm ent plant with r e 
spect to the ra d ioisotop ic and n on -ra d ioa ctiv e contam inants;
(iv) Volum e requirin g treatm ent,
(v) Capital co s t o f plant and equipment;
(vi) Cost of ch em ica ls and other con su m ables. In this connection
it is advisable to obtain inform ation on the availability and ap
proxim ate cost of the follow ing:
(a) C om m ercial grade ch em ica ls: sodium hydroxide, sodium
carbonate, trisodium phosphate, ferrou s sulphate, fe r r ic
ch lorid e, aluminium sulphate and filter alum;
(b) Vermiculite or other natural ion-exchange material and syn
thetic ion-exchange resins;
(c) Bitumens, asphalts and tars;
(d) Cement;
(vii) Availability and unit prices of power and heat, e .g . electricity,
city ga s, natural gas, liquid p etroleu m g a s, hig h- and lo w p re s su r e steam and h igh- and lo w -p r e s s u r e hot w a ter;
(viii) C ost o f r e s e a rc h req u ired to evaluate v a riou s treatm ent
m eth od s.
4. 3. 2. 2.

Intermediate- and high-level activity liquid waste
treatment

F or in term ed ia te-level activity liquid w astes, i . e . those with
an activity higher than that fo r the lo w -le v e l a ctivity w a stes, e s 
sentially the same considerations and factors apply as for low -level
wastes. The three main methods of treatment, i .e . chem ical treat
ment, ion-exchange and evaporation, or combinations of them, can
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still be used but the D .F . obtained assum es greater im portance. Of
great importance is the volume reduction factor obtained in the p ro
ce s s since the activity of the concentrate w ill be such that fixation
of the activity by som e method is alm ost certain ly n ecessa ry.
It may be that for a resea rch establishm ent or rea ctor site, if
careful consideration has been given to good segregation p ra ctice,
the small volumes of intermediate- and high-level liquid wastes which
do accum ulate can best be handled by solid ifica tio n . C on versely,
it may be possible in some areas with a high environmental capacity
to receiv e activity, for interm ed iate-level wastes to be discharged
directly to the environment, e .g . to the ground. However, this in
volves an extensive study of the environm ent, and fo r m ost
establishm ents it is p refera b le that in te rm e d ia te -le v e l w astes be
treated so as to reduce the volum e for disposal or storage o r , a l
ternatively, if the radioactivity results mainly from sh ort-lived is o 
topes, storage to allow decay of the radioactivity to a level allowing
it then to be treated as lo w -le v e l activity waste may be su fficien t.
If the volum es of in term ed ia te-lev el liquid waste are not su f
ficien tly large it is also worthwhile con siderin g not only the three
main methods of treatment mentioned above or combinations of them,
but to con sider their incorporation into bitumen as w ell as cem ent
or cem ent-verm iculite m ixtures. The volumes of high-level activi
ty liquid wastes that o cc u r at m ost establishm ents w ill be so low
that little con sideration should be given to treatm ent of them . It
is probably n ecessary only to provide storage facilities for the liquids
either in special containers, or to in corp ora te the liquid in
bitumen o r cem ent to provid e som e safety fa c to r with re s p e c t to
leachability and then to store the incorporated m aterial rather than
to dispose of it.
However, with the wastes arising from reactor fuel processin g
the high-level wastes represent a considerable problem not only be
cause of their rad ioactivity but a lso b eca u se of the volu m e. The
low - and interm ediate-level liquid wastes that occu r can be treated
and disposed o f in a sim ila r manner to w astes arisin g in other
branches of the nuclear industry. It w ill, however, probably be n e ce s
sary to install treatment facilities for the interm ediate-level activity
liquid wastes.
H igh-level liquid wastes arising from re a cto r fuel p rocessin g
represent m ore than 99. 9% of the radioactivity contained in the total
wastes produced by the nuclear industry. It may appear at first sight
that the very high radioactivity of the h igh -level wastes (up to
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10 000 C i/lit r e s ) is the main so u rce of con cern fo r those engaged
in radioactive waste management. That this is not the case is due
to the fact that tank storage is a safe procedu re. Considerable r e 
search work has been expended and is being expended on developing
methods of solidification of these wastes so as to reduce the volume
and the hazard for ultimate disposal. C onsiderable effort has also
been expended in developing methods of ultimate disposal, e .g . d is
posal into salt m ines. C onversely, a lot of attention is being given
to extraction of some of the mixed fission product radioisotopes from
the h igh -level liquid wastes so as to reduce the possible hazard but
m ainly to develop econ om ic u ses fo r these iso to p e s . A lot m o re
rem ains to be done before the problem of h igh -level activity liquid
w astes is o v e r co m e . H ow ever, until then, the p resen t stora ge
methods assure that no hazard is being caused to man and his
environment.
B efore a country proceeds with rea ctor fuel p rocessin g a con 
siderable knowledge of radioactive waste management should be
available in that country. Only lim ited attention has therefore been
given in this report to the factors involved in the problem s of highlevel activity liquid w astes. F or inform ation on the treatment and
storage of h ig h -level radioactive waste see R efs [27, 28] .
4. 3. 2. 3.

