Contaminated Land Reqgister Cover Sheet

Property Address — 37 Marlpool Drive, Redditch, Worcestershire, B97 4RX

Summary - A number of houses in Marlpool Drive, Redditch are situated on a former landfill
site. The site was historically used for the extraction of clay as part of a local brickwork’s
operation. The excavation was infilled with waste materials prior to 1970. 34 houses were
built on the site in 1986.

Detailed investigation and assessment undertaken between 1990-2010 identified that
elevations of ground gas (methane and carbon dioxide) presented an unreasonable health
risk to residents of some of the dwellings. 16 properties were determined as being
‘contaminated' in accordance with Part IIA of the Environmental Protection Act 1990 in July
2011. 37 Marlpool Drive was declared ‘contaminated land’ in May 2012 following additional

assessment.

The determination notice for the property can be found below.

Remediation - In 2011 the council secured grant funding to pay for the installation of gas
mitigation measures. ‘Positive Pressurisation Units’ (PPUs) were installed at each of the
determined properties with installation taken place at number 37 in July 2012. These units
permanently ventilate the foundation system of these houses and provide an effective safety
break preventing gas migrating into the properties. In 2012 the PPU systems were
independently evaluated for their performance, and it was concluded that they were effective

and rendered the properties safe to live in.

Current Land Status - Presently the property is not considered 'contaminated’ as the
potential for gas ingress is prevented by the PPU unit. However, power and maintenance of
these units is critical to the preservation of the ‘not contaminated’ status and residents are
required to ensure that the units are powered and accessible for essential maintenance. A
failure to maintain operation of the PPU would result in there being an unacceptable risk to

the properties.



Documents for 37 Marlpool Drive

Determination

Environmental Protection Act 1990 Section 78B, record of Determination
that Land is Contaminated Land — May 2012 (document is provided
below).

Remediation

Marlpool Drive, Redditch Remediation of Part 2A Contaminated Land —
Remediation Verification Report No 37 Marlpool Drive (Sept 2012)
37-marlpool-drive-verification.pdf (worcsregservices.gov.uk)

No 62 Verification Report Part 2 — Appendix 2 Verification Monitoring
Results (Aug 2012)
37-marlpool-drive-verification-appendix-2.pdf (worcsregservices.gov.uk)

Retrospective Positive Pressure System Installation Report (October
2012)
37-marpool-drive-app-1.pdf (worcsregservices.gov.uk)



https://www.worcsregservices.gov.uk/media/u02dqe2p/37-marlpool-drive-verification.pdf
https://www.worcsregservices.gov.uk/media/b0zfj553/37-marlpool-drive-verification-appendix-2.pdf
https://www.worcsregservices.gov.uk/media/md2nuqhs/37-marpool-drive-app-1.pdf
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REDDITCH HOROIGH COUNCI
== 2

ENVIRONMENTAL PROTECTION ACT 1990, SECTION 78B

RECORD OF DETERMINATION THAT LAND IS CONTAMINATED LAND

In accordance with Part 2A of the Environmental Protection Act 1990 Redditch Borough council has
determined that the land at:

37 MARLPOOL DRIVE, REDDITCH, WORCESTERSHIRE B97 4RX

(identified on the attached plan as land within the red boundary)

Land Registry ref: HW83097

is CONTAMINATED LAND, as defined by section 78A(2) of the environmental Protection Act 1990,
because:

Redditch Borough Council has identified the presence of a contamination source, a pathway, and a
receptor with respect to the current use of the land. The Council is satisfied that as a result of this
pollutant linkage a significant possibility of significant harm exists, with no suitable and sufficient risk
management arrangements in place to prevent such harm.

A summary of the basis on which this determination has been made is set out in the Schedule to this
record.

Dated 9" May 2012

.

Deputy Chief Executive \ Executive Director for Leisure, Environment & Community Services

Sue Hanley

Redditch Borough & Bromsgrove District Councils
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RECORD OF DETERMINATION

SCHEDULE 1 - The Land

The physical extent of the land determined as Contaminated Land is outlined in red on the map on
the following page.

The Site Address: 37 Marlpool Drive, Redditch, Worcestershire, B97 4RX




SCHEDULE 2

Table 1: Significant Pollutant Linkages
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SPL
Ref

Source

Pathway

Receptors

Description

Description

Human Health

Methane Linkages

1 Landfill Waste | Vertical migration via stone columns, Occupants of residential
accumulation beneath building perimeter, properties
ingress via cracks and service entries,
accumulation leading to fire and/or
explosion risk
2 Landfill Waste | Vertical migration via stone columns, Occupants of residential

accumulation beneath building perimeter
and venting through underfloor vents
leading to fire and/or explosion risk

properties

Carbon Dioxide linkages

3

Landfill Waste

Vertical migration via stone columns,
accumulation beneath building perimeter,
ingress via cracks and service entries,
accumulation in confined spaces and
inhalation leading to asphyxiation risk and
toxic effect

Occupants of residential
properties

Key evidence upon which determination is based:

Evidence of the existence of the above Significant Pollutant Linkages has been gathered from a
number of investigations. These have included landfill gas measured in the passive gas dispersion
system vents, measurement of landfill gas within the property, and surveys of pathways into
properties and effectiveness of vents using a harmless tracer gas. The table below is a summary of
the key results (in bold) from the various assessments which have lead to the determination of the
property as contaminated land:




Table 2: Summary of Key Evidence
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Parameter (no. of
visits)

Result (no of
measurements within

property)

