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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
electrotechnical standardization.
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Introduction

This document is one of a group of International Standards intended to be used in conjunction with each
other where necessary. It deals with various aspects of sampling for the purposes of soil investigation
including agricultural, forestry, and contamination investigations, but is not applicable to investigations
for geotechnical purposes. These are dealt with in the [SO 22475 series.

ISO 22475-1 specifies the technical principles for the execution of sampling and groundwater
measurements for geotechnical purposes. It describes and provides guidance on the application of many
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The investigation programme

Define the sampling plan
1SO 18400-101

Field and soil
observations
ISO 25177

Choose the sampling strategy
1SO 18400-104

TaRe a licid Sauipic it accoidaice
e with the sampling plan measurements
ISO 18400-102

If necessary undertake sample
pretreatment to produce a
laboratory sample
1SO 18400-201

Laboratory
sample
Storage

ISO 18400-105

Transport the laboratory sample
to the laboratory
ISO 18400-105

Health and safety aspect SO 1840 0-10
QA/QC asnect 1S 18400.104

Produce a sampling report
] ISO 18400-107
Sampling
record

@ | Ggﬁe&action |
AN
S
@ mealysis/quantiﬁcation|<—
?\ Produce investigation
?\ programme report
| / Investigation N\
programme
report

|—{ Analyse data against programme objectives |

(0\

Figure 1 — Links between the essential elements of an investigation programme

NOTE1 The numbers in circles in Figure 1 define the key elements (1 to 7) of the investigation programme.

NOTE 2  Figure 1 displays a generic process which can be amended when necessary.
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INTERNATIONAL STANDARD ISO 18400-102:

2017(E)

Soil quality — Sampling —

Part 102:
Selection and application of sampling techniques

1| Scope

This document gives guidelines for techniques for taking samples so that these can-subsequently be

examined for the purpose of providing information on soil quality. It gives information on e
thit is typically applicable in particular sampling situations to enable correct sampling proc

gquipment
edures to

bd carried out and representative samples to be collected. Guidance is givenyon the selection of the

equipment and the techniques to use to enable both disturbed and undistusbed samples to be
taken at different depths.

This document does not cover:

correctly

— investigations for geotechnical purposes, though where redevelopment of a site is envisaged, the soil

— sampling of hard strata such as bedrock;

quality investigation and the geotechnical investigation,may sometimes be beneficially cgmbined;

— methods for the collection of information on soil guality without taking samples such as gepphysical

methods;

— collection of water samples (these are tolsg collected in accordance with appropriate Intgrnational

— investigations of soil gas about whikh guidance is provided in ISO 18400-204;

— investigation of radioactively eohtaminated sites.

NQPTE1 “Sampling techniqueXis defined in ISO 11074.

N(QPTE 2  Guidance on the investigation and assessment of radioactivity in soils is provided in the

series.

2| Normativereferences

Standards on ground or surface water sampling; for further information, see the ISO 5667 series);

SO 18589

The following documents are referred to in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited a

lies. For

urjdated references, the latest edition of the referenced document (including any amendmentg) applies.

ISO 35511, Rotary core diamond drilling equipment — System A — Part 1. Metric units
ISO 3552-1, Rotary core diamond drilling equipment — System B — Part 1: Metric units
ISO 10097-1, Wireline diamond core drilling equipment — System A — Part 1: Metric units
ISO 11074, Soil quality — Vocabulary

ISO 18400-101, Soil quality — Sampling — Part 101: Framework for the preparation and application of a

sampling plan

[SO 18400-103, Soil quality — Sampling — Part 103: Safety

© IS0 2017 - All rights reserved
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1SO 18400-1042), Soil quality — Sampling — Part 104: Strategies and statistical evaluations

ISO 18400-105, Soil quality — Sampling — Part 105: Packaging, transport, storage and preservation
of samples

ISO 18400-201, Soil quality — Sampling — Part 201: Physical pretreatment in the field
1SO 18400-2023), Soil quality — Sampling — Part 202: Preliminary investigations
ISO 25177, Soil quality — Field soil description

3 Terms and definitions
For the puiirposes of this document, the terms and definitions given in ISO 11074 and the following apply.

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

— IEC Hlectropedia: available at http://www.electropedia.org/
— ISO Qnline browsing platform: available at http://www.iso.or

31
cluster sample
composite sample for which the increments are taken over a_ small area around a predefingd
sampling point

Note 1 to ¢ntry: Sampled area is typically about 0,5 m2 to 1,0 m2.

Note 2 to|entry: Material sampled is taken from within thex§ame stratum or from material with the same
characteristics.

3.2
cutting gylinder
cylindrical device with removable top and base forced into the surface of exposed soil to obtain an
undisturbed sample (3.7)

3.3
disturbeld sample
sample obtained from the groundwithout any attempt to preserve the soil structure

EXAMPLE Sample obtained by using a hand auger.
[SOURCE{ ISO 11074:2015,4.4.8, modified — changed to read: ...from the ground...]

3.4
Kubiénal|tin
metal box with-removable top and base which can be forced into the surface of exposed soil to obtain an
undisturbedSample (3.7)

Note 1 to entry: Usually made to desired size from aluminium, galvanized steel, or stainless steel sheet. Size
varies, but a typical example might have an area of about 55 mm x 75 mm with a depth of 40 mm. The sample,
once obtained, can be used to determine bulk density or may be impregnated with resin prior to the production
of thin sections for microscopic examination.

2) Under preparation. Stage at the time of publication: [SO/DIS 18400-104:2016.
3) Under preparation. Stage at the time of publication: ISO/DIS 18400-202:2016.

2 © IS0 2017 - All rights reserved
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3.5

spatial sample

composite sample formed from evenly spaced increments of the same size taken over a predetermined
area which are then bulked together

Note 1 to entry: The increments may be located according to a regular grid, random, or other pattern. In

agricultural/horticultural land investigations, “N”, “S”, “W”, and “X” sampling patterns are commonly used.

Note 2 to entry: The general premise is that the distribution of soil constituents is relatively homogeneous. Along
the outline of such a pattern, a number of samples or increments are taken which are bulked and mixed to provide
one (r‘nmpncifp) cnmplp for analysis

3.
spot sample
sample from a discrete location made up of one or more contiguous increments

Nqte 1 to entry: May be a disturbed (3.3) or undisturbed sample (3.7).

3.7
u;Lgisturbed sample
sample obtained from the ground with soil structure unaltered during sampling procedure

Ndte 1 to entry: Special sampling equipment is used so that the soil particles and voids cannot chhnge from
the distribution which exists in the ground before sampling (these’can provide volume-proportionall or mass-
prpportional results).

4| Principle

Sampling technique should be chosen taking intéiaccount all the needs of the investigation [including
planned distribution of sampling locations, theidepth(s) from which samples are to be taken, the size
arld type of sample(s) required, the nature of-any potential contaminants, and the nature qf the site
inrluding any problems the site poses to carrying out the investigation.

The sampling technique(s) should be selected to enable:

— the collection of samples of soil and soil materials that can be presented to the laboratory for
examination or analysis te.establish basic information on the pedology and distribution of|naturally
occurring or man-made soils, their chemical, mineralogical and biological composition, fand their
physical properties atsélected locations, as appropriate, to meet the objectives of the investigation;

— examination andtecording of in situ materials exposed by the investigation.
NQPTE1 Detajled guidance on general aspects of sampling relevant to the selection and application of sampling

teghniques are.given in 5.1 to 5.4 and about available techniques in 5.5. Detailed guidance on the s¢lection of
sampling techniques is provided in Clause 6 and on their application in Clause 7.

nong\the decisions to be made is whether to use manual methods or machinery. Sampling may be
required at or near the ground surface at some depth below the ground surface, or from locatjons deep

ow-the-grotnd-surface—Methods-ef-achieving-the-desired-depthfor-sampling-incladeformation of
excavations (e.g. trial pits), by driven probes, or by drilling (e.g. boreholes).

Depending on the purpose for which sampling is being carried out, either disturbed or undisturbed,
samples may be taken (5.3). Undisturbed samples could be required, for example, for soil physical
testing or for determination of volatile organic compounds (VOCs).

NOTE 2  What constitutes a sufficiently undisturbed sample depends on the purpose for which the sample is
required and can be a matter of judgement. For example, some compression of the sample might be acceptable
when VOCs are to be determined, but would not be acceptable when the bulk density is to be determined. The
ISO 22475 series defines classes of sample suitable for geotechnical testing.

© IS0 2017 - All rights reserved 3
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Soil sampling techniques usually consists of the following two steps:

a) gaining access to the point of sampling (avoiding services, as well as removing any hard cover, etc.,
digging, or drilling a hole to reach the desired depth of sampling);

b) taking the soil sample.
These steps are interdependent and should both meet the requirements of the sampling principles.

NOTE 3 A distinction can also be made between:

— samp|ing by drilling (continuous samplingJ;

— sampling using samplers (sampling devices) to obtain disturbed or undisturbed samples as requirédyonce a
borehole or excavation has been formed;

— block|sampling (in which a large undisturbed sample is obtained).

Combinations of these sampling methods are possible and sometimes required dué to the geologiqal
conditionis and the purpose of the investigation.

5 Genegral aspects

5.1 Heplth and safety

All necesgary measures shall be taken when selecting and applying sampling techniques to protect the
health and safety of those carrying out the work, anyone enteking the site (with or without permission),
and the peneral public (e.g. the occupants of neighbourifig properties) and to avoid harm to the
environnjent.

The guidgnce in ISO 18400-103 shall be followed.

[SO 1840p0-103 should be read in conjunction with relevant national and international legislation and
regulatiops regarding health and safety at werk and associated guidance produced by statutory bodies
and tradg associations.

5.2 Preliminary information

A preliminary investigation comprising a desk study and site reconnaissance (walk-over survey, site
inspection) should be carried out as specified in ISO 18400-202 prior to undertaking any sampling.

The seledtion of the sampling technique, the sampling equipment to be used, and the method of takihg
soil samplles depend upbir the objectives of the sampling, the strata to be sampled, the nature of possiljle
contamination, and.the examination or analysis to be carried out on the samples.

Informatjon sheuld be compiled and assessed about the following:

a) the opjedtives of the sampling;

b) required accuracy of measurements;
c) planned locations for boreholes and excavations;

d) the anticipated depths from which samples are to be taken taking into consideration the future use
of the site including depth of excavations or foundations (see ISO 18400-104);

e) potential risks to the health and safety of the site personnel;

f) potential risks to the environment from the investigation including the potential to pollute
groundwater and to spread infective agents;

g) emergency arrangements;

4 © IS0 2017 - All rights reserved
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h) the size and topography of the area to be sampled;

i) accessibility for different types and sizes of equipment and factors such as the likely bearing
capacity of the ground, see Reference [1];

j)  the nature of the ground to be sampled;
k) possible lateral and vertical variations of soil type or strata;

1) the geology of the site and surrounding area;

m) the assumed depth to groundwater;
n)| previous usage or treatment of the site;

o)| the presence of buildings and obstructions such as foundations, buried tanks; and underground
services (e.g. electricity, sewers, mains, cables, gas);

p)| the presence of concrete or tarmac pathways, roadways, or hard-standings;

q)| the growth of vegetation leading to extensive root development;

r)| the presence of unexpected surface-water pools or water-saturated ground;

s)| the presence of fences, walls, or earthworks designed to prevéent access to the site;

t)| the presence of tipped material above the general levél of the site or material from the demolition
of buildings;

u)| the presence of artefacts of archaeological or heritage value;
v)| possible presence of unexploded ordinance;,'see Reference [2];
w] the presence of protected species, ecosystems, and other features of scientific value;

x)| the presence of invasive or noxious‘plant species (e.g. Japanese Knotweed - Fallopia japonjica, Giant
Hogweed - Heracleum mantegazzianum) or infective agents (these may affect humans, apimals, or
plants) (see also 7.2, last paragraph);

y)| location of water bodies at'risk from contamination including surface and ground water;
z)| the planned flow of information.

NOTE For guidance on accessibility for light percussion drilling rigs, see Reference [1].

5.3 Sampletypes

The samples taken should be of appropriate type(s) to enable the objectives of the investigation to be
achieved in accordance with the guidance provided in ISO 18400-104. Special consideration igrequired
regarding the following:

— whether to take disturbed or undisturbed samples;

— whether to take spot samples or cluster samples or to employ a form of spatial composite sampling
(see Table 1);

— how to comply with any statutory or authoritative guidance relating to judging whether guideline
values (assessment criteria) have been exceeded;

— whether statistical analysis of the data obtained will be required;
— the expected distribution of contaminants or other substances of interest;

— how to reduce uncertainty in the results of the investigation.