Treatm ent of solid wastes containing radioactivity

If effective segregation o f solid w astes is p ra ctised it w ill be
found that a large proportion of the solid wastes arising at an estab
lishment is capable of being disposed of at a burial ground or g a r
bage dump within the establishm ent o r under its con trol with very
elem entary precautions and m onitoring req u irem en ts. It m ay be
n e ce s s a r y to im p ose som e re s tr ic tio n on the amount o f m a teria l
containing alpha activity which has to be buried because of the gen
era l long h a lf-life of the alpha-em itting isotop es and the c o in c i
dental b io lo g ica l sig n ifica n ce o f the em itters. S om etim es it w ill
be n ecessa ry to store the waste fo r a period to allow a lp h a -ra d io
active decay b efore disposal.
It is som etim es advisable to reduce the volume of the low -level
solid waste before disposal. This is done by com pression or incin
eration. The decision as to whether this should be done should be
based mainly on econ om ics.
However, it should be noted that if there are appreciable quanti
ties o f alpha a ctivity o r of toxic m a terials such as b erylliu m in
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the solid waste, because of the possible airborne dust hazard co m 
pression or baling of the waste can only be ca rried out if extensive
a ir-clea n in g equipment is installed. It is im portant th e re fo re to
know whether these m a terials are lia ble to be presen t.
The quantity of biological wastes, e .g . animal cadavers, liable
to occu r should be determined, for if the quantity is appreciable the
installation of an incinerator should be considered. Incineration of
general radioactively contaminated solid wastes can be an involved
and costly p rocess unless segregation of non-com bustible solids is
ca rried out before incineration, otherw ise difficulties can a rise
during incineration and the volume reduction ratio obtained is insuf
ficient to warrant the use of incineration. A lso, if isotopes are
present which volatilize on heating or the wastes generate excessive
quantities of dusts during incineration, extensive air-cleaning equip
ment is required. Another problem encountered with incineration
is the presence of non-radioactive m aterials in the waste, e .g . PVC
plastic, which are liable to cause co rro s io n problem s with the m a
terials used in the construction of the incinerator. Care must also
be taken that m aterials which are liable to cause explosions or fires
are not present in the w aste. Small d om estic or institutional in
cinerators have been found to be very useful for treating combustible
lo w -le v e l radioactive s o lid s , p articu la rly putrefiable b iologid a l
w astes. H ow ever, sin ce no sp ecia l a ir-cle a n in g or ash-handling
facilities are usually associated with such units, activity content of
the wastes must be restricted to levels which will not result in un
acceptable a ir-b orn e contamination.
The use of incineration for the treatment of wastes containing
rela tiv ely large quantities of ra d ioisotopes req u ires sp e cia lly de
signed or m odified units u tilizing elaborate a ir-cle a n in g and ashhandling system s. B ecause of the cost and com plexity involved in
treating such wastes many establishm ents no longer operate in c i
nerators for this purpose. Therefore, before deciding to incinerate
solid waste a study should be made to see if incineration is war
ranted. If the highly contaminated solid wastes are segregated from
the larger volumes of slightly contaminated solid waste, these may
be stored or if suitable may be incorporated in bitumen or cem ent
along with other types of wastes such as sludges and evaporator con
centrates and m ed iu m -lev el liquid wastes before the m aterial in
corp orated is disposed of o r stored .
A m ajor problem with all types of solid wastes is to know what
is the amount of radioactivity present in the waste. It is very easy
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to obtain a radiation reading but difficult to a ssocia te this reading
with the actual radioactivity contained in the waste. Several estab
lishments have derived rough formulae to give a guide to the amount
of radioactivity present as derived from the radiation reading but
such guides are only approxim ate (see R ef. [29] ). It is th e re fo re
essential that strict practice with respect to segregation, recording
and labelling of solid wastes be done to ensure that no hazard results
in any ensuing treatment p rocess or storage system . This s e g r e 
gation and labellin g is a lso essen tial to prevent incidents a risin g
from the presence of flam m ables, alkali m etals, a cid-soak ed rays,
etc.
The following factors should be investigated before deciding on
any method of treatment of solid waste (it may be desirable to collect
and store solid wastes for a period so as to obtain a m ore accurate
assessm ent of the type of solid w astes):
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Type of waste as regards physical and chem ical form , i .e . o r 
ganic or inorganic, com bustible or non-com bustible;
Type and amount of radioactivity present;
Type and amount of toxic and flam m able n on -ra d ioa ctive m a
teria ls present;
Amount of putrefiable w aste;
Presence of materials liable to cause corrosion or other hazard
during an incineration p rocess;
Storage or disposal facilities available and distance that wastes
will have to be transported to such facilities.

