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LINCS.

1. INTRODUCTION.

1.1. General.

This report describes the findings of a geoenvironmental ground gas investigation
undertaken by Goldfinch Environmental Limited, on the instruction of Mrs A Robinson (the
Client) at a site located off Gas House Lane, Bridge Road, Sutton Bridge, to the east of
Spalding, Lincolnshire.

A site location plan has been provided as Figure 1 towards the back of this report.

The purpose of the investigation was to characterise the ground gas regime at the site in
the context of the potential risk to human health as required by the Regulator (SHDC).

The site has been proposed for development to a residential end use. A proposed layout
plan has been included as Figure 2 towards the back of this report, which also shows the
locations of the ground gas monitoring standpipes.

Prior to commencement of the fieldwork described below, the scope for the investigation
reported in this document was discussed and agreed with SHDC Environmental Health
(the Regulator), as required by current practice.

This report describes the fieldwork carried out and discusses its outcome with variation to
the approved strategy being documented as the investigation progressed.

1.2  Additional Information.

The reader should be aware that a Phase 1 Desk Study, prepared by Goldfinch
Environmental Ltd, Report reference 0441/1 dated June 2017, and a Phase 2 Ground
Investigation Report also prepared by Goldfinch Environmental Ltd, Report reference
0460/2 dated October 2017, were submitted to SHDC as part of the application for the
redevelopment of the site. The referred reports should be read in conjunction with this
Phase 2 Vapour Assessment report as their content has not been reproduced within this
document.
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2. LIMITATIONS.

This report is for the sole reliance and use of the referred Client. Any Third Party coming
into possession of this report relies on it at their own risk unless written permission is
expressly sought from Goldfinch Environmental Limited. The author owes them no duty of
care and skill. Goldfinch Environmental Ltd accepts no responsibility or liability for the
consequences of this document being used for purposes other than that for which it was
commissioned and the assessments provided herein should not be relied on as a legal
opinion.

The findings and opinions expressed in this report are relevant to the time of the site visit
and information review and should not be relied upon to represent conditions at
substantially later dates. The assessments and opinions given in this report are based
upon information available at the time of the report. Where additional information comes
available which may affect or identify a need to review our conclusions or assessments we
request the opportunity (and reserve the right), to review the information and where
warranted, modify our assessment / opinion in part or wholly, accordingly.

This intrusive (Phase 2) investigation report does not include any geotechnical
considerations pertaining to the site as these were outside the agreed brief. Goldfinch
Environmental Ltd cannot and does accept any responsibility or liabilities for geotechnical
inferences, assumptions or conclusions drawn by any other Parties as a result of
information included in this report.

The risk assessment was based on the source-pathway-receptor framework, with respect
to the geoenvironmental condition of the site in the context of various sensitive receptors.
Goldfinch Environmental Ltd have based this desk study upon the sources given in this
report, and believes them to be reliable but cannot and does not guarantee the authenticity
or reliability of the data it has relied upon

The recommendations given in this report are based on guidance and best practice in
place at the time of issue of the report, the information available at the time of the
investigation, the nature of the indicated proposed development and associated end user
behaviour patterns. Should any of the foregoing change at any time this report should be
reviewed (by a suitably qualified person), in the context of proposed changes.

This investigation report and the Conceptual Model and Risk Assessment included in
Section 7 of this report have been based upon the construction details, layout drawings
and pattern of occupancy/usage provided by the Client and/or their Agent. Where these
details are subject to change either by the commissioning Party (Client), (or a subsequent
owner where a site is 'sold-on’), then this report will need to be reviewed and amended
accordingly in the light of any such proposed design changes. It is reasonably anticipated
this review would be required by the Local Planning Authority/Regulator.
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3. LEGISLATIVE & REGULATORY SETTING.

The Environmental Protection Act of 1990 created the framework for the identification and
remediation of contaminated land. The Act defines “contaminated land” as any land, which
appears by the Local Authority to be “in such a condition, by reason of substances, in, on,
or under the land that significant harm is being caused or there is significant possibility of
such harm being caused, or, pollution of Controlled Waters is being, or is likely to be,
caused”.

Land potentially affected by ‘contamination’ is a material consideration for planning
purposes together with its relationship with ‘regulatory intervention’ (Part lla), and
‘voluntary’ investigation (which includes redevelopment of sites which may be affected by
contamination). The Model Procedures (CLR-11, Environment Agency 2004), provide a
generic framework indicating key technical activities applicable in each of these contexts.

The management of land contamination broadly comprises three components, which are
identified as ‘Risk assessment’, ‘Options appraisal’ and ‘Implementation’. These, in turn,
determine if any unacceptable risks exist, ascertain the most appropriate remediation
strategy for the site and, finally, demonstrate that the strategy will be effective.

In accordance with this and other current guidance, where a ‘land quality’ risk assessment
is required each ‘Relevant Pollutant Linkage' (RPL, formerly referred to as “source-
pathway-receptor” framework), is separately identified and a level of risk attached. This is
documented in the form of a ‘Conceptual Model'.

The outcome of the assessment of established, plausible relevant pollutant linkages is
used to determine qualitatively the need for further investigation, or remediation with
ensuing mitigation of the determined unacceptable risk. (In accordance with the Model
Procedures and Regulatory preference, detailed remedial measures should be provided in
a separate phase).

The risk assessment takes account of the local environment, end user behaviour patterns,
and the nature of the development in relation to proven ‘unacceptable’ risk. This is the
approach advocated by current guidance and therefore has been adopted in the
assessment of this site.
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4, SITE LOCATION AND DESCRIPTION.

At the time the fieldwork was carried out as part of this investigation the site comprised a
plot of ‘cleared’ land on the western side of Gas House Lane off the northern side of
Bridge Road.
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5. GROUND GAS INVESTIGATION.
5.1. Fieldwork.

Three number narrow diameter perforated standpipes were installed by percussive [drive-
in] methods to depths of approximately 4.0-5.0m to collect ground vapour information.

