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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

The remit of WG 13 covers all aspects of the decommissioning phase, and thus it interfaces with other
Sub-Committees and Working Groups whose work intersects with this phase.

Figure 1 below indicates some of the topics that could be included in SC 5 and/or WG 13. It provides a
view of how the scope of this ISO Standard links with both generic and more detailed topics.

This document contains both guidance and references to documents which may be useful in relation
to this work area. Read in conjunction with the supporting references, it gives a generic approach
to the topic_It also may have connections with many other blocks across the whole diagram (e.g.
Decommissjoning strategy, Waste Management, Site remediation, Dismantling/Demolition, Costlissues,
Safety).

Moreover, iff was not intended to establish this document as a stand-alone document. When a member
country alr¢ady has national tools in this field (e.g. regulatory requirements, national $tandards), these
requirements and national standards are applicable in conjunction with this document.
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Figure 1 — Indicative chart of the topics included in WG 13, showing how this document is
linked to other topics

This work stream structure can be used to clarify the scope of WG publications and to ensure that areas
of joint interest between ISO teams and working groups are coordinated. The ISO shadow committee for
a member body identifies proposals for further work and, if appropriate, submits them to the Working
Group for international consideration as potential new work items. Figure 1 can be a useful prompt
in this process. This document is part of an overall decommissioning and environmental remediation
strategy including, for example, the monitoring and/or remediation of groundwater which might be
addressed in a new work item.
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Since the discovery of radioactivity at the end of the 19th century, numerous laboratories and facilities
have dealt with radioactive substances (notably radium). In addition, the development and considerable
expansion of the nuclear industry, both civilian and defence, has generated many nuclear facilities built
since the 1940s, resulting today in legacy sites.

More recently, nuclear operators and state organisations have intensively undertaken the dismantling
and remediation of shutdown nuclear facilities. Remediation projects also concern former mining
sites, other legacy sites and industrial sites having produced NORM (Naturally Occurring Radioactive
Material) and TENORM (Technologically Enhanced NORM) waste, where the main issue is the large
volume of waste involved. The aim is primarily to demonstrate that the entire nuclear cycle is well

managed. A large number of issues need to be considered:
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The nuclear regulatory framework did not exist at the beginning and it has evglve
release procedures, health and safety, environmental considerations...). In addition, tl
ind more stakeholder involvement today, and this needs to be considered at the early {
project.

q

The availability of waste management facilities and disposal sites varies’between c(
through time. The classification based on activity levels: e.g. very low(Ievel waste (VLLY
yvaste (LLW), intermediate level waste (ILW), high level waste (HLW)) and nuclide half:
lived or long-lived radionuclides) impacts remediation projects,-These factors sometin
the partial clean-up of sites, due to the absence of a final solution for waste disposal. Wa
ave had to be temporarily stored on site for economic reasons.

emediation costs and schedules are optimized and rationalized using a graded appro
rojects are generally expensive and time consuming. They also need to be securely
lanned.

n order to optimize waste categories, volumes-and costs, characterization is a crucial is
he best knowledge of the radiological stateof the site (soils, buildings and infrastrug
btained before making project decisions)

bns learned from the first sites to.be remediated have demonstrated that poor char
ed on incomplete historical information and too limited a number of data points

1gly impacts the success of a.remediation project, with inappropriate choices having
-estimation of volumes and over-categorization of waste, unexpected contamination).

antling and remedjation projects. There are many characterization steps necessary t
ct, each with specific objectives.

main potential improvement concerns the sampling effort, sample representat
sment of. activity levels assessments. Combined with data analysis and proces{
rtainties.involved are combined to deliver a result with a corresponding confider
eforethe characterization strategy and programme should be set well before
urements, to ensure efficiency.

d over time
here is more
tages of any

untries and
V), low level
lives (short-
hes result in
ste may also

hch, as these
funded and

bue enabling
tures) to be

Acterization
or samples)
been made

consequence, it is now recognized that accurate characterization is the key t¢o successful

hroughout a

veness and
ing, all the
ce interval.
the actual

The preparation of any nuclear facility’s remediation programme requires knowledge of its operational
history. This covers the entire period from design, licensing and through to final shutdown, in order
to establish the nature and location of potential or known radioactive contamination, together with
possible associated chemical products, with the appropriate accuracy. The overall remediation strategy
requires an estimation of the quantity and the volume of waste to be produced, and an assessment of its
level of contamination. This enables appropriate optimized waste management.

In addition, a final characterization is compulsory for sites to be released and/or re-used in order to
demonstrate compliance with remediation objectives (clearance levels, if any, or a release threshold set
by, or agreed with, the regulatory body).

This document outlines the principles of characterization for remediation purposes of soils, buildings
and infrastructures contaminated by radionuclides and possible associated chemical pollutants.
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As the preparation of a sampling plan is an iterative process, decision-taking steps will be defined
throughout this document taking into account constraints imposed by operations, budgets and

regulations,

while respecting the ALARA and ALARP principles.

The application of this methodology will aid the user to obtain the information necessary for compiling
the files associated with remediation operations, as required by the regulatory authorities. It is
applicable to each of the steps necessary for the remediation of sites, depending on the objectives
(release into the public domain, re-use). It can enable an assessment to be established for contaminated
soils, or in preparing to carry out post-remediation checks (even including the facility’s civil engineering

structures),

in order to confirm that the remediation objectives have been met.
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hould be considered for the characterization of soils, buildings and infrastruc
ition purposes. The characterization strategy, programme and planning.Shoul
hte with the complexity of the remediation problem and with the established-end st4
oach can limit occupational exposure for workers, as well as saving time @nd money
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Characterisation principles for soils, buildings and
infrastructures contaminated by radionuclides for
remediation purposes

1 Scope

This

the dontamination of soils, buildings and infrastructures, prior to remediation and/or t¢

document presents guidelines for sampling strategies and characterization processes to assess

check that

the remediation objectives have been met (final release surveys). The principles presentedl need to be
apprppriately graded as regards the specific situations concerned (size, level of contaminatjion...). It can

be used in conjunction with each country’s key documentation.

