























































































































APPENDIX 3

LABORATORY TESTS




APPENDIX 3
GENERAL NOTES ON LABORATORY TESTS ON SOILS

A3.1.1 Where applicable all tests are carried out in accordance with the relevant

British Standard. The laboratory test procedures are as below:

Moisture Content

BS 1377; Part 2;

Clause 3.2

For comparison with Atterberg limits
(if required) the measured moisture
content would have to be corrected to
give the equivalent moisture content of
the fraction passing the 425 micron
sieve.

Alterberg Limits

BS 1377: Part 2:

Clause 4.3

The plastic limit was determined for the
same samples using the definitive
method detailed in Clause 5.3. The
samples were wet sieved in accordance
with Clause 4.2.4 (marked with ‘s’ in
Table 1 of the results).

Water Soluble
Sulphate in soil

BS 1377: Part 3:

Clause 5.5

The samples prepared in accordance
with Clause 5.3.

pH

BS 1377: Part 3:

Clause 9.5

Samples prepared in accordance with
Clause 9.4.

A3.2 SOIL CLASSIFICATION

A321 Classification of soils is usually undertaken by means of the Plasticity
Classification Chart, sometimes called the A-Line Chart. This is graphical

plot of PI against LL with the A-Line defined as PI = 0.73(LL - 20).

A3.2.2  This line is defined from experimental evidence and does not represent a
well defined boundary between soil types, but forms a useful reference
datum. When the values of LL and PI for inorganic clays are plotted on
the chart they generally lie just above the A-Line in a narrow band parallel

to it, while silts and organic clays plot below this line.

A3.2.3 Clays and silts are divided into five zones of plasticity:

Low Plasticity (L) LL less than 35

Intermediate Plasticity (I) LL between 35 and 50
High Plasticity (H) LLL between 50 and 70
Very High Plasticity (V) LL between 70 and 90
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Extremely High Plasticity (E)  LL greater than 90

A3.2.4  In general, clays of high plasticity are likely to have a lower permeability,
are more compressible and consolidate over a longer period of time under
load than clays of low plasticity. Clays of high plasticity are more difficult
to compact as fill material.
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APPENDIX 5

GENERAL NOTES ON CONTAMINATION ASSESSMENT

A5.1 STATUTORY FRAMEWORK AND DEFINITIONS

AS51.1

AS5.1.2

A5.1.3

A5.1.4

The statutory definition of contaminated land is defined in the
Environmental Protection Act 1990, ref 9.14, which was introduced by the
Environment Act 1995, ref 9.15;

‘Land which appears to the local authority in whose area it is situated fo
be in such a condition, by reason of substances in, on or under the land,
that —

(a) significant harm is being caused or there is a significant possibility of
such harm being caused, or

(b) pollution of controlled waters is being, or is likely to be, caused.’

The UK guidance on the assessment of contaminated has developed as a
direct result of the introduction of these two Acts. The technical guidance
supporting the legislation was originally summarised in a number of key
documents collectively known as the Contaminated Land Reports (CLRs),
a proposed series of twelve documents. Seven were originally published in
March 1994, four more were published in April 2002, while the final
guidance document, CLR 11, ref 9.29 was published in 2004. CLR7 to 10
were withdrawn in 2008, with CLR 9 and 10 effectively replaced by the
Environment Agency in the form of Science Reports SR2, ref 9.23 and
SR3, ref 9.17. CLR11 remains valid and sets out the framework of the
investigation process.

In establishing whether a site fulfils the statutory definition of
‘contaminated land’ it is necessary to identify, whether a pollutant linkage
exists in respect of the land in question and whether the pollutant linkage:

o is resulting in significant harm being caused to the receptor in the
pollutant linkage,

e presents a significant possibility of significant harm being caused to
that receptor,

e is resulting in the pollution of the controlled waters which constitute
the receptor, or

e islikely to result in such pollution.

A ‘pollutant linkage’ may be defined as the link between a contaminant
‘source’ and a ‘receptor’ by means of a ‘pathway’.




A5.2 ASSESSMENT METHODOLOGY

AS5.2.1

AS52.2

A5.23

A52.4

A5.2.5

The guidance proposes a four-stage assessment process for identifying
potential pollutant linkages on a site. These stages are set out in the table
below:

No. | = Process . Description.
1 Hazard Establishing confaminant sources, pathways and
Identification receptors (the conceptual model).

Analysing the potential for unacceptable risks (what

2 | Hazard Assessment linkages could be present, what could be the effects).

Trying to establish the magnitude and probability of the
3 | Risk Estimation possible consequences (what degree of harm might
result and to what receptors, and how likely is it).

