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1. INTRODUCTION

BACKGROUND~

In the past, radiation protection has been concemed primarily with establishing the condmons101.
that should be applied to the introduction of new practices and the management of continuing

His has led to a well-developed system of principles for deriving numerical valuespractices.
meluding limits on releases from normally-operating facilities; levels for initiating protectne actions

r

Rese pnnciples and,
to reduce dos- H t~8s 'a protect populations in the event of an accident. *

in some cases, the resulting numerical values have been documented, for example in IAEA Safet)
Senes 77 and 109. :

Dere are other situations which may need to be considered, for example, when a practice is102.
discontimW at a particular site, when contamination from a previously discontinued practice is
discovered, or when an accident occurs that leads to chronic exposures due to contamination. In these
cases it is necessary to evaluate the adequacy of current and future protection of public health and the

r-Hial actions may be necessary, such as removal,
0 ot u At., environr - . 0 ; ;;: e: n 9 22:

d/or mixing of radioactive materials in soil, ent of ground and surface waters, and then -

'
coverog pcA(A{L ', ci: :: nc,.Tp ish the evaluation or remedial actions, one maydecontammation or suuuumy gg specify genenc cntena or treat each situation on a site specific basis t' sing risk assessment.

, g

In the context of the present report the term " clean-up* has a wider meaning than in its normal'
103.
usage. Clean-up is taken to mean the measures which are carried out to reduce the exposure from
existing contamination; these can be related to the contamination stself(the source) and to the exposure
pathways to humans. For example, clean-up includes stabilization of a source at a site. Measures
applied to people, such as relocation of persons and access limitation are associated with clean-up but
appropnase criteria are given elsewhere (eg. SS109). De sources considered for clean-up include
contaminated land areas, structures, rivers, takes and sea areas.

Examples of clean-up measures applied to the sources include:

decontamination of conin.ed a_~es, e.g. floors-

remeval of the contaminseed medium, e.g. exchange of the uppee layer of soil, transport the '
-

metanal of a mining pile to ==aear sies, removal of ==&==8=

Examples of clean-up measures to avoid or reduce p ; ,.k; exposure pashmeys include:
..g, , ,;

covenng the came-inaamd area wish inactive masenal, e.g. in the case of mining piles to-

reduce redan ====*ia= teams

modifying the contaaniassed area, e.g. plantmg vegetation or use of synthetic covers to reduce-

r====1-aa f contaminaamd masenalo*

Came==iination situations considered in this report are surnmanzad in the Box.'
~

,

I

.-,...y
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CONTAMINATION SITUATIONS

Clean-up may be needed when environmental media have been contammated as a result of a
variety of human activities involving radionuclides. The activities, past and present, that may
lead to contaminated areas and eventually to clean-up include amongst others:

(a) nuclear energy production
~

(b) mining. milling and processing of uramum ores
(c) enrschment andfuelfabricarion
(d) reprocessing
(e) radioactin waste disposal either on land or in the marme envrronment
(f) nuclear weapons production
(g) nuclear weapons detonations

(N use ofradionuclides in medicrne and research
(i) use ofsealed and unsealed sources in industry
(f) ore processmg and miner 21 extraction of materials containing natural radionucli-

des (radium, thorium. rare earths. phosphates, oil and gas production)
(k) accidents

The type and extent of the contamination situation will depend on the scale of the operation, the
source term, the nature of the radionuclides and the contaminated environmental media involved.
This will lead to different contamination situations. They may be confined to the site of the
operation or extended to the off. site area. In the btter case, the contamination situation may be
<=M for instance by inadequately controlled discharges, either by current operations, or by
operauons in the past, transportation accidents (including satelines and weapons) and major
accidents with nuclear installations, causing large scale off-site a=e==namuon Apart from the
terrestnal contamination, such releases may also contaminate off-site groundwater, aquifers and
rivee, lake and estuarine sediments.

Another differtnhation in contaminauon situnuons can be made by distingusahing situations
rettmg frorn ongoing and previous operations. In the latter case, the contamination can even
be h ai long aAer the operation has been ===I Specific examples of contaminsuon
si'=*=r== are given in Annex A.

OBJECTIVES
,:n

104. The purpose of this document is to set out radiological principles for use in decisions related
to the clean-up of contammated areas. More specifically, it aisas to establish an soproach to
develootna radiolomacal crnens for clean-up and to ==id generally applicable numeric values.
It is also ineawlai that the document should provide outline gmtegoe on how the radiolomical criterial
can_ be annlied to the clean-up of contaminan=I areas. In developeg this guidance the recommenda-
tions of the ICRP and of the IAEA BSS are taken into account.

105. While the reference values for clean-up crnena have been developed by taking account of the
need to optimize radiation protechon and, as appropnate, of international dose limits and constraints,
the analysis has been n-==rily aeneric and, themfore, the values may not be we in all

situsuons_ Site specific analysis could lead to criteria, implesnented in terms of concentrations of
specific radionuclides, which are higher or lower than thosa given here.^ " ' " ' "

2
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106. He document focusses on the radiological part of decisions on clean-up. Other equally
;

important parts of the decision making process, for example, political and social factors, are discussed
but not analyzed in a detailed way.

i

!

SCOPE ,

This document is intended to apply to situations m which environmental media have been107.
contaminated as a result of human actions. This includes such situations as accidental releases of
radionuclides, previous discharge practices, uranium and other types of mining activities, and
operations of nuclear sites and of industrial premises where radionuclides (or materials containing
enhanced levels of naturally occurring radionuclides) have been employed. It is intended to apply to
situstions in whicjlyrevLoujs y_contrpl. led _ areas _are E*w to be reba 8 for various uses. It is not
.concerrJ with levels of contamination within controlled areas. In relation to areas contaminated as
a result of accidental releases, the guianace does not apply to the early phases of accidents where. .

concern is with avoiding acute risks to health (the emergency phase) but rather to the later phases
where the risks presented are of a chronic nature (the chronic phase or recovery phase).

,

STRUCRIRE*

Following this introduction, Section 2 reviews existmg radiation protection principles and their
implications for approaches and outcomes. Section presents an alternative conceptual frame _ work
for .w. cines to clean-up decisions and compares the outcomes to those from the established i

Appendix A provides examples of a variety of contamination situations. Appendix Bappmech
illustrates the cate= hon of genencally justified of clean-up levels (Action levels). Appendix C covers
the facsors that affect the derivation of operational quantities from modelling.

i.
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2. APPLICATION OF THE RADIATION PROTECTION PRINCIPLESi

J IN THE BASIC SAFETY STANDARDS
!.

4

2.1 Introduction
,

4

$ '01. Within the intemational framework for radiation protection, human activities that involve or !
'

could ins olve exposure to radiation can be dealt with citber as practices or as intervention. (ref. ICRP.
60, BSS). A practice is defined as "any human activity that introduces additional sources of exposure
or expos,ure pathways or extends exposure to additional people or modifies the network of exposure

! t

{ pathwaysj from existing sources, so as to increase the exposure or the likelihood of exposure of people
or the number of people exposed"(ref. BSS). In contrast, intervention assumes the introduction of#

j exposures to radiation has aliendy occurredfor is presently occurnng) and is defmed as "any acti n p,9
intended to reduce or avert [sxposure or the likelihood of exposurejto sources which are not part of a p
controlled practice or which are out of control as a consequence of an accident". 4

'O' 202. Situations involving contaminated areas may fall into either of these categories, and in some sN

Q cases it may not be clear which is more appropriate. For example, the clean-up of a licensed nuclear fN
,

i

$y g site as part of decommissioning is clearly a part of that practice, and the clean-up of contaminated! (;$areas from a major nuclear accident would clearly be intervention However, clean-up of ~-i %

a, contamination left behind from a previously discontinued practice may be controllable by the generator j f
' 'N and would be a practice. But, if the generator is unknown, or unable to control the clean-up, the +N

situation is not so clear.

N
203. In the BSS, the technical distinction between practices and intervention is fairly explicit, and
can be summarized as follows (see also Figure 2.1). Any contaminated area would constitute a source,
if this source, at the time when a decision on clean-up is being taken, is within an authonzed practice,
then any clean-up activities would be part of that authonmed practice, and the radiological protection

authorized practice, then any clean-up action will be classified as intervention, and the w. ,,seding | )principles for practices would apply. If the source (ie the contaminated area) is not within anfs
-

Principles apply.
.$g olW Q U ,* p'i
<

d i 204. With these definitions, the situations ' bed in Appendix A can readily be categorized:
situanons of type (a) would be part of the amt practnee, whe eas those of types (b) and C (residues2

from past peneices and accidents) would be incarv=maa se=ahaat However, for the latter cases, the g
status of the e maining contamiseend area gter any clammasp (given that clean-up will rarely remove g
all of the contamination) is an important consideration. His is di ci=.ad laser in this section. ' '-

VT
. .+ ~m

2.2 Principles for procelens

Dene pnnciples will apply to clean-up s' =ha== in whidi the enntaminaamd area is within an205. m

! -shariand prarar= This will include the closuHip of sites as part of the darammissioning of part or
: all of the procace.

1

| 206. He radiation protection principles for practices (ref. ICRP 60) are:

(a) Justification of tier practice: No practice involving exposures to radiation should be adopted
unless it produces sufficient benefit to the exposed individuals or to society to offset the
radiation doenment it causes.._>,.n

'

4

4
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Optimization of protection: In relation to any particular source within a practice, the
magnitude of individual doses /the number of people exposed, and the likelihood of incurring|

(b)'

exposures where these are not certain to be received]~should be,kept as low as reasonablyJ
'

| achievable,)conomic and social factors being taken into account; The optimization should'

be constrained by restrictions on the doses to individuals (dose constraints), or the risks to
|individuals in the case of potential exposures (risk constraints), so as to limit the inequity

'

|
d

likely to result from the inherent economic and socialjudgements.,

g ',

Individual dose and risk limits: The exposure of individuals resulting from the combination
(c)

of all the relevant practices should be subject to dose limits, or to some control of risk in the i

jg case of potential exposures. These are aimed at ensunng that no individual is exposed to
>g radiation risks that are judged to be im-arable from these practices in any normal '

|

Not all sources are susceptible to control by action at the source and it iscircumstances
necessary to specify the sources to be included as relevant before selecting a dose limit,g

Q
h\-, ,,

Jusupcation of the practice
{ In the context of cleavup, the re. ant practice is that which gave rise to the contamination,207.

eg the generation of electricity, the production of nuclear weapons, the use of radium for luminescing
v

M dials. The need for clean-up operations'at the end of the practice should have been taken into accountQ in the onginal justification of that practice. The justification requirement
not be applied to clean.up

rE to OtALI R TNIS I6 UFTW A.)CT TT E I M
'

ff flation from the practice. DV )

5M Optsms:ation ofprotection withm a practiceO/
Clean-up as part of the continuing operation of the practice, eg cle*.amg up contamination on-208.

site resulting from past operation of the practice or an accident, wouLt simply be part of the operation
of the precuce, and would be subject to the principle of optimizatiori, as for any other routine activity.
Wastes generated during such clean-up operations would be treated on the same basis as any other
radioactive wastes. Any contamination :=naiaing aber clean-up would romaan within the authorized

.

Practace

However, if clean-up of a contam' mated area is intended to lead to the area being transferred209.
out of the authonzed practice, eg clean-up dunng dera==iesioning, leading to reisene of the land for
public use, then further consideranons apply. Sources welua en mahonaed practace can, under the
provisions of the BSS, only leave that promos by clearemos or by authonaed release to the

//6, frj yVL M go,vironment. Therefore, if the cissend up men.as no be seleased for public use, it must seest criteriaen =,,g,,,,g,,, pig,j,,,. z ,, -
-

8FC,

1 p; um r- rivt med me denved on the basis of the
210. Crienna for cienconce me bened on the idea of trivial doses of the order of 10 pSv y'' or6e4NM
crutena for ==fs== og if clearemos would lead to

| less, med colleeve does commameset from can year of eyesehen beloor I men Sv, them it may be
*

penned ama, ,=aly. Crimaria for asediordend reisess to the envueesseet me denved on the basis of11

''1 / .
apeimi-anna. is the addenomal esponeme immodesed as a sesett of the setenses should be ALARA in.-

]' onier to easme that does limits will not be emoseded, and to limit time inequey that might result from|

the judgements seherest in optioni=sia=, the optioniamos process is subpect to constraints on the,

meumum =pa==e of individuals from a particular source. la close-up ssena=*=ame, authorized releaseI
'

'

i

1

'

Authonaed reneeses to the envisn==ane are corntecaly thought of in the context of gaseous! (

discharges to r f ; or liquid rolesses to weser had===
However, removing access restrictions'

to a contaminated area has the same effect of putang radioecuvity that had been controlled into the--

public domain, and therefore might similarly be regarded as a release to the environment.
,

5
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| is more likely to be a generally useful concept than is clearance. However, once material .
.c--

/is m the

environment from an authorized release,it becomes exempt from further requirements of the BSS-in j g'
effect, it becomes part of" background." I'

,

,

> ** '

Individual Dose and rssk hmits
211. Dose constraints are commonly derived on the basis of the maximum dose that would be

4 4

tolerable on an ongoing basis from a single new practice. In the case of clean-up, however, the
residual doses after clean-up are a subset of the doses associated with an existing practice. There may
be situations in which compliance with a dose constraint could only be acMeved a' nat*"onable cost
(in terms of money, resources, or benefit foregone). In such situations, regulatory authorities may
consider it appropriate to use the dose limit rather than the dose constraint as an upper bound on
optimization (see also para 355). k g y,

, ,

Equity ad Inequity
212. ~!he concept of inequity was highlighted by ICRP, in Publication 60, where dose and risk
constramts for practices were proposed as a way ' ..to limit the inequity likely to result from the
inherent economic and socialjudgemeits in optimization'. In explanation of this concept ofinequity,
ICRP state that:

'Most of the methods used un the optimaation ofprotection tend to emphasce the
benefts and detriments to society and the whole exposedpopulatson. Lhelenefts and_
derruments are unhkely to be distributed through society in the same way. Optimaa.
tson ofprotection may thus introduce a substantial inequiry between one individual
and another.' (paragraph 12I)

|

' Serious inequity can be avoided by the attention pad to theprotection ofindividuals '
(paragraph 101).

X l
213. Inequity, therefore, is a f.- --, . . - d relative concept related to the fact that actions that - )

are, overall, beneficial from society's point of view will ohen have 'gamers'. individuals who benefit |
more and ' losers * - individuals who bear greater costs or risks. As overall net benefit to society does !

not imply Wly a net benefit for every individual. A messee of inequity could be, for example, |
the difference between the net benefit to the greatest ' losers' (which is likely to be negative) and the j

average est benefit (which must be positive for ajustined set of assaans). Conversely, equity implies
an = par *=d and reasonable distribution of the not poseve beneGes. An equstable distribution would
minimise se fresnan wie meget= ret b. aat and es incommeg of bemeu betw, those with the -
least beneSt and the most probable or average positive est n===mt

..,
e

'MN 214. 'llte definstaca of inequsty iseplied is es estasmaestpon _ - anly the uneven'

dueribution orene risks and beneGen asonessted witi a seetseeler esesse er seastans. If inequsty is more
g

1/ 9 generally densed in terms of unequal destr#=riam of risks and benedes in society, then there would

U seem to be other setuences in which it ccaid aries in es sw=a==* of cheesssp la particular under the

d' N,f Basic Safety Standards. ,,
_

x 1 (T) If cleesssp sse====== can be classined elear as practises or as inservuessen, then optimization
may or may not be constraused. As a reemit, a constraumt appised m. ems site to limit the'

inequsty between diffesent individuals - and with that site could lead to ineqmty between
- indivhhanis at that site arr'. i.xliviesels at meather sienitor sies where the constraint was not

appi;ed.*

(ii) la many cases, the greatest benefits and the grosseet risks from a particular set of actions are

.,

i

w

._
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j

! both felt by the generation alive at the time. However, some actions will impose risks on
j

future generations who are unlikely to receive a compensating benefit, whereas others might
reduce the risks to future generations at the expense of cost or disruption to the current'

generation. Some clean-up situations might be expected to fall into the latter category. Equiry
!

arguments would suggest that.,_fu_tur,e_ generations should be given at least as much consider-
ation as the current Reneration., H,owever, it is difficult to be precise about how such an idea

,

might be implemented, as projections of risks to future generations are always subject to'

considerable uncertainty.
:

In cases inequities are unavoidable, ethicEl considerations indicate that compensation for the inequities!

should be provided.
]

When the exposure results from the decommissioning of an authorized practice, an operational215.
., level for clean-up is readily derived. The action level should w..w.d to a level no greater than,
j

and preferably below, the value of the dose constraint under which the practice operated during the
- .

period it provided direct benefits to society. Clearly, it would be inappropriate to allow a practice to
4

{ pose a greater risk after it has ceased operation than before it does so, since benefits would not
;

! continue to accrue.