The exploratory locations, (referenced WS1-3 inclusive), are shown on a plan of the site
(not to scale), in Figure 2 towards the back of this report.

5.2. Gas and Groundwater Monitoring.

While current best practice recommends initially that six number return visits to site are
made to carry out monitoring for the presence of ground gases, and establish resting
groundwater levels within the referred standpipes. In this instance it had been agreed with
the Regulator that three visits would be carried out as a 'screening’ exercise with the need
for further visits to be determined on the basis of the results of these three sets of data.

A review of the collected data after three visits showed a consistency which suggested the
monitoring could cease at this stage. The ground gas monitoring visits were carried out
during 7 and 21 March, and 4 April 2019, respectively.

In accordance with recommended practice data collection included measurements taken
during conditions of *falling atmospheric pressure” as well as at least one dataset from a
barometric pressure of less than 1000mb.

At the time of each of the three visits the measured concentrations of oxygen, carbon
dioxide and methane [or other hydrocarbon-containing species which the unit may record
as ‘methane’] were recorded together with associated parameters which included: depth to
groundwater, flow, atmospheric oxygen and barometric pressure. This information has
been tabulated and summarised in Appendix 3 of this report.

The summarised factual results are included in Appendix 3 in tabular form.

5.3 Vapours

As part of the ground gas assessment two absorbent sampling tubes were employed to
allow collection of vapour samples for chemical laboratory analysis. The absorbent tubes
were deployed between the 7 and the 21 March 2019. The ‘on’ and ‘off times were
recorded to allow the laboratory to calculate analyte concentrations as part of the test
procedure. To assist the reader the sampling [i.e. exposure’] time associated with these
[ Tenax'] tubes was approximately 337.75 hours.

One sample was obtained from the proposed garden area towards the southwestern
corner of the site and the second was obtained from the southeastern corner of the site
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where the ‘'worst’ contamination was encountered during the Phase 2 investigation as
shown in Figure 2 towards the back of this report.

The two samples reference A and B were located in boreholes BH1 and BH3 respectively.

The vapour samples were analysed for Total Petroleum Hydrocarbons (TPHs), BTEX,
Volatile Organic Compounds (VOCs) and Tentatively ldentified Compounds (TICs).

The chemical laboratory test report has been included in Appendix 2 towards the back of
this report.
5.4 Evidence of Contamination (Soils).

There were indicators, olfactory or visual or both, of potential contamination in the arising
soils at exploratory locations BH1, BH2 and BH3. These comprised:~

Borehole 1.D. Remarks

BH1 (W52) Strong ammoniacal odour from 0.70 to 1.20m

Odours of ammonia/cresols/phenols with diffraction
patterns to 2.5m where brick fill was encountered —
BH2 (WS8) possible former waste holder base with ‘free-product’ of
black coal tars with strong phenolic odours.

Odours of ammonia and phenols/cresols (‘creosote’) from
1.70m with diffraction patterns (‘rainbow sheen’) in soils
BH3 (WS6)
Pockets of free-phase tarry fluids from 2.90 to
approximately 3.5-3.60m. No further staining or odours
beyond this depth.

*The reader should note that the monitoring locations were installed by ‘drive-in’ methods
therefore there were no arisings. However, as the chosen locations were close (i.e.
<300mm) distant from the bracketted locations from the previous Phase 2 investigation
then the field observations [including borehole logs] have been reproduced here to assist
the reader.

5.5. Groundwater Observations During Fieldwork.
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Groundwater was not encountered as distinct ‘strikes’ in any of the exploratory locations
during the fieldwork.
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6. DISCUSSION OF GROUND GAS & VAPOUR MONITORING PROGRAM.

6.1. Overview.

This section of the report provides an interpretation [with supporting commentary] of the
ground gas monitoring data collected from the site. The outcome of the review is carried
into a [vapour-only] Conceptual Model and Risk Assessment for the site which is included
in Section 7 of this report.

The site has been proposed for residential development with private gardens and soft
landscaping as shown in Figure 2 [which also shows the monitoring locations] towards the
back of this report.

6.2. Discussion of the Ground Gas Monitoring Results.

6.2.1 Overview.

The site has been proposed for development via the establishment of new residential units
with private gardens, a relatively large area of hardstanding and driveways. The
assessment has been carried out broadly in accordance with guidance document CIRIA
Report C665* and BS8485:2015°, and under Situation B that is, low rise development with
a ventilated subfloor void (min 150mm). Where construction details differ from this it is
recommended that these results are reviewed.

CIRIA Report C665 recommends a risk based approach designed to allow identification of
gas protection measures for low rise housing by comparing gas emission rates to generic
“traffic light” scenarios. These include ‘typical maximum concentrations’ provided for initial
screening purposes and risk based screening values (GSVs) for consideration in situations
where the typical maximum concentrations are exceeded.

The method recommends calculating GSVs for both methane and carbon dioxide and
adoption of the ‘worst case’ to establish appropriate protection levels.

6.3. Barometric Pressure Regime During the Monitoring Period.

Across the three visits, barometric pressure values varied between a minimum of 995
(gently rising from a ‘trough’) and a maximum of 1032mb (as a ‘peak’). This set of data
meets with guidance recommendations which indicates that at least one set of data should
be obtained when the operating barometric pressure regime is 1000mb or less (e.g. a
‘low’).

! Assessing risks posed by hazardous ground gases to buildings. CIRIA Report C885. 2007.
? Code of Practice for the design of protective measures for methane and arbon dioxide ground gases for new buildings. Fabruary 2018,
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6.4. Flow

On each of the three monitoring visits and in all three monitoring standpipes measured
flow rates were at, or below the limit of detection of the instrument (<0.11 hr™').

6.5. Discussion of Ground Gas Concentrations & GSV Calculation
6.5.1. Methane

As referred above, a ‘peak’ methane was detected in one borehole (BH2) on one of the
monitoring visits. The measured concentration was recorded as 4.3% viv. This quickly [i.e.
less than one minute] reduced to a 'steady’ value of 0.0% (i.e <0.1% which is the detection
limit of the instrument for this ground gas.).

