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1. INTRODUCTION

BACKGROUND

101 [n the past. radiation protection has been concerned primanly with establishing the conditions
that should be applied to the introduction of new practices and the management of continuing
practices. This has led to a well-developed system of principles for demving numerical values
including limits on releases from normally-operating facilities. levels for initiating protective actions
to reduce dosee and lsvels ' protect populations in the event of an accident. These pnincipies and,
\n some cases. the resulting numerical values have been documented. for example in [AEA Safety

Senes 77 and 109

102.  There are other situations which may need to be considered, for example, when a practice s
discontinved ai 2 particular site, when contamination from a previously discontinued practice is
discovered, or when an accident occurs that leads to chronic exposures due t0 CONtam ination. In these
cases it |sneceuuymevnlmmadequncyofcumund ﬁxmnprowionofpublichedﬂ\mdme

envi : ial actions may be necessary, such as removal,
cover #gd/or mixing of radiocactive matenals in soil, ent of ground and surface waters. and the
decontamnation ¢ ish the evaluation or remedial actions, one mad

specify genenc critena or treat each situation on & site specific basis vsing nsk assessment

103 In the context of the present report the term “clean-up” has a wider meaning than in its normal
usage Clean-up is taken to mean the measures which are camed out to reduce the exposure from
existing contamination, these can be related 1o the contamination itself (the source) and to the exposure
pathways to humans. For example, clean-up includes stabilization of a source at a site. Measures
applied 10 people, such as relocation of persons and access limitation are associated with clean-up but
appropriate critena are given eisewhere (eg. $$109). The sources considered for clean-up include
contaminated land areas, structures, rivers, lakes and sea areas.

Examples of clean-up measures appiied to the sources include:
- decontamination of confinc? *=as, ¢.g. floors

- mdhmuﬁm&pmpdhwlﬂ.oﬁomwm
Moﬂaiah.pihlo.o&ub.mﬂofm

Ewbdm”nm«wm“mm:

- mmmﬂdumquhbwdmhﬂﬁbm
reduce radon emanation raies

- mumumumwu_dmmmm
dewmil.

Cmmmmwhmmnmuuw
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CONTAMINATION SITUATIONS

Clean-up may be needed when environmental media have been contaminated as a result of a |
vanriety of human activities involving radionuclides. The activities, past and present, that may
lead to contaminated areas and eventually 1o clean-up include amongst others

ta) nuclear energy production

b) mining, milling and processing of wranwum ores

fc) enrichmen: and fue! fabrication

(d) reprocessing

(e) radioactive waste disposal, either on land or in the marine environment

() nuciear weapons production

(8 nuclear weapons detonations

(h)  use of radiomuclides in medicine and research

(1)  use of sealed and unsealed sowrces in industry

(i)  ore processing and miner ;| extraction of materials containing narural radionici:- {

des (radium, thorium. rare earths. phosphates. oil and gas production) !
|
|

(k)  accidents

The type and extent of the contamination situation will depead 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 'atter casc, the contamination situation may be
caused for instance by inadequately controlled discharges, either by current operations, or by
operations in the past, transportation accidents (including satellites and weapons) and major
accidents with nuclear installations, causing large scale off-site contamination. Apart from the
terrestrial contamination, such releases may also contaminate off-site groundwater, aquifers and
river, lake and estuanne sediments.

Another differentiation in contamination situations can be made by distinguishing situations
resulting from ongoing and previous operations. ln the latier case, the contamination can even
be detected long after the operstion has been ceased Specific exampies of contamination
situstions are given in Annex A.

OBJECTIVES

104.  The purpose of this document is to set out radiological principles for use in decisions related
\oumamnﬁm More specifically, it aims to establish an approach to

for clean-up and to recommend generally applicable numenc values.
It is also intended that the document should provide outline guidance on how the radiological criteria.
can be spplied 1o the clean-up of contaminated areas. In developing this guidance the recommenda-
tions of the ICRP and of the IAEA BSS are taken into account.

105, While the reference VMMMMMMWWMWMM
need 1o optimize radiation protection and, as appropriate, of international dose limits and constraints,
the analysis has been necessan __m&m&cvuhmmmummmm
situations.  Site specific analysis could lead to critenia, implemented i terms of concentrations of
specific radionuclides, which are higher or lower than thos: given here.
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106, The 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

SCOPE

situations n which environmental media have been
des such situations as accidental releases of

and other types of mining activities, and

107 This document is intended to apply to
contaminated as a result of human actions. This inclu
radionuclides, previous discharge practices, uranium
operations of nuclear sites and of industnial premises where radionuclides (or matenals containing
enhanced levels of naturally occuming radionuclides) have been employed. It is intended to apply to
situations 1n_which previously controlled areas are intended to be reieased for vanous uses It is not
concerr J with levels of contamination within controlied arcas. In relation to areas contaminated as
a result of accidental releases, the guidance does not apply 1o the carly phases of accidents where
concern is with avoiding acute risks to health (the emergency phase) but rather to the later phases
Mdnnﬁsmnofachmncm(mmch phase or recovery phase)

STRUCTURE

Following this inroduction, Section 2 reviews exisung radiation protection pninciples and their
implications for approaches and outcomes. Section 2 presents an alternafive conceptual framework
fmmmch-n-«pdcummdwmpnmunmsmmoufmm the established
approach. Appendix A provides examples of & vanety of contamination situations. Appendix B
.mmmammmammwmm Levels). Appendix C covers
the factors that affect the derivation of operational quantities from modelling.
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2. APPLICATION OF THE RADIATION PROTECTION PRINCIPLES
IN THE BASIC SAFETY STANDARDS

1.3 Introduction

201 Within the international framework for radiation protection. human activities that involve or
could involve exposure to radiation can be dealt with ertber as practices or as intervention. (ref. I[CRP-
60. BSS) A practice 1s defined as "any human activity that introduces additional sources of exposure
or exposure pathways or extends exposure to additional people or modifies the network of exposure
pathways, 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
exposures to radiation has aiready occurred or is presently occurmng and is defined as "any action A
intended to reduce or avert/gxposure or the likelihood of exposure 1o sources which are not part of a
controlled practice or which are out of control as a consequence of an accident”

2 Poy )
f %)

202 Situations involving contaminated areas may fall into either of these categonies, and in some '
cases it may not be clear which is more appropriate. For exampie, the clean-up of a licensed nuclear
site as part of decommissioning 1s clearly a part of that practice, and the clean-up of contam:nated
areas from a major nuclear accident would clearly be intervention However, clean-up of |
contamination left behind from a previously discontinued practice may be controllable by the generator

and would be a practice. But, if the generator is unknown, or unable to control the clean-up, the |
situation 1s not so clear I

LS AeG
A7,

L4

203 In the BSS, the technical distinction between practices and intervention is fairly explicit, and
can be summarnized as follows (see also Figure 2.1). Any contaminated area would constitute a source
If this source, at the time when & decision on clean-up is being taken, is within an authorized practice,
Mmycmmvmmumdmmm.wmubwpmm
principles for practices would apply. If the source (ie the contaminated ares) is not within an
w&odndmb:.ﬂmmychnwﬁmwillhclusiﬁdum“mmms‘

principles apply e rsadt

204, With these definitions, the situstions ibed in Appendix A can readily be categorized: .
situstions of type (8) would be part of the practice, whereas those of types (b) and © (residues %
from past practices and accidents) would be intervention situations. However, for the iatter cases, the ii
status of the ~maining contaminated ares after any clean-up (given that ciean-up will rarely remove

all of the contamination) is an important consideration. This is discussed later in this section.

N

6
Db

4
517

22 Principles for practices

205. MM&vﬂ!qﬂbeMthMu@thinm
suthorized practice. Mﬁllwhmdh-mo{hMMMofpnor
all of the practice.

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

Justification of the practice: No practice involving exposures to radiation should be adopted
uniess it produces sufficient benefit to the exposed individuals or to society to offset the
radiation detriment it causes.
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(b) Optimization of prolection In relation to any particular source within a practice, the
magnitude of individual doses, the number of people exposed, and the likelihood of incurming
exposures where these are not certain to be received should be kept as low as reasonably
achievable. economic 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 (nsk constraints), so as to hmit the tnequity
likely to result from the inherent economic and social judgements

L
AATD

0 & NULD DS K

<) {ndividual dose and risk limits: The exposure of individuals resulting from the combination
of all the relevant practices should be subject to dose limits. or to some control of risk in the
case of potential exposures. These are aimed at ensuring that no individual is exposed to
radiation risks that are judged to be unacceptable from these practices in any normal
circumstances. Not all sources are susceptible to control by action at the source and It 1
necessary to specify the sources to be included as relevant before selecting a dose limit.

HENTENCE

A A ALY KU

Justification of the practice , § 2
207, In the context of clean-up, the relévant practice 1s that which gave rise to the contamination,
eg the generation of electneity, the prodacuon of nuclear weapons, the use of radium for luminescing
dials. The need for clean-up operations at the end of the practice should have been taken (nto account
in the onginal justification of that practice The justfication requirement cgnnot be applied to clean-up
in isolation from the practice & XALITY, THIG 15 JUFTEN ACT T™HE (ASE
. ' ®
Opumzation of protection within a practice
208. Clean-up as part of the continuing operation of the practice, eg clezaing up contamination on-
site resulting from past operation of the practice or an accident, wouls simply be part of the operation
of the practice, and would be subject 1o the principle of optimization, as for any other routine activity
wwwdmn;smhchn-upmmldbenndoodnmbsuumy other

ik .> IF <0,

SKAIFAVCAR

DCES THY

Sadae ] 210. Crieria for clearance are based on the ides of wivial i od are derived on the basis of the

.E
i
i
!
|
i
'é

R——g deW«lﬁuﬂMnmm W.mnmmions
m.mmﬂmmummamuwwuwwmu into the
public domain, and therefore might similarly be regarded 2s a release to the environment.
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is more likely to be a generally useful concept than s clearance. However, once material 15 in the

environment from an authorized release, it becomes exempt from further requirements of the BSS--in
effect, it becomes part of “background ™

) B e
Individual Dose and risk limits s > o A

211 Dose constraints are commonly derived on the basis of the maximum dose that would be
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 achieved at nnreasonable 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 coastraint as an upper bound on
optimization (see also para 355)

” ~\y Source
~ R : -

Equuty and Inequity
212.  The concept of inequity was highlighted by ICRP, in Publication 60, where dose and risk

constraints for practices were proposed as a way ' .to limit the inequity likely to result from the

inherent economic and social judgeme its in optimization' In explanation of this concept of inequity,
ICRP state that:

‘Most of the methods used in the optimuzation of protection tend to emphasize the
benefits and detriments to sociery and the whole exposed popwlation. The benefits and
detriments are unlikely to be distributed through society in the same way Optimiza-

tiom of protection may thus introduce a substantial inequity between one individual
and another ' (paragraph |21)

‘Serious inequity can be avoided by the attention pasd to the protection of individuals
(paragraph 10}).

213. MW.MB:WMWWnumWMMmM
mwcﬂl.bnﬁchiﬁmwcmy’spomdvhvillohm‘M’-Mvwwhgmﬁt
more and ‘losers’ - individuals who bear greater costs or risks.  Aa overall net benefit ta society does
wwym.nmﬁth.Amdmmu.hmph
the difference between the net benefit to the greatest ‘losers’ (which is likely to be negative) and the
average net benefit (which must be positive for a justified set of actions). Conversely, equity implies
an expected and reasonable distribution of the net positive benefits. An equitable distribution would
minimize the fraction with negative r.et benefits and the increment of benef.i betw 1 those with the
least benefit and the most probable or avorage positive net benefit.

defined in terms of . : society

seem 1o be other situstions in which it cuuld srise in the context of chean-up. In perticular under the

m If clesn-up situstions can be classified either as practices or as misrventios, then opum ZALION
may or may not be constrained. As & result, a constrsint spplied &.one site to limit the
mmmmummummu»mwm
individuals af thet site and i:dividusls s smother similar site where the constraint was not
appl.ed.

(i) In many cases, the greatest benefits and the grestest risks from a particular set of actions are

é,._/
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both felt by the generation alive at the ime. However, some actions will impose risks on
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 Equity
arguments would suggest that future generations should be given at least as much consider-
ation as the current generation. However, it is difficult to be precise about how such an 1dea
might be implemented, as projections of risks to future generations are always subject ©
considerable uncertainty

In cases inequities are unavoidable, ethical considerations indicate that compensation for the inequities
should be provided

215 When the exposure results from the decommissioning of an authorized practice, an operational
leve! for clean-up 15 readily denived The action level should correspond to a level no greater than,
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 mappropnate to allow a practice 10
pose a greater risk after it has ceased operation than before it does so, since benefits would not
continue 10 accrue

23 Principles for intervention

216 These principles apply to clean-up situations where the contaminated arez is, for whatever
reason, not within an auth~nzed practice. This includes a very wide range of situations, ranging from
mdlmmmmmdbywumpoodywmwichmsubmmﬂy
discontinued (eg processing of radium and thonum mpunt)mﬂnmimﬁonofvcy large
-..mmamw-m-m-uuwmmmmm)m
resctor sccidents. mwmm-—unuwwmmvny.wm
xmm-wuwmy,w-mdwmw:ﬂM)

v 1O mmmwbm(ﬂ.mmn

A ARD@S ACTIZALLY
DoAY THIE 7

(2) w:mmmwbmmunu..um
h“.ﬁ.iﬂh“ib“b“bjﬁfyummﬂ
costs, including social costs, of the wkervenstion.

