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reword

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
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘meé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documend may be the
ent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

committee responsible for this documentds1SO/TC 85, Nuclear energy, nuclear technc
ological protection, Subcommittee SC 2, Radiological protection.

5 third edition cancels and replaces. the second edition (ISO 18589-2:2015), which

main change is as follows:

the review of the intreduction according to the generic introduction adopted for the
published on the radiogactivity measurement in the environment.

5t of all parts in the 150 18589 series can be found on the ISO website.

feedback orquestions on this document should be directed to the user’s national standa
plete listing-of these bodies can be found at www.iso.org/members.html
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Introduction

Everyone is exposed to natural radiation. The natural sources of radiation are cosmic rays and naturally
occurring radioactive substances which exist in the earth, flora and fauna, including the human body.
Human activities involving the use of radiation and radioactive substances add to the radiation exposure
from this natural exposure. Some of those activities, such as the mining and use of ores containing
naturally-occurring radioactive materials (NORM) and the production of energy by burning coal that
contains such substances, simply enhance the exposure from natural radiation sources. Nuclear power
plants and other nuclear installations use radioactive materials and produce radioactive effluent and
waste during operation and decommissioning. The use of radioactive materials in industry, agriculture
and researfh is expanding around the globe.

All these human activities give rise to radiation exposures that are only a small fraction of the glpbal
average level of natural exposure. The medical use of radiation is the largest and a growing man-nmjade
source of radiation exposure in developed countries. It includes diagnostic radiology)\radiotherppy,
nuclear mgdicine and interventional radiology.

Radiation pxposure also occurs as a result of occupational activities. It is incurred by workerp in
industry, mhedicine and research using radiation or radioactive substances, asiwell as by crew dufing
air travel. The average level of occupational exposures is generally similar to‘the global average lev¢l of
natural radiation exposure (see Reference [1]).

As uses of fradiation increase, so do the potential health risk and the\public's concerns. Thus, all these
exposures pre regularly assessed in order to

— improye the understanding of global levels and temporal trends of public and worker exposure
— evaluate the components of exposure so as to provide a'measure of their relative importance, apd
— identifly emerging issues that may warrant more.attention and study.

While dosps to workers are mostly directly. meéasured, doses to the public are usually assegsed
by indireqt methods using the results of:tadioactivity measurements of waste, effluent and/or
environmental samples.

To ensure that the data obtained from‘adioactivity monitoring programs support their intended ude, it
is essential that the stakeholders (for-example nuclear site operators, regulatory and local authorifies)
agree on appropriate methods and-procedures for obtaining representative samples and for handling,
storing, preparing and measuring the test samples. An assessment of the overall measurenjent
uncertaintly also needs to be‘carried out systematically. As reliable, comparable and ‘fit for purppse’
data are ar) essential reqaiye€ment for any public health decision based on radioactivity measurements,
international standards{of tested and validated radionuclide test methods are an important tool for
the produdtion of such measurement results. The application of standards serves also to guarantee
comparability of<the test results over time and between different testing laboratories. Laboratofies
apply then] to.demonstrate their technical competences and to complete proficiency tests successfully
during intgrlaboratory comparisons, two prerequisites for obtaining national accreditation.

Today, over a hundred International Standards are available to testing laboratories for measuring
radionuclides in different matrices.

Generic standards help testing laboratories to manage the measurement process by setting out the
general requirements and methods to calibrate equipment and validate techniques. These standards
underpin specific standards which describe the test methods to be performed by staff, for example, for
different types of samples. The specific standards cover test methods for:

— naturally-occurring radionuclides (including 49K, 3H, 14C and those originating from the thorium
and uranium decay series, in particular 226Ra, 228Ra, 234U, 238U and 201Pb) which can be found in
materials from natural sources or can be released from technological processes involving naturally
occurring radioactive materials (e.g. the mining and processing of mineral sands or phosphate
fertilizer production and use);
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— human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium,
and curium), 3H, 14C, 29Sr and gamma-ray emitting radionuclides found in waste, liquid and gaseous

effluent, in environmental matrices (water, air, soil and biota), in food and in animal feed

as aresult

of authorized releases into the environment, fallout from the explosion in the atmosphere of nuclear
devices and fallout from accidents, such as those that occurred in Chernobyl and Fukushima.

The fraction of the background dose rate to man from environmental radiation, mainly gamma

radiation, is very variable and depends on factors such as the radioactivity of the local rock a
nature of building materials and the construction of buildings in which people live and work

A reliable determination of the activity concentration of gamma-ray emitting radionuclides
mafrices is necessary to assess the potential human exposure, to verify conformity witl
profection and environmental protection regulations or to provide guidance on reducingh
Gamma-ray emitting radionuclides are also used as tracers in biology, medicine, physics;che
englineering. Accurate measurement of the activities of the radionuclides is also nfeeded foy
secyrity and in connection with the Non-Proliferation Treaty (NPT).

document should be used in the context of a quality assurance manageméntsystem (ISO/

[SO[18589 is published in several parts for use jointly or separately according to needs. Theg
conjplementary and are addressed to those responsible for determining the radioactivity|
soil} bedrocks and ore (NORM or TENORM). The first two parts aneygeneral in nature and d
setfling up of programmes and sampling techniques, methods.6f general processing of sam
labgratory (ISO 18589-1), the sampling strategy and the soilisampling technique, soil samp

nd soil, the

in various
1 radiation
palth risks.
mistry, and
homeland

EC17025).

e parts are
present in
bscribe the
ples in the
e handling

and| preparation (ISO 18589-2). ISO 18589-3, ISO 18589-4.and ISO 18589-5 deal with nuclide-specific

tesf methods to quantify the activity concentration of:gamma emitters radionuclides (I§
and ISO 20042), plutonium isotopes (ISO 18589-4) and?YSr (ISO 18589-5) of soil samples. I§
s with non-specific measurements to quantify rapidly gross alpha or gross bet3
ISO 18589-7 describes in situ measurement ef gamma-emitting radionuclides.

udge, sediment, construction material'and products following proper sampling procedu

if document is one of a set of International Standards on measurement of radioacti
ironment.