© IS0 2017 - All rights reserved 5
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Composite samples should not be used when soil characteristics that may suffer changes during the
composition process, such as concentrations of volatile compounds, are to be determined. They also
should not be used if peak concentrations of any substance or variations of soil characteristics are to be

determined.

The use of cluster samples can reduce sampling uncertainties. This method of sampling is particularly
appropriate when using trial pits when surface samples (e.g. 0,0 mbgl to 0,10 mbgl) are being taken and
when carrying out validation sampling of imported topsoil.

Where composite sampling is used to determine the characteristics of in situ soil, the sample should

represenf=a aiug}c stratom:
NOTE Table 1 provides information on different types of sample and their application.
Table 1 — Types of sample
Type of samplea Uses Means of sampling
Disturbed sample Disturbed samples are suitable for |Samples candbe’collected using orle
See 3.3 most purposes except, e.g. for of a variety'ef sampling techniqugs.
= determination of volatile organic .
X Disturbed samples may be taken
compounds (VOCs), some physical as
measurements, profile descrip- :
tions single spot samples or as compost
- : . S ite
and microbiological examinations - .
. : samples where this is appropriate
for which undisturbed samples(are L
. for the objectives of the
required. . e
investigation.
Undisturled sample Undisturbed samples aresinher- Samples can be collected using one
ently of a number of techniques de-
See 3.7 . .
spot samples, i.e. taken from a signed
specific material @ba specific to preserve the soil structure
location and depth. and/or to prevent the loss of
volatiles.
The initial undisturbed field
sample
may sometimes be taken over a
depth range or of extended laterdl
extent (e.g. when a core is taken
for
later examination) and
subsequently subsampled in the
laboratory.
Spot sample Suitable for identifying distribu- |Samples can be collected using orle
tion of a variety of sampling techniqugs.
See 3.6 . .
and concentration of particular .
. Where undisturbed samples are
elements or compounds in . s o
. L required, specific drilling methods
geological or contamination : .
nvestieations or special equipment
8 ’ (see Clause 8)
are used to collect the sample
while
maintaining the original ground
structure.
a  SeelSO 18400-104 for detailed guidance.
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Type of samplea

Uses

Means of sampling

Cluster sample
See3.1

Suitable for identifying distribu-
tion

and concentration of particular
elements or compounds in
geological or contamination
investigations involving disturbed
samples.

Samples are typically collected
using hand tools on exposed
surfaces, but may also be taken
from locations within a bucket of
excavated material.

wn

SIatlal (composite) sampie

atial sample, see 3.5

Appropriate for assessing the
overall quality or nature of the
ground in an area, e.g. for
agricultural purposes.

Not normally recommended for
investigations of land potentially
affected by contamination How-
ever,

some jurisdictions specify the use
of

a form of composite sampling for.
the assessment of surface and
near-surface soils.

Samples normatly coitectpd using
auger, trowel, or similanimple-

ment
for speed and repeatability.

IS

See I1SO 18400-104 for detailed guidance.

5.4 Sample size

Instructions regarding the size of the samples td'be sent to laboratories should be provided in the
sampling plan (as specified in ISO 18400-101) insaccordance with the guidance in ISO 18400-104 taking

info account, among other things:

— the range of pedological, chemical, physical, and/or biological examinations and tests thaf are to be

carried out;

— the particle size distribution, of-the material be sampled;

— the specific requirements of the laboratory(ies) carrying out the examinations and tests.

Any subsampling from-the’sample extracted by the equipment or measures to reduce the yolume of

m
Wihen potentially~expansive slags are to be sampled for expansion tests, specialist advice

hterial to be transporteéd to the laboratory should be carried out in accordance with ISO 18400-201.

thould be

sought. These<ests commonly require samples of about 50 kg or more to be taken, see Refegences [3]

arld [4].

NQTE

Often, laboratories carrying out the chemical analyses will require more than one sample from a

lo¢ation with those for different tests being of an appropriate size and placed in an appropriate confainer (e.g.
plastic tub, glass jar) rather than a single large sample that can be subdivided or subsampled in the labpratory.

5.5 Available techniques

Available techniques for accessing and obtaining samples are listed in Table 2 together with
qualitative information about their advantages and disadvantages. Table 3 provides further detail on
the applicability and characteristics of the techniques while Table 4 provides further information on
practical aspects of their application, such as the operating footprint and access requirements.

The use of other methods which might be suitable in specific locations or other methods which are
developed in the future are not precluded by this document (see Clause 7).

Extreme natural circumstances such as permafrost, laterization, calcretion, or other indurations might
require techniques other than those listed in Tables 2 and 3, in order to obtain samples.
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Other situations where special procedures might be required include, for example:

— sampling water-saturated soil (influenced by groundwater) in order to avoid negative influences on
structure and physical properties, as well as loss or displacement of substances of interest;

— sampling when asbestos or asbestos-containing materials are present in the ground (it is essential
to comply with national regulations concerning asbestos in relation to protection of workers,
preventing spread of the asbestos, and the disposal of asbestos-containing wastes) (see References
[5] and [6]).

NOTE 1

ISQ _22475.1 cpprifinc the technical prinr‘ip]pc for the execution of cnmp]ing and grnnnr‘mm

Ler

measuren
sampling {
out work i

NOTE 2
cutting ac

Continuo

— ident

ents for geotechnical purposes. It describes and provides guidance on the application of many of t
echniques included in this document, albeit in a different context. Many contractors engaged 0 ear
h connection with environmental studies will be familiar with its often prescriptive requirefients.

ion may be used (9.1.1), or block samples recovered. In cohesive soils, block samples ean be cut by ha

1s sampling (sampling by drilling) allows the following:

ification and description of the soil at the site penetrated by the borehole;

— the diifferentiation of distinct soil layers and changes of soil material;

— thes

Sampling
The drill
without h

hmpling, as well as the investigation of samples from all strdta and depths.

ng diameter should be chosen so that the sampler,can be lowered to the borehole botta
indrance.

When sampling from a trial pit, samples may be taken using a trowel, or similar, or samplers witﬂ: a
d.

he
ry

using samplers (sampling devices) can be used in conjunction with many drilling methods.

m
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Table 2 — Principle techniques for taking samples

Methods

Advantages

Disadvantages

Table 2 should be read in conjunction with Table 3 which gives further information on the applicability of

ground excavation, drilling, and sampling techniques.

Thin diagnostic layer scraping

Can be formed by scraping off a thin

layer (10 mm to 50 mm) from the

exposed surface using a small
shovel trowel cp:\fn]a’ orsimilar

Allows collection of loosely
compacted layers, especially
organic horizons and a thin A
horizon in forest areas.

tqol.

Ijcrements may be taken in this
wly from a number (e.g. 5 to 10) of
squares and combined in a
composite sample.

Djgging trial pits and trenches

[®)

hin be formed by hand digging
vacuum excavation or using
whheeled or tracked excavators
d¢pending on the requirements of
the investigation.

For health and safety reasons, trial
pits cannot normally be entered,
unless shored, see Reference [7].

Alsuitably wide bucket is chosen
a¢cording to the depth to be
excavated which allows a good
view of the excavation, but
minimizes the amount of material
excavated.

Allows detailed examination of
ground conditions (in three
dimensions).

Easy to obtain discrete samples
(where entry is appropriate).and
bulk samples.

Rapid and inexpensivé.if dug by
hand or machinerjpis‘available.

Applicable to awide range of
ground conditions.

Can be used for integrated
contamination and geotechnical
invéstigations.

Excavations (including separate
faces) and excavated material
can

be photographed. It is good
practice

to use an identifier board giving
the

trial pit reference and also a
scale,

e.g. surveyor’s staff.

Use of a board showing standard
colours can also be helpful.

The(nhvestigation depth is
limited
bythe size of the machine
(generally, approximaftely
4,5 m)

(see Table 3).

There can be significant safety
issues (see ISO 184001103,
A.1.3 and Reference [1]).

Media are exposed to pir and
there
is a risk of changes to rontam-
inants
and loss of volatile cornponents.

Not suitable for sampling
below
water and groundwatpr table.

Greater potential for disruption
of/
damage to the site thap bore-
holes/
probe holes. Care is refuired to
ensure that surrounding area
is not
affected by excavated gpoil and
that
reinstatement does ngt leave
contaminants exposed or result
in
settlement of traffickeld surface.

Can-generate-more-waste for

disposal than boreholes.

There is more potential for
escape
of contaminants to air/water.

Might be necessary to import
clean

material to site for backfilling
(to ensure clean surface).

a  SeeA.2.
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Table 2 (continued)

Methods

Advantages

Disadvantages

Hand augering

Many designs available for different
soil types, conditions, and sampling
requirements. Preferred forms take
a core sample.

Allows examination of soil
profile

and collection of samples at
pre-set

depths.

Easier to use in sandy soils, i.e.
where there are no obstructions,

Only limited depths can be
achieved

if obstructions present, e.g.
stones.

Ease of use very dependent on
soil
type.

such as stones.

Portable and useful for locations
with poor access.

Limited operating expense.

Can lead to cross-contamina-
tion

from material falling down
auger

hole. This can bejprévented by
the

use of plastic ¢asing.

Only smalDsample volumes
obtainable.

Eqdipment can be physically
difficult to operate.

Samples are heavily disturbeI.
8

Not recommended for sampli
for
volatiles.a

Formingpower driven auger
boreholes

Rotary dijilling using solid stem
auger

Can achieve greatef-depths than
hand augers.

More rapid.thran hand augering
for
shallow-investigations.

Canube used to install water and
ground gas monitoring wells if
hole

remains open after withdrawal
of

auger.

Greater risk of physical injury
to

operator due to lack of guard{
and

potential for snagging

(due to obstructions).

There is a need to avoid
cross-contamination of sam-
ples and

contamination due to fuel/
exhaust

gases.

Sampling is only possible whe
auger withdrawn and if bore-
hole

remains open.

=

Not suitable for sampling for
volatiles.

a  SeeA.l

N
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Methods

Advantages

Disadvantages

Forming hollow stem auger
boreholes

Uses a continuous flight auger with
hollow central shaft. Withdrawing
centre bit and plug allows access
down the stem for sampling.

Forms a fully cased hole avoid-
ing

potential problems of
cross-contamination arising
with

cable percussion techniques.

Soil samples can be taken

Less amenable to visual in-
spection

of strata than cable percussion
boreholes.

Less suitable for deeper bore-
holes
than cable percussion, unless

through
hollow stem allowing accurate
estimation of depth.

Can be used for installation of
water
and ground gas monitoring wells.

Usually more rapid than cable
percussion.

Good recovery possible of very.
coarse samples (e.g. river ter«
race

gravels) compared tocable
percussion.

large
rigs used.

Not suitable forjsampling for
volatiles.

Difficulties in measurjng water
strikes,particularly where
wateris

used during drilling.

riven tube sampling

bnsist of a hollow metal tube

ossibly with a plastic sleeve) that
driven into the ground with a

rdraulic or pneumatic hammer.

Continuous intact'§amples of the
complete soil profile can be
recovered.

A variety of measuring devices
can
beifrstalled once hole is formed.

hess potential for adverse ef-
fects on

health and safety and above-
ground

environment than trial pits and
boreholes.

Can be used either for shallow
sampling or at depths down to
10 m

with appropriately sized
equipment.

Substantially faster than cable
percussion.

Portable so can be used in poor
and
limited access areas.

Limited opportunity o inspect
strata.

Sample volumes can be rela-
tively
small depending upon the
diameter

of the driven tube.

Cannot penetrate obstructions,

e.g.
brick.

Can cause smearing of hole
walls in
some strata.

Poor sample recovery fin
non-cohesive granulai material.

Causes compression of some
strata,
e.g. peat.

Holes not cased and c¢uld open

up
migration pathways.

Enables groundwater samples
to be

collected since ground is not
disturbed.

Enables monitoring well instal-
lation

by using a driven point slotted
well

screen.

Limited possibility of sampling
for
volatiles.

Difficulties in measuring water
strikes, particularly where
water

is used during drilling.

a

See A.2.
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Table 2 (continued)

Methods

Advantages

Disadvantages

Dynamic sampling, window
sampling, windowless sampling,
closed piston sampling

Cylindrical steel tubes are driven
into the ground by a percussive
hammer

Steel tubes-are-often prn"iﬂnﬂ with

Permits collection of continuous
intact samples

Can be used for installation of
water
and ground gas monitoring wells.

Very compact rigs are available
which can housed inside bhuild

Generally, poor recovery in
dense

sands and gravels loose sands

below the water table and
certain
types of made ground.

Limited depth of penetration

disposable plastic liners.