This
cont

The document complements existing standards, notably concerning sampling, sample presg

document deals with characterization in relation to site remediation. It appl

es to sites

hminated after normal operation of older nuclear facilities. It could-also apply to site remediation
afterja major accident, and in this case the input data will be linked to_the accident involved.

brvation and

their{transport, treatment and laboratory measurements, butalso those related to in situ chemical and
radiglogical measurements. References in the Bibliography~contain links to appropriate dofumentation

and techniques as required by individual member countries:

The
char

It do

com

2

Therk are no normative references in this document.

3

For the purposes of this document, the following terms and definitions apply.

ISO gnd [E€-maintain terminological databases for use in standardization at the following z

3.1

GiveIlthe case-by-case nature of site remediation and decommissioning, the principles a

document does not apply to the following issues: execution of clean-up works, sg
hcterization of waste (conditioned or unconditioned) or to waste packages.

bs not apply to groundwater characterization (saturated zone).

unicated in this document are intended as general guidance only, not prescriptive red

ormative references

erms and deéfinitions

mpling and

nd guidance
Juirements.

ddresses:

ECElectropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

characterization
determination of the nature, concentration and spatial extent of radiological and chemical contents

pres

Note

ent in a specified place

1 to entry: See also radiological and chemical survey.
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clean-up work
actions taken to reduce the exposure to radiological and chemical substances from existing
contamination through actions applied to the contamination itself (the source) or to the exposure
pathways to humans and the environment

Note 1 to entry: See also remediation (3.22).

3.3

clearance level
release threshold

tion

value, ora se
and/or total

3.4
contaminal
radioactive
concentrati

3.5

contaminat
presence of
due to its pr

3.6

cost-benefi
decision aid
(disbenefits
societal, eny

3.7

data qualit
DQA
process per

Note 1 to ent
the intended

3.8

data qualit
DQO
process use
plan for coll

3.9
destructivd

+ of o] +olbliclodl. lat Lad pa | it Faootizit £
COT VvV aracs; CSTauTiSTICO Oy a T CEUTATOT y DO Ty aITa CAPT CSSTUTIT CCT TS OT aCtrv Ity COTICCTITT

activity, at or below which a source of radiation may be released from regulatory cont

nt
br chemical substance or agent present in a medium which due to its propenties, amou
n may have impacts on the environment and human health

ion
Fadioactive or chemical substance or agent in any medium where’it is not desired, and W
pperties, amount or concentration may have impacts on the environment and human h

[ analysis

of undertaking an action, integrating technical, time-schedule, management, fina
ironmental issues.

y assessment

formed once the collected data have been properly verified and validated

use of the data.

y objective

ecting data\of sufficient quality and quantity to support the goals of a study

analysis

DA

rol

nt or

rhich
calth

ing tool using a systematic evaluation of the positive effects (benefits) and negative eflfects

hcial,

y: In DQA, assessment means‘evaluation of quality of data that is meaningful only when it relages to

1 to establistuperformance or acceptance criteria, which serve as the basis for designfing a

analysis of radioactive and chemical materials using methods which involve the destruction of a sample,

e.g. chemica

3.10

| and radiochemical analysis, ICP-MS, alpha spectrometry

difficult to measure radionuclides DTM
nuclides that cannot be easily measured through their gamma radiation or beta emissions; usually
comprise alpha-emitting nuclides without strong gamma lines or pure beta emitters

Note 1 to entry: Examples include 3H, 14C, 36Cl, 90Sr, 99Tc, 129], 238Pu.
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to measure radionuclides

gamma emitting nuclides whose radioactivity can be readily measured directly by non-destructive
analysis means

3.12

fingerprint
nuclide vector

used

to infer and quantify the presence of other key nuclides

Note

Note
gamn

3.13
geos
stati
whic

Note

advanced techniques (non linear, non stationary, multivariate...).

3.14
gra

sour

Note
docu
and n
lifeti

3.15
heal
coml
as to

popy

3.16
infrd

all ancillary equipmment and facilities providing necessary support to the operation of a nu

or sif
re-ug

3.17

ftatistics

appﬂ

1+ i A i 1ot £ i 1.1l i A £ J- Ly L o Lol L2
L LU CIILL Y. AApPpPlLy llls CLUTTUCIAlLIUIT IAUCTUL S TIIAdUITS TOoLIIIIAdtIvUIlIS Ul Mljj [LUure tummeusurc mmutitucs | J.

2 to entry: It is a method which involves measurements of easy to measure radionuclides (3
na emitters, e.g. 137Cs, 60Co) to quantify difficult to measure nuclides (3.10).

ctical methodology based on the use of spatial correlations between-couples of meas
h produces interpolation maps by the kriging technique

1 to entry: The added value of geostatistics lies in the quantification(of the result uncertainty

ed approach
cation of safety requirements that is commensurate with the characteristics of the
Ce and with the magnitude and likelihood of the.sgxposures

1 to entry: The use of a graded approach is_intended to ensure that the necessary level
mentation and actions are commensurate with, for example, the magnitudes of any radiolo
on-radiological hazards, the nature and thelparticular characteristics of a facility or site, and t
he.

th impact assessment

ination of procedures, methods and tools by which a policy, programme or project m
its potential effects onthe’health of a population, and the distribution of those effect
lation

jstructures

e: e.g. sewdge network, roads. but also heavy equipment which might be disposed of]
ed afterclean-up, such as bridge and portal cranes

0).

5.11) (usually

ured values,

and its more

practice or

b of analysis,
bical hazards
e stage in its

1y be judged
s within the

clear facility
as waste or

in si

Ty Mmaacuramant

field

COTITC OO U T CITITTTIC

measurement

measurement where the detection instrument is taken to the material: it is a non-destructive
measurement

3.18
judg

ement assessment

measurements performed at locations selected using expert judgment based for instance on unusual
appearance, location relative to known contaminated areas, high potential for residual radioactivity,

gene
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representation of 2D or 3D objects

Note 1 to entry: Background layers consist of aerial or satellite images as well as vectorial maps. Measured data
are represented in the form of a map (points, colourscale, size, symbol...). It also integrates 2D and 3D grid results
(e.g. isocontours, slices, selection).