0 18589-3
0 18589-6
activities

test methods described in ISO 18589-3 to ISO 18589-6 can also be used to measure the ralionuclides

[C.

ity in the
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5 document specifies the general requirements, based on ISO 11074 and ISO/EC 17

ples for testing. It includes the selection of the sampling strategy, the outline of the san
presentation of general sampling methods and equipment, as well as the methodology
tment of samples adapted to the measurements of the activity of\radionuclides in soi
hular materials of mineral origin which contain NORM or artificial radionuclides, such

25, for all
baration of
pling plan,
of the pre-
| including
as sludge,

ment, construction debris, solid waste of different type and materials from techjnologically

anced naturally occurring radioactive materials (mining,{eoal combustion, phosphat
duction etc.).

simplification, the term “soil” used in this document, cevers the set of elements mentione

5 document is addressed to the people responsibile for determining the radioactivity
for the purpose of radiation protection. It is_applicable to soil from gardens, farmland
1strial sites, as well as soil not affected by huntan activities.

e fertilizer

d above.

present in
, urban, or

5 document is applicable to all laboratories regardless of the number of personnel or the range of

testing performed. When a laboratony. does not undertake one or more of the activities
document, such as planning, sampling, test or calibration, the corresponding requirem

ap

NOTE

per

2

Thd
con
und

ISO

y.

The term “laboratory®*is applicable to all identified entities (individuals, organiz
orming planning, sampling, test and calibration.

Normative references

following docitments are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

11074, Soil quality — Vocabulary

covered by
bnts do not

htions, etc.)

Pir content
pplies. For
[s) applies.

ISO
defi

ISO

3

18589-1, Measurement of radioactivity in the environment — Soil — Part 1: General gui
nitions

80000-10, Quantities and units — Part 10: Atomic and nuclear physics

Terms and definitions

delines and

For the purposes of this document, the terms, definitions, and symbols given in ISO 80000-10,

ISO

18589-1, ISO 11074, and the following apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

©IS
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[EC Electropedia: available at https://www.electropedia.org/

4 Symbols
e thickness of the layer sampled
Mg, wet mass of the sorted sample
m’y wet mass of a subsample of the sorted sample
Mg dry mass of the test sample
a activity per unit of mass of the test sample
Ag activity per unit area
S surface area sampled
5 Pringiple
The purpdse of the measurement of soil radioactivity is to monitor, the environmental impadt of
radioactive substancesl2] and/or to assess the radiological impact onche population[3141(2][6],
The main dbjectives of the measurement of radionuclides in soil (see ISO 18589-1) are the following:
— charagterization of radioactivity in the environment;
— routing surveillance of the impact of radioactivityweleased from nuclear installations or of|the
generdl evolution of the radioactivity in a region;
— investigations of accidents and incidents;
— plannipg and surveillance of remedial a¢tion;
— deCOrInissioning of installations onthe disposal of materials.
Consequenitly, measurements of soil radioactivity are performed in a variety of situations, but a genric
approach dan be described, with-the following steps as outlined in this document:
a) Plannipg process — Selection of the sampling strategy
The sdlection of the.sdampling strategy depends on the main objectives and on the results of|the
initial [investigation of the area. The sampling strategy shall lead to the knowledge of the natpre,
activitly concentrations, spatial distribution of the radionuclides, as well as their temporal evolutfion,
taking|into gecount changes caused by migration, atmospheric conditions, and land/soil use.
An inifialinvestigation of the area shall be carried out to determine the sampling strategy.
[SO 18400-104 gives general guidance on sampling strategies and ISO 18400-202 on preliminary
investigations. ISO 18400-205 gives specific guidance for the investigation of natural, near-natural,
and cultivated areas; and ISO 18400-203 deals with the investigation of potentially contaminated
sites.
Details are given in Clause 6 and a scheme for the selection of the sampling strategy is given in
Annex A.
b) Planning process — Sampling plan
The sampling plan shall be developed according to the sampling strategy selected. It shall specify
the selection of sampling areas and units, the sampling pattern, the sampling points, the types
2 © IS0 2022 - All rights reserved
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of samples, the sampling procedures and equipment, as well as the safety requirements for the
personnel.

ISO 18400-107 gives general guidance on the framework for the preparation and application of a
sampling plan.

Details, such as the selection of sampling areas and the sampling units that result from the type
of grid applied to these areas, are given in Clause 7. Definitions of the types of samples are given

in ISO 18589-1. The relationship between samples types is given in Annex B.

Sampling process — Collection of samples

The collection of any soil samples in the field shall conform to the established sampling

For sampling of the top layer, a single sample or n increments of a defined thicknéss are
each of the selected sampling units.

For vertical sampling of several soil layers, samples are taken at increasinng-depth verti
the surface sampling point. A single sample or n increments are collected.from the various
with different thicknesses according to the sampling depth. Special, care should be e
order not to mix samples from different soil layers.

Reference [12] gives guidance on recording and reporting of the samples.
Details are given in Clauses 7 and 8.
Sampling process — Preparation of the sorted samplé

The preparation of sorted samples is carried~out by the reduction of single or

blan.

Ffaken from

Fally below
soil layers
xercised in

composite

samples. A sorted sample should be representative of the average value of one or tnore given

soil characteristics. The identification, labelling, packaging, and transport procedure
samples to the laboratory shall guarantee-the preservation of their characteristics.

Details are given in 8.3, 8.4, and 8.5:
Laboratory process — Handling.of the laboratory sample

After arrival at the laboratery, the sorted samples are considered as laboratory samples
and further pre-treatmentbefore their analysis.

Details are given in €lause 9.

Laboratory precess — Preparation of the test sample

5 of sorted

for storage

Before anys-testing, the laboratory samples are pre-treated by drying, crushing, sieving, and

homogenizing to produce test samples in the form of a fine, homogeneous powder. Pre
shall.guarantee that the physical and chemical characteristics of the test sample ay
ovér time, thus rendering the results easier to interpret. Representative subsamples w

-treatment
e constant
ith masses

détermined by the specifications of the different radioactivity measurements shall be is

lated from

the test sample as test portions.
Details are given in Clause 9.

If some material is stored for future investigations or for the purpose of settling a potent
subsamples shall be taken from the laboratory sample or the test sample in an acce
documented manner.

© IS0 2022 - All rights reserved
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6 Sampling strategy

6.1 General
During the planning process, the sampling strategy for the site under investigation is determined

according to the objectives described in Clause 5 item a), resulting in the definition of a sampling plan [2]
[3I5I1Z]i8119l,

6.2 Initial investigation

Whatever fhe objective of the work being carried out is, certain preliminaries shall be undertdken
during thelinitial investigation phase to help define the sampling strategy, such as the following:

— analysj|s of historical and administrative data, company archives, previous studies, and'ifitervipws
with fgrmer employees, which help identify potential sources of radioactive contamination;

— collectiion of information on geological, hydrological, and pedological characteristics and on|the
main ¢limatic parameters, in order to characterize the spatial and temporal*development of|the
charagteristics of the radioactivity of an area;

— survey of the site under investigation to identify its topography, the nature of the vegetation cqver,
and anly peculiarities that can affect the techniques and the samplisig plan;

— for farimland, collection of information from the farmers on the nature and depth of works (gub-
soiling or drainage, ploughing and harrowing ditches, etc.) and'on chemical fertilizers and addit}ves
that cgn lead to excessive natural radioactivity (nature and‘quantity of products applied).