>.
)

2.3 Principles for intervention
}

w

These principles apply to clean-up situations where the contaminated area is, for whatever216.
reason, not within an autktued practace This includes a very wide range of situations, ranging from

g \- small areas contaminasart by unreguissed or poorly regulated practaces which were subsequentlyf
discontinued (eg processing of radium and thorium ~ p~_~h) to the contamination of very large

g areas as a result of precuces such as usnaium mining, ant! due to nuclear weapons testmg, or major
a

!

='ar cci' - (it ca id i a i ci d ' in e ai caa' -i d 67 6 a activi'r. 6 ' *6 --

F rectedial action might be maash ed necessary, such as areas of high natural background radiation). j

'

$o 2' ' The rarkeaa protectica pnacaples for inearventaos (ref. ICRP 60) are:i
i

QQ
(a) Justplansdorr. 'the proposed uservention should do amore good than harm, i.e., the reduction

; D in doenment reamhang from the reducenom, in does should be sufficssut to justify the harm and |

- costs, inchadsag social costs, of the intervenenos.

tb'
t The form, scale, and dusamon of the isservessans should be optismiand so thatC

g{1
(b)

the est benedit of the todusslos addoes. Lo.,the besset e(die seducanon in radiation doenment,S nues the daariamest assoaissed whh the immervession, is wrhn==t.J,:a
'GrW4 (3 Q The does limia(which are est for the cauarol of esposures fresa ymonMcammetbe used as a basis for
*: . . p

}p, 5 heading on the :=heia= of doess by imaarvemenom sinos they mi# invoke smessures with =~iaaanic
',

O
d mooist costs thatsoubt be osa of proportson to the r=&reia= of the redistaan dsensment obeamed,,af gb whosh woedd aa-A=* with the _. f of;

~ ^ - -

_i 5
O J=maamam and & of inservention are based upos ===h=iains the is.Mir1 andI

'

218. This contrasts with) collectivo doess everted or avertshie by the innervemmon (ref. SS 109).
e a.d o,.imias.,o a , ,r ass, wha .se b.s.d mi.im%.e ~ -resv

However, it is worth means that the precancal - 7 ' -- of the Amonkung fross the pracnace.
optimisshon princ.iple in the two cases may be very sissiler, as it will nonnelly involve examining the !

7

.

i
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cost-effectiveness of possible measures for reducing exposures.

219. For intervention situations, there are fundamental differences between the protection of
'

members of the public and the protection of workers engaged in interventions. Members of the public
will receive the doses unless some action is taken to reduce them. Workers would only receise doses
when they are involved in justified remedial actions with the aim of reducing public exposure (except
dunng the initial course of the accident). For workers involved in the implementation of clean-up
operations the system of radiological protection for practices would normally apply.

Intervention levels and action levels
220 Intervention levels are levels of avertable dose above which specific protective actions should
normally be taken and below which, depending on justification, they may or may not They a:e
expressed in terms of the dose that is expected to be avoided (avertable dose) by a speafic
countermeasure over the period it is in effect. The intervention level is defined in the Basic Safety
Standards (BSS) as:, , , . , ,

The level of avertable dose at which a specsfic protective action or remedial action
should be taken in an emergency exposure situation or a chronic exposure situation.

If an intervention level is exceeded, se, if the expected avertable individual dose is greater than the
intervention level, then implementation of the specific protective action is indicated. Intervention les els

sre used for specific protective actions, normally for emergency exposure situations e.g., population
relocation or food impoundment

221. The action level has been defined in the (BSS) as the level of dose rate or activity concentra ,
Ition above which remedial actions or protective actions should be camed out in chronic or emergency

exposure situations. Justified action levels begin at the minimum value of the avertable individual dose
at which remedial action does more good than harm. Action levels are generally derived for specific
exposure situations rather than genencally determined for the particular form of protective or
remedial action.

222. The BSS action level definition had its fast practical use in relation to remedial actions for
radon in dwellings. There is, however, no reason for limiting the definition of an action level to
include only dose rate and activity concentraten, and for purposes of clean-up the action level is used
here in a more general aanse:

An actir s level is the level of dose, done rate, actrvity ccea a,.iio8 or any other
opm.tional or neermroble qwatity above which Ism =&I actsons or protective
actions should be carmd out.

,4.s3.c $
.. ,

223. The action level thus is the measurable questity that s .W to the lowest dose level at
' .j, ;d wfiich reunedaal actmas to reduce doses are justified. If an areina level is -- Ad some form of
:: / .N runedial action specific to the situation considered is appropnate-
n, , ,.

.; b,(
Deatnaent ofpost-baserventias situationsu

.,

C* ' 224. An optimized intervention (or a decision that intervention is not justified) will normally result
in at least some of the contaminated matenal remaming in place, and this will still constitute a source.r

From a strid inw.rn of the BSS,yy subsequent action that exposes people to that source who

9

8
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d (1) 2 |would otherwise not be exposed , would apparently be a practice, if it were a controlled release .

Lv { Unless such post. intervention practices can oc freed from the requirements of notification andls

y k authorization, they will be required to comply with these requirements each time the land with the
g

source is used for a different purpose. However, if it is intended to allow unrestricted release forg
public use of the area, it would be uncontrolled, and thus, by definition, it would not be a practice.Q y

g
p $g The term ' release' is used here to cover all general situations, and the term ' area' is meant to include

- b A soil, structures, and associated water pathways.

k g$ k
w Q h

225. In concept, there are a number of possible ways in which contaminated areas might behMVh(h released from further regulatory control after intervention. The BSS allow for practices and sources

4 /C Q to be exempted or excluded from the requirements of notification and authorization, and also for the

QL clearance or authorized release of material from a practice. However, in reality the most likelyy

mechanism is authorized release.

W{ ~~
,g

>

9 .f f An authorszedrelease includes both werestrictedrelease and restrictedrelease. Unrestrictedrelease
is appropriate when the remediation results in dose levels predicted to adequately protect public=R%ex

health, safety, and the enysronment un consideration of all exposure pathways and a reasonabley
\

spectrum of uses. Restricted release limits one or more exposure pathways and would, imply an
ongoing requirement to monitor the situation. However, if restricted release is considered as an
option, the costs of such monitoring (which could be substantial) should be taken into account and
weighed against the benefits in terms of reducing the risk of higher doses resulting from undetected
changes in the situation.

226. Irrespective of the precise mechanism by which the cleaned up area is ' released', it is clear
that the residaalexposures must be considered by the regulatory authority to be acceptable (or at least
tolerable) in the circumstances. Furthermore, if control over the contaminated area is to oc given up
after clean-up, i.e., unrestricted release, then it should be envisaged that the exposures will continue
to be acceptable in any reasonably for-ahle circumstances, because the residual exoosure will.
become part of the new " background"

227. When a remedial action is considered in the context of intervention, it is the (residual)
individual lifetime risk (or annual individual risk) without a ry actwn taken that is the basis for
compenson of averted dose. A := anal action to reduce the dose (or risk) level should be justified
med optimiand. %e goal of the remedial action should be clearly idamified dunng the planning stage.
If the =<m=Iman is simply to return the area to the activity that was precint before the need for
intervention was determined, thenjustifscenson and optinhmina sasy lead to di9erent results compared
to a remediation geel that allows unrestricted use. la any case, the averteble doses resulting from the*^
remedial actioneauld be a net positrve bene 6t composed to the costs and any other disadvantages by'

that acanon, med the type and scale should be deser==ad in sed a way that further clean-up beyond? -

l that scale is no longee worthwhile.

1

(,' If the meniaa levels for unresencted use are reached, no fwther control is required. Howevee, if only
-

( . return to the prevmus assivity is jusofied, then changes froen that activity need to be considered as a
practice on a case-by-case basis. In osher =====a== uansancted release assy not be feasible; in these

'(.
cases, the authonty may establish and ===*== comarols to limit doses by resencems uvv=w to

The position is somewhat less clear if the previous use of the area continues throughout, or
resu nes after, the intervention. However, it would seem reasonable that similar considerations should
apply to such cases, even if their application might be more flexible.

9
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specific pathways, e.g., restrictions on farming or water use.

Intervention situarsons where specwl considerations may apply
.

There might be contamination situations where equity or other arguments could support the
imposition of constraints on the residual doses following clean-up. In particular, the followingq

b situations could be envisaged:

5k
$ q (a) Contamination confined to a relatively small area that is currently not accessible to the public,

g p< @ |
but will be made accessible following the intervention (eg redeselopment of an old radium or

{ thorium processing site from industrial use to housing). This situation is very similar to the

Qg[ decommissioning of an authorized practiceleg a licensed nuclar site). In these circumstanc.

gg es, equity arguments might suggest that the residual exposures in the former case should be

hqs constrained to the same level as would be applied to the laner. Hence the ' release levels'

ygWy applied after the intervention would need to be consistent with levels for clearance or
authorized release from practices. Indeed, general considerations (as opposed to the strictN

Qk5 interpretation of the BSS) might lead one simply to regard clean-up in such situations as a
continuation of the original practice.

_ g%

( {q
(b) Contamination clearly attributable to past controlled releases to the environment from an
s, authonzedgractice that is stilUn ext.stSce (eg if re-concentration of activity occurs in ways

,y

S'N u unforeseen at the time of the release). In this case, there may be strong arguments that the'
g

{$
exposures from the contammation should comply with (for example) at least the dose limit forgy

g{g%
g

members of the public. (The BSS also permit regulatory authonties to impose newg gg
9
@-

g requirements for notification and author:zation in these situations if they consider it to be
necessary - the effect of this would be similar to constraining the intervention as alreadypD .E W discussed).

3 c:

yh$ p @ (c) Contamination with very long-lived radionuclides, where existing exposures are relatively low
o 4- (eg dwellings constructed on areas contaminated with enhanced concentrations of naturally-

GOO j occurring nuclides). In these situatxms, the current en might not themselves warrant

j Nhdisruptive and/or expensive clean-up operations but, in the absence of intervention, will
G continue for generations into the future. In these circumstances, particular consideration might

need to be given to equity arguments. (Altematively, similar conclusions might result:

logically from the relatively high avertable doses associated with exposure to very long-lived
nuclides for very long time penods).a

7 @03
(d) Contaminnhon of limited areas, remote from the pracuce asing the svorces, resulting from

WRl%QOCTED MrE. accidents (eg accidents during land transport of radioactive matenals). In such cases there
#,," 6 APPW |f) may be strong pressure to clean op to very low levels, b-w the exposed pyden have

097~ M(_ r gar -ved iittie or no benefit from the practice for which the matenals are being va#a ,.-
!

,'

228. With refertece to the @w of situation in Appendsx A, and their *** as practice or,
.

mtervention situmuons,it may be that pe:ticular cases within categories (b) and C might form a furtherO
sub-group of W,ingyggeb for which criteria similar to those for practices might be-

.

'cunployed. ,
f n
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e

TABLE 2.1 Classification of contamination situations
Examples from BSS System of

,- bII"**i " Appendix A Protection

(a) Existing practices (1) contamination still A2-A3 Practices

within practice :o e >

(ii) contamination in A4-A6 Constrained inter-
vention or practices

public domain

(b) Discontinued (1) change of use AIO-A12 Constrained inter-
vention

practices giving new public
eeen to limited area
of contamination

.

(ii) very long-lived
nuclides A7-A9, A13-A14 Intervention, may

need constraining

(iii) otherwise A15 A19 Intervention

C Accidents (1) accident affecting A22 A24 Constrained inter-
vention

limited area remote
from practice

Intervention, may
(ii) very long-lived need constraining
nuclides

.

(iii) otherwise A20-A21 Intervention

As de=aad in Appendix A different contaminshon situanons can be categorized as (a)229. e and C accidents. F * on such situations are
exishag precoces, (b) past or discontinued pr
givet in Appendix A. Table 2.1 gives a ==n=ary of these sin =rians with h to the paragraphs
where they can be found in Appsodix A.
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3. AN ALTERNATIVE CONCEPTUAL FRAMEWORK FOR CLEAN UP
SITUATIONS-

3.1. The need for an alternative framework

It is apparent from the discussion in Section 2 that cle.in.up situations can be 6tted within the
framework of practices and intervention described in the BSS, although this is not always entirely
301

A slightly more general appieech basitt on the broader conceptual delimtions ofstraightforward.
practices and intervention provided by ICRP (rather scan the stricter ' regulatory' definitions in the
USS) can also be used to simplify the advice. For example, the redevelopment for public use of a sitei l
where containination from a discontinued practice is currently within a defined and relat "e y

ly, following the BSS definitions, require intervention that isinaccessible area would to meet criteria similar to those for practices. The sarne outcome couldconstrained on equity
,

i)
be obtained simply by designating the redevelopment to be a practice. 4 cg 7 7

However, both of these approaches still imply the existence of two fundarnentally different
categones of situation - practices and interventions - into which every situation is required to fit, even
302.

if it does not obviously fit in either. It may be useful, at least for presentational reasons, to investigate
a broader system in which the whole range of situations can more readsly be accommodated, without
recuirms.gicIyjtyggrLlq_be_clanified as e!.her a practice or an, intervention.

This possibility is hinted at in the ' basic framework' of radiological protection given in ICRP
60, but only the systems of protection for practices and intervention are then developed in detail.
303.

3.. A general systess of radiologiest protectios

According to ICRP, * ..the pesmary aim of radiologicalprotection is to provide an appropriate
s:anaard ofprotectionfor man without unduly limiting the beneficial practices giving rise to radiation
304.

exposure'(ICRP 60, paragraph 100). More specifically,ICRP states that:

'A system of radiological protection should aim to do more good than harm, should
callfor protection arrangements to maximise the net benefit, and should aim to limit

,'
the inequity that may arisekom a confict ofinterest between indaviduals ausd society
as a whole.'(paragraph $14)

*

The prin-iples of protection for practices and for intervention therefore appear to be based on
Gw. ..<;

more fundamental, common principles for dealing with radiological hazards. Thus she principles for305.

;&d*j a general system are as follows:* ;

Justification - The overall sum of all actions affecting the risks from radiological hazards
should do more good than harm. To ensure this, any concerted set of such actions should be(a)'

*

f expected to produce an overall net benefit;

Optimisation - All radiological risks should be as low as can reasonably be achieved; Protection of the individual - Aim to limit the inequity that may arise from a conflict of
,,

/M
- ; (b)"

(c) *

| interest t etwcca inoividuals and society as a whole.
,

Table 3.1 provides p straightforward coseparison between this general system and the systems for
practices and intervention. I

l,
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306. Such a gener< system does not invalidate the concepts of practices and intervention, but rather<

places them in . wider context in which they provide interpretations of the way in which the overall

h- system appNes to particular types of situation. Where situations fit well into one category or the other,'
-

this provides a valuable 'short-cut' in the form of a simpler ready-made system of protection. Whereg
f some situations do not fit well, it may be better not to persevere with the categorization.e

e
g Justificarnon4 by 307. It is clearly not practicable for every single action to produce a net benefit or even be expected-

h0 to - waste dis =M N evy $ e, would almost invariably fail in this regard - but groups of actionsl

phN with a common aim should, overall, do so. A corollary of this is that an action that is a planned part
O of a justified set of actions can be asswnedto bejustified. For example, decommissioning of reactors'

is justified because it is a planned part of the operation of nuclear power generation.

308. Justification decisions in the context of clean-up will often be very complex, and could involve
factors such as non-radiological risks and environmental effects, economic costs and benefits, and a"

wide range of social and political factors, as well as the radiological risks. The proper consideration
of many of these factors may require expertise far beyond radiological protection. Nevertheless,
consideration ofjustification in terms only of monetary costs of clean-up and monetary values of doses
saved (as, for example, in the calculations in Appendix B) can provide useful information.

L
309. In particular circumstances discussed below, a constraint on residual risks might be considered
to be appropriate for reasons of equity, and clean-up to at least meet the constraint would than be

M b required. In such cases, it is possible that the clean-up might otherwise appear not to be justified.
His needs to be considered carefully when decisions are made on whether to impose constraints - the

(g perceived benefit from imposing a constraint may need to be sufficient to justify otherwise unjustified

Xg measures.

k Optimstation

T 310. He woni reasonably is clearly the key to the optimization principle, and in a general system
of protection needs to have a very broad definition (argusbly evai broader than in the optimization .