3.20
non-destru
NDA
number of

ctive analysis

nalyfir‘a] fpr‘hnir}npc that allow measurement of cppr‘ifir‘ prnpprﬁpc without plm

sical

destruction
Note 1 to ent

3.21
radionuclid
RN

nucleus (of 3

Note 1 to ent

3.22

remediatio
measures
contaminatg
economic vg

Note 1 to ent
condition.

3.23

of the media/item

Fy: Generally used for in situ measurements.

e

n atom) that possesses properties of spontaneous disintegration (radioactivity)

Fy: Nuclei are distinguished by their mass number and atomic number:

n

aken for contaminant removal, containment or“\monitored non-intervention
pd site to reduce exposure to radiation, and for improvement in the environmental af
lue of the contaminated site

ry: to entry: Remediation of a site does not necessarily imply a restoration of the site to pr

objectives

remediatio
generic terr{for any objective, including those’related to technical (for example residual contamin

concentrati

Note 1 to ent
used in devel

3.24
sample

set of indivi
studiedto g

Note 1 to ent

ns, engineering performance), administrative and legal requirements

ry: to entry: The future site-€nd-use assumption forms the basis of remediation objectives 4
pping the strategy for the décommissioning and remediation activities.

dual physical“portions or measurements drawn from a population whose propertie
hin information about the entire population

"y: toentry: The manner the sample is selected should be described in the sampling plan (3.27).

at a
1d /or

stine

htion

nd is

5 are

3.25

laboratory

sample

sample intended for laboratory inspection or analysis

Note 1 to entry: When the laboratory sample is further prepared (reduced) by subdividing, mixing, grinding, or
by combinations of these operations, the result is the test sample. When no preparation of the laboratory sample
is required, the laboratory sample is the test sample. A test portion is removed from the test sample for the

performance

of the test or for analysis.

Note 2 to entry: The laboratory sample is the final sample from the point of view of sample collection but it is the
Initial sample from the point of view of the laboratory.

Note 3 to entry: Several laboratory samples may be prepared and sent to different laboratories or to the same
laboratory for different purposes.
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3.26
sampling

act of taking or constituting (and preparing) a sample, in the aim of investigating a whole population

Note 1 to entry: For the purpose of soil investigation, “sampling” also relates to the selection of locations for in

situ testing carried out in the field without removal of material.

3.27
sampling plan

detailed outline of which measurements will be taken, typically detailing at what times, on which

material, in what manner, and by whom

Note
samp

1 to entry: Sampling plans are designed in such a way that the resulting data will contain &\r¢

Note
a)
b)
9
d)
e)

Note
colle
neces

P to entry: The steps involved in developing a sampling plan are typically:
Identify the parameters to be measured, the range of possible values, and the required resoluti

Design a sampling scheme that details how and when samples will be taken:

q

J

elect sample sizes.
Design data storage formats.

Assign roles and responsibilities.

3 to entry: This includes which surveys will be done, which samples will be taken, and how
sary to carry out a measurement of a specific sampling location in time and space).

Note
comb
then
numbh

4 to entry: The plan may specify, for examplé/ that the sampling is systematic and in tv
ination with the specification of the type of.sampling, the sampling plan in this example alsd
imber of increments to be taken from a lot;the number of composite samples (or gross sample
er of test samples per composite sample;and the number of measurements/tests per test sam

3.28
proh
samy
elem

abilistic sampling
ling conducted according to'the statistical principles of sampling, to ensure that eac
ent in the population submitted to sampling has an equal chance of being part of the s4

Note
the

1 to entry: Probabilistic sampling results in boundary conditions for the type of sampling equ
ethod of sampling(where, when, how) and the minimum size of increments and (composite) s

3.29
site
any i
or p(

nstallation, facility, or discrete physically separate parcel of land, or any building or in
rtian\thereof, that is being considered for survey and investigation and if necessary, r¢

le of the parameters of interest and enable all questions, as stated in the goals, to be answered]|.

bpresentative

they will be

ted, prepared and measured (e.g. sampling point, time'of collection, depth of sampling, and other variables

vo stages. In

may specify
s) per lot, the
ple.

h particle or
ymple

ipment used,
hmples.

‘rastructure
mediation

nfractnobiing (A

nnnnnnn seely
FaStraeearesexXerttt

[l +A8 Aty T

[0

1l
TTeTror

Note

T tOCHtry .1t

3.30
radiological survey
chemical survey

type of survey that includes facility or site sampling, monitoring, and analysis activities to determine

the extent and nature of contamination (3.5)

Note 1 to entry: Characterization surveys provide the basis for acquiring necessary technical information to

develop, analyse, and select appropriate cleanup techniques.

Note 2 to entry: See also characterization (3.1).
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semi-variogram
measure of spatial variation of a variable

3.32

zone of interest
area of interest
area where contamination (3.5) is suspected after historical analysis, functional analysis or preliminary
characterization (3.1)

4 Strate

4.1 Pring

This clause
sites. Its ob
remains soy
through to t

For the diff]
(DQA) or sin]

Figure 2 sh
contaminatg

by applied to the remediation of contaminated sites

iple

focuses on the needs of project managers dealing with the remediatiofiof contaminated
ective is to give a global overview of the different characterization-steps. The main| goal

Ind assessment of activity levels from the selection step for a
he final release of the site.

remediation strategy and
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4.2 Characterization and remediation objectives

Knowledge of the physical and radiological condition of sites and facilities is the most challenging
characterization objective for operators, contributing to plans for appropriate graded actions to be
carried out when the time comes for remediation and dismantling. This objective may concern a whole
site or only part of it.

Remediation or decontamination objectives should be defined or determined in accordance with the
different national regulations. These objectives can be the final criteria for site release or building
decommissioning. They are generally derived from dose risk assessment, taking expected reuse into
account. They may be set by regulations (clearance levels) or negotiated case by case.