When datalon radioactive soil contamination are not available or in case of suspicion of contaminatfion,
in situ analytical investigation using portable detectors;er some preliminary sampling and subseqyent
laboratoryl|analysis can be necessary in order to select'the sampling areas and strategy.

6.3 Types of sampling strategies

Sampling strategies are either orientated.or-probabilistic depending upon the objectives and the injtial
knowledgd of radioactivity distribution‘ever the area under investigation.

Orientated| strategies are based ofi a priori constraints that lead to a selection of sampling units in a
specific ar¢a under special scrutiny because of particular interest or level of contamination.

Probabilisfic strategies aretbased on a selection of sampling units without any a priori constraints.

The selectipn of sampling-units and points is described in 7.2.

6.4 Selection of'the sampling strategy

The appropch)or sampling strategy shall be selected depending on the objective pursued and|the
relevant end points, for exampie 9 g Into account
social and economic constraints. The sampling strategy selected should ensure that the radioactivity
of the samples is representative of the distribution of radionuclides in the soil of the area under
investigation (see ISO 18400-101 and References [2][3][5][Z])-

Although the strategy can only be defined on a case-by-case basis, the selection of the sampling strategy
should follow these stages:

— analysis of the records, which enables an historic study of the sampling site, in particular of its
previous use (identification of the source);

— evaluation of preferential migration pathways and/or accumulation areas;

— sitereconnaissance with respect to the boundaries of the sampling areas and sampling undertaken;

4 © IS0 2022 - All rights reserved
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— site reconnaissance: a rapid analytical investigation using portable radioactivity detectors can be
used to characterize the distribution of the radioactivity of the areas to be studied.

This step in the planning process determines a large number of choices and can generate important
and costly activities. It also includes the definition of the objectives of the data quality according to the
parameters to be analysed.

Annex A gives a flow diagram that helps in the selection of a sampling strategy according to the
objectives of the investigation.

The choice of the strategy determines the sampling density, the temporal and spatial distribution of
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UMNIts from which samples are collected and the tming of the sampling, taking INto, d
bwing:

potential distribution of radionuclide: homogeneous or heterogeneous (“hot” spots);
characteristics of the environment;

minimum mass of soil necessary to carry out all the laboratory tests;

maximum number of tests that can be performed by the laboratory-fer the study.

nany cases, a prediction of the possible presence of soil cgntamination and its d

hn orientated sampling strategy. One variant of this strategy, which is systematic wi
resentative sampling points, is adapted for the routinesmonitoring of sites whose radioact
distribution patterns are known. This allows a moré:accurate definition of the number a
he sampling points than a purely probabilistic sampling strategy. This subjective selec
pling points can be combined with a statistical‘approach to meet the quality requiremsg
rpretation. When the spatial radioactivity distribution is unknown, it is necessary t
ntated spatially random strategy:.

r if the distribution of the radioactivity on the site is considered homogeneous. For

hsional heterogeneities (point sources), the implementation of a systematic sampling st
ependent upon the degree of . knowledge of the distribution of these heterogeneities in th
pling areas is recommended:

bn the objective of the investigation is the characterization of a recent deposit on the s
h as in the case of fallout following a routine, authorized gaseous release, or an ac
ection of the topJayer is recommended.
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or as representative of the different soil horizons.

Thd sampling strategy leads to a set of technical options that are detailed in Clause 7.

onuclides With depth (in order to predict the potential contamination of the groundwate
layers.at/various depths shall be collected. Layers can be defined either with the sam
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e thickness

7

7.1

Sampling plan

General

The sampling plan is a precise procedure that, depending on the application of the principles of the
strategy adopted, defines all actions to be realized in the field. The plan also defines the human
resources needed for the sampling operation. The plan is directly linked to the purposes of the study,
the characteristics of the environment of the site, the capacity of the laboratory testing facilities, and
the objectives for the data quality requisite for the interpretation of the results of the measurements.
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The sampling plan shall be set up on a case-by-case basis. The plan shall contain all information
needed to perform the sampling, e.g. sampling areas, sampling units, location of sampling points in the
sampling units, types of samples, single or composite, number of increments for composite samples,
periodicity, required mass of a sample considering the planned tests, requirement for archiving the

material, vertical distribution, etc.

7.2 Selection of sampling areas, units, and points

7.2.1 General

After deciding on the sampling strategy, sampling areas and units are defined based on the results of

the initial |nvestigation. In some cases, the boundaries of sampling areas and the location of samp|
units for rputine surveillance/monitoring can be fixed by legal requirements, for exampleyas in
operation pf a new nuclear installation. They are defined as a result of the reference radiolog
study performed for the project. For accident investigations, the size of the sampling ared and loca
of the sampling units can also be determined by the environmental conditions (wind strength

direction, jopography, etc.) at the time of accident, as well as the variation of the soubce characteris
(radionuclides, activity, release duration, etc.).
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abilistic strategy, the sampling units can be selected either, by systematic or randlom

5 whereas it cannot be done by a random approach for an orientated strategy.
rategies, the sampling points can be selected either by a_systematic or a random approag

ne site, depending on the heterogeneity of the radioactivity distribution, a combinatio
egies can be applied to the different sampling areas,

mpling for use with a probabilistic strategy.

hbilistic strategy, the sampling areas, following their identification, are covered with a
s the sampling units. The size of the giid mesh should take into account the surface are
 is also governed by the analyticalcapacity of the laboratory and the financial constra
't the number of samples that can,be analysed. The surface area of the grid units can rq
square metres to several square kilometres depending on the site under investigation.

hctivity map is available Jas a result of a preliminary in situ radiological inspec
nce [10]), the grid mesh.imposed on the sampling area can correspond to the grid adoy
ioactive cartography. The radioactivity map can be denser where contaminated areas
or less dense in the-presumed absence of contamination.

umber of Sampling units that are eventually sampled depends on the heterogeneity off
ntal characteristics and on the access restrictions imposed by the topographical comple

For randon

h'sampling, the sampling units are referenced and a number chosen at random.
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the
Kity

When the purpose of the study is to investigate the impact on the environment of the contribution of a
specific source of radioactivity, it shall be compared to the background activity level. The latter can be
determined in an area assumed to be uncontaminated by the source under investigation (for example,
not influenced by any effluent discharges from the plant under study), have soil characteristics as
consistent as possible with the area under investigation and is considered as the reference area.