4 | Risk Evaluation Deciding whether the risk is unacceptable.

Stages | and 2 develop a ‘conceptual model’ based upon information
collated from desk based studies, and frequently a walkover of the site.
The walkover survey should be conducted in general accordance with CLR
2, ref 9.31. The formation of a conceptual model is an iterative process
and as such, it should be updated and refined throughout each stage of the
project to reflect any additional information obtained.

The extent of the desk studies and enquiries to be conducted should be in
general accordance with CLR 3, ref 9.16. The information from these
enquiries is presented in a desk study report with recommendations, if
necessary, for further work based upon the conceptual model. In the
absence of specific information on contamination anticipated to be
encountered, specific DoE ‘Industry Profiles’ provide guidance on the
nature of contaminants relating to a variety of industrial processes and
should be used as the basis for determining which contaminants are more
likely to be present on a site.

If potential pollutant linkages are identified within the conceptual model, a
Phase 2 site investigation and report will be recommended. The
investigation should be planned in general accordance with CLR 4, ref 9.1.
The number of exploratory holes and samples collected for analysis should
be consistent with the size of the site and the level of risk envisaged. This
will enable a generic quantitative risk assessment (GQRA) to be
conducted, at which point the conceptual model can be updated and
relevant pollutant linkages can be identified.

A two-stage investigation may be more appropriate where time constraints
are less of an issue. The first stage investigation being conducted as an
initial assessment for the presence of potential sources, a second being a
more refined investigation to delineate wherever possible the extent of the
identified contamination.




A5.2.6

A52.7

A5.2.8

A5.29

A5.2.10

A52.11

All site works should be in general accordance with the British Standards,
BS 5930:2010, ref. 9.3, ISO 1997, ref 9.4 and BS 10175:2011, ref 9.2

The GQRA screens the results of the chemical analysis against generic
guidance values, appropriate to the end-use of the site. Soils will be
compared to Soil Guideline Values (SGV) where published, Generic
Assessment Criteria (GAC) developed by LQM/CIEH, ref 9.19, or internal
screening values generated using the Contaminated Land Exposure
Assessment (CLEA) Software, Version 1.06, ref 9.20. Toxicological and
physico-chemical/fate and transport data used to generate the AC has been
derived from a hierarchy of data sources as follows:

1. Environment Agency or Department of Environment Food and Rural
Affairs

(DEFRA) documents;
2. Other documents produced by UK Government or state organisations;
3. European institution documents;
4. International organisation documents;
5. Foreign government institutions.

For many of the contaminants considered, input data has been drawn from
the relevant SGV where available, or existing toxicological reports
published by the Environment Agency which have not yet been
withdrawn/replaced. Fate and transport data has been derived in the first
instance from Environment Agency (2008), ref 9.32.

Recommendations for tolerable intakes of lead are based on evaluation of
the relationship between exposure and blood lead levels. The existing
toxicological report for lead considers a health criteria value based on an
uptake dose, whereas the CLEA model estimates exposure in terms of an
intake dose. At present, the CLEA model is not considered appropriate for
determining a screening value for lead. In the absence of a curent
published assessment criterion, the SGV for lead reported in R&D
Publication CLR 10 ref 9.24 have been used in this assessinent. This will
be updated in due course in light of any further published information.

Chemical laboratory test results are processed as follows. A statistical
analysis of the results is conducted, as detailed in CIEH and CL:AIRE
‘Guidance on Comparing Soil Contamination Data with a Critical
Concentration’, ref 9.21. Individual concentrations are compared to the
selected guideline values to identify concentrations of contaminants that
are above the selected screening criteria.

Initially the distribution of the data set is tested using the Shapiro-Wilk
normality test, ref 9.22 to determine if the data set is, or is not, normally
distributed. Where the distribution of the data is shown to be normal, the




A52.12

AS52.13

A5.2.14

A5.2.15

A5.2.16

mean value test is applied to determine whether the mean characteristics of
the selected soil unit present a significant possibility of significant harm to
human health. Where the data is not normally distributed a method based
on the Chebychev Theorem can be applied to test the same hypothesis.
The significance of the data is further tested using the maximum value test.
This determines whether the highest recorded contaminant concentrations
are from the same statistical distribution or whether they may represent a
‘hot spot’.

Where the risk estimation identifies significant concentrations of one or
more contaminants, a further risk evaluation needs to be undertaken.

The risk evaluation will address the potential pollutant linkages between
an identified source of contamination and the likely receptors both on and
off site.

The potential receptors include:

1) Humans — current site occupants, construction workers, future site
users and neighbouring site users.