(Some dyhamic sampling rigs are
capable of rotary drilling also.)

ings

or where space is limited.

Does not require flush to be
used

minimizing the risk of
cross-contamination and waste
generated

Effective at retaining volatiles,
especially in cohesive soils
where

a plastic liner is used and be-
cause a

relatively intact sample can’be
cut

from the extruded coré:

Windowless sampling'can be
used

to obtain samples for testing for
volatiles.

Casing can'be inserted where
the

rig-has adequate power and a
removal system.

compared to other drilling
methods,

particularly for the smallest
rigs.

Where used, a pereussive
hammer

is noisy. Couldybe unsuitable i
certain locations where noise
isan

issue

Cannot penetrate through hay
rock

or obstructions (except wherg
the

drilling rig has a dual percus-
sive

and rotary capability).

Hammering and rod vibration
can

lead to compaction of sedi-
ments

within the plastic liner during
sampling.

Difficulties in measuring wat¢
strikes, particularly where
water is

used during drilling.

T

a  SeeA.

N
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Methods

Advantages

Disadvantages

Forming cable percussion
boreholes

Consists of a tripod derrick with a
winch driven by a diesel engine.
The cutting tool which forms the
borehole by gravity percussion is
attached to the winch via a steel

Allows greater sampling depth
than
trial pits or hand augers.

Enables installation of perma-
nent
sampling/monitoring wells.

Canpenetrate mostsoiltunes
r J

More time-consuming than
trial pits
and hand augers.

Less amenable to visual in-
spection
than trial pits.

Waste from borehole requires

cqble. Steel casing can be used to
support the borehole

Less potential for adverse
effects

on above-ground environment
than

trial pits (but note, there are
potential risks to groundwater).

Minimal surface disturbance.

Allows the collection of intact
samples.

Allows integrated sampling for
contamination, geoteghnical and
gas/water sampling;and the
installation of greaundwater and
ground gas mohitoring pipes.

Allows use of clean drilling
techniquesfor aquifer protection.

Not usually suitable for sam-
pling

for'volatiles, but large diameter
cores can be sealed in the field
and

subsampled in the laboratory
under controlled conditions.

disposal and can causg surface
contamination where|ground-

water
or liquid coftaminatign is
present.

Limited)access for disgrete
sampling
purposes.

Smaller sample volumes than
for
trial pits.

Can cause disturbanc¢ of
samples
and therefore, loss of ¢ontam-
inants.

Potential for contaminpation of
underlying aquifers apd
groundwater flow betiween
strata
within an aquifer, unlgss prop-
erly

cased (see 7.2).

Samples from standinlg water
can
be subject to cross-contamina-
tion

and are therefore, not
representative of the ground-
water
(see B.2.7, Application).

Difficulties in measurfng water
strikes, particularly where
water is

used during drilling.

a| (See'A.2.
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Table 2 (continued)

Methods

Advantages

Disadvantages

Sonic/rota-sonic drilling

Involves the use of high-frequency
energy which shears and displaces
the soil particles.

Two types of rig are generally

available: sonic and rota-sonic.
Rota_son' combines rnfary and

Permits at or near 100 % core
recovery in the majority of
ground

conditions.

Fast drilling is possible.

Permits recovery of intact

samnlag
r

Some rigs do not have the
ability to

insert casing, which could
resultin

the creation of migration
pathways.

Dry drilling (without flush) can

sonic drilling capabilities in the
same rig

The use of drilling flush is not
always necessary.

Rotary-sonic drilling can pene-
trate

all soil types and also hard rock,
concrete, and other obstructions
(sonic drilling can be subject to
refusal).

Might permit sampling for vol-
atiles
from core.

result in heat being generate

Ek}lle drill rod, which causes los|
\C;(f)latiles. This can(be'feduced
lc)}}llanging thedrilling process.

Sonic drilling in weak rock ca
result inndrilling-induced frac
turihg

of'the intact samples, which
could

be of concern if an integrated
investigation (see 7.2) is re-
quired.

Dry soils can adversely affect
progress of probing.

Difficulties in measuring wat¢
strikes, particularly where
water

is used during drilling.

Drilling flush requires contain-

28

ment
and disposal.
a  SeeAp.
14 © IS0 2017 - All rights reserved



https://standardsiso.com/api/?name=dcf986073dcf7603a582bbe0b4dda57a

ISO 18400-102:2017(E)

Table 3 — Applicability of ground excavation, drilling, and sampling techniques

Desig- | Method | Method | Normal | Soil Suitability Suita- Type Typical | Com-
nation of area/ |profile for ground ble of depth ments
sample | diame- | detail type below | sam- of
extrac- ter water | pling |samplin-
tion table | possible ga
mm | Unsuit- | Suitable m
able | forsoil
for soil | type
type
Manual methods
Hpand Rotary |With 50mm |50 Hard Clay, silt, |No Dis- 0t0)2;,0 |[Sampling
ayger auger to rock cohesive turbed to 5,0 m
100 mm sand and possible
Non- - .
. |similar in
cohesive .
ground cohesive
gravel,
sandy
stones, |Granu- round
rubble, |lar- g
lumps of | material Some
material |subject types of
Likely to to auger
2. | ground can
be diffi- o
stability, be used
cult )
. grain below
in made [
rounde %€ water
8 and table
degree
of
cohesion
Hpnd Digging |With 1m x 10 Solid All types [No Dis- 0to1,5 |In
excava- sampling |1 m concrete turbed unstable
tipn tool or simi- or ground,
lar undis- the sides
obstruc- turbed may
tion need
support
Machine excavations
Trial pit |Digging |With 3mto |10 Hard All soils [No Dis- Oto6
sampling |4 m x rock and turbed
tools 1m material and
Large . .
: includ- undis-
solid .
ing turbed
obstruc-
: made
tions
ground
subject
to
A |
51 UuIlld
stability
Power-driven sampling holes
Power Rotary |With 50 mm |50 Non- Clay, silt, |No Dis- 0,05 to Sampling
driven auger cohesive |cohesive turbed |2,0 to 5,0 m
auger gravel, |and possible
large similar in
stones, |ground cohesive
lumps of sandy
material ground
NOTE Table 3 is only indicative.
a2 Where a minimum depth is given, a “starter pit” of the specified depth is usually required.
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Table 3 (continued)

Desig- | Method | Method | Normal | Soil Suitability Suita- Type Typical | Com-
nation of area/ |profile for ground ble of depth | ments
sample | diame- | detail type below | sam- of
extrac- ter water | pling |samplin-
tion table | possible ga
mm | Unsuit- |Suitable m
able for soil
for soil | type
fype
Contin- [Rotary |Not 150 mm [300to |Solid All soils |No None 0to 20 Suitable
uous drilling |possible |to 500 obstruc- for
flight with 500 mm tions passing
o)
rock/
auger boulders ers.
which
are of
interesf
Hollow [Rotary |With 150 mm |50 Solid All soils |Yes Dis 0to 20 Sampling
stem drilling |sampling |to obstruc- turbed down
auger equip- 500 mm tions and centre
ment and undis- stem
down hard turbed with
stem rock/ auger in
boulders situ
possibl¢
Pulse Ram- With 50 mm |25 Hard Clay, silt, | Yes Dis- 0,5to 10
boring/ |[ming sample |[to rock cohesive turbed
dynamic tool on 100 mm sand and and
. Gravels, |7, . .
probe machine latge similar undis-
<tones ground turbed
lumps ’of subject
. to
material .
grain
Very size
dense and co-
sands hesive-
and ness
gravels
Light Percus- |With 150 mm [100 Obstruc- |Clay, silt, | Yes Dis- 0,5to 30
cable sion boring to tions, cohesive turbed
(but can
tools 300 mm e.g. sand and and be
tyres, similar undis- deeper)
wood, ground turbed p
con-
crete,
DUlid
obstruc-
tions
and
hard
rock/
boulders
NOTE Table 3 is only indicative.
a2 Where a minimum depth is given, a “starter pit” of the specified depth is usually required.
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Desig- | Method | Method | Normal | Soil Suitability Suita- Type Typical | Com-
nation of area/ |profile for ground ble of depth ments
sample | diame- | detail type below | sam- of
extrac- ter water | pling |samplin-
tion table | possible ga
mm | Unsuit- |Suitable m
able for soil
for soil | type
fype
Driven |Pressure|Retrieval |30 mm |10 Hard All soils |Yes Dis- 0 to 30 Core
probes of core to rock subject turbed obtained
150 mm : to and and in
Solid . . ,
obstruc- |8rain undis- situ
: size turbed instru-
tions
and ments
Very cohe- possible
dense siveness in some
sands cases
and
gravels
S¢nic High- Retrieval |Up to 25to Harder/ |Softto, {Yes Dis- 0to40 |[[Some
fre- of core 125 mm |10 medium turbed rigs
compact
quency forma- geology and_ do not
energy tions undis- permit
(HFE) turbed use of
casings
Rpta- High- Retrieval |Up to 25to 10| Nohe All Yes Dis- 0to 100
sdnic fre- of core 300 mm overbur- turbed
quency den, and
energy includ- undis-
with ing turbed
simulta- boul-
neous ders,
rotation mixed
forma-
tions
and
bedrock
Multi- Percus- |Vatious (30mm |150to |No All types|Yes Dis- 0to 100 |[[Suitable
fynction |[sion bits 2500 |natural |includ- turbed specially
drill Rotaf obstruc- |ing and in
v tions glacial undis- glaciated
Préssure till turbed terrain
and
bedrock
NPTE) Table 3 is only indicative.
a2 Where a minimum depth is given, a “starter pit” of the specified depth is usually required.
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Table 3 (continued)

Desig- | Method | Method | Normal | Soil Suitability Suita- Type Typical | Com-
nation of area/ |profile for ground ble of depth | ments
sample | diame- | detail type below | sam- of
extrac- ter water | pling |samplin-
tion table | possible ga
mm | Unsuit- |Suitable m
able for soil
for soil | type
fype
Rotary |[Rotary |Detailed [150 mm |300to [Solid All soils |No None 1,0 to 40 |Suitabl¢
drills profile to 500 obstruc- for
(open not 500 mm tions passing
hole) possible through
Generally top lay-
for ers
borehole which
formation are
only not of
interest
but
should
avoid
creation
of
migra-
tion
path-
ways
for
contamiji-
nants
Rotary [Rotary |Retrieval |150 mm |300 to “\|Solid All soils |No None 1,0 to 20
drills of core to 500 obstruc-
(core 500 mm tions
drill)
Direct Percus- |Linerin |29 mm™\\5to 10 |Cement- |Sand, yes Dis- To 20
push sive open tube |to ed clay, turbed
or closed |[60ymm sedi- soft and
Open See . .
; piston ments |gravel undis-
piston Refer- .
sample elastic turbed
and ence [8] )
closed ayers
: (e.g.
piston brown
samplers coal),
solid
obstruc-
tions
NOTE Table 3 is only indicative.
a  Where a minimum depth is given, a “starter pit” of the specified depth is usually required.
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6 Selection of sampling techniques

6.1 General
Sampling techniques should be chosen in accordance with the principles set out in Clause 4.

Specialized tools and techniques might be required for collection of samples for physical, geological,
and biological purposes. These forms of sampling should be carried out under the guidance of an
appropriate expert.

NOTE 1 |Tables 2 to 4 give guidance intended to aid the selection of appropriate sampling techniques for the
circumstajnces anticipated in a site investigation.

NOTE 2 | Guidance on the application of some commonly used methods of sampling and providing access to the
sampling point is provided in normative Annex A, in which schematic examples of trial pits formedfof sampling
soils are provided.

NOTE 3 | Descriptions of a wider range of techniques are provided in informative Annex B

NOTE 4 | Illustrations of a variety of equipment and tools are provided in informative Annex C.

NOTE 5 | Some of the main issues to be considered when selecting a sampling teehnique are listed in Table 5.

NOTE 6 | Guidance on taking disturbed and undisturbed samples using’ yvarious techniques is provided |in
Clauses 8 and 9.

NOTE 7 |Itcould also be useful to consult ISO 22475-1 for guidanceen the application of some techniques.

It is not ppssible to include all possible circumstances or objéctives in such tables as are included in this
documenf and judgement should be used when necessary.to determine the most appropriate sampling
techniqu¢. Many objectives are satisfied by more than-one technique. The listings in Tables 2 and 3 fo
not preclide the use of other techniques which are $tiited to the problems of a particular location, €.g.
areas of permafrost, nor do they preclude the useof other methods which have been developed.