Author Note: It is possible that the gas meter was detecting and recording volatile vapours
that were output by the insturment as ‘methane’. Field observations noted odours of
ammonia/cresols/phenols in this location at the time the standpipe was installed as
described in Section 5.4 of this report.

It is further considered by this Author that this was an ‘isolated instance’ and is not
indicative that there is an ‘active’ ground gas source underlying or impacting the site.

Given the extent of the ‘contamination’ underlying a relatively large part of the site a GSV
can be derived for this isolated instance of 0.0043 I hr™.

A GSV of 0.0043 is associated with a ‘very low’ risk® and a Characteristic Situation 1
classification according to BS8485:2015.

6.5.2. Carbon Dioxide

A ‘peak’ concentration of carbon dioxide of 0.9% v/v was recorded in borehole BH1
reducing to a ‘steady’ reading of 0.4% v/v after 60 seconds on the same monitoring visit.
This value has been used as ‘worst case’ in derivation of the GSV.

This value of 0.9%, gives a gas screening value (GSV, from multiplying gas concentration
% by flow rate) when combined with a flow rate of 0.1 | hr' (the detection limit of the
instrument for this parameter) of 0.009 x 0.1 = 0.0009 | hrt.

This is associated with a [BS8485:2015] ‘hazard potential' of ‘very low™ and places the site
into a Characteristic Situation 1 classification. {BS8485:2015 adds: Typically <1% methane
concentration and <5% carbon dioxide}.

The recommendations in the following sections of this report regarding ground gas are
based upon this Characteristic Situation 1 assessment.

*Le. =0.07 = in accordance with BSB8485:2015 Table 2; CS1
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6.5.3. Oxygen

Oxygen levels were depleted in one borehole (BH2) with measured [minimum)] values of
5.7 and 2.7%v/v. The latter value was obtained under 'worst case' conditions when the
barometric pressure was below 1000mb (actual: 995mb). The reader should note that
these values had ‘recovered’ to approximately 20% v/v after one minute of monitoring.

There is sometimes an empirical relationship between the depleted oxygen levels and
recorded concentrations of carbon dioxide. This type relationship was not noted in this
instance in association with the recorded depleted oxygen concentrations.

6.5.4. Tenax Tubes [Diffusion Sampling Tubes]

As part of the ground gas assessment two absorbent sampling tubes were employed to
allow collection of vapour samples for chemical laboratory analysis as described in Section
5.3 of this report.

The vapour samples were analysed for Total Petroleum Hydrocarbons (TPHs), BTEX,
Volatile Organic Compounds (VOCs) and Tentatively Identified Compounds (TICs). The
analysis comprises approximately 120 chemical species.

A review of the results [given in pg!m:“ or, parts per billion, ppb] has shown that
measurable concentrations of the following determinants were noted in one or both
[diffusive-passive] vapour samples:~

Aliphatic TPHs

Aromatic TPHs
Trichloromethane
Benzene

Toluene

Ethylbenzene

Xylene(-s)

Styrene

1,2,4-,1,2,3- & 1,3,5-Trimethylbenzene
Maphthalene
1,3-Hexadien-5-yne
1-methylene-1H-Indene
2,6,10-Trimethyltridecane
3-phenyl-2-propenal
7-Pentadecyne

Azulene
1-butynyl-Benzene
1-ethyl-2-methyl Benzene
2-propenyl Benzene
2-methyl-Benzo[b]thiophene
Benzo[c]thiophene
Benzofuran
1-methylCyclodecene

YYVYVYYYYYVYY

VWYY Y Y Y Y YYYY
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Cyclohexanes (various)
Cyclohexanones (various)
Cyclohexenes
Cyclopentanes

Dodecane

Heptanal

Indene
Isopropenylcyclopropane
Maphthalenes (various)
Pentanes (various)

Y VYN Y Y Y Y Y Y Y

The measured concentrations are considered too low to have registered during the
[pumped] ground gas monitoring which has a detection limit of 0.1% v/v.

The chemical laboratory test report containing the factual results has been included in
Appendix 2 towards the back of this report.

6.6. Concluding Remarks to Section 6.5

The ground gas assessment has shown that the site falls with Characteristic Situation 1
[CS1]. i.e. a 'very low' risk as described in guidance. However, this Author's previous
experience has shown that the Regulator [in this instance South Holland District Council]
request a minimum of Characteristic Situation 2 [CS2] ground gas protection measures in
new developments. To comply with planning this requirement has been taken into account
in the subsequent sections of this report.

The outcome of Section 6 of this report has been carried forward into the Conceptual
Model and Risk Assessment in Section 7 of this report.
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7. UPDATED CONCEPTUAL MODEL & RISK ASSESSMENT (GROUND GAS).

7.1. Overview.

In accordance with guidance current at the time of this report, there are three principal
factors that are assessed whilst undertaking a qualitative risk assessment. These are

described above in Section 3 in the context of ‘Relevant Pollution Linkages' (RPL). At the
time of this report, the site had been proposed for redevelopment to a residential end use.