4 .3 . 2 .4 .

Treatm ent of a ir -b o rn e w astes containing ra d ioa ctivity

The technology of treatment of airborne radioactively contam i
nated wastes (air-cleaning) is very well advanced, and once the per
mitted discharge has been established it is a relatively simple matter
to determine whether a ir-clea n in g is required and what method has
to be adopted. This means that the approach to controlling air
pollution from the operation of nuclear facilities is somewhat s im i
lar with establishments having sim ilar operations. With airborne
w astes it is the type o f op eration producing such w astes that w ill
dictate the amount and type of a ir -c le a n in g req u ired .
The type of operations and the conventional features of the venti
lation system can be used to estim ate the ra d ioa ctivity that might
be released to the environment if no air cleaning were provided. By
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com paring this potential release with the regulatory lim its, the de
gree of air cleaning needed can be determined.
The fa ctors that must be con sid ered and the methods adopted
are given in detail in R ef. [15] . Treatm ent of a ir-b o rn e wastes is
so clo se ly connected with ventilation system s that the following ex
tract from R ef. [15] on the gen eral aim s of ventilation and a ir cleaning system s applies.
"T h e problem s of ventilation and containment of radionuclides
are interrelated. As perfect containment can rarely be guaran
teed it may be augmented by a ventilation system designed to
prevent the movem ent of a ir-b orn e contamination to places
where it is intended that personnel shall work without re s p ir a 
tory p rotection . An adequate ventilation system should a lso
ensure that discharges of radioactivity to the environment are
such that radiation dose rates to the public and to site personnel
do not exceed the accepted international standards. This w ill
usually require monitoring in ducts and possibly also in the en
vironm ent. The ventilation system w ill also have to m eet the
ord in a ry req u irem en ts such as heating, co o lin g , and dust
con trol n e ce s s a ry fo r the co m fo rt o f the o p era tors as w ell as
fo r tech n ologica l rea son s.
"In o rd e r to m eet these req u irem en ts, it is n e ce s s a ry :
(i) To know how airborne contamination can arise in the
facility under norm al operation, maintenance and accident
conditions.
(ii) To provid e filte re d and con dition ed supply a ir on a
once-through basis. This provides the controlled compensation
for the air discharged to the atmosphere. Filtration of the inlet
a ir redu ces the dust loading on the exhaust filte r s . It is also
d esira b le to keep the dust con cen tration in the w orking area s
to a minimum in o rd e r to redu ce su rface contam ination. The
heating, cooling or hum idification of air w ill help to provide a
satisfa ctory working environm ent.
(iii) To maintain d irection al flow s from the point of least
contamination to the point of greatest contamination. This p ro
vides p rotection o f la b o ra to ry p erson n el fro m the spread of
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contamination by a haphazard ventilation air pattern. In labora
tories, this will require controlled velocities in fume cupboards
and air hoods and appropriate pressure drop between zones with
different radiation and contamination levels.
(iv)
To clean the exhaust air before it is discharged to the
atm osphere, if it is n ecessa ry . In o rd er to determ ine the de
gree of clean-up required, a prelim inary evaluation of the haz
ards of continuously releasing the radioactivity and also the con
sequences of accidental relea ses is desirable. It may be found
n e ce s s a r y to d isch a rge via an exhaust stack to en sure s a tis 
fa cto ry dilution.
"T o ensure that a ventilation and air-cleaning system is operating
effectively at all tim es it is n ecessa ry to m onitor fo r contam i
nants in the working areas and, if necessary, in the area around
the site, to check air flows in the ventilated area and to measure
the efficiency of the associated air-cleaning equipment."
P rovision of em ergen cy pow er o r em ergen cy shut-down p ro 
cedures to be follow ed when power is lost should also be ca refu lly
studied.
To decide the n ecessa ry height for a stack the follow ing in fo r
mation is required:
(i)