The choide of technique(s) should take into.account:

— the characteristics of the soil to be sampled (e.g. soil type, water content, degree of consolidatidn,
and particle size);

— the djifferent materials that rmay be present in the ground;
— the spil characteristics.6finterest including the analysis and other testing to be carried out;

— the required preciSion of the results, which in turn depends on the ranges of concentration |of
components, the.sampling procedures, and the type of analysis;

— the halth and'safety of those carrying out the work or living or working nearby;

— the need“to avoid damage to utilities (e.g. electricity cables) and whether hard cover is to pe
pene [rated;

— protection of the environment (7.2);

— site specific factors such as accessibility, ground stability, and other logistical aspects.
Selection can be aided by addressing the following consecutive questions:

— What are the soil characteristics of interest?

— What type of sample is therefore required (5.3 and ISO 18400-104)?

— What amount of sample is needed for the investigations planned (5.4 and ISO 18400-104)?

— What precision of results is required and therefore, what method can be used?
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— What is the accessibility of the sampling site?

— What sampling depth shall be reached (ISO 18400-104) and what are the anticipated basic physical
soil characteristics?

— Which substances are expected (volatile compounds, minerals) and will they be analysed for?

NOTE8 It mightalso be useful to consult the analyst or scientist responsible for subsequent determination or
testing, for example, about such matters as the size and type of samples required.

In addition, costs, safety (5.1), availability of suitably experienced and competent staff (7.10), machinery
orjinstruments; time, and environmental aspects (7.2) should be taken into account.

All sampling equipment and ancillary apparatus should be

— suitable for purpose,

— safein operation,

—| able to take a representative sample from the required sampling point;
— capable of preserving the integrity of the sample until it can be transferred to a sample cqntainer,
— cleanable,

— simple to use,

— practical to use, and

— able to withstand rough usage.

The size of the sampling equipment required depends on the (maximum) particle size of th¢ soil and
thE quantity of sample required. Depending ofl whether increments or samples are taken, the size of
the sampling equipment should at least be,equal to the actual increment or sample size, respectively.
In|general, the opening used for sampling-should at least be three times the diameter of the naximum
pdrticle size (Dogs) in all directions thabare relevant for the sampling process.

Table 5 — Some issues to consider when selecting a sampling technique

So¢il characteristics that arecharacteristic of particular soil horizons require horizon-related samplin

'S

If|the spatial variation of seil characteristics is of interest, spot samples are usually required.

Samples taken to identify the distribution and concentration of particular elements or compounds arg normal-
ly
spot samples [cluster samples may, however, be used with benefit under some circumstances (see 5.3]].

Samples taken'to assess the overall quality or nature of the ground in an area, e.g. for certain agricultfyiral
purposes,are spatial (when sampling the surface and near-surface materials, composite samples may|be
a]rpropriate).

Sample size should be sufficiently large to enable all tests and analyses to be performed.

Sdmple size should be sulficiently Iarge to represent all soil characteristics of interest.

Soil characteristics of interest should not be affected by the sampling process.

Soil characteristics of interest should not be affected by the transportation and storage of samples.

Representative sampling usually means that increments with different properties should be (if applicable at
all) combined into a composite sample only according to their volume fraction of the soil to be sampled.

Cross-contamination should be avoided.

Spread of contaminants should be avoided.
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6.2 Drilling rigs and ancillary equipment

The drilling and sampling equipment selected shall be of the appropriate size and type in order to
produce the required quality.

If applicable, the drilling and sampling equipment shall be in accordance with ISO 3551-1, ISO 3552-1
and ISO 10097-1.

Drilling rigs with appropriate stability, power, and equipment such as drill rods, casing, core barrels,
and bits shall be selected in order that the required sampling and borehole tests can be carried out to

the requi
NOTE 1

NOTE 2

7 Gen

7.1 Ge

The sampling plan (in accordance with ISO 18400-101) should specify the'sampling locations and t
number, $ize, and type of samples to be taken from each location. The @astructions to those carryi
out the work should also include procedures to be followed if unexpected hazardous conditions 4

encounte

Analysis
sampling
[SO 1851

Where ndar surface samples are not required and samples are required only at greater depth within t
ground, dn appropriate method of rapid developmernit of a borehole to the required depth may be usg
Care should be taken, however, to protect the bore and to clean out material before taking a sample

avoid cro

If at any time during the investigation it bécomes evident that the implemented strategy has not be

optimal,

markedly from the expected depth). In some cases, it could be necessary to take additional samples

the basis

this situafion is not clearly evident, the original strategy should be followed according to the procedu

specified

Sampling

and elevation shouldibe related respectively to a national survey grid and to a known datum point.

Descripti

been comlpleted if this has not been done during formation following the guidance in ISO 25177.

Photogra

ad danth oftrba borolhala o d coanling oo fagaoriac
CO G C Pt Ot C o 0Tt oOTCTotSa prit g CatC g oTTest

The requirements in 6.2 are taken from ISO 22475-1.

Safety requirements for drilling equipment are provided in the EN 16228 series.

pral aspects of application

heral aspects of field work

Fed (see ISO 18400-103).

for volatile and semi-volatile components should be‘carried out as quickly as possible aft
and for these components, it is not possible to store the samples on site for later analysis (|
P, the [SO 22475 series, ISO 18400-201, and ISO 18400-204).

5s-contamination.

the chosen methods should.be altered immediately (e.g. if the depth to groundwater diffeg
of the adjusted strategy.or to take into account the unforeseen conditions. However, whe

in ISO 18400-101.

locations sheuld’be surveyed accurately in both plan and elevation. Where possible, the locati

pns of ground strata should be drawn up in the field immediately after a sampling location hj

he

ng
re

pn

ns snould be taken whlle sampling.

Good practice for application of particular techniques should be followed in order to obtain samples of
the required quality.

Equipment and tools shall only be used by trained personnel and used and operated in accordance with
statutory requirements following the manufacturer’s guidelines.

It will sometimes not be necessary to analyze all the samples that have been taken, but it could be
expensive to have to return to the location to obtain additional samples. This will particularly be the
case if samples are taken at a considerable depth in the soil profile. It is therefore advisable to take
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samples even when it is anticipated that they may not be required for analysis and testing. Such samples
should be preserved and stored following the guidance in ISO 18512 and ISO 18400-105, as appropriate.

NOTE Instead of taking samples, it may sometimes be advantageous to use on-site and/or in situ methods for
testing and analysis (see ISO 12404).

7.2 Environmental considerations

When selecting the sample collection technique, consideration should be given to the following:

— PI GVBIILillg LllC Cl UdLiUll Ulrl OuUtLcsS fUl llligl dLiUll Uf LUllLdlllilldLiUll (hUllLU, SPI Uddillg L}IU Pl Lblem and
incurring liability);

— avoiding migration at the surface due to wind blow or the action of water;
— contaminating the surface of the site with contaminated arisings.

9
iil}:JipE

\\‘

13
Kegy
fill with clean'soil 8  bentonite
tightening strap 9  protective casing
filter_sand 10 bentonite plug to prevent vertical infiltration of
rainstorm water or floods
4 | (filter gauze 11 ground water table
5 ~Dbottom cap TZ  extra bentonite plug to prevent cross flow to other
water conducting layers
monitoring well cover 13 impermeable layer or bedrock
top cap

Figure 2 — Impermeable layers for monitoring wells

All deep borings should be backfilled with clean, low permeability material (e.g. bentonite grout), unless
monitoring wells are to be installed (see also 7.8). Alternatively, arisings can sometimes be used if it is
assessed it is appropriate to do so, e.g. it would not present a risk of contamination to groundwater
directly or through creation of a migration pathway.
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Particular care should be taken where low permeability strata (aquicludes) are penetrated to avoid
creation of new connections between two aquifers.

NOTE1 The migration of contamination can be exacerbated by the formation of preferential pathways within
the ground. In general, the deeper the sampling requirement, the greater is the risk.

NOTE 2  The use of a double penetration technique (forming a larger borehole with a bentonite seal which is
then penetrated by a smaller borehole through the seal) to prevent boreholes forming a contamination migration
pathway is likely to be necessary when an aquiclude is penetrated.

Low-permeability layers that are inadvertently penetrated should be repaired by placing a bentonite
seal or a|bentonite-cement-water mixture (grout) to prevent exchange of (polluted) water betwepn
different layers (see Figure 2).

If monitoring wells are installed, a bentonite seal should be formed near to the top of the boréhole [to
prevent infiltration of water from the surface.

When foyming trial pits, the initial surface layer should be separated from other ex¢avated materjal
with this[further separated on the basis of depth, appearance, or evident contamination, as appropriage.

Excavatefl material should be reinstated as closely as possible to the depth frgm which it was removed,
subject t¢ an assessment of the potential risks to the environment that afry) disturbed contaminated
material might present according to national regulations, etc. and the requirements of the sampling
plan. The| surface material should then be replaced to provide a cover,(see 7.8 for further guidance pn
reinstatement of trial pits and other exploratory holes).

NOTE 3 | Regulations or consideration of the potential risks to the énvironment might dictate that no materjial
known to pe contaminated is to be returned to the excavation (of course, it might not be known when the work is
carried ouf that the material is contaminated it will usually be thepurpose of the investigation to determine this).

The redeposited material should be compacted in layer§with the digger bucket and consideration given
to mounding material to allow for settlement (it migh®#not be acceptable if it interferes with trafficking
of the sitg).

In order to prevent the site surface becoming contaminated, it may be necessary to place excavatpd
material |and other arisings on strong plastic sheeting or geotextile to prevent contact. The shget
material should then be safely disposed ‘of on completion of the backfilling.

For drilling methods requiring the(se of water flush, the water should be potable water to avoid crogs-
contamination and should be disposed of appropriately (see also 7.3).

NOTE 4 | Where impermeableCover (e.g. concrete hardstanding) has been penetrated, it might be necessary|to
reinstate yith a suitable low-permeability cover to prevent the location becoming a source of ingress of rainwater
resulting in contaminatighmigration.

Care shotild be taken to ensure that the surrounding area is not affected by contaminated spoil left
after reinstatement.

samples, machinery, and vehicle wheels

Care should be taken to avoid the spread of invasive and noxious plants [e.g. Japanese Knotweed
(Fallopia japonica), the spread of infective agents, including, e.g. those causing, foot/hoof and mouth
disease (Aphatae epizooticae) and Rhizomania [Benyvirus - Beet Necrotic Yellow Vein Virus (BNYVV)] or
of genetically modified (GM) crops outside of areas approved for their growth (see also ISO 18400-103)].

NOTES5 The listing of invasive and noxious plants above is not exhaustive.
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7.3 Cross-contamination

Whatever method is used for obtaining the sample, it is important that the sampling system used and
the material from which the equipment is made do not contaminate the sample.

When taking samples below surface level at a site, it is important that the sample is not affected by
material (soil or water) falling from more shallow depths. Thus, where trial pits are used, the base of
each pit should be cleared of debris before using the machine bucket to obtain a good sample of the
material at the base.

is[taken. With driven samplers, it could be necessary to reject material in the upper porti
sampling tube which is potentially affected by debris.

)

on of the

The sampling equipment should be kept clean so that parts of a previous sample are-nhot trgnsmitted
tola subsequent sample causing cross-contamination. For agricultural purposes,‘even with repetitive
sampling across a field to form a composite sample, the sampling device should be cleaned| between
edch location. All sampling equipment used in contamination investigations should be thoroughly
cl¢ganed between each sample.

Dyilling equipment should be cleaned between sampling locations and,more frequently, if necessary, in
contaminated ground.

Cqgntamination of samples due to lubrication used to ease samiple collection or contaminatipn due to
lupricants and oils, greases or fuels due to the machinery used for sampling, should be avoidgd. Where
it [s necessary to use lubrication, e.g. to ease formationof a borehole to enable sample collecftion, only
luprication should be used which will not conflict wither confound the analysis to be performed on the
samples in the sense of matrix effects or contributiof’to the contamination.

ere water has to be added to a borehole intvorder to assist the drilling process, only clgan water
shiould be used (preferably from public potable’' drinking water mains when available) and the volume
shiould be recorded. When polymer is used to assist with drilling, complete records should be kept of
ity use to allow consideration of any potential effects on groundwater quality and on the results of
subsequent chemical analysis of samples.

Only devices of controlled chemical quality and composition should be used to handle samples. For
example, a hand trowel of stainless steel can be useful when investigating organic compounds while
plastics normally do not interfere with heavy metals. When a stainless steel trowel is used, t%ue quality

of|the stainless steel should be determined to ensure that cross-contamination of the samples will not
odcur or interfere with'the quality of the analytical data. Devices that have contact with samples should
ngver be painted, greased, or have otherwise, chemically treated surfaces.