Conclusion

Source 1 Max recorded CH4 in | 5000ppm Significant elevated level
property 2009-12 (5)
Source 2 Max recorded CH4in | 11.9% Significant elevated level
vents 2009-12 (11)
Source 3 Max recorded CO2 in | 14.8% Significant elevated level
vents 2009-12 (11)
Source 4 Max recorded CH4 in 4.9% Significant Elevated Level
vents 1991 (13)
Source 5 Max recorded CO2 in 11.6% Significant elevated level
vents 1991 (13)
Pathway 1 Accumulation of gas in | Monitoring of vents Current gas dispersion
vents identifies migration system not working
into and accumulation | effectively.
of gas in vents
Pathway 2 Tracer gas surveys in 20 - 50 units (3) Confirmed entry points.
property _ These are considered
200~800 units (2) conservative results due to
blocked vents at time of
tracer gas survey.
Receptor 1 SPLs met 1,2and 3
Summary

Significantly elevated levels of methane have been identified in the subfloor gravel blanket, which
combined with inefficient gas dispersion system and a low pressure event has created a significant
possibility of significant harm (SPL1) as demonstrated in Table 2 above by Sources 2, 4 and

Pathway 1.

Significantly elevated levels of methane identified in the subfloor gravel blanket, inefficiently
dispersed and with a significant number of entry points that permit access inside the property to
methane during a low pressure event with an ignition source available has created a significant
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possibility of significant harm from explosion due to methane (SPL2) as demonstrated in Table 2
above by Sources 1, 2, 4 and Pathways 1, 2.

Significantly elevated levels of carbon dioxide identified in the subfloor gravel blanket,
inefficiently dispersed and with a significant number of entry points that permit access inside the
property to carbon dioxide during a low pressure event has created a significant possibility of
significant harm from asphyxiation due to carbon dioxide (SPL3) as demonstrated in Table 2 above
by Sources 3, 5 and Pathway 1, 2.
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RECORD OF DETERMINATION OF CONTAMINATED LAND (Paragraph
5.17 to 5.19 DEFRA Environmental Protection Act 1990: Part 2A
Contaminated Land Statutory Guidance.

Local Authority is required to prepare a written record of the determination to include (refer to 5.17
to 5.19):

The location, boundaries and area of the land in question with appropriate OS references;
a summary of the evidence on which the determination is based including a Risk Summary
(Appendix 1) in accordance with Section 3 of the above guidance;

a summary of the relevant assessment of the evidence, and;

a summary of the way in which the LA considers the requirements of the relevant parts of
the above Statutory Guidance have been met.

Glossary of Terms

Acronyms Long Name

CH, Methane

CO, Carbon Dioxide

EA Environment Agency

EPA Environment Protection Act

H,S Hydrogen Sulphide

LEL Lower Explosive Limit (of methane)

UEL Upper Explosive Limit (of methane)
Ppm Part per million

RBC Redditch Borough Council

‘Site’ Site referred to in the text relates to the historic extent of the landfill
SPL Significant Pollutant Linkage

SPOSH Significant possibility of significant harm
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1.0 Site Setting

The site is located approximately 1km to the west of Redditch town centre at National Grid
Reference (NGR) SP 033 672. The area of Marlpool Drive underlain by landfill is irregular in shape
and approximately 1.7ha in size, and slopes downwards from the north east to south west by some
4m. The eastern and southern boundaries are formed by a steep bank rising upwards, beyond which
are further residential properties to the east, a golf course to the south and Pitcher Oak Wood to the
west. Further residential properties border the site to the north.

The geological map of the area identifies the surrounding area to be underlain by the Keuper Marl of
the Triassic Period. The Marl can generally be described as reddish brown sandy silty clay.

The site was historically used for the extraction of clay for the adjacent Ferney Hill brickworks which
resulted in a large depression, known as Aspen Hollow. Planning permission was granted in 1962 to
the owners Ferney Hill brickworks for the infilling of ‘marle hole’. The permission stipulated that no
industrial, liquid or combustible material or household refuse shall be tipped on site. Evidence from
planning records indicates that Birmingham City Council confirmed they were granted permission in
February 1963 for the exclusive rights to deposit material in marle hole, then owned by Ferney Hill
Brickworks Ltd.

The depression was subsequently infilled with some 10m of screened dust, residue from incinerated
household refuse, industrial boiler ash and clinker, hardcore and soil. The waste was covered with
approximately 2.5m to 3m of clay fill. Tipping operations were complete by December 1970.

Tarmac Homes Midlands Ltd bought the site and developed it with permission granted (Application
86/35) for residential development of 20 detached and 14 semi-detached properties in 1986 with
the properties being completed by the end of that year. Subsequently a further detached property
was built in 2005.

The residential properties were constructed on a raft foundation supported off vibro replacement
stone columns, which are considered likely to penetrate the full depth of the waste. Gas protection
measures incorporated a very basic means of passive gas dispersion installed beneath the floor
slabs. This was intended to direct gas accumulating in the voids of the coarse stone blanket to the
perimeter of the house via a minimum of four plastic vent pipes.

A number of properties have subsequently undergone conversions and have had extensions
constructed. Most have incorporated a degree of gas protection measures within the design of new
extensions.

2.0 Toxicity

Landfill gas comprises predominately two gases Methane CH4 and Carbon Dioxide CO2 and
additionally much smaller quantities of other ‘trace of gases’ such as Hydrogen Sulphide H2S. It is
produced by the breakdown of organic matter e.g. food and plant substances.
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Both methane and carbon dioxide are colourless and odourless but effects from and the harm
caused by the two gases is different.