7.1.1. Conceptual Model.

Sources (Proven) Pathway Target Risk
Soil: % Dermal contact, | - Present users * n'a
ingestion and | = End users . nia
n'a inhalation = Consfruction workers *  nla
. General public . n'a
4  Wind erosion  and | = Adjacent properties *  nia
atmospheric dispersion |« Ganaral public *+  nfa
%  Leaching . Adjacant propertias * nia
= Shallow groundwater = n'a
- Services/construction = n'a
materials
] Flant life - n'a
. Surface water * n'a
Shallow groundwater: < Groundwater migration | = Adjacent properties * n'a
+  [Deep groundwater *+  nla
n'a o] Services/construction . n'a
materials
. Plant life . na
] Surface Water - nia
<« Dermal contact, | = Presant users +  MNeg-Low
ingestion and | «  Endusers +  Meg-Low
inhalation *  Construction workers +  Meg-Low
* Ganearal public * Meg-Liow
Gas: < Direct inhalation *  Endusers v Wery Low
The results of the fieldwork and their | < Soil migration . Construction workers *  VeryLow
interpretation show that the ground gas | < Services migration . Buildings +  ery Low
regime operating at the site is classed as
Characteristic Situation 1 (C51) indicating
‘low-level’ protection measures are
required.
Author  Note:  However, this  Author’s
previous experience has shown thal the
Requiator [in this insfance South Holland
Digtrict  Council]  reguest & minimum  of
Characleristic Situation 2 [CS2] ground gas
protection measures in new developments.
To comply with planning this requirement
has been faken info sccount in the
subsequan! sections of this repart.
Negligibie Risk Dafined as the sile should be considered suilable for prasent or Tulbre use and environmental galling. Conlaminants unlikely o be presant,
which mighd have unacceptable impact on kay targats
Low Rigk Dafined as the ste showd be congidered suilable for presant or fulum use and emdronmental 5el.tn;. Contaminants may be present bul
uribkzly to have unacceptable impact on key largets
Meaium Risk Dafinad &s the site may ot ba suilaile for presant or future usa and environmanis setling, Contaminants ara probably presant and might heva
unaccaptable impact on keay Langels.
High Risk Dafinad as tha sita is probably or carlanly not suitable for present or future usa and anvironmental sats g Contaminants prabably or certainly
gresanl and likaly 4o have an unaccaplable mpact on kay tangals
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7.2. Risk Assessment.

7.2.1. Targets.

Potential targets/receptors, in the context of the risk assessment, where a plausible
pathway can be proven, are discussed under separate subheadings as follows:-

7.2.2. Human Health (Site Users* & Construction Workers).

The results of the fieldwork and their interpretation show that the ground gas regime
operating at the site is classed as Characteristic Situation 1 (CS1) However, However, this
Author's previous experience has shown that the Regulator [in this instance South Holland
District Council] request a minimum of Characteristic Situation 2 [CS2] ground gas
protection measures in new developments. To comply with planning this requirement has
been taken into account in the subsequent sections of this report, indicating ‘low-level’
protection measures are required.

In the context of the proposed end use for the site and the localised distribution, depth,
measured concentration and contaminant type:-

A Low risk has been identified indicating human health protection measures are required.

7.2.3. Construction Workers.

During the opening up and disturbance of ground at the referred locations, as part of
demolition and construction works, construction staff, particularly groundworkers, are likely
be exposed to Coal-Tar impacted soils and soil dusts and possible ground gas (e.g., when
manually handling soil and working in excavations) below depths of approximately 1.5-
1.8m relative to existing ground levels:-

A Medium risk has been identified.

* Current & End User
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B. REMEDIATION RECOMMENDATIONS.
8.1. Ground Gas

Based on the outcome of the ground gas monitoring program, ‘remedial’ measures for the
protection of human health are required as discussed in Section 6 of this report and
reproduced below:~

Based on the above (and according to CIRIA Report C665/BS8485:2015 and Regulator
(SHDC) preferences) “low level gas protection required’. These should comprise a
membrane and ventilated subfloor void. The following measures should be considered for
inclusion in the proposed development:

# Ventilation of confined spaces in the building and (where these are included),
particularly confined spaces to which personnel may have access.

» Should a floor slab be included in the construction method this should include a low
permeability gas control membrane which should comprise as a minimum a 2000
gauge LDPE [chemically-resistant] sheet overlapped and taped at the joints. The
overlap should be at least 300mm.

» The membrane, which as a precaution should be hydrocarbon/chemically resistant
will need to be linked into the DPC layers to ensure a continuous gas barrier is
formed covering the whole building footprint. This should include any brick work
cavities where these are present.

It is recommended that consideration be given to increasing the frequency of air
bricks above the standard figure by (say) approximately 15% to promote improved
ventilation of the subfloor void underneath the building(s).

'

» Where possible, incoming services and ducting and pipes should be vented before
entry into the buildings and above the level of the floor where appropriate. This is to
minimise penetration of the gas membrane.

# Any entry points penetrating the membrane should be carefully constructed and the
membrane sealed completely around the ‘service’.

Specific remedial details, including floor construction details etc, should be included within
a Remediation Method Statement which will need to be submitted to the LPA for their
approval prior to anyworks being carried out.

It is understood that the proposed scheme will include raising the topographic levels at the
site by as much as 1200mm. These details and foundation methods should be included in
the referred RMS.
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9. CONCLUSIONS.

Mrs A Robinson (the Client) propose to establish a new residential development at a site
located off Gas House Lane, Bridge Road, Sutton Bridge, to the east of Spalding,
Lincolnshire.

This geocenvironmental ground gas investigation has been carried out by Goldfinch
Environmental Ltd as required by the Regulator [SHDC] to further assess the potential risk
from ground gas following consultation with SHDC the Regulator.

The intrusive investigation has confirmed the presence of predominantly cohesive soils.

The ground gas regime is considered to be a ‘CS1’ based upon the collected ground gas
data in the context of human health risk assessment for the proposed residential land use
as described in Section 6 of this report. However, this Author's previous experience has
shown that the Regulator [in this instance South Holland District Council] request a
minimum of Characteristic Situation 2 [CSZ2] ground gas protection measures in new
developments. To comply with the planning regime this requirement has been taken into
account in the subsequent sections of this report, indicating ‘low-level’ protection
measures are required.

‘Remedial’ works are necessary as discussed in outline in Sections 8 of this report and an
outline remedial strategy for the ‘management’ of the ground gas regime has been
included in Section 8 of this report.

Based on the foregoing results, and the qualifying comments notwithstanding, an overall
Low risk is identified with the site with respect to ground gas, subject to the agreement of
the Regulator who are the final arbiters in this matter. However, upon completion of the
‘remedial works' to the satisfaction of SHDC Environmental Health Dept. this risk may be

downgraded to ‘Negligible-Low'.