Pijior to takinglasample, the sampling tool should be cleaned using, e.g. deionized water (¢r alcohol
w]pes where'organic contamination is present) to avoid cross-contamination.

NOQTE 1. \Drilling equipment is normally cleaned using pressure jet or steam-cleaning equipment|in ground
badly“contaminated with organic chemicals. Washings from the cleaning process should be collected and then
disposed of at a suitable facility off-site. Guidance on how this can be done is provided in Reference [9]

NOTE 2  Samples can become contaminated by:
— transmission of substances to sampling equipment or containers;

— uncontrolled transport of soil particles to the sampling point from adjacent points of a site or a soil profile,
especially by material dropping into the sample from higher up a borehole, either during augering or drilling
or during withdrawal of the sample;

— transfer of substances from the sampling device or container;

— introduction of auxiliary substances used to enable or facilitate the sampling (fuels, exhaust fumes, greases,
oils, lubricants, glues, and others);

— introduction of wind-blown particles, spread liquids, or precipitation.
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NOTE 3 Lining the borehole can prevent cross-contamination from material dropping into the sample from
higher up the bore.

NOTE4  The operation of equipment, due to poor maintenance, lack of cleanliness or carelessness during
refuelling, can result in the contamination of samples due to exhaust fumes, hydraulic fluids, lubricating oils, or fuel.

7.4 Preparing to sample

Prior to locating the sampling locations,

a la N chovringtha locatinnce AfF 11 Loz cneyionce (cnrvicnc o) choanld bha bt
plapshewingthelocations-efalHknownservieces{servicesplan)shetld-be-ebtained;

9%
Q.

— ifunexploded ordinance (UXO0) is known to be present, a plan showing locations should be obtain
(see ]SO 18400-103 and Reference [2]), and

— If UXP is considered likely to be present, but no plan is available, an appropriate survey should pe
carried out before any other activities related to sampling.

Prior to spmpling,
— any spfety measures should be put in place and a health and safety plan should be prepared,
— the sampling locations detailed in the sampling plan should be located and marked,

— supefrficial material that will interfere with sampling should berémoved (samples should be takgn
from|these when appropriate),

— checks should be made for the presence of buried utilitiesdising service plans (where available), qn-
site gbservations and cable-detecting instruments, etc.fand

— startpr pits should be formed by hand or vacuumtextraction when these are required prior [to
formption of a borehole, etc.

7.5 Breaking out

Different|techniques are available for breaking out the hardcover on a site (see Table 4). The techniqpe
selected should be determined takingiinto account the nature of the hardcover and the area necessayry
to break fout for the purpose of the.investigation. Regard should also be paid to safety (e.g. possille
presence|of utilities), impact on neighbours or site occupants (e.g. noise), and possible impact pn
buildings, boundary walls, ete~Jt might be necessary to obtain permissions in some cases, e.g. frqm
utility providers.

Pneumatjc drills may_be)used, but these require an experienced operator suitably competent and
a source |of compresséd air and will not be appropriate for penetrating thick concrete (more than
250 mm)jor whereconcrete is reinforced.

In some fasesjthe equipment selected for the site investigation is capable of also carrying out the
breaking|out of:

— cable percussion equipment can chisel through concrete (less than 100 mm thick) and tarmac;

— excavators can be fitted with hydraulic breakers which can break through substantial thicknesses (up
to 500 mm) of concrete including reinforced concrete (depending on the diameter of reinforcing bar).

A specialized diamond-tipped coring drill may be required to drill a suitably sized hole, particularly
through thick concrete. This drill can be used for borehole formation and probing methods of
investigation, but is not suitable for excavations. The method has the advantage of forming a very neat
hole which can be easily reinstated to the original surface. If a hand-dug starter pit is required, this
should be taken into account when deciding on the diameter of the hole.
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7.6 Collection of samples
Samples should be collected following the guidance in Clauses 8 to 10.

The samples collected should be as representative as possible of the material at the location and depth
being sampled.

Precautions should be taken to prevent the samples undergoing any changes during sampling, including
cross-contamination or during the interval between sampling and analysis.

Disturbed samples may be taken by most of the methods listed in Table 2 since such samples do not
require maintenance of the original ground structure. Such samples should be transfetrgd to the
apgpropriate sample container using an inert tool such as a stainless steel trowel or by hand-uging clean
prjotective gloves.

Whhere loss of soil structure is likely to affect the subsequent examinationpe:g. micropiological
examinations, certain physical measurements, and determination of volatile’ organic compounds,
unldisturbed samples should be collected to minimize the loss of structure and-volatiles.

7.7 Transport, storage, and preservation of samples

Samples once collected should be transported, stored, and preservedin accordance with ISO 18400-105.

7.8 Backfilling of exploratory holes

If pot used for installation of monitoring devices, profiling; or foundation holes, excavations originating
from soil sampling should be refilled. It is essential.that the site is restored and no hazards are left
thiat would be of potential harm to the public, the@nvironment, or animals. The backfilling $hould be
carried out in accordance with national regulations and other regulatory requirements and[technical
objectives taking into consideration the strataZcontamination of the ground, and its bearing dapacity:.

Sdil-sampling processes produce voids where the sample has been removed or access to the[sampling
pdint was enabled. These voids can present new migratory pathways which should be cqnsidered,
especially in contaminated ground:Large holes and excavations present a hazard to humdns, other
arlimals, and machines that may fallinto them and may influence the stability of the surrounding ground.

Whhen backfilling trial pits, the'excavated material may be used, in which case it should be refurned to
the original depth below greund level, i.e. in reverse order to that they were excavated in. Th¢ material
shiould be replaced in layers and compacted in an appropriate manner (the aim is to reinstall the soil in
a way that enables the)same soil functions and utilization as before the sampling). To compégnsate for
subsidence of a refitled pit, additional filling material should be added to level an uneven soil surface. In
trafficked areas;where reinstatement of trial pits could cause a problem, an alternative technigjue should
bd considered;to ensure the area will accept likely loadings without settlement. When appropriate, the
cﬂent and/op landowner should agree the specification for backfilling and might need to be asked to
confirm.that reinstatement has been satisfactorily completed.

NOQTEy1  While the textabove suggests that contaminated material may be returned with care to the gxcavation,
thisTsSTot always acceptablie taking INto acCOUNT tHe Televant regulations and Site conditions. In particular, where
this method of backfilling could result in suspect material coming into contact with apparently uncontaminated
ground, it may be necessary to use clean material for backfilling all, or at least part, of the excavation.

No additional contamination should be left at the surface of the site on completion of the investigation.
It might be necessary to import clean material to form a surface layer over the excavation upon
completion of the backfilling process.

Where there is a risk of contaminated groundwater or other liquid, e.g. oil being brought to the surface,
special care should be taken to prevent dispersal of the contaminated water or other liquid during the
investigation and also during subsequent backfilling. Hence, trial pits should not usually be excavated
after water is encountered (see A.1).
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Boreholes should normally be filled with materials of equal or less permeability than the surrounding
ground, e.g. in order to prevent contamination and any connections between aquifers. If mixed grout is
used, it should be placed by means of a tremie lowered to the base of the borehole. The tremie should
be slowly raised as the grout is placed. If there is an influence on future projects, special technical
requirements for backfilling should be specified in advance. Voids should not be permitted to occur
during the placement of the filling material in the borehole.

NOTE 2  The person carrying out the filling of boreholes needs to know the depth to the base of the casing.

7.9 Disposal of waste materials

Any surplus excavated material or other arisings (e.g. contaminated groundwater) should be collectpd
for safe diisposal in accordance with local and national legislation and regulations.

Suitable disposal routes should be identified and arranged before the work begins. When this hjas
not been|done in advance or the results of testing are awaited so that a suitable dispesal route chn
be identified, the material should be made secure and stored in such a way as to minimize the risk|of
spread oflcontamination.

NOTE Solid materials may be stored, e.g. in covered stockpiles on plastic sheeting, in sheeted skips, and|in
drums depending on the amount and nature of the material.

7.10 Personnel

Guidance| on the skills, training, and other attributes required By those carrying out the work are
described in ISO 18400-106. Some guidance is also provided in.}SO 18400-103.

NOTE Guidance on qualification criteria for enterprises and{personnel engaged in geotechnical investigatigns
is providef in ISO/TS 22475-2. ISO/TS 22475-3 provides guidatice on conformity assessment of enterprises apd
personnel|by a third party.

8 Taking samples of top-soil and other near surface materials

8.1 Undisturbed samples

8.1.1 (eneral

NOTE 1 | The guidance providedbelow is particularly applicable to the investigation of natural and agricultural
sites (see SO 18400-205%). However, undisturbed samples are also frequently required for the determination|of
volatile organic compounds\(VOCs) (see ISO 18400-204 and the ISO 22475 series).

If undistyirbed samples are required, they should be taken by means appropriate to the objectives
of the invVestigation) for example, using a sampling frame, a coring tool (Figure C.1), cutting cylinder
(Figure C{22), er'a Kubiéna tin (Figure C.21). In each case, the sampling device should be pushed into the
soil and spbsequently removed with the sample so that the soil is collected in its original physical for

When dealing with highly contaminated sites, sampling techniques minimizing contact of the
investigator with the soil should be employed (see 1ISO 18400-103 and ISO 18400-203%) for further
details).

NOTE 2  Other tools that may be appropriate (see Table 3 and Table 4) include the following:

— special hand augers [gauge auger (shallow-profile sampler), bucket auger to bring down borings for cutting
cylinder application)], piston sampler (see Figure C.4).

4) Under preparation.
5) Under preparation.
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used at the surface).

NOTE4  Cutting cylinders are available conforming to a number of standard specifications.

8.1.2 Procedure for use of sampling cylinders

Methods for recovering samples from a trial pit are illustrated in Figures C.8 and C.9 (both could be

The aim is to obtain a sample in such a way that the natural soil structure of the sample is not changed
compared to the bedding of the soil at the site, i.e. volume-proportional sampling. In top soil, horizon-
related sampling is common.

Fa
ar

If several cylinder samples are taken at one level, a systematic arrangement of the-sampling

p1
ed

Jo
dd

sofil. Remove the cap and supporting ring. Then, undercut the cutting-eylinder and remove it}
sail using appropriate tools. Level the upper cutting areas of the. cylinder, cut the roots, an

pr

topl) and lay it into the special case.

The following general rules should be followed:

If
sh

W

N(

8.

8.

llowing the selection of the exact sampling point, the soil surface should be cleared of logse
d remnants of vegetation.

eferably equidistant, should be adopted. It is recommended that five parallel saniples be oh
ch level, e.g. for investigations of percolating soil water, pore volume, or bulk'density.

n the cutting cylinder and fix it to the protective cap. Using a hydraulically or manually
vice, drive the cylinder into the soil until the lower edge of the pretective cap penetrate

ojecting stones. Then, cap the cylinder carefully remove it frem its base (using a spade

when taking cylinder samples from the top soil, loosely bedding soil should be rejec
avoiding loss of soil during the process;

while the surface is being levelled, the pores of the cylinder contents should not be
smearing or pressing;

to reduce wall friction, soil sampling cylinders should be plunged into water or gred
vegetable oil before application;

tilting of the soil sample cylinder while pushing it into soil should be avoided.

undisturbed samples cannot be taken, casting techniques (using gypsum, paraffin, wax,
ould be considered.

hen sampling a seil.profile, samples should be numbered from top to bottom.

TE If soil is'silty, loamy, or clay-like, sampling is only possible in moist conditions.

2 Disturbed samples

materials

cylinders,
tained at

operated
5 into the
from the
d remove
r similar
ted, thus,

rlosed by

sed with

or resin)

P1) General

Any of the following equipment and exploratory holes may be used as appropriate:

trial pits;

hand auger;

trowel, spade or similar;

cutting frame (for sampling organic matter such as mull, moder, mor, peat);

other additional tools and equipment.

Top-soil samples may also be taken during the formation of boreholes, etc.
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8.2.2 Procedure

8.2.2.1 Agricultural sites, etc.
Spatial (area-wide) composite samples should be prepared as follows:

— after selection of a suitable sampling pattern (see ISO 18400-104 for suitable examples), single
samples or incremental samples are combined to form a composite sample per area unit or soil unit
(the depth of sampling depends on the objective of investigation and on the utilization of the area);

— to foTTa COMpOSIte SAMPIe per ared Uit or Soit Uit procedures Sioutd be Setected So that tie fimal
sample contains equal parts of the incremental samples and to ensure that it is representative.of all
the incremental samples;

— ifthelstone content is small (check profile, otherwise X = 5 %), it usually can be neglected,but larger
stong contents should be estimated or determined following separation of soil particles smaller
thanja predetermined size.