Methane

Methane can, if accumulated at sufficient levels, and in the presence of oxygen and an ignition
source, give rise to risk of fire and explosion. The lower explosive limit (LEL) of methane is 5% v/v
(per volume of air) and the upper limit is 15% v/v (CIRIA C665).

For an explosion to occur there must be an accumulation of methane, sufficient oxygen must be
present for a flame to ignite the gas and an ignition source must be present. This can be anything
from the firing of a central heating boiler or gas hob to the lighting of a match or a discarded lit

cigarette.

The flammability of methane varies with gas composition; if the oxygen concentrations are reduced
the limits of flammability are reduced. Above 15% v/v methane is no longer flammable and
therefore explosive because of the reduced level of oxygen. Similarly, methane Is rendered non-
flammable where concentrations of 25% or greater Carbon Dioxide are present.

Receptors at risk from fire and explosion: Residential Buildings and Human Occupants.

Carbon Dioxide

Symptoms of excess carbon dioxide will vary from shortness of breath, dizziness and nausea at
relatively low levels through to unconsciousness and asphyxiation at extremely high levels.

Principal Hazard Effect Conc. By volume of air %
Toxic Headaches and Shortness of 3to 6%
Breath
Toxic Visual Distortion, headaches, 10to 11%
tremors and rapid loss of
consciousness
Toxic Fatality >22%
Asphyxiant Unconsciousness or death 6 to 20%
(CIRIA C665)

Receptors at risk from asphyxiation; Human Occupants.

Accumulation

Accumulation of methane to necessary concentrations within the explosive range either within or
beneath the properties is necessary for any explosion to occur. Similarly accumulation of Carbon
Dioxide to necessary levels within properties is required to cause detrimental effects. Accumulation

to the necessary concentrations is more likely to occur in confined spaces such as cupboards.
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Periods of low and falling atmospheric pressure encourage more ready flow of gas out of the ground
and into properties via the stone column foundations and any cracks and gaps within the floor slab.

Accumulation is less likely to occur where properties are in daily use and doors and windows are
being opened and so on. Itis more likely to occur where properties are unoccupied for a period of
time and therefore not being regularly vented, e.g. where residents are on holiday or properties are
being sold whilst unoccupied.

3.0 Summary of the evidence: Site Inspection/Intrusive Investigations undertaken

SKM Enviros undertook a comprehensive assessment of risk from landfill gas at 35 properties on
Marlpool Drive, Redditch. This investigation built on information obtained during previous
investigations and work at the site:

During May 1990, following a planning application to construct an extension on a property within
the site, 5 shallow gas monitoring wells were sunk to depths of 1.5m to 3m bgl. In two of the wells
elevated levels of CH4 were recorded at 3% and 10%. The consulting engineers acting on behalf of
the owners of the property advised RBC in a letter ‘The existing property including the garage is
founded on 22 pressure points of vibro flotation placed by GKN Keller Foundations.’

Following this during 1990-91, remedial works were undertaken by NHBC to a number of properties
where methane was detected within the cavity walls.

Following the discovery of elevated concentrations of methane at the site, RBC instigated further
site investigations, summarised as follows:

Industrial Research Laboratories {1991) Marlpool Drive. This report contained information on the
waste deposition from planning records indicating that the authorised waste comprised: screened
dust from household refuse, residues from household refuse, ash from British Electric Authority,
brick hardcore, industrial boiler ash and clinker. It also noted that the efficiency of incineration is
dependent upon the process used and that significant organic residues could therefore remain.

Industrial Research Laboratories (1991) Assessment of Gas Emissions from Marlpool Drive, Redditch.
This investigation included the installation 7 monitoring boreholes to determine the area affected by
gas emissions and extent of lateral migration, and additionally internal monitoring was undertaken.
E horizontal vent pipes were concluded to be 600 to 1140mm in length (i.e. not penetrating the full
width or length of the building). Monitoring of gas vents of all properties were undertaken on 14
occasions. The report also concluded;

e the area of the pit was covered with 2.5m to 3m layer of cohesive material prior to
development with houses founded on vibro replacement stone columns;

e that a simple passive gas dispersion device was installed beneath the floor slabs intended to
direct gas accumulating into the voids of the coarse stone blanket to the perimeter of the
house via plastic pipes;
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e thereis no evidence of the presence of a gas membrane being incorporated into the floor
and evidence suggests only the normal polyethylene sheet had been used as a damp proof
membrane.

Industrial Research Laboratories, 1991. Assessment of Landfill Gas Emissions from Additional
Boreholes at Marlpool Drive, Redditch. This investigation included the installation of two new
boreholes outside of the area of the original landfill in order to assess the possibility of off site
migration. Each borehole was monitored on 6 different occasions and no significant levels of landfill
gas were recorded.

Industrial Research Laboratories, 1994. Installation of Additional Monitoring Stand pipes and
Central Venting Boreholes at Marlpool Drive, Redditch. 51/93/051955. This investigation included the
installation of a further 5 monitoring boreholes and 4 venting boreholes. No gas monitoring data has
been found in the records.

Site investigation prior to extension at no 40 Marlpool Drive, August 1994. 2 trial pits were
excavated to 1m bgl and 6 gas spikes to a further metre from base of pits recorded concentrations of
methane between 0 to 46.6% and CO, between 0 and 26.2%.

Site investigation prior to extension at no 50 Marlpool Drive, 1996. A total 15 spike surveys were
taken to 1m bgl recording concentrations between 0 and 2% CH4 and between 0.4 and 2.5% CO2.