7.2.3 Sampling for use with an orientated strategy

For an orientated sampling strategy, the sampling area is defined by the constraints imposed by the
objectives of the investigation on the basis of the environmental data and the cartography results.
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The sampling plan is based on a subjective selection of sampling units as a result of prior knowledge of

the

area and/or initial in situ radioactivity investigations.

When the objective is to collect the samples with the highest activity level and there are no radioactivity
data available, a preliminary radiological investigation with a portable detector allows the creation of a
map of the site that highlights the contaminated area(s) and helps to define the sampling plan with the
precise location of the sampling unit (see Reference [10]).

NOTE

One of the aspects of this initial investigation is also to assess the risks of exposure of workers in

charge of the sampling operation and, therefore, to define radiation protection measures, in particular, those to
be implemented on-site relating to the protection of personnel against radiation.

In 1
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7.2

Using the data of past environmental studies and visual reconnaissance of the site, sam]
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kimum concentration of the predicted fallout of discharges in the atmosphere from thepl

bn the radioactivity of the soil and other components of the environment (air, water, bio
hents of the human food chain and feedstuffs) are investigated simultaneously/then the
sampling unit should take into account the presence of the other indicaters.

4  Selection criteria of sampling areas and sampling units

h homogeneous topological configuration and vegetation ¢ever are identified. This r¢q
hration of elevated zones from sloping zones, herbaceous, areas from bushy ones, forg

bssible, sampling units with a soil layer that has not'been disturbed by human activity,
-kept herbaceous cover, should be selected. The surface of the sampling unit shall be atle
hre metres. Any disturbance shall be noted, indicating the scale, nature, and origin on
Pt.

bstigation of plants in the field. For agricultural land, the upper layer with a thickness e
ghed depth may be considered ashomogeneous, if contamination occurred before the zof]

ng into account its intrinsic heterogeneity and the way it was deposited.

routine surveillance, the sampling units that are regularly sampled over time have to bg
‘ees and bushes.

bn a description 6fthe soil profile is called for by the sampling strategy, then the layer thic
letermined by‘pedological characteristics111[12][13][14] or by the expected rate of vertica
he radionuglides. Details of the sampling method for the collection of samples with dept
2.3 and<an ‘example of a sampling plan is given in Annex C.

fapmland, border effects, in particular, can be avoided by remaining at least 20 m
mieter of the plot, unless otherwise specified in the objectives of the study.

outine surveillance of a nuclear installation, the sampling unit can be chosen as t}le point of

ant.

indicators,
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bling areas
quires the
sted areas

and with a
ast several
the sample

radioactive surveillance of disturbed soils may be carried out in addition to radioactivity

qual to the
e had been

ghed. In the case of industrial or'built-up land, material used for ground fill may be investigated,

kept clear

lkness shall
migration
h are given

inside the

7.3

Identification of sampling areas, units, and points

Sampling areas and units shall be identified by the following parameters:

administrative district, name of the town, site, or commonly accepted name of location;

name or reference of the sampling area and units;

— geographic coordinates established using a topographic map or a global positioning system.

The use of an official topographic map issued by a national body is recommended, with a sufficiently
detailed scale of detail, for the delineation of area(s) limits and, if required, the limits and identification
of the sampling units.
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The sampling points are described by their geographical coordinates using a topographic map or a
global positioning system.

7.4 Selection of field equipment

Equipment should be chosen according to ISO 18400-102. Particular attention shall be paid to the
quality of the sampling equipment and, in particular, that the equipment used should not alter, i.e., allow
the pollution or loss of, the radionuclides to be determined.

Depending on the sampling plan that defines the sampling depth and the nature of the soil required, the
equipment used canhe chasen from the Fn”nuring list:

a) material for setting the boundaries: posts, tapes, etc.;

b) for surfface or near-surface samples: shovel, coring tool such as metallic frame, gouge auger, ginplet,
straight probe, spade (equipment shall be cleaned between sampling);

c) for samples up to a depth of 2 m: auger or construction machinery, such as

— m¢chanical digger with bucket to dig a trench from which samples are taken (attention shall be
palid to weak walls in crumbly or disturbed soils), and

— mechanical or hydraulic thrust sampling tube;

d) forsamples at depths greater than 2 m: a core driller equipped with drilling tubes made of matdrial
that dges not react with the soil;

e) equiprhent common to all samples:

(wd

— stainless steel spatula or knife;
— coptainer(s) with a capacity of at least 10 |;
— cldan, dry canvas sheets that do not react with soil, measuring approximately 2 m?;

— wide-necked bags, or bottles, or plastics boxes with a capacity of at least 2 1, which are moistjire-
refpistant, waterproof, dustprodéf, and do not react with the soil;

— sample identification equipment: labels, markers, etc.

During the investigation of\volatile radionuclides, it is necessary to take particular precautions to
avoid lpss of volatiles duritig the collection and storage of samples.

f) specific equipmentuséd to determine surface activity:
— ballances with a maximum range and sufficient accuracy;

— measuring tape or gauge of sufficient length to measure the dimensions of the increments.

8 Sampling process

8.1 General

The sampling process is defined in the sampling plan and depends on the objectives of the study. The
collection of samples and preparation of sorted samples are independent of the sampling strategy
(probabilistic or orientated) selected. The objectives of the study are described in 8.2.1 for a given
sampling unit for sampling at the upper layers down to 20 cm and at deeper layers for the different
applications.
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The generic instructions presented in 8.2.2 to 8.2.3 are applicable to the following cases:

8.2
8.2

8.2

For
foll

For

b)

initial characterization of radioactivity in the environment;

routine surveillance of the impact of nuclear installations or of the evolution of the surrounding

general territory;
investigations of accidents and incidents;
planning and surveillance of remedial action;

dprnmmiqcinning of installations and dicpnqnl of soil from the site:

specific advice is given on

— investigation of the vertical distribution of radionuclides, including samplés tal
trench, and

— determination of the activity deposited in the soil.
Collection of samples
1 Selection of sampling depth versus objectives of the study

1.1 Initial characterization of radioactivity in the.environment

undisturbed soil, the depth of the layer or layers for,sampling can be determined using e
wing two approaches:

Uniform approach, with sampling performed at depths independent of the natural va
the soil characteristics[11I[12], For example, a surface layer can be sampled as a single
to 20 cm or, if a reference surface layertis‘needed to identify a potential future fallout, a sy
can be sampled as two units, one frenrthe surface down to a depth of 5 cm[22] and the se
a depth down to 20 cml23],

Non-uniform approach adapted to natural characteristics, in which the sampling 19
determined by the deptli of the root layer or the pedological characteristic of the prd
latter case, when diffefent soil horizons are present, a corresponding number of separg
should be taken for éach horizon.

soils disturbed by)human activities, such as farming, two approaches are distinguished:

ten from a

ither of the

riations of
unit down
rface layer
tond one to

yersl3] are
file. In the
te samples

Uniform appfoach, with sampling performed at a depth specifically adapted to the local agricultural

practice/For example, it can be performed down to a depth of 20 cm or more, depeng
ploughed’depth.