>
’

I DAU'T THIWC WE

()  Opeimisasion: The form, scale, and durstion of the intervention should be optimized 50 (sl
&u“db“d“i&.b“dh“hmm
Jeus the dotriment associessd with the miervention, & MEEmed.

The dose limits{which sre set for the control of exposmes from practices) camnot be used us 8 basis for

.muhm«mummn-um—-ﬂmw
. A-ﬂmu‘ﬂhudmﬁunth’hwmm
waich would coaflict with the principle of justification.

218 wd"‘udmnuwmuwad
dmm.v-uaumwumu.ssm; This contrasts with
resulting from the practice. However, it is worth noting that the practical | won of the
oﬂhiﬂmpﬁb&hhmmmhmﬁi&,-hﬁnmﬂwilvolvem'minuhe g

cou\D BE JUSHAED
woup AcRE Wit THIS

e e ——— A
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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 onlv receive doses
when they are involved in justified remedial actions with the aim of reducing public exposure (except
duning 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 ievels
220 Intervention levels are levels of avertable dose above which specific protective aztions should
normally be taken and below which, depending on justification, they may or may no’ They aie
expressed in terms of the dose that 15 expected to be avoided (avertable dose) by a sperific

countermeasure over the period it is in effect. The intervention level is defined in the Basic Safety
Standards (BSS) as:

The level of averiable dose at which a specific protective action or remedial action
should be taken in an emergency exposure suuation or a chromic exposure situation

[f an intervention level 1s exceeded, e, if the expected avertable individual dose 15 greater than the
intervention level, then implementation of the specific protective action 1s indicated. Intervention levels
are used for specific protective actions, normally for emergency exposure situations e.g . population
reiocation or food impoundment

221 The action level has been defined in the (BSS) as the level of dose rare or activity concentra-
tion above which remedial actions or protective actions should be carmied out in chronic or emergency
exposure situations. Justified action levels begin at the minimum value of the avertable ind.vidual 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 first 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 concentration, and for purposes of clean-up the action level is used
here in & more general sense:

An actic « level is the level of dose dose rate, activity concentration or any other
operuional or meanwrable quantity above which remedial actions or protective
actions showld be carvied ow.

223, The action level thus is the measursble questity that corresponds to the lowest dose level at
which remedial actions to reduce doses wre justified. If an action level i excesded, some form of
remedial action specific to the situation considered is appropriste.

Trectment of post-imtervention situations
224,  An optimived intervention (or a decision that intervention is not justified) will normally result
in &t least some of the contaminsted material remaining in place, and this will still constitute a source.
From a strict interpretation of the BSS, any subsequent action that exposes peopie to that source who
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would otherwise not be exposed , would apparently be a practice. f it were & contrulled release’
Unless such post-intervention practices can oe freed from the requirements of notification and
authorization, they will be required to comply with these requirements each time the land with the
source is used for a different purpose. However, if it is intended to allow unrestricted release for

/57 public use of the area, 1t would be uncontrolled, and thus, by definition. it would not be a practice

R TRE JWERLISE .

(255
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&
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The term ‘release’ 1s used here to cover all general situations, and the term "area (s meant 1o include
soil. structures. and associated water pathways

225 In concept, there are a number of possible ways in which contaminated areas might be
released from further regulatory control after intervention. The BSS allow for practices and sources
to be exempted or excluded from the requirements of notification and authorization, and also for the
clearance or authorized release of material from a practice However, in reality the most likely
mechanism is authonzed release.

An authorized release includes both unrestricied release and restricted release Unrestricied release
is appropriate when the remediation results in dose levels predicted to adequately prorect public
health safety and the environmeni in consideration of all exposure pathways and a reasonable
spectrum of uses Restricted release limits one or more exposure pathways and would. 1mply an
ongoing requirement to monitor the situation. However, if restricted release (s considered as an
option, the costs of such monitoring (which could be substantial) should be taken into account and
weighed against Cie benefits in terms of reducing the risk of higher doses resulting from undetected
changes n the situation

226 Irrespective of the precise mechanism by which the cleaned up area is ‘released’, it is clear
mmmuuwmmumwwmmmmumkmumz
tolerable) in the circumstances. Furthermore, if control over the contaminated area is 10 o€ given up
after clean-up, i.¢., unrestricted release, then it should be envisaged that the exposures will continue
o be acceptable in any momblyMcMmmd\eMwill
become part of the new “background "

227. m-MMuWhhmdmnhM(mM)
individual lifetime nsk (or anoual individual risk) withow amy acrion ilaken that 15 the basis for
comparison of averted dose. A remedial action to reduce the dose (or risk) level should be justified
ummmauwmmummmum“
ummumﬂywmhunhww&mmhﬁchwfa
m-nnuumumuyunmmm
10 & remediation goal that allows unrestricted use. In any case, the svertsble doses resulting from the
n.dﬂdu“bnnpﬁw“mdbbm-‘-y&ww
that sction, and uwuwuﬂumuu-uyummw
that scale 1s no longer worthwhiie.

If the action levels for unrestricted use are reached, no further control is required. However, if only
mnhmﬁﬂhmhwﬁwudﬂy“whwun
practice on & case-by-case basis. In other situstions, unrestricted release may not be feasible, in these
MhMuydﬂﬂdMMblﬁimmem

mmumuua{uwmmdu-—mwm

resumes after, the intervention. However, it would seem reasonable that similar considerations should

npplytowchm.mifltnunpplummﬂubemﬂaibk

9
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specific pathways, e g., restrictions on farming or water use
Intervention situations where special 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 following

requirements for notification and author:zation n these situations if they consider it to be
necessary - the effect of this would be similar to constraining the intervention as already

discussed)

REZTI 1T )

(c) Contamination with very long-lived radionuclides, where existing exposures are relatively low
(qdwllmpmmmdmmmwmmwamm!y-
occurring nuclides). In these situations, the current exposures might not themselves warrant

gwwuwmmmmmum«mmn
continue for generations into the future. In these circumstances, particular consideration might
need to be given to equity arguments. (Altematively, similar conclusions might result
wwmummwmm«wumm.um
nuclides for very long time periods).

(@) Contamination of limited areas, remote from the practice using the suurces, resulting from

SCnfe
calvT?o. W

A
? ?‘ situations could be envisaged
N g :-: i (a) Contamination confined to a relat:vely small area that is currently not accessible to the public
N B J & but will be made accessible following the intervention (¢g redevelopment of an old radium or
T / thorum processing site from industrial use to housing) This situation 15 very similar to the

- 3! N decommissioning of an authorized practice (eg a licensed nuclear sie) In these circumstanc-

e . = 3‘ es, equity arguments might suggest that the residual exposures in the former case should be

A | constrained to the same level as would be applied to the latter. Hence the ‘release levels’

Fq P\“ \J‘ applied afier the intervention would need to be consistent with levels for clearance or
v N g authorized release from practices. Indeed, general considerations (as opposed to the stnct

&Q 5 X | interpretation of the BSS) might lead one simpiy to regard clean-up in such situations as a

N o ’ continuation of the onginal sractice

NN i §

R P ﬂ .

= N «{ ~ (b) Contamination clearly attributable to past controlled releases to the environment from an

5, &‘m & f } — authorized practice that i1s still in existence (eg if re-concentration of activity occurs in ways

oL e Y E ‘ unforeseen at the ime of the release). In this case, there may be strong arguments that the

; F: L 2 9 J exposures from the contamination should comply with (for example) at least the dose limit for

§. (lé 4 members of the public (The BSS also permit regulatory authonities to impose new

Q" -

X

g

Dot (il 75
EFFC W]
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ubmeEsmicteEd n
APPLIED TO

uses

L NRESTACTED USE sccidents (eg accidents during land transport of radioactive materials) In such cases there
o |

4 228, With reference to the categories of situstion in Appendix A, and their status as practice of
: mmiuyuummmmmuo-wm.w

mamu&ma»»mamwu
4 employed. y p .

st APPIN 1A may be strong pressure to chesn up to very low levels, because the exposed population have
0sr- AL (A ived little or no benefit from the practice for which the materials are being transported
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TABLE 2.1 Classification of contamination situations
Situstion Examples {rom BSS System of |
. Appendix A Protection
(a) Existing practices | (I) contamination still | A2-A3 Practices
within practice =+ #
(i) contamination in Ad-Ab Constrained inter-
public doman vention or practices
(b) Discontinued (1) change of use Al0-Al2 Constrained inter-
practices giving new public vention
access 10 limited area
of contamination
(ii) very long-lived
nuclides A7-A9, Al3-Al4 Intervention, may
need constraining
(1) otherwise Al5-Al9 Intervention
© Accidents (1) accident affecting | A22-A24 Constrained inter-
limited area remote vention
from practice
(ii) very long-lived intervention, may
nuclides need constraining
(i) otherwise A20-A21 Intervention

229.  As discussed in MAMMMQBCW‘(-)
umm@)ﬂadwmdom.&muan
MiMATﬂz.lﬁmamﬁhmwﬂMNum
mmuuwuwk
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Figure 2.1 lnterpretation of the BSS to contaminstion situstions.




CEPTUAL FRAMEWOR® FOR CLEAN-UP
SITUATIONS

3. AN ALTERNATIVE CON

RN | IThe need for an alternative framework

up situations can be {itted within the

discussion in Section 0 that clean
his is not always entirely

101 It is apparent from the
of practices and intervention described in the BSS. although !
the broader conceptual definitions of

framework
ard A shghtly more general aphoach bascd on
stricter ‘regulatory’ definitions in the

straightforw

practices and intervention provided by ICRP (rather t. an the

BSS) can also be used to simplify the advice. For example. the redevelopment for public use of a site
currently within a defined and relatively

where coatamination from a discontinued practice 15
inaccessible area would y, following the BSS definitions,
constrained on equity to meet criteria similar to those for practices. The same ou
be obtained simply by designating the redevelopment to be a practice.  ~ &y TG

302, However, both of these approaches still imply the existence of two fundamentaily different
categonies of situation - practices and interventions - (nto which every situation 18 required to fit, even
if 1t does not obviously fit i either It may be useful. at least for presentational reasons, to investigate
a broader system in which the whole range of situations can more readily be accommodated, without

_requining every situation o be classified as e: her a practice or an intervention

require intervention that s
tcome could

303 This possibility 1s hinted at in the ‘basic framework of radiological protection given in ICRP
60. but only the systems of protection for practices and (ntervention are then developed in detail

. R A general system of radiological protection

ological protection is 10 provide an appropriate

304 According to ICRP, * the primary aim of rads
he beneficial practices giving rise to radiation

c:anaard of protection for man withou! unduly limuiing 1
More specifically, ICRP states that

exposure (ICRP 60, paragraph 100)
good than harm. should

‘A system of radiological protection should aim (o do more

cali for protection arrangements (o maximize the net benefii, and should aim to limit
the inequity that may arise from a conflict of interest berween individuals and society
as a whole ' (paragraph S14)

305 mwwm«mhmuhmmwnuMm

more fundamental, common principles for deaiing with radiological hazards. Thus the principles for

a general system are as follows

(a) Justification - The overall sum of all actions affecting the risks from radiological hazards
should do more good than harm. To ensure this, any cmﬂuwofmmmwu
expected to produce an overall net benefit.

(b) Optimization - All radiological risks should be as low as can reasonably be achieved,

() Protection of the individual - Aim 10 limit the inequity that may arise from 2 conflict of

interest hetv s indtviduals and society as a whole '

Table 3 | provides & straightforwand com panson between this general system and the systems for

practices and intervention

o ———
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306 Such a gener~. system does not invahidate 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
. system app'.es to particular types of situation. Where situations fit well into one category or the other
\4)’ this pro+ ides a valuable ‘short-cut’ in the form of a simpler ready-made system of protection. Where

b |
% o~ some situations do not fit well, it may be better not to persevere with the categonzation
=
O % :;' Justification
E -, “ 307 It 1s clearly not practicable for every singie action to produce a net benefit or even be expected
(o' to - waste disnneal far evamnle, would almost invanably fail in this regard - but groups of actions
@ with a common aim should, overall, do so. A corollary of this is that an action that is a planned part

~
- S of a justified set of actions can be assumed 10 be justified. For example, decommissioning of reactors
is justified because 1t s 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 invoive
factors such as non-radiological nsks 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 of justification 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

309 In particular circumstances discussed below, a constraint on residual risks might be considered
o be appropriate for reasons of equity, and clean-up to at least meet the constraint would than be
required  In such cases, it is possible that the clean-up might otherwise appear not to be justified
This needs to be considered carefully when decisions are made on whether to impose constraints - the
perceived benefit from imposing a constraint may need to be sufficient to justify otherwise unjustified
measures.

