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Scott Bennett Associates {Group 1) Ltd May 2014

EXECUTIVE SUMMARY
Site Name Westquarter Avenue, Falkirk
National Grid Reference 291260, 678800
Site Area 0.02Ha (approximately)
Local Authority Falkirk Council
Current Usage Recreational Welfare ‘Club’ Facility
Former Usage ‘Westquarter House’ & Undeveloped open space

Investigation of existing ground and geo-environmental conditions, including chemical
contamination, ground gas emissions and assessment of any mining instability constraints.

The development will comprise the construction of low rise residential housing with
private gardens and soft landscaping areas. Associated access and parking areas will also
be included in the development.

2No. cable percussion boreholes to a maximum depth of 3.6mbgl.

4No. trial pits to a maximum depth of 2.9mbgl.

4No. rotary percussion boreholes to a maximum depth of 20.0mbgl.

Gas/Groundwater monitoring

Geotechnical testing: (PSDs)

Chemical analysis {soil and leachate)

The site was shown to comprise undeveloped land prior to the construction of
Westquarter House, which appeared to have been demolished prior to 1938. The site
remained undeveloped until around 1980, when a structure of unspecified use was noted
to have been constructed within the site. Our walkover survey subsequently established
the structure to comprise a clubhouse and assciated grounds.

Topsoil

G l 1-0. i - iption).

(Localised) round Leve 0.1-0.2 Topsoil (no — description)

Tarmac Ground Level 0.05-0.1 Tarmac {no — description).
Made Granular . . "
Ground | (Burnt GL-0.1 01-02 Reddish brown slightly clayey fine to

coarse sand and gravel of burnt shale.
Shale)
Granular 02-04 015-0.8 Brown sandy gravelly clay with ash, brick,

cobbles, burntshale and concrete.

Natural | Granular . . .
2 Loose to medium dense very silty slightly

6-2. 0.8-1.
SaGnr:vel) 0.6 6 1.8 gravelly fine to coarse SAND.
(Gsr”atn_ular 022 06 Firm consistency brown sandy gravelly
R ’ ’ ’ SILT.
localised)
Bedrock | Rockhead 0.8-4.0 N/A Light brown SANDSTONE.

It is understood the development will comprise the construction of low rise residential
housing; based on previous experiences with similar structures, the associated line
loadings are considered unlikely to exceed 50kN/m.

Based on the visual descriptions and in situ testing, the allowable bearing capacity of the
loose to medium dense SAND would be expected to be at least 100kN/m>. The underlying
bedrock is expected to provide a presumed bearing value of at least 1000kN/m? even
when weathered to a very weak rock. Settlements would be expected to be no more than
25mm and would be expected to be immediate upon construction within the granular
materials.

Suitably competent natural materials appeared to be present at shallow depth (i.e. within
approximately 1m depth) over the vast majority of the site from existing ground level.

A Design Sulphate class of DS1 and an Aggressive Chemical Environment for Concrete
(ACEC) designation of AC-1s has been established for the site. Concrete conforming to this
specification should be utilised for all concrete structures likely to be in contact with the
ground.

12429 — Westquarter Avenue, Falkirk
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Based on the analytical data, no significant contamination was identified. No significant
leachability or risk to controlled waters was identified. This appeared consistent with the
historical assessment.

Any imported soils or materials will however require appropriate chemical certification.
Based on the results obtained and in recognition of the nature of the materials
encountered at the site, a gaseous risk is not considered to be presented by the existing
ground conditions. No specific ground gas protection measures are considered to be
necessary for the development.

Radon protection measures are not considered to be necessary.

UKWIR Compliance testing has indicated that PVC, PE-AI-PE, wrapped steel and wrapped
ductile iron pipe water supply pipes are suitable for the ground conditions encountered at
the site. Formal approval will however be required from Scottish Water.

Mining instability constraints are considered to affect the site. Shallow abandoned
mineworkings have been established to affect the entire site area, arising from extraction
at the level of the Armadale Main Coal.

Mine stabilisation procedures facilitated by drilling and pressure grouting are required
prior to development.

The conditions beneath the existing structure should be assessed following site clearance
to confirm they are not at variance with the remainder of the study area.

Waste Acceptance Criteria (WAC) testing will require to be carried out on any materials
designated for off-site disposal.

Note: The above should be read as a brief summary of the interpretative report, the aim of which is to highlight the principal
outputs of the investigation and areas of concern, and is for guidance purposes only. Any quantification given is an estimation
based on the density and resultant interpolation between sampling points, and may be subject to variation. in addition, unless
expressly stated otherwise, all depths and thicknesses are quoted from existing ground levels and no adjustment has been
made in relation to any proposed pre-development site re-profiling.

12429 — Westquarter Avenue, Falkirk
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1.0

1.1

INTRODUCTION
General

Scott Bennett Associates (Group 1) Ltd were appointed by Hanover (Scotland) Housing
Association (the Client), to provide a geo-environmental report relative to a proposed
residential development at Westquarter Avenue, Falkirk (Figure 1).

The aim of this study was to assess the ground conditions within the subject area and to
evaluate the impact the identified conditions could potentially have on the development. The
objectives included were:

e  Establishing the geological conditions in the vicinity of the site and the surrounding area.

e  Utilising available historical and Public Information to derive an appropriate Conceptual
Site Model.

e The identification of potential constraints related to soil, gas and groundwater
contamination and appropriate remediation soiutions as appropriate.

®  Provision of recommendations on the load bearing characteristics of the encountered
strata and possible foundation options.

e  The assessment of any potential mineral instability constraints affecting the subject area.

This report details the findings of the investigations, identifies potential geotechnical and
environmental constraints, potentially significant pollutant linkages and provides
recommendations in relation to the proposed development in terms of compliance with Part 1A
of the Environmental Protection Act 1990 and the appropriate Planning Advice Note (PAN33).

While every effort has been made to determine the conditions across the area of investigation,
it should be noted that ground conditions can vary between sample locations and consequently,
conditions may exist within certain areas, which may be at variance to those disclosed by this
report.

This report and the conclusions contained herein have been written in the context of the
purpose stated above and should not be utilised in any differing context without prior reference
to us, to ensure continued pertinence of the recommendations advised.

In addition, changes in accepted practices, legislation, regulation or guidance may necessitate
review and possible revision of the report in part, or in whole, following its submission. Where
no changes to the above occur and the recommendations of the report are not implemented
within a period of 12 months from the report date, it should be referred to us for review and, if
necessary, amendment.

The copyright and intellectual content of the report remains the property of Scott Bennett
Associates (Group 1) Ltd. This does not preclude the right of the Client to use the information as
appropriate. Any distribution of the material should be controlled to ensure that such
distribution does not compromise the validity of the information or the legal responsibilities,
including those of third party copyright, incumbent on both the Client and Scott Bennett
Associates (Group 1) Ltd.
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2.0 SITE DETAILS

2.1 Site Location, Usage and Access
The site is situated on the eastern approach to the town of Falkirk. Access to the site could be
taken from Garden Terrace off Westquarter Avenue.
Site Name: Westquarter Avenue, Falkirk
National Grid Reference: 291270, 678800
Site Area: 0.02Ha (approximately)
Local Authority: Falkirk Council

2.2 Site Description
At the time of our investigation, the subject area was occupied by a disused re-creational
‘clubhouse’ facility with an associated area of peripheral car parking/hardstanding. The
structure appeared to be in a moderate to poor condition and state of repair.
An area of soft landscaping was present within the south of the site, comprising unmaintained
grass and opportunistic scrub vegetation with localised areas of blaes (burnt shale) noted at the
site surface.
Topographically the site was generally flat, with a slight increase in elevation towards the south
east. A small retaining wall was present along the eastern site boundary.
Minor quantities of general household refuse and broken glass were present at the site surface.
A selected photographic record of the site condition is presented within Appendix A.