*

k) h principle of the synein for practices). For example,it is not ressanahle to expect significant resources l
.

to be devoted to reduce risks that are already negligible, or that could only be reduced further by@ i-

9{ means that are clearly not cost-effective, or are simply not feasible. This example is the basis for
'

D
exemption and exclusion ca= cape =gT]Q

y y, 311. One particular issue that mi ht be relevant in the '___ _ ' % of the ornmization principle
3,

! V is wbsther options involving restrictions on use of the land should be tressed ca an equal basis to those

I Q1G that would allow unrestricted use. In this comesut, "" y sesy be an important facsor - short-..W'#M
[T5[

q
tona restrictions on the use of seinil areas are manik ay to be of sesior concerti, but e an==*= in which-

.? v1 n_- r in u- _ - e .-, not he .i im.ha. -

' y * 'h k O J J
~ ~

-

u . j. u g 4% 3
,

I$ -) PFodeefton gdir M

POD h ,is -
4

312. The key want in the indmddel poma=a= principle is hooguiry, a concept that was #--d
7 - % ON in Section 2. la timet, it is arguable wbseher a seperses principle is mended - the concept of equity (or; ; r -

limiting inequsty) might be regenled samply as a thrther *=*====a=

of the definution of reasonably in ( p. ,Y Q'.
th. ,' ' . - principie. For exasapie, e, miry requires that particular efforts be made in all c'

i;

car =-a==a== to avoid individuals recesvmg doess high amongh to conse senaus determ'mistic health |
y~

effects, but the same conclusion could be reached ih saying that this is suoply a reasona6le thing to
,

expect. However, for clanty, concepts reisted to protecting the interests of individuals, and hence to

--i equity and inequity, are disemeswi together in this section.
,

|
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313. Actions can comply with the justification and optimization principles whether they increase
or decrease radiation risks. However, the protection of the individual principle would place particular

emphasis on the responsibilities of people knowingly taking actions that are likely to mcrease
radiological risks from sources under their control (eg by introducing new sources or modifying
exposure to existing sources)in return for other benefits, such as economic profit or reduction in non-
radiological risks. This emphasis is especially relevant in respect of additional risks that are imposed
on individuals who are not necessanly receiving a corresponding benefit. In such cases, the additional

imposed risks are controllable, and therefore it is reasonable to expect them to be controlled so : hat
they do not substantially affect such individuals' overall risk. This argument leads to the concepts of-

constraining optimization to limit inequity, and of fitnits on the overall imposed risks to any individual.

314. As di-d in per=p[23DJ33 considerations of equity lead one to expect that similar
situations will be handled in a similar way, so that the imposed risks do not differ greatly between
different situations which have most important features in common (again, this conclusion could"

equally we:1 be reached from consideration of ' reasonable-ness'). Wherees inequity in the risk and
benefit distribution associated with a particular source terwis to arise from the optimization process and

may need to be limited by constraints, the poter.tial inequity between individuals at different, but
similar, sites might be expected to be reduced by optimization, and it is the inconsistent use of
constraints on optimization that might create it. For example, if unconstrained optimization were
applied to determine clean-up levels for two similar sites, one would expect to get similar answers,
but if one optimization were to be constrained the answers could be significantly different.

I

3.3. Application of the general system

315. The general system is illustrated schematically in Figure 3.1. If clean-up measures are justified
;

on the basis of the radiological factors' then optimization (subject to any constraints on residual risk)
should be used to determine an appropnase clean-up senesgy The residual risk after such ajustified
and optimiand clean-up would then normally be = pace =d to be acceptable for release, ie the situation
after clean-up would h=ca=* the new 'beckground'.

316. If clean-up is justified by a requirement to counply with an imposed constraint (bearing in
mind the caveses noted in paragraph 309), the process of constramed optimization should be followed

>

to deeurmine en appropnaes clean up streamgy as above.

Ensmgsler'

317. It is not aupacted that the gameral syseman would provule ddfarent =ahma== to thoec proposed
. . . w~. , ,q under the syness described in Sectaan 2. Nor does k semove es ased for judgemesmes to be mader 1 when considertug a partmanier clearep enmation. It is inner imemaded to lequove es ps,=====aan of :.

!j
the =ahma== by etianinseseg the ashd for what cherwise oppser to be ensapesses or special cases.

.T- .

318. la portmador, the cases listed in ,232 siseply be further examples of
,

'

-g i;
cometseined ag*=h whose the valmas of emy would be doesnnimod by the regulatory,

,

'

astoney on the basis of the pnnciples desaibed above: ,gg,y ,

,
'

l (a) Itadsvelopesamt for public use of a lisaised esos comemminated by a A=aa=='==ad practice The
,. . . .

'

,

would be en assion taken in the knowledge that it would be likely to increase_;
1

1

._ _ _ y'

lacluding cases where clean-up is assurned to be justified because it is clie final part of a justified
programme of actions (ie a justified practice).

15

.

'
.

-- - _ _ _ _ -



1

1*
i* .

, ,

|

I

.

Friday. 28 June 1996

.

the number of people exposed, and therefore the risks imposed on those individuals may need i
to be constrained.. Equity arguments would suggest that the constraints imposed on other such j

!
deliberate anions, it, operating practices, might be appropriate for this situation.

(b) Past discharges from an operating practice. 'The decision to release the material was taken in
the knowledge that it was likely to increase exposure. If there is perceived to be a problem.
this imp!ies either that the predictions of future exposures were incorrect, or that something -
conditions, human behavior or the level of imposed risk considered tolerable - has changed.

There might, therefore (depending on the reason) be equity arguments for applying a
constraint and thereby possibly requiring some clean-up. However, the net benefit or
otherwise of imposing such a constraint might need to be considered.

(c) Very long-lived contamination. The equiry arguments concerning distribution of benefits and
risks from a particular source can be applied to intergenerational equity - hence it might be
considered necessary to constrain risks to a level that would be acceptable for all future
generations. However, as noted in Section 2, optimization might automatically imply low
individual dose rates because the long timescales imply a great reduction in the total overall
risk, if a large enough integration time is used.

(d) Accidents remote from the practice. Again the arguments would focus on inequity, but in this
case the issue would be whether the population at the accident site receive significantly less
benefit from the practice than do the people close to it.

[Need to review examples, and maybe sdd a few more from Appendix A to illustrate how the
system could be used]
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FIGURE 3.1 Sdesmaalc eagnum of deeme elecdotons.

.

NOTE: Constraints could be imposed in order to protect the interests of individuals, ie to limit
, , ,' inequity. Framples are diamd in paragraph 318.
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4. CLEAN-UP CRITERIA

/.
4.1. Characteriz.ation of contamination situations

Clean-up situations can be charactenzed initially on the basis of the risk to a entical group'
) 401.
' selected from people using the area (or, in the absence of such a group, the projected risk to a notional
cntical group) if unrestricted use of the area were allowed without any clean-up'. The principles
discussed in Section 3 can then be applied to determine whether any clean-up is warranted, and to

This
optimize any clean-up actions, subject * ry ~"pms that may be considered appropnate.
process will then determine the 'end-point' for clean-up, which may be expressed in terms of the
residual risk, ie the projected risk from unrestricted use of the cleaned-up area', taking account of
reasonably plausible uses of the area.

Figure 4.1 shows the range of possible clean-up situations, divided into six sections or ' bands',402.
each covering approximately an order of magnitude in dose or risk. For easy reference, these are
numbered from 1 (annual doses of order 10 Sv or less above background) to o (dose rates with the
potential to cause serious deterministic effects in less than a year). Each band is categorized in two
aspects - the need or otherwise for clean-up if this is the initiallevel of contamination. and the post-
clean-up measures that would be implied if the situation were the end-point, indicating its possible
suitability as a release level.

Band I, equivalent to dose rates of the order of pSv y'' above background, represents risks403.
that would be regarded as tnvial in the vast majonty of situations. Cnteria for tnviality of risks have
been published in the context of exemption of practices and sources and clearance of matenals from" 'Sv y' for
practhes. He BSS specifies criteria for exemption and clearance of the order of 10
irwiividual doses (provided that the collective dose is as low as reasonably achievable)., , .

Band 2 represents dose rates (typically tens of Sv y' above background) in the range that404.
would be considered acceptable, as additional exposures imposed on members of the public as a result
of a set of planned actions with an overall net benefit to society (ie a justified pnactice).

Band 3 represents risks that might be considered tolerable as additional risks from a justified405.
pr**, provided that they were as low as reasonably achievable; the upper bound of Band 3
corresponds appr=>==nely to the ICRP dose limit for members of the public (1 mSv y' above
background). Also, many narumal authoritnes have adopted dose wo.h=ists, typically between 100
pSv .md 800 pSv y' to apply to new and/or exasting pracsices, and ; e & l r=m=mendations

/ o - y o *y have been made about r=ev==les for choe:mg constraints [I AE Safety Series 92, IAEA * ECDOC,

664). However, these levels of risk are low enough that they weald be considered =~=r =hle in many
w e

,' , -

other ====ewas. For ====pA* addstnomal dooms of this magniendd from activities such as air travel

sones not to be of sufficaem concern to affect people's behaviour

Band 4 represents risks correspondag to doses of the order of mSv y' (up to a few times
. , .

406.' ,

.

.!
'.

" .! Reimed factors, such as the projected doses to ' average' indmduals and the number of people
poteataally exposed, will also be relevant in cleenaap decisions, but are less convenient as a basis4

,

i
for characterising situetsons.

If clean-up is justified ceither radionopeally nor he==e of the need to comply with an imposed
constramt, t!ws the area shouki be rele=*ed or its use restncted, depending on the acceptability of

"""

the residual risks.
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average background) hat would not normally be considered accepable if they were deliberately
imposed on the public, but which are low enough that they would be acceptable in other situations,

~ ~ ~ ~~ ~ ~ ~ ' ~

such as:; . ,. -

If the individuals are exposed voluntarily and receive a direct compensating benefit, ega.

radiation workers or people receiving medical x-rays, then risks of this magnitude would be
acceptable if they were as low as reasonably achievable;

,
'

b. Radiation risks of this magnitude are routinely accepted from natural sources, and variations
d t!.h .nef..de in levels of background radiation do not appear to influence people's
behaviour,

t

407. Band 5 (doses of tens of mSv y') represents risks that would generally be regarded as
unacceptable from any source (with the exception of mury medical treatment). Although serious
deterministic effects would only be a possibility if the lifetime dose were received within a short
period of time, the stochastic risks associated with exposures in this band are too high to be tolerated

under normal circumstances (ref ?).

408. Band 6 represents risks (whether in terms of serious deterministic effects or stochastic risk)
that are clearly intolerable in all but the most exceptional circumstances (eg radiation therapy to treat>

cancer).[ref ?]
,

4.2. Considerations in setting criteria'

409. In principle, consideration of situations in all bands would be based on the basic principles
outlined in Section 3. Methods such as cost-benefit analysis can be used to assistin seeking solutions
that comply with the justification and optimization principles However, justifmation/ optimization
studies such as those in Appendix B, based on cost-benefit analysis methods, inevitably omit certain
factors that are of potentially great relevance to clean-up decisions, but are difficult to quantify in,

monetary terms, such as the sociaLanO91iticaLagnets of clean up_ decisions. Furthermore,z4

considerations based on the pai of the individual pnnciple may constram optimization (and
perhaps even justification). Factors such as these toad to be of particular importance towards the
extremes of the range shown in Figure 4.1. Examples of partacular relevance are discussed below.*

RadioloM consaanies
410. As di' useed in Section 3, optimization largely deals with the intesests of soceay as a whole.
Constrames can be imposed to prevent r=aularation of options that would lead to ouera-es (in this

"& 4 case, rv.sidual risk levels) that are determined in advance to be ur=rrat*=Me for individuals in
particular caangia.es of situation %e two ca:es in which <=neraants are already established are:

1. In all shnahaas, every effort should be inade to prevent sonous deterministic henhh effects.
His in effect imposes a constramt on resedual risk at the lower br==nl of doses that could
salIK.nch_ effects; and

ii. Where addstional risks are being imposed as a resuk of planned actions, additional residual
a

risks froen a source to individual members of the public much above about 10.s y are not
raaa'uiared to be acceptable. Constranets for practices are set on this basis.

.

,

.s s . n . n .m a4-

As discussed in Section (constramts could be considered care =ary in other situations on equity'

grounds, for example on the basis of comparisons between similar situations, or protection of
W" individuals remote in space and/or time from the enan=rninatmg practice.

20
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Non-radiological constraints
411. In extreme cases of very widespread contamination, non-radiological constraints may become

important. For example if contamination affects a significant fraction of.the area of a country, or if
clean-up costs represent a significant fraction of GNP, or if particular clean-up options would generate
unmanageable quantities of waste, the options available may be limited by such factors.

Non-radiological benefits
In any contamination situation, there is clearly a significant potential ' political' benefit that412.

could be obtained if it were possible to remove all traces of contamination from an area, making it''
!

radiologically indistinguishable from the surrounding area. His benefit is largely independent of the
scale of the contamination, whereas the conventional radiological protection factors cost and dose |

reduction are strongly dependent on the area and level of contamination. As a result, when relatively |,

| small areas are contaminated to a moderate degree (and hence where the costs and dose reduction are
small), this ' political' factor may dominate, driving the decision towards a complete clean-up,
irrespective of strict cost effectiveness. Where large amas are heavily contaminated, on the other hand,
the costs and potential dose reductions are much larger, and the potential ' political' benefitj/too small'

to significantly affect the decision. gg

Non-monetary costs

413. Some clean-up methods, in addition to their monetary costs, necessarily involve other, less
quantifiable, ' costs' that can be substantial. A particular example is disruption to the lives of the
individuals whose exposures are to be reduced (eg if the measures would necessitate removing people
from their homes or work for more than a few days, or would have a significant effect on their
lifestyle, such as by making land unsuitable for farming). This additional ' cost' of clean-up measures
could significantly raise the levels of contamination that would need to be present to justify action,
relative to the levels at which less disruptive measures of similar effectiveness would be justified.

-

414. Another aspect in which the disruption ===aci=aad with clean-up measures could be a
significant factor is in the timing of clean-up. For exarnple, clean-up at the time of a change of use
or ownersiup of an area might be considerably less disruptive than applying the same measures while
the ama is in use. Hence, clean-up at the time of a change of use or ownersiup might be indicated
at a significantly lower level of peojected risk than would be the case at other times. This could be
a particularly relevant consideration in the case of came====eian with very long-lived radionuclides.
Cleerty, however, such judgements unay need to be tempered in certain sia==*iaas by ===lantion of
social factors-

5 iy ;e ;<
4.3. Proposed erteneta

Taking into =ceai=* tbs calenii=ena== deemibed in Appendsx B and the A=e===aa shove, it is: 415.

,

pa==Al* to suggest,in a genenc way, how ssenstaans in each of the bands might be -pae*~t
to be,

t
- 1"-- factors could ea=ue==== lead totressed. It should be tenseenbared, however, that' - m

ddlemet conclusicas (ie higher or lower criemria) toen those innpised by this gameric gn=8-*
i

For contaanimation asesetions initially la Bands 1 and 2, it is very i= lit =ly that clean-up416.
measures involving any siendicant cost or dismption would be waranted by the risk reductions thati

Similerty, if the residual ====*=a= aner a justified and optimised clean-up were;
might be ale ===rt
in Band I or 2, the area could norunally be solemmed widiout the need for ongoing monitoring. In

'

sie==eiaa= where construsts on the individual risk an applicetne (usually such consuments would be
to lie in Band 3), there would in principle be a need to optimise below the constraint by

~% ~
*=paen=d
considering possible clean-up options. However, the risk seductions available in Bands 1 and 2 are

21
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so small that they would be unlikely radiologically to warrant any but the most simple and inexpensise
measures.

417. At the other extreme, situations in Band 6 would require clean-up or, in the absence of feasible
clean-up options, access restrictions to prevent exposures that could cause serious deterministic health
effects. Clearly, therefore, a situation in Band 6 would not be acceptable as an 'end-point' for clean.

; up.

418. Situations initially in Band 5 would also be expected to require some form of clean-up or,

| DN M restriction on use to avoid what would normally be regarded as unacceptable exposures. However,
MIA L b M.LW it is possible to envisage particularly severe situations in which the only options available (either clean-
PE~AOPLICAPg up methods or restrictions on the population) might be so costly and/or disruptive that they would be
'TC (#2 ifficult tojustify.-

419. For contamination situations in Bands 3 and 4, justification / optimization arguments of the type
reflected in the calculations in Apperidi3Eare likely to be of greater relevance than for the extreme
cases. Hence, the likelihood oDean-up being warranted will tend to increase as the level of risk
increases, as will the possibility that more costly and/or disruptive countermeasures might be
appropriate.

gs mi o
420. The calculations described in AppendIA B provide generic action levels for a variety ofr
countermeasures for urban, semi-urban and agricultural areas, as shown in the table below. These
levels range from about 100 Sv y ' to several mSv y~', placing them within Bands 3-4, and indicating
that situations in Band 4 are likely to require clean-up at least to Band 3, and that situations at the
lower part of Band 3 are unlikely to require clean-up. Similar considerations would apply to the

, , ( potential suitability of Band 3 or 4 situations as end-points for clean-up. j

-ftg M2C 12E2;/0tM/M*8 Ynw of ans Gemencany J ae.d ca -a, seveas #y' ~

qtUQg|0 s NOST @Mg>.
gg TMJ2 thtien o.t . 2 as, y .M-Wd

_

gtf gp [ty./ M sansstei o.4. s msv y 4o'f" |
d

|jg g Aancuennal o.1 - 2 asv y /0 - dd 0d

Of i'C0bIll//lbk (The ranges for urban and semei-erbas areas represamt ascertainty, bee the range for
$Cf.WVl/M agdeeltural areas is =i=l=== justised to ==wi===as j== ens =d This unny ; mislanding - can-

we get consistent types of venait for aR esses?)
'

421. However, consideration of the factors d>=ri-ad in Sarew= 4.2 suggests three main
situations likely to be Wm in the treatment of Band 3 and 4 situations, as follows:

y w J ''*

| 7 g jjg i. When allowance is made for the extra 'disruptica coet' d==en-ad in Section 4.2, it is unlikely

' g p /(jd(E W that, even near the top of Band 4 (ie doses of several mSv y'), the risks would be sufficient.