THE

Optimization
310.  The word reasonably is clearly the key to the optimization principle, and in a general system
ofpmmimnadswhvcnvcybmdmmpﬂymmmmdnommmm
principle of the sysiew for practices). For example, it 1s not reasonable to expect significant resources
to be devoted to reduce risks that are already negligible, or that could only be reduced further by
means that are clearty not cost-effective, or are simply not feasible. This example is the basis for
exemption and exclusion concepts.

311, Ooe particular uuhnmifnnhnbv-ihwdhwummm
immmmumduumunuu-qumnm
that would allow unrestricted use. In this context, sustainability mey be an important factor - short-
term restrictions on the use of small aress are unlikely to be of major concern, but e situstion in which

“ AT DOSE
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32, mmmuuwmwhm.-wuum

in Section 2. hﬁ.ii-ﬁb“amwh-ﬂoh”dm(q
hh;tmiy)-‘hwwynuwmdhﬂﬂnudmanﬂym

the optmization prioceple. Fummmummummm\pc/
anﬁvwmu““umm“-mm
MN&&MM&MW“M&&M.M&Mw
expect. m,hm,mm»mumo{uwmumm
equity and inequity, are discussed 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 responsibiliies of peopie knowingly taking actions that are likely to increase
radiological risks from sources under their control ieg 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 nisks that are imposed
on individuals who are not necessarily receiving a corresponding benefit. In such cases, the addttional
imposed nsks are controllable, and therefore it is reasonable to expect them to be controlled so .hat
they do not substantially affect such individuals’ overall nsk. This argument leads to the concepts of
constraining optimization to [imit inequity, and of limits on the overall imposed nsks to any individual

314, As discussed in paragraphs 230, ZJi considerations of equity iead 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 well be reached from consideration of ‘reasonable-ness’). Whereas inequity n the rsk and
benefit distribution associated with a particular source tends to anse 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 optumization, 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 constramned the answers couid be significantly different

33 Application of the general system

315 The general 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 constraiats on residual risk)
should be used to determine an appropnate clean-up strategy The residua! risk after such a justified
umummmmuw»uwr«m,nmmm
after clean-up would become the new ‘background'.

316.  If clesn-up umﬁdbyaw»m'ﬂnhmm(hﬂng in
muumwhmmxumofmwmmmwumnwa
10 determine an sppropriate clean-up strategy as above.

Exosples
317 n&n“nh#wﬂﬂ“”nmw
wnder the system described in Section 2. Nor does it remove the need for judgemnents © be made
when conssdering ¢ partculs chean-ug smustin. It is rather mtended w iaprove the sresenustion of
umumuwhmm”uumuwﬂm.

—

L. upu-.umuu-gg.n-zfdmummof
consreined optumczance, where the vataes of sy woubd be determined by the reguiatory
suthority on the basis of the principles doscribed sbove:

(=) mh”&mdahﬂnmwuwm. The
mwu-mmhuwuuwummw

MMMWthhMﬁdmhhhﬁnﬂmdljwlﬁd
programme of actions (ie a justified practice).

15
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the number of people exposed, and therefore the nisks imposed on those individuals may need
10 be constrained Equity arguments would suggest that the constraints imposed on other such
deliberate actions, e, operating practices. might be appropnate for this situation
Past discharges from an operating practice. The decision 1o release the material was taken in
the knowledge that it was likely to increase exposure. [f there is perceived to be a problem.
this implies either that the predictions of iuture 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 2
constraint and thereby possibly requiring some clean-up. However. the net benefit or
otherwise of imposing such a constraint might need to be considered
Very long-lived contamination. The equity arguments concemning distnbution of benefits and
risks from a particular source can be applied (o intergenerational equity - hence it might be
mﬂaedmuwywwmnnsksmakvelumwouuhempnbleforallﬁ:mre
generations. However, as noted in Section 2, optimization might automatically imply low
individual dose rates because the iong timescales imply a great reduction in the total overall
risk, if a large enough integration time s used.
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 add a few more from Appendix A to illustrate bow the
system could be used|
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Potential
clean-y
snuauo: Restnct use
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FIGURE 3.1 Sohat diageam U CLaa-up SRCHRMONG
NOTE: Constraints could be imposed in order to protect the interests of individuals, ie to limit

inequity. Examples are discussed in paragraph 318.
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4. CLEAN-UP CRITERIA
4.1. Characterization of contamination situations

401 Clean-up situations can be charactenzed initially on the basis of the nsk to a critical group
selected from people using the area (or, in the absence of such a group, the projected risk to a notional
cnitical 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 1s warranted, and (o
optimize any clean-up actions, subject t~ 2ny ~onetTaty that may be considered appropriate. This
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 unrestrictec use of the cleaned-up area’, taking account of
reasonably plausible uses of the area.

402.  Figure 4.1 shows the range of possible clean-up situations, divided into six sections or ‘bands’,
each covering a.ppmumnclymordaofmmmm in dose or risk. For easy reference, these are
numbered from | (annual doses of order 10 uSv or less above background) to o (dose rates with the
powmultoauseunousdammmmceffects in less than a vear) Each band s categorized in two
aspects - the need or otherwise for clean-up if this is the imitial level 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

403 Band |, equivalent to dose rates ol the order of uSv y' above background, represents rsks
that would be regarded as tnvial in the vast majonty of situations. Criteria for tnviality of risks have
been published in the context of exemption of practices and sources and clearance of matenals from
practices. The BSS specifies cnteria for exemption and clearance of the order of 10 uSv y' for
individual doses (provided that the collective dose is as low as reasonably achievable).

404. MZMMW(MIymoquVy"MW)mmWM
wbwwumWWNMMoNannamn
d-nolpmmmnw-dlumruwm(h.j\mﬁdm).

405. mswmmuuwumwsmmmumw
w-uie&pwvmum“tsbwswwmwh;ﬁnwbundofwl
corresponds 3 bhm”“hmo{&ep‘b&(lnsvy"we
background ). A&m“mmMMWMMIN
wdmuvy'umnmmmqmdmm—m
mmmmmumwnﬁ Safety Series 32, IAEA ~ ECDOC
664). m.t.“dﬂnh.u‘htqwﬁhwwhmy
other stastIon:. F«“M“dﬂwmmu&-uml
mu»hd“muﬁﬁ'sm.

406, wawmmumdumd-&y'@pn.mm

wmu-uwmwm'wum—udmu

mwﬁnuumummunum--ua
lfMEWWMwWMDMwMMuuM
mm—m-—mnuw«mmmmmmwmﬂf
the residual risks
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average background)that would not normally ne considered accegrable if they were deliberately

imposed on the public, but which are low enough that thev would be acceptable in other situations,
such as e,

i If the individuals are exposed voluntanily and receive a direct compensating benefit. eg
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 nisks of this magnstude are routinely accepted from natural sources, and variations
st .gni.de in levels of background radiation do not appear to influence people s
behaviour.

407  Band 5 (doses of tens of mSv v') represents risks that would generally be regarded as
unacceptable from any source (with the exception of necessary 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 7]

408 Band 6 represents risks (whether in terms of serious deterministic effects or stochastic risk)
that are clearly intolerable in ail but the most exceptional circumstances (€g radiation therapy to treat
cancer) ref 7}

4.1.  Coasiderations 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 assist in seeking solutions
that comply with the justification and optimization principles. However, justification/optimization
studies such as those in Appendix B, based on cost-benefit analysis methods, inevitably omit certain
ﬁcwadwmofpomw}yywnbvmbmmwmdMHMQmufy in
monetary terms, such as the social and political aspects of clean-up decisions. Furthermore,
MuummduWMmmwﬁmM(M
perhaps even justification). Factors such as these tend to be of particular importance towards the
extremes of the range shown in Figure 4.1 Exnpbdmmmdmbe\ow.

Radiolowical constraints

410. Asdi unma.wmmmmu“dmu.mw

mmuwnmw«mumunmmm
mMMM)MmMMththMstm
particular categu.es of situation. The two caces in which constraints are already established are:

i hmmmmmumummmmm.
mmmm.m_gggu@-nmwdmumw
caupe such effects and

i, mmmnmw-.mawmmmuw
mm.mumwm«mwkmmmw’y‘mw
considered to be acceptable. Constraints for practices are set on this basis.

20
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Non-radiological constraints
411 [n extreme cases of very widespread contamination, non-radiological constraints may become
important. For example if contamnation 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

412 In any contamination situation, there 1s clearly a significant potential “political benefit that
could be obtained if it were possible to remove all traces of contamination from an area, making it
radiologically indistinguishable from the surrounding area. This 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
mdlmmconnmimndtoamoduludep‘e(mdhweewtmd\ccommddosereduction are
small), this ‘political’ factor may domunate, driving the decision towards a complete clean-up.
irrespective of strict cost-effectiveness. Where large areas are heavily contaminated, on the other hand,
the costs and potential dose reductions are much larger, and the potential ‘political’ benefit 4 too small
to significantly affect the decision M BE

Non-monetary costs

41 Some clean-up methods, in addition to their monetary COSLS, 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 unsuttable 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 1o the levels at which less disruptive measures of simils effectiveness would be justified.

ulsipiﬁc-nlyhm Ievclofpmjmdriskﬂmwﬂheﬁemumm. This could be
aMMW'mhmdeﬂvq long-lived radionuclides.
cm,w.m;wuyuumumhmmwma
social factors.

43.  Proposed criteria
| 415, Tmmmumutdhwsuummms
| possible to suggest, in & generic way, how situations in cach of the bands might be expected o be

trested. hmumm.uwmmmuw
dih-m(il@-awahﬁ)h“ww&hp-km.

WhlkhMJ).MthMhlndbwhmhmmby
considering possible clean-up options. m.ummwﬁuumamnmzm

21




DUUBT ™IS
WouLbd e’
BE APPLICARLE

Friday, 28 June 1996

50 small that they would be unlikely radiologically to warrant any but the most simple and inexpensive
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 couid cause serious deterministic health
effects. Clearly. therefore, a situation in Band 6 would not be acceptable as an ‘end-point’ for clean
up

418 Sttuations nitially in Band 5 would also be expected to require some form of clean-up or
restnction on use to avoid what would normally be regarded as unacceptable exposures. However,
it 1s possible to envisage particularly severe situations in which the only options available (either clean-
up methods or restrictions on the population) might be so costly and/or disruptive that they would be

™ (/fv/f*/difﬁcuh to justify

419 For contamination situations in Bands 3 and 4, justification/optimization arguments of the type
reflected in the calculations in Appendix B are likely to be of greater relevance than for the extreme
cases. Hence, the likelthood of c'ean-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
w A VL

420 The calculations described in Appendix B provide generic action levels for a vanety of
countermeasures for urban, semi-urban and agricultural areas. as shown in the table below These
levels range from about 100 uSv v ' to severai mSv v ', placing them within Bands 3-4, and indicating
that situations i 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

et poteritial suitability of Band 3 or 4 situations as end-points for clean-up
R f";&ﬂ%%nw el Sviy S oy S i 7
— T UPRAN (ASES THRE Urban 0.1-2mSvy' TR S
MaY BE W@qwf)‘g” Sem,-urben 04-8mSvy" go —FLO
GWw u?tvli SLL}/M/O R Agruinusl 01-2mSvy’ /0 =D
S’(mu (The raages for wrban and semi-urbas aress represest wacertainty, bet the ramge for

c‘,mmw“

T nuy caws

agricuitaral areas is minimum jestified v maximum justifed. This may ' . misleading - can
we get consistent types of result for all cases?)

421.  However, considerstion of the factors discussed in Section 4.2 suggests three main
situations likely to be exceptions in the treatment of Band 3 and 4 situations, as follows:

i When allowance is made for the extra ‘disruption cost’ discussed in Section 4.2, it is unlikely

ANCI (A€ s e that, even near the top of Band 4 (ie doses of several mSv y'), the risks would be sufficient
T}&QSA/ o mrrent the most expensive and/or disruptive measures, such as large scale soil removal or
e

those necessitating relocation of significant numbers of people;

7t Constraints based on equity arguments could lead to areas in Bands 3 and 4 bemg more likely

7"
mone LHE
y S~

to be cleaned up, and cleansd up more thoroughly (eg to Band 2), than unconstrained cost-

benefit analyses might indicate, and ‘
il For MIM&MWhMJM‘(umMZ%R might be considered beneficial

to clean up ‘completely’, ie to Band |, irespective of strict cost-effectiveness considerations
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422 Although release of cleaned up areas would essentially define a new ‘background . decisions
to release areas in Bands 3 and 4, particularly in Band 4, would need to be kept under review

s S uoT

e LG Justification/optimization studies are generally valid only for the time at which they are carried out,

0051 T _(j“ % subsequent changes 1n economic of social conditions, advances in technology or new »nformano? on

Aerr o Rl radiation .nsks might all affect the decision, and it would therefore be wise 10 reconsider periodically
e whether further clean-up might be justified in the new circumstances

E,!J { ‘ N

TR M PAPITAL '“AL

P AT 44, Summary of recommended critena

423, Figure 4.1 and the above discussion can be summarised in the following table The doses
quoted are additions to background For Bands S and 6, however, the additional dose 15 large
compared to average background, and so the cntena might reasonably be applied to the total dose if

this 1s more convenient.