23 Properties in Proximity
Residential properties were noted to the north and south, with Westquarter Avenue present to
the east, leading on to an area of landscaped ground. Areas of woodland were present to the
west.

2.4 Tanks and Drums
No tanks or drums were noted within the site.

25 Contamination
No evidence of potentially contaminative sources was apparent within the site. Localised
deposits of fly-tipped domestic refuse were present on site.

2.6 Public Utilities
Public utility infrastructure was noted within and surrounding the site, in the adjacent public
road and footpaths.

2.7 Ground Conditions
The site was principally covered with hardstanding, which prevented detailed assessment of the
ground conditions. Made ground was however considered likely to be present across the site.
No evidence of any buried structures was present at the site surface in the area around the
existing building.

12429 — Westquarter Avenue, Falkirk Page 2

303



Scott Bennett Associates {(Group 1) Ltd May 2014

2.8 Invasive Species

The site walkover survey did not identify the presence of invasive plant species (e.g. Japanese
Knotweed) at the site, although a detailed study was not included within our brief. We would be
pleased to engage the services of a landscape architect or specialist in this regard, should a
more detailed study ultimately be required
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3.0 APPRAISAL OF EXISTING INFORMATION
3.1 Information Sources

The following sources of information have been utilised in the compilation of this report:

® Site Photographs & Site Walkover Information (Appendix A).
®  SEPA Flood Map (Appendix B).

¢ Coal Authority Information (Appendix B).

e  BGS Archive Borehole Information (Appendix B)

® Envirocheck Report and Historical Map Extracts (Appendix C).

3.2 Site History

An examination of the history of the site was made utilising the historical survey data compiled
through the Landmark information Group Limited. The objective of these studies was to
determine the former uses of the site and that of the surrounding area {typically within 250m),
and to obtain any information which may identify potential constraints to its development,
particularly the presence of any industrial processes in the vicinity of the study area. The
limitations of such a study principally relate to the frequency of re-survey, particularly in rural
areas. The relevant map extracts are presented in Appendix C. In conducting our assessments,
while large scale maps have been reviewed and are included within the appendices, we have
utilised the data and increased definition provided by the small scale maps where possible. The
key findings of our historical researches are presented below.

Historical maps dating from 1862 to 2010 were consulted to ascertain the site history. The site
was largely open, undeveloped land prior to the construction of Westquarter House, which was
present on the initial survey of 1862 and appeared to have been demolished prior to 1938. The
site remained undeveloped until around 1980, when a structure of unspecified use was noted to
have been constructed within the site. Our walkover survey subsequently established the
structure to comprise the existing ‘clubhouse’ and associated grounds. No further significant
changes were noted up until the present day.

The surrounding area was noted to be largely open, undeveloped with woodland of varying
density in 1862. The Westquarter Burn was shown to be present approximately 40m to the
north west, with a railway noted around 200m to the south. By 1897, gravel pits were indicated
to the south east and west at distances of approximately 120m and 160m respectively. These
features were shown to be disused by 1918. Extensive development of a primarily residential
nature was shown to the north, east and south of the site by 1944, with development shown to
progress to the west by 1957. By the map edition of 1980, an electrical sub-station was
indicated to have been constructed around 20m east of the site. There did not however appear
to have been any further significant land use changes in the area.

33 Public Register & Regulatory Consultation

The following section includes a summary of information obtained from the Envirocheck report
obtained from the Landmark information Group {see Appendix C), the Local Authority and other
sources. The distances to the environmental features have generally been established from the
centre of the site. The relevant data is collated within Table 1 below.
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Table 1: Public Register Information

Contaminated Land Register. No record of site being on register.
Pollution Incidents No notification of pollution incidents.
Statutory Enforcement or
Prohibition Notices

IPPCs or IPCs None noted within 250m.

COMAH™* or NIHHS** None noted within 250m.

The site was not considered to be at
risk of flooding

Air Pollution Controls None noted within 250m.

None noted within 250m.

Flood Risk

Radioactive Substance Licenses None noted within 250m.

. No discharge consents were noted
Discharge Consents

within 250m,
Registered Landfill Sites None noted within 250m.
Waste Transfer Sites None noted within 250m.

Waste Treatment or Disposal
Sites

Collapsible, landslide, running sand and shrinking or swelling clay ground
stability hazards were recorded as very low risk. Ground dissolution
stabilities were recorded as no hazard, while compressible ground
hazards were documented to be of moderate site risk.

The Envirocheck Report identified the site to lie within an area which was
likely to be affected by historical coal mining, although the mining
instability risk was deemed to be inconclusive. 6No infilled former gravel /
quarries were recorded within 250m of the site.

No fuel station entries were identified within 250m of the site.

The Envirocheck report identified 2No. contemporary trade directory
entries within 250m of the site. Further details are presented in Appendix
C.

No sensitive land uses are present within 250m of the site.

The Local Authority petroleum officer was contacted regarding the
potential presence of any underground or above ground fuel storage
tanks at the site. No records were held by the Council.

The Local Authority Environmental Health department was consulted as
| an integral element of the statutory consultation process. Falkirk Council
Environmental Services have not disclosed the presence of any known
environmental constraints or concerns within the site.

The HPA/BGS Indicative Atlas of Radon in Scotland (2011) indicates that
the site is in a lower radon probability area where less than 1% of homes
are at or above the action level, indicating that no radon protective
measures are necessary in the construction of new dwellings or
extensions.

* COMAH - Control of Major Accident Hazard Sites

** NIHHS — Notification of Installations Handling Hazardous Substances

None noted within 250m.

34 Documented Geological Conditions

The Geological Survey information relating to the area suggested that the site was underlain by
sand and gravel deposits which were indicated to be up to 5m thick in the area. Deposits of
glacial till were documented to the immediate south, while undifferentiated soils (alluvium),
associated with the Westquarter Burn, were present to the west. No indication of the presence
of significant accumulations of made ground was encountered, although the possibility of such
materials could not be discounted. (Figures 2 & 3)
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The underlying solid strata were indicated to comprise sedimentary rocks of the Carboniferous
Lower Coal Measures. These typically include cyclical sequences of sandstones, siltstones and
mudstones with some seams of coal.

The Armadale Main Coal (~0.0m — 0.9m thick) was indicated to outcrop approximately 100m to
the north of the site, striking in an approximate west to east orientation and was indicated to
dip in a South South-Easterly direction, at an unspecified inclination. The Armadale Ball Coal
{0.43m — 1.17m thick) was indicated at conjectured outcrop through the south eastern corner of
the site, striking in a similar orientation. Both mineral seams were therefore considered to be
present at comparatively shallow depths beneath rockhead in the area. (Figure 4).

Archive borehole information from the BGS was also examined, and a number of boreholes
were found which were relevant to the site area. These have been principally considered in
relation to potential mining instability and consequently are referenced appropriately.
{Appendix B)

35 Hydrology and Hydrogeological Conditions
While definitive information concerning the precise groundwater conditions was not possible
from the available documentary information, we can provide the following general comments

based on our researches.

Table 2: Hydrology

The rate of surface water infiltration or of possible lateral shallow groundwater migration
will be determined by the nature of the shallow soils and their permeability. Given the
extensive hard surfacing over the site, surface infiltration would generally be expected to
be low.

Surface water run-off from the site was anticipated to be moderate to high. These
conditions were, however, considered likely to change following development, as a
considerable proportion of rainfall will be directed towards surface water drainage
infrastructure.

No watercourses were identified to exist within the site boundaries, although the
Westquarter Burn was indicated to be present approximately 100m to the west.

Based on the SEPA flood map and Envirocheck flood map information, the site and its

close proximity was not indicated to be potentially at risk from flooding.