Non*uniform approach adapted to the actual characteristics of the soil. For profilg
d 1 +l £ 1 P H

ling on the

sampling,

£l £, 1 3 dait 3 4 Lad L 3 Jd 41 1
e SuTTattTay CTr 15 aCTCT I IC U Oy - croc— Ot Pt OT e~ urStaT OCU TTUTTZ0T airdt e 10w

their pedological characteristics. In the latter case, when different soil horizons are
corresponding number of separate samples should be taken for each horizon.

layers by
present, a

8.2.1.2 Routine surveillance of the impact of nuclear installations or of the evolution of the
surrounding general territory

Undisturbed soils for sampling are selected following a uniform approach as defined in 8.2.1.1. In order
for samples to be comparable from one sampling operation to another, it is important to sample the
soil in a part of the area that has not been sampled for at least one year. When a reference surface layer
is defined during the initial characterization of the site, the same surface layer depth shall be used to
identify the potential fallout.
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If the physical and chemical properties of the soil are homogeneous in the sampling unit and if there
is no potential evolution with time of its radioactive characteristics, sampling may be limited to one
sampling point.

Soil increments can be taken using a suitable tool to collect a minimum mass, equivalent to 1 kg of dry
soil for each sampling point. For the surveillance of the general territory performed by different groups,
the sampling procedure shall guarantee that soil from the same depth is collected in order to compare

the results

8.2.1.3

(see 10.2).

Investigations of accidents and incidents

When an a
as soon as
protection
the event g

rea is likely to be contaminated following an accident, surface sampling should be carried|out
it is technically feasible on the whole of the suspect area, taking into account the radiation

principles. The objective is to determine the extent of the horizontal contamination an
f heterogeneous diffuse pollution (source points identified), the resulting activity gradie

As a measyre of preparedness for an accident or incident, particularly suitable sampling units aro

facilities c4g

In cases W
contamina
the measu
determine
sample. Th
given in Cl;

In cases off
in the soil

n be selected in advance to allow for adequate sampling immediately after an event.

here the assessment concerns the determination of soil radieactivity following re
fion, it is recommended to sample the surface level to a maximium depth of 5 cm. S

, in
ht.

und

fent
nce

rement results shall be expressed in terms of surface activityfit is important to accuraftely

the area of the sampled surface, the mass of the sorted sathple and that of the laborat
e depth of sampling increments shall be the same and<documented (additional details
huse 10).

past contamination, the sampling procedure shall’consider the movement of radionucl
Sampling of various levels to a maximum depth, dependent upon the vertical migra

rates influenced by the soil characteristics as well asithe chemical and physical properties of

radionuclig

When debr
their radio
of radionug

As fallout
sampling,
away from

8.2.1.4 K

This oper
investigati

les, shall be performed (additional details are given in 8.2.3).

is of installation, for example under the-form of building materials, are identified on the

ory
are

des
fion
the

bite,

ogical characterization can be dong to assess if they can be considered as a potential source

lides and radiation exposure.

can contaminate heterogeneous sites restricting the number of ideal areas available
or example, in built-up ot forested areas, the operation may be carried out in an open 4§
housing and/or trees.

lanning and surveillance of remedial action

ition involves-horizontal and vertical profile sampling across the entire area uj
bn to determine the characteristics of disturbed soil at all levels. This can lead to an exten

of the sampling depth to the point where the radionuclides in question are no longer detected.
farmland, the total depth of the sample shall be at least equal to the ploughed depth or to the dept]
the root layer(whichever is greater).

for
rea

der
bion
For
h of

Two cases are possible: either the contamination of the site is well known, as in the case of an ancient
uranium-mining area, or the contamination, due to a past activity that was not registered, is only
recently suspected.

In the case of well-defined contamination, protection measures usually have already been taken. The
planning of remedial action can be done following the generic process described in the first paragraph
above.

In the case of recently suspected radioactive contamination of the soil, which was discovered as a
result of such reasons as a rumour, the request of an individual, the discovery by chance of past uses
of radionuclides on a site, the status of the site shall be established and necessary steps for a rapid
investigation shall be taken, regardless of the origin of the suspicion.
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A gamma dose rate measurement can be carried out as a first step. In the event that the gamma dose
rate is normal, a measurement can be carried out using a counter equipped with the appropriate
detector. These rapid investigations along with historical research can help to confirm or dispel doubt.

When debris of installation, for example under the form of building materials or rubbles, are identified
on the site, their radiological characterization can be done to assess if they can be considered as a
potential source of radionuclides and radiation exposure.

If the doubt is not dispelled, protective measures can be taken and a more detailed investigation can be
done. The planning of this investigation can be done following the generic process described in the first
paragraph above. For the sampling unit to be examined, a series of at least five levels is sampled at every
levgl of the disturbed soil. The surface layer is sampled to a maximum depth of 5 cm. The junderlying
laydrs are sampled by successive sections with a thickness equal to the height examined divjded by the
number of sampling levels. However, the thickness of each layer shall not exceed 10 cnifor fagmland and
50 ¢m for landfill sites. Moreover, sampling at each level shall not cause the soil hofizons (farmland) or
materials (landfill sites) to be mixed.

Sanpples for disturbed soil are taken following the recommendations given,in'8:2.3.

8.2]1.5 Decommissioning of installations and re-use of sites

The soil remedial operation and decommissioning of installations that have used radioactivg materials
can|lead to the production of waste and materials to be managéd according to national rulgs. Some of
thege materials such as rubble of building materials can be(re<used or disposed as waste. Conformity
with national requirements of their radioactivity levels shall be demonstrated for these matprials.

The sampling strategy shall take into account the futaye use of the site. The sampling strategy for the
chafacterization of waste for disposal and materials.for re-use depends on whether the mategrial is

— |[still spread over the area,

— |arranged in piles,

— |temporarily stored in bags, drunis;or other containers, or
— |loaded loose or in containers.on trucks.

When contaminated soil oprubble of building materials is spread over an area, characterization of its
radjoactivity involves horizonhtal and vertical sampling across the entire area as described i 8.2.1.4.

Techniques, such as n.situ measurements or the monitoring of truck loads for enhanced raflioactivity,
may also be undertaken but are covered by Reference [10].