:: ~ errant the most expensive and/or disruptive measures, such as large scale soil removal orge, m

; - ' those necessitating relocation of significant numbers of people;

| Constreasts bened on equity arguments could lead to areas in Bends 3 and 4 being more likelyp, ji. to be cleased up, sad cleaned up more thoroughly (eg to Band 2), than unconstrained cost-
Mo# benefit analyses might indicase; and

M iii. For small areas Eiiitially in Bands 3 and 4 (or even Band 23it might be considered beneficial&

to clean up ' completely', ie to Band I, irrespective of strict cost-effectiveness considerations.. . . _ . .

22
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!

Although release of' cleaned up areas would essentially define a new ' background', decisions422.
to release areas in Bands 3 and 4, particularly in Band 4, would need to be kept under review.
Justification / optimization studies are generally valid only for the tirne at which they are carried out;

~

'" f subsequent changes m economic or social conditions, advances in technology or new information ong,g g radiation risks might all affect the decision, and it would therefore be wke to reconsider periodicallygg, whether further clean-up might be justified in the new circumstances.
-.

>llJt. tite Pt
mm WinACNAL
% f MPWW6 4.4. Summary of recommended criteria

Figure 4.1 and the above discussion can be summarised in the following table. The doses423. For Bands 5 and 6, however, the additional dose is large
quoted are additions to backaround
compared to average background, and so the criteria might reasonably be applied to the total dose if
this is more convenient.

Rasse erasemas da.es
chen-ep?

Neverd

Band I < 10 pSv y

Band 2 10 100 gSv y' very rarely

Band 3 100 uSv y'' - I mSv v ' Rarely unless constraaned

AllL
Band 4 1 10 mSv y' Usumity for siinpne measures

Rarely for disrupuve measures gp

Band 5 10 - 100 mSv y' Altnos always //

Band 6 > 100 mSv y' Always /,

As will be apparent from the foregoing discussion, the dose rates dividing the bands can424.
only be approximations in view of the uncertainties involved. Nevertheless it is convenient to have
single numbers to represent criteria, and considerable presentational problems may be expected if
slightly different numbers are quoted in different siw-

in this case, the most significant crienrion that casmot readily be linked to nienng criteria is'' 425,

probably that dividing Bands 4 and 5. This repressets a point above wluch clean-up would normally[h ^= the maximum
be e pt md to be undertakan in uncometrained am=anana and therefore also .y-co-====a==) might be considered acceptable asj(/o + . A<.u./ '

level of residust risk that (apart from __ ;'-
* d /N (An vJ4* a 'new background' level The choece of 10 mSv y for this boundary is necessarily a judgement, butd

!' is felt to be sobust in the inne of a member of onesideretnoes,includingt ,

.g , p y- t
*

b ,, i. Worldwule venation in assural background does runes;6 f,-*^
ii. Action levels W by ICRP for redom in dwellings;

/eJM'g) lii. Dooes impland by acceptable levels of activity in aadan=ffs; and
. s .

iv. IAEA N ce crisona for :===ana=====* of populationsgw
These isomes are dh is amore detail in Appendix D, but all are consistent with a genenc criterion
in the region of 10 mSv y as a level above which some fann of clean-up would nonnally bed

~ ~ '"Y 'I e o u m *yv
As noemd above, gaaenc crisena such as those in the table will not be appropnate in all~ ~' v 426.

situations. However, any percerved inconsistency in entena may have negative effects in terms of
public -Waace that could welloutweigh the economic or radiological benefits to be gained by using

23
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situation-specific rather than generic criteria. Therefore, where local factors do support the use of
situation-specific criteria that difTer significantly from the genene ones, these factors, and the effect
they have been considered to have on the criteria (including any judgements or assumptions made),,

should be clearly stated.

t
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i

A88'en if ede le hddel towel
Accepentukty se inde se,eg go,,,s**** A annued Adegoned annued

gask budse - --- ee pte.ected. , , , , , ,g enSv y'

l

Cloengap or prevent use

Not suitable for release. Restrict use 100
t

,
._

Clean-up or restrlet use _
,

- 10

(Cloen4sp Mefyl

Release may be pose!ble subject to ,10 *
regular review of altuation

4 .

# *" '1

Tatarskie Of ALAAAI

fleisese possible situation may need - 10 *
occasionel eeWew

3
- o.1ICloeng delv N **n*"M

_

Rolesse 'Aely - review only if e - 10 '
pg defy to be necomesey on the problem becomes appesenta@ beste of redsfogical rtake

2
- 0 01

_

_- ,

Can be teleased without controls - 10 ' ;

No m necessary
Trheel

9

,

"N
ggys,e 4.1. Stenaard on ---
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APPENDICES

A. EXAMPLES ON CONTAMINATION SITUATIONS'

Al. DifTerent contamination situations can be classified into three major categories depending on

the origin of the contamination: ,

(a) existing practices

(b) past practices

(c) accidents

i hfh j t ies.in the following p w A.s examples are given for situations n eac o t ese ma or ca egor
,

A. EXISTTNG PRACTICES

Decommissionina of contaminated areas and installations from the nuclear industry

A2. Decommissioning is to be considered as past of the normal operation. In fact it is the last part
of an operation, before ceasing the activity and releasing the buildings and/or the area for other use.
In the last decades, many nuclear facilities. both for civil and defence purposes, have been used and
some of them have been decommissioned. The decision to clean-up and the level of decontamination
is d=paaA-at on the circumstances. In small scale applications it might be a reasonable decision to
remove all the radioactivity up to background levels. Examples of this have been presented at recent
international conferences (ref. Antwerp Proceedings, page 693; IRPA Symp. Portsmouth).

A3, if the scale becomes larger such decisions are much more difficult. In the United States for
name=are, there are many contaminan=d sites, rangmg in size from corners of laborasones to nuclear
weapons facilities covenng many square miles of land. "Ihe aa=*===inetton ==*==da to all environmen-
tal media, as well as to on-site buildings and equipment. In these situations the decision to clean-up,
and to what level, depends amongst othes on a -- ' "ve analysis of the impacts of the clean-up

,

operation (redaological health 'unpacts, vohunes of soil to be summedieaed, sec.) in order to pnontare the
contami==riaa =*e=eia== [ref. EPA dae=====*].

m. .

_
g g _<_. .

c_-

Phamph=a= nock naan=as nemarally occernes rodeoseclides fraea the uraniusa decay series toA4.7* typecal levels of 1500 Bq kg-' U 238 (ref. UNSCEAR 1988; sof. EUR 13262 EN 1991]. Most of the
daaghter Ra-226 is comoseerseed in the phosphogypeen, abs seein wenis product in the fertilizer
predent on pecess. The p-i f = - is either diedierged as a sierry in rivers, or it is deposited

in certsen da=pa==I mises as a solid. Sucei areas can conness millions of toes of f ,' '-3, _ . with
surfaces of hundeds of bacteres (ref. Antwerp Procandags, p.645]. Here also, a cost-benefit analysis
on redsologscal ea==d= stions of the clean-up operesson asey be part of the deemeen malung process
but also other considerances, such as ecological ca===q===a== of the p- 'g, - itself mayenter,

4

the process.

AS. When f ;' ,, is discharged as a sherry in nvers, it will deposit in the river sediments.
River sludges have been used as a landfill for housing areas and thus give rise to elevated radium
concentretions in the ;; - r-4 fref. Amewerp Proceedings p.207]. Houses buik on these areas may have' ' * " " *

as a consequence higher redou concesaretions, la this example, remedial actions which are outside
the direct control of the operation might be considered.
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Add exampie on oast controlled discharges
A6. Text to be added

1
i

j B PAST PRACT1CES -

Contamination resulting from oast uranium minine and milline operations
A7. Mining and milling of uranium ore have generated waste rock and tail.i.ngs,with an increased.

; .soriterit_of naturalradioactivity. After World War 11 intensive uranium mining has been started
j throughout the world, occupying much land and changing the landscape. In some countries, such as

Germany [ref. Antwerp Proceedings, p.119; ref. SSK report], these tailings have strongly influenced
the infrastructure and the environment, as they were carried out in densely populated regions, which,

| had already a long tradition in ore mining. In the last decades many of these sites and facilities have
been abandoned by the uranium industry and passed over to other enterprises and communities.,

} A8. Problems of radiation exposure can be awawi with the relics of uranium as well as j
traditional mining in particular if they have been used as building sites or building material. Dumped i

'

material had also been used for land filling, road construction and other purposes. The density of
population and the intensive industrial and agricultural utilization of the mining areas create special

: features with regard to radiological protection. In addition, the situation is much more complex and
! requires differentiated considerations since both above-average natural and man-made radicactisity

,

contribute to the level of radiation exposure in the areas concemed. |

A9. The obvious consequences of the traditional mining and of the uramum industry, public,

'
concern and the need for decisions on restoration and remediation of radioactive-contaminated sites
require systematic investigation and objective evaluation of the existing radiological situation in the
mining areas.

,

Contaminataans remitmg from former radium olant; i,

'
A10. Radian has been used extensively as a luninizing agent and for := leal purposes There are
several examples in the literature giving information on radium comenmanations due to spills in radium
plants. (ref. Antwerp Proceedings, p.263, p.281; p.672]. Dese contaminations can be inside the4

! workshops whee the work took place or outside, for lan=* on-site burial sites.

"

All. home maastnoms are generally of a much sanaller semie than in the fonner example.
. I Clema-ap decisions will be made on an invessanantion of the level of maa-amesan of the sites, taking
F I imo -w that most of them are in urban asees.
; php.9

T Al2. Ssenstaans a ansationed under ese memly related to sbat here been carned out inJ{.,,.a. C
.

. the past. Hey invanably deal widi enhancedevels of natural radiancarvity. An example is given
..

-

,

;,, ~

]: T Camammamstanna mmdtang aque mest aanman. andhna and amenansma of meani crus
! ^ A13. Missag and smeltima of oses comensning ferrons and non-farious metals goes back to the,

Middle Ages. Weste sock slag pi be $ sued at ummerous pieces in regioos which are known
~

' .w .

'$ for their mining samvmes. la cases, h'ks the Mansfeld segion in Germany [ref. Antwerp4;

i. W ; . p.295), the asus wue ----- - , ' by uransum. De y of the activities are"

mese or less coenparable to those of the uranium mining industry! a

"N A14. It is obvious that accidental releases can give rise to contamination situations that need to be
3 cleaned up. Decisions on such operations depend very much on the magnitude of the contamination

'
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and the available resources and on a great number of other considerations.

Contariinations due to nuclear weapons testing
AIS. The first nuclear weapons test explosion in the atmosphere took place in the USA and
intrasive testing occurred subsequently in the years 19521954,1957-1958 and 1961-1962. Since in 1

I963 in Moscow the Treaty on Restricting Nuclear Weapons Tests was signed most subsequent
explosions were camed out underground. The last atmosphenc explosion took place in Oc:ober 1980 |
and in total about 450 atmospheric explosions have occurred corresponding to an explosive yield of !

545 Mt TNT equivalent.
-

A16. In the former Soviet Union (FSU) atmospheric test explosions have been camed out at Novaya
Zemlya, the most important test site of the FSU (87 explosions w+, ding to 235 Mt TNT) and
at Semipalatinsk (124 explosions w. ,,, ding to 6.4 Mt TNT). The major part of the radicactive
substances released by these explosions became global fallout, but some tests have produced higher
local fallout. Investigations have been undertaken to characterize the environmental contamination.

i

Details on these contaminated sites have been presented at the International Symposium on
Remediation and Restoration of Radioactive-contaminated Sites in Europe [ref. Antwerp Proceedings).

A 17. Similar test have been carned out in the US, mainly at the Nevada Test Site. This site
occupies an area of 1350 square miles. The tests have released large quantities of radioactive material
to surface and sub-surface soil both on and off-site. Besides weapon testing, the site has also been
used for radioactive waste disposal [ref. EPA doc).

Al 8. Another test site in use by the US was Bikini Atoll, one of the MarshallIslands. Twenty-three
nuclear tests were concluded there from 1946 to 1958. In 1954, a nuclear weapon test, code named
BRAVO, had an explosive yield that greatly *=ca-4=d expectations, with the result that heavy fallout
was expenenced at Bikini Island and atolls east of Bikini Atoll. The Bikini people, since their initial
relocation to Rongerik Island in 1946, have had a continuing desire to return to their homeland. In
1%9 a general cleanup of debris and buildings as well as the plantag of coconut, breadfruit,
Pandemar, papaya, and banana trees began at Bikini Atoll. AAer a preliminary survey in 1970 Bikini
families moved back to Bikini Island. A radaologscal survey was anadwa=d in 1975, but few samples
of locally grown food crops were available to confidently establish the radionuclide concestraticas on
Bikini Island to reliably ==*i===a= the does; m " e --- bened on the prehesinery data i=de=*=4 hatt

when food crops matured,the body burden of '" Cs and resulang doses would camed federal
gudahmes. In 1978, when the aaaa=== enested psodeems fruits, whole body cometag revealed that
'"Cs body baniass in the people on 85dmi wese well above the U.S. W level.
C- ,

9, in Augeot 1978 Tnset Terntary of5caels arnved at Bikani taland and r=l~ =aad the
. s , ;,, . ,

people to Kili Island. Cosatanneneses are desessed to redmos the does to people, which is mainly
due to -y*== of uvuonnel foods, that are reestems BRdni Islead (ref. IAEA 'ECDOC-755,

,

p.I1).

Catamusannaan russissem from neannent nuclear densnetapas
2 A.19 la the fonmar Soviet Union teen 1971 to 1988,115 anclear dama====a== heve taken place in

onier to explore the possibilities of such ==pla=aa== for civil purposes. The aim of these detonations
wee to use the nuclear exploorve technology for artdicial waner reservoirs and teach excavation for~,

i

comal consensmion (ref. Antwerp Ptocondaags p.383). Such =vplamaa=* have also been c" - =* for
ressendi ce the deep -_- " W strusmare of the earth's crust (ref. Antwerp Proceedings, p.473).

,

Apparently, in some cases ename==enal envuommental contammaeman has been observed.

. . . . ,
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C. ACCIDENTS

Contaminations due to accidents in the nuclear industry
A20. Since the beginning of the nuclear age, several accidents have occurred with releases hasing
off-site consequences. Three of these accidents resulted in the release of large quantities of radioactis e
substances into the environment, namely the accident in the MAYAK plant in 1957 (the Kyshtym
accident), the Windscale accident also in 1957 and the Chernobyl accident in 1986. The areas around
two of these sites, Kystym and Chernobyl, are presently still heavily contaminated and large areas are
evacuated. Restoration or tnese sifes, if undertaken, will take many years and ask enormous financial

efforts.

A21. The Chernobyl accident has led to various remedial actions far away from the release point.
Examples of these are for instance the administration of Prussian Blue to sheep in Scotland and
Norway, in order to decrease the uptake of '"Cs in the animals [ Technical Rep. Series 363), lining
of lakes in Sweden [ Technical Rep. Series 363] and the r stricted use of contaminated peat ash in

, ,

building materials in Finland [ref. Antwerp Proceedings, p.723].

Contaminations due to accidents in the nuclear weaoons industry
A22. There have been several accidents in which nuclear weapons were involved. Four of these
accidents are mentioned here, because of their different environmental impacts.

(a) In 1960 an explosion and fire occurred in the Boeing Michigan Aeronautical Research Center
(BOMARC) Missile Shelter 204 in the US. The BOMARC site has a surface of approximate-
ly 218 acres. A substantial amount of plutonium was released from the Shelter during the
accident. The facility has been deactivated in 1972, but is still under Defence jurisdiction [ref.

EPA doc.)

(b) An accident involving two US Air Force planes engaged in a refueling operation occurred in
1966 over the town of Palomares in San _h*==n-n Spain, close to the Mediterranean coast.
The mid-air collision was followed by an explosion and pieces of the aircraft fell onto
Palomares and neighbonag Villancos The four thermonuclear weapons trr ,aned by one
of the planes fell with the aircraft wreckage. Three of the bombs, one intact, were found on
land, in or near Palomares, within 24 hours of the accident. Following an extensive search,

4
the fowth was removed intact from the Mediterranean Sea. The parachutes of two of the
bombe did not deploy resulting in the dama==han of their conv==han=I suploorves and release '.

of fissile matenal upon irnpact. Partial burning of . s fusile mesanal fmr. 4 an aerosol that
.

contaminnend acorovi==aaly 226 hectares of unmised, turmed and wban land. In order'

q@+.4 to return the area to a nonnal enashan meerveauun was daad=d and some foruidist actions
undertaken dependmg on the contaminanon levels. The resultag wesens were colledad in

j dnuns and sent to the USA. After the interv==han was completed a redsological surveillance>

. 1 piogram was established to control the achievennent of the radiahan pera-eian objectives for
~! the public in the ans. The prognun has shown that the situation is acxmptable from the
s! radiological point of view [ref. Asewerp Pra~ad6=s p.727).