This report has been based on the results of the fieldwork and assessment of the collected
ground gas data. The possibility that different conditions may exist at other exploratory
locations within the site, or at greater depth cannot be ruled out.

Specific remedial details, including floor construction details, specific membrane details
etc, and any drawings detailing these measures should be included within a Remediation
Method Statement which will need to be submitted to the LPA for their approval prior to
anyworks being carried out.

This Phase 2 report and the recommendations within it are subject to the approval of the
LPA/Regulator.

Should unanticipated contamination be suspected, or revealed during any groundworks,
then the area should be temporarily isolated and further advice sought by a suitably
independent qualified person and a management strategy for these occurrences would be
required by the Local Authority.
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Goldfinch Envirenmental Limited
19 Palmer Street, Walsham Le Willows, Bury St Edmunds, Suffolk, IP31 3BZ
Tel: 01359 258681



Goldfinch Environmental Limited
Proposed Residential Development, Land Off Gas House Lane, Sutton Bridge, Spalding, Lincs..
GeoEnvironmental Ground Gas |Investigation Report — Phase 2

FIGURES

Goldfineh Environmental Limited
19 Palmer Street, Walsham Le Willows, Bury St Edmunds, Suffolk, IP31 3BZ
Tel: 01359 258681
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Goldfinch Environmental Limited
Proposed Residential Development, Land Off Gas House Lane, Sutton Bridge, Spalding, Lincs..
GeoEnvironmental Ground Gas |Investigation Report — Phase 2

APPENDIX 1

Borehole Records

Goldfineh Environmental Limited
19 Palmer Street, Walsham Le Willows, Bury St Edmunds, Suffolk, IP31 3BZ
Tel: 01359 258681



ENVIRONMENTAL LTD

/;?’ Goldfinecih

EXPLORATORY LOCATION LOG

Site: Sutton Bridge Project ref. 0578/2a

Location Ref: BH1 Date: 05/02/2019

Depth Description Sampling depth Remarks
(m)

MADE GROUND
0.00 comprising weak - -
(lean-mix) concrete.

MADE GROUND
comprising
loose grey sand and
gravel,

0.04 - -
Gravel is grey
angular to
subangular
comminuted
concrete.

Loose gravel
comprising fine to
0.35 coarse angular - -

fragments of
comminuted red
brick.

Soft to firm dark
brown silty clay
0.56 slightly mottled - Horizon not fully penetrated.
orange brown and
slightly sandy from
1.10m,

MNotes:

1. Groundwater not encountered.

2. No apparent indicators of contamination.
3. Location terminated at 4.00m.
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ENVIRONMENTAL LTD

/5’ Goldfinelh
T Ty,

EXPLORATORY LOCATION LOG

Site: Sutton Bridge

Location Ref: BHZ

Project ref. 0578/2a

Date: 05/02/2019

Depth

Description

Sampling depth
(m)

Remarks

0.00

MADE GROUND
comprising
Firm to stiff
(desiccated ?7) brown
gravelly silty clay.

Gravel is grey
angular comminuted
concrete and red
angular comminuted
brick with occasional
dark grey or black
ash,

0.50

MADE GROUND
comprising
Firm to stiff
{desiccated 7) brown
gravelly silty clay.

Gravel is grey
angular comminuted
concrete and red
angular comminuted
brick.

0.5m : Odours of
ammonia & creosote
{phenolics & cresyls)
with ‘rainbow’' sheen
(diffraction patterns)
to 2.5m depth where
brick 'fill' was
encountered —
possible former base
~free-product’ of
black coal-tars with
strong
phenolic/cresolic
odours.

Horizon not fully penetrated.
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MNotes:
1. Groundwater not encountered but sands 'wet’,
2. Indicators of contamination noted to comprise: 2.a) Black staining in soils between approximately 0.5

and 2.5m
3. Location terminated at 4.00m

Page 2 of 2



ENVIRONMENTAL LTD

/;?’ Goldfinecih

EXPLORATORY LOCATION LOG

Site: Sutton Bridge Project ref: 0578/2a
Location Ref: BH3 Date: 05/02/2019
Depth Description Sampling depth Remarks
(m)
MADE GROUND
comprising
Firm to stiff

(desiccated ?7) brown
gravelly silty clay.
0.00 - -
Gravel is grey
angular comminuted
concrete and red
angular comminuted
brick with occasional
dark grey or black
ash,

Firm to stiff dark
brown (desiccated?)
0.01 slightly gravelly silty - -
clay with roots.

Firm to stiff dark
brown slightly sandy
silty clay with roots.

1.70m : Odours of
ammonia & creosote
(phenolics & cresyls)
from 1.7m depth with
0.30 ‘rainbow’ sheen - Horizon not fully penetrated.
(diffraction patterns)

2.90m Pockets of
tarry fluid ('tars’ as
‘free-product’)
possibly to approx.
3.5-3.6m as no
further staining or
cdours from this
depth.
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Notes:
1. Groundwater not encountered but sands ‘wet',
2. Indicators of contamination noted to comprise: 2.a) Odours of ammonia & creosote (phenalics &

cresyls) from 1.7m depth with ‘rainbow’ sheen (diffraction patterns) noted in soils possibly extending to

approximately 4.0m depth.
3. Location terminated at 4.00m
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Goldfinch Environmental Limited
Proposed Residential Development, Land Off Gas House Lane, Sutton Bridge, Spalding, Lincs..
GeoEnvironmental Ground Gas Investigation Report — Phase 2

APPENDIX 2

Chemical Laboratory Test Report - Vapour Data

Goldfinch Environmental Limited
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Chemtest Ltd.
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Report No.:
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Eﬂ C hemtest Results - Gas