As well as cpntributing to meeting remediation objectives, characterization may also be necegSaily for
other specifjc objectives, for example Health and Safety requirements and their impact on clean*up and
dismantling work areas, the estimation of contaminated volumes in order to determine-the anjount
of radioactiye waste to be sent to a storage or a disposal facility, obtaining input datd-te carry
radiation prjotection or environmental impact study, or, to help estimate remediation‘costs. At th¢ end

of the reme
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Thus, chara

determi
identifi

determ
compory

determi
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helping
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helping
determ
quantif

waste ¢
and ma
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but a

iation process, the goal of the characterization carried out during a finalrelease suryey is

ate that the remediation objectives of the clean-up of all or part of a §ite have been rea
Cterization may need to address some or all of the following objectives:

nation of the radiological fingerprint and chemical composition,

ents, as well as the soils around the facility itselfand possibly outside the nuclear site,
nation of the radiological and chemical background around the site,

g results of the numerical model calculations (e.g. activation, migration or diffusion),
fation and quantification of radionuclides which are difficult to measure,

in modelling the dose calculations, in order to determine the remediation criteri
s and soils,

in selecting decontamination or remediation techniques,
nation of doses likely to be received by personnel during clean-up and dismantling,
Fing the radiation protection actions needed for the dismantling and clean-up work,

htegorizdtion in order to decide on its treatment/conditioning, packaging, shipment op
hagement route (clearance, recycling, reuse, storage, disposal),

jon-of the dismantling and remediation costs,

rthed.

fation of areas as regards their radiological/chemical characteristics and impacted media,

nation of the spatial extent of contamination incll the facility structures, systemg and

b for

kions

determination of the dismantling and remediation actions to be undertaken,

determination of any possible easements needed depending on the final facility or site condition,

demons

tration that the remediation objectives have been met,

giving formal input to the documentation to be used for final approval/decisions

A characterization should always meet well-defined objectives. This ensures that a robust decision can
be taken as regards the final facility or site condition. Unclear objectives may result in useless data or
over-characterization.
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Historical analysis

The historical analysis should consider:

— the site context (e.g. geology, hydrogeology, occupations in the surroundings),

— the different industrial activities or operation processes implemented over the years,

— any incidents that occurred during operation (on site and off site) and their consequences.

Knowledge of these aspects is critical in order to be able to identify zones of particular interest for the
characterization process.
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Consultation of industrial facility operation and maintenance documents will also give relevant input
data. For example, information about changes made to surface coating/paint will have an impact on the
possibility of local subsurface contamination.

Other elements can be obtained by consulting the register of monitoring environmental information or

dose

4.5

rates compilations.

Interviews

The two main goals of interviews are first, to confirm and improve the documentation analyses and
second, to obtain additional information about non written practices or incidents.
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Any accident or incident should be considered carefully, based on archive studies or if necessary by
interviewing witnesses who may be able to provide relevant information.

The interviews may also provide further information identifying additional zones of interest.

4.6 Functional analysis

A functional analysis is the necessary complement to a historical analysis.

Its objective is to review the different industrial processes implemented on the site, in order to know
the radionuclides and the chemical substances that have been used and their estimated quantities and
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The points where samples should be taken or dose rates measured are defined on the basis of an
expert judgment depending on site characteristics, available data and the targeted objectives. They
are generally localized in the areas where contamination is most expected (incident, accumulation
points...). There is guidance available on sampling, see 5.2, Annex A and Bibliography.

4.8 Definition of the zones of interest and contamination tracers
The goal here is to make an inventory of areas where potential contamination may exist.

It should be based on the results of the historical and functional analyses and include data from the
preliminary characterization, indicating the location and the nuclide activity levels of each zone.
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Attention should be paid to nuclide fingerprint evolution with time (radioactive decay) notably when
choosing the tracer to measure (generally a gamma emitter). Chemical tracers may also be considered
if relevant.

The perimeter should address both horizontal and vertical extension, even if it can sometimes be
limited to a surface area. As site fences or storage areas may have changed, it is necessary to delineate
the area to be investigated based on prior knowledge from historical and functional analyses.

Analysis of input data enables the definition of one or more “suspected contamination zones” which
may contain surface and/or in-depth contamination.

s of a multi-
Iia analysis (reliability and/or absence of data, nuclear safety, radiation protection‘and personnel
ly, transfer to the environment, etc.).
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results already collected.

The characterization and sampling programme should specify the methods to be used, and define the
numbers and locations of in situ measurements (non-destructive analysis) and of samples intended for
laboratory analysis (destructive analysis). This programme should ensure that the characterization
data available (e.g. analysis results, dose rates, gross alpha and beta counting) will guarantee a sound
characterization. Data Quality Objectives and Data Quality Assessment (DQO/DQA) are relevant tools
to meet this challenge as they can be applied to the entire process, from collecting and analysing
samples to data processing and reporting. They are statements that provide crucial definitions of the
confidence levels required in drawing conclusions from the entire set of project data. These objectives
will determine the degree of total variability (uncertainty or error) that can be tolerated in the data.
Limits of variability should be incorporated into the sampling and analysis plan, and are achieved by
using detailed sampling and analysis protocols. In addition, a complete, perennial and comprehensive
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database enables records to be kept for results (dose rate, activity level, concentration) as well as
context information (coordinates, campaign name, date...). The results obtained are critical elements in
decision-making regarding future remediation actions and strategy definition.

The intended future use of the site may strongly impact the characterization program. There is a wide
range of potential uses: nuclear or non-nuclear industrial activities, offices, housing, etc.

Other constraints such as time, budget and accessibility may have a significant impact on the

surface/volumetric characterization programme.

4.10 Data processing and contamination assessment

The characterization data should enable a sound estimation of the contamination present, and be

based on appropriate data processing and interpretation. It should enable the charac¢terization

objectives tp be met.

The data collected should be organized in a consolidated and validated database.

The main physical quantities measured concern:

a) dose rate and gross counting;

b) surfaceland specific activities (e.g. Bq/cmZ2, Bq/g, Bq/m3);

c) contamjnant concentration (e.g. mg/kg).

Any other quantitative values related to the measurement (weight, chemical composition, date}..) or

qualitative information (visual observations, matrix) should:beTeported, as they are highly valuable for

subsequent jnterpretation.