Table 3: Hydrogeology

Based on the documented geological conditions the underlying soils are considered to
be unlikely to be receptive to significant groundwater flow, particularly vertical
migration. Deeper groundwater bodies may be present at or below the bedrock level.
The Hydrogeological Map of Scotland (1988) classed the Dinantian and Namurian
Strata to be a locally important aquifer, in which flow is dominantly within fissures and
discontinuities. Significant flows may however be encountered where the strata have
been disturbed by mining activities.

There are no records of any groundwater abstraction wells within influencing distance
of the site. We would, however, highlight that groundwater abstraction has only
comparatively recently become a licensed activity in Scotland and unrecorded ‘wells’
could exist in the area.

No specific information in relation to groundwater flow was established, although
groundwater movement was expected to be to the west, towards the Westquarter
Burn.

3.6 Mining Conditions

The Coal Authority report for the site did not identify the existence of any mine abandonment
plans or records relating to the study area, although they did note that they believed coal was
likely to be present at, or close to the site surface, which may have been worked at some time in
the past.
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Correspondence received from the Coal Authority Mine Abandonment Records Office suggested
the closest documented workings were present at the level of the Armadale Main Coal, some
165m to the south of the site.

The Environmental Series Geological Map (Shallow Mining) relating to the area did, however,
indicate an area of documented shallow mineral workings in the extreme north eastern corner
of the site, extending further to the north east, beyond the site boundary (Figure 5). The Coal
Authority Online Interactive Map confirmed the site to lie within a development ‘high risk’ area
and a zone within which historical abandoned mineral workings were considered likely to exist.

Based on the documented geological conditions, it was considered that the site was at
increased potential risk from mining instability constraints, particularly given that unrecorded
mineral workings were documented to be present in the immediate area. These mineral
workings were confirmed from examination of archival borehole information obtained from the
British Geological Survey (appended).

The Environmental Series Geological Map (Shafts & Adits) indicated the presence of an
abandoned mine entry approximately 40m to the north of the site, with an abandoned mine
adit situated approximately 70m to the north. On the basis of the documented geological
conditions, it appeared that these mine entries possibly accessed workings at the level of the
Armadale Main Coal. (Figure 6)

3.7 Quarrying

There was no documentary or physical evidence to suggest that quarrying operations had
formerly occurred at the site. However, several gravel pits are noted in the wider area on the
geology maps and the possibility of quarrying on site cannot be definitively discounted.
Vigilance should therefore be maintained during any future site works for any suspect features.
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4.0

41

PRELIMINARY CONCEPTUAL SITE MODEL
General

The risk-based approach to the assessment of sites is founded on the "contaminant—
pathway—receptor” relationship, using the following definitions:

Contaminant: ("source") - the hazardous substance/agent. In many cases this will be a
potentially hazardous chemical present on or within the ground at
concentrations that are considered potentially hazardous.

Receptor: (“target”) - the entity (e.g. human, animal, water, vegetation, buildings, services)
that is vulnerable to the adverse effects of the hazardous substance or agent.

Pathway: the means by which a hazardous substance or agent comes into contact with, or
otherwise affects a receptor.

For a risk to exist there must be a contaminant capable of causing harm, a receptor sensitive to
that contaminant, and a pathway linking them. if there is no link between the contaminant and
receptor then there will be no unacceptable risk to that receptor posed by the contaminant.

The contaminant—pathway—receptor relationship is often known as a "poliutant linkage". On
an individual site there may be more than one such pollutant linkage, and each of these requires
individual assessment. An effective risk assessment and Conceptual Site Model (CSM) aims to
identify all the pollutant linkages.

In broad terms, risk assessments consider the following types of receptor:

. Humans (current and future site users or construction workers).
*  Environment, i.e. water (ground and surface waters), flora and fauna.
e Structure and fabric of buildings and the associated infrastructure.

The conceptual site model is derived from the data collected from the desk-top researches and
walkover survey. The model draws together and summarises the key information. The
conceptual site model presents a picture of the current and potential future contamination at
the site in the context of the site’s environmental setting, taking into account the local
hydrology, hydrogeology, geology and historical land use. It includes an assessment of the
following:

*  The known or potential sources of contamination at a site.

e  The potential pathways whereby chemicals couid be introduced into the ground e.g. via
leakages from underground tanks, deposition of dust etc.

e The potential for those chemicals to migrate away from the source areas e.g. transport
through the unsaturated (soils) and saturated (groundwater) zones.

* Identifies the different types of human populations (e.g., residents, workers, recreational
visitors) who might come into contact with contaminated media.

e Lists the potential exposure pathways (e.g., ingestion of contaminated water, inhalation of
chemicals in air, contact with contaminated soil etc.) that may occur for each population or
receptor.

The model forms a central too! in both the assessment of the need for a site investigation and
the design of any investigation. It should be recognised, however, in many cases, the
development of a site introduces additional receptors, which may not be present in the pre-
development stage.
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4.2 Source Characterisation

The potential sources of contamination identified by this desk study are listed in Table 4 below.

Table 4: Contaminants of Concern

Current e ‘Clubhouse *  None expected * None expected
. . e Westquarter * None expected * None expected
Historical House

Current * Residential ®* None expected * None expected
¢ Infilled ® Deposition of made ground of | ® Cadmium
Quarries unspecified origins e Chromium
¢ Possible spillage of e Copper
® Railway fuel/wastes and residue. e Lead
Historical ® Nickel
® Asbestos
s PAH
® Sulphate
® Gas Emissions

The potential contaminants listed above are intended as a guide to the possible contaminant
species which may be encountered in such sites, and other contaminants could potentially be
present. Only offsite sources within 250m of the site boundaries have been considered, as
sources at greater distances would generally be considered unlikely to impact upon the subject
area. Based on the ground conditions in the surrounding area, the pathways for historical
processes affecting the site conditions would generally be restricted to groundwater or gas
migration and the appropriate testing parameters would be adjusted accordingly based on the
site condition.

43 Preliminary Quantitative Risk Assessment

On the basis of the above, a preliminary qualitative risk assessment has been detailed in Table 5
below.

The potential source-pathway-receptor relationships identified at the site, based on the
preliminary qualitative risk assessment, are summarised in Figure 7 - Preliminary Conceptual
Site Mode! (CSM).
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4.4

4.5

Development Constraints Related to Documented Ground Conditions

Contamination No current potentially contaminative processes were identified at the site
during our walkover.

The potential for significant contamination constraints arising directly from
the historical site use or processes in the immediate surrounding area was
considered to be low, however confirmatory soil sampling and analysis was
considered prudent.

Gas Emissions The most likely source of contamination, identified from the historical
appraisal was considered to be associated with the potential existence of
any natural organic soils or quarry infill in the surrounding area, possibly
presenting a source of elevated ground gas concentrations. Significant
ground gas constraints were considered unlikely based on the historical
assessment and former site use, however, it was considered prudent to
investigate for the possible presence of elevated concentrations.

Engineering Although the presence of significant made ground on site was considered
unlikely, the nature of the underlying ground conditions required to be
assessed in relation to the impact on possible foundation solutions for the
proposed development.

Mining Based on the documentary information, mining instability constraints were
considered to possibly affect the site.

Site Investigations

Based on the documented historical uses of the site and those in the surrounding area, it was
considered that appropriate site investigations would require to be implemented at the site. An
appropriate scope of works was therefore devised to accommodate the requirements of the
initial brief. These works were undertaken by a reputable contractor and were implemented in
accordance with BS10175:2011- investigation of Potentially Contaminated Sites and
BS5930:1999 - Code of Practice for Site Investigations.

The objectives of the investigations, based on the information derived from the CSM were as
follows:

*  Provide information in relation to the nature of the superficial soils, thickness of made
ground and spatial distribution of materials relative to the former site use.

¢ Investigate the possible presence of contamination constraints based on the historical use.

e Assess the potential presence of elevated ground gas conditions.

e Assess the hydrogeological conditions beneath the subject area.

*  Assess the geotechnical properties of the soils in relation to possible foundation solutions

® Investigate the underlying mineral condition.