Range of annual doses Clean-up?

Band | < 10 uSv v Never

Band ! 10 - 100 uSv ¥ Very rarely o

Band 100 uSv v' - | mSv Rarely unless construned :,:A;“ 1

. |- 10 mSv v Usally for simple measures AL rH ;?
- o

Rarely for disruptive measures ‘?7"(};%’ TS

F.m s 10 - 100 mSv y' Almost alweys T

Fﬁ 6 > 100 mSv y' Always ' )

424, Aswnllbewﬁommefougomgdmmdoumadividingdnbmdsan
onlybcapptoxmmmmvbwofﬂnnmmhvolvd. Nevertheless it is convenient to have
sm.knumhuswwMMMMonﬂpmbmmthif
slightly different aumbers are quoted i different situstions.

Aot .hq,qh be ¢ Mnuwmwmummwmmm
A wamumu(mmwmmwummses

Ing tha VIT- : -‘mw'bvd.mmanomw'numumn-mm
/OOMr’ uﬂbhmihh‘o‘n-&o‘,muhth‘
Errfemt® r~ i Worldwide variation in natural background dose rates.

. h/ i wmwvymhmhm
[espn e i MWWMMMM'-MM

e vt . 1AFA recommendstions on criteria for resettlement of populations.

mmnwimmiwunmnmm.mm
‘utbn(naoflOnSvy‘lll\wdm'lﬂmbnofch-«pmldm!yb’
expected. -4

N
| 008 A P

426 mmmm«mw-mummmluuwmm

situstions. However, any perceived inconsistency in critena may have negative effects in terms of
public acceptance that could well outweigh 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 differ significantly from the genenc 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

24
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o Actions ¥ thin iz it level Acceptebetrty of this laval for relesss
- = “new background”
i
vter sl Clsen-up or prevent use
’ Not suitable for relesse  Restrict use
Clean-up of restrict uss
Unaceeptane
s
(Clean-up Bkely)
Relesse mey be possible subject to
- raguisr review of situstion
Relaase possibie situation may need
occasionsl review
3
WMMW!
pocsptable Cloan uniikaly to be necessary on the Relesse kely raview only if &
““dwlbﬁ! problem becomes apparent
2
No clsan-up Necessary Can be releassd without contrals
Triviad
1
areas
hmdn—hl-‘
fgure 4.1 “n-‘ﬂl‘*
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APPENDICES
A. EXAMPLES ON CONTAMINATION SITUATIONS

Al Different contamination situations can be classified into three major categories depending on
the onigin of the contamination

(a) exasting pﬂC!ICCS
(b) past practices

(c) accidents

in the following paragraphs examples are given for situations in each of these major categones

: aminated areas and | ¥ om_the nuciear indust

A2 Decommissioning is to be considered as part 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 dependent on the curcumstances. in small scale applications it might be 2 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, [RPA Symp Portsmouth].

A3 If the scale becomes larger such decisions are much more difficult. In the United States for
MMnuymMMm@uhd&ﬁmmdmwnmw
wthilhhmh.mymmilsofu. The contamination extends to all environmen-
ulmdin.unllnmm—smwiuinpndqumhmmmmmchn-up.
ManWWMmQWeMoﬂhmdmech
m(wu&mvohnuofnﬂnhmdum.)hmwmm
contamination situstions (ref EPA-document).

\

Al WMMMMMM from the uranium decay senes (o
typical levels of 1500 Bqkg' U-238 (ref. UNSCEAR 1988; ref. EUR 13262 EN 1991]. Most of the
*bﬂhmﬂhhm—.hﬂmmuuﬁﬁlm
production process. mmhd&-dw-cmhﬁwnuihw
in certamn disposal eress as s sohid. Such arcas can contain millions of toas of with
surfaces of hundreds of hectares (ref. Antwerp Proceedings, p.645]. Here also, & cost-benefit analysis
uWMthMmhmdhmmwws
Nh“%ﬁ-%wdhwwtmmw
the process.

AS. wwudw--m-mn-&umnummm.
mummmwu.uﬁnfummummcumwmdmm
concentrations in the 5~ =4 (ref. Antwerp Proceedings p.207). Houses built on these areas may have
as -thmw.hmmpu.mdmmmummme
the direct control of the operation might be considered.
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Add e n ntrolled discharges

Ab Text to be added

B_PAST PRACTICES

Lontamination resulting from past uranium mining and milling operations

A7 Miming and milling of uranium ore have generated waste rock and tailings with an increased
content of natural radioactivity After World War [l intensive uranium mining has been started
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. [n the last decades many of these sites and facilities have
been abandoned by the uranium industry and passed over to other enterprises and communities

AB Problems of radiation exposure can be associated with the relics of uranium as well as
traditional mining in particular if they have been used as building sites or building material. Dumped
material had also been used for land filling, road construction and other purposes. The density of
population and the intensive industrial and agncultural utilization of the mining areas create special
features with regard to radiological protection. [n addition, the situation is much more complex and
requires differentiated considerations sinice both above-average natural and man-made radicactiy ity
contribute to the level of radiation exposure in the areas concerned

A9 The obvious consequences of the traditional mining and of the uranium industry, public
concemn and the need for decisions on restoration and remediation of radioactive-contaminated sites
require systematic investigation and objective evaluation of the existing radioiogical situation in the
mining areas.

. . ling § i " |
Al10. Radium has been used extensively as 2 luminizing agent and for medical purposes. There are
several examples in the literature giving information on radium contaminations due to spills in radium
plants. [ref Antwerp Proceedings, p.263, p.281; p.672]. These contaminations can be inside the
workshops where the work ook place or outside, for instance on-site burial sites.

All. M.mbﬁnump-ﬂydn.ﬁ.ﬂ.dohhhfaumpk.
Clean-up decisions will be made on sn imventarisstion of the level of contamination of the sites, taking
into sccount that most of them are i urban sreas.

Al2.  Situatioss s mentioned under k{ ere mainly reisted to activities that have been carried out in
the past. MQMMMMMMMM An example is given
below.

C il king § s il I —p I
All. Mining snd smelting of ores comtaining ferrous and noo-ferrous metals goes back to the
Middle Ages. Waste rock be found &t numerous plsces in regiogs which are known
for their mining sctivities. In mlﬁobWhG-my[d._Agmp
Proceedings, p.295), the ores were sccompenied by ursnium. The consequences of the activities are
more or less comparable t0 those of the ursnium mining industry.

L ’ .
o R sl s S G

g e Al4. It is obvious that accidental releases can give rise to contamination situations that need to be
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

Contar 1inations due 1o nuclear weapons testing

AlS  The first nuclear weapons test explosion i the atmosphere took place in the USA and
inte asive testing occurred subsequently in the years |952-1954, 1957-1958 and 1961-1962. Since in
1463 in Moscow the Treary on Restncting Nuclear Weapons Tests was signed most subsequent
explosions were carned out underground. The last atmospheric explosion took place in Ociober |980
and in total about 450 atmospheric explosions have occurred corresponding to an explosive vield of
545 Mt TNT equivalent

Al6  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 corresponding to 235 Mt TNT) and
at Semipalatinsk (124 explosions corresponding 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 charactenize the environmental contamination.
Details on these contaminated sites have been presented at the International Symposium on
Remediation ard Restoration of Radioactive-contam inated Sites in Europe [ref. Antwerp Proceedings)

Al7  Similar test have been carried 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 matenal
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]

Al8  Another test site in use by the US was Bikini Atoll, one of the Marshall Islands. Twenty-three
nuclear tests were concluded there from 1946 to 1958 In 1954, a nuclear weapon test, code named
BRAVO.MmapbtiveynHMMywemmd\memunmuhuvyfnllout
was experienced at Bikini [sland and atolls east of Bikini Atoll. The Bikini people, since their initial
relocation to Rongenk Island in 1946, have had a coutinuing desire to retum to their homeland. In
lMaMcMwofMquMubMdmmn
Pandanus, papaya, and banana trees began at Bikini Atoll. After a preliminary survey in 1970 Bikini
families moved back to Bikini Island. A radiological survey was conducted in 1975, but few samples
omeWmmni%bwmmmmm
Bikini Istand to reliably esumate the dose;, predictions based on the preliminary dats indicated that
mumm,umma“’uummmmm
guidelines. In 1978, when the coconuts started producing fruits, whole body counting revealed that
“ICs body burdens in the people on Bikini were well sbove the U.S. recommended level
CM.-W!WTI—TMMMIB&NM&M&:
people to Kili Island. Co .atermeas.wes are designed 1o reduce the dose to people, which is mainly
due ®© consumption of varestrial foods, that are resertling Bikimi Istand (ref. IAEA-TECDOC-755,
p.11)

C - ging § Bl suclens 4 .
A19 In the former Soviet Union from 1971 to 1988, 115 nuclesr detonations have taken place in
order 1o exphore the possibilities of such explosions for civil purposes. The aim of these detonations
mn.ﬂh“nﬂuﬁwm&ﬁﬁeﬂv—m-‘mw&t
canal construction [ref Antwerp Proceedings p.383]. Such expiosions have also been conducted for
m-ﬁubhq-hwmdh“'sm(dmmunn
w.mme—QMMemmbhnm



Contaminations due to accidents n the nuclear industry
A20

Since the beginning of the nuclear age, several accidents have occurred with releases having
ff-site consequences. Three of these accidents resulted in the release of large quantities of radioact

substances into the environment, namely the accident in the MAYAK plant in 1957 (the Kyshtyn
accident). the Windscale accident also in 1957 and the Chemobyl accident in 1986

The areas around
twO O

f these sites, Kystvm and Chernobyl, are presently still heavily contaminated and large areas are

evacuated Restoration of these sites, if undertaken, will take many years and ask enormous financia
efforts

A2l The Chemobyl accident has led t¢ vaitous remedial actions far away from the release point
Examples of these are for instance the admnistration of Prussian Blue to sheep in Scotland and
Norway, in order to decrease the uptake of "'Cs in \e animals [Technical Rep. Senes 363, hning

of lakes in Sweden [Technical Rep. Series 363] and the i=stricted use of contaminated peat ash in
building materials in Finland {ref Antwerp Proceedings, p.723]

Contaminations due to accidents in the nuciear weapons industry

A22 here have been several accidents in which nuclear weapons were involved. Four of
accidents are mentioned here

these
because of their different environmental impacts

(a) In 1960 an exploston and fire occurred in the Boeing Michigan Aeronautical Fesearch Center
(BOMARC) Missile Sheiter 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 dunng the

accident. The facility has been deactivated in 1972, but is still under Defence junisdiction |ref
EPA doc.]

An accident involving two US Air Force planes engaged in a refueling operation occurred in
1966 over the town of Palomares in Southeastern Spain, close to the Mediterranean coast
The mid-air collision was followed by an explosion and pieces of the aircraft fell onto
Palomares and neighboring Villaricos The four thermonuciear weapons transported by one
of the planes fell with the sircraft wreckage. Three of the bombs, one intact, were found on
lanc., in or near Palomares, within 24 hours of the accident. Following an extensive search,
the fourth was removed intact from the Mediterranean Ses. The parachutes of two of the
bombs did not deploy resulting 0 the detonation of thewr conventional explosives and releasc
of fissile material upon inpact. Partial buming of  fissile moterial f~m.d an serosol that
contaminsted approximately 226 bectares of up ated, farmed snd urben lend. In order
10 returm the area to & normal stuation miterveawwn was decaded and some "wonwls! actions
undertaken depending on the contamination levels. The resulting wastes were collected in
drums and sent to the 'JSA  After the intervention was compieted & radiological surveillance
mmmbluMmmolhchMofhmmwpmvufm
the public in the area The program has shown that the situation is acceptable from the
radiological point of view [ref. Amtwerp Proceedings, p.727)

In 1989 a fire broke out in the stern section of the "Komsomolets” nuclear submarine. The
vessel surfaced, but after 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 & depth of 1685m newr the southwest
of Bear Island. The site is about 300 nsutical miles from the Norwegian ccast. The wreck
still contains one nuclear reactor and two nuclear warhead missiles, one of which was
fractured. Reports of several Russian research institutes have stated that, by 1995 or 1996,
the two nuclear warheads on the submarine could be compl *sly corroded 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 marne environment Aftempts are
undertaken 1o seal the openings in the ship, in order to reduce the possibilities of dispersion
of radioactivity in the marne environment

(d) In 1968, a US B-52 bomber carrying four unarmed thermonuciear weapons crashed in the
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, main/y
Pu-239 and tritium, on the wreck, the surrounding ice crust and into the splashing, burming
fuel Part of the radioactive matenal 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. kg Pu-oxide exisied.