From the system designer — the average output of gaseous and
suspended m aterial in curies per second.
(ii) From the a ir-clea n in g designer — the decontamination factor
that his equipment w ill provide.

From (i) and (ii) is derived the stack output in curies per second.
The radiation dose to the public resulting from using a stack
of a given height can then be calculated by means of a formula
giving the concentration in breathing a ir, averaged over a yea r, at
the point of interest.
A stack is most effective within 20 to 30 stack-heights away from
the stack. Its principal use is to protect people near to the stack.
If the stack is to emit significant amounts of radionuclides it is ad
vantageous fo r it to be high enough to penetrate above the norm al
inversion base level. Such em issions should, if possible, only be made
under favourable m e te o ro lo g ica l con dition s. This m ay req u ire a
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facility for storage o f effluent gas, which is m ost ea sily achieved
if highly active gases are segregated from the ventilation a ir.
4 .3 .3 .

M onitoring and waste re c o rd s

Treatment and disposal operations usually involve several moni
toring procedures to ensure that releases into the environment meet
the p re-esta b lish ed req u irem en ts. In addition it is n e c e s s a r y in
some instances to ca rry out environmental monitoring to a ssess the
actual or potential exposure of cr itica l population groups resulting
from the disposal practice (see Kefs [6, 7] ).
It is essential that an efficien t record in g system showing the
location of all wastes and their activities, e tc .,is established before
operations com m en ce. This record in g system should not only be
established for operational purposes but set out in such a form that
it is available fo r inspection by the national com petent authority,
e .g . the public health s e rv ice , which have the respon sibility to en
sure that waste management operations com ply with any legislation
or regulation that is applicable.
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ANNEX

WASTE MANAGEMENT SYSTEM QUESTIONNAIRE
The purpose of this Annex is to recapitulate, in the fo rm of a
questionnaire, what must be evaluated to enable a waste management
system to be selected . It is the aim of this questionnaire to co n 
centrate attention on those factors that need to be studied and enables
a prelim inary evaluation to be made relatively quickly. It is highly
probable that detailed answers cannot be given immediately to some
questions but no intensive investigational work should be done until
a p relim in ary evaluation indicates that it is req u ired . F o r som e
questions answers should be given not only fo r the situation at p re 
sent but also estim ates for the situation in two and five ye a rs'
tim e; these questions are identified by an "x " b esid e the question
num ber.
Frequently o fficia l organizations have collected or c o lle ct in
form ation on som e of the factors involved. These organizations
should be contacted before an investigation is ca rried out.
1. (x)

What is the type of establishment being considered and what
type of operational an d /or research program m e will be c a r 
ried out?

2. (x)

W ill the waste treatm ent and disposal fa cilities be used fo r
wastes arising at one site or at a central treatm ent or d is 
posal fa cility ? If the latter, where will the waste originate,
i . e . the estimated proportion from research work, rea ctor
operation, isotope u sers and other so u rce s ?

3.

(a)
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What national and lo c a l laws and ord in a n ces regu late
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m is s ib le d isch a rg e into the environm ent and w hether
d isp osa l to se w e rs is p e rm itte d ?
(b) What national and lo c a l law s and ord in a n ces regu late
environm ental pollution by contaminants other than
radioactivity, particularly the permitted discharge con 
centrations for such m a terials?
(c) If at present there are no national or local laws or o rd i
nances, are they being prepared? What regulations and
guides are used at present?
4.