Site investigation prior to construction of no 32a Marlpool Drive, Dec 2005. Two boreholes were
drilled within footprint of the proposed property to 4m bgl and gas monitoring pipes installed. They
were monitored once with one pipe recording negligible results and the other pipe recorded 28.1%
CH4 and 24.5% CO2.

RBC returned to site to undertake gas monitoring in July, 2008 and a number of replacement
boreholes were drilled and gas monitoring pipes installed. Following this SKM Enviros was
commissioned to undertake a site specific gas risk assessment in 2009, internal surveys of properties
in 2009/10, Further Assessment Actions in 2010 and a Remediation Options Appraisal in 2011. These
investigations are summarised as follows:

SKM Enviros. March, 2010. Marlpool Drive Internal Gas Surveys. This letter report included results of
internal gas surveys and external vent monitoring of 24 of the 35 properties on Marlpool Drive and
monitoring results from 5 boreholes also undertaken in February 2010.

SKM Enviros, April, 2010. Maripool Drive Gas Risk Assessment. The scope of this report was to
review and assess all of the available information on ground conditions and the soils gas regime
including all of the reports summarised above; identify the foundation details of the properties
constructed on site; identification and assessment of potential gas migration pathways into
residential properties; formation of a conceptual site model; site specific quantitative assessment of
the gas risk; and recommendations for further phases of work. It also included assessment of
internal gas surveys undertaken on 10 properties in 2009.

The report concluded that elevated concentrations of methane and carbon dioxide had been
recorded within underfloor vents and within the properties themselves confirming gas migration

10
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pathways and pollutant linkages. SKM also concluded that the greatest risk of ingress was likely to be
from a sudden drop in atmospheric pressure and that the granular venting layer is not performing as
designed. The report recommended further works to assess the significance of gas ingress into the
properties.

SKM Enviros. June, 2011. Marlpool Drive, Redditch Report on Further Assessment Actions. This
investigation followed on from the recommendation of the above report and included; tracer gas
surveys to test the effectiveness of the underfloor gas dispersion system and locate gas ingress
points within buildings; internal gas surveys of 8 properties not previously surveyed; installation of 2
additional monitoring wells; and real time monitoring for a set period of time of two boreholes and
underfloor vents at 2 properties to better understand the gas regime. The objective was to confirm
pollutant linkages and improve confidence in assessing if the site required determination as
Contaminated land and consideration for remediation.

Following assessment of the above reports and WRS own risk analysis vent clearance was
undertaken at two of the properties within Marlpool Drive in November 2011. This was followed up
with further 7 gas monitoring visits at those two properties between December 2011 and March
2012.

4.0 Summary of the Assessment of the Evidence

Evidence of gas ingress was identified during the internal gas surveys carried out by SKM Enviros
between 2009 -11 within 8 properties within the eastern half of the site. The ingress points were
primarily located at the floor-wall joints along the internal perimeter; at the floor-wall joints to
extensions, conservatories and porches; and service entries. Concentrations of methane recorded at
point sources within properties have generally been below 1%. However concentrations of 3.5% and
6.5% have been recorded within the two properties with the latter property also recording 5% CO2.

Elevated concentrations of methane (above 1%) and carbon dioxide (above 2%) were generally also
recorded within the underfloor vents to the properties located within the eastern half of the site,
with maximum concentrations of 28% methane and 15.3% carbon dioxide recorded since 2009.
Much lower concentrations <1% methane and <2% carbon dioxide continue to be recorded within
the underfloor vents within the western half of the site, and significantly lower concentrations have
been recorded within one borehole located in this area.

Tracer gas pumped into the underfloor gas dispersion layer was detected in all properties confirming
that pathways for gas ingress into the properties are present. The main ingress area was at the
floor-wall joints along the internal perimeter of each property. This corresponds to the location of
stone column foundations. Tracer gas was also detected in a number of properties where service
entries penetrate the floor slab. The detection of tracer gas in the properties demonstrates that an
appropriate gas resistant membrane was not installed into the properties, or if there was an
appropriate membrane, it was not installed appropriately. There does not appear to be any gas
protection measures to a number of porches and conservatories and a limited number of garages.

11
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A total of 24 out of the 35 properties contained either i) one or more of underfloor vents that took
longer than 60 minutes to clear of tracer gas; or ii) vents that appeared to be blocked, as no tracer
gas was detected during the initial tracer gas input cycle. Those properties with poor gas dispersion
and potentially blocked vents can be considered as not having adequate gas dispersion and venting.
The majority of these properties are located within the eastern half of the site.

In a number of cases the underfloor gas dispersion layer to properties was not efficient at dispersing
the tracer gas and would therefore not be effective in dispersing ground gases. Within a number of
properties, the tracer gas was recorded within the property but not recorded in certain vents,
suggesting the possibility that vents were blocked or the pathway to them was impaired.

Real time monitoring (using “Gas Clams”) placed in 2 boreholes within the eastern half of the site
showed gas concentrations varied between 0% and 30.4% methane and 0% and 14.2% carbon
dioxide within those boreholes. Maximum sustained concentrations related to periods of falling
atmospheric pressure, which occurred approximately 20% of the time. During stable atmospheric
conditions, gas concentrations were variable and when atmospheric pressure was rising, methane
and carbon dioxide concentrations were generally below limits of detection.

Real time monitoring (using “Gas Clams”) installed within one underfloor vent of each of two
properties recorded concentrations of methane between 0 and 26.6% at property 1 and 0 to 38% at
property 2. Methane above 5% (Lower Explosive Limit) was recorded between 50 and 55% of the
time and methane greater than 20% was recorded 20% of the time at Property 1 and 46% of the
time at property 2. Carbon dioxide was measured between 0 and 14.6% maximum.