Thia righl chemistry to deliver results

ri
Client: Goldfinch Envirenmental Ltd Chemtest Job No.:| 19-10189 19-10189
Cuotation Mo,; Q18-14030 Chemtest Sample ID.: 798515 798516
Sample Location:| A (BH1) B (BH3)
Sample Type: GAS GAS
Date Samplad:| 21-Mar-2019 | 21-Mar-2019
| Determinand Accred. | SOP | Units | LOD
Aliphatic TPH =C5-C5 M 3675 | pg/m® | NA 1.6 3.1
Aliphatic TPH =C6-C8 N 3675 [ pg/m?® [ NIA 7.0 32
Aliphatic TPH =C8-C10 N JETE | pgim® | NIA 23 8.1
Aliphatic TPH =C10-C12 N 3675 | pgim® | N/A 43 13
Aliphatic TPH =C12-C16 M 3575 | pgim® [ MIA < 1.00 33
Aromatic TPH >C5-CF M 3675 | pgim? | WA < 1.00 1.3
Aromatic TPH >C7-Ca M 3675 | pg/m?® | WA < 1,00 = 1,00
Arpmatic TPH =C8-C10 N 3675 | pgim* | NiA &7 21
Aromatic TPH =C10-C12 N JETE | pgim® | MIA BO 50
Aromalic TPH =C12-C16 N 675 | pgim® | NIA = 1.00 200
Trichlerofluoromethane M ATE0 [ pgfm® [ NA =07 =07
Propanone N A760 [ g [ NA <2.9 =29
Diethy ather M ITED | pgim® | WA <(0.7 =0.7
1,1-Dichloroethens M TG0 | pg/m® | WA =0.5 =0.5
Carbon disulfide N ATED | pgim® | MIA =0.3 =03
Allyl chlarida N 3760 | pgim® | NIA =08 =08
Dichloromethana N A760 | pglim?® | NIA =04 =04
trans-1,2-Dichloroethens N A760 [ pg/m?® [ NIA <(.5 <(.5
Methyl-tertiary-butyl ether M TG0 | pegim® | WA <04 <0.4
1,1-Dichloroethans M TG0 | pg/m® | WA =0.5 =0.5
2-Butanane N ATED | pgim® | MIA =36 =38
cis-1,2-Dichloroethensa N A760 [ pg/m® | NIA =05 =05
Trichloromethane N A760 [ pgim® | NIA 3 i)
Tetrahydrofuran M ITED | pgim? | WA =7.3 =7.3
1,1,1-Trichlcroethane M ATED | pegim® [ WA <(.5 <(.5
1,2-Dichloroethans M TG0 | pg/m® | WA =0.5 =0.5
1-Chlorobutans N ATED | pgim® | MIA =05 =05
1,1-Dichloropropena M A760 [ pg/m® | WA <06 <06
Benzens N A760 [ pgim® | N/A B 1
Tetrachloromethane M A760 [ g/ [ NA =8 =(.8
2-Nitropropane M ITED | pgim® | WA <0.9 <0.9
Methyl methacriate N ITED | pgim® [ MIA =1 =1
2-Hexanona N ATED | pgim® | MIA <1.5 <1.5
4-Mathyl-2-pantanona N A760 [ pg/m® | NIA <25 <25
Trichloroathens N A760 | pgim® [ NIA =07 =0.7
Dibromomethane N A760 [ g/ [ NA =<0.9 =<0.9
Bromodichloromethane M A760 [ pg/m?® [ NIA =(.8 =(.8
trans-1,3-Dichloropropens N 3760 [ pg/m* [ NIA =06 =06
cig-1,3-Dichloropropena N ATED | pgim® | MIA <08 =[.6
Toluane N 3760 [ pgim® | NA 21 5
1,1, 2-Trichloroethane M ATE0 [ pgim® [ NA =07 =07
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Eﬂ C hemtest Results - Gas

Thia righl chemistry to deliver results

ri
Client: Goldfinch Envirenmental Ltd Chemtest Job No.:| 19-10189 19-10189
Cuotation Mo,; Q18-14030 Chemtest Sample ID.: 798515 798516
Sample Location:| A (BH1) B (BH3)
Sample Type: GAS GAS
Date Samplad:| 21-Mar-2019 | 21-Mar-2019
|Determinand Accred. | SOP | Units | LOD
1,3-Dichloropropane M A760 [ pg/m® [ NIA <(.6 <(.6
Ethyl mathacrylate N 3760 [ pg/m? [ NIA =1.1 =1.1
Dibromachloromeathans N ATED | pgim® | MIA =1 =1
1,2-Dibromosthanea M 3760 [ pgim® | NA =09 =09
Telrachlorcethens N A760 [ pgim® | NIA =08 =08
Chlorobenzens M ITED | pgim? | NAA =(.5 ={.5
1,1,1,2-Tetrachloroethane M TG0 | pgim® | WA <0.8 <0.8
Ethylbenzens N 3760 | pgim® | NIA 2 2
m- & p-Xylens N ATED | pgim® | MIA 189 11
Styrane N 3760 [ pgim® | NIA 2 2
Bromofarm M ATe0 [ pgim?® | NIA <1.3 <1.3
g-Xylene M 3760 [ pg/m? [ NJA 20 4
11,2, 2-Tetrachloroethana M TG0 | pgim® | WA <0.8 <0.8
1,2,3-Trichloropropane M 376D | pg/m® | WA =0.7 =0.7
Isopropylibanzens N ATED | pgim® | MIA =08 =06
trans-1 4-Dichloro-2-bulana M A760 [ pg/m® | WA =12 <12
Bromobenzens N A760 [ pgim?® | NIA <08 =08
2-Chlorotaluene M ITED | gl | WA =(.6 =6
n-Propylbenzens M ITED | pgim® | WA <06 <06
4-Chlorotaluens M ITED | pgim® [ WA =0.6 =0.6
1,3, 5-Trimathylbenzens N ATED | pgim® | MIA 5 2
Pantachloroathane M A760 [ pgim® | NA =2 =2
1,2 4-Trimethyibenzene N A760 [ pgfm® [ NIA 2 3
tert-Butylbenzens N A760 [ g/ [ NIA =(.7 =().7
1,3-Dichlorobanzens M ITED | pgim® | WA <0.7 =<0.7
sec-Butyibenzene M 76D | pgim® | NiA =0.7 =0.7
1, 4-Dichlorobanzens N ATED | pgim® | MIA =07 =07
4-lzopropyitoluana N A760 [ pgim® | WA =0.7 =07
1,2-Dichlorobenzens N A76E0 [ pgfm® [ NIA =0.7 =07
n-Butylbenzene N A760 [ pg/m® [ NIA =().7 =().7
Hexachloroethane N 3760 [ pgim?® [ NA <24 <24
1,2-Dibromo-2-chloropropans M 3760 [ pg/m® [ NIA =1.2 =1.2
1,2 4-Trichlorobanzens N ATED | pgim® | MIA <089 <09
Maphthalane M 760 | pogim® | WA 1 28
1,2, 3-Trichlorobenzene M ITE0 | polm? | WA <0.9 <0.9
Hexachlorobutadiena M ATE0 [ polm?® [ NIA =1.3 =1.3
Tentatively identifiad compounds
1,3-Hexadien-5-yne M 3760 [ pg/m? | WA 56 =1.0
1-Hexanol, 2-gthyl- M 3760 [ pam? [ WA =1.0 1.4
1H-Indene, 1-meathylene- M 3760 | pgim? | MiA 1.1 =1.0
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i Chemtest