W

A23.  In September 1987, a shielded strongly radioactive caesium-137 source (50.9 TBg, or 1375
Ci. at the time) was removed from its protective housing in a teletherapy machine in an abandoned
clinic in Gutinia, Brazil, and subsequently ruptured. Consequently, many people incurred large doses
of radiation, due to both external and internal exposure Four of the casualties ultimately died and 28
people suffered radiation bumns

The environment was severely cortar inated in the accident. The actions taken to clean up
the contamnation 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
wm«mmmmvmmmmmmmow of the topsoil from large
areas. In total about 3500 m’ of waste were generated.

A24 NMmprMMMaMdemm.ltwill
bcuudnisiumonch-gg,_mnh“u_lm.dm.&cm
mmmmungwmmmdmmmmmcwu
inflnence the decision. Fahmawhn“mm»iﬂmmw
uwmmmunmu.mwmm .. the other
Mtwwubbmhbm-th-oﬂﬁuuu s of good

ho.seksoping.
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B. GENERICALLY JUSTIFIED CLEAN-UP LEVELS

Bl URBAN AND SEMI-URBAN AREAS

Bl This Section provides a simpie example of how a generic dose level for justified clean-up o
contaminated areas might be determined

B2. The optimum intervention critena for clean-up operations would depend on many factors The
most important factors are ‘he avertable individual doses to the populanion, AL, the efficiency of the
decontamination (fraction of activity remaining), n, and the monetary costs of the cleaning operation.
Coeen The clean-up costs, c . can be expressed as:
Ctean ™ oy W *Cip € *Cogy D (1

where ¢, is the cost per unit mass of produced wu;:. w is the waste produced per unit area. ¢, 1
the labour cost per unit time, & is the working time spent per unit area. C,,, IS the equipment ccst per
unit time, and & is the time of equipment use per unit area. The parameters w. &, and 6, would al!
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 arezs Clean-up of wrban areas would include street sweeping.
firehosing, asphalt planing, removal of vegetation and removal of soil Clean-up of agricultural areas
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 dominating cost
in the clean-up of large areas. Removal of the upper | centimeter of soil in an area of | km’ would
create I0.000m’ofnoileimleodoNupoulohheadaofSlo‘pulun‘. For an urban area
with the same characteristics as the city of Copenhagen the costs of clean-up, ¢ have been
de\evduushowanakal.bmdmﬂnNadkmwdipmmonwmmd

decommissioning (KAN-Programme)’.
Table Bi. Costs for different clean-up methods in an area of 250 kw’ of a city with the characteristics
of Copenlagen.
C costs
e i Clesn-up Transport * Wages ”
_Soilremoval | 400,000-800,000 : 100,000-200,000
Grass cuting 5,000-10 | 2,000-5,000 5,000-10,000
| Flrshosing 500015000 1 10004000 $,000-10,000
| Aspbalt plaming | _600,000-1 4000080000 | 70,000-150.000
o) T of waste
:2 Includes transport of waste

Based on Western countriec with a sclary of § 15 per bowr
—

L4

-

Cleanwp of Large Radioactive Contaminated Areas and Dispcsal of Generated Waste, Final Report
of the KAN2 Project, TemaNord 1994:567, February 1994.
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BS 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 optimization process for determining the intervention level for the clean-up

the number of people living in the contaminated area, N,

. the size of the contaminated area, A
. the monetary cost of the clean-up per umit area, ...
. the number of workers carrying out the clean-up. N,

. the collective dose to the clean-up personel, S = £oon Nan

. the efficiency o the clean-up operation (fraction of activity removed), n
. the reduction factor of dose rate, /(= 1/(] - n))

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

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

B6 In the optimisation of intervention levels for clean-up two different situations will be
considered. Firstly, a contaminated residential ares from which people have nof been relocated, and,
secondly, a contaminated residental area from which people have been relocated because the avertable
doses by relocation exceed the interventicn level

B7 The condition for a clean-up operation to be justified is that the monetary value of the
avertable collective dose, AS, from the clean-up s larger than the sum of the monetary value of the
collective dose to the clean-up workers and the cost of the clean-up operation:

@ AS 2 @ E Nes * Coum A * Conn A 2)

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

BS.  The annual dose, £, from activity deposited in urbam and semi-urban environments will, as

an approximation, be proportional to the surface contamination density at each surface tvpe. The
snnual dose would thus be:

B. -'x“ " 'l'- '— “'u '_ .’# '* (3)
where:

. x is the fraction of the givea surfece type, snd
- v is the relastive deposition velocity for that surfasce type.

mummuummhgﬁmhmw./,u
141 - w,), the snnual dose after clean-up, £ ... 0 be described as:

E_‘_?(l-n_)x_.v..oo—q._)x_v'_o @
O M) T Voo * (17 Mgt Tt Veapt
mmmmm.xwmaumm«.muw»:
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. L RN - (5)
E

B9 [f T is the time period over which the collective dose 1s accumulated, the avertable collective

dose, AS, over the ume, 7, is related to the (fairly constant) annual individual effective dose. £ = as

s 3 SR 1ogr ]
85 = Ny, | [, Eult @ - < [ Eutt & |

(6)
=N f-1 = r

pop / an
BI0  The justified annupl individual effective dose. £,,, before clean-up can be found from the

following considerations. The aver able collective dose over time, 7, with clean-up will determine the
justified value of the annual individual dose before clean-up, £, as°

f =1
a AS =a N —vr
gl ;

With a population density £, = V. A a dose reduction factor, /. equal to 1/(1 - q). the justified
value of the annual effective dose before clean-up. £, can then be found from Eq. (7) to be

E“T:C‘wA £

(f i {.._L_. __C—‘_‘!_ il
’)"“ U' l) a P~T 7;/,4-.

Figure Bl illustrates the effect of a clean-up operation which results in a reduction of the collective
dose by a factor, f

v P
& >
; > AS
: >
o - 1
8 o o
3
=2 {
g | Clanee
g |
< \
N
0 T
Time after contamination (years)

Figure BI. Averiable collective dose from clean-up with efficiency of the clean-up. n. which expresses
lheﬁauimojlkrdwmmunwwdﬂ-w.
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Bil  Calculations of the justified annual effecuve dose, E,,, before clean-up of urban and semi-
urban areas have been made with the program Crystal Ball. For an assumed clean-up efficiency. n

of scil removal, grass cutting, firehosing of houses and asphalt pianing the total clean-up costs per
unit area were calculated as

- 3 - - . . (
€ clean ‘l-u‘ C:M Iw (W "hnn (“ xm (ckaqr-s 8)

Assigning distributions to all parameters, a range of justified values of the annual individual dose
before clean-up has been caiculated. The values of the parameters and the parameter distributions used
in the calculations are shown in Table B2

Table B2 Parameter values and their distributions used in the optimization calculations.

Log-normai distribution
Parameter Uniform distribution [~ Central value | Standard deviation
Soil removal cost, $ ki ‘ 400,000-800,000 600,000 200,000
Wages, §$ ki’ 100,000- 200,000 150,000 50,000
Grass cutting cost, $ km 5.000- 10,000 7,500 2,200
Transport, § km 2.000-5,000 3,500 1.000 |
Wages, § km' 5.000- 10,000 7,500 2500 |
Firehosing cost, § km ’ < 00-15.000 10,000 5000 |
Transport, $ km* |, 000-4,000 2.500 800 |
Wages, $ km 5.000-10,000 7,500 2,500 |
Asphalt planing, $ km* 600,000- 1,000,000 800,000 300.000
Transport, $ km* 40,000-80,000 60,000 20,000
Wages, § kn* 70,000- 150,000 110.000 35,000
Populstion density, km * (urban) 300-600 450 200
Population deasity, km* (semi-urban) 100-200 150 60
Relative deposition 00 roads, V.., 0240.5 0.30 008
Relative deposition on houses. v 00502 0.12 0.03
Relative deposiion oo g Vew 0312 o 020
Relative deposition o8 30il, v, 0812 1.0 0.20
Fr «mbouses, | Urben 0.50 0.50 .
o Sem +-urven 0.30 0.30 -
Fraction roads, | UT0S® 025 025 -
L Sewm-artes 025 0.25 -
Fraction soil, Urban 020 020
X ot Seam-wrban 0.30 0.30 -
Fraction grass, | UTbee 0.05 0.0% -
% g Sexn+ wrban 0.15 0.15 -
| Soil removal effickncy, 4o 0508 07 0.14
Crass w | 0206 04 0.06
! 0.10.5 03 0.03
" 0609 08 012
Cost of & unit dose, a, § Sv' 10,000-40,000 25,000 8,000
time, T, yoars 30-300 200 50
Relocation costs, $ month ' 200-500 200 70
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B12  The results of the Crystal Ball calculations with the above values and distributions are shown
i Table 33 The reason why the results for semi-urban areas are approximately four times higher than
for urban areas is mainly due 1o 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
comespondingly mgher avertable collective dose over the period considered

Table B3 Annual dose levels. £, in mSvivear above which clean-up is justified based on averiable

dose and monetary costs of the clean-., i, o ' a.. semi-urban areas
Percentiles
Area type | Distribution Meas Median
2.5% 50% 97.5%
uniform 014 043 230 0.60 0.40
Urban
jog-normal 0.10 034 120 040 0.30
un:form 049 1.50 780 220 1.50
Semi-urban
log-normal 036 120 390 | 40 1.20

The justified annual dose level, £,,. before clean-up can be considered as the action level AL for

introducing clean-up If the actual dose level, £, (from all relevant exposure pathways) s greater
than the AL clean-up would normally be justified

B13  The residual dose after an optimized clean-up operation can be either lower or greater than
the AL. This will depend on the ratio £_/AL. If the ratio is significantly higher than the effective dose
reduction hao:./.dnm‘adunldonlﬁumopﬁlniadclm-upwould still be higher than the AL If

memiouofmcmneorderofmupmudeovlowM/.dnmdmldmewouldmoﬂ\ikelybe
lower than the AL

Bl4. lflhemnldonhvdilnuchmﬁulbwmillhievm’uyumumldinvokem
mwwﬁuhh”dam«nﬂbwwwy
W\-Mumdmnhhmdmﬁvfyum.mwﬂlw
wum.mauwm»uwmamusv,mn
i-yan.hvup--—ldoduifhwr—i&uicmm.m.m
gemerxc justification ) Mhﬂ“-“ﬁ-m&i—wm-
-—»mu-uhmhud—ummmmmmm
mphumdnnm&Mbathy—.

BiS. anumwyu-uumanw
wlmﬂumh“m The sction level, AL, would genenaliy be expressed
hbuc-ﬂ“mhmmdhmmmmw

uuwm“.mwmmumumnhmmk
“ﬂmbﬂhhﬁpﬁ:mmm&dﬁﬁuw\oﬂl
muwhwc.
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Bi6  The condition for a clean-up operation 1o be justified in areas from which people have been
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 10 the clean-up workers and the cost of the clean-up
operation itself

Copt Npop 87 2 8 £ Nogt™ Cotan A (9)

whﬁltc,,,xslhenlocﬂmcoﬂpcrpemnmdumlume The dose rate at the retum time 15 here
assumed to be equal in the situations with and without clean-up. The acceleraied retum time can be
found from the above equabion as

pg o Cdam A Cdem 1 (10)
Cut Now o

as the equivalent cost of the doses the workers is only marginal compared to the clean-up costs, ¢, ..
The value of Ar can be expressed by the half-life of the deposited radi~nuchdes as

T
At Pt (an
. lnf

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

B17. The half-life, r,mwumuwmudmmummm
ﬁomCtymleL.dhnnbmmi‘hbbu. ltisnolp-iﬁdwdmmforhﬂf-
uvsumumd»n-ummuc_qwmhp—-p.uwm

Table B4 Haiflife of comaminant, T, h“MMhWWmﬂn
braak-even berween clean-up costs and sawed relocation costs.