Measurement results need to be reported with their uncertainties, including those coming from

sampling. Tg make the data set consistent and minithize bias (e.g. differences of model, of configuration,

detector, mdtrix, method); the same protocol should be used for the same type of data.

Attention sHould be paid to processing results’on the basis of consistent data sets, e.g. unit, dry weight,

wet weight.

These pararpeters may also extend o the physical (e.g. grinding, sieving) or chemical (e.g. dissolytion,

acidification) treatment of the sample.

The data prpcessing may consist of:

— statistiqal analysis andinterpretation (histogram, background level...);

— establishment ef.fingerprint (or nuclide vectors) based on correlations. This can also come from
prior krjowledge (e.g. similar pathways, chemical affinities);

— diffusiop‘coefficient and migration profile analyses;

geostatistical surface/volumetric processing;
statistical hypothesis tests;

health impact assessment.

calibration of numerical models (e.g. activation, atmospheric dispersion, migration, hydrogeology);

To meet the different characterization objectives, it is often necessary to use or combine several types
of processing.

The characterization report should permit comparison of the results (radionuclides present, surface
or in-depth contamination mapping, chemical contaminant level) with the remediation objectives. It is
based on data acquisition as described in previous sections and on data processing and interpretation.
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file should contain all the elements necessary to characterize the radiological and chemical

contaminants (contamination levels, spatial extent...). It should contribute to a technical and financial
assessment of the remediation programme.

4.11 Conformity of the results to the characterization objectives

The characterization program may result in an updating of the remediation objectives and the final
characterization file (with or without reservations) without calling into question the methodology.

The data processing results can be compared with the characterization objectives.
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— financial cost.

It should be noted that a poor characterization effort can often lead to overly conservative assumptions
or, on the contrary, to the discovery of unexpected contamination during the remediation work. Both
cases mean expenses unforeseen by the remediation project, and usually higher than the cost of an
appropriate characterization.

A general review of past remediation projects for contaminated soils, buildings and infrastructures
demonstrates the relevance of the characterization effort. These observations are valid for
radionuclide contamination as well as chemical pollution. To summarize Figure 3, the sampling and
characterization effort should be optimized as regards remediation project issues (total impacted
VOlumeS, coptamiration lcvclo) trordertoreducethedecontamination /1 etrediattorreosts (vvunl\ s and
waste costs) and therefore the total cost of the project. With a very limited characterization ‘effort,
attention shjould be paid to an over-categorization of the contaminated volumes or to the riskyof facing
unexpected|contamination that would drastically increase remediation costs. On the contrary,|once
contaminat¢d volumes are correctly estimated and cannot be reduced any further, thete is no negd to
over-characferize (unnecessary samples) given that this would result in wasting time-and money} The
latter case i$ not common, as the characterization process is generally undersized.

14 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a9941abcedd188add03bbe6c1cca9fd1

ISO 18557:2017(E)

Key
characterization effort
relative cost

total cost

remediation
characterization cost
insufficient
intermediate
optimised

O O W > W N R < K

excessive

Figure 3 —Relevance of the characterization effort as regards the total cost ¢f the
remediation project

4.13 Final characterization

The fTnal characterization goal 1s to demonstrate the compliance of the site remediation results with the
remediation objectives. This means demonstrating to the regulatory body and other stakeholders that
the potential dose or risk from residual contamination is within the remediation objectives (release
criteria / clearance level) and that the site is suitable for its future planned use.

For this kind of characterization, a probabilistic approach to sampling should be applied in order to give
arepresentative image of the final site status. This approach will enable the production of data to which
statistics may be applied. Therefore the compliance demonstration will rely on scientific methods,
taking into account the fact that measurement uncertainties are associated with characterization
techniques and that 100 % confidence in a decision cannot be achieved. A level of risk should be
discussed by the project team and the regulatory body. Depending on the history of the different areas
of a site, the design of this final characterization may differ, ranging from random sampling or non-
destructive measurements to a sampling design based on statistical tests defining how many samples
are sufficient to be representative of the area or site.
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Based on the final characterization file and usually also on its own measurements, the regulator will
decide whether the site has been remediated to a satisfactory level and if it can be released with or
without restrictions.

5 Surface characterization programme

5.1 Principle

As mentioned above, the characterization programme generally starts with a surface characterization
of the site to identify potential contaminated areas. From the previous historical and functional
analyses and the definition of zones of interest, this surface characterization combines non-destru':ive

and destrudtive analyses. Depending on the operation or site constraints and the results ainied: for, it
is necessary to choose the suitable measurement method and means among those available (e-g. siimple
checks, non-destructive or destructive analyses, in situ measurement). A structured\phenomienon
in space appears when the observations or measurements present correlations between theny (for
example arda contamination).

The data processing then leads to the surface mapping of the area and the determination of the nuclide
fingerprint,|including difficult to measure nuclides, and the composition of chemical contaminatjon if
relevant.

Figure 4 prgsents the logical progress of a surface characterization programme.
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Figure 4 — Global logic diagram for surface characterization

5.2 Non-destructive analysis

5.2.1 Chajracterization programme: Determination of the sampling design and the numbér|of
data points

The objectiye in collecting samples for analysis is to obtain a small and informative portion dof the
population iinder investigation. Usually, representative samples are sought, i.e. saniples that cgn be
expected to| adequately reflect the properties of interest in the population being.sampled. However,
targeted samples are sometimes needed, e.g. a particular spot at a contaminatedrsite that appears|to be
discoloured| Samples taken at that spot, however, should be representative of ifatthe time the samples
were taken.|Planning for informative sampling should be an integral part offany study.

Based on the information previously gathered, i.e. zones of interest, incident records, lists of
contaminanfts and means of measurement (see 4.3, 4.4, 4.5 and 4.6)t is possible to determing the
adequate nymber of field measurements and samples, and theirlocations. The aim is to obtain the
data necessary to carry out the characterization (e.g. determination of dose rates, activity lgvels,
concentratigns) for a given level of confidence.