The righl chamistry o dalivar resulls

Results - Gas

ri
Client: Goldfinch Envirenmental Ltd Chemtest Job No.:| 19-10189 19-10189
Cuotation Mo,; Q18-14030 Chemtest Sample ID.: 798515 798516
Sample Location:| A (BH1) B (BH3)
Sample Type: GAS GAS
Date Samplad:| 21-Mar-2019 | 21-Mar-2019
|Determinand Accred. | SOP | Units | LOD
2,8, 10-Trimethyliridecana M ATED | palm® | MiA =1.0 2.0
2-Propenal, 3-phanyl- M 3760 [ pg/m? | NiA =1.0 1.1
7-Pentadecyne M 3760 [ palm? | N =1.0 1.2
Azulens M 3760 | pgim® | MiA =10 3.4
Benzene, 1,2, 3-trimethyl- M 3760 | pgim? | MiA 9.7 =1.0
Benzenea, 1-butynyl- M 3760 [ pg/m? [ MN/A =10 1.6
Banzensa, 1-ethyl-2-methyl- M ATED | paim® | MiA 4.7 =1.0
Banzena, 2-propenyl- M 3760 [ pg/m? | NiA B.4 2.0
Bernzo[bjthicphene, 2-methyl- M 760 [ pg/m? | N/A =1.0 3.0
Benzo[c)thiophene M 3760 [ paim? [ WA =1.0 2.3
Benzofuran M 3760 ) pgim? | MiA 7.4 149
Banzothiazole M 37ED | pgim? | MA =1,0 1.2
Bipheanyl ] 3760 | paim® | M =1.0 26.3
Bis(2-chloroisopropyl) ethar M 3760 [ palm? | N/A =1.0 44
Cyclodecene, 1-meathyl- M 3760 [ pg/m? | WA 7.4 =1.0
Cyclohexane M 3780 [ pg/m? [ WA =1.0 38
Cyclohexane, 1,1,3-timethyl- M 3760 | pgim? | MiA =1.0 4.4
Cyclohexane, 1,2-dimethyl-, trans- M 3760 [ pg/m? [ N/A =10 1.8
Cyclohexane, 1,3-dimethyl-, cis- M ATED | palm® | MiA =1.0 4.1
Cyclohaxana, 1 4-dimethyl-, cis- M 3760 [ pglm? | N/A =1.0 1.7
Cyclohexarne, 1-methyl-3-(1-methyethenyl)-, cis- M 3760 [ po/m? | N/A 134 =1.0
Cyclohexane, methyl- M 3780 [ pa/m? [ WA =1.0 10.9
Cyclohexanone, S-methyl-2-(1-methylethenyl)-, trans- M 3760 [ pgim? [ N/A 3.0 =1.0
Cyclohexanone, S-methyl-2-(1-mathylethylidena)- M 3TED | pgim® | MNAA 8.4 <10
Cyclohexane, 1,8-dimethyl- M 3760 | palm? | NA 3.5 =1.0
Cyclohaxana, 4-mathyl-1-{1-methylatiyl)- M 3760 [ pglm? | N/A 4.6 =1.0
Cyclopentane, 1,1, 2-trimethyl- M 3760 [ pg/m? | NiA =1.0 1.1
Cyclopentane, 1,2 4-trimethyl- M 3760 | pa/m? | MNIA =1.0 1.1
Cyclopentana, 1,2-dimethyl- M 3780 | pgim? | MiA <1.0 23
Cyclopentans, methy- M 3TED | pg/m™ | MA =1,0 27
Cyclopentens M ATED | palm® | MiA 1.6 =1.0
Dodacana N 3780 [ pa/m? | NI =1.0 1.5
Heptanal M 3760 [ pa/m? | N/ =1.0 1.1
Indene M F7E0 | paim® | WA 154 6.8
Isopropenylcyclopropans M 3760 | pgim? | MiA 1.4 =1.0
Maphthalene, 1-ethyi- M 3TED | pgim? | MA =1,0 1.1
Maphthalene, 1-methyl- M ATED | palm® | MiA =1.0 50.9
MNaphthalene, 2 3-dimathyl- M 3760 [ pglm? | N/A =1.0 353
Naphthalene, 2 6-dimethyl- M 3760 [ pg/m? | N/A =1.0 321
Naphthalene, 2-ethyl- M 3780 [ paim? [ WA =1.0 6.7
MNaphthalene, 2-methyl- M 3760 | pgim? | MiA =1.0 70.8
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i Chemtest