2)  Controlied Waters - surface water and groundwater resources
3)  Plants — current and future site vegetation

4y  Building materials

The potential hazards to be considered in relation to contamination are:
a) Ingestion and inhalation.

b}  Uptake of contaminants via cultivated vegetables.

¢}  Dermal contact

d)  Phytotoxicity (the prevention or inhibition of plant growth)

e)  Contamination of water resources

f)  Chemical attack on building materials and services

g)  Fire and explosion

Dependent on the outcome of the initial, generic contamination risk
assessment, further detailed assessment of the identified risks may be
required.
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APPENDIX 6

GENERAL NOTES ON GAS GENERATION

A6.1 GENERAL

A6.1.1

A6.1.2

A6.13

In the past, a series of guidance documents were published by CIRIA, ref.
9.33, providing advice on hazards associated with methane. This earlier
guidance was consolidated in CIRIA Document C659 to provide a risk
based approach to gas contaminated land. This was subsequently re-issued
as CIRIA Document C665, ref 9.34. In 2007, British Standard, BS8485,
ref 9.35, dealing with ground gas was published. It is recommended that
guidance in C665 and BS8485 is adopted to provide a consistent approach
in dealing with ground gas contamination, the principal details being as
follows.

This guidance is based on a similar approach to that for dealing with
contaminated soil. The presence of hazardous gases could be deemed to
be the ‘source’ in a ‘pollutant linkage’ that could lead to the conclusion
that significant harm is or could be caused to people, buildings or the
environment, In such circumstances the land could be deemed
‘contaminated’, ref. 9,14.

Should a potential source of gas be identified in the conceptual model, a
gas risk assessment should be carried out, sufficient to demonstrate to the
local authority that the proposals mitigate any hazards associated with
ground gas. The authority enforces compliance with Approved Document
Part C of the Building Regulations, ref. 9.36.

A6.2 APPROACH

A6.2.1

A flow chart detailing the approach to assessing a site is given in CIRIA
document C665, Figure 1.1. This may be summarised as follows.

e Carry out Phase 1 desk study, including initial conceptual model

e Assess site, potential presence of gas / potential unacceptable risk /
identify further action, if necessary

e Monitor gas concentrations
e Assessment of Risk
o Recommendations / remediation

e Validation

A6.3 POLLUTANT LINKAGE ASSESSMENT

A63.1

A pollutant linkage assessment is presented in Appendix 3 of the Phase |
Desk Study Report.
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A6.3.2  Using the risk model in the desk study, the pollutant linkage can be
identified and a preliminary estimate of risk undertaken. If there is no
relevant pollutant linkage identified there is no risk. If there is a very low
risk, it is likely that no further assessment is required. If further
assessment is necessary, then gas monitoring is required.

A6.4 SITE MONITORING

A6.4.1 For sites with low generation potential, giving consistently low
concentrations of soil gas under the worst-case conditions, a limited
programme of monitoring would be appropriate. Where high or variable
concentrations are anticipated or recorded, an extended programme of
monitoring would be appropriate. The following guideline has been
proposed, ref. 9.38.

Table A6.1

Notes

1. First number is minimum number of readings and second number is
minimum period in months, for example 4/1 — Four sets of readings
over 1 month.

2. At least itwo sets of readings must be at low and falling atmospheric
pressure (but not restricted to periods below <1000mb) known as worst
case conditions (see Boyle and Witherington, 2006).

3. The frequency and period stated are considered to represent typical
minimum requirements. Depending on specific circumstances fewer
or additional readings may be required (e.g. any such variation subject
to site specific justification). * The NHBC guidance is also
recommending these periods/frequency of monitoring (Boyle and
Witherington, 2006)

4. Historical data can be used as part of the data set.
5. Not all sites will require gas monitoring however, this would need to

be confirmed with demonsirable evidence.
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6. Placing high sensitivity end use on a high hazard site is not normally
acceptable unless the source is removed or treated to reduce its gassing
potential. Under such circumstances long-term monitoring may not be
appropriate or required.

A6.42  Before taking any readings, zero the instrument, record atmospheric
pressure and temperature.

A6.43  Gas flow should be recorded, giving the range of pressures, ensuring
positive or negative flow is recorded.

A6.44  Record gas levels, recording peak and steady. Where steady state not
obtained within 3 minutes, record change in concentration, where
concentrations are decreasing, always record peak value. For very high
concentrations, record for longer period of up to 10 minutes.