Several sampling strategies can be considered, closely linked to the planned data processing technlique:

— Appropriate judgement by qualified expert should be considered when using numerical mpdels
(activatjon, migration, atmospheric dispersion.:) to calibrate and validate the input parameters.
The numbers and locations of data points ane €losely linked to the numerical model, its accuracy and
its sensjtivity.

— The inifial mesh size can be determined based on geometric considerations, depending oh the
charactgristic size of the expectéd)contaminated areas. Data points are collected along a regular
grid. Thie mesh is determined by.the probability of hitting a contaminated area of a given size (Which
is equivplent to the proportion'of identified areas with the same given size).

— This inifial mesh on a regtlar grid can also be estimated taking similar contaminations into acqount
as regards a priori spatial continuity (characteristic spatial structure of the contaminated areas).
Good prjactices are'presented in Annex A. The latter is closely linked to the geostatistical apprpach
that is glanned te be used on the collected values.

— Statistical‘déesign: data processing is based on statistical tests. Considering statistical risk levels
and (pdgssibly) prior estimates or hypotheses for the phenomenon characteristics (e.g. varipnce,
symmetric distribution, homogeneity), the number of data points is determined by the test
hypothesis itself. Data points are generally randomly located.

By default, the sampling strategy should be based on a limited number of judgmental assessments
enabling a preliminary localization of contaminated zones. A more precise characterization is then
performed by sampling iterations and data processing updates, depending on the nature of the
contamination and the characterization objectives. Systematic designs (regular grid) make additional
point collection easier, and reduce uncertainty in identified areas.

Another way to proceed is the use of exhaustive scanning (mainly for dose rate and gross gamma
emitters) with real-time measurements (around one second, while driving or walking or even flying).
This approach gives very interesting semi-quantitative data identifying hot spots and matrix changes.
It also can give very useful information regarding surface contamination spatial structure.
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5.2.2 Implementation

There are many ways to obtain non-destructive results. Robots, humans and vehicles can be equipped
with measuring apparatus and positioning devices. GPS is very convenient for outdoor applications,
whereas laser and up-to-date volumetric reconstitutions are more and more frequently used for
interiors. Correct, reliable plans and maps are a necessity.

Measurements of gross gamma counting and of dose rates, as well as the use of specific alpha, beta,
X, or neutron detectors, should be adapted to the nuclides of interest. The detection limit is a major
issue, as is the estimation of the activity of difficult-to-measure nuclides, notably for alpha and beta
emitters. Collimators and distances from the area measured should be selected carefully, bearing the

Thes|
activi
matn

dition, some non-destructive determinations of the penetration depth of contan
times possible. This can be a first assessment of the vertical extent of the contamin
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of the complete data set.

5.3 | Destructive analysis

5.3.1 Characterization programme

s taken for
om specific
pography or
n be used to
bnsequently

Given the previous non-destructive results and preliminary mapping, surface sample
destfuctive analyses are generally positiohed based on judgment. They are collected fi
sampling locations, for example expected accumulation areas. They may be linked to the to
to the building structure (culvert, sump;etc.). In this case, a prioritization of the analyses ca
rationalize the amount of information (with the objective of limiting redundant data) and c
to saye time and money.

Dest
meay
for d

Fuctive analyses are of’ crucial importance in the case of non-conclusive nontdestructive
urements (alpha emitters, for example). In this case, all considerations from 5.2.1 directly apply
pstructive samples,

The ends on the

preli

celection of the/nuclides to be analysed and of associated chemical compounds dep
minary histerical and functional analyses.

5.3.7 Implementation and laboratory analyses

Surface“samples can be collected easily, using basic tools for soils and with hammering or drilling
techniques for concrete or hard rock. Sample constitution and representativeness are important issues
for the later data processing and for the confidence given to the results. Composite samples may be
appropriate in tackling these issues. The detection limits of measurement methods are important
criteria in deciding on the number of samples and the quantity of materials to be collected for
laboratory analyses. The choice of methods should be optimized to fit the characterization objectives.
This decision should namely consider the relevance and importance of the contaminant in the safety or
environmental assessment, technical performances, the cost of the measurement.

More and more mobile laboratory units have been developed to reduce logistics, time and cost aspects.
On-site lab measurements have considerable value for responsiveness purposes.

Chemical measuring kits are also available (e.g. Laser Induced Breakdown Spectroscopy (LIBS),
Photoionization detection (PID), heavy metals X-fluorescence) for situations where chemical pollutants
need to be characterized.
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5.4 Preliminary consolidation

If the contaminants found are different from those expected or if there are several contaminant
compositions (several fingerprints), it can be necessary to review/reinforce the historical assessment

and/or colle

ct additional data.

Consistency checks may be necessary between the location of values (base-map) and the expected

contaminati
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variability is modelled.
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In addition, geostatistics enables sampling optimization in order to reduce estimation uncertainties.
The criterion may focus on under-sampled areas (kriging error variance), high variability areas
(confidence interval), and classification improvement or misclassification risk reduction (probability of
exceeding a threshold).

5.5.4 Statistical processing in the case of non-structured contaminations

When variables are independent and non-correlated with each other, use is made of descriptive
statistics for global trends (mean, median, mode) and for dispersion (spread, inter-quartile interval,
variance, standard deviation, coefficient of variation, minimum, maximum, percentiles), as well as
shape indicators (asymmetry coefficient, flattening coefficient).
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Classical statistics are also used as an initial assessment with data coming from the characterization of
spatially structured contaminations.

In this non-spatially structured situation, neither the sampling effort nor the characterization
estimations can be optimized, as contamination is randomly distributed. However exhaustive
characterization or specific sorting techniques can be used to reduce the production of waste, e.g.
conveyor belts with measurement devices, waste categorization by non-destructive analysis of the
sorted units (objects, packages).

In addition, the categorization of a contamination as non-structured may be the consequence of an
insufficient number of samples to identify a structured phenomenon.

5.6 | Conformity of the results with the characterization objective

At the end of the data processing, it is necessary to check result conformity with the hitialfobjective. If
devigtions can be observed, it is necessary to go back to the initial stages of the Workflow tp update the
different input parameters (perimeter, radionuclides...).

As already mentioned, intermediate checks and internal loops occur at séveral stages (e.g.[preliminary
consplidation, uncertainty reduction).