The righl chamistry o dalivar resulls

Results - Gas

T
Client: Galdfinch Environmental Ltd Chemtest Job No.:[ 19-10189 18-10189
Cuotation Mo,; Q18-14030 Chemtest Sample ID.: 798515 798516
Sample Location:| A (BH1) B (BH3)
Sample Type: GAS GAS
Date Samplad:| 21-Mar-2019 | 21-Mar-2019
Determinand Accred. | SOP | Units | LOD
Maphthalene, decahydro-2,6-dimethyl- il ATED | palm? | MiA B.1 =1.0
n-Hexane N 3760 [ pa/m? | Ni& =1.0 1.8
Monanal M 3760 [ pglm? | N =1.0 3.2
Pentane M 3780 [ pa/m? [ WA 1.2 1.3
Pentane, 2-methyl- M 3760 | pg/m? | MiA =1.0 1.2
Pentane, 3-ethyl-2-methyl- M 3760 | pgim? | MA =1,0 1.4
Tetradacansa M ATED | pa'm® | MiA =1.0 4.5
Thiophena, 3,4-dimethyl- ] 760 | pgim? | WA 1.2 =1.0
trans, trans-1,6-Dimethylzpirc(4. 5)decans M 760 [ pg/m? | N/A 2.3 =1.0
trans-1,3-Diethylcyclopentanse M 3780 [ pgim? [ WA 1.1 =1.0
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ts Chemtest

Tha right chamistry to daliver resulie

Report Information

U UKAS accredited
M MCERTS and UKAS accredited
N Unaccredited
S This analysis has been subcontracted to a UKAS accredited laboratory that is accredited for this analysis
SN This analysis has been subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
T This analysis has been subcontracted to an unaccredited laboratory
I3 Insufficient Sample
'S Unsuitable Sample
MN/E not evaluated
< "less than"
= "greater than”

Comments or interpretations are beyand the scope of UKAS accreditation

The results relate only to the items tested

Uncertainty of measuremeant for the determinands tested are available upon request

MNane of the results in this report have been recovery corrected

All results are expressed on a dry weight basis

The following tests were analysed on samples as received and the results subsequently comacted to a dry
weight basis TPH, BTEX, VOCs, SVOCs, PCBs, Phenols

For all other tests the samples were dried at < 37°C prior to analysis

All Ashestos testing is performed at the indicated laboratory

Issue numbers are sequential starting with 1 all subsequent reports are incremented by 1

Sample Deviation Codes

A - Date of sampling not supplied

B - Sample age exceads stability time (sampling to extraction)
C - Sample not received in appropriate containers

D - Broken Container

E - Insufficient Sample (Applies to LOL in Trommel Fines Only)

Sample Retention and Disposal

All soil samples will be retained for a period of 45 days from the date of receipt
All water samples will be retained for 14 days from the date of receipt
Charges may apply to extended sample storage

If you require extended retention of samples, please email your requiremeants to:
customerservices@chemtest.com
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Goldfinch Environmental Limited
Proposed Residential Development, Land Off Gas House Lane, Sutton Bridge, Spalding, Lincs..
GeoEnvironmental Ground Gas Investigation Report — Phase 2

APPENDIX 3

Ground Gas Monitoring Records

Goldfinch Environmental Limited
19 Palmer Street, Walsham Le Willows, Bury St Edmunds, Suffolk, IP31 3BZ
Tel: 01359 258681



Summary Ground Gas and Groundwater Monitoring Results

O7-00032

Maonitored by:

Project Ref 0578-2a Date : 07 Mar 2019
Site Sutton Bridge Visit 13
Borehole Methane LEL Oxygen Carbon Dioxide Flow Rate Downhole Groundwater
Ref ¥a Pressure
peak (% Vol) steady (% Wol) peak (% Vol) steady peak (% Vol) steady {lthr) {Pa) Depth (m bal)
BH1 0.0 0.0 0.0 20.0 200 0n.s 0.4 <0.1 - -
BH2 0.0 0.0 0.0 20.1 20.1 0.0 0.0 <0.1 - .
BH3 0.0 0.0 0.0 20.0 20.0 0.5 0.0 <0.1 . -
Remarks BF Regime - Gently Rising Atmospheric Pressure: (mb) 985
Atmaospheric Oxygen 20.5%

Ds

Goldfinch Environmental Limited



Summary Ground Gas and Groundwater Monitoring Results

O7-00032

Maonitored by:

Project Ref 0578-2a Date : 21 Mar 2019
Site Sutton Bridge Visit 213
Borehole Methane LEL Oxygen Carbon Dioxide Flow Rate Downhole Groundwater
Ref ¥a Pressure
peak (% Vol) steady (% Wol) peak (% Vol) steady peak (% Vol) steady {lthr) {Pa) Depth (m bal)
BH1 0.0 0.0 0.0 19.8 20.5 0.5 0.0 =(.1 - -
BHZ 4.3 0.0 0.0 57 209 0.7 0.0 =().1 - -
BH3 0.0 0.0 0.0 19.6 20.4 0.2 0.0 =0.1 - -
Remarks Barometric Regime - Peak Atmospheric Pressure: (mb) 1032
Atmospheric Oxygen 20.2%

Ds

Goldfinch Environmental Limited



Summary Ground Gas and Groundwater Monitoring Results

O7-00032

Project Ref 0578-2a Date : 0d Apr 2019
Site Sutton Bridge Visit 33
Borehole Methane LEL Oxygen Carbon Dioxide Flow Rate Downhole Groundwater
Ref ya Pressure
peak (% Vol) steady (% Wol) peak (% Vol) steady peak (% Vol) steady {lthr) {Pa) Depth (m bal)
BH1 0.0 0.0 0.0 19.7 20.4 0.4 0.0 =(.1 - -
BHZ 0.0 0.0 0.0 27 20.5 0.5 0.0 =0.1 - -
BH3 0.0 0.0 0.0 19.6 20.4 0.1 0.0 =0.1 - -
Remarks Barometric Regime - Trough (min.) Atmospheric Pressure: (mb) 9895
Atmospheric Oxygen 20.8%
Maonitored by: 0s

Goldfinch Environmental Limited