The positioning of the sampling points was devised to provide maximum coverage over the site
area, taking cognisance of any services and access restrictions and to comply with the
requirements of B.S 10175. The sampling rationale adopted from 0.0m-1.0m was determined in
accordance with R&D Technical Report P5-066/TR Secondary Model Procedure for the
Development of Appropriate Soil Sampling Strategies for Land Contamination and was
specifically designed to assess potential surface contamination constraints (Table 6).
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Table 6: Rationale for Sampling at Different Depths

0-0.5m* To assess:
¢ Human/animal intake arising from ingestion and dermal contact.
e  Potential for wind entrainment leading to inhalation (of contaminated soils and
dusts) or deposition onto neighbouring land.
®  Surface water run-off (e.g. due to flash flooding).
e Uptake by shallow rooting plants (e.g. crops, ornamental and wild species).
¢  Surface leaching to groundwater.
>0.5min To assess:
made or
natural e Intake via ingestion/inhalation/dermal contact arising from ‘abnormal’ (or
ground unpredicted) excavation.

Uptake by deep rooting shrubs and trees.

Intake by, or arising from, the activities of burrowing animals.

Intake arising from construction/maintenance of buildings and services, for
example:

o Foundations (usually within 2m of final formation level).

o Water supply pipes, telecommunications, gas & power (0.5 — 1m of final
formation level).

o Sewers (from 0.5m > 1m of final formation level).

To locate perched water or groundwater.

To confirm depth of made ground.

To locate possible lateral pathways for gas or vapour migration in made ground.
To establish extent of any leaching of soluble constituents from superficial soils.
To detect ‘deep’ contaminants (e.g. gas generated materials, leachable materials,
dense solvents located on top of an impermeable stratum).

To obtain information on ‘background’ soil properties.

To locate ‘natural’ lateral migration pathways.

* Note that in some applications (particularly where an established use is in place, or where surface soil
or deposits are susceptible to windblow, run-off or uptake by fauna and shallow rooting flora) it may be
necessary to characterise the top 0 — 0.20m depth range

Accordingly, the scope of works as detailed within Table 7 was implemented at the site.
Detailed sampling protocols are included within Appendix D.

The location of all of the trial excavations, boreholes and sampling points is presented on the
Site Investigation Location Plan (Figure 8).

4.6 Health & Safety

No specific health & safety constraints were identified in relation to the implementation of the
relevant site investigations.
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313



€1 98¢e4d

Aipjjed ‘anuany Jauenbisap — 67vzr

*SUONRIN(OS UOIIRPUNOY
9|qissod Sunenjeaa

$}105 3y} 40 sarpadoud

(PT0T Yool
- P17 s31I01RIOGET UBYIY)

'3 xipuaddy uiyim paiuasaid s3oj sjoyaiog
‘sisAjeue
|eIUBWUOIIAUS-03 Jesauald ._ow pauieiqo sajdwes

Y107 Aey

"JUDWISSISSE
E_w _m._mcmm paadie; coz

ucilespsanu| jo spoyiai g ad

Hey A1ana Ajjesauald sem Aauanbauy Suidwes ‘sisAjeue jesjwaya
Jo} sajdwes aajzeluasaldal uelqo 01 pue sjepajew [epyJadns
mf ._o uolInquisip pue uojysodwod .m::m: ayl mc_:.:mumv ol
g
, M w
£

03§ :/ 3|qey

P17 {T dnoin) saredossy 11auuag 11095

'4 Xipuaddy ulyum pajuasaud s1nsay 158 uj 1s1sse 0} suajawesed WoT-wot HoRNGHISIG 3215 3P1ed 1B21uYy231098 ay) ssasse o
'$91J01R10QR] USNIY JO SaLiojeloqe| pajpalioie |eajuyda30ad snotiea 1sAjleuy
SYN 2y1 1e uayeuapun Supisay pue Sudwes 10 JUQwWssasse pajadie] Alojeioger jeatuyaalnag
‘S[eAIaIU] (P10Z YoueWy
wQ'T ~8undwes ajeisdosdde 10 sapuadoud _mu_c:mmuowm — P¥] Sa0jeI0qET UBNLY)
*4 xipuaddy ulyum pajuasaud s)nsat 159 pue si219wesed |ealuys83098 wQ's -wo'z 1dS nus-u, syl ssasse o)
‘0€6S S8 Yyum aouepiodde 2UjWI313P 0] S|elalew omn sisAjeuy
ul $auojesoqe] uaylly Aq uayewuapun Suydwes 10 JudWssasse pajadiel uoN 1821UY233035 NS U}
'519A02 AY4N23s pue sdes adidpuess papeaiyy
yum paiajdwos 31am saloq ay] ‘|aae.d 13l(ly 3y} anoqge paded
SBM 8]3J0U0D X{UI UEB3| JO B}UOIUIY '[{BM B|0Yy3.0qQ PUB UO(IIDS
PauUR3JIS BY} UBBMIAQ SNINUUR 3y} |ji} O3 PASI{IIN SEM [anesd Jal|y
wo'g paysepy ‘Suised uleld pue U335 ||9M PIaNO(S IdCH Papeatyl
J3)9WeEIP WWQS W0l PaIINJIIsU0d aJam syam Suliojuow ay| (PT0Z yosew
- P17 satiojeloqe uayiy)
'SUOIIIPUOD JaleMpUNOJd ‘SISA|BUR [EIUSWUOIIAUD
'3 xipuaddy ujyum pajuasaid s3oj uoneaedxy BulAjJapun JO JUBWISSESSE -083 4o} Suiidwes jwiad  pue  suolpuUOd  JIlRMPUNOJT uolje|(eisut
| Xtpuaddy uiyllm Papn{aul SUOIIBAISS(O 131BMPUNOID 211s |esauad pajadiel uoN ssasse o3 adidpuels Jajempunos8/seS  paujquiod  wWwQS adidpuels Jajempunoln
(vTOZ Yooy
xipuaddy ulyym papnjou SJUWINSEIW SBG wo'e S318J MO} BUILLIBISP PUe SUO)IRJIUIUOD ~ P17 SaLi0lRIOqE UBNIY)
‘wa1sAs Sulioyuow ‘JUBWISSasSSe sed punoid pajensia jo juasaid |eljuatod SsIsse O3 PI|eISUL
009XD SIAT WOJ} paulelqo SJUIWIINSEI|A SES 31is {erauad pajadiel uoN adidpuers  Suuoyuow Jajempunosd/sed  pauiquiod  wwgs uoijejjeisu) adidpuels seqy
‘sajdules ajelzdosdde uieiqo oy pue s|enalewl suthlapun
3y3 jo sapsadoud |eauy2a1038 ay) Jo JuBwWssasse ue apwnosd 0]
we'z ~wg'o ‘ejed]s Jo afueyd yoes e 1o aspw (pT0T Yaae N
JieY Aiana Ajjesauald sem Asuanbayy Juiidwes ‘sisAjeue (eauiay? — P¥1 sal101er0qeT uany)
‘3 xipuaddy uiyum pajuasaad sSo| ud el ‘JU3WSSasse 104 sajdwes aaneluasasdas ulelqo o) pue sjeuslew jediadns
‘sisAjeue [e21wayo03a3 Joj paulelqo sajdwes 2Ms |eJauas paiadiey uoN 3y} JO UOINGUISIP pue woIsodulod ‘ainjeu 3yl AUIULSIAP O] SHd et
(v1oT
YaJe ~ P17 5821135090
Suseauiduz jios)
wo'oz .
8115 3y3 yieauaq sBupjiom aujw jenuaiod
Jo 9douasaud Byl 231e31S3AUl O] padueApE BsaM  SB|0Y3I0g sajoyalog
3 xtpuaddy uiyum pajuasazd sSo| ajoyalog ‘pasnnbas a19m sajdwies oN 'Peay20. 03 Yidap yiim Suoje uoiisodwiod punosd suiwiaiap o] uoissnatad Alejoy
‘sajdwes ajeudosdde uieiqo o] pue sjelsalewl JulAjiapun
3y} jo saiadord [e31uy291039 BY3 JO JUBWISSSSe ue apiaosd 0]
(bTOZ YasEN
Wzl - wg's ‘JR435 JO aBueyd yoea je 1o asPw - p1] sauojeIOqRT UANIlY)

sajoyaiog
uolssnaiag ajqed

314



Scott Bennett Associates (Group 1) Ltd May 2014

5.0 ENCOUNTERED CONDITIONS
51 Superficial Soils

Details of the ground conditions encountered at each of the exploratory borehole locations
were presented on the respective excavation/borehole logs. The relevant data was presented
within Appendix E of this report. The recent investigations have identified the following
materials during the investigation.