In addition, in order to reduce these prediction uncertainties (confidence interval, risk of|exceeding a
threghold), additional measurements can be decided on (iterafive sampling) within the geostatistical
framework on a judgmental basis or by using automatic algorithms.

5.7 | Surface characterization file

For durface contaminations, a classical surface characterization file may include the content that has
been|described in the above sections. In particular

— ¢ontext and objective of the surface characterization,
— ¢onclusions of the historical and funhctional analyses, and of the preliminary characterization,
— identification of the zones of interest and contamination tracers,

— gampling strategy and measuring devices or techniques which are implemented,
— presentation of the yalues collected and their preliminary analysis,

— Tresults of estimations (impacted areas, activity levels, maps, etc.),

dchievement,of initial characterization objectives,

— plannedremediation/decontamination works in the case of surface contamination,

— inputdata for the volumetric characterization program if volumetric contamination i to be dealt
VVith {DCC Flé Ui tc 2).

6 Volumetric characterization programme

6.1 Principle

The structure of the volumetric characterization programme is similar to the surface characterization
programme.

From the previous historical and functional analyses and the definition of zones of interest, and from the
surface assessment if relevant, volumetric characterization is strongly based on in-depth destructive
samples.
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Like surface characterization, volumetric characterization aims at fulfilling the characterization
objectives by aggregating and processing all available input data.

Figure 5 presents the logical progress of a volumetric (in depth) characterization program and related
sampling plans.

22 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a9941abcedd188add03bbe6c1cca9fd1

Definition of zones of interest
and contamination tracers

+ surface characterisation output
(assessment)

!

In depth investigation

Characterisation program

ISO 18557:2017(E)

[ Implementation and ]
taboratory aratyss
( )

!

Preliminary consolidation: No

confirmation of contaminants

No

Data processing

Structured phenomenon

Numerical modelling including
activation, dispersion, migration;
geostatistics...

!

Mapping results

Descriptive statistics
(non correlated results)

No

Conformity of
the results to objectives

[ Volumetric characterisation ]
file

Figure 5 — Global logic diagram of volumetric characterization
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6.2 Volumetric investigations

6.2.1 Characterization programme

Estimations of the surface and the depth to be characterized constitute the first step in defining the
volumetric perimeter, based on the historical data (see 4.3) combined with the functional analysis (see
4.6), the results of the preliminary characterization (see 4.7) and the surface characterization outputs
if relevant (see 5.7). For an open site, attention should be paid to natural soil depth (intended to be
reached and sampled) and/or water table level or perched water. For indoor characterization, wall or

slab thickne

sses are among the main parameters to consider.
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er step defines the samples to be taken along the drill cores (numbeglocation, and mas
nalyses. This second step can be driven by a regular pattern ox, more optimally, by t3
tive measurements (dose rate or gross gamma counting, gamia spectrometry scan
into account. Correlations between raw data (count rate,~dose rate, etc.) and labor
among laboratory results themselves (correlations between easy-to-measure and diff
nuclides) are relevant tools for the optimization and-limitation of lab analyses. Fred
he database and its assessment are a very effectivéiway to adapt and reduce the nu
laboratory measurements.

the vertical resolution along cores should*be adapted to the characterization objec
e the preparation for the remediation/decontamination works. It should also tak

nedia is also a relevant input parameter, and should be carefully assessed and recordedl.

characterization programme focuses on drillings (including the number, location,

e is
breat

Iterative investigations enable an optimized characterization by reducing’uncertainties

ieces

5) for
king
ning,
itory
cult-
juent
mber

[ives,
b the

contaminatjon profile and decontamination techniques envisaged into account. For instance, if a block
of contaminfated land is expected to be remedjated by units of 50 cm horizontal layers, a 1 cm vertical
pattern for samples and analyses is definitively disproportionate (too many redundant values at the
50 cm scale). However for a 50 cm concrete slab, the activity can be expected to vary significantly in the
first centimgtres and sampling should.reflect this (not using a 50 cm core average sample).

6.2.2 Implementation and laboratory analyses

Depending ¢n the choice af the characterization method, it will be necessary either to organize in situ
measurements by succéssive observations or to carry out samplings and the transfer of samples to
the measur¢ment laboratory for destructive measurements. In the latter case, it is useful to definge the
actions neegled prior'to the measurement, be these physical (e.g. grinding, sieving) or chemical (e.g.
dissolving, |eachinig). The considerations described in 5.2.2 and 5.3.2 naturally apply for in-depth
samples.

Obtaining the raw results consists in gathering all or part of the measurement results and putting them
in a suitable form in order to be able to apply the appropriate statistical processing. The group of results
will make up the characterization database.

6.3 Preliminary consolidation

Similarly to the surface preliminary consolidation, if contaminants are different from those expected
or if they differ between identified contaminant compositions (several fingerprints), it is necessary to
review/reinforce the historical assessment and/or collect additional data.

Consistency checks are necessary between the locations of values (base-map) and expected
contamination areas.
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The same applies to material matrices and structural thicknesses for building structures, for instance.
A good radiological characterization starts with a good physical characterization. This is even more
crucial when facing volumetric characterization.

6.4

Volumetric Data processing

6.4.1 Case of structured contaminations

Similarly to surface characterization, data processing should consider the possible spatial continuity of
the phenomenon. If the surface analysis points to this spatial correlation, it is naturally extended to the
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— planned remediation/decontamination works.
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7 Final characterization programme

7.1 Principle

As mentioned in 4.13, the principal goal of this characterization is to ensure that the site has been
adequately remediated and can be released for unrestricted or restricted use, depending on what has
been agreed with the regulator and stakeholders.

Figure 6 presents the logical process for a final release characterization.

( A
Clean-up works and
- assocrated cnecks
Regulations, \ J
guides, l
requirements in e
force Final characterisation
program
(. J/
4 l N
NDA DA only
\ l J
NDAonly )
DA
\ J
[ Assessment of results )
Caomparison with clean-up
N objectives )

Conformity of
the results to clean-up
objectives

[ Final characterisation file ]

DE

Figure 6 — Logic diagram for carrying out final release characterization

7.2 Final characterization programme

The main objective of a final characterization programme is to assess the residual activity and
concentration levels on the site (soils, buildings and infrastructures).