A6.5 ASSESSMENT OF RISK AND RECOMMENDATIONS

A6.5.1 The main method of characterising a site is the method described by
Wilson and Card, ref. 9.39 and is termed Situation A. This can be used for
all types of development except conventional low-rise housing with
suspended ground floor and ventilated underfloor void.

A6.5.2 Low rise housing, Situation B, was developed by Boyle and Witherington,
ref. 9.40 and was developed for the NHBC for classifying gassing sites for
houses with suspended ground floor slab with ventilated void.

A6.5.3  Although the Code of Practice, ref 9.35, assesses the characteristic gas
situation as CIRIA recommend for Situation A, see Table A6.2 below,
their solution for gas protection systems is different, see section A6.10.

A6.6 SITUATION A - ASSESSMENT

A6.6.1 This system proposed by Wilson and Card, ref. 939 was originally
developed in CIRIA Report 149, ref. 9.33.

A6.6.2  The method uses both gas concentrations and borehole flow rate for
methane and carbon dioxide to define a Characteristic Situation for a site.

AG6.6.3 Gas Screening Value (litre/hr) = borehole flow rate (litre/hr) x gas
concentration (%). The GSV is determined for methane and carbon
dioxide and the worst case adopted. The Characteristic Situation can then
be determined from the table below. The GSV can be exceeded if the
conceptual model indicates it is safe to do so, and other factors may lead to
a change in the Characteristic Situation.
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Table A6.2

gel
Very low risk <0.07 Typically Natural soils
methane <1% with low organic
and/or carbon content
1 dioxide <5%. “Typical” Made
Otherwise Ground
consider increase
to Sifuation 2

2 Low risk <0.7 Borehole air Natural soil,
flow rate not to high
exceed 701/hr, peat/organic
Otherwise content.
consider increase | “Typical” Made
to Characteristic | Ground
Sitnation 3

3 Moderate risk <3.5 Old landfill,
inert waste,
mineworking
flooded

4 Moderate to <15 Quantitative risk | Mineworking —

high risk assessment susceptible to
required to flooding,
evaluate scope of | completed
protective landfill (WMP
measures 26B criteria)

5 High risk <70 Mineworking
unflooded
inactive with
shallow
workings near
surface

6 Very high risk >T70 Recent landfiil
site

1. Site characterisation should be based on gas monitoring of
concentrations and borehole flow rates for the minimum periods

defined in Table As6.1

2. Source of gas and generation potential/performance must be identified.

3. 1If there is no detectable flow use the limit of detection of the

instrument.

A6.7 SITUATION A - SOLUTION

A6.7.1 The Characteristic Situation can be used to define the scope of gas
protective measures required.
A6.72  The CIRIA approach uses the characteristic situation to define the level of

gas protection as follows:
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Table A6.3

1 None No special precautions | None No special precautions
2 2 a) Reinforced concrete lto2 a) Reinforced concrete
cast in situ floor slab cast in-situ floor slab
{(suspended non- (suspended
suspended or raft) non-suspended or raft)
with at least 1200g with at least 1200g
DPM and underfloor DPM
venting
b) Beam and block or pre
b) Beam and block or cast concrete slab and
pre-cast concrete and minimum 2000g
2000g DPM / DPM/reinforced gas
reinforced pas metnbrane
membrane and
underfloor venting ¢) Possibly underfloor
venting or
All joints and pressurisation in
penetrations sealed combination with a)
and b) depending on
use
All joints and
penetrations sealed
3 2 All types of floor slab 1to2 All types of floor slab as
as above. above.
All joints and
penetrations sealed. All joints and
Proprietary gas resistant penetrations sealed.
membrane and Minimum
passively ventilated or 2000g/reinforced gas
positively pressurised proof membrane and
underfloor sub-space passively ventilated
underfloor sub-space or
positively pressurised
underfloor sub-space
4 3 All types of floor slab 2t03 All types of floor slab as
as above, above.
All joints and Al joints and penetration
penetrations sealed. sealed.
Proprietary gas resistant Proprietary gas resistant
membrane and membrane and passively
passively ventilated ventilated or positively
underfloor subspace or pressurised underfloor
positively pressurised sub-space with
underfloor sub-space, monitoring facility
oversite capping or
blinding and in ground
venting layer
5 4 Reinforced concrete 3to4 Reinforced concrete cast
cast in situ floor slab in-situ floor slab
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(suspended, non-
suspended ot raft).

All joints and
penetrations sealed.

Proprietary gas resistant
membrane and
ventilated or positively
pressurised underfloor
sub-space, oversite

(sﬁspended, non-

suspended or raft).