¥ e ome dlien ‘
Area type | Distribetion Weems Medinn
2.5% 50% 97.5%
uniform 11 21 43 23 21
Urban
log-oomal 11 iz 120 45 38
uniform s 74 15.5 80 74
Sem-urben
log-normal 39 130 400 154 13.0

B2. AGRICULTURAL AREAS

B17  The different mmwmnuaﬁvm of Action Levels (ALs) for
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countermeasures 1n agncultural production are first of all based on the experience of liquidating the
consequences of nuclear accidents as described n detail in [1] Generic recommendation on the
implementation of agricultural countermeasures are also considered n [1.2]

BI8  Inemergency exposure situations. agricultural countermeasures are based mainly on measures
of a more administrative/organizational character (1] The methodology for setting action leveis for
agricultural countermeasures are described below Genenc ALs hive 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 based 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 =AY-X+8, (B2.1)

where S velve Ao v N e

15 the net benefit associated with any course of action,

is an expression of the detrimental effects due 1 radiation without any_action wken

15 an expression of the residual detnimental effex ts due to radiation when the action s taken
1s an expression of the resources and effort neec *d to implement the proteciive measure

is an expression of the additional benefit from th ' pro’.ctive measure (€g, due to an increase

of crop productivity or its quality)

Dy e o v W

Enhofthcm'mEq.(BZ.I)hwewbcmadinunmm.Couwcmioullymcost-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 1s important, rather than the absolute unit 10 which
Muqﬂ.FMdhpﬁMﬁﬁthMWMMMwM
dm“mmmum-cmsmiﬁmhanofhpwofmlm
count snmeasures.

B20 The expression (B2 1) can be elaborated as follows:

B=aAS-X+B, (B2.2)
MMMWW&WMW&WﬂA«B&ﬂmﬂMof
m..-nmmmr-«m.unum: /a’/uoo |

X B g Coty
B s . - 2.3)

r Wy
& countermeasure is justified if B > 0, ie, if:

(B2.4)

e, =e(l-nN<ae

Mcumwmﬂc,ishmwwmdmwm
countermeasure (5]
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B2l Let C and C, be the concentration of a given radionuchide in a given agricultural product before
and after the countermeasure, respectively

.
{B25)

I

f s here the reduction factor of activity concentratior in a foodstuff by the coumermeasure. M and M
s the amount of a product withoutbefore and after the countermeasure with the ratio m= A/ M. & 15
the remaining activity fraction after technological processing and culinary treatment of a given product
(see remark concerning a conservative approach in (3, App 11]). and b 15 the cost of a given product
With these definitions the foilowing relations can be found

AS keSO MC(1 -2

/ (B2.6)

B. = Mm - ‘.)B

[If there 15 a post-effect of the countermeasure it 15 necessary to consider it: time charact~ stics ans dys.amics
of contamination due to radicactive decay and scif-cleaning, expressed 2<

AS = k e(SO) M [C(O (1 - =) &
’ Ao

see paras B27, B30
A countermeasure i¢ justified if B > 0. e, according to the above equations, if C> Cou

C X -M@m-Hb S (B2.7)
- ake(SO)M [-m

B2 mmauuumumwmwunmmwnmw
defines » minumum justified level. EvMoanALm-ymmm
&m»-mduuﬂm(m_) (CM, i = 1,2, ..., n} under

W(ahnm&m-ynﬂRMsmbﬂ) for the set of
o m“Mthaﬂnmwe—th
AL ~ mim, (C,: BC, ,CM) 2 0) (B2.8)
which is equivalent to:
AL = min, ming (C/6) : BC/6) , CM(8)) = 0) (B29)

whaere § = O,namduwtm
B23 hmnwmw.u'.mumwum

AL* = min, (C/8,) : MC[8)) 2 0) (82.10)
' is here an “optimized” (eg, hnM*)deM,. In
practice Eq. (BZ.lO)mldhwbﬁq.(lz.l).-hmofmynmudnbeofm
opﬁndm'd"‘lnm.w.nhmibkm.unmwwmn
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values 6, /. X, M due 10 significant parameter vanabihibes and uncerianties It leads to the use of Eq
(B2.8) when evaluating justified Als

B24  When ass.oung ALs for agricultural countermeasures the following types of AlLs may be
considered

« AL for con ated animal products (first of all milk contamnation as the most critical product)
C, (Bg/kg).

+ AL for contamnated plant-growing products eg, grass’hay contamination). C, (Bq/kg).
+ AL for surface contamination density, ¢ (kBy/m®)

When considenng the "tropical chain” (natural lands }{grass/hay -{milk/meat) it is possible to use all
three types of ALs: C,, C,, ¢ For arable lands, ALs of C, and ¢ are more convenient, but also C, is
useful taking into account the annual production of grasseshay. Due to crop rotation it 1s 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

B2S The evaluation of ALs in agncuiture has been considered for ' 'Cs as an example The
following main agncultural countermeasures were taken into accourt 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),

+ countermeasures for arable lands the use of organic and muneral fertilizers, liming, combined
countermeasures.

Specific countermeasures like processing of products, eg, processing of milk to cheese and butter, were
not considered and will be usefu! when evaluatmg OlLs.

B26 Fammnmumummwunwof.
mﬁnhwwly'-i'iﬁﬂ(umlzulnm‘munof
Mc'mwuiwmmwd”am~ is does not
mayunuwaanmmmmm,mm
it should be considered that the parameter m (ratio of production after to that before the
W)mm.mdmh&.mnmmm.m«umﬁm
Justified AL as:

. X z B2.11)
Com ckeSO)M f-1

B27 Vdnh-ofﬁq.mz.ll)thdmwusC.C,dqmuMV_ed
h-duhmanmmou;cﬂmmmtihmmnofmﬂk
coutamination s justified, if C > C,,, where:

PO ... /. (B2.12)
Y akeSOM f -1

C.ishmnimofmilk.uummofmi&pudaypuw.P‘v,isthecostmdj,
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the efficiency of the countermeasure CM . The parameter, R, takes into account the post effect of the

countermeasure | (see paras B21, B30) Milk contamination C, in Bg/kg can be estimated by the
relation

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

where (15 the grass/hay contamination, V is the rate of grass/hay consumption (kg per day per cow)
and K__ 1s transfer factor from daily ration to milk (Bg/kg/( Bg/ration) Countermeasure | for reduction

of milk or grass/hay contamination is justified, «f the contamination of grass/hay C > (. given as
Gy ® Pe, R, _...__f‘ (B2 14)
Y o akeSOMKV [ -1
B28 The activity concentration in crop/grass/hay C, can be assessed as
G~ i (B2.15)

where ¢ 1s the surface contamination density and K. is transfer factor from soil to crop, eg. In
(Ba/kgV(Bq/m’) Countermeasure / for reduction of milk concentration 15 justified, if the surface
contamination density of pasture/hayfield ¢ > g, ., where

P{J Rl ./.

do, © (B2.16)
“ S keSOMK VK, f -1

B29 For countermeasures like radical/surface the cost of improvement of pastures or hayfields, 7.
can be estimated as follows:

p « LY B2.17)
y

©

thhemdbcuwlh.dyhhmwdm.aymkmltqn
u-—uuwa.cmh-uuhmuummmmm
97 Quy

-~ PuR Iy (B2.18)
.kmy,‘r_l ,“"

where j bhm,ikhwemr“ihoﬂdwﬂw‘m
j.juhh“”«mt.y,ihpmwdmj.dxnuﬂu
-ﬁﬁmh-hﬁv-dlbawj.mp-tmumaC,ndqmmbe
derived from Eqs. (B2.12), m.u).-nmmu-nuuwhsq. (B2.8).

WER—-—

B30 mhdmmhmmthhMMy
i thhlz.Tl.CuMnmm»m.hmd‘b-dGNPprm

wumuuwmmuuumumummm
deﬂkm“mb“(ﬁ-damm-wmm
WW}W.m'—o“hmdmhmducw
nd&witwdd\mM‘ this influence is negligible when estimating generic
Als))
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The parameter k (see para B2!| has been assumed fo have the value | for milk and 0.5 for
potato/grain. The parameter R (see para B27 [Egs (B212) (B2 14), (B2 16). (B2 18) for
countermeasures like the use of Cs-binders equals |, as well as for countermeasures for arable lands
for radical and surface improvement of pastures and hayfields the parameter R is assumed to have a
value of approximately 0.5 The result of post-effect of the countermeasure - the avertable dose and
the additional costs of the countermeasure ~~ “he following 6-8 years and the dynamics of the transfer
factor K, (see Eq (B2.15)) were taken ir- ~.count [6-9)

B30 In the assessment of ALs the ranges of parameter mean values observed have been used as
central estimates (Table B2 T1). Uniform (U), Normal (N) and logNormal (logN) distributions of the
parameter values have been used. The ranges for the U-distribution are indicated in the Table B2 T1

These intervals correspond to a 98-99% confidence interval when using N-distribution and a 95%
confidence interval for the logN-distributions.

B32 When evaluating ALs/OILs of the g-type (surface contamination density) it is necessary 10 take
into account the dynamics of transfer f:ctors from soil to plant K{7) [6-9]. Such nme dynamics have
been used for the assessment of ALs (Table B2.T1) corresponding to the range of average values of
K. for the first |-3 vears after the Chemoby| accident (1987-1989) for the main types of soil indicated

The dynamics of transfer factors can be approxiri “ely estimated by the formula K/)=KA1,)p(1), where
the function p(f) can be expressed by one or two exponential terms with reduction haif penods of 3-15
years for natural lands and 2-8 years for arable lards [6-9) The g-type ALs/OlLs should be corrected
correspondingly

B33 For the estimation of the ranges of values (Eqs (B2.11){B2 18)) the following vanants of
distnbutions were considered

1)  U-distnbution for the all parameters,

2)  N-distribution for the all parameters;

3)  U-distribution for a part of parameters and logN-distribution (K, see Table B2.T1) for the
remaining part.

The following charactenstics of output values were computed: mathematical expectation (mean ), mode,
median, standard deviation, 90 and 95%-confidence intervals and the observed range of values. The
examples of characteristics indicated for minimum justified OlLs of the C,, C, and g-types are
presented in Tables B2 T2-B2.TS.

B34 mmofAst'nhhwof&pm.!)ﬂ(ﬂlll)-(ﬂlll)isnollsimpkmkduc
b&w&wdnﬁhﬂ“(mWMd«hMof
values C,, C, and g in Table B2T4-B2.TS) For example, the 97.5% percentile may not be
M-.M(Mmmmwmm-mwumwaww
implement & justified countermensure for values which are less than the Al ,, indicated and

a) contamination of products sfter the implementation of countermeasures may be above the
Intervention Levels for withdrawal and substitution of foodstuffs ([3, Annex []) and Jor
Mofmwwm.wuma
foodstuffs) may be more effective according to cost-benefit analusis (see para B35).

b) surface contamination density may be above established OILs for mmmtwo:
SHG— prohibitation of the use of lands for agricultural PUrposes (€8, g, = 40 C/km’ = 1480 kBg/m’,
[5]). Therefore, mmmumhwdvdwu\dmammmame
interval (X_.. E] may be considered (X, is the 2.5% percentile of the value veing estimated,

. 4l
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and E is the mean value)

Therefore, when x = C,, C, of ¢, then

if x < x, NO action/countermeasure should be recommended (x = C,, €, q) a8 the probability
of getting a net benefit after countermeasure implementation will be very small.

© an action/countermeasure may be implemented. however, local radiological, agro-

fzx sxs &
ecological and agnicultural/economic conditions should be taken into account,

if x > E an action/countermeasure I§ recommended 1o be implemented, taking nto account local

radiological, agro-ecological and agnecultural/economic condiions.