8.212 Sampling surface soil

8.212.1°\ ‘General

When considering the sampling unit, part of the vegetation above the soil surface should be removed
and saved, if necessary, at all sampling points (transfer pathway study, see 7.2.3). Usual precaution shall
be taken to avoid any sample cross-contamination during sampling. In a situation where there is a soil
level of high activity concentration, the device can be contaminated and thus shall be cleaned between
each sampling point, otherwise disposable device shall be used.

8.2.2.2 Core sampling

Insert the core into the soil down to the desired depth (5 cm or greater) below the soil surface, depending
on the objectives of the study. Remove the core and the soil plug, including the residual aerial part of the
plant and the roots, is placed in an appropriate container. The operation is repeated for each sampling
point of the sampling unit and the soil plugs are mixed into one composite samplel221(23],
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The coring tool containing the soil plug can be transported to the laboratory, where the extraction, the
combination of increments, and their possible reduction with the elimination of coarse elements can
take place under conditions more favourable than those on-site.

8.2.2.3 Frame sampling

For some types of dry, loose soil, a square frame, 20 cm side with a height of 5 cm[23], or a ring of 10 cm
in diameter and 5 cm deepl22], can be used. The frame is pressed into the soil surface. The soil inside
the frame is removed with a small scoop to the depth of 5 cm and placed in an appropriate container.
The operation is repeated at each sampling point of the sampling unit and the soil increments are mixed
into one compostte-sampte:

8.2.3 Sampling soil profile

8.2.3.1 (eneral

This operaftion involves sampling to determine the extent of contamination at depth and the gradfent
of the act]vity concentrations. Sampling is carried out to a depth depending on the pedological
characteristics and the objectives of the study. Depending on the depth whefe activity is encountdred
or which igsampled, it might be necessary to drill boreholes.

For soils that are cohesive and easy to penetrate to a few tens of certimetres, samples can be taken
using a cotfing tool with an internal sheath, which is filled to the depth of penetration. For other spils,
samples can be taken either from a trench to a depth of approximately 2 m, or from cores extractedl by
tubes in the course of core drilling down to a depth of several rhetres (see 8.2.3.2 and 8.2.3.3).

NOTE The trench technique is preferable to other techniqués because it allows a better observation offsoil

horizons with a minimum of disturbance.

For soils w
ditches, etq
samples beg
sheet.

ith natural or artificial macroscopic heterogeneities (contraction gaps in clay soils, drairjage
.) that can be preferred migration channels, it is recommended, except where necessary, that
taken outside of these structures. Any anomaly encountered shall be noted on the sample

For very p
sampling s

When laye
examined

ermeable soils (e.g. sand) Jéading to deeper migration of radionuclides than other s
nall be continued to a soil horizon where the radionuclides in question are no longer detec

rs are sampled by successive sections with a thickness equal to the total profile de
divided by the number of sampling levels, care shall be taken to prevent overlappin

hils,
ted.

pth
b of

sample laygrs from different-soil horizons.

A descript
structure,
the results

on of the soil"indicating the soil horizons, their physical characteristics (colour, text
coarse-element content, etc.) shall be joined to the sample file to aid in the interpretatio

ure,
In of

8.2.3.2 Samples taken from a trench

A trench is dug, with suitable equipment, having a sufficient cross-section (e.g. 0,5 m to 1 m wide with
a length of 2 m to 4 m) to observe the full range of the stratification profile (log) of the excavated soil.
The dimensions of the trench are determined according to the tool used (e.g. mechanical digger with
bucket), the depth to be reached (on average 2 m), and the nature of the soil.

The vertical wall of the trench is scraped using a knife to find the soil horizons that are not compacted
or contaminated by the digging instrument.

Increments with a minimum mass of 1 kg are taken from this wall manually using a spatula and from
each horizon with stated dimensions, while avoiding mixing separate soil horizons. The number of
increments per horizon is defined according to the dimensions of the sampling unit and the required
test-sample mass.
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Particular care shall be taken to prevent soil falling into the probe trench before and during sampling.
The increments from the same horizon are placed in a clean container or plastic bag. The resulting
composite sample is mixed thoroughly using a shovel or other suitable tool. During the operation, the
clods are broken up and the coarse elements larger than 2 cm are removed (or collected separately,

dep

8.2.

ending on the objective of the study).

3.3 Samples at depth by core drilling

First, a surface sample with a minimum mass of 1 kg of dry matter and from a maximum depth of 5 cm
is taken using a suitable piece of equipment as described in 8.2.2.3.

Sec
The
The

Wh
sur
sep
the

Wh

bnd, the samples at depth are taken to the required depth by core drilling using suitabl
core(s) is (are) removed and then extracted from the coring tool onto a clean, inert;
direction of the cores (top-bottom) and the depths of the samples are marked.

bn using a uniform approach with predefined depth layers, the cores arg'cut startin
face layer and are sliced into a minimum of five sections (including the,surface laye
hrately), while avoiding mixing the different soil layers. These sections gonstitute the inc
different layers sampled.

bn using a horizon approach, the cores are cut starting with the surface layer and

e dI&quipment.
ry surface.

b from the
br sampled
rements of

are sliced

according to the boundary of the different soil horizons identified along the core length. These sections
conptitute the increment of the different horizons sampled.

Thg number of cores to be extracted, and consequently:the number of increments per Igyer or per
horjzon, is defined relative to the diameter of the coring\tool, the dimensions of the samplipg unit and
therequired test-sample mass.

The constitution of the composite sample and laberatory sample is described in 8.3.

When using a coring tool with an internal sheath, the sheaths can be removed from the foring tool

for
the
the

8.3

The
con
or (
tha
obt

For
soil

transportation to the laboratory, whére’ the opening of the sheath, identification, and
sample horizons or layers, the combining of the increments from the same horizon of

Preparation of the'serted sample

increments from the'same sampling unit are placed in a clean container or plastic bag. Th
posite sample ig-spread out over a clean, level, inert surface and mixed thoroughly usi
ther suitable €0pl. During the operation, the clods are broken up and the coarse elem
h 2 cm are_rfemoved (or collected separately, depending on the objective of the study)
hin a sorted(sample.

certdin-studies, the respective proportion of coarse elements compared to the mass of t
should be estimated and their radioactive characteristics measured. The petrographi

cutting of
layer, and

r possible reduction with the elimination of coarse elements can take place under conditions more
favgurable than those on-site.

eresulting
g a shovel
ents larger
in order to

e sampled
f nature or

the

anthronaganic arigin for rubhlg and annaraont naracity aftho camnla chounld ho natad 1
oo e o g T o oo otE ot ppoar erre PoTrooTTy e pe-ornoura o e ot o

that require special techniques are not included in the scope.

atest tests

The quartering technique (see Reference [26]) can be used to split the sorted sample to obtain a
subsample of approximately 1 kg of dry matter.