NOTE Spatial composite samples will require homogenization when they arrive in thélaboratory.

8.2.2.2 |Forest sites

For sampling organic horizons (undecomposed or partially decomposeditter) above mineral horizojns
in forest poils, place a cutting frame on the surface and sample thé content of the framed area down
to the unferlying soil horizon. Usually, a small shovel should be tused to gather thin layers of litter (L),
fermentafion (F), and humus (H) horizons. Stones and roots shoeuld be removed from samples.

NOTE 1 | The organic horizon can be sampled as one layer or~for specific purposes (e.g. diffuse pollution),|as
individualllayers: litter (L), fermentation (F), and humus (H).

NOTE 2 | Itis not possible to sample organic horizons using augers.

8.2.2.3 |Contaminated sites

Spot samples, composite samples, or clustep samples should usually be obtained. The depth of sampling
depends pn the objective of investigation:

NOTE For more detailed guidanee,see ISO 18400-104 and ISO 18400-203.

9 Sampling at greater-depths
9.1 Undisturbed samples

9.1.1 Spmpling from trial pits

Different|sainpling techniques can be used to obtain undisturbed samples from trial pits, but care
should be taken when entering trial pits as required by ISO 18400-103 (see also A.1.3). Hand augers,
soil sampling rings and cylinders, cutting frames, and other tools are suitable.

In order to apply cutting cylinders at each of the predetermined sampling depths, a horizontal area
should be prepared starting at the top, i.e. the undisturbed soil is cut and levelled and loose material
removed. From this area, cutting cylinders are taken as described in 8.2. If the cylinders are arranged
in rows, it is appropriate to start at the inside of the area to be sampled. After all the cylinders have
been pushed into the soil, they should be dug out from the side, cut and smoothed at the ends, and the
remaining soil material of this area dug out until the top of the next sampling level is reached.

Undisturbed samples suitable for agricultural investigations may also be obtained using a spade,
shovel, or similar tools carefully. The soil aggregate to be removed in such a way needs to be of greater
volume for subsequent shaping, e.g. using a knife to obtain an adequate volume of soil for field and
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laboratory investigations. Such a sample would not be regarded as sufficiently “undisturbed” for many
other purposes.

NOTE

A trial pit permits undisturbed and disturbed samples to be obtained related to horizon, layer, or

depth depending on the reasons and objective of field and laboratory investigations (see also ISO 18400-104).
Sampling is possible in both horizontal and vertical directions. These techniques are preferred for carrying out

pe

dological, geological, and hydrogeological evaluations.

9.1.2 Other sampling methods

Fo
or
uy]

column cylinders, and core samplers are appropriate.

N(

9.

9.2.1 General

Any of the following equipment and techniques may be used as appropriate:

Fa

subsamples), labour-saving techniques are available (e.g. partially or fully mechanical sampl

to

9.

TH
p1]
in
w

TH
of

without plastic liners are suitable for various physical measurements, soil research, and\t
disturbed analytical samples. For example, transparent sampling tubes, split tubelsamj]

TE [llustrations of some suitable equipment are provided as Figures C.10 to C.15 and C.17.

2 Disturbed samples

trial pits;
drilling tools;
special boring tools to obtain samples from water-saturated soil layers and from peat soil
static and dynamic probes;

soil sample cylinders (for application jn trial pits).

r sampling under difficult conditions(e.g. clay soils, sampling at very great depth, large 1

pls coupled to vehicles, mobile sampling tools).

.2 Agricultural sites; etc.

le reasons for and objective of investigations in the field and in the laboratory determine the
ocedure of sampling. For the determination of nutrient supply in the subsoil of agricultu
rremental samples can be taken following comparable field patterns to those that woulg
hen samplingtop-soil and then combined in a composite sample to represent an area or soil

le increniental samples should be taken from the same depth or stratum depending on the ¢
the ifivestigation.

- A - -l
9.2-3—Contaminated sites

bes with
Db provide
blers, soil

@

umber of
ing tools,

type and
ral areas,
| be used
unit.

bjectives

Composite samples, cluster samples, or spot samples may be used (see ISO 18400-104) depending on:

— the purpose of the investigation;

— the depth(s) from which samples are to be taken;

— regulatory requirements;

— the requirements of guidance relating to application of assessment criteria.

NOTE1 Seealso5.3.
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Only samples from a specific depth should be used for assessments for contamination.

Sampling and the subsequent assessment for contamination should be made to the full depth of
potential interest. However, the samples that are taken should refer to a limited depth range of no more
than about 100 mm rather than for a depth range of say 0,5 m or 1,0 m as is common in geotechnical
investigations (for detailed guidance, see ISO 18400-104 and ISO 18400-203).

When sampling from trial pits where access is possible, the sample may be taken from a single spot or to
be representative of a small horizontal band. For reasons of safety, samples from greater depths should
be taken from the excavator bucket either directly or from material deposited on the ground. In which

case, a cly

NOTE 2
have to bd
sufficient

10 Sam

10.1 Ge

Guidance
[SO 1840

Prior to 9
might hay

— ther
samp

— the :[oisture content of the soil;

— the

— thea

— the guantity of soil necessary for the-tests and analyses.

10.2 Sampling equipment

Selecting

in Clause$ 6 and 7 on seleetion and application should be followed as appropriate.

Suggeste
sampling
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Due to the small amount of soil exposed in window or windowless samplers, the sample obtained m

taken over a depth range of up to about 150 mm of the same strata in order to ensure that therg
material available for all the analyses required.

pling stockpiles

heral

D-104.

ampling, information should be obtained (where possiblé)‘er developed on those factors th
e a particular impact on the selection of the equipmentand the sampling method including

sk assessment of the sampling activities and the safety procedures to be implemented duri
ling and transport;

aximum size and size distribution of the’soil particles;

Ccessibility of sampling points;

suitable sampling‘equipment is important for obtaining good quality samples. The guidan

l applicatiens for generic types of equipment are detailed in Table 6. Detailed descriptions
techniques'and equipment are provided in Annex D.

on strategies for sampling stockpiles and other above-ground deposits is provided i

ay
is

at

of
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Table 6 — Suggested applications for generic types of sampling equipment suitable for sampling
soil stockpiles and other above-ground deposits

Gener_'lc Dry fine Moist fine Dry coarse Moist coarse Very coarse
sampling . . . . / . . . .
. grained soil grained soil grained soil grained soil soilsa

equipment
Soil auger +/- + + + -
Drill auger - + + + -
Mechanical drill - - - - +b
Opemrsampting = ¥ = = -
tybe
Hplf cut + +C - - -
sgmpling tube
Plunger +/- + - - -
sgmpling tube
S¢oop +/-d + + + +
Mechanical - - - + +
shovel
(d.g- wheel
loader, digger,
excavator)
Rpta-sonic + + £ + +

+| applicable

-| notapplicable

¢ | Only suitable for a sludge.
d [ Suitability depending on wind velocity.

a | Soils consisting of particles larger than 50 mm diameter.

b [ Suitable for taking part of the individual particle.
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Annex A
(informative)

Application of particular techniques

A.1 Trial pits

A.1.1 General aspects

The reas

determin|

NOTE 1

opportuni

NOTE 2
and of ongused for sampling in made ground (e.g. when looking for contamination) in Figure A.2.

e the locations and dimensions of a trial pit.

The advantages of the method are the applicability over a wide range of ground conditions, f
[ty for close visual examination of the strata, and the speed with which the work can be carried out.

A schematic drawing of a trial pit used for sampling for pedological purposes is provided as Figure 4

In identifiying whether trial pits are suitable for the investigation/the following questions should
taken int

Have

b consideration:

services been identified?

[s there space available for performing the excavation?

Will the damage to the site surface be acceptable(o the client and/or landowner?

Can hand-dug or machine-dug excavations a¢hieve the anticipated depth of sampling required?

Is there likely to be groundwater present-within the depth to be sampled?

NOTE 3
(dependin
excavated

Different
of easily achieving the depth required.

A trial pit excavated by machine. will usually require approximately 3 m x 1 m for the excavati
o on depth and the nature ofithe ground) plus space for the machine to operate and space for
soil to be placed (see Reference [7]).

machines can achieve different depths of excavation and the machine used should be capal

The presénce of watepwill usually prevent satisfactory samples being obtained and can also lead to t
collapse of the sides'of-the pit.

Trial pits

34

only

should

bé-used where the ground will stand temporarily unsupported and permit the observation

ons and objective of the investigations and the intended field and laboratory activities

he

.1

be

on
he

he

of

the insitu condition of the ground both verticatly and tateratly,

be sufficiently large to provide safe working conditions (of appropriate width and length depending
on the type and cohesion of soil),

have

notb

the head side exposed to the light, if practicable,

e entered unless safe to do so, e.g. if shored by a competent person (see also A.1.3),

not have excavated material stored directly at the pit shoulders,

be compliant with national regulations and industry guidance regarding safety (see
ISO 18400-103), and
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— be secured (e.g. fenced in the case of long-term operation).

Steps should be available to enter and leave the pit (this should only be done if the pit has been shored
by a competent person).

The material removed from trial pits should
— be placed separately in piles of same strata on sheeting where required, and

— bereplaced in reverse order.

Aj1.2 Formation of trial pits

Hand tools such as shovels, forks, and picks may be used to excavate to depths of about2 m{ but only
with due regard to safety and the possible danger of damaging services or putting the worker using
thie tools at risk of injury. The hand-dug pit should have a plan area of approximiately 1 m|x 1 m to
ernjable easy collection of soil or samples and recording of the soil profile. It might’be necessarj to slope
the sides of deeper excavations to ensure the safety of those digging them and those who mjight later
ingpect them.

NOTE Hand excavation is particularly necessary in urban areas if sepvices (e.g. water, gas, electfricity) are
known to exist in the vicinity and, particularly, if their location is uncertain. Once the base of the ex¢avation is
below the depth at which any services may exist, then the excavation-er borehole formation can be|continued
usiing the appropriate machinery.

Mechanical excavators which range greatly in size and réach are required to achieve greatpr depths
arjd can be beneficially used even when pits only about0;5 m deep are required because they permit
rapid working and expose a greater amount of soil for\inspection and sampling than is possjble using
hgnd-dug pits. Further information on the use of mechanical excavators is provided in A.5.

Small tracked mechanical excavators can be used to form trial pits to about 2 m and are pafticularly
ugeful when only small shallow pits are required, or access is restricted.

A wheel-driven back-hoe excavator can bé used to excavate trial pits typically to a maximum depth of
abfout 5 m. The trial pit should be widé enough to accommodate the bucket and of adequate|length to
allow excavation to the required depth and plan area (usually, approximately 3 m to 4 m x 1 np).

A ftrack-driven machine is netessary to reach depths such as 6 m below ground level. A wider bucket
isusually necessary thanwhen using a wheeled excavator to provide clear vision to the bottpm of the
trial pit because of its greater depth.

The width of bucket\required will depend on the finished width that is required. It is usual o have at
least two bucketsofdiffering widths available, e.g. a 0,5 m or 0,6 m wide bucket and a 0,9 m wide bucket.
Whhile a toothedbucket will aid progress in compacted ground, consideration should be given fo the use
of|a toothless bucket at shallow depths in order to lessen the chances of damaging any unjdentified
utjllities especially, e.g. drainage runs.

Whatever technique is used to form a trial pit, the excavated material should be placed on th¢ adjacent
ground (this should be protected as necessary from contamination) in a way that ensures it will not fall
back into the excavation causing cross-contamination. The surface soil layer should be kept separate
so that it can be replaced on the surface after the trial pit is backfilled. It may be necessary to separate
other material as it is excavated so that any deep-lying contamination is replaced at the same depth
when backfilling and not mixed with other material or replaced near the surface. After completion of
fieldwork and sampling, trial pits should be backfilled (see 7.8) and any surplus material removed from
site in accordance with local regulations (see 7.9).

After excavation of a trial pit, walls should be cleared carefully of loose soil material so that the
(natural) structure of horizons can clearly be seen. Treading on the pit shoulders should be avoided in
investigations for agricultural purposes because this may cause changes in the soil structure.
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When water is present, the trial pit may be dewatered by pumping provided that there is a safe and
suitable means of disposal of the water or an alternative technique of sampling should be used.

A.1.3 Safety

Detailed guidance on all aspects of safety is provided in ISO 18400-103.

Entry of the excavation by personnel should be avoided where possible irrespective of the depth of the
pit since the unsupported sides of a trial pit can readily collapse. In unstable ground, the trial pit can
collapse and extra care should be taken when observing the excavation and collecting samples. The

potential
the pit. If

Entry int

foT collapse IS INcreased If excavated materials have been Stockpiled too close to the edge
necessary, the sides should be supported or made to slope to improve stability.

b shallow pits can be facilitated by cutting steps or using a ladder.