Table 8: Summary of Findings

Xk
Topsoil Ground . e
1-0.2 - t .
(Localised) Level 0.1 Topsoil (no — description)
Ground .
Made Tarmac Level 0.05-0.1 Tarmac {no — description).
Ground Granular (Burnt 6L-01 01-02 Reddish brown slightly clayey fine to coarse

Shale) sand and gravel of burnt shale.

Brown sandy gravelly clay with ash, brick,
cobbles, burntshale and concrete.

Loose to medium dense very silty slightly

Granular 0.2-04 0.15-0.8

Granular (Sand 0.6-2.6 0.8-19

& Gravel) gravelly fine to coarse SAND.
Natural Granular (Silt -
0-2.2 K i i .
localised) 20-2 0.6 Firm consistency brown sandy gravelly SILT
Bedrock Rockhead 0.8-4.0 N/A Light brown SANDSTONE.

5.2 Solid Geology

All of the trial pits and boreholes were noted to terminate on obstructions which were
considered representative of the underlying bedrock. Rockhead was established to be present
at depths of between 0.8m and 4.0m below existing round levels.

53 Groundwater
Groundwater was not noted within any of the boreholes or trial pits during drilling or

excavation. The results of follow up groundwater monitoring (post- intrusive investigation) are
summarised in Table 9 below:

Table 9: Groundwater Observations

On the basis of the initial investigations and subsequent observations over the monitoring
period, it does not appear that a shallow groundwater system exists within the shallow soils
beneath the site.

54 Scope of Chemical Analysis

Based on the historical assessment, former site use, Preliminary Conceptual Site Model and
information obtained from the regulatory consultation, the scope of analysis detailed in Table
10 was recommended, in accordance with the general guidance presented within Science
Reports SR2 and SR3 — ‘Human health toxicological assessment of contaminants in soil’ and
"Updated technical background to the CLEA model’. While specific contamination constraints
were not envisaged, the analytical suite was considered sufficiently robust to assess the
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potential presence of the majority of common potential contaminants.

¢ Cadmium
e Chromium
s Copper

® Lead
Mercury
Nickel

® Zinc

e Cadmium
e Chromium
e Copper

® Lead

® Mercury
* Nickel

® Zinc

* Arsenic
* Boron
¢ Selenium

® Arsenic
® Boron
® Selenium

Table 10: Proposed Chemical Testing Suites

: 15
® Total Cyanide
e Sulphate
® Sulphide

® Total Cyanide
e Sulphate
¢ Sulphide

® Phenol
® PAH (16 USEPA)

e Phenol

* TPH CWG

* TPH CWG
* PAH

May 2014

] pH
® QOrganic
Matter

. pH
® Hardness

A total of 4No. representative soil samples were obtained during the course of the works and
submitted for chemical analysis. The results of the analysis are presented within Appendix G.

The chemical analysis was undertaken at the specialist testing facilities of DETS. The laboratory
utilises UKAS accredited test methods.

In addition to the above, 4No. soil samples were submitted for leachability testing to assess the
potential risk to surface and groundwater from leaching of the site soils. The scope of testing
was broadly similar to that undertaken on the soil samples.

UKWIR compliance testing and the associated geochemical testing parameters was also
undertaken on all four samples. This is subject to further discussion in the relevant section of

this report.
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6.0 GEOTECHNICAL CONSIDERATIONS
6.1 Geotechnical Testing

As an integral part of the site investigations, a number of in-situ geotechnical tests were
implemented as the boreholes were advanced. Where possible these were instructed to
include undisturbed (U100) samples and also Standard Penetration Tests (SPTs), dependant on
the nature of the materials encountered. The ‘blow’ counts required to obtain the sample or to
conduct the test were recorded by the drilling foreman at regular intervals as the boreholes
were progressed, and were noted on the appropriate borehole log.

Representative samples from the boreholes were subsequently selected and scheduled for
appropriate geotechnical testing to assess the nature and properties of the materials
encountered at the site. It should, however, be noted that the properties of the materials may
be subject to {ocalised variations and consequently the information provided below should be
considered to be indicative of the general nature of the soils encountered at the site.

For the purposes of the assessment and for summarising the geotechnical properties, we have
described the materials into the following sub-grouping:

e  Made Ground
e  Natural Granular

6.2 Made Ground

Based on the information from the site investigation, the made ground soils were generally
established to be generally of restricted thickness across the area, with an average noted as
approximately 0.7m .The made ground was however expected to be variable in both
consistency and density.

The made ground materials were not considered suitable for accepting foundation loadings in
an unimproved condition. The conjectured thickness and distribution of made ground is
presented on Figure 9.

6.3 Natural Soils
Natural Granular

The underlying natural deposits were comprised of granular materiais consistent with the
documentary information. These were typically described as loose to medium dense very silty
slightly gravelly fine to coarse SAND, with localised deposits of firm brown sandy gravelly SILT.

Limited SPT values were obtained within these materials, reflective of the shallow bedrock
depths. The data yielded corrected ‘N’ value results of between 8.4 and 19.5, suggestive of
essentially loose to medium dense soils.

‘Obstructions’ and conditions considered consistent with bedrock were encountered at depths
of between 0.8m and 4.0m below existing ground level. The conjectured depth to rockhead
encountered across the site is presented on Figure 10.

6.4 Foundation Design Criteria

In consideration of the geotechnical properties of the soils established above, and of the
observations made during the investigations, we would provide the following general
comments in relation to possible foundation options.

12429 — Westquarter Avenue, Falkirk Page 16

317



Scott Bennett Associates (Group 1) Ltd May 2014

It is understood the development will comprise the construction of low rise residential housing
with the associated line loadings considered unlikely to exceed SOkN/m.

Based on the descriptions and in situ testing, the made ground materials would not be
considered suitable for accepting foundation loadings in their current condition. These materials
are however generally thin across the site and likely to be penetrated at the majority of
locations at ‘conventional’ (0.6m) foundation depths.

The underlying natural materials & bedrock are considered to present an appropriate
foundation bearing material. The allowable bearing capacity of the loose to medium dense
SAND would be expected to be at least 100kN/m? while the underlying bedrock is expected to
provide a presumed bearing value of at least 1000kN/m?, even when weathered to a very weak
rock. Suitably competent natural materials consistent with the foregoing appeared to be
present at shallow depth (<1.0m) over the vast majority of the site (Figure 11). Settlement on
the granular materials would be expected to be immediate upon construction and to be limited
to 25mm.

The conditions beneath the existing structure should be assessed following site clearance to
confirm they are not at variance with the remainder of the study area.

6.5 Adoptable Road and Car Park Construction

No CBR testing was implemented as part of the investigations. It is recommended that CBR
tests are carried out at the appropriate road / car park formation level following site clearance
completion.

As a general comment for road or car parking construction, should any particularly ‘soft’ spots
be encountered in the formation, these should be removed and replaced with well compacted
hardcore. In addition, consideration may be made of the possible use of a geogrid or geotextile
to reduce any required capping thickness, particularly in the areas of development car parking
or non-adopted areas.