What are the organizations or authorities that e x e rcise con 
trol over or are concerned with waste disposal and their r e 
lationship to one another?

5. (x)

What is the total amount and type of ra d ion u clid es used or
are expected to be used per yea r that are lik ely to produce
wastes ?

6. (x)

What is the number of personnel likely to produce radioactive
wastes.

7. (x)

What are the categories into which waste is segregated? What
is the range of radioactivity for each ca te g o ry ? If fa cto rs
other than ra d ioa ctivity, e . g . high acidity o r p re s e n ce of
solvents, toxic m aterials or detergents, are taken into a c
count in the segregation sp e c ify the s u b -ca te g o r ie s within
each ca tegory.

8. (x)

What is the quantity of waste for each category per year? For
liquid wastes, where possible state the proportion of the total
and the activity of specific radionuclides known to be present
in the waste.

9. (x)

What is the volum e of probable n on -radioactive wastes per
year, e . g. cooling water, engineering workshops waste and
sewage ?

10. (x) What are the present or proposed waste disposal p ra ctices,
if any?
11. (x) P rep a re a map o r chart showing loca tion o f variou s areas
from which w astes w ill be re c e iv e d ; stre a m s, r iv e r s and
35
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lakes; populated, industrial and crop cultivation areas; coast
line and (proposed) waste treatment and disposal areas.

12.

If a public sew age system is available and d isch a rg e to a
s ew er is p erm itted :
(a) What is the size of the sewage system and the o v e r -a ll
flow and hourly variations of flow that occu r within the
system ?
(b) Is there any sewage treatment p r o c e s s ?
(c) Is there any utilization of the sewage sludge and of
sewage effluent?
(d) A re there any oth er d is p o s e r s o f ra d io a ctiv ity to the
sew age s y s te m ?

13.

If wastes could p ossibly be disposed of into a riv e r or lake:
(a) What is the location relative to origin of effluent o r the
treatment plant?
(b) What is the distance from estuarine w a ters?
(c) What are maximum, minimum and average river flow s?
(d) What is the nature and quantity o f other in d u strial o r
ra d io a ctiv e ly contam inated w a ste s ?including th erm al
pollution, being discharged into the river or lake? Give
details of any dilution studies relative to their disposal.
(e) What is the ch em ical quality of the water, particu larly
with resp ect to suspended or colloid al m a terial?
(f) What is the water usage (quantity)?
(i) Drinking water;
(ii) Irrigation (state crop s grown);
(iii) Other.
(g) What are the s p e cie s and quantity of fish , sh ellfish o r
edible flora collected or harvested from the riv e r , and
the per capita consum ption?
(h) What are the other uses of the r iv e r , e . g . dredging of
r iv e r bottom o r fo r recrea tion a l p u rp oses?
(i) Is there any upstream or downstream regulation of river
flow ?

14.

If wastes could possibly be disposed of into an ocean or sea:
(a) What is the location of the estuary or ocean relative to
the proposed treatm ent plant?
(b) What are the tidal and current m ovem ents ?

36

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

(c)
(d)

(e)

(f)
(g)
(h)

15.

What is the water usage fo r coolin g water o r other in 
dustrial p u rp oses?
What is the nature and quantity o f oth er in d u strial o r
radioactively contaminated wastes being discharged into
the estuary or ocean and details of any dilution studies
p erform ed relative to their d isp osa l?
What are the sp ecies and quantity o f fish , sh ellfish or
edible flora collected or harvested from the nearby, ma
rine environment, and the per capita consumption?
Is there any bathing and sport usage?
What are other u ses o f the m arine environ m en t, e. g.
dredging from the ocean b ottom ?
What is the depth at the disposal area if solid waste d is
posal is being con sidered?

If wastes could possibly be disposed of by shallow land burial
(a) What is the depth of the water table?
(b) What is the permeability of the so il?
(c) What is the distance to nearest point of water usage?
(d) Can soil absorb the radionuclides?
(Note: Further details would be desirable such as the di
rection and rate of flow of the ground w ater, clim ate, par
ticularly the distribution of rainfall and evaporation rate, and
the proximity of population centres. )

16.