Entry to dleeper shored pits should only be made using a ladder that has been properly secured to avq

it slipping
oxygen d

NOTE

Al14 T

In deep {
machine
or undist

A represe

y while in use and tests have been made for the presence of hazardous vapours and gases a
ficiency.

For guidance on the safe excavation of trial pits, see Reference [7].
pking samples

rial pits formed by machines, samples of the ground can-bé collected by careful use of t
bucket, thereby avoiding any need to enter the trial pit. Before collecting a sample (disturb
urbed), the base of the excavation should be cleared ofany loose or fallen material, etc.

ntative sample of the material removed from thefhase of the excavation with the excavat

bucket shiould be collected using an appropriate tool, e.g.*axtrowel that will not contaminate the samy

or absorl
taken clo

For phys
required,
cylinder

exposed 4
so that th

contaminants (see 7.1), i.e. a cluster sampleformed from small point samples (incremen
Ge together, unless the examination requires‘some other specific form of sample.

cal, geological, pedological, and biglogical examinations where undisturbed samples 4
such samples can be taken from.acdeep excavation using a Kubiéna tin, or a coring tool,
without entering the excavation. in each case, the sampling device is pushed into the s
it the base of the pit. The sampling device is then carefully removed using the excavator buck
e soil is collected in the deviee'in its original form (see also 9.1.1).

of

id
hd

he
ed

or
le

[S)

or
hil
et
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Depth scale in centimetres

T

0T E
Z 7 7 7 7|
070%0%20%0%
20 77 Z 77
/A/A/A/A/A - hc
(PN NN
0202040202
VB 4 S S UL S LS Z o A
4%
4 S/ SV S/ S/ S Y
80 ab
///xOY///ﬁg///Q/////,OV////CY 3

H2

Kdy

1| sampling of organic matter (e.g. forest soils) by0
cutting frame

2 | sampling from deeper horizons by boring tools

3 | sampling from middle of horizon (thickness) a

4 | samplingin case of share samples (horizonthickness)b

5| sampling of total horizon thickness (share samplesc
at thickness)

6 | sampling of total horizon thickness d

7 | share sample out of the typicalarea

Horizontal sampling by split boring.
Horizontal sampling by cutting cylinders.
Vertical sampling by split boring.

Vertical sampling by cutting cylinders.

undisturbed soil sample removed by cutting cylinders

/// disturbed soil sample removed by boring fools

Figure A.1 — Schematie déscription of soil sampling in a trial pit formed to sample naturgl ground
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Key
1 natur

Figure A

Dimensions in metres

= 0

bl ground

(right-hand side) and/or at fixed depths (left-hand side)

A.2 Small augers (hand-operated auger techniques)

Soil auge

s consist of a central shaft on the end of which a two-bladed drill is connected. The width

the bladels varies for different types of soil:augers making them suitable for different soil types. T

small bla|

types (s1
illustrate

ded types (wide opening) are suitable for moist or well-consolidated soils. The wide bla

d in Figures C.2, C.3, C.5, and-C.6.

The soil quger is pushed into the so0il with a turning motion. When filled, the soil auger is pulled up a
the soil njaterial dischargeddrom the auger.

Using a s
the auger

Samples
with a ha

bil auger will résult in a more or less disturbed sample, although the continuous discharge
will give a_ good description of present soil layering.

aken with.a hand auger are not usually suitable for determination of volatiles, but a hole form
hd auger can be used to permit use of a coring device to take a suitable undisturbed sample.

When usinghand augers,

2 — Schematic drawing of trial pit showing howsamples may be taken to reflect stragta

hall opening) are suitable for dry or non-consolidated soils. A number of hand augers are

of

9%
Q.

— care should be taken to ensure that the soil is not contaminated by material dropping into the
sample from higher up the bore either during augering or during withdrawal of the samples (lining

theb

orehole carefully with a plastic tube can prevent this cross-contamination),

— particular care should be taken to obtain representative samples if localized contamination is
penetrated, and

— when testing soil samples for agricultural purposes and the samples are to be composited, the auger
should be capable of consistently collecting the same sample volume (such sampling is normally of

then

38

ear-surface soil approximately 150 mm to 250 mm depth).
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NOTE1 Many designs of hand-auger samplers are available. The designs have been developed over many years
to deal with different soil types and conditions. Ease of use depends upon the nature of the ground to be sampled.
In general, hand augers are easier to use in a sandy soil than in other soils, particularly where obstructions such
as stones are encountered. In sandy soils, hand augers can be used to sample to a depth of about 5 m. Hand augers
are usually used for sampling homogeneous soils, e.g. agricultural soils.

NOTE 2  Preferred forms of hand augers to be used for collection of soil samples are those which take a core
sample. Other types of auger may be used to facilitate drilling to the requisite depth for sampling provided that it
is possible to clean the bore to prevent cross-contamination.

NOTE3  Sampling by hand augers allows observation of the ground profile and the collection of samples at
pre-selected depths.

NQTE4  There is arisk of lower-back injury when using hand-augers and driven-augers (see 1S0,18400-103).
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NOTE 1

Annex B
(informative)

Manually and power-operated sampling equipment

This annex provides limited information on a selection of equipment that can be used to obtain soil

samples in soil quality investigations. More detailed guidance on these and other drilling and sampling metho
can be foujnd in ISO 22475-1.

NOTE 2

NOTE 3
cutting cy|
tin is simi

B.1 Sampling tubes

B.1.1 G

Sampling]

B.1.2 O

The open|
pushed ix
This type

NOTE

B.1.3 H

This tool
thatonet
the tube
type of sg
the soil is

[llustrations of some of the equipment described here are provided in Annex C.

A Kubiéna tin and a cutting cylinder are illustrated in Figures C.21 and C.22, respectively. The use

ar).

eneral

pen sampling tube (Gouge auger)

to the soil by a vertical or (partly) rotatingsmotion until it is fully filled and then pulled ba
of sampling tube is only suitable for fineygrained slightly moist soils.

See, for example, Figures C.5 and C.6.

alf-cut sampling tube

consists of two concentric.tubes closely fitted into each other throughout their entire length
ube can be rotated within'the other. Longitudinal openings are cut in each tube. In one positid
s open and admits/the’sample. By turning the inner tube, it becomes a sealed container. T}
mpling tube is onlysuitable for fine grained dry soils or fine grained soil sludge. In both cas
free flowing and€an enter the sampling tube without further handling of the soil.

tubes may be made from a variety of materials, but¢phe most common material used|i
stainless[steel.

sampling tube consists of a tube that is cut inthalf over the full length of the tube. The tube]i

ds

of

inders to provide undisturbed samples is described in 8.1.2 and 9.1.1 (the process.efjusing a Kubiéna

—
v

k.

n,
1iS
S,

circumstances, although the soil w111 be compressed when not fully consolldated This type ofsamplmg
tube is most suitable for sampling sludge, but also fine-grained soils with relatively high moisture
content can be sampled.

NOTE

40

See, for example, Figure C.4.
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B.2 Percussive drilling

B.2.1 General

There are a variety of techniques utilizing similar principles for forming probe holes for sampling.
These involve driving a hollow tube with or without a driving cone or a solid bar into the ground using
hydraulic power or mechanical force. Mechanical forces are normally applied by repeated hammer
blows on the end of the probe while the hydraulic action applies pressure on the probe using a wheeled
or tracked vehicle as the jacking point.

The probe is advanced to the depth where soil, groundwater, or soil gas is to be sampled, 'he depths
which can be achieved by these techniques depend particularly on the system and the driving force
which can be applied in conjunction with the weight of the vehicle. The presence of obstructions may
algo be a limiting factor. Hand-held driven probes typically reach 2 m, van-based systems 5 np to 12 m,
and truck-based systems [including cone penetrometers (CPT)] 25 m to 30 m.

In|general, the diameter of the sampler can be reduced in stages to aid penetration to greater epths.

BJj2.2 Probes, window and windowless samplers

Pdrcussive sampling involves driving cylindrical steel tubes intg the ground using a high-frequency
pdrcussive hammer (a small rig is shown in Figure C.16). Usually,the hammer is driven by a hydraulic
pgwer pack, but electric and pneumatic hammers are also available to suit particular site c¢nditions.
Hand-operated systems are also available (see Figure C.15)

In|window sampling, metal sample tubes are 1 m or 2 m {ohg and have a broad slot or window|cut down
orje side (see Figure C.13). The soil material passes into the sample tube through a cutting shoe at the
enld as it is driven into the ground. Drill rods areiSed to drive the sample tubes to greater depths. On
repching the required depth for sampling, the sample tube and any drill rods are withdrawjn using a
mechanical jack.

Where the ground is unstable, a steel casihg can be employed around the outside of the driver tubes.

In|windowless sampling, soil samples.:may be obtained using a metal tube combined with an inert liner
tolenable easy removal of the core'from the sampler (see Figure C.14). The system can be used|to collect
samples at different depths to‘rapidly penetrate to the depth at which the sample is to be tdken or to
prjovide a continuous core. $oil samples may also be obtained using split tubes or split-spoon|samplers
which are effectively a tube which is linearly split in half, but held together by securing rings during
sampling. These devicés)are often used in conjunction with driven bar probes. These samplers allow
repdy retrieval of thé-core. This system also enables undisturbed samples to be collected.

The depth which)can be achieved depends upon the soil type and, particularly, the presence of
obstructions.Depths of 10 m to 12 m can be achieved where the borehole remains open without
support.

Sylstems’are available to allow a probe head with a sampling device to be inserted into the previously
formed hole to the depth at which it is desired to sample. The probe head is then unscr¢wed and
\4 TSt i i i to collect

the sample. The sampling head is then withdrawn and the sample removed for investigation.

Application

The system may be used to collect samples at different depths to rapidly penetrate to the depth at
which the sample is to be taken or to provide a continuous core. This system also enables undisturbed
samples to be collected.

After removal of the sampler (window or windowless) from the borehole, the soil material can be
inspected and the strata logged and sampled from the window in the case of window sampling or from
the extruded core in the case of windowless sampling.
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Piezometers and ground gas monitoring pipes can be installed in the resultant holes where the ground
is sufficiently stable and the hole of sufficient diameter.

B.2.3 Rotary percussive drilling

In sampling by rotary percussive drilling, a clay cutter tube device with a cutting shoe fitted to the
lower end is driven into the soil by hammer blows and the supporting drill rods slowly rotated. It is
generally suitable for clays, silt, and soils with a particle size up to De¢/3 and a borehole diameter up to
300 mm. The sample is retained within the clay cutter tube.

NOTE D¢ 1S the external diameter ol the clay cutter tube.

B.2.4 C(losed piston sampler

This is a|variation on the percussive open tube (windowless) sampler described in B.2.0)ih which a
piston is In place in the tube when it is driven. Once the sampling depth required is achieved, the pistpn
is released and the outer tube advanced to collect the sample.

NOTE See Figure C.17.

B.2.5 Cpntinuous samplers

Continuops soil samplers can produce core samples up to 30 m length in ground such as fine alluvjal
deposits.[This may be of particular value and are considered to yieldSamples superior to those obtain
by consegutive drive-in sampling.

D

The samplers normally are made in sizes between 30 mm and.70 mm diameter and consist of an outler
driven tube with an internal system providing a sheath.te<the core as the sampler is driven into the
ground. Bxtension tubes of 1 m length are added to the sampler as the ground is penetrated. On remoyal
from the [ground, the continuous core is cut to suitablelengths, frequently 1 m, and placed in purpoge-
made sarhple cases for storage. Samples may be removed from the core for testing and the core itsglf
observed|and recorded.

B.2.6 Driven probes

Driven probes can be used to make ctontinuous measurements of geophysical, hydrogeologicpl,
geochemijcal, or geotechnical subsurface parameters (e.g. resistance to penetration and detection apd
measureiment of VOCs and hydrocarbons). Care should be taken to avoid cross-contamination from the
sides of the probe hole and frém the base of the probe hole. This system can be used either to monitjor
ground water parameters such as pH, electrical conductivity, temperature, etc. using monitors in the
probe or|to access groundwater so that a representative sample can be taken without the need for
purging gssociated with-conventional monitoring wells. Ground gases can be similarly accessed aphd
sampled.

Driven probes. are considerably faster than traditional borehole forming techniques, but have the
disadvantagé. of the difficulty experienced in penetrating ground with obstructions and, in additidn,
they cannot’be used for logging the ground strata unless continuous soil samples are taken, although
soil behaviour and soil type can, to a certain degree, be derived from in situ profiling data (e.g. through
cone penetration testing).