At this specific stage there are two challenges to deal with: the first is that accurate measurements of
low levels of radioactivity or small concentrations of chemical substances are required, and the second
is that the programme needs to demonstrate sufficient representativeness and robustness in order to
convince the regulator and stakeholders prior to their decision making and final approval.
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This programme takes into account several important factors:

— if there will be restrictions on the site, this will have an influence on the levels of the remediation
objectives and therefore on the detection limits needed for the equipment and methods used for the
final characterization;

— knowledge of the natural background levels is necessary to optimize the characterization strategy
and thus the equipment (feasibility of in situ measurement, surface and/or in-depth sampling and
on- or off-site laboratory measurement, or a combination of the three) and the interpretation of the
results;

— the iniTWMh&aMMﬂmﬂ&ummmq&anle,
those that were contaminated and remediated, those that were slightly contaminated buf\ynder

the remlediation objectives, those that are not contaminated) and this will condition the~sampling
strategy in that it will be more extensive on remediated areas than on non-remediated and|non-
contam|nated areas;

— reassurpnce monitoring to confirm the absence of contamination spread;

— the diffjculty of proving that the sampling is representative for the site or facility; hence the begnefit
of usingla statistical approach in order to evaluate the uncertainties associated with the decisidn for
compliance;

— the point above implies that the project manager or operator needs.to choose the percentage of risk
taken i the decision (or confidence level), and to reach an agreement with the regulator;

— the finapcial resources.
Therefore, the programme should define
a) the number and location of measurements,

b) the radionuclides and/or chemical substances to measure and their detection limits (MDA:
Minimujm Detectable Activity),

c) the typg of measurements, i.e. in situ' measurements and area coverage, in-depth boreholeg and
sampling,

d) use of op-site laboratory and/or-off-site laboratory,
e) the way|the measurementresults will be processed (usually statistically), and

f) the way|to deal with-any possible high levels of radioactivity or concentrations of chemicals.

7.3 Processing the final characterization results

The first stgp-Censists of data verification in order to see if the results collected are usable, and to
define the means to evaluate the precision, bias, representativeness and completeness of the data. In
particular, global homogeneity should be checked and/or homogeneous sub-areas should be defined to
ensure the validity of this assumption or to provide the basis for data stratification.

The second step is to process the results. Depending on what has been defined in the programme,
different interpretations can exist: for example, to process with averaging or to process every single
measurement. A generally sound manner to proceed is the use of statistical tests to determine whether
compliance has been achieved.

The easy situation is when all the single measurements comply with the remediation objectives. If an
averaging assessment is used, the mean obtained for data may comply with the remediation objectives
and can therefore be taken to conclude that the remediation is fulfilled. However if the mean value of
the data is close to the remediation criteria and the standard deviation is large, a more comprehensive
statistical study should be conducted. If the mean of the data exceeds the remediation objectives, the
remediation has failed and further actions are needed.
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Statistical processing is key in demonstrating the representativeness of the sampling for the cleaned-
up zone or site, as well as the level of confidence attached to the results presented, is adequate to
demonstrate the remediation objective has been reached.

In the case of isolated high level areas, it may be necessary to perform a new characterization around
each area identified. This could lead to simple, easy remediation actions if the remaining contamination
is localized, or a complete new characterization programme (surface and possibly volumetric) may

need

7.4

to be carried out in parallel with a reassessment of the input data.
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— hydrogeology;
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— functional analysis;

— future use of the site-or facility;
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assessment: surface or volumetric characterization file for contaminated zones:

— characterization measurement results;

— data processing of the results and the location of the contamination;
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— remediation programme:

— cost/advantage or cost/benefit study;

— clean-up works undertaken and associated checks;

— possible issues noted following the remediation, and actions undertaken;

— final characterization:

— characterization measurement results;

— processing of the results;
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— conclusion on the demonstration of compliance with remediation objectives and future use;
— conclusion on restrictions and any need for further long-term monitoring.

The final decision (free release, easement for reuse) is taken by the regulatory body.

30 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a9941abcedd188add03bbe6c1cca9fd1

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Strategy applied to the remediation of contaminated sites
	4.1 Principle
	4.2 Characterization and remediation objectives
	4.3 Historical analysis
	4.4 Documents
	4.5 Interviews
	4.6 Functional analysis
	4.7 Preliminary characterization
	4.8 Definition of the zones of interest and contamination tracers
	4.9 Surface and/or volumetric characterization program
	4.10 Data processing and contamination assessment
	4.11 ​Conformity of the results to the characterization objectives
	4.12 Remediation programme
	4.13 Final characterization
	5 Surface characterization programme
	5.1 Principle
	5.2 Non-destructive analysis
	5.2.1 Characterization programme: Determination of the sampling design and the number of data points
	5.2.2 Implementation
	5.3 Destructive analysis
	5.3.1 Characterization programme
	5.3.2 Implementation and laboratory analyses
	5.4 Preliminary consolidation
	5.5 Data processing
	5.5.1 Spatial structure of the phenomenon
	5.5.2 Data processing in the case of spatially structured contaminations
	5.5.3 Result mapping in the case of spatially structured contaminations
	5.5.4 Statistical processing in the case of non-structured contaminations
	5.6 ​Conformity of the results with the characterization objective
	5.7 Surface characterization file
	6 Volumetric characterization programme
	6.1 Principle
	6.2 Volumetric investigations
	6.2.1 Characterization programme
	6.2.2 Implementation and laboratory analyses
	6.3 Preliminary consolidation
	6.4 Volumetric Data processing
	6.4.1 Case of structured contaminations
	6.4.2 Case of non-structured contaminations
	6.5 Compatibility of the results with the objectives
	6.6 Volumetric characterization file
	7 Final characterization programme
	7.1 Principle
	7.2 Final characterization programme
	7.3 Processing the final characterization results
	7.4 Final characterization file
	8 Final report
	Annex A (informative)  Geostatistical data processing and examples of good practices
	Bibliography