.;
j (c) In 1989 a fire broke out in the seern section of the *Komsomolets" nuclear submanne The-

:1 vessel surfaced, but afler seven hours, in spite of the efforts of the crew, sank with the loss

]
of 42 of the 70 crew members. The submarine sank to a depth of 1685m near the southwest
of Beer Island. The site is about 300 nautical miles froen the Norwegian ccast. The wreck
still contains one nuclear reactor and two nuclear warhead missiles, one of which was

* * *** fractured Reports of several Rnssian research institutes have erased that, by 1995 or 1996,
the two nuclear warheads on the submarine could be compbly conoded by sea water. As
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a result, about 42 kCi of "Sr, 55 kCi of '" Cs and 430 Ci of plutonium could be released
from the damaged "Komsomolets" wreck into the marine environment. Attempts are

,

undertaken to seal the openings in the ship, in order to reduce the possibilities of dispersion
of radioactivity in the marine environment.

In 1968, a US B-52 bomber canying four unarmed thermonuclear weapons crashed in the(d)
Polar region, off the shore of Thule, Greenland [ref. Antwerp Proceedings, p.754]. The high
explosive components of the weapons detonated and dispersed the radioactive material, rnainly
Pu-239 and tntium, on the wreck, the sunounding ice crust and into the splashing, burning~

fuel. Part of the radioactive material was carried away in the plume. It was decided to clean.
up the ice crust, and a total of 3.1 kg. Pu-oxide and 1337 Ci of tritium were recovered. After
the summer melt of the sea-ice, a survey showed that on the bottom of the bay a residual
contamination of 0.5 kg. Pu-oxide exis:ed.

. . . , .-

C *-inations due to accid-aa with medical sources
In September 1987, a shielded strongly radioactive caesium-137 source (50.9 TBq, or 1375A23.

Ci, at the time) was removed from its protective housing in a teletherapy machine in an abandoned
clinic in Gciania, Brazil, and subsequently ruptured. Consequently, many people incuned large doses
of radiation, due to both external and internal exposure. Four of the casualties ultimately died and 28

people suffered radiation burns.
The environment was severely cortarr.inated in the accident. The actions taken to clean up

the contamination can be divided into two phases. The first phase corresponds to the urgent actions
needed to bring all potential sources of contamination under control, and was in the main completed
by October, but elements of this phase persisted until Christmas 1987, when all the main contamina-
tion sites had been dealt with. The second phase, which can be regarded as the remedial phase aiming
to restore normal living conditions, lasted until March 1988. The decontamination necessitated the
danolition of seven residences and various odier buildings, and the removal of the topsoil from large
areas. In total about 3500 m' of waste were generseed.

The above examples show that there exists a wide vansey of contamiestion situanons. It willA.24
be clear that decisions on clean-up have to be taken ce a _ Sjy Q and that each case
considershon should be given to the specific features of the contamination and the chcumstances that
udlesace the decision. For instance, a comessnession in an area with almost no i+abitsats may lead

O, the other
to anodier clean-up decasion than the mesmo aams-i==em= in a densely populshd unt
hand, a local aama--awi ce the ice cover in the Aratic ansy be semoved jest on 154 kn of good
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u

B. GENERICALLY JUSTIFIED CLEAN UP LEVELS j

|
1

Bl. URBAN AND SEMI-URBAN AREAS

Bl. This Section provides a simple example of how a generic dose lesel for justified clean up of
contammated areas might be determined.

B2, The optimum intervention entena for clean-up operations would depend on many factors. The
most important factors are :he avertable individual doses to the population, iE,,,,,, the efliciency of the4

decontamination (fraction of activity remaining), n, and the monetary costs of the cleaning operation.'

c ne clean-up costs, c can be expressed as-

e+c6 (1)cu=cw+cw
where c.,,,, is the cost per unit mass of prodticedYaste w is the waste produced per unit area, c, is
the labour cost per unit time, e is the working time spent per unit area, c ,, is the equipment ccst per
unit time, and 6 is the time of equipment use per unit area. The parameters w, e, and 6, would all

depend on the clean-up efficiency, n.

B3. The clean-up costs would depend on the type of area contaminated as the clean-up procedures
would be different for the different arer.s. Clean-up of urban areas would include street sweeping, |

firehosing, asphalt planing, removal of vegetation and removal of soil. Clean-up of agriculturalareas
j

would include removal of soil and removal of vegetation. Clean-up of forest areas would include |
removal of trees, removal of undervegetation and removal of soil. |

B4, The clean-up costs would involve the disposal of waste which_could be_the.. dom _inating cost
in the clean-up of large areas. Removal of the upper 1 centimeter of soil in an area of I km' would

_

i

2

create 10,000 m' of soil waste with a cost of disposal of the order of $ 10' per km . For an urban area
3

with the same charactenstics as the city of Copenhagen the costs of clean-up, c have beenw
'

estimated to the values shown in Table B1, based on the Nordic research program on waste and
decommissioning (KAN-Programmef.

Table Bl. Costsfor diferent clean-ap methods in an era of 250 kur' of a city with the characteristws
a

ofCopenhagen.

C'= = cosas (54an*)
CW W '

Tr---~. t * Waaes#C'= =
esw

' Soil :rd 400.000-800.000 #
100.000-200,000-

1; Grass *_ 5.000 10.000 7,000 5,000 5.0C0-10,000

Fisuboesaa 5,000 15.000 1.006 4.000 5.000-10.000
|
: Asphakphmag 600.0004,000,000 1 40,00 4 80,000 l M,004150,000 |

|

aT of waste
lac transport of wasse

c) Based on Wessera coumerie: with a salary of $ 15 per how

l

. - -

Cleanap of Lage Itadioactive Contaminated Areas and Dispcsal of Generated Waste, Final Report
of the KAN2 Project, TemaNord 1994:567, February 1994.
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B5. Taking into consideration only the avertable dose to the population, the doses to the workers
engaged in the clean-up and the monetary costs of the cleaning operation the following factors would
enter the opti nization process for determining the intervention level for the clean-up:

the number of people living in the contaminated area, Na y

the size of the contaminated area, AI .

8 - . the monetary cost of the clean-up per unit crea, c,,,,,

the number of workers carrying out the clean-up, N.,,,,' '
.

the collective dose to the clean-up personel, S.,,, = E ,, N ,.-

the efficiency o the clean-up operation (fraction of activity removed), n.

the reduction factor of dose rate,f(= 1/(I . g))--

the monetary cost of relocation per person and unit time, c,,,.

the equivalent monetary cost of the unit collective dose, a.

B6. In the optimisation of intervention levels for clean-up;two different situations will be' -

considered. Firstly, a contaminated residential area from which people havsbeen relocated, and,
secondly, a contaminated residental area from which people have.. een reimted because the avertableb

doses by relocation exceed the interventien level.

AREAS FROM \ li PEOPLE ARE NOT RELOCATED
,

B7. The condition for a clean-up operation to be justified is that the monetary _value of the
avertable collective dose _,_AS fmm the clean-up is larger than the sum _of the monetary value of thes

collective dose to the clean-up workers and the costof.thc. clean-up_ operation:

a AS a a E,,,,, N, + c A = c A (2)u

The cost of the collective clean-up workers will normally be marsmal compased to the other
clean-up costs and therefore first term in the above equation can be disregarded.

B8. The annual done, E.,, fmm activity -f+,-r" in urbem and semi-urban environments will, as
an approximation, be proportional to the surface contamination density at each surface type. 'Ihe
annual does would thus be:

(3)E,, e ,,,y,,, + x ,vy u w + x, v,x + z w

3

where:'

MM.iA
- +cj x is the fracteos of the given surtnes type, sad

v is the relative f ; ''s velocety for that surdice type.%j +

4,b-] ~d;
- |

'1 When the cleasNap efficioney foe the differest surfmeet is e, which Amamas the edare-i factor, f,, r.s j
- -

;J ' . . ,

l 1A(1 - q.), the samuel does a8er cleasHap, Em ces tpe desartied as: 1

l
'1

E 3 (1 - q,,,) x,,, y,,, + (1 - gy x, v, +4

w + (1 - qM x, v(1 - M y sw v w

The e5ective dose reduction factor,f, by clean-up of the different surfaces can than be described as:

}.m.no c 8
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D *, \
g"" (5)

'

'

f = E,uom [(l - n) x, v,
, < , .

I

..lf T s t e t me per oi d over which the collective dose is accumulated, the avertable collectne fih iB9.
d_ose aS oyer the time, T, is related to the (fairly constant) annual individual effective dose. E, . as |,

t u - . . . |

SS = N,, f,'E,,(t) dt - } 'E,,(t) dt |

(6)
,'

= N, | ' E, T
,

The justified.annuf ndividual effective dose, E , before clean-up can be found from the
__

fiB IO.
following wnsideratioris7The averable collective dose over time, T, with clean-up will determine the

!

justified value of the annual individual dose before clean-up, E.,, as:

a S S = a N, ! ~ I E, T t c,w A (T)

f

With a population density P = N,jA. a dose reduction factor, f, equal to 1/(I - g), the justitledy

value of the annual effective dose before clean-up, E.,,, can then be found from Eq. (7) to be.

f' f . , -ew
(E,) = ___ -

-l, a P, T p

Figure BI illustrates the efTect of a clean-up operation which results in a reduction of the collective
dose by a factor.f.

/ h
S /o

1 / as,

.s /
8 /'

Q / 9>. ..:q /U

i ?
.,

i, n ;-
.

R i'

o i Clean-up

8 l'

< l
I

.

TO

Time after contamination (years)

Figwe BI, Avertable collective dosefom clean-up with eficiency of the clean-4, n, which expresses-.-

the faction of the radioac ive manereal removed after clam-4
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Calculations of the justified annual effective dose, E.,,, before clean-up of urban and semi-
B1J.
urban areas have been made with the program Crystal Ball. For an assumed clean-up efficiency, ri,,

of sosi removal, grass cutting,firehosing of houses and asphalt planmg the total clean-up costs per

unit area were calculated as:
(8)

c +z c_ * x, c,c,w = x,,,, cw *xe ,, ,, w ,

Assigning distnbutions to all parameters, a range of justified values of the annual individual dose
before clean-up has been calculated. The values of the parameters and the parameter distributions used~

in the calculations are shown in Table B2.

Table B2. Parameter values and their distrubutions used in the optimi:ation calculations.
Log-normal distribution

Parameter Uniform distribution Central value Standard deviation

Soil removal cost $ IW 400,000-800,000 600,000 200,000

Wages,5 km 100,000-200,000 150,000 50,000i

Grass cutting cost,5 km 5,000 10,000 7,500 2,200i

Transport. 5 km ' 2.000-5,000 3.500 1,000

Wages. $ km ' 5.000-10,000 7.500 2.500

Firehosmg cost,5 km' * ')00 15,000 10.000 3.000
.

T. ---ge, 5 km 1.000 4.000 2,500 800i

Wages,5 km-3 5.000-10,000 7,500 2,500

A=h2tt planing,5 km'' 600,000-1,000,000 800.000 300.000

T. - - +1, 5 km* 40,000 80,000 60,000 20,000

Weges,5 km 70,000-150,000 110.000 35,000
i

7 , '-+= density, kmi(urben) 300 600 450 200

Ta '-^--- density, kmi (semi-urben) 100 200 150 60

Relative , on roads, y,w 0.24.5 0.30 0.08

Relative '---;---ition on houses, v 0.05 0.2 0.12 0.03
m

Relative _^ , - - on trees, v_ 0.5-1.2 1.0 0.20

Raletsve dyid'a= on soil, v, 0.81.2 1.0 0.20 j
_

,

|
Urban 0.50 0.50 -

p,- M houssa..

2a== Semiserbes 0,30 0.30 |
-

Urtes 0.25 0.25 -

Fracelen %
% Semi <erbea 0.25 0.25 - ,

fn, 7,,
Ustes 0.20 0.20 -

j7 t, pm 4
|8w Seeni<srbem 0.30 0.30 -

, Qc. ';]
Untes 0.05 0.05 -

,. .,D U Fracasen m
3 | Seesh 0.15 0.15 -

m"e

Soil resnovel etnciency, g. 0.54.8 0.7 0.14
,

Orses - - ; edbesency,w 0.24.6 0.4 0.06
'

0.14.5 0.3 0.03
Firebases -* y, w

Asphalt pleasag efheiency, g - 0.60.9 0.8 0.12

jID %6 ) Cent of a iseit does, er,5 Sv 10,000 40,000 25,000 8,000d-

pp - . A tinne, T, years 30-300 200 50# '

Ret ~h costs,5 monthd 200-500 200 70 J,
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i

B12. He results of the Crystal Ball calculations with the above values and distributions are shown
in Table 33. The reason why the results for semi-urban areas are approximately four times higher than
for urban areas is mainly due to the difference in population density. For more dense populated areas

-

the avertable dose by the clean-up operation per unit reduction in dose rate will result in a
correspondingly nigher avertable collective dose over the period considered.

'

Table B3 Annual dose levels. E ,, m mSv/ year above which clean-up inwt(gd based on avertable
dose and monetary costs of the clean , tJ ' r. c . 'semo-urban areas.

Percentiles
Mens Median

Area type Distribution
2.5% 50% 97.5 %

uniform 0.14 0.43 2.30 0.60 0.40
v. . .

Urban
log-normal 0.10 0.34 1.20 0.40 0.30

uniform 0.49 1.50 7.80 2.20 1.50

Semi-urban
log-normal 0.36 1.20 3.90 1.40 1.20

De justified annual dose level, E before clean-up can be considered as the action level..AL for
introducing clean-up. If the actual dose level, E.,,,(from all relevant exposure pathways) is greater
than the AL,) clean-up would normally be justified.

B 13. De residual dose afser an optimized clean-up operation can be either lower or greater than
the AL. His will depend on the ratio E.,,/AL. If the ratio is significantly higher than the effective dose
reduction factor,f, the residual riose aAer an optimized clean-up would still be higher than the AL. If
the ratio is of the same order of magnitude or lower than,f, the residual dose would most likely be

lower than the AL.

B14. If the actual does level is much higher than a few millisievents per year this would invoke the
temporary countennessmos appropnase for the later phases of a nucient or radiological emergency.
Where assessed individual doses are in ths sesion of 10 mSv/y or grenser, remedestion will.almost

always bejustified. Dooms of ihst magnitude, % " ; to alifetume does of about i Sv, would,

in any case, inv se pennesset reloesmos if the esponse runs is ciuosic or seau-chromac. However, the
.

generic just:6cenas *1=a=== parienmed in this Appendet - abhough of a rusher saapie nature -
seem to indicase that en Al for claun ep in tunes of ammuni does befose cimen up would fall in theg

p) J .2 reage figen a frenson of a snillisesvert to a few aulhaisvert per your.;

Operanomal T ===*=== me the perumseers acemelly meessed to evaluene or to demonstrateb. .h , B15.
conspliance wish a g * cleumsp ensanna. ne action level, AL, would gisserally be expressed

': 'T , la does, eg annual does. However, for seeny prammons and for some inserveanons, these entena can

". '' '' M gamerally be converend iseo more readily messarable opennomel quamenes. Such quantsmes est derived
) h models where all signeSeest exposure pashways and the psegmened selevant behavior

'

by
of the esposud popuhman youp. Somm models may only be numbis and useful for smesmag, while-]>

.

1 oeur madmis may be smeside for sies speedic J o= ne asendonosy for deriving operational
>

,
quematoes is discussed in Appendix C.-

'|

. :^

,
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AREAS FROM WHICH PEOPLE HAVE BEEN RELOCATED
|

| _

The condition for a clean-up operation to be justified in areas from which people have been'B16
relocated is that the saved relocation costs by the accelerated return time, Ar, is larger than the sum
of the monetary value of the collective dose to the clean-up workers and the cost of the clean.up

I

operation itself:
(9)N A r a a E, N, c% Acm y

.

4

where c,,, is the relocation cost per person and urut time. The dose rate at the return time is here
assumed to be equal in the situations with and without clean-up. The accelerated return time can be
found from the above equation as:

# 'a= 1. #* 1 (10). ,,

d
at .

c,,, N c,,, P,y

as the equivalent cost of the doses the workers is only marginal compared to the clean-up costs, e ,.n

The value of Ar can be expressed by the half-life of the deposited radienuclides as:
T (11)at . -.!G Inf
in2

The justified value of Ar can then be expressed by the half-life of the deposited radionuclides as:
;

w = Y ''''',,,
,

T Iqf P, c
_

The half-life, T,, corresponding to the justified accelerseed return time has been calculatedBl7.
from Crystal Ball, and the resuhs are shown in Table B4. It is not justified to clean areas for half-
lives less than the values shown as the costs from the clean-up will be greener than the saved relocation
costs. It is thesusore bemer to wait for the decay of actmty before the area is seinhabited

Table B4. Ha|Hgfr of m, T,, he seenehe abo w whiok einanup is feesqfied based on the
% 6erween clean-i, enes amt as.ed e omsm.-

Y4:$ y ,,,,,am ,,'

Mens Medina
Area type Desertbattes

$%.;j
y. 2.5% 50 % 97.5 %

G
b uniforma 1.1 ' 2.1 4.3 2.3 2.1

- r.: ,! Usben

i k;; _ 1.1 3.8 12.0 4.5 3.8
'

3. , ,1
unifons 3.s 7.4 15.5 8.0 7.4

. ' .
''

k;; - _ ' 3.9 13.0 47.0 15.4 13.0Seeni-erbeni' *
,

,

j

" B2. AGRICULTURAL AREAS

"the different methods and appropnate data for the derivation of Action Levels (ALs) forBl7

i
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countermeasures in agricultural production are first of all based on the experience of liquidating the
consequences of nuclear accidents as described in detail in {l). Generic recommendation on the
implementation of agricultural countermeasures are also considered in [lc2].