B35  The statement 'if x > £ an action/countermeasure 15 recommended to be implemented’ does
anndﬂ;mmmmwmmwbe implemented as have been mentioned above,
para B34 a-b) Agnicultural countermeasures may be implemented if the level of contamination
r€(Xo, X, where X, was defined in pars B34, and the approach to the evaluation of X, 15

considered below
The countermeasure CM, is preferable to countermeasure CM, if the total detniment

(X + V)CM, < (X + NCM, (B2.19)
9. B21, B26) Then, an agncuitural

(the case when additional benefit B,=0 is considered, sec paras Bl
¢ foodstuffs (or to substitution of

countermeasure is prefesable to withdrewal and substitution ©
contaminated with uncontam inated fodder) if

P+ L‘_if’_o).ﬁ < b (B2.20)
i

(b is the cost of product (eg, mm)mmrt,uMmdw'wmu
mmmm«n.

m‘.ﬁummwammcu

Furthermore.
CsCou
e ant e
c At -t ®2.21)
ka5 ,

The level X, (C, sd m-mm)qbau-u-h.c_,um(sz.xs)m
(lﬁ.lS)Thhmban_h“byuw:

X« wmnax, X,

dh-h“&ﬁx>x_.~wdwmhm

'w-b-dMWhm#mmx_mybe

“.'meWﬁhdmdde.
products may lead 1o the use of

B36 mwmdeﬁ"bdm
WMWU(SMEQWMMG\WMMchh

(82.22)
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differentiates the production obtained as “clean” (with contamination below SIL) and "dirty" (above
SIL correspondingly) 't should be stressed. however, that SiLs may be different from [Ls for
withdrawing and substitution of foodstuffs, as well as from DILs/OlLs [3.5] or ALs considered It
depends on the strategy of using "clean” and “dirty” production. Below the approach for derving
optimized SILs based on the use of (modified) cost-benefit analysis is considered

B37 When the strategy 57, is implemented, 57, = |all the local "clean” production 1s consumed, the
“dirty” production obtained s not consumed but replaced by non-contaminated one;, the ILs for
withdrawing and substitution of foodstuffs (3] are used But if the strategy S7, 1s implemented, 57,
= {all the loca! "clean" production is consumed, the "dirty” fraction of production is consumed only

after appropnate treatment or processing) . the specific SILs may be considered. [t was indicated [10],
that the implementation of agricultural couniermeasures 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 treatment
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,
# = SIL is the level of contamination, Bg/kg, for separation "clean” and "dirty” production under

consideration,
d(0) is the fraction of "clean” production.
Thien, the 1 et benefit B when strategy ST, is used may be presented as follows:
B = BOST,) = b, &8) + by(1 - &) - P, - ke

k, & «(50) A®) - k, a e(50) A(6)
Considering the ex.emum of net benefit B8,5T,) the following is obtained (11):

(B2.24)
& - *OKk, - k) « «50K6,, - ©)

where (x) is density function of the distribution of production contamination, &nd

Pl T (B2.25)
" & - e «0)

It can be proved from Eq (B2.24), that maxB(8.5T) = B(,.ST,). Evidently, .the opummd
Separation Intervention Level, 6, is not dependent on the distribution of the production contamina-
ﬁm(ﬂmmofﬂnw&-mheinpm [ll)).'quuh
(B2.25) is a generalization of a formula for evaluation of IL for withdrawing and substitution of

foodstuffs ([3], p.83, (1-21))
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Table B2.T1. The main Parameters used for determinatios of ACTION LEVELS in agriculture.

Type of
distribution |
Para- (L-uniform. - 1
ol Definition Range of value normal l
logN-logNor-
mal) |
a Cost equivalent of | manSy 051 £ (in frachion of GNP per head) (3K 1
™M cA‘:'l‘:onm of milk produced per day per 12-18 [iday-head)) UN
 § Amount of grass per day per cow, d w 75-12.5 [kg/(day head)] UN
Grass productivity d w .
v iands) 10-30 [hkg/ha) UN
Y: Productivity of potato 100-300 [hkg/ha) U~
Y, Productivity of gran 20-50 [hkg/ha) UN
x 01-02)10° (3 !
P, | Costof Cs-binders applicaion Wi ’::' &myd UNP UN |
Cost of Radical Improvement BN 3 " |
M of pastures/ayfields 4-8) 10" tin fraction of GNPha) I LN
P, f::;;f 'ﬁ::’")" Appraen (46)-10" (in frection of GNPAS) | UN
P, | Cost of Combined CM (arabie lands) (2-3) 10* (in fraction of GNP/ha) UN i
p, | Contof Organic Fentilizars {1-2)-10* (in fraction of GNP/a) UN
1, Reduction factor of Cs-binders 4-8 UN
Reduction factor of Radical .
6 | 28 UN
f, Reduction factor of Luming 1422 UN
% Reduction factor of Combined CM 2-36 UN
[ Reduction factor of organic fertilizers 1.2-2 UN
Ko Transfer factor from dauly ration to 0.0050.01% UN,
milk (95%) 0.004-0.023 ((Bo/kg)V(Ba/rat)) logN
K., Transfer factor from soi! to g s 8-20 UN,
(sandy sandy loam soil) (95%) 7-23 [(Ba/kgy(kBog/m’ logN
Ko ransfer factor from soil w0 grass 5-15 UN,
(light/middie loam) (95%) 4.8-20 [(Bo/kg(kBy/m’)] logN
Ko Transter iactor from sonl W grass G408 UN,
(heavy loam.clay) (95%) 0.25-12 [(Bo/kgl(kBy/m”)) logN
Transfer factor from soil 10 ) 248 e
Ku - (95%) 2585 [(Ba/kgM(kBa/m’)) ogN
Transfer factov from soil 1 pots-
Ku | woigrain (sandy/sandy loam) 0205 (Ba/kgWkBo/m®)) UN
"y Transfer factor (rom soil © pota-
w/grein (hight/middie loam) 0.08-0.2 ((Bo/kgV(kBg/m")) UN
Ky Transfer factor from soil 0 pota-
w/grain (heavy losm cley) 0.050.1 [(Bo/kg¥(kBa/m?)) UN
Transfer factor from soil o pots-
Kae to/gran (pest) 0.3-1 [(Bo/kg)(kBg/m’)) UN _l
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fied OTLs, C, for milk (Bg/) (according to Eq.

(B2.7)}.
Type of distnbution U - uniform, N - normal
Type of | : 95, counfidence
Countermeasure distribution Mean Mode | Median taanmal ‘
o 1
; U 105 75 95 50-210
Co-binders N 95 90 93 65-140 |
Radical improvement of U 1,250 700 1,050 450-3,150
pastures/hayfields N 1,010 900 1,000 650-1,550
Table B2.T3. Characteristics of minimom justified OILs, C, for grass (d.w.) (kBg/kg) (according

to Eq. (B2.14)).

Type of distnbution. U - uniform N - normal.

|

—
Type ol s ‘95%-couﬁdcnc¢ f
Couvntermeasure distribation Mean Mode | Median Aotuinkrt ll
oy
u 1.2 07 | 0.4-3 |
Co-blnden N | 08 09 0616 |
Radical improvement of U 13 7 1 4-35
pastures/kayfields N 10 8 9 6-17




Friday, 28 June 1996

Wable B2.T4. Characteristics of minimum justified OILs. ¢ (kBg/m’), /=14,

Type of soil | - sandy/sandy loam, 2 - lightmiddle loam, 3 - heavy loam/clay. 4 -peat
Type of distnibution: U - uniform, N - normal, logN - logNormal
Typeof | T/peof 95% -confi- |
distribu- : dence J
Countermeasure soil poyion Mean | Mode | Median sl - |
v % 50 5 25 . 240 '
| N 75 60 70 40  12%
g 100 | 45 80 20 - 300
U 125 65 105 35 - 300
a N 100 80 95 55 - 190
Use of Cs-binders . logN 150 60 120 30 - 450
v 2015 | 1,125 | 1,710 | 630-5200 |
B N 1,650 | 1,400 1,600 950-2,750
logN 2,500 | 800 2,000 450-8,300
| U 25 10 20 10 - 80
4 N 20 15 19 10 - 40
logN 30 10 25 7-90 |
| U 950 450 800 300 2450 |
N 750 600 720 400 - 1,350
5 U 1,340 610 1,100 400 - 3,600
Radical improvement of N 1,100 | 850 1,000 540 - 2,050
pastures/hayfields
5 U 21,500 | 10900 | 18,300 | 6,700-55,500
N 17,400 | 14,000 | 16,500 | 9,800-29,800
4 i) 250 120 220 80 - 700
N 210 170 200 110 - 400

o ade’y
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j=1-4, for liming (arable

lands, potato/grain).
Type of soil | - sandy/sandy loam, 2 - fighvmiddle loam, 3 - heavy loam/clay. 4 -peal
Type of distribution L - uniform. N - aormal, logN - logNormal
Type of | Type of 95% - ]
distribu- . confidence |
Countermeasure soil J sdos Mean | Mode | Median '“""'_J
| U 385 220 330 137,970
N 315 260 295 170-565
5 U 850 465 715 265-2,225
Liming N 685 545 640 355-1,260
3 uU 1,635 | 945 1,400 §55.4,065
N 1,350 | 1,100 1,275 730-2,415
4 v 190 100 155 §5-530
N 185 150 180 100-350
Table B2.T6. Justified ACTION LEVELS for agricultural countermeasures.
Type of soil: 1- sandy/sandy loam, 2- lighumiddie loam, 3- heavy loam/clay, 4-peat.
ACTION LEVEL
Type of ACTION LEVEL
minimal mean
C,: Bg/kg milk contamination 60 100
C,: By/kg contaminstion of grass/hay of natural 500 1.000
pastares, '
¢ kBy/w’ Type of soil
Surface contamnation of | 30 90
natural pastures/hayfield 2 40 120
3 500 1,600
4 10 30
| 150 350
Surface contamination on 2 300 750
arsble lands 3 650 1,500
“ 100 200

4%
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C. DERIVATION OF OPERATIONAL QUANTITIES

C.1 Operatiznal quantities

Cl Operational quantities are the parameters actwally measured to evaluate or to demonstrate

comphance with a particular cieanup criterion The cleanup criteria. as discussed in Chapter 3. would
generally be expressed in dose However, for many practices and for some interventions, these criteria
may not be readily or directly measurable because of the presence of background radiauion, because
the levels are often 100 low to be measured directly by radiation detection wnstruments typically used
in the field, and because of the difficulties in directly measunng dose to humans, especially as a result
of internal exposure. Therefore, the critena must generally be converted into more readily measurable
quantities, operational  quantities,  SU 4 as mass activity concentration (Bg/kg or
Bq/l), dose rate (uSv/h) and surface contamination density (Bg/m’) in the contaminated

media Both generic and specific operational quantities are calculated as follows

operational o v annual dose before/after clean -up
' Y dose per unit operational quantity
Al pathways

C2 Operational quantities correspond to averable or residual dose leveis and are derived b

mathematically modelling all the significant pathways of exposure and the projected relevant behavior
of the critical group. 'Aaking 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 scenanos that describe how the site

will be usad after cleanup.

mwmm

'“'Muvbmmoflbemvedouﬁommtupowfe
i eﬁeaivedouﬁomrdiumchdnnkminwﬁnbodyinmeme
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£ Radiation doses to an individual may be delivered by 2 combination of pathways, namely
external radiation, inhalation and ingestion (including incidental ngestion of dust), anc these pathways
should be considered in modeliing. Sources of radionuclides that could contribute to these pathways
nclude contamination in soil, buildings. or aquifers, buildings. equipment. vegetation, sediments, and
materials suspended i air or in RgasEOUs form  Details on these pathways can be found in other
relevant IAEA documents (Safery Senes No 57, "Genenc Models and Parameters for Assessing the
Environmental Transfer of Radionuclides from Routine Releases: Exposures of Cntical Groups’
1982, and ” a technical report update to this reference ™

C.3  Generic and site specific methods of deriving cleap-ap levels

Cé If gemeric operational quantities are desived using slightly pessimistic assumptions, then the
results of modelling (eg in units of Sv'Bq''kg) may be used as a screening tool for a genenc
optimization or as a basis for planning clean-up. Gemeri operational quantities (eg Bg/kg) should
be derived based on gemeric values of environmental conditions, and typical values of efficiency

The genenc operational quantities correspond to the genenc optimized clean-up level

C7 In a real situation, specific information on the nature of the contamination would be expected
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 opumization 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

C8 Allowance could be made to adjust or modify the genenc operational quantities based on site-
specific information or considerations. In some cases, site specific considerations may show the
genenc quantities to be too conservative, and in other cases, site specific considerations may preclude
using the genenically operatior.al quantities. For example, if genenc quantities were derived using
models that calculate contaminant migration to groundwater based on pore water concentration and
mwmbmdmdimmmﬁcm,amwiﬁcsmwmﬁxmmd
topography may result in a very different contaminant transport 1o the groundwater.

C4 - Jmcertainties in calculations

C9. nmmu.p—udwhuwm. Uncertainties limit the
resolution of .adn.w-d“ﬂh‘ﬁdn“ummhmmm
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D. GENERIC MAXIMUM ACCEPTABLE ANNUAL DOSE LEVEL

D1 Dose limits for the population is used to coatrol dose increments as the resuit of practices For
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 o 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 Of where the
dose levels are iireducible, would further dose reductions below the maximum acceptable annual dose

level not be necessary

Di.  Dose levels from natural sources and for loag-term intervention situations

Natural background radiation
D2 The worldwide average annual dose from natural sources is estimated to be 2.4 mSv

(UNSCEAR 1993), of which about |.1 mSv s due to the basic background radiation and | 3 mSv s
due to exposure to radon. The 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 S times the average

The terrestnal gamma-ray dose rate depends on local geology, with a high level typically being about
10 times the average. The 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 10 times the average

Local wbc“dnwndmtlwmofmmmymbmewpwdwmaﬁom radon
vadmofmcﬂhuﬂdhmhm. Amvempofmewoﬂdmdc annual
dose from mﬂmmldch-zo(MlmSvfymmmmnpwofmorderof
30-50 mSv/y [check| |» distribution of world popaiatios cs assual background dose preferabie|

-qmdwmummn-mummw
Mchmthﬁnnn“}lOd\w.

D4 mmwmwmmmumm.uaum
Mu-mm“uuw.ubmmm
Mm-*d*um*hhmbﬂm“nam
level of 30-100 mSvly.