All sorted samples sent to the laboratory shall be identified and a sample sheet drawn up in conformity
with the instructions in 8.4.

For a soil profile, the samples taken from different soil horizons shall not be mixed, unless otherwise
required, and increments shall not be combined or undergo any homogenization or clod-crushing
treatment when investigating radionuclides in the form of volatile compounds.
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8.4 Identification and packaging of samples

8.4.1 Ge

neral

Each sample shall be packed in a container that does not react with the soil, is clean and carefully sealed
to avoid loss of the contents or exposure to external agents (infiltration of water, dust, etc.).

The identification label shall be attached to the outside of the packaging.

8.4.2 Sample identification

The label oIfthe container shall identify each sample and contain the following information:

code id

date of

additid

8.4.3 Sa

entifying the sample, the sampling area, and the sampling unit;
sampling;

nal information, such as the depth and thickness of the soil horizon sampled, may be add

mple sheet

The sampl

b sheet enclosed with the sample or series of samples shall include at least the follow

informatiop:

identification and characteristics of the sample (for example\location, depth, and thickness of

soil hofizon sampled, etc.) as indicated on the packing label;

name

any ob

The topogt
the followi

a)
b)

in low;
on eley
in ared
in mar

on the

sampling technique and the associated equipment;

date apd time the sample was taken;

f the operator;
servations necessary to interpretthe results.

aphy of the sampling area, if uheven, is specified, particularly if the samples are taken fi
ng areas:

lying areas (trenches, plough furrows, depressions, etc.);
rated areas (embankments, ridges, plateaus, etc.);

s where the underlying rock is exposed;

| pits, springs;

edge‘ofthe area.

ed.

ring

the

fom

When the s

the

sheet shall

the thi

This sheet

hlrly expresses the results of the an:\]ycic interms ofthe surface ar‘fivify (cnn Clause Q)

also include:

the surface area sampled, S;

ckness of each layer sampled, e;

the mass of the sorted sample, m;

4
the mass of any sorted subsample, m’g.

is completed, where necessary, with

— an evaluation of area homogeneity,
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a description of the use of the land,

— adescription of samples. The information whether impurities such as large stones, roots, etc. were
removed from the sample before packaging should be included in the sampling sheet, and

the weather conditions if samples are taken following an incident or accident.

For samples from several depths, the sample sheet shall be completed with a description of the soil
horizons, indicating the different layers and their physical characteristics (colour, texture, structure,
percentage of coarse elements, etc.).

and|

8.5
Thd

labgratory for analysis.

Tra

trapsport and preservation temperatures of the samples should be spegified[231[24][26] where

int

The

9

Transport and storage of samples

packaged samples and their sample sheets should be transported as quickly as poss

hsport and storage conditions shall be such as to avoid all contamination of the ma

ne test report.
following are particularly recommended:

to avoid any warming of the sample during transpartation to the laboratory and to
possible, insulated containers;

to store the sample upon arrival at the laboratory at a temperature less than or equal to
the dark when necessary and if the time between sampling and treatment of the sampl

maximum temperature of 40 °C and préserved in an airtight package;

to limit the time between sampling and radioactive analyses, especially when 1
radionuclides with short half-lives;

to take particular precautions'in the case of the investigation of volatile, organically boun

to carry out the measurement as soon as possible after the sample is taken; if later te

determination-9ftheir water content is performed, additional precautions are necessa
compactingorloss of water.

Pre:treatment of samples

—n Annex D

ible to the

terial. The

necessary,

lise, where

4 °C and in
b exceeds a

few days; for longer periods, the sample may either be preserved in a freezer at -18 °C, o dried at a

esearching

d, or highly

soluble radionuclides (iedine, tritium, chlorine, etc.) to avoid loss during the storage of the samples;

sts include

the determination-ef the bulk density of samples taken in their natural state, or even when the

ry to avoid

9.1

Pz ozl o
I TIIICIPIT

The physical processing of soil laboratory samples to measure radioactive nuclides requires drying,
crushing, sieving, and homogenizing steps to be carried out.

Before any pre-treatment, a preliminary analysis of the laboratory sample by gamma spectrometry
can allow detection of volatile radionuclides and, if so, the selection of the adequate pre-treatment
procedure compatible with the quantification of their activity.

9.2

Laboratory equipment

The following equipment is necessary to carry out the pre-treatment of the laboratory sample:

©IS

a ventilated drying room or drying cabinet with a temperature of (40 * 5) °C;
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— aheated, ventilated oven with a temperature of (105 * 10) °C;

— equipment for the reduction of clods, possibly combined with a sieve, pestle and mortar, pounder,
grinder, crusher, or grip breaker;

— asieve with a 2 mm mesh size;
— asieve with a 200 pm or 250 um mesh size;
— ametal or plastic tray with raised edges;

— amixeraorball mill:

— freezetdrying equipment (when appropriate).

9.3 Progedure
With consifleration for the composition of the test sample, the following steps shall becarried out.
— Weigh|the laboratory sample.

— Spread a thin layer of 1 cm to 2 cm of the entire initial test sample onto flatContainers and manufally
break pp the sample using a suitable instrument.

— Remoye all remaining plant parts (tufts of grass, roots, etc.).

— Leave the sample to dry at ambient temperature or in a ventilated cabinet heated to a temperafure
less thhn 40 °C for 24 h to 48 h, according to the moisture-in‘the sample.

— Break up the remaining clods of earth with suitable equipment.
— Separdte the fine earth from the coarse elementsiuising a 2 mm sieve and note their masses.

— Dry the powder at (105 * 10) °C to a constant'weight. When measuring volatile radionuclides, |it is
better|to freeze-dry the sample or dry ittd.a maximum fixed temperature of (40 £ 5) °C.

— Crush with a mortar, a mixer, or a ball mill.
— Sieve ysing a 200 um or 250 um(sieve, then homogenize the powder obtained.
— Repeat the crushing and si€ving steps until the entire sample has been processed.

— Weigh|the total powderand the unsieved material before being disposed of properly. Record|the
mass dbtained. The-powder part constitutes the test sample.

The above
to the dryi
and shall b

steps shauld be carried out in accordance with the procedures in Reference [27] with respect
g temperatures and grain sizes. Any modification of the above procedure shall be justified
included in the test report.

a et e 016 o€ ofcaimiracion vivs v o ofFacotry—Chv v or
by mixing the samples of different layers or origins. Where possible, the samples should be treated in
increasing order of activity.