Elevated and sustained concentrations of methane were detected within both of the underfloor
vents during the monitoring period. Variations in gas concentrations recorded within the underfloor
vents mirrored those recorded within the adjacent boreholes confirming the frequency and duration
of elevated concentrations i.e. maximum sustained concentrations related to periods of falling
atmospheric pressure, and during stable atmospheric conditions, concentrations were variable and
when atmospheric pressure was rising, methane and carbon dioxide were generally not detected.

The results of the underfloor vent monitoring confirm that it is most likely that the stone columns
are acting like boreholes, with soil gas migrating vertically up the columns. The vents are located
laterally across or between the stone columns and this may account for the variations in gas
concentrations between vents i.e. those directly above stone columns contain the highest gas
concentrations.

Gas concentrations and flows indicate that gas generation is very low as would be expected given
the nature of the waste materials and time from waste deposition. That is waste material that has a
slow rate of gas generation but over a lengthy period of time. These low flow rates will limit the
potential for lateral migration within the waste materials themselves.

The results of the continuous gas monitoring from Gas Clams installed within the underfloor vents,
has confirmed that the driving force causing gas to migrate from the ground to beneath the floor
slabs is falling atmospheric pressure. Falling pressure causes gas in the ground to expand and
migrate via permeable pathways, in this case the vertical stone columns. Once in the coarse stone
blanket beneath floor slabs, gas has potential to enter properties either by diffusion or more likely

12
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via slight negative pressure gradient within the property itself, causing gas to be pulled in via cracks,
joints or service entries. Potential for gas ingress to buildings is increased if the underfloor gas
dispersion system is not operating effectively and / or vents are blocked, as demonstrated by the
tracer gas surveys.

Limited data from investigations between 2009 and early 2011 coupled together with poor
performing/blocked vents at 37 Marlpool Drive and one other property demonstrated that further
action was required for the local authority to determine if those properties meet the definition of
Contaminated land.

Accordingly WRS instructed contractors to clear all the vents at both properties in November 2011.
Following the vent clearance 7 visits to monitor for landfill gas within the exterior vents at each
property using a GA2000 were undertaken by WRS between December 2011 and March 2012. At 37
Marlpool Drive methane has been identified at explosive levels (5 to 15%) within the vents on 5 of 7
occasions and elevated on one other occasion. Carbon Dioxide was elevated above 11% in the vents
on 6 of 7 visits. Atmospheric pressure has been steady and high for most of the monitoring events
(i.e. opposite from worst case scenario) except the occasion when the maximum level was recorded.

Internal monitoring was also undertaken when access was possible and total flammable gases were
recorded around the perimeter of the ground floor of the properties using a Flame lonisation
Detector (FID). The FID measured 'total flammable gases' within the property at a maximum of
5000ppm (0.5% volume of air) on one occasion and some other elevated readings have been
observed, notably recorded at the same point of entry where maximum tracer gas ingress was
observed.

The tracer gas survey undertaken by consultants in early 2011 confirmed the pathway into the
property is present. The blocked nature of the vents at the time of the test is considered to provide
a conservative measure of how leaky the property is. Significant elevated levels of flammable gas
have been confirmed both inside the property and within the vents. Additionally elevated levels of
Carbon Dioxide have been demonstrated within the vents. The additional monitoring has confirmed
the existence of significant pollutant linkages.

5.0 Determination Summary

Only within two properties have methane and carbon dioxide exceeded generally accepted
threshold values of 1% methane and 1.5% carbon dioxide during the limited internal surveys.
However, with evidence of gas ingress within a number of other properties and with elevated
methane and carbon dioxide concentrations recorded beneath floor slabs (as measured within
underfloor vents), there is a significant possibility that gas ingress could occur at concentrations
above threshold values during low atmospheric pressure events. Once inside a building, dispersion
and dilution of gas is reliant on use of the room and activities of the occupants (e.g. if windows are
opened in a room, if the room or space is accessed frequently (e.g. regular opening of cupboard
doors). Accumulation to hazardous levels could occur within small confined areas such as cupboards
and small rooms, especially during long periods of house closure such as occupants being away for

13



CL - Marlpool - DN17

extended periods. At 37 Marlpool Drive a maximum of 0.5% methane has been recorded during
recent spot monitoring.

In addition, there is a potential risk that methane being emitted from vents could be ignited (such as
if a stray cigarette lands close to the vents). Depending on gas composition in the underfloor vent,
this could lead to an explosion.

Based on the results of the surveys and monitoring completed to date, SKM Enviros have divided
the properties into two risk categories:

e 18 High risk properties located within the eastern half of the site;
e 16 Low risk and 1 very low risk property located within the western half of the site

The high risk properties are classified as those where one or more SPLs are present. To confirm the
presence of SPLs, the following lines of evidence have been used:

i) Evidence of gas ingress during any internal gas survey. This is the primary mechanism of
selection as the presence of detectable flammable gas within a property significantly above
background or ambient concentrations has the potential to accumulate to hazardous
concentrations.

ii) Gas concentrations within the underfloor vents recording greater than 1% methane and
greater than 2% carbon dioxide on any monitoring occasion since monitoring commenced. A further
primary mechanism of selection, as pathways into all properties have been established from the
tracer gas surveys, so once present beneath the property, there is the potential for ingress and
accumulation.

iii) Blocked or missing vents. This will significantly reduce the efficiency of the gas dispersion
layer as any accumulated gas will not be diluted.

iv) Poor performance of the gas dispersion layer. Low permeability of the gas dispersion layer
will not enable soil gas to be diluted or migrate to the vents. .

v) Elevated soil gas concentrations. There is a general correlation between methane and
carbon dioxide concentrations recorded within boreholes and those recorded within the underfloor
vents.