BI8 in emergency exposure situations. agricultural countermeasures are based mainly on measures
of a more administrative / organizational character [1]. The methodology for setting action leseis for
agricultural countermeasures are desenbed below. Generic Als hcve been estimated based on
appropriate economical, radiological and agro-ecological parameters. Such ALs are recommended

~

mainly for the longer term _ period after a nuclear accident or radiological emergency.
'

B19 The methodology used here is bssed on cost-benefit analysis (CBA) [4], Cost-benefit theory
takes an objective view that alternative strategies should be selected according to a systematic
comparison of the advantages (benefits) and disadvantages (costs) that result from the consequences
of the choice. A balance in terms of a net benefit can be expressed as:

B = Y - Y, - X + B, = A Y - X + B, (B2.1)

J
-|v* W 'I D ' ' '

-

n d. Jwhere:
j/s, * t

B is the net benefit associated with any course of action;
Y is an expression of the detrimental effects due to radiation without anv action uken;
Y, is an expression of the residual detnmental effet ts due to radiation wticn_thcJcuon is taken.
X is an expression of the resources and effort neec ed to implement the protective measure;
B, is an expression of the additional benefit from th, proa.xtive measure (eg, due to an increase

of crop productivity or its quality).

Each of the terms in Eq. (B2.1) have to be expressed in the same units. Conventionally in cost-benefit
approaches values are expressed in monetary units. However, it is the relative values placed on the
components and their weighting one to another that is important, rather than the absolute unit in which !
they are gan*M Factors of the physical risk of the countermeasuits itself, individual anxiety and social
disruption are not considered as they are not significant in case of implementation of agricultural
countermeasures

B20 The expression (B2.1) can be elaborused as follows:
,

B = a AS - X + B, (B2.2)

where AS is averted /svertable collecti've done by the countermeasure, as.d er is the cost equivalent of'"'" ***

] avertmg a unit collective dose (AY = a AS). If it is assumed. j ,,5 g o, ;'

"w .My
e = 1 and r = s (32.3).

AS X |

a countermeasure is justified if B > 0, ie, if:
,

e, - e (1-r) < a,

where e is the cost-effectiveness, and e, is the modifed effectiveness of the agricultural
~~

countermeasure [5).

| -

|
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Let C and C, be the concentration of a given radionuclide in a given agricultural product beforeB21
and after the countermeasure, respectively:

| (B2.5)
C' . $

/
|

' fis here the reduction factor of activity concentratioc in a foodstuff by the counwrmeasure. A/and Af,
is the amount of a product without/before ar.d after the countermeasure with the ratio m=Af/Af, k is

,

the remaining activity fraction after technological processing and culinary treatment of a given product
(see remark concerning a conservative approach in [3, App. !!]); and b is the cost of a given product.
With these definitions the following relations can be found:

A$ = k c(50) M C (1 ")
(B2.6)

B, = Mim - 1)B ,
'

[lf there is a post-effect of the countermeasure it is necessary to consider its time characte:Istics ans dyr.amics
of contamination due to radioactive decay and self-clearning, expressed as:

AS = k c(50) M ,[C(t) (1 *(-) dt ,

f t)

see paras B27, B30).

A countermeasure is justified if B > 0, te, according to the above equations, if C > C.,,,:

# ("'II f

C"" = * ~ k s(50) M
-

(B2.7) :

a f-m

The definition of an AL as a minimma level above which an action may/should be implementedB22
defines a minimum justified levei. Evaluation of en optonssed AL using any optimiastion procedure
leads insviembly to a casaracason of the set of commermeasures (cms) (CM, f = 1,2, ., n) under
ocasideration (or to an admission, that not any poestive beneGt is justified). Thamfare, for the set of
cor s..nessures being 9ansidered, en dannition of a seesne Action tevet can be acpressed as:

(B2.8)
/M?;h AL n asia, (C, ; RC, . CW,) = 0)

i 4; ;4;j
., j

whicit is equivalent to:
(B2.9)

AL = man smin, (Cf6) : MCf6) , CMf6)) a 0)
. v

i
.

,y...
' 4 '. ' ]

where # = e, is a parameene of the ~====messee 1, cme.
.

'n :#) la principle, an opeimusesf Actioer level, AL*. may be defined by the expression:B23
,

(B2.10)
~ AL* = smin (Cf6,*) : MCf6,*)) = 0)g

#| is here an "optienised" (eg, in an .,r@'redioecological sense) p. r of CM,. In
j

practice Eq. (B2.10) would be identical to Eq. (B2.8), as the use of CM,just means the choice of an
, optimal parameter #=#,*. In practice, however, it is impossible to get a functional dependence between
|
j
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values 8,f,X, Mdue to significant parameter variabilaties and ur.certamties. It leads to the use of Eq.
(B2.8) when evaluating justified ALs.

B24 When assi.eing ALs for agncultural countermeasures the following types of ALs may be
considered:

* AL for coi uted animal products (first of all milk contaminauon as the most critical product).
C, (Bq/kg);

* AL for contaminated plant-growing products, eg, grass / hay contamination), C,(Bq/kg);

* AL for surface contamination density, g (kBq/m').

When considering the " tropical cham" (natural lands)-(grass /hayHmilk/ meat) it is possible to use all
three types of ALs: C,, C,, g. For arable lands, ALs of C, and q are more convenient, but also C, is
useful taking into account the annual production of grasses / hay. Due to crop rotation it is adequately
to consider surface contamination g only, whereas the C, and C, types are useful when assessing Als
and Operational Intervention Levels (OILS) for specific / local conditions.

B25 The evaluation of ALs in agriculture has been considered for "'Cs as an example. The
following main agricultural countermeasures were taken into account for assessment of the ALs:

countermeasures for natural lands: radical and surface improvement of pastures and hayfields;*

use of Cs-binders with feed (ferrocene, befege), 1*

1

* countermeasures for arable lands: the use of organic and mineral festilizers, liming, combined |
!

countermeasures.

Specific countermeasures like processmg of products, eg, processing of milk to cheese and butter, were
not considered and will be useful when c._' -- OILS.

_

B26 For insensive agriculture it can be ====d that additional yield aAer the implementation of a - |

coussermenswes will be practically C*2 (see para B21). In addstaan, an increase of i

productivity c' grass / hey after radical or surface imp,m --- of postures or hayfiehts does not
automabcally lead to an increase of the milkheeat pe=hireiaa herefore, when assemengjustified ALs

,

it should be consadored that the parameest m (ratio of production aher to that before the'

* * m/i countermeasure) should have a value of one in Eq. (B2.7) which would give a modified value of the l

|justified AL as:

X f (B2.ll) !
_.

C* = a 4 s(50) M f - 1 ,

1

B27 With the use of Eq. (B2.1l) the followag types of Anson 1.4vels C., C, and q can be derived
based on the aur===riaa of minimum justified OtLs. Countermeasure i for reduction of milk
==s===iastaan is justified, if C > C.,, where-

d5 8 (B2.12)C" . a & e(50) M f, - 1
= _ _ _

C, is the contamination of milk, M is the production of milk per day per cow, P,,, is the cost and f,
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the efficiency of the countermeasure CM,. The parameter, R,, takes into account the post <ffect of the
countermeasure i (see paras B21, B30). Milk contamination C, in Bq/kg can be estimated by the
relation:-

(B2.13)
C, = K,(C, V)

where C, is the grass / hay contamination. V is the rate of grasuhay consumption (kg per day per cow)
and K. is transfer factor from daily ration to milk (Bq/kg)/(Bq/ ration). Countermeasure i fo,r reduction
of milk or grass / hay contamination is justified, if the contamination of grass / hay C > C,,, given as:

!* (B2.14)'d '

C''. = a k c(50) M K, V f, - 1
=

4

4
P

B28 The activity concentration in crop / grass / hay C, can be assessed as:

(B2.15)C, = K qr

where q is the surface contamination density and K is transfer factor from soil to crop, eg, in7

(Bq/kg)/(Bq/m') Countermeasure i for reduction of milk concentration is justified, if the surface
contamination density of pasture /hayfield q > g,,, where:

#<> S I' (B2.16)
9 . .

-Ia k c(50) M K, V Kr /4

For countermeasures like radic.1/ surface the cost of improvement of pastures or hayfields, P,,.B29
can be estimated as follows:

(B2.17)g.Up
;

where P is the cost of the CM per i ba, and y is the pena emian yield of grase/bsy, say in kg/ha. It can
be ===ad hat coussonnessure,i,CM, for arable Isad is just:6ed, if the surinos contamanation densityt

( > fau:

#L1b /'l (B2.18)
g. e k a(so) y, K 1 fu - 1r

Q<Y where j is the crop, i is the countenneesure consedesed, Pyis the g ' ^ yield of csopf, and Krj
is the cost of coussannessure i for crop

i is the
is the % factor of commemnmessuse I,yjj,fq

transfer factor frous the given soil to csop J. he gemene Actice Levels C., C, and q types can be.

denved fmei Eqs. (B2.12), (B2.14), and (B2.16) based on the approeck in Eq. (B2.8).,

'i
he list of tanin paramesers for assessing AIA for agriadneral ======runessures is given partlyB30

. are given, seconhas to (3), in hacesome of the samuel GNP per capita.
,| inTable B2.TI. Cost,, -

[As the costs of the agriculasral commsenmeasures were based on Russaan and fenmer USSR desa, thei
infhsence of specinc cost values can be evalumned(first of all, when ceasedenug mineral fertilisers and
radical /serface _. n -).However,taidag isso accommtthe expreemon of cost in haethensof the GNP

,

and the wide range of all parameters eaamadared, this influence is negligible when estimaating generic
ALs.)
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The parameter k (see para B23) has been assumed to have the value I for milk and 0.5 for
potato / grain. He parameter R, (see para B27, Eqs (B2.12) (B2.14), (B2.16) (B2.18)) for
countermeasures like the use of Cs-binders equals I, as well as for countermeasures for arable lands: q

for radical and surface improvement of pastures and hayfields the parameter R, is assumed to hase a
value of approximately 0.5. De result of post <ffect of the countermeasure . the avertable dose and
the additional costs of the countermeasure A- Se following 6-8 years and the dynamics of the transfer
factor Kr (see Eq. (B2.15)) were taken irm e.: count [64].

B31 In the assessment of ALs the ranges of parameter meIm walues observed have been used as
central estimates (Table B2.Tl). Uniform (U), Normal (N) and logNormal (logN) distributions of the |

parameter values have been used. De ranges for the U-distribution are indicated in the Table B2.TI. I

nese intervals correspond to a 98-99% confidence interval when using N-distribution and a 95% f
J

confidence interval for the logN distributions.

B32 When evaluating ALs/ OILS of the 9-type (surface contamination density)it is necessary to take
into account the dynamics of transfer ftstors from soil to plant Kr(t)[6-9]. Such time dynamics have ,

|been used for the assessment of ALs (Table B2.Tl) corresponding to the range of average values of
Kr for the first 1-3 years after the Chemobyl accident (19871989) for the main types of soil indicated.
De dynamics of transfer factors can be approxiraxely estimated by the formula Kr(t)=Krlt,)p(t), w here
the function p(t) can be expressed by one or two exponential terms with reduction half periods of 3 15
years for natural lands and 2-8 years for arable lar.ds [6-9]. The q type ALs/ OILS should be corrected j

'

corTespondmgly.

I
B33 For the estimation of the ranges of values (Eqs. (B2.llHB2.18)) the following variants of
distnbutions were considered:

1) U-distribution for the all paramesers;
2) N-distribution for the all parameters;
3) U-distribution for a part of parameters and logN-distribution (K,, see Table B2.Tl) for the

remaining part.
1

ne following characteristics of output values were compuned: mmh =mical expectation (meen), mode,
medaan, standard deviation,90 and 95% confidenca intervals and the observed range of values, ne
examples of characeanstics indicmed for minimum justified OILS of the C., C, and 9-types are
pasented in Tables B2.T2-B2.T5.

B34 The choice of ALs with the use of Eqs. (B2.8) and (B2.ll)-(B2.18) is not a simple task due
*9 to the wide range of values being assessed (ses 95%.~=M-r* innervals and other charactenstics of* *

j values C., C, and q in Table B2.T4-B2.T5). For example, the 97.5% percentile may not be

j W as a generic (ininimal justified) AL, because these exists a considerable probability to
'-- f - a justified counserunessure for values which are less than the Alma indicased and:

,

a) contanamation of products aAer the im/ = of countermeasures may be above the
interv=nham levels for withdrawal and =dwaman of foodstuffs ([3, Annex 1]) and /or'

of administrative countermeasures (eg, withdrawal and 2 <=*= ofim/-- 1'=

I kadanNm) may be more effecteve acconhas to cost-benefit anslusis (see para B35);
,

b) sustace contammation density may be above established OILS for permanent resettlement and/or
2 2

,;_ -
prohibetation of the use oflands for 4--- ' .1 purposes (eg, q_ = 40 Ci/km = 1480 kBq/m ,
[5}). Desefore, when choosing Als based on the range of values and main characteristics the
interval (X E] may be considered (X., is the 2.5% percentile of the value being estimated,

41,
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,

and E is the mean value).

Therefore, when x = C, C, or q, then:

if x < x., no action / countermeasure should be recommended (x = C, C,,9) as the probability
of getting a net benefit after countermeasure implementation will be very small;

if x, s x 5 E an action / countermeasure may be implemented; however, local radiological, agro-
ecological and agncultural/ economic conditions should be taken into account;

if x > E an action / countermeasure is recommended to be implemented, taking into account local
radiological, agro-ecological and agricultural /cconomic conditions.

ne statanent 'if x > E an acten/ countermeasure is recommended to be implemented' doesB35
not mean that just an agricultural countermusure must be implemented as have been mentioned above,
para B34 s-b). Agricultural countermeasures may be implemented if the level of contamination
ze[X , X ), where X., was defined in para B34, and the approach to the evaluation of X,,,,

is

considered below,
ne countermeasure CM, is preferable to countermeasure CM if the total detriment:2

(B2.19)
(X + TjCM, < (X + Y)CM,

(the case when additional benefit B,=0 is considered, see paras B19, B21, B26). Then, an agricultural
countermeasure is preferable to withdrawal and substitution o# foodstuffs (or to substitution of
contaminated with uncontaminated fodder) if:

(B2.20). A a e(50) C g6p
It

is the cost of countermeasure 'per unit
(6 is the cost of product (eg, milk) being considered, Po
product', f, is the reduction factor of countermeasure and C is the pro 0uct contamination).
Furthermore:

CsC m

whost:

W 4! (B2.21)c"" , /s @ ~ 9 |

$M. c '
,, ,A at #(80) , , . ,

, and Eqs. (B2.13) and
The level X,,o (C, and g-type, see para B24) aney be evolemand using C.,o

c';? 'y-)
u

(B2,15). Then the upper level X,,, is d=A=ad by the espnesson.
', c - :,.1 (B2.22)'

(=%Q,

.. +

}; a],
- of ,,__ ' 1*_ ecumeermeasures is amt.

-

and it can be aimand that if x > X ,, the E,"
"justdied" as ;be une of ademiniseraerve counteranessures is enore patsrable. The vahae X , may be,

'
-

'

called a 'seemismanjustyled Actiose Level *Jbr the class ofd ' .:.'conseesrnssereres
__

The inhoenogeneous character of contasmanation of agricultural pmdects may lead to the use of
Separation hetervention Levels (Sits) in agricultural practice on contaminated lands which
B36
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differentiates the production obtained as " clean"(with contamination below SIL) and " dirty"(above
SIL correspondingly). It should be stressed, however, that SILs may be different from ILs for
withdrawing and substitutu,,. of foodstuffs, as well as from Dils/ OILS [3,5) or Ala considered It
depends on the strategy of usinh " clean" and " dirty" production. Below the approach for deriving
optimized SILs based on the use of(modified) cost-benefit analysis is considered.