6.6 Foundation Concrete

The results of the pH and sulphate analysis were compared with the appropriate guidance
contained within Concrete in Aggressive Ground, BRE Special Digest 1.

The site has been assessed as ‘brownfield’ and we have assumed a shallow groundwater system
to not be present, based on the findings of the site investigation and subsequent monitoring.

A Design Sulphate class of DS1 and an Aggressive Chemical Environment for Concrete (ACEC)
designation of AC-1s has been established for the site. Concrete conforming to this specification
should be utilised for all concrete structures likely to be in contact with the ground.

6.7 Site Drainage
It is noted that the site soils are predominantly granular in nature and as such, would generally
be expected to have a moderate to high permeability. Given the comparatively limited

thicknesses of overburden encountered at the site it may be difficult to engineer SUDS
infiltration, or soakaway design for the development.
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6.8

Other Considerations
Deterioration of Formation

The foundation formation is likely to be susceptible to the effects of moisture ingress,
particularly if left exposed. All foundation formations therefore require to be inspected by
suitably qualified personnel to ensure the conditions remain consistent with those assumed in
the design.

In the event that there is a significant delay between foundation excavation and construction,
we would recommend that the formation be protected by a blinding layer of concrete to ensure
that further deterioration of the formation materials does not occur.

In addition, where excavations are extended through increased thicknesses of granular
materials, due consideration should be made in relation to health & safety and also the general
stability of the materials under excavation.

Where any soft spots are encountered within the formation these should be excavated to
competent materials and backfilled to the formation level with well compacted hardcore.

Groundwater Control

We have not conducted any detailed assessments of the possible impact on deep excavations
from groundwater ingress, although based on the conditions encountered during the
investigation, temporary groundwater control measures may not be required, given the absence
of any noted groundwater during the investigation.
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7.0

7.1

CHEMICAL CONTAMINATION
Statutory Position

The contaminated land regime in Part lIA of the Environmental Protection Act 1990 (Part IIA)
was introduced specifically to address the historical legacy of land contamination. One of the
key features of Part IlA is a statutory definition of “contaminated land” — which is:

“any land which appears to the local authority in whose area it is situated to 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 the Water Environment is being, or is likely to be caused.”

A revised Statutory Guidance Edition 2 (Paper SE/2006/44) to the Act was published by the
Scottish Executive in May 2006, which, in addition to the above, raised the issue of what is
determined to be ‘significant’.

Neither the above definition, nor the accompanying statutory guidance provides any absolute,
measurable criteria. Therefore, determining whether any land is “contaminated land” is likely
to involve local authorities making a judgemental decision in each individual case.

The legislation does, however, seek to ensure the identification and remediation of sites that
pose “unacceptable risks” to human health or the wider environment, in the context of their
current or proposed use.

The approach to “unacceptable risk” is based on the principles of risk assessment, including the
concept of a contaminant, a pathway and a receptor, which if combined, form a pollutant
linkage. This relationship has previously been described within the site Preliminary Conceptual
Model (Section 4.0).

The legislation was designed and intended to encourage the application of voluntary
remediation of land scheduled for redevelopment, rather than regulatory enforcement action,
and to integrate with the established role of Planning and Building Contro! departments in the
approvals process. Both remediation and the associated validation now form a critical part of
the regulatory procedure.

Current Planning Policy clearly states, that the standard of remediation to be achieved through
the grant of planning permission for new development, is the removal of unacceptable risk and
making the site ‘suitable’ for its new use.

The “suitable for use” approach then consists of three elements:

*  Ensuring that land is suitable for its current use.

®  Ensuring that land is made suitable for any new use.

* Limiting requirements for remediation, to only the work necessary to prevent unacceptable
risks to human health or the environment in relation to the current or future use of the
land, for which planning permission is being sought.

As a minimum, after carrying out the development and commencement of its use, the land
should not be capable of being determined as ‘contaminated land’ under the definitions stated
above.
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7.2 Technical Guidance - Soil Guideline Values

To provide an initial assessment of the potential significance of contaminant concentrations
detected in soil samples collected from the site, a generic risk assessment is presented below
using soil assessment criteria that are derived to be protective of human health.

The soil assessment criteria are intended to provide a conservative means of initial assessment.
Where contaminant concentrations are less than the appropriate assessment criteria, it is
considered unlikely that the contaminant concentrations will pose a potentially unacceptable
risk to human health or the water environment. Where a contaminant concentration exceeds
the assessment criteria, it does not automatically follow that an unacceptable risk exists, but
that further assessment may be necessary to quantify the risk taking into account site-specific
information.

A residential development incorporating domestic garden areas is understood to be proposed
for the site. The soil test results obtained have therefore been assessed with respect to the
‘residential with gardens’ end-use scenario which is the most conservative scenaric possible
and allows for the on-site planting and cultivation of vegetables for human consumption.
Should the proposed land use change, then the basis of the risk assessment presented in this
report will require to be reviewed and amended to reflect changes to the CSM, as appropriate.

To assess the potential risks for this end use, assessment criteria for soil have been utilised that
are protective of human health and relevant Soil Guideline Values (SGVs) have been used
where available. Where SGVs are not available, other generic assessment criteria (GAC) have
been adopted, utilising the same pathway and receptor data as used in deriving SGVs. The
adopted SGVs are those produced by the Environment Agency in 2009 (with the exception of
lead; the 2002 SGV for lead from 2002 has been adopted).

For contaminants where no SGV exists, Generic Assessment Criteria (GAC) produced by LQM-
CIEH (second edition, published in July 2009) was adopted, which are broadly equivalent in
their derivation to the soil guideline values published by the Environment Agency. Both
incorporate the most up-to-date Environment Agency CLEA methodology to calculate the
assessment criteria. The SGVs and GACs are intended to provide a means of assessing chronic
risks to human health, and are dependent on exposure in the context of the specified land use,
in accordance with the ‘suitable for use’ approach. They do not alter the assessment of risk to
other environmental receptors {groundwater, surface water, flora, fauna, etc) or to acute risks
to health. The SGVs and GACs represent intervention values which indicate that soil
concentrations above these values could pose an unacceptable risk to the health of site users,
and that further risk assessment/investigation, or remedial action, is required.

7.3 Phytotoxicity

It is recognised that the CLEA derived SGVs do not provide any protection against the potential
effects of phytotoxicity. In this respect, the assessment of phytotoxicity of the existing site soils
with respect to future landscaping potential has been made by reference to maximum
concentrations of potentially toxic elements provided in the Scottish Executive publication
‘Prevention of Environmental Pollution from Agricultural Activity, A Code of Good Practice’
(2005).

7.4 Risk Assessment — Soil Analysis
Soil Analysis Summary

Assessment of the analytical data indicated that none of the inorganic or organic parameters
were recorded to be present at concentrations in excess of the assessment criteria.
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This would appear to be generally consistent with the nature of the soils encountered and of
the documented historical use of the site.

7.5 Water Environment
The risk assessment for the water environment includes both relevant surface waters and
groundwater. For the screening of the groundwater results the most conservative standard
derived from UK Drinking Water Standards (DWS) or Environmental Quality Standards (EQS) for
the protection of groundwater and surface waters have been adopted.
Soil Leachability Analysis Summary
Leachability analysis was targeted to the possible made ground near-surface materials, as it was
these soils which were considered to potentially represent an increased risk. The leachability
testing recorded contaminant concentrations below the assessment criteria.
Groundwater Analysis Summary
Given the results of the soil leachability analyses, no significant risk to the water environment
was envisaged. No groundwater sampling and analysis was possible as the monitoring well was
found to essentially dry on each of the monitoring visits.

7.6 Conclusions
No risk to the proposed development has been identified from the chemical analysis.

No risk to the water environment (groundwater or surface waters) has been identified.