The selected high risk properties identified based on the above criteria, are all located within the
eastern half of the site, where elevated concentrations of methane and carbon dioxide continue to
be recorded within the underlying soils and vents to the underfloor gas dispersion layer. Evidence of
gas ingress from a limited number of internal gas surveys have been confirmed within eight of these
properties. Tracer gas surveys confirmed that the majority of these properties contain a gas
dispersion layer that is either poor performing or whose vents are missing or blocked.

Section 78A (2) of the Environmental Protection Act 1990 defines contaminated land as 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;

14
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a) Significant harm is being caused or there is a significant possibility of such harm being
caused; or

b) Pollution of controlled waters is being, or is likely to be, caused .

WRS on behalf of RBC consider from the evidence provided to it as detailed above that under section
87A (2) of the Environmental Protection Act 1990 that there is a significant possibility of significant
harm being caused to human health and/or buildings and will continue to exist unless remediation
takes place to 16 of the properties on Marlpool Drive satisfying the statutory definition of
Contaminated Land.

6.0 Summary of the way in which WRS considers that the requirements of the statutory guidance
have been met

Based on an assessment of the advice and analysis provided within the SKM Enviros reports and
Worcestershire Regulatory Services own assessment of this evidence on behalf of Redditch Borough
Council, the Authority is satisfied that the significant pollutant linkages 1, 2 and 3 as detailed in Table
1 of this schedule exist and have resulted in the ‘significant potential of significant harm’ to human
health and buildings within the area identified in Schedule 1.

The requirements of the statutory guidance have been satisfied and the area of land identified on
the attached map schedule 1 has been determined as Contaminated Land and requires appropriate
remedial action.
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Appendix 1 — Risk Summary
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Risk Summary for 37 and 68 Marlpool Drive, Redditch

This summary has been compiled in accordance with revised Contaminated Land Statutory Guidance
April 2012 section 3.35 and the Environmental Protection Act 1990 as amended by Section 57 of
Environment Act 1995.

Description of contaminants and their risks

Landfill gas comprises predominately two gases Methane CH4 and Carbon Dioxide CO2 and
additionally much smaller quantities of other ‘trace of gases’ such as Hydrogen Sulphide H2S. Both
methane and carbon dioxide are colourless and odourless but the effects from and the harm caused
by the two gases is different.

Methane

Methane can, if accumulated at sufficient levels, and in the presence of oxygen and an ignition
source, give rise to risk of fire and explosion. The lower explosive limit (LEL) of methane is 5% v/v
(per volume of air) and the upper limit is 15% v/v (CIRIA C665).

For an explosion to occur there must be an accumulation of methane, sufficient oxygen must be
present for a flame to ignite the gas and an ignition source must be present. This can be anything
from the firing of a central heating boiler or gas hob to the lighting of a match or a discarded lit
cigarette.

The flammability of methane varies with gas composition; if the oxygen concentrations are reduced
the limits of flammability are reduced. Above 15% v/v methane is no longer flammable and
therefore explosive because of the reduced level of oxygen. Similarly, methane is rendered non-
flammable where concentrations of 25% or greater Carbon Dioxide are present.

Receptors at risk from fire and explosion at 37 and 68 Marlpool Drive: Residential Buildings, Human
Occupants and domesticated animals.
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Carbon Dioxide

Symptoms of excess carbon dioxide will vary from shortness of breath, dizziness and nausea at
relatively low levels through to unconsciousness and asphyxiation at extremely high levels.

Principal Hazard Effect Conc. By volume of air %
Toxic Headaches and Shortness of 3to 6%

Breath
Toxic Visual Distortion, headaches, 10to 11%

tremors and rapid loss of
consciousness

Toxic Fatality >22%
Asphyxiant Unconsciousness or death 6 to 20%
(CIRIA C665)

Receptors at risk from asphyxiation at 37 and 68 Marlpool Drive; Human Occupants and
domesticated animals.

Accumulation

Accumulation of methane to necessary concentrations within the explosive range either within or
beneath the properties is necessary for any explosion to occur. Similarly accumulation of Carbon
Dioxide to necessary levels within properties is required to cause detrimental effects. Accumulation
to the necessary concentrations is more likely to occur in confined spaces such as cupboards.

Periods of low and falling atmospheric pressure encourage more ready flow of gas out of the ground
and into properties via the stone column foundations and any cracks and gaps within the floor slab.

Accumulation is less likely to occur where properties are in daily use and doors and windows are
being opened and so on. It is more likely to occur where properties are unoccupied for a period of
time and therefore not being regularly vented, e.g. where residents are on holiday or properties are
being sold whilst unoccupied.

Summary of Local Authorities understanding of risks

Section 78A (2) of the Environmental Protection Act 1990 defines contaminated land as 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;

c) Significant harm is being caused or there is a significant possibility of such harm being
caused; or

d) Pollution of controlled waters is being, or is likely to be, caused.
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Evidence of the existence of the Significant Pollutant Linkages (SPLs) detailed below and Significant
Possibility of Significant Harm (SPOSH) has been gathered from a number of investigations on all 35
properties above a former landfill site in Marlpool Drive undertaken by SKM Enviros in 2009 — 2011.
These have included landfill gas measured in the existing passive gas dispersion system vents,
measurement of landfill gas within the property, and surveys of pathways into properties and
effectiveness of vents using a harmless tracer gas. Following the completion of these investigations
and assessments WRS undertook its own review of the information and undertook a risk assessment
in 2011.