B37 When the strategy ST, is implemented, ST, = (all the local " clean" production is consumed, the
" dirty" production obtamed is not consumed but replaced by non-contaminated one), the ils for

,

withdrawing and substitution of foodstuffs [3] are used. But if the strategy ST: is implemented, ST:
= (all the local " clean" production is consumed; the " dirty" fraction of production is consumed only
after appropriate treatment or processing), the specific SILs may be considered. It was indicated [10),
that the implementation of agricultural countermeasures within strategies ST, and ST: may lead to
an increase in population dose. Let:

b, and b, be the cost per unit of " clean" and " dirty" production, respectively (or benefit from
realization of a unit production indicated);

k and k, the remaining activity fraction after technological processing and culinary treatmenti
of the " clean" and " dirty" production, respectively;

A, and A, the activity in " clean" and " dirty" production, respectively, normalized per unit of
total production under consideration;

P. the expenses for production;

.

0 = SIL is the level of contamination, Bq/kg, for separation " clean" and " dirty" production under
consideration;

d(0) is the fraction of " clean" production.

"Ihen, the a et benefit B when strategy ST: is used may be presented as follows:

B = B(9;ST) = b, d(0) + 6 (1 - d(6)) - P -3 3
(B2.23)

A a s(50) A (6) - k a e(50) A (6)s i a s

Considenng the esceemurn of not beneftt 3(9.ST) the following is obtamed [Ilh

-o/ . dp (B2.24)
g = ,(6)(k - k ) a a(50)(0, - 0)g 3

!
" where ,(1) is density f=wenaa of the distn%ution of production contamination, and

t - 2 (B2.25)9, =
(k, - k)s e(50)3

.

It can be proved freen Eq. (B2.24), that max 8(9;ST) = B(#,,,,ST). Evidently, the optimized
.' Separation latervention level, f,,,, is not dependent on the distribution of the production contamina-

e 3 3

tion (and concrete characteristics of the countermeasure that may be implemented [111). Formula
(B2.25) is a generaliastaan of a formula for evaluation of IL for withdrawing and substitution of

r,.= a.
foodstufis ([3], p.83, (1-2l)).
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! Table B2.TI.The main Parameters used for determination of ACTION LEVELSin agriculture.
Type of

'

distribution
(U-uniform. N-p ,

Defimtion Range of value normal.**'
logN-logNor-

mah

a Cost equivalent of I mansv 0 515 (m fracteon of GNP per head) U.N

Amount of milk produced per day perg
cow

V Amount of grass per day per cow, d w. 7.512.5 (kg/(day head)] U,N

Grass productmty,d.w.
10-30 [hksha) UNy8

(natural lands)

y, Productmty of potato 100-300 [hkg/haj U,N

y, Productmry of gram 20-50 [hkg.ha) U,N

-0.2HP (in h oN,
P, Cost of Cs-bmders application U,N

per head per day

Cost of Radical improvementp (4-8P10'' (in fraction of GNPha') U.Nof pastures. hayfields

Cost of Lammg apphcationp (4-6) 10'' On fraction of GNP.ha) U.S
(arable lands)

P. Cost of Combined CM (arable lands) (2-3) 10* (m fracuon of GNP/ha) U.N

Cost of Organic f eruhzers
y8 (1-2) 10' (in fracnon of GNP/ha) U,N

application

f. Reduccon factor of Cs-banders 4-8 U,N

Reduchon factor of Radecalr, 2-8 U,N
Improvement

f, Reduenon factor of Lammg 1.4-2.2 U,N

f. Reduenon factor of Combmed CM 2-3.6 U,N

f. Reducuon factor of organic forelizers 1.22 U,N

Transfer factor from daily ration to 0.005 0.015 U,N,
N milk (95%) 0.004-0.023 [(BWkgy(BWrat)} logN

Transfer facsor from soilto grus 8-20 U ,N,
b (seady, sandy loem soil) (95%) 7 23 [(BWkgMkBWm'; logN

Transfer fasmar toen snelto grass 5-15 U.N.b
, _ . (light /uniedle loem) (95%) 4.8-20 [(BWksy(kBWm')] logN

,
,

*

Transfer inceor tom soil to grass 0.44.3 U.N.
b (heavy loem clay) (95%) 0.25-1.2 [(BWkgy(kB#m')] logN

I
20-80 U.N.( Transfer h h M to gram (poet) (95%) 25-85 [(BWkay(kBWun')) logN,

.

Transfer facsor tous soil to posa-
b 8

' t- ', loem) 0.24.5 [(BWkgy(kB#m )] U,Nto/ pain (- j

Transfer faceor from soil to poen-
b to/ pain (lightheiddle loem) 0.08-0.2 [(BWkgy(kBWm')) U,N

Transfer factor from soil to poen-b to/ grain (heavy l- elay) 0.054.1 [(BWkgy(kBWm')] U,N,

Transfer factor imm soil to pote-
h>. m (b to/ grain (pest) 0.3-1 [(BWkgy(kBWm')] U.N j

|

|
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Table B2.T2. Characteristics of minimum justified OILS, C, for milk (Bq/l) (accoding to Eq.
(B2.7)).

.

Type of distribution: U - uniform. N - normal.
95 confidence

Type of Mean M de Med.ian g, ,,n ,,
Countermeasu re d W budon

U 105 75 95 50-210__

Cs-binders N 95 90 93 65-140

Radical improvement of U 1,250 700 1,050 450-3,l50

N 1,010 900 1,000 650-1,550

pastures / hay 6 elds

Table B2.T3. Characterisdes of minimam justified OILS,C, for grass (d.w.) (kBq/kg)(according
to Eq. (B2.I4)).

Type of distnbution: U - uniform. N - normal.
95'/. o *

Mean Mode Median' ,e at
Coantermeasure d n

U l.2 0.7 1 0.4-3

Cs-bladers N I 0.8 0.9 0.6-1.6

U 13 7 11 4-35
Radical improvement of

N 10 8 9 6-17
pastures / hay 6 elds

,

'A- '

i

. h^

'| . ,j
~j.

:

:.

- m .

46

- - - -

.



.- . . . .- - . - - - . _ -

*
a - .

,
,,

I

4

Friday 28 June 1996

j 'a'able B2.T4. Characteristics of minimum justified OILS, g, (kBq/m'), i=1-4.

j Type of soil.1 - sandy / sandy loam,2 - light / middle loam,3 - heavy loam / clay, 4 -peat.
Type of distribution: U - uniform. N - normal, logN - logNormal.

,

Type of T pe of 95% -confi./
dist bu- desce

Countermeasu re g, gg, gg;,,"

,;;

U 90 50 35' 25 240 ;

N 75 60 70 40 !25 i;
lugN 100 45 80 20 - 300

U 125 65 105 35 - 300
N 100 80 95 55 - 190

2Use of Cs-bieders logN 150 60 120 30 - 450
i

U 2,015 1,125 1,710 630-5,200
| N 1,650 1,400 1,600 950-2,750

3
logN 2,500 800 2,000 450-8,300

.

U 25 10 20 10- 80
N 20 15 19 10 - 40

4
logN 30 10 25 7 - 90

U 950 450 800 300 2,450
I

N 750 600 720 400 - 1,310

:

1 U l.340 610 1,100 400 3,600
22 Radical improvement of N 1,100 850 1,000 540 - 2,050

pasterge/ hay 6 elds
1

' U 21,500 10,900 18,300 6,700-55,500
3

i N 17,400 14,000 16,500 9,800-29,800

'
U 250 120 220 80 - 700

4
N 210 170 200 110 - 400

|
2

y;.. ,

:
1

:

\.
' N

,o.s. w .
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Table B2.T5. Characteristics of minimum justified OILS q, (kBq/m'), i=1-4, for liming (arable
lands, potato / grain).

Type of soil: I - sandy / sandy loam,2 light / middle loam, 3 - heavy loam / clay. 4 -peat-
Type of distribution. U uniform, N normal, logN . logNormal.

95% -
Type of Type of

'{," d'",g''dU bu. Mess Mode Median
Countermeasure ,;, ,

U 385 220 330 13/'. 170

I N 315 260 295 170-565

U 850 465 715 265-2,225

N 685 545 640 355-1,2602
Liming

U 1,635 945 1,400 555-4,065

3 N 1,350 1,100 1,275 730-2,415

U 190 100 155 55-530

N 185 150 180 100-3504

Table B2.T6. Justified ACTION LEVELS for agricultural coastermeasures.

Type of soil: 1- sandy / sandy loam, 2- light / middle loam,3- heavy loam / clay,4-peat.~

ACTION LEVEL

Type of ACTION LEVEL seamlanal geena

60 100
C,: Bq/kg milk contaminahon

500 1,000
C,: Bq/kg man ==mahon of grass / hay of natural
postures, ts,f '*

v kBg/m Type of esil8
'

Surface cane ==menon of
I 30 90

.,g:A natural g- nhifsid 2 40 120

3 500 1,600

'

4 10 30'
.

-Sg
W, i 1

150 350
.

300 750~

2
Surinos contamin= ham on 650 1,500

3
arable lands 100 200

4 ,

,
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C. DERIVATION OF OPERATIONAL QUANTITIES

C.1 Oper3tional quantities

Operational quantities are the parameters ac:. ally measured to evaluate or to demonstrateCl
compliance with a particular cleanup cnterion. The cleanup criteria, as discussed in Chapter 3, would
generally be expressed in dose. However, for many practices and for some interventions, these entena

the levels are often too low to be measured directly by radiation detection instruments typically usedmay not be readily or directly measurable because of the presence of background radiation, because
in the field, and because of the difficulties in directly measuring dose to humans, especially as a result
of internal exposure. Therefore, the criteria must generally be converted into more readily measurablesu.h as mass activity concentration (Bq/kg orquantities,quantities, operational and surface contamination density (Bq/m') in the contaminatedBq/l), dose rate ( Sv/h)
media. Both generic and specific operational quantities are calculated as follows: 1

annual dose before/after clean-up
operational quantity =

{ dose per unit operational quantity
d P88 N

Operational quantities correspond to avertable or residual dose levels and are derived byC2.
mathematically modelling all the significant pathways of exposure and the projected relevant behavior
of the critical group. f4aking these calculations requires a detailed understanding of the nature and
extent of the contaminated area, environmental factors for the area, the reasonably possible routes by
which humans may be exposed to radiation from this area, and the scenarios that describe how the site
will be used after cleanup.

C.2 ModeRing :;;_ - ' ~ and pathways

The calculation of projected doses' requires the modelling of the various processes involved
in the transfer of r=inarma fica an envirnan==ral enne-ninant to man. The models adopted may beC3.

of varying complexity ? , - N upon the processes involved in this transfer. Some models may be
only sacable and useful for screening, while other snodels may be ===W for site specific application
la r~ eral, the snodels used should be es realistsc as is appsoprimas for scresmag or :==liatic projectionsof too much pensamisma can seemit in operanomal qossemes that are irrt=* cat
of dose. :- -7 ." to enamente or voeult in clean up that is snore costly than moossessy. Tbs models should

-

,

.h

be readdy abis to address all televant exposere peahways.11ney should be readdy able to use of site
or M_,

gg,; y
-

.' i specsfic doen, and they shamid beve boom vehdmeed. Portsoeler man-ria= should be given to matching.I the ansonnynoes of the snodal to the W ender consedsnman.
', ;

Some of the persenseers, such as the sunset of the comenmaastica, sney not beconne fully
nceown email siber elsenap is in progress. Therefore, saw inforsmanon sney require an adjustment ofC4.!

the Al a operetsonal q=q=**== as part of the inerenve essers of the deciesen making process in. ; .q
shoes cases where the costessinamos coenynnes both r=laa=<*ve and non-radioactive maserials,

"

,t,

plenams for and confirmanos of clean-up should take both kinds of ea=a==iasses isto account.,t a

J
Unless otherwise staand,the tenn ' dose' refers to the surn of the e6ective does from external exposure
in a given period and the committed effective dose from radionuclides taken into the body in the same
Penod
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Radiation doses to an individual may be delivered try a combination of pathways, namely,C5.i
external radiation, inhalation and ingestion (including incidental ingestion of dust), anc these pathways

~

should be considered in modelling. Sources of radionuclides that could contribute to these pathways I

,

include: contamination in soil, buildings, or aquifers, buildmgs, equipment, vegetation, sediments, and
materials suspended in air or in gaseous form. Details on these pathways can be found in other |

i
relevant IAEA documents (Safety Series No. 57, "Genenc Models and Parameters for Assessing the )
Environmental Transfer of Radionuclides from Routine Releases: Exposures of Critical Groups"

4

1982, and ? a technical report update to this reference ?1

C.3 Generic and site specific emethods of deriving clese-op levels

If generic operational quantities are derived using slightly pessimistic assumptions, then the
,

C6. |results of modelling (eg in units of Sv Bq*kg) may be used as a screening tool for a generic |

optimization or as a basis for planning clean-up. Generic operational quantities (eg Bq/kg) should
'

be derived based on generic values of environmental conditions, and typical values of efficiency. ;

The generic operational quantities correspond to the generic optimized clean-up level. i
<

In a real situation, specific information on the nature of the contamination would be expected
.

!C7.
to be available. This would involve characteristics of the source as well as environmental and
demographic data. In this case, a more accurate and specific optimization analysis may be carried out
on the basis of actual data and the actual efficiency of the clean-up. This should result in specific

;

;

operational quantities for the clean-up. 1

Allowance could be made to adjust or modify the generic operational quantities based on site- f
C8.
specific information or considerations. In some cases, site specific considerations may show the

;

|generic quantities to be too conservative, and in other cases, site specific consideretions may preclude
using the genencally operatior.al quantities. For example, if generic quantities were derived using

;
'

models that calculate contaminant migration to groundwater based on pose water concentration and
transport retardanon bened on distribution coefficisats, a site specific situation with fractured'

topography may result in a very different contaminant transport to the groundwater.

C.4 Useertainties is calculations

There can be a great dont of uncertemmy in the cniculated doses. Uncertanties limit theC9.
resolshon of se does projections and should be quemmiled so thag ,s.,=aa= ces be made with the
* i.d - 7 of the limits of the Wi=1 basis. la smaat cases this uncertasary will incresse with theg

time in the future tiaat the does projareia== are made. ah of the unosnamunes may be warranted,-| .

foe examaple, by mose dataded site investagshans, mese process modelling, etc., in those cases where
*'

jNeNd
the =ar==== of ibe ========e and decaseos pieness is paraculerty sensitive to them. Uncertamties

|
i

a
, arise la projecchis fuese non, bemaan behavior, the total queanty and distribunon of the contamination.]

. y~ A , sad ..- "' factors such as transport, asmang others.
,r
*

,

a
;

I, M j
# ;

-
,

4

4
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GENERIC MAXIMUM ACCEPTABLE ANNUAL DOSE LEVELD.
.

Dose limits for the population is used to coatrol dose increments as the result of practices. ForD1
protection of the population in chronic exposure situations where clean-up operations or remedial
actions might be needed, these dose limits do not apply. The approach suggested here defines a generic
maximum acceptable annual dose level to constrain the residual dose following clean-up operations
or remedial actions. This approach does not imply that below such a level remedial actions should not
be undertaken. Only in situations where the foreseen remedial actions are very severe or where the
dose levels are irteducible, would further dose reductions below the maximum acceptable annual dose
level not be necessary.

.

Dese levels from natural soareas and for long-term intervention sitaationsDI.*

Natural backgrosed radiation
The worldwide average annual dose from natural sources is estunated to be 2.4 mSvD2

(UNSCEAR 1993), of which about 1.1 mSv is due to the basic background radiation and 1.3 mSv is
due to exposure to radon. De cosmic ray dose rate depends on height above sea and on latitude.
Annual doses in areas of high exposure (locations at higher elevations) are about 5 times the average.
The terrestrial gamma-ray dose rate depends on local geology, with a high level typically being about
10 times the average. De dose to a few communities living near some types of mineral sand may be
up to about 100 times the average. The dose from radon decay products depends on the local geology
and housing construction and use, with the dose in some regions being about to times the average.
La:al geology and the type and ventilation of some houses may combine to give dose rates from radon
decay products of several hundred times the average. A representative range of the worldwide annual
dose from natural sources would be 2-20 lebeekl mSv/y with values in some segmes of the order of

en annual hockgresad dose preferableb'

30-50 mSv/y leback] la distriheties of world r,-

Radar Jewis in dwellings
According to the ICRP (ICRP Publicasaan 65) some :==tial measures agamst redon in

dwellings are almost always justified above a continued amamal effectrve dose of 10 mSv. For simple
D3

remedial unessures, a somewhat lower figure could be consadored. Because of the uncertainty mherent
in my mensmensat of indoor redom i vel, ICRP - some nemibday is e margmally [

above or below the action level which is given a a sangs of 310 mSv/y.
j

;

De action level W by ICRP rehess only so simpis anessures More severe
measums, such as niocahon, would asoneding to as ICRP:act be syymynsas undess wreducible
D4

%g.j were en esdst of magunsde or mese hiper than the estion level adopend, de at a dose<e
>

level of 30-100 mSv/y.
4

i

1

A , " acefv&y levids kWWhen a faa4m=ff leaves a coumery, it must mest certaan senadseds in order that it may be
I

<

D
4

D5
-Y from any further anonnonag or ocessol by the receiving' commy sad any subsequent

*

secesving commeries. Dus, the 'sseerustamaally speed senadenis for minismus food quality established'

by the Codem Ahmentanus Commission are asessesal in anier that imeer-sw-l trading in food is noti

severely disrupted by exceserve amonnonas, admianstratrve and legal requirements
'

'

-
' ' in the BSS are id-ewal to the values

D6 he c -- -- ' ' genanc action levels =--*W
agreed by the Codex Alimentanus Counmission (CAC). Dese levels are recommended for use by
national authorities as the genenc action levels in their emergency plans unless there are strong reasons
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| for adopting very difTerent values. In so doing, considerable advantages will accrue in terms of

| mamtaining confidence and trust in the authorities by accepting intemationally recognized values.