B.2.7 Light-cable percussion boring

Light-cable percussion boring generally uses a single axle mobile rig with winch of 1 t to 2 t capacity
driven by a diesel engine and a tripod derrick of about 6 m height. With many types, the derrick folds
down so that the rig can be towed by a small vehicle (frequently, 4-wheel drive).

The light-cable percussion technique is commonly used for geotechnical purposes and deep boreholes
of over 20 m depth can be constructed. This technique can be of particular use in investigating deep
sites such as refuse tips and other unstable ground.
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The ground is penetrated using different tools which depend on the strata. A clay cutter can be used for
cohesive soils and a shell (or bailer) for cohesionless soils. Chisels can be used to penetrate very hard
ground and obstructions. The borehole formed by these tools is supported by a steel casing which is
advanced as the borehole proceeds. The casing avoids most of the problems of cross-contamination, but
the borehole should be cleaned out each time the supporting casing is driven further into the borehole,
before taking a sample.

Depending upon the nature of the ground, the tool can form the borehole in advance of the steel casing
being pushed down the hole in, e.g. clay strata. This often results in material from the side of the borehole
being dislodged as the casing is pushed down the borehole. This can result in cross-contamination.

If the borehole is being formed in sands or gravels, particularly in the saturated zone, the st¢el casing
mpy be pushed into place to support the borehole sides before the material is removed\with|the shell.
This can disturb the ground and make sampling difficult.

The technique can be used to form a bore of decreasing diameter in stages. This enables “cleantdrilling”,
e.g. through an aquiclude, by placing a bentonite plug at the base of the initialwider diameter{bore and
then continuing to drill through the plug to form a narrower diameter hole.

NOTE1  See Figure C.18.
N(QTE 2  For guidance on the space requirements for operation of a light-eable percussion rig, see Reference [1].
Application

In[some strata, it may be necessary to add water to the barehole to provide lubrication. In this situation,
patable water should be used, if available, and care should be taken with respect to the effects on both
sofil and water samples. The addition of water should be recorded on the borehole log and, if appropriate,
or] the sample details.

The clay cutter and the shell bring up disturbedmaterial from the borehole which is generally sufficiently
representative to permit recording of the strata, but care should be taken to avoid misinterjpretation
dye to ground being pushed down withinthe borehole, for example, when the casing is moved. Samples
mpy be collected from both the clay cutter and the shell. The resultant sample size, although lalrger than
oftained by hand-augering technigues; is still restricted.

Undisturbed samples may be ¢ollected in cohesive strata and in weak rock (e.g. chalk) by |driving a
hqgllow tube (100 mm opemtube sampler) into the ground and withdrawing the resultant core for
examination and analysis, USe of such undisturbed sampling equipment may be preferred in order to
mjnimize cross-contaniination of samples collected for testing purposes.

Whater samples mayybe obtained as drilling proceeds and, because the casing of the borelole seals
thie borehole from the surrounding ground as the borehole advances, it is possible to sample water
hdrizons at different depths with minimal risk of cross-contamination, but such samples are unlikely to
bg represefitative and may give misleading results. Water samples truly representative of tHe ground
water necessitate installation of an appropriately designed monitoring well.

TheCborehole atmosphere can be monitored for gas concentrations (including VOCs) as the|borehole
proceeds or gas Sampies ay be takem so that the profite of the groumdgas composition can be
determined.

B.3 Rotary drilling

B.3.1 General

Powered rotary cutting tools use a cutter head on the end of a shaft or string which is driven into the
ground as it rotates. The system requires some form of lubrication (air, water, or drilling mud) to keep
the cutting head cool and remove the soil, etc. which has been cut through. The lubricant lifts the debris
from the cutting head up the borehole formed and ejects the material at ground level resulting in a
potential for cross-contamination due to contact of the debris with the ground forming the sides of the
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hole. There are two basic types of rotary drilling, open-hole (or full-hole) drilling in which the drill cuts
all the material within the diameter of the borehole and core drilling in which an annular bit fixed to the
bottom of the outer rotating tube of the core barrel assembly cuts a core which is recovered within the
innermost tube of the core barrel assembly and is brought to the surface for examination and testing.

Application

This technique is particularly useful for forming a hole quickly in order to form a deep observation well
or for obtaining samples using an appropriate technique at greater depths only.

The uncontrolled njpr‘finn of material that can occur with this fnr‘hnir}nﬂ (fnr instance where air or

water is [used for lubrication) can lead to extensive surface contamination when drilling through
contaminated ground. This may be hazardous, both to the investigation team and to the environment.

Rotary drilling is not suitable for accurate logging or taking accurate depth-related samples.

B.3.2 (pen-hole drilling

Open-holg drilling should only be used for the rapid formation of a hole to enable 'sampling at a greatler
depth by|an alternative method or for the installation of monitoring wells. lt should not be used for
sampling|because material is recovered from the drill hole accompanied with-the drilling fluid.

)

The technique can be used to form a bore of decreasing diameter in stages) This enables “clean-drilling”,
for example, through an aquiclude by placing a bentonite plug at thebase of the initial wider diameter
bore and [then continuing to drill through the plug to form a narrewetr diameter hole (this may require

combinatiion with a less destructive technique if a reliable seal i$\to be obtained).

B.3.3 Rotary core drilling

This is upually carried out using conventional, wirelitte, or double- or triple-tube core barrels with
diamond{ or tungsten-tipped core bits. The objective’is to achieve optimum core recovery and cdre
quality cr(j)nsistent with cost. The choice of drill and compatible in-hole and surface equipment is mgst
important if the objective is to be achieved. Detailed guidance is beyond the scope of this document ahd
advice shpuld be sought from a drilling specialist.

NOTE Detailed guidance on design and‘application is provided in ISO 22475-1.

B.4 Mechanical augers

B.4.1 Driven auger

An auger| consists of @iard metal central shaft with sharpened spiral blades around that discharjge
cuttings upwards,as the shaft is rotated down through the soil. The driven auger is powered py
machine fo that great force can be exerted downwards. The cutter head consists of one or more 360°
spirals, usualljpwith a shallow pitch to prevent ground falling off when withdrawn from the boreholle.
The method of forming the borehole is to advance the cutter head approximately 1 m into the ground,
withdraw-the head from the hole, and spin off the spoil- This processis repeated until the required

depth is reached. Lubrication of the auger is not required, but some dispersal of contaminated material
can occur as the spoil is spun off the cutter head.

A disturbed sample is obtained (i.e. it is not possible to distinguish layered material during one sampling
movement).

A large variety of soils can be sampled with a driven auger. However, the equipment is not suitable for
use in non-cohesive soils (e.g. dry sandy soil or highly moist sandy soils).
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B.4.2 Continuous-flight auger

The continuous-flight auger consists of a continuous helix welded to a solid central shaft. It employs
a similar driving system to driven augers. Downward force is similarly provided by the machine and
continuous rotation lifts the ground to the surface from the base of the hole. Lubrication of the auger is
not required. Sampling by continuous-flight auger drilling is suitable for cohesive soils and soils above
the groundwater surface.

The following two sampling methods can be used:

continranaaarmanlbnamatho
ot ot SSamprR g heenoa;

— non-continuous sampling method.

In[ the continuous sampling method, the flights act as a screw conveyor and continuously pring the
cuttings to the surface. Additional sections of auger can be added until the required'depth is rgached. At
thie mouth of the borehole, the obtained samples are remoulded.

In[the non-continuous sampling method, the flight auger is screwed into the soil with the penetration
raLe suitable for the auger rotational speed and the pitch of the flight auger. The sampling lgngth into
thie soil should not exceed the maximum length of the flight auger,-During the screwing of [the flight
auger, the vertical displacement of the soil between the flights is minimized. After the screwing, the
difilling tool is completely removed from the borehole without rotation of the auger and the samples are
taken from the material adhering to the auger flights.

The non-continuous sampling method can be only used if the borehole is stable or if stabilized with an
auxiliary casing.

NOTE See Figure C.19.
B4.3 Hollow-stem auger

Technique

Hollow-stem augers are a form of continuous-flight auger in which the continuous helix is attdched to a
hqgllow central shaft. The drill head-is formed of two pieces, the circular outer head and the ihner pilot
or| centre bit which is fixed on‘a plug on the hollow shaft and can be withdrawn through the|centre of
thle auger up to the surface.

This ability to withdraw-the centre bit and plug while leaving the auger in place is the|principal
advantage of the hollew-stem auger. Withdrawing the plug provides an open-cored hole ifto which
samplers, undisturbed samplers, instruments, borehole casing, and numerous other itenjs can be
inperted to the depth achieved.

Rgmoval of-any such equipment and replacing the centre plug and bit enables the continuatjon of the
bgreholes

The-technique provides a fully cased hole and can avoid some of the potential cross-contgdmination
prnklnmo of narcuicce haoring Cranind caranlnc are nnllnni—nA hyuy anan dx nleorce o cote barrelS

OTCTITS—OT eFEHSSIoR—1B6¥ IS ot Ot uul;xquuu T OrCCtTCO oy OptiTar e .:uunxtln\,lu OT—C0O1

inserted down the hollow stem.

Some versions of the hollow-stem auger allow continuous access to the bottom of the borehole and
will permit percussion drilling or driven sampling through the centre while the hollow-stem auger is
actually forming the hole.

Lubrication of the auger is not required.

An advantage of hollow-stem augers is that it is possible to obtain undisturbed samples of peat because
the auger hangs from the rig during drilling and sampling and does not therefore impose any pressure
on the material being sampled. The water content in the sample can be as much as 20 times the mass of
the peat itself.
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A disadvantage is that limited depth that can usually be achieved (30 m; see Table 3) due to the need for

the rig to

NOTE

be able to support the weight of the auger.

See Figure C.20.

B.4.4 Sonic drilling

The sonic drilling technique uses high-frequency resonant technology. During drilling, the resonant
energy is transferred down the drill string to the drill bit. Two eccentrics inside the sonic drill head

generate
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Annex C
(informative)

Illustration of some selected drilling and sampling equipment

Dimensions in centimetres

< = 3

U

1

a) Pot corer b) Glasshouse corer c) Tubular coref
& / ﬁ
A
~
S g R
v 1 oo
\ N M~
' \
o
4
d) Screw auger e) Cheese-type corer e) Cheese-type cofrer
Key
1 open end with cutting edge of smaller diameter than hollow tube
2 adjustable circular plate to control depth of penetration
a

Approximately.

Figure C.1 — Example of hand-held sampling devices mainly used for sampling natural surface
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Figure C.2 — Edelman auger

Figure C.3 —“ rside” and gravel augers

Figure C.4 — Piston sampler
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a) Positioning the sampler b) Pushing the sampler into the soil
1
1
1 2
= 5 |
emoving the sampler from the soil d) Sealing the sample
proof cap
in or waterproof seal

b tape

Figure C.7 — Method of recovering undisturbed samples from trial pits
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Dimensions in millimetres
®100

?96 2

|1

=300

I 7

+0,2

(O3 BEN-NERIORN \ ]

120

L

450
Kgy
1| percussion drill rods 6  guide hood
2 | drop weight 7  sampler tube (cutting cylinder)
3| anvil 8 guide plate
4 | driving device 9  end caps (sealed with adhesive tape)
5| ring mark 10 metal plate for limiting depth of penetratign

NOTE Fop cutting cylinders, see also Figure C.22.

Figure C.8 — Method for recovering undisturbed samples from trial pits — Example

© IS0 2017 - All rights reserved 51


https://standardsiso.com/api/?name=dcf986073dcf7603a582bbe0b4dda57a

ISO 18400-102:2017(E)

o7 \
\
|

NOTE Source: Eijkelkamp Agrisearch Equipment, The Netherlands.

Figure C.9 — Split tube sampler
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Dimensions in millimetres

133
M120 x 2
1
1 // 2
Bty
<l
3
G
| 4
N
o |
m ®115,4
X |
g |
. M120 x 2
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I
‘\ 1 D |
0,75 < :
) |
-
X P11k
$120
Keqy
1| pipetread
2 | width across flats
3 | sampler head-with non-return valve (not shown)
4 | overdrive Space
5| sampler tube
F‘ignrp C10 — Fvnmplp of thin walled cnmplp tube
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nylon stocking (up to 20 m long)

cutting shoe

Figure C.11 — Example of thick walled sample tube
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a) Window sampler b) Window sampler c) Windowless d) Driving|rod

with 35 mmiand sampler
50 mm diameter

Keay

1| sample tube-window
2 [ shoe

3| sample tube

4 | plasticliner

5| retainer

Figure'C.12 — Window and windowless samplers (used with percussion drilling 1fig)
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