When it is necessary to quickly obtain the results of radioactive analysis, the sample can be dried
directly in the oven then crushed and sieved without being dried at ambient temperature.

The mass of removed parts such as plants, coarse elements, and water can be weighted.

When the radioactivity characterization of the unsieved material above 200 um or above 250 um, made
of petrographic nature or of anthropogenic origin such as building materials rubble, is required, this
material is crushed in order to obtain a homogeneous powder for testing.
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The waste produced during the preparation of the samples as well as all the unnecessary samples are
sent back to the entity in charge of the sampling and/or are eliminated according to the appropriate
waste stream

10 Determination of the activity deposited onto the soil

10.1 General

If the objective of the sampling is to estimate the total amount of the radionuclides deposited onto
the R . . ; . : )

oH—ter—examp 0 aHouttoHowingradioactive—gaseous—etHuent—discharge e a nuclear
instlallation or from past atmospheric nuclear tests, then samples shall be taken from depths of 5 cm
and at least 20 cm to 30 cm, respectively. The thickness, e, and the surface area, S;, of the sarppled layer
arejnoted.

10.2 Determination using surface activity data

A specific procedure can be deduced from the following generic example. It refers to the Jampling of
a rdgular square grid from which five increments are taken to make up.a composite sample. For each
grid, a composite sample is made up from the five increments takeh.from the centre and jat the four
nodes of the grids. Each increment is taken from a known surfacejarea, for example using|a frame of
20 ¢m on a side and a maximum depth of 5 cm. See Figure 1.

ol
me
B

Higure 1 — Schematic sketch of a regular square grid and of its five increments with known
surface area

Thgsum, S, of the areas corresponding to the soil surface increments, S;, for the five surface ingrements, i,

is defined by Formula (1):
§=25i &
i

The five increménts from the same gridding are placed in a clean container or plastic bag. The resulting
conjposite sample is spread out over a clean, level, inert surface and mixed thoroughly using|a shovel or
other suitable’tool. During the operation, the clods are broken up and the coarse elements |arger than
2 cip aretremoved (or collected separately, depending on the objective of the study). The resylting mass,

mg | of the sorted sample is noted.

If the test-sample mass, m,, represents the whole mass of the sorted sample of the sampled layer, the
surface activity, Ag, is calculated from the activity per unit of mass, a, using Formula (2):

m
Ac =ax—2 2
S S (2)

The quartering technique (see Reference [26]) can be used to split the laboratory sample to obtain a
mass of 1 kg of dry matter. Then the test sample represents a mass fraction, m',/mg, of the sorted
sample and the surface activity is calculated using Formula (3):

ss’

m m
ts x 'SS (3)

mSS

AS =axX
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10.3 Determination by integration of soil profile activity data

This operation involves sampling across the entire area affected by the deposition to determine

the

extent of the contamination on the surface and at depth. The surface layer is sampled to a maximum
depth of 5 cm and the underlying layers are sampled in 10 cm sections, or at each change in soil horizon,

until the radionuclides studied are no longer detected.

The surface activity, A, is computed from the activities per unit of mass, a;, over a soil profile of j layers

using Formula (4):

My j

(4)

The quartgring technique (see Reference [26]) can be used to split the laboratory sample to,obtajn a

11 Recorded information

All steps and procedures carried out to establish the radioactivity of soil samples should be comple]
traceable gs described in ISO/IEC 17025. This implies a compléete documentation of the samp|

ted

(5)

tely
ling

strategy, the plan chosen, the sampling operations performed, and the chain of custody of the sample

preparatiop.

Sheets detpiling the sampling and laboratory steps shall be recorded. Each of such records shal
dated and|signed by a responsible person to attest the correctness of the results. Any reley
informatiop recorded during the different steps déscribed in this document likely to have affected
results sh(EId be mentioned in the final test report.

Records of|all relevant information on the\measuring equipment needed for the confirmation pro

be
fant
the

eSS

of a result|shall be kept. These recordsishall demonstrate that each item of the measuring equipnpent

(balance, pven temperature, etc.)(satisfies the metrological requirements specified within
confirmatipn process for the equipment. Calibration certificates or verification reports and of
relevant information shall be available.

the
her
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Diagram of the selection of the sampling strategy according to the

objectives and the radiological characterization of the site and

sampling areas

See|Figure A.1.

Objectives

-| Initial characterization of radioactivity
ip the environment

o|Nuclear installation
¢|General territory

o| Past contamination

-| Clearance of soils of a site

Initial knowledge of the radioactivity

distribution in the field

Homogeneus

Sampling types
(space’and time)

Probabilistic tandom or systemfitic sampling

Orientated systematic linearfsampling

-| Investigations of incidents and/or
accidents

-| Planning of remedial action

-| Routine surveillance of the impact of
nuclear installations

-| Routine surveillance of the evolution
of the territory in general

-| Surveillance of remedial action and
decomissioning

Mono-dimensional
/ (transects)

Heterogeneous Bi-dimensional Probabilistic systematic sgmpling
Probabilistic systematic sgmpling

Tri-dithensional supplemented wit

a stratified sampling of soil horizons
Orientated systematic safnpling
with time and spac
Figure A.1
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Annex B
(informative)

Diagram of the evolution of the sample characteristics from the
sampling site to the laboratory

Single sample or
n increments
|
|
|
|
Y
%]
§ Mixing the n increments(to obtain a
o composite sanmple
£
B T
g |
@ 1
Subsamples for Elimination of the coarse elements larger than 2 cm gives
diffgrent laboratories a sorted sample
Packaging, identification, transport
q
Jubsamples for On arrival in the laboeratory, the sorted sample End oft:“he process c?fsgmple
stprage and other . . collection and beginning of
L. (composite or single) becomes a laboratory sample
nvestigations the laboratory process
1%}
=)
3
; Pre-treatment (drying, grinding, sieving) of the Test portions for
E Test port.ion for laboratory sample provides a test sample and other radionuclide
5} archive test portions soil in the form of fine, dry, homogenized measurements
2 powder
]
-
Test portion for gross . . .
alp ha and befa Test portion for gamma Test portion for Pu, Am, Test portion Sr-90
p spectrometry Cm, etc. radiochemistry measurement
measurement

Figure B.1
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Annex C
(informative)

Example of sampling plan for a site divided in three sampling
areas (A, B, C)
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Key
1 urjsampled zone BYoundaries 6 composite sample of n increments samples
2 urjsampled zonetoo small 7 mix and eliminate coarse elements
3 sampling unit 8 composite sorted sample
4 sample 9 subsampling
5 urjsampled points: low point, outcrop 10  laboratory samples
A,B,C  sampling areas

Figure C.1
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