/ Moreover, the use of such values will help to prevent anomahes that otherwise might occur between
neighbouring countries.

D7 The Codex Alimentanus Comrmssion's action levels for activity concentration in foodstuffs
are conceptually non-action levels. This means that the residual mdividual doses from consumption
of foodstuffs containing such levels were to be acceptable without any actions to be taken t,o reduce i

the levels. Depending on the annual ' food basket' (WHO,1988) the consumption of food containing |
activity concentrations at the CAC levels would result in a individual annual dose in the range of 7-11 )
mSv. With the FAO figure for total food consumption of 550 kg per year (not including drinking I

water) the annual dose would be 10 mSv. Dese dose figures assumes that the food basket is !
contaminated to the full CAC values for the whole year. !

Intervention levelfor permanent resettlement
D8 Temporary relocation and/or permanent resettlement are two of the more extreme protective
measures available to control exposures to the public in the event of a nuclear accident. Temporary
relocation is used to mean the organized and deliberate removal of people from the area affected by
an accident for an extended but limited period of time (typically several months) to avert exposures
pnncipally from radioactive material deposited on the ground and from inhalation of any resuspended
radioactive particulate matenal. Dunng this period, people would typically be housed in temporars
accommodation.

D9 Permanent resettlement is the term used for the dehberste complete removal of people from

,
the area with no expectation of return. Permanent resettlement should - according to the BSS - be
considered if the lifetime dose over 70 years is irreducible and projected to exceed 1 Sv, corresponding

,

to an average annual dose of about 10-15 mSv. Where ===e==M individual doses are in the region of j

10 mSv per year or greater, this would almost always call for clean-up if the source is not irreducible,
is that the case the only attemative left is a pamanent resettlement.

D2. Beeis for a generic smaximum acesptshie amenal dese level

DIO Protection of individuals in chronic exposure sina=ha== is bened on the cosemon principles for
h eionof theleveldealing with radeological hazards, namelyjustrficanon of the remedial actions, opt i

of pran=reiasi of individual achieved by enat action, and prossesmon of she bedhedual by limiting
la=qan== as dancussed in details in Chapeer 3. Juanficassou and ars==i==sia= of close-up situations in44' whidi dose reduchons and mossesry esses of the ressedeel assions are the maior compa===e= the
rosadual individual does after clean-up is not adequessly addressed.

;

q g Dit in an amoneseressed ar========= proomes widi does i=d=renaa and . costs as the only
.

l cosapa===a= the remadual does level is onesidered to be =aa=p=Ma whenever the dose level is reducedj
from, og 10 to 2 mSv/y or Ibeen 200 se 40 mSvey. here is therefore a need to raamersin the;

optimi==sian process in such a way that the easedual does and thus the "new= 1- N -- ' level is no;

.! deemed to be , J ' A pragmanc appenedi would be to select a does level that is considered
A act to be insolerable and use audi a does level to oneserein the omwieme of the optimizanon of any

j clean-up operatica or other reasedeel =caia== in chronic exposure ==a=*ia==

%w D12 he amamel individual effective doses froen aansret sourons are of the order of 2-20 mSv and

! in many places higbar then 10 meSv. The action level for redon in dwellings as recommended by the
ICRP to be 3-10 mSv/y for simple remedial measures. For more severe measures the ICRP states that

i
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l for
the action level should be at least one order of magnitude higher. The non. action leve
radioactivity in foodstuffs moving in international trade recommended by the WHO/FAO Codex
Alimentarius Commission (CAC) corresponds to an annual committed effective individual dose of
around /0 mSwy if the annual food basket contains activity at the levels recommended by the CAC.
The intervention level for permanent resettlement due to exposure from deposited activity in the
environment from a nuclear accident has been recommended by the BSS and the ICRP to be i Sv in
a lifetime corresponding to an annual average dose level of about 10-15 mSv.

From the recommendations 46; ... r a DC it appears that an effective dose of /0 mSwy
is a very robust number which can be used as a generic manmum acceptable annual dose below w hich
Dl3

it is not worthwhile to clean the area if the conditions are such that it is no longer justified on the
grounds of dose reduction and remediation costs. In other words, such a dose level could be used as
a constraint to the optimization piocess for clean-up of areas and thus act as the maximum acceptable
dose level ("new" background) either after a continued clean-up is no bnger justified or when a clean-
up is considered but not found to be justified on radiological grounds.

e residual annual dose after optimized clean-up

|
a
8 1 /
M |?
2 /
$ / clean-up reduction factor
S
3 2 10 mSv/ year7 N-

2 3 -.

3 = . - . - - . .

Clean-up costs

" -e=" situations of serface consamination. In allFagwe DI. Ciesseep of as erar work stree ?, eh med costs of the clean-sp.
tierse shuntions cdem-ey kjemtgled and apriendeed hasad as dose r

Agsq As she readdied done for situarden I k penser des 10 mees), cdasMy assy not he festified on an
..

evenficeneidsrundea
.

'the approach of a gemeneelly asespeable annual does level does not iseply that below such
n ., . ..

a levet k is esver worthwbele to eteen the eres, if it is jese God an radiologncal grounds it should
.. Dl4r$ a

emeys he does med the scale af eteeng he desemised by optimiestson. 'This is illustrated in Fig.1(*

-a eestions consemesanon siemenoes.O Air times U
'

s..'
- **

la addissoa to the oppsemh of a ==e sacepengle asemel dose it would be beneficial also
,

d The-J

to deGee a dose level at which inservenson would ahmeys be jestdied on redeologscal poun s.D15.

beeis for seleones nessencel does veless would here be the threshold doses for deterministic effects
,

BSS denses ses does levels for boek ecues med ciuonec asposure. For clemng operations the values;

for chronic exposure will be relevant. The does levels er which doesnninistic eNects will occur in a*~M
chronic exposwe situeuon will be organ W and for the purpose of this document the lowest
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number has been used (lens of the eye)[ aced to consider if espesure of tue foetus is more sensitive
than the lens of the eye (although only effective for a nine month period)l. The two sets of action
levels are summarized in the Table 4.1 below.

Table i1. Generse action levelsfor clean-up andfor generalinterve:rtion.

| Type of action level
-

Annual dose
1

Clean-up above this level almost always justified 10 mSv/y >>0) ~'

,

Any intervention above this level always justified 100 mGy/y

D16 In chronic exposure situations where the total annual individual doses from artificial sources
are above 10 mSv clean-up should be undertaken to bring the doses below 10 mSv/y. The goal is here
the residualdare which should be limited to 10 mSv or less. In chronic exposure situations where the
total annual individual doses from artificial sources already are below 10 mSv, the objective is to avert
as much of the doses by clean-up as reasonable achievable. The goal is here the avertable dose and
the residual dose after clean-up has no longer a role to play. The residual dose is now the "new"
background level which automatically is acceptable.

Dl? There may be situations where clean-up is justified on the grounds of dose reduction and
remediation costs alone but where the renoual individual doses after clean-up are greater than 10
mSv/y. Whether this is acceptable or not will depend on attemative options of intervention or further
implementation of options tned. Such situations necessanly would be very severe, eg relocation of a
large city or removal of all top soil (arable soil) for agricultural production. The rationale for
exceeding the generic criteria must be explicitly stated, thouroughly investigated and clearly defensible.
Similar considerations should be given to situations where clean-up was not justified on radiological
grounds but the individual doses were above 10 mSv/y. In both situations, however, if the annual
residual doses were above 100 mSv/y intervention would always bejustified, even the most disruptive ,

actions. |
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GLOSSARY
.

Accident:
Any unintended event, including an operating error, equipment failure or other mishap, the
consequences or potential consequences of which cannot be ignored from the point of view
of protection or safety, and which could lead to potential exposure or to abnormal exposure
conditions-

~ Action level:
The level of dose rate or activity concentration above_which remedal or protective actsons~ ~ ~ ~

shouhthc catnad.Dut in chronic or emergency exposure situations.

Agriculturst coasternmeneerus:
Actions taken to reduce contamination of food or agricultural or forestry products before they

reach consumers.

Asthorized:
Granted an authortsation by the Regulatory Authority.

Authorized practice:

Authorned release
.

Autossatic clearmate/exeemptios:

Averted (svartable) dese:
The dose (to be) saved by a protective action; that is, the difference between the doses
~W with and without the protective action.

Chroele esposare:
Esperm persestang in time.

.

Clearames:; Rommel of r=&aar*=ve menenale or obpeces websa asshordeedpractices frosa any furtherAN caserol from the Reguienery Aashardry *

.. . w .

.Q Clearance dese:'

]'

I
'

?! Clearames levels:
-

Aashorary and expressed in terms of activity concentra-Values, established by the .4' 7
tiene and/or total activity, et or bdow which sources of redannom can be M from-

,

regelemary control
|. , ,

t Conditiemal einarance/emennydes:'

nes%f

- ,.e a e - . w -.,
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Contamination:
The presence of radioactive substances in or on a maretral of the human body or other place
where they are undesirable or could bt. harmful.

, ,

|

Criteru:
Conditions on which a decision or judgement can be based. They may be qualitatise or
quantitative and should result from established principles and standards.

Critical grcup:
A group of members of the pubhc whose exposwe for a given radiation source and given
exposwe pathway is reasonably homogeneous and is typical of individuals receiving the
highest ejfective dose or equivalent Jose (as rr levant) by the given exposwe pathway from the |

given sowce.
,.

Countermensere:
An action aimed at alleviating the consequences of an accsdent. .

I

Decontamination:
The removal of radioactive substances causing contammanon with the objective of reducing
the residual amount of radioactise substances in or on materials, persons or the environment.

Defence in depth:
The application of more than a smgle protective measure for a given safety objective such that
the objective is achieved even if one of the protective measures fails.

Dooe constraint: un >'u r' C

A prospective upper bound on the individual _ dose which is used in the optimization of
protection and safety for sowces. For public exporwe, the dose constramt is an upper bound
on the annual conomitted doses that members of the public should receive from the planned

operation of any controlled sowce, ensunng that the sum of doses to the criticalgroup from
all controlled sowces remains within the dose limit.

Emergency:
An accid ==t. requmng anmediane protectrue actions.

;

/A/ h h 6- S F "p/t out/ /8"- Equity:I

I .5 e ' 2'' 6 h 7 Even distribution of doenments and be4fman a practice between individual members of
,. 4,g ff 60 the general public or between members of the general public and workers.,

Cs cc t/ / oj

, m, v._, :
Aima==eir or conditional penniasion to carry out some prentics or use soumes within practices

,
,

without obligation to comply with the . , * _ 7 of the Regulatory Authorities
;

Guidanes level: j,*
,,

A level of a specified quantity .1,ew which -- : - +=== hid be consuiered. In some'

*

circus ==e=an==, actions may need to be considered when N gecified quantity is substantiallyi

i
below the piad=are level.

1==d*=tiemal eestret:
. * Control of a site (e.g. A:-: =ionmg site, etc.) by an authority or institution designatedm,;... , ,,,

under the laws of a country or state. This control may be active (monitoring, surveillance,

57
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remedial work) or passive (land use control).
,

intenention:
Any action intended to reduce or avert exposure or the hkelihood of exposure to sourcesf
which are not part of a controlled practice or which are out of control as a consequence o

an accident.

Intervention level:
The level of avertable dose at which a specific protecnve or remedial actro is taken m a
chronse or emergency exposwe situation.

Investigation level:
The value of a quantity such as equivalent dose, intale, or contamination per unit area or
volume at and above which an investigation should be conducted.,,

Member of the public:
In a general sense, any individual in the whole population, excluding those occupationally or
medically exposed. For the purpose of verifying cornpliance with the annual dose hmet for
public e7poswe, the average individual in the relevant critical group.

Natural exposures:
Exposures dehvered by naturalsources.

Natural sources:
Naturally occumng sowces of radianon, including cosmic radiation which affects people in
high altitude flight and terrestrial radiation sowces in dwellings, mines, spas, etc.

Occupational exposare:
All exposwes of workers incurred in the course of their wodc with the exception of exposures
not subject to the requirements of the Regulatory Authonties or exposwes from exempted
practices or sowces.

Perunament Leettlesment:
Deliberate complete removal of people from a contaminated seen with no expectation of'

return.
,

Mk Practiee:
Any human actrvity that introduces additional sowess of aposwa or exporwe parirways or
at=h exposwe to additionel people or modifies the network of capormre perfrways from2

mustmg sowces, so as to increase the exposwe or the likelihood of czporre of people or the
,

. ',
''

number of people exposed

Proteesive acties: avoid or reduce doses to members of the public in'

An maervention intended to
chronic or e c..cy aporre situations-

.

PubGe exposure:
Exposwe mcurred by members of the public from radiation sowces, excluding any

I

ocesparional or medical exposwe and the normal local natural 1- yv od radiation but_4
including exposure from authortzed sowees and practices and from intervention situations.
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!

Radiological Risk: )
Product of the probability of an individual being exposed to a particular radiation dose and |

Ithe probability of a health effect arising from that dose.*

Recovery measures:
Remedial measures (see Remedial Actions) |

| Reference level: .

Generic term for action. mterventson. mvestigation and recordmg levels. Such ievels may be
established for any of the quantities determined in the practice of radiation protection.

Ressedial action:
Action taken when a specified action level is exceeded to reduce radiation doses that
might otherwise be received, in an intervention situation involving chronic exposure. |

Regulatory Authority: ,

'

An authority or authorities designated or otherwise recognized by a govemment for regulatory
purposes in connection with protection and safety.

Residual dose:

Source:
Anything that may cause radiation esposure, such as by emitting ionizing radiatson or
releasing radioactive substances or materials.

Temporary relocation: |

Organized and deliberate removal of people from a contaminated area for an extended but i

limited period of time.

Uneoeditional clearance /exeseption:

Unrestricted release er use:
A designation, by the regulatory body in a country or state, that enables the release or use of
equip .ent, materials, buildings or the site without radiological reetnction;

..

Wedsar:MJ{g
Any person who works, whether full time, part time or camporarily, for an employer and who"V-

has recoganand rights and duties in relahan to -- , ^=M radaatson pr Weerson
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Appendix B: -

.-The results of the example' calculations for generic. action levels described in *

Appendix B.are not a)plicable to the USA since most of the concepts and
parameters used in tle analysis are quite different for the USA. For example.t

| the costs of remediation, which are considered most significant for the
cost / benefit analyses in Appendix B. may not be perceived by the American
public as the most important factor in optimization. While in the USA the
value cost per_ person-rem averted is currently $1000, the values listed in

' Appendix B range from around $80 to $400 per person-rem.- The use of fixed ,

costs of'remediation to justify the derivation of generic criteria may also
not be appropriate because these costs depend on variety of. factors that -

depend on the technology and economics which vary for each site-specific
| clean-up situation. ,

'

,
. !

| We believe that the cost-benefit analyses in appendix B did ~not properly
| address long-term. future use of decommissioned land. The' analysis was based
| .on parameters that apply only to the present situation rather than on

potential future use of the land assuming no institutional controls. An *

analysis of potential land use and potential migration of contamination should
,

also be performed to establish the criteria. !,

i Appendix D: - '

| The.use of 10 mSv/y (1000 mrem /y) as the upper bound of the tolerable exposure
for-individual members of the public is inconsistent with current

| international and national value of 1 mSv/y (100 mrem /y).
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Appendix 8: '

---The results of the example calculations for generic action le els described 1
in Appendix'B are not applicable to the USA since most of th ncepts and
parameters used in the analysis are quite different for t SA. For example.
the costs of remediation, which are considered most si ficant for the

,

cost / benefit analyses in Appendix B. may not be pe ived by the American |
public as the most important factor in optimiza ' n. While in the USA the :
value cost per person-rem averted is current' $1000, the values listed in '

Appendix B range from around $80 to $400 r person-rem. The use of fixed
costs of remediation to justify the de ation of generic criteria may also
not be appropriate because these co depend on variety of factors that
depend on the technology and eco ics which vary for each site-specific
clean-up situation.

---We believe that the cost (benefit analyses in appendix B did not properly
address long-term. futupe'use of decommissioned land. The analysis was based
on parameters that ap ly orily to the present situation rather than on
potential future usepf the land assuming no institutional controls.o An
analysis of potenp'al land use and potential migration of contamination should ;
also be perform to establish the criteria.

,

Appendix D:

---The us. of 10 mSv/y (1000 mrem /y) as the upper-bound of the tolerable ,

exposurj. for individual members of the public is inconsistent with current '

interpationalandnationalvalueof1mSv/y(100 mrem /y).
,
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