All joints and
penetrations sealed.
Proprietary gas resistant
membrane and passively
ventilated or positively
pressurised underfloor
sub-space with
monitoring facility.

capping and in ground
venting wells or In ground venting wells
barriers or barriers

3 Not suitable unless gas 4t05 Reinforced concrete cast
regime is reduced first in-situ floor slab

and quantitative risk {suspended, non-
assessment carried out suspended or raft).

to assess design of
protection measures in
conjunction with
foundation design

All joints and
penetrations sealed.

Proprietary gas resistant
membrane and actively
ventilated or positively
pressurised underfloor
sub-space with
monitoring facility, with
monitoring, In ground
venting wells and
reduction of gas regime.

Typical scope of protective measures may be rationalised for specific
developments on the basis of quantitative risk assessments.

Note the type of protection is given for illustration purposes only.
Information on the detailing and construction of passive protection
measures is given in BR414, ref. 9.37.

In all cases there should be minimum penetration of ground slabs by
services and minimum number of confined spaces such as cupboards
above the ground slab. Any confined spaces should be ventilated.

Foundation design must minimise differential settlement particularly
between structural elements and ground-bearing slabs.

Commercial buildings with basement car parks, provided with
ventilation in accordance with the Building Regulations, may not
require gas protection for characteristic situations 3 and 4.

Floor slabs should provide an acceptable formation on which to lay the
gas membrane. If a block and beam floor is used it should be well
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Table A6.7

a) Venting/dilution

Passive sub floor ventilation (venting | Very good 2.5 Ventilation performance in
layer can be a clear void or formed performance accordance with Anmex A, ref 9.35
using gravel, geocomposites,
polystyrene void formers, etc.)®
Good i If passive ventilation is poor this is
performance generally unacceptable and some
Jorm of active systen will be
required
Subfloor ventilation with active 2.5 There have to be robust
abstraction/pressurization (venting layer can be a management systems in place to
clear void or formed using gravel, geocomposites, ensure the continned maintenance
polystyrene void formers, etc.)™ of any ventilation systen.
Active ventilation can abways be
designed to meet good
performance.
Mechanically assisted systems
come [n two main forms:
extraction and positive
pressurization,
Ventilated car park (basement or undercroft) 4 Assumes car park is vented to deal
with car exhaust fumes, designed
o Building Regulations Document
F and Istructt guidance
b) Barriers
Floor slabs
Block and beam floor slab 0 It is good practice to install
Reinforced concrete ground bearing floor slab 0.5 ventilation in all foundation o
) . . systeins to effect pressure relief as
R?I}l:f;).lce.d c;:onme.t(a ground l?earln% foundation _laft 1.5 a mininunt.
with limited service penetrations that are cast to Breached in floor slabs such as
slab - .
Joinis have to be effectively sealed
Reinforced concrete cast in situ suspended slab with 1.5 against gas ingress in order fo
minimal service penetrations and water bars around maintain these performances
all slab penetrations and at joints
Fully tanked basement 2
¢) Membranes
Taped and sealed membrane to reasonable levels of 0.5 The performance of membranes is
workmanship/in line with current good practice with heavily dependent on the quality
validation® ¢ and design of the installation,
resistarnce fo damage affer
installation, and the integrity of
Joints
Proprietary gas resistant membrane to reasonable 1
levels of workmanship/in Hne with current good
practice under independent inspection (CQA)®: ©)
Proprietary gas resistant membrane installed to 2

reasonable levels of workmanship/in line with current
good practice under CQA with integrity testing and
independent validation
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d) Monitoring and detection (not applicable to non-managed property, or in isolation)

Intermittent monitoring using hand held equipment

Permanent monitoring and alarm
system™

Installed in
the
underfloor
venting/
dilution
system

Installed in
the building

0.5
2

Where fitted, permanent
monitoring sysiems ought {o be
installed in the underfloor
venting/difution system in the first
instance but can also be provided
within the occupied space as a fail
safe,

€) Pathway intervention

Pathway intervention

NOTE: In practice the choice of materials might well rely on factors such as construction method and
the risk of damage after installation. It is important to ensure that the chosen combination gives an

appropriate level of protection

This can consist of site protection
measures for off-site or on-site
sources (see Annex A, ref 9.35)

A) It is possible to test ventilation systems by installing monitoring probes for post

installation validation.

B) If a 1200 g DPM matenial is to function as a gas barrier it should be installed
according to BRE 414, ref. 9.37 being taped and sealed to all penetrations.

C) Polymeric Materials >1200g can be used to improve confidence in the barrier.
Remember that their gas resistance is little more than the standard 1200g
(proportional to thickness) but their physical properties mean that they are more
robust and resistant to site damage.
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