As a consequence of the foregoing, no specific environmental considerations require to be
made in relation to the development.
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8.0 GAS EMISSIONS
8.1 General

The investigation indicated made ground materials to be present at the site. However based on
the nature and general observations concerning the material thickness, the associated risk was
considered to be generally low. An assessment of near surface ground gas conditions was
however undertaken from monitoring of a semi-permanent standpipe installation placed in one
of the soil boreholes. The relevant gas measurements were obtained on six occasions. The
instrumentation utilised was a Gas Data LMS Detection Unit which was capable of assessing
methane, carbon dioxide and oxygen concentrations, differential pressure, flow rate and
atmospheric pressure.

8.2 Gas Assessment Criteria

The assessment of risk due to ground gases has been variously discussed in publications for
CIRIA (Report 149 — Protecting Development from Methane) and BRE (Construction of New
Buildings on Gas Contaminated Land), amongst others, which have indicated a number of
“Characteristic Situations” depending on the concentrations and flow rates of gas. Further
industry guidance was provided within CIRIA C659 (November 2006) and in January 2008 [CIRIA
€665 — Assessing Risks Posed by Hazardous Ground Gases to Buildings]. Our interpretation and
assessment of the site conditions have therefore been based the CIRIA C665 guidance.

8.3 Standpipe Monitoring
The following summary data was obtained from the boreholes during the period of monitoring.

The location of the gas monitoring wells is shown on Figure 12. The gas monitoring results are
included in Appendix I.

Table 11: Gas Data Summary

8.4 Gas Screening Value (GSV)
The formula for assessing the characteristic gas screening value is as follows:

Limiting borehole gas volume flow rate = Gas concentration (decimal) x Measured borehole
flow rate.

In determining the site specific conditions:

Maximum observed concentration: CH, = <0.1% (use instrument LOD of 0.1)
Maximum observed concentration: CO,=1.7%

Maximum observed borehole flow: (I/hr) = <0.1% {use instrument LOD of 0.1)
Therefore: Site Gas Screening Value = 0.0017 (very low risk)

On the basis of the site observations we have therefore categorised the site as Characteristic
Situation 1 based on CIRIA C665. Accordingly, a negligible ground gas risk has been identified at
the site.

12429 — Westquarter Avenue, Falkirk Page 22

323



Scott Bennett Associates {Group 1) Ltd May 2014

8.5 Conclusions

Based on the results obtained and risk assessment carried out, and in recognition of the nature
of the materials encountered at the site, no special ground gas protection measures are
considered to be necessary.

8.6 Radon
The HPA/BGS Indicative Atlas of Radon in Scotland (2011) indicates that the site is in a lower
radon probability area where less than 1% of homes are at or above the action level. No radon

protective measures are therefore considered necessary in the construction of new dwellings or
extensions.
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9.0 POTABLE WATER SUPPLIES
9.1 General

The WRAS guidelines (WRAS Information & Guidance Note, October 2002, No 9-04-03 Issue 1:
The Selection of Materials for Water Supply Pipes to be Laid in Contaminated Land) have now
been withdrawn, and as of autumn 2011 Scottish Water now require the selection of pipe
materials for water supply pipes to be carried out in line with the UKWIR  Guidance for the
Selection of Water Supply Pipes to be Used in Brownfield Sites, dated 2010.

Scottish Water provided developers with additional guidance on the new UKWIR assessment
regime, in October 2011. The UKWIR documentation suggests chemical analysis does not
require to be carried out where barrier pipe (HPPE) is proposed, as this pipe specification is
deemed to be protective of all contaminants which may be present in the ground. Scottish
water do not however accept that HPPE barrier pipe be considered a default pipe material,
without the submission of a desk study or full site investigation report.

The Scottish Water Guidance (as revised V1.3 — April 2013} advises that, where it is established
that the land has previously been developed (i.e. ‘brownfield’), there is a mandatory
requirement for the site investigations to be implemented in accordance with the UKWIR
guidance.

Barrier pipe (PE-Aluminium-PE) is deemed to be protective of all contaminants which may be
present in the ground. Ductile iron water mains are deemed to be protective of all contaminants
which may be present in the ground although analysis to confirm that the ground is not
corrosive is required.

It should be noted that polyethylene (PE) or polyvinylchioride (PVC) water supply pipes are only
likely to be suitable for uncontaminated sites where the no exceedences of the UKWIR analysis
suite are likely to occur.

With respect to water supply main pipe material, chemical analysis to the new UKWIR test suite
has been implemented to confirm the pipe material specification requirements. This assessment
confirms PVC, PE-AI-PE, wrapped steel and wrapped ductile iron pipe materials are suitable for
the site.

Formal approval by Scottish Water would be required for any water pipe material specification
recommendation.
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10.0 MINING AND MINERAL EXTRACTION
10.1 General

Research of the relevant Geological maps, British Geological Survey, and Coal Authority Data
suggest that the site lies within an area that has been affected by historical mining.
Correspondence received from the Coal Authority has indicated that they retain records of coal
mining in the vicinity of the site. In our review of the site conditions, we have interpreted the
general geological and mining configuration based on the evidence of the documentary
information and recent physical site investigations, augmented by historical site investigation
data for the area.

10.2  Review of Existing Information
British Geological Survey

The geological map indicated the underlying solid strata to belong to the Lower Coal Measures
of Carboniferous age. The strata were indicated to dip to the south south-east at an unspecified
inclination. Superficial thicknesses were suggested to be up to 5Sm thick across the site.

The geological map indicated the Armadale Main Cole (~¥0.0m — 0.9m thick) to outcrop
approximately 100m to the north of the site, striking in an approximate west to east orientation.
The Armadale Ball Coal (0.43m — 1.17m thick) was indicated to have a conjectured outcrop
through the south eastern corner of the site, striking in a similar orientation. The generalised
succession of these coal seams beneath the study area is presented below.

Table 12: Conjectured Geological Sequence

B

Armadale Ball Coa 0.0-0.9 {1-3 leaves)
Strata 10
Armadale Main Coal 0.43 -1.17 (2-3 leaves)

Summary of Existing Site Investigations

The mineral boreholes encountered strata comprising of an alternating sequence of sandstones
and coal seams, with conditions consistent with the localised presence of mineral workings also
noted. The sequences encountered were considered to be consistent with strata of the Lower
Coal Measures. The borehole data has been utilised, where appropriate, to augment the recent
studies.

Summary of Documented Mining Conditions — Coal Authority Data

The Coal authority indicated that they were unaware of any mineplans relating to shallow
mining in the area. As it did not become a statutory requirement to compile mining records and
lodge the appropriate abandonment plans until 1872, a considerable amount of mining had
already taken place in the Scottish Coalfields prior to this date and consequently unrecorded
mining was considered possible in the area.

10.3  Mining Investigations

The rotary boreholes sunk during the course of the recent investigations were designed to
assess the depth to the underlying mineral seams and to determine, the presence or otherwise,
of mineworkings at critical depths beneath the site. The boreholes generally recorded a
sequence of sandstones and coal measures, which were considered to be consistent with strata
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10.4

105

of the Lower Coal Measures. Rockhead was encountered within the rotary boreholes at depths
of between 2.5m and 4.0m below existing ground levels, deepening to the east.

In general terms, the mineral seams encountered appeared consistent with the geological base
plan information, seam thicknesses and the general stratigraphy suggested for the area.

Solid coals interpreted to represent the Armadale Main Coal were recorded at depths of
between 8.0m-14.0m. The geological information confirmed the Armadale Main Coal to be
present in 2 leaves. The coals were noted to vary in thickness from 0.5m to 1 .0m within the
bores.

In addition, one of the bores (R04) recorded ‘soft’ and ‘broken’ at depths of between 8.5m and
12.5m co-incident with a loss of drilling flush. These conditions appeared to be representative
of mineworkings at the level of the Armadale Main Coal.