If it is perm itted to d isp ose of certain lo w -le v e l wastes at
m unicipal or industrial garbage dumps:
(a) What is the location of the dump and whether water from
dump drains into surface or underground w aters?
(b) What is the proposed usage of the dump after burial
operations ce a s e ?
(c) Is the dump fenced and are there any fire r is k s ?

17.

If wastes could possibly be disposed of into deep form ations:
(a) What is the hydrologic situation including depth of water
table, direction and rate of flow of the ground water and
relative rate of movement of the radioactive substances?
(b) What is the geographical situation including physical fe a 
tures of the area, vegetation, clim ate, particularly p re
cipitation (monthly, average, maximum and minimum),
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(c)

(d)

18.

location of adjacent water bodies, and water usage and
location of population centres ?
What is the g e o lo g ica l situation including type o f s o il,
type of lower geological structures, permeability of fo r 
mations, ch em ical and m ineral com positions of fo rm a 
tions and the physical chem istry of form ations (sorption
and desorption ch a ra cteristics)?
What is the ch em ica l com p osition of the liquids being
d isposed o f?

If a tm osph eric d isp osa l is being co n sid e re d :
(a) What is the geographical situation including physical fea
tures of the area, vegetation, location of crop growing
and animal ra isin g a re a s, and location of population
cen tres ?
(b) What are the m icrom eteorolo g ica l data for the area in
cluding prevalent wind direction and wind speed during
the year, vertica l tem perature gradient, precipitation
(monthly average, maximum and m inim um )?
(c) What are the other re le a se s to the environm ent of a ir 
borne industrial w a stes?

19. (x) Has there been any pre-operational study of the environment
p erform ed giving data on p ossible cr itic a l pathways d e te r
mined and type of sam ples co lle cte d ? What are future
proposals ?
20. (x) Give details of any present or proposed collection and treat
ment plant for radioactive and n on -rad ioa ctively con tam i
nated w astes. F or waste treatment plants at present in
operation give details of volum e treated to date and d econ 
tamination factor obtained.
21. (x) What is the presen t and p rop osed storage ca p acity for the
differen t types of w a ste s?
22.

Consider availability and unit prices of power and heat, i. e.
e le c tr ic ity , city ga s, natural g a s, liquid p etroleu m , ga s,
high- and lo w -p re s s u re steam and high- and lo w -p re s s u re
hot w ater.

23.

What are the ch a ra cteristics of the water supply to the site,
especially the concentration of magnesium and calcium salts
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and chlorides and any unusually high im purities? Is water
given any treatment before use and if so the method used?
24.

Consider availability and approximate cost of the following
consum ables:
(a) Com m ercial grade chem icals: sodium hydroxyde, s o 
dium carbonate, trisodium phosphate, ferrous sulphate,
fe rric chloride, aluminium sulphate, and filter alum
and other coagulants;
(b) Vermiculite or other natural ion exchange material and
synthetic ion exchange resins;
(c) Bitumens, asphalts and tars;
(d) Cement.

25.

M aterials. Consider availability and approximate cost of
plastics such as PVC, polyethylene, etc., which may be used
for piping or as a sheeting; corrosion -resistan t surface
coatings; stainless steel, mild steel and ceramic piping; and
other materials which may be used for waste collection or
treatment plant purposes.

26.

If volume reduction of solid wastes by incineration or baling
is being considered:
(a) What is the type of waste according to its physical and
chemical form, i.e . organic or inorganic, combustible
or non-combustible ?
(b) What
is
thetype and amount of radioactivity present?
(c) Whatis the type and amount of toxic non-radioactive ma
terials present?
(d) What is the amount of putrefiable waste?
(e) Are there any materials present that are liable to cause
corrosion or other hazard during an incineration
process ?
(f) What
are the storage or disposal facilities available and
what is the distance that wastes will have to be trans
ported to such facilities ?

27.

What is the present situation regarding the availability of
local civil, mechanical and electrical engineering consul
tants and services, particularly those with experience in in
dustrial water and sewage treatment?
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What are the capital construction and yearly operational ex
penses that could be allowed for waste treatment and disposal
in the Budget?
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