Dé mw;—nmwmuunss-ammmmm
WWMWAIMCMM(CAC).MM-!WM&M
mionduﬂnrhiuaﬂnmicmbvehhﬁrmyphsmhudmmmgms
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for adopting very different values. In so doing, considerable advantages will accrue in terms of
mamntaining confidence and trust in the authonties by accepting ynternationally recognized values
Moreover, the use of such values will help 1o prevent anomalies that otherwise might occur between
neighbouring countries

D? The Codex Alimentanus Commission 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 (o reduce
the levels. Depending on the annuzal ‘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 7-1 |
mSv. With the FAO figure for total food consumption of 550 kg per year (not cluding drinking
water) the annual dose would be 10 mSv. These dose figures assumes that the food basket is
contaminated to the full CAC values for the whole year

Intervention level for permanent resettlement

D8 Temporary relocation and/nr jermanent resettiement are two of the more extreme protective
measures available to control exposures to the public in the event of a nuclear accident. Temporan
relocation 1s used to mean the organized and deliberate removal cf people from the area affected by
an accident for an extended but limited period of time (tvpically several months) to avert exposures
principally from radioactive matenal deposited on the ground and from inhalation of any resuspended

radioactive particulate matenal. During this penod. people would typically be housed in temporan
accommodation

D9 Permanent resettlement 15 the term used for the deliberate complete removal of people from
the area with no expectation of return. Permanent resettiement should - according to the BSS - be
considered if the lifetime dose over 70 vears is imeducible and projected to exceed | Sv, corresponding
to an average annual dose of about 10-15 mSv. Where assessed individual doses are in the region of
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 alternative left is a permanent resettiement.

D2.  Basis for a generic maximum scceptabie snnual dose level

DI0  Protection of individuals in chronic exposure situations is based on the common principles for
dealing with radiological hazards, namely justification of the remedual actions, opt'=. ion of the level
of protection of individusl achieved by that action, sl protection of the mdividual by limiting
inequities as discussed in details in Chapter 3. Justification and optimization of clean-up situations in
which dose reductions snd mometary costs of the remedial actions sre the major components, the
residual individual dose sfter clesn-up is not adequately addressed.

DIl In sn unconstrained optimization process with dose reduction and costs as the only
components, the residusl dose level is considered to be accaptable whatever the dose level 1s reduced
from, eg 10 ®0 2 mSviy or from 200 o 40 mSviy. There is therefore & need to constrain the
optimization process in such & wary that the residual dose and thus the “new” background level is no.
deemed to be unacceptable. A pragmatic approach would be 10 select a dose level that is considered
not 1o be intolerable and use such a dose level 0 coastrain the outrome of the optimization of any
clean-up operstion or other remedial actions in CArONIC EXPOSUre SIUALIONS.

D12 The annual individual effective doses from natural sources are of the order of 2-20 mSv and

in many pleces higher than 10 mSv. The action level for radon in dwellings as recommended by the
ICRP to be 3-710 mSwy for simple remedial measures For more severe measures the ICRP states that

53




R i, kit e Sl

Friday, 28 June 1996

the action level should be at least one order of magnitude higher The non-action level for
radioactivity in foodstuffs moving in imermnational trade recommended by the WHO/FAO Codex
Alimentarius Commission (CAC) corresponds to an annual committed effective indtvidual dose of
around 10 mSwy if the annual food basket contains activity at the levels recommended by the CA
The intervention level for permanent resettiement due to exposure from deposited activity in the
environment from a nuclear accident has been recommended by the BSS and the {ICRPto be | Svin
a lifetime corresponding to an annual average dose level of about 10-15 mSy

DI3  From the recommendations sualiu i pud 212 it appears that an effective dose of /10 mSvy
s & very robust number which can be used as a generic maximum acceptable annual dose below which
it is not worthwhile to clean the area if the conditions are such that it 15 no longer yustified on the
grounds of dose reduction and remediation costs. In other words, such & 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 Longer justified or when 2 clean-
up 15 considered but not found to be justified on radiological grounds

\ o residual annual dose after opmized clean-up

/

\ /

clean-up reduction facior

/
><\\,__ 10 mSv/year

Dose and clean-up reduction
/

Figwre DI Mdanﬁh”ﬁdmojmw In all
mmmnnﬂdqﬂduab.p‘dudmddnmw
As the residwal dose for situation | w greater gham 10 mSWy. mnmkmﬁdmn
overall consideration

Di4 mwﬁuwwmmmuwmmm such
nwlh"MnhhulfiiWnMMkmu
mumuuwumunuuwm.mww n Fig |

D1s uu‘hnuwd-“w—duhﬂumﬁw also
»m-um-ﬁwwnuwuw'.@mx.m

hmwﬂlumma—m-mmmmwm@mm.
m&wmmuumwumumdmhmmw
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number has been used (lens of the eve) [need to consider if exposure of tue foetus is more sensitive
than the lens of the eye (although only effective for a nine month period)] The two sets of action
levels are summanized in the Table 4 | below

Table 4.1 Generic action levels for clean-up and for general interve ition

Type of action level Annoual dose {
Clean-up above this level almost always justified 10 mSv/y "4 Vgaendes
Any intervention above this level always justified 100 mGy/y ‘}

Di6  In chromic exposure situations where the total annual individual doses from artificial sources
are above 10 mSv clean-up shouid be undertaken to bring the doses below 10 mSv/y The goal is here
the residual dose 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 reasonabie achievabie 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.

D17 There may be situations where clean-up s justified on the grounds of dose reduction and
remediation costs alone but where the resiaual individual doses after clean-up are greater than 10
mSv'y. Whether this (s acceptable or not will depend on altemative 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 sonl) for agncultural production. The rationale for
exceeding the genenc critena 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 be justified, even the most disruptive
actions.
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GLOSSARY

Accident:
Anv 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 ot safery, and which could lead to potential exposure or 10 abnormal exposure

conditions

Action level:
The level of dose rate or activity concentration above which remedial or protective actions

should be carnied ut in chronic Of emergency exposure Situations

Agricultural countermessures:
Actions taken to reduce contamination of food or agncultural or forestry products before they

reach consumers

Authorized:
Granted an aurhorzation by the Regulatory Authoriry

Authorized practice:
Authorized release:
Automatic clearssce/exemption:

Averted (avertable) dose:
mu(nu)mdm-puumm;unudim between the doses

Mm-dwmmcmnm

Chronic expossre:
Exposwre persisting in time.

Clearamor:
dewum-ﬁmmmmw

control from the Regulasory Authority *
Clesrance dose:
Charance levels:

VM“&MW&WAM“W&.U“MW
hﬂuwm.namﬁdmdw”hwﬁm

regulstory coatrol.
Counditions! clearasce/exemption:

Mmmnumnm
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Countamination:
The presence of radioactive substances in or on a material o1 the human body or other place
where they are undesirable or could be harmful

Critena:
Conditions on which a decision or judgement can be based. They may be qualitative or
quantitative and should result from established principles and standards

Cntcal greap:
A group of members of the public whose exposure for a given radiation source and given
exposure pathway is reasonably homogeneous and 15 typical of individuals receiving the
highest effective dose or equivaient dose (as rt levant) by the given exposure pathway from the
given sowrce

Countermeasure:
An action aimed at alleviatinz the consequences of an accident

Decontamination:
The removal of radioactive substances causing contamination with the objective of reducing
the residual amount of radioactive substances in or on matenals, persons or the environment

Defence in depth:
The application of more than a single protective measure for a given safery objective such that
the objective is achieved even if one of the protective measures fails

Dose constraimt: A7 * v 0F
A prospective upper bound on the individual dose which is used in the optimization of
protection and safety for sources. For public expaswre, the dose constrain! 1s an upper bound
mhmwwudwamnncdmo]dnmutmm&mﬂwpw
operation of any muolum.mmmgnofduawmecmwmﬁom
all controlled sowrces remains within the dose limit.

Emergency:
Pl euss oA Equity e+ SPaA

s B Eee 21¥ 57 "Even distribution of detriments and benefits, from 2 practioe between individual members of
o " Fsee @70, f1'e u.—uw&«mmau.—ww&:um.

! AM«MMmmbmwmmcmmmnmm
mwimmmwmuwduwAm.

: " H
A level of & specified quantity sbove which spprogriate actions should be considered. In some
circumstances, actions may need to be considered when * MMMBM!NW
below the guidance level.

Iestitutionsl comtrol: A
Control of a site (e.g. decommissioning site, etc.) by an authority or institution designated
under the laws of a country or state. This control may be active (monitoring, surveillance,

e v et
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remedial work) or passive (land use control)

intecvention:
Anv action intended to reduce or avert exposure of the likelthood of exposure 10 SOUrces

which are not part of a controlied practice Ot which are out of control as a consequence of

an acciaent

Intervention level:
The level of avertable dose at which a specific protective of remedial actio; 's taken in a

chromic of emergency exposiure Situanion

Investigation level:
The value of a quantity such as equivalen! dose. intake, or contamination per unit area or
volume at and above which an investigation should be conducted

Member of the pablic:
In a general sense, any individual in the whole population, excluding those occupationally or
medically exposed. For the purpose of venfying compliance with the annual dose [imut for

public exposure, the average individual in the relevant cruical group

Natural exposures:
Exposures delivered by natural sources

Natural sources:
Naturally occurring sowrces of radiation., including cosmic radiation which affects people in
high altitude flight and terrestrial radiar on sowrces in dwellings, mines, spas, etc

mu—-m&mm»-udwawmu
“wh“#an&h“dwmm
Mm,»-umhwuhlﬁhddwofmkmm

number of peophe exposed.

Protective nction:
An inservention niznded Maﬂu“n-ﬂmdhpﬁlkm
CHrOmIC OF EMErgency EXpOSUre SIMRIONS.

Public exposure:
Wwwmquxmww-m,mmmmy
Wcrndalwdhu-dbd-immwt
including exposure from Mm-dm-dﬁm intervention situations.
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Radiological Risk:
Product of the probability of an individual being exposed to 2 particular radiation dose and
the probability of a health effect ansing from that dose

Recovery measures:
Remedial measures (see Remedial Actions)

Reference level:
Genenc term for action. intervention. investigation and recording levels. Such levels may be

established for any of the quantities determined in the practice of radiation protection

Remedial action:
Action taken when a specified action level is exceeded to reduce radiation doses that
might otherwise be received, in an iatervention situation involving chromic exposure

Regulatory Authority:
An authonity or authonties designated or otherwise recognized by a government for regulaton
purposes in connection with protection and safen

Residual dose:

Source:

Anything that may cause radiation exposure, such as by emitting 10nizing radiation ot
releasing radioactive substances or matenals

Temporary relocation:

Organized and deliberate removal of people from a contaminated area for an extended but
limited peniod of time.

Uncoanditionsi ciearance/exemption:

Unrestricted release or use:
Ad-mbyhnﬂaaybdymnmywm.ummm«mof
equip ent, materials. buildings or the site without radiological restriction.

Worker:

Any person who works, whether full time, part time or eemporarily, for an employer and who
has recognized nghts and duties in relation 10 occupstional radiation prolection.

Un conitrmined gphmijahm — San Appende® B,

HDI, PSS
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Appendix B:

The results of the example calculations for generic action levels described in
Appendix B are not aﬁp11cab1e to the USA since most of the concepts and
parameters used in the analysis are quite different for the USA. For example,
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.

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 B:

---The results of the example calculations for generic action levels described
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 sigmificant for the
cost/benefit analyses in Appendix B, may not be pepe€ived by the American
public as the most important factor in optimizatatn. While in the USA the
value cost per person-rem averted is currently $1000, the values listed in
Appendix B rance from around $80 to $400 per person-rem. The use of fixed
costs of remediation to justify the deprVation of generic criteria may also
not be appropriate because these co depend on variety of factors that
depend on the technology and econefffics which vary for each site-specific
clean-up situation. /

o

---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 contiols. An
analysis of potential land use and potential migration of contamination sheuld
also be performed to establish the criteria.

Appendi x D:_ﬂ

---The use’of 10 mSv/y (1000 mrem/y) as the upper bound of the tolerable
exposurg” for individual members of the public is inconsistent with current
interpational and national value of 1 mSv/y (100 mrem/y).

Attachment: Ay stated

TICKET : DWM- 034

QI%IBIBUIIQN: Central File LLDP r/f DWM r/f NMSS r/f
PU %IC BJDavis MBell DGillen TCJohnson
LBell

10 receive a copy of this document in small box on "OFC:" line enter: “C" = Copy without
attachment/enclosure; "E" = Copy with attachment/enclosure; “N" = No copy

Path & File Name:s:\dwm\lldp\rbn\ash
LLDP LLDP | |
NAME RN Fey RNelson MwWeber MFederline
10/ ¢ /96 10/ /96 10/ /96

ACNW: YES ___ NO ___ Category: Proprietary __ or CF Only
IG : YES __ NO ___
LSS : YES __ NO __ Delete file after distribution: Yes __ No