Surface Instability

In our assessments we seek to achieve a rock / overburden cover thickness of 8 to 10 times the
seam extraction height. This is consistent with a number of recent studies in the field of mining
stability assessment. In some circumstances, a smaller amount of cover is required, depending
on the specific geological and mining conditions. Where considerable and consistent thicknesses
of competent glacial till exist, we have assumed a contribution to the stability assessment
equivalent to one half of the recorded overburden thickness.

In this case we have sought to achieve an equivalent rock cover of 12.5m, based on an average
seam thickness of 1 .0 and 0.5m for the upper and lower leaves of the Armadale Main Coal
respectively and the relative contribution of the individual seams.

Based on a review of the information contained within the borehole records and documented
depths of the mineral seams beneath the area, it would appear that the entire site lies in a
potentially unstable configuration.

In the event that development were to proceed, all structures and any adoptable roads within
the potentially unstable zone, including the associated development ‘stand-off’, would require
to be the subject of consolidation by drilling and pressure grout injection.

When assessing the possible abnormal costs associated with the proposed treatment works, it
should recognised that some of the boreholes encountered solid strata, suggesting that the
workings were not conducted beneath the entire site, and areas of intact mineral would be
expected to be present. The extent of the worked areas would therefore be probed out, as an
integral element of the treatment operations.

In addition, the drilling and pressure grouting operations would be ultimately designed relative
to a definitive development layout, incorporating only those elements which require treatment.
Areas of public open space, landscaping and similar, could be excluded from treatment to
maximise cost savings.

While unrecorded mineral extraction may have taken place in other deeper lying strata, these

mineral workings were considered to lie at sufficient depths to preclude mining instability
constraints.

Quarrying

There is no documentary or physical evidence to suggest that quarrying operations have
formerly occurred at the site. However, we would recommend that vigilance be maintained
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during site works for any features or evidence, which may suggest the presence of an
unrecorded backfilled quarry, although based on the findings of the investigation and historical
assessments such features were considered unlikely.

10.6  Mine Entries

The Coal Authority Report did not identify the existence of a mine entry within, or within 20m of
the site boundary.

As in all areas of mineral extraction, however, the potential presence of unrecorded mine
entries within the study area cannot conclusively be discounted and we would therefore

recommend that vigilance be maintained during the site clearance works, in order to identify
any feature which could potentially represent unrecorded mineshafts.
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11.0 REVISED CONCEPTUAL SITE MODEL

11.1 General
No risk to the proposed development from the identified geo-environmental conditions was
identified.
No risk to the water environment (groundwater or surface waters) has been identified.
Based on our assessment of the ground gas monitoring results obtained, special ground gas
protection measures are not considered to be necessary.
With respect to water supply main pipe material, PVC, PE-AI-PE, wrapped steel and wrapped
ductile iron pipes are considered likely to be suited to the ground conditions.
Mining instability constraints are considered to affect the site and will require consolidation
prior to development.
In consideration of the above, the CSM was appropriately revised (Figure 13).

11.2  Assessment of Potential Remediation Options
No remedial measures are considered to be required in relation to the identified environmental
condition.
Appropriate certification should be sought prior to the import of any materials to the site. This
should include any construction materials
A program of consolidation will be required in order to treat and stabilise the mineworkings
beneath the site.
As our evaluations are formulated upon risk based assessments, we would recommend that
discussions proceed at this time with both the relevant Local Authority Department to ensure
appropriate approvals are obtained prior to detailed design.
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12.0 SUMMARY & CONCLUSIONS

12.1  General
This report and the conclusions contained herein have been written in the context of a
residential development incorporating domestic garden areas and should not be utilised in any
differing context without prior reference to us.
It should be recognised that data interpolation is required whenever engineering or related
disciplines are utilised to interpret subsurface conditions and conditions can be subject to
considerable variation between survey/sampling points.

12.2  Foundation Options
The made ground materials would not be considered suitable for accepting foundation loadings.
The underlying suitably competent natural granular soils and bedrock are therefore considered
to present an appropriate foundation bearing material. , the allowable bearing capacity of the
loose to medium dense SAND would be expected to be at least 100kN/m”. The underlying
bedrock is expected to provide a presumed bearing value of at least 1000kN/m?
Suitably competent natural materials consistent with the foregoing, appeared to be present at
shallow depth (<1.0m) over the vast majority of the site. Where the depth to a suitably
competent stratum lies at slightly deeper levels, foundations should be deepened and formed
by trench filling techniques.

12.3  Chemical Contamination
No specific proprietary measures are considered necessary in relation to the identified geo-
environmental conditions.
No risk to the water environment (groundwater or surface waters) has been identified.

12.4  Gas Emissions
Based on current guidance and a risk assessment, ground gas protection measures are not
required within the proposed development. No radon protective measures are necessary in the
construction of new dwellings or extensions.

12.5 Potable Water Supplies
PVC, PE-AI-PE, wrapped steel and wrapped ductile iron pipe materials are considered likely to
be suitable for the site water supply pipework. Formal approval by Scottish Water would
however be necessary for any water pipe material specification recommendation.

12.6 Mining
Minera! instability is considered to affect the site. Based on the observed depths of the mineral
seams encountered within the boreholes, the entire site is considered to lie in a potentially
unstable configuration.
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12.7  Other Considerations
A Design Sulphate class of DS1 and an Aggressive Chemical Environment for Concrete (ACEC)
designation of AC-1s has been established for the site. Concrete conforming to this specification
should be utilised for all concrete structures likely to be in contact with the ground.

12.8  Further Work
Waste Acceptance Criteria (WAC) testing will require to be carried out on any materials
designated for off-site disposal.
Consolidation of mine workings will require to be carried out prior to development. The
treatment area should be designed relative to the development layout.
The conditions beneath the existing structure should be assessed following site clearance to
confirm they are not at variance with the remainder of the study area.
CBR testing will ultimately be required at the appropriate road formation level.
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13.0 VALIDATION REQUIREMENTS
13.1 General

Local Authority regulators and the NHBC require the submission of appropriate validation
monitoring and certification, particularly in relation to issues of contaminated land. This
requires to be in accordance with the site ‘Remediation Statement’ following approval by the
Local Authority. While the relevant approvals remain to be obtained, based on our
understanding of the site conditions, it is possible that validation may uitimately be required in
relation to the following

A) Validation of grouting works following consolidation of mine workings
B) Validation of imported materials

We would recommend that where possible all arising materials are adequately managed within
the site. Any waste materials disposed to landfill will require to be subjected to Waste
Acceptance Criteria (WAC) testing in order that the soil can be appropriately categorised. WAC
analysis is carried out to ensure that selected leachable contaminants and organic parameters
are below the levels set out in The Criteria for the Acceptance of Waste at Landfills (Scotland)
Direction {2005). It is unlikely that the materials will be accepted at landfill unless the results of
the WAC testing are available. The analysis takes approximately 3 weeks to complete and this
should be accounted for within the development programme. Soil material stockpiled for
removal off-site should also be subjected to standard chemical analysis.

It is recommended that any imported soils for placement in domestic gardens, landscaping etc.
should be accompanied by relevant chemical analysis, confirming its suitability for use. In the

absence of this data, independent analysis would be required to confirm the geochemical
nature of the soils prior to placement.
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Figures

Figure 1 — Site Location Plan

Figure 2 — Extract from Geological Map (Drift Lithology)
Figure 3 — Extract from Geological Map (Drift Thickness)
Figure 4 — Extract from Geological Map (Solid Geology)
Figure 5 — Extract from Geological Map (Shaliow Mining)
Figure 6 — Extract from Geological Map (Shafts & Adits)
Figure 7— Preliminary Conceptual Site Model

Figure 8 —Site Investigation Location Plan

Figure 9 — Conjectured Thickness & Distribution of Made Ground
Figure 10 — Conjectured Depth Rockhead

Figure 11 — Depth to Competent Foundation Horizon
Figure 12— Gas Emissions Survey

Figure 13 — Revised Conceptual Site Model
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