In 2011 WRS considered the evidence for the existence of the Significant Pollutant Linkages at 37
and 68 Marlpool Drive was not clear. The tracer gas surveys undertaken earlier in 2011
demonstrated a number of poor performing and blocked vents at number 68 and no 37 respectively.
Tracer gas was detected within both properties at the time of the survey confirming the pathway
although there were not many entry points detected at no 68. The detection of tracer gas in the
properties demonstrates that an appropriate gas resistant membrane was either not installed into
the properties, or if there was an appropriate membrane, it was not installed appropriately.
Properties with poor gas dispersion and potentially blocked vents are considered not to have
adequate gas dispersion and venting.

Evidence of gas ingress was not previously identified during limited internal gas surveys carried out
by SKM Enviros between 2009 -11 within the 2 properties. Similarly no methane had been detected
at no. 37 within the four most recent visits up to 2011 and at no. 68 no significant landfill gas within
the vents had been detected in a limited number of visits. These results were not consistent with
1991 measurements.

WRS commissioned Prestige Air to undertake an overhaul and clearance of all the vents at no 37 and
68 Marlpool Drive in November 2011. Following the vent clearance 7 visits to monitor landfill gas
within the vents using a GA2000 were undertaken by WRS between December 2011 and March
2012. Internal monitoring was also undertaken when access was possible and total flammable gases
were recorded around the perimeter of the ground floor of the properties using a Flame lonisation
Detector (FID).

It is recognised that landfill gas ingress and risk to receptors increases during low and falling pressure
events. Unfortunately throughout much of the monitoring period the UK experienced relatively high
and steady pressure however useful data was still obtained. The results of the underfloor vent
monitoring confirm that it is most likely that the stone columns are acting like boreholes, with soil
gas migrating vertically up the columns

Results for No 37 Marlpool Drive: Methane has been identified at explosive levels within the vents
on 5 of 7 occasions and elevated on one other occasion. Carbon Dioxide was elevated above 11% on
6 of 7 visits in the vents. With reference to the tracer gas survey, the pathway into the property was
demonstrated to be present. The blocked nature of the vents at the time of the test is considered to
provide a conservative measure of how leaky the property is. The FID measured 'total flammable
gases' within the property at a maximum of 5000ppm on one occasion and some other elevated
readings have been observed, notably recorded at the same point of entry where maximum tracer
gas ingress was observed. Atmospheric pressure has been steady and high for most of the
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monitoring events (i.e. opposite from worst case scenario) except the occasion when the maximum
level was recorded.

Results for No 68 Marlpool Drive — Methane was identified at explosive levels within the vents on 3
of 7 occasions and elevated above this on one other occasion. Carbon Dioxide is elevated above 9%
on 4 of 7 visits in the vents. With reference to the tracer gas survey, the pathway into the property
was demonstrated to be present. The blocked nature of the vents at the time of the test is
considered to provide a conservative measure of how leaky the property is. The FID measured "total

flammable gases’ within the property at a maximum of 40 and 56ppm (elevated over background
levels) on the two occasion’s internal access was possible. Atmospheric pressure on both those
occasions was high and steady and not a good indicator of worst case scenario conditions.

The ingress points for both properties were primarily located at the floor-wall joints along the
internal perimeter; at the floor-wall joints to extensions, conservatories and porches; and service
entries.

With evidence of gas ingress within the properties and with elevated methane and carbon dioxide
concentrations recorded beneath floor slabs (as measured within underfloor vents), there is a
significant possibility that gas ingress could occur at concentrations above threshold values during
low atmospheric pressure events. Once inside a building, dispersion and dilution of gas is reliant on
use of the room and activities of the occupants (e.g. if windows are opened in a room, if the room or
space is accessed frequently (e.g. regular opening of cupboard doors). Accumulation to hazardous
levels could occur within small confined areas such as cupboards and small rooms, especially during
long periods of house closure such as occupants being away for extended periods.

In addition, there is a potential risk that methane being emitted from vents could be ignited (such as
if a stray cigarette lands close to the vents). Depending on gas composition in the underfloor vent,
this could lead to an explosion.

Based on an assessment of the advice and analysis provided within the SKM Enviros reports 2010/
2011 and WRS' own assessment of this evidence and additional gas monitoring undertaken at the
properties on behalf of Redditch Borough Council, the Authority is satisfied that the significant
pollutant linkages 1, 2 and 3 as detailed below exist and have resulted in the ‘significant potential of
significant harm’ to human health and will continue to exist unless remediation is undertaken to 37
and 68 Marlpool Drive.
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SPL Source Pathway Receptors
Ref
1 Landfill Waste | Vertical migration via stone columns, Human Health
- Methane accumulation beneath building perimeter, - Occupants of
ingress via cracks and service entries, residential
accumulation leading to fire and/or properties
explosion risk
2 Landfill Waste | Vertical migration via stone columns, Human Health
- Methane accumulation beneath building perimeter - Occupants of
and venting through underfloor vents residential
leading to fire and/or explosion risk properties
3 Landfill Waste | Vertical migration via stone columns, Human Health
- Carbon accumulation beneath building perimeter, -Occupants of
Dioxide ingress via cracks and service entries, residential
accumulation in confined spaces and properties
inhalation leading to asphyxiation risk and
toxic effect

Description of the potential impact and estimated possibility that impact may occur: Methane

The potential impacts from explosive limits of methane within underfloor vents and/or within the
properties is destruction of the property and neighbouring properties and death or injury caused to
the occupants and domesticated animals therein at the time of the explosion.

Given the explosive levels of methane found within vents on 6 out of 7 recent monitoring visits and
significant elevated levels within the property at 37 Marlpool Drive on more than one occasion
within 4 visits in 2011-12 WRS consider there is a likelihood that impact will occur via SPL 1 and 2.

Explosive limits of methane or higher were found within vents of 68 Marlpool Drive on 4 out of 7
visits although the evidence from internal readings is less clear because of the lack of data. However
WRS consider there to be a great risk of impact via SPL 1 and 2, due to evidence of atmospheric
influence and ingress points.
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Description of the potential impact and estimated possibility that impact may occur: Carbon
Dioxide

Potential impacts from excessive amounts of carbon dioxide within the vents and ingress into the
properties are asphyxiation leading to unconsciousness at >6% volume and leading to death of
occupants >22% volume therein at time of ingress.

Levels of Carbon Dioxide within that range have been recorded in a number of vents at no 37
Marlpool Drive on 6 out of 7 visits even during relatively high and steady atmospheric air pressure.
WRS consider there to be a likelihood of impact via SP3.

Levels of Carbon Dioxide within that range have been recorded in at least one vent at no 68
Marlpool Drive on 4 out of 7 visits even during relatively high and steady atmospheric air pressure.
WRS consider there to be a great risk of asphyxiation via SP3.

Timescale over which risk may be manifest

It is not possible to state with any certainty the likely time span of gas production and degassing
within a landfill. Previous reports have concluded that Landfill’s degas for an average of 50 years
(SKM Enviros, 2010). However more recent anecdotal information from SKM Enviros suggests
landfills can take many more decades to degas. The time span will depend on the amount of organic
material within the landfill. Previous investigations have not been able to provide a volume of
organic material within the former quarry under Marlpool Drive as the fill is purported to be mainly
incinerated ash and should compose little organic material. The landfill was completed in 1970 and
therefore is now over 40 years old. Recent monitoring implies the levels of gas present have
decreased since 1991. For the purposes of remediation of 16 other properties determined and
remediated in 2011-12 a strategy of financing 20 years of active gas dispersion has been assumed
taking the remediation to 10 years over the average life of a degassing landfill.

Description of uncertainties within assessment
A number of uncertainties have been identified as follows:

The timescale of the landfill to degas as described above. Consequently, the remedial solution
proposed includes a twenty year lifetime.

The amount of methane and carbon dioxide ingress in each property during a worst case scenario
event is not known. No such scenario has been encountered during gas monitoring to date and to
capture this data would require expensive real time monitoring equipment to be installed at both
properties for a lengthy period of time, the cost of which would exceed costs of remediation
measures.

The likelihood or frequency of an event of atmospheric pressure sufficient to draw an explosive level
of methane or poisonous level of carbon dioxide into the property is not known.
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Whilst the ability of gas to get in the properties has been identified by the tracer gas survey, it is not
clear exactly how it is getting inside.

The likelihood of an ignition source being present at such a time is also unknown (for the methane
pollutant linkages).

Probability that significant harm might occur:

Consequently the probability that significant harm might occur, if the land continues to be used as it
currently is being used and if the land were to be used in a different way (within existing Planning
Permissions) in the future, is considered to be high. This relates to the likelihood that an
atmospheric low pressure event will occur during the lifetime of the property, drawing in sufficient
guantities of the two contaminants and in the case of Methane the likelihood that a boiler pilot light
or similar may ignite the gas.

The properties have been subject to a robust investigation and as a consequence, many of the initial
uncertainties in the conceptual model of the site have been addressed and as a result the strength of
evidence underlying the risk estimate is considered high as is explained in the ‘Understanding of the
risk’ and ‘uncertainties’ sections of this risk summary.

Description of Local Authorities initial review of possible remediation

A Remedial Options Appraisal has been previously produced by SKM Enviros, 2011 to identify
remedial options for all 35 properties on Marlpool Drive. Retrofitting of an active gas venting system
utilising Positive Pressurisation Units has been undertaken at 16 of the properties previously
determined as Contaminated Land.

The system works by continually blowing clean air under the floor slab of the properties at a slightly
more positive pressure than the gas within the landfill below. This creates a positive air blanket
below the properties that prevents the gas below being sucked up into the properties during rapid
falling pressure events. Gas travelling along the stone columns from below is diluted within the clean
air and expelled via one or more existing vents.

Installation at each property is completed within a week with follow up verification using real time
monitoring equipment for a further two weeks. As most of the works are undertaken on the exterior
of the property disruption to the occupants is restricted to a half days internal access to connect unit
to electricity supply and a two man work team and equipment potentially restricting access to
gardens via side passages.

Verification at other properties with similar levels of methane and carbon dioxide recorded in vents
has demonstrated that gas levels are reduced to acceptable levels <1% CH4 and <1.5% CO2 within
the vents. This eliminates the risk from landfill gas to the occupants whilst the unit continues to
operate maintaining the positive air blanket. Telemetry on the unit informs the Units contractors
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and installers if the unit is not operating as designed. A maintenance and servicing contract is
proposed for 20 years to ensure the unit is operated for the anticipated lifetime of the landfill.

At present WRS consider it will be necessary to apply the same remedial solution to 37 and 68
Marlpool Drive and indeed this was the recommendation of the consultants at the time. However
WRS consider it necessary for the consultants to reassess the potential remedial solutions in light of
the updated statutory guidance since the Remedial Options Appraisal was produced prior to
deciding on the appropriate action.
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