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INTRODUCTION

1.1

Context

RSK Land and Development Engineering Ltd (RSK) was commissioned to carry out a
Flood Risk Assessment (FRA) for Gardner Garages (the ‘client’). The assessment is in
support of the detailed planning submission for the commercial development at City
Service Station, Hereford (the ‘site”).

The assessment has been prepared in accordance with the National Planning Policy
Framework (NPPF)' and its accompanying Planning Practice Guidance?, the Interim
Code of Practice for Sustainable Drainage®, BS 8533-2011 Assessing and Managing
Flood Risk in Development Code of Practice’, BS 8582:2013 Code of practice for surface
water management for development sites® and the Non-statutory technical standards for
sustainable drainage systems?, with site-specific advice from the Environment Agency
(EA), the Lead Local Flood Authority (LLFA), the Local Planning Authority (LPA), the
architect and the client.

The NPPF sets out the criteria for development and flood risk by stating that inappropriate
development in areas at risk of flooding should be avoided by directing development
away from areas at highest risk, but where development is necessary, making it safe
without increasing flood risk elsewhere.

The key definitions within the PPG are:

¢ “Flood 1isk” is @ combinalion of lhe probabilily and he polenlial consequernices of
flooding from all sources — including from rivers and the sea, directly from rainfall on
the ground surface and rising groundwater, overwhelmed sewers and drainage
systems, and from reservoirs, canals and lakes and other artificial sources; and

+« “Areas at risk of flooding” means areas at risk from all sources of flooding. For fluvial
(river) and sea flooding, this is principally land within Flood Zones 2 and 3. It can also
include an area within Flood Zone 1 which the EA has notified the local planning
authority as having critical drainage problems.

For this site, the key aspects that require the assessment are:

* The EA’s indicative flood zone map shows that the site is located within Flood Zone
2.

" Communities and Local Government, ‘National Planning Policy Framework’, February 2019.

2 Communities and Local Government, ‘Planning Practice Guidance - Flood Risk and Coastal Change, ID 7',
March 2014. http://planningguidance. planningportal gov. uk/blog/guidancefflood-risk-and-coastal-change/

% DEFRA, ‘Interim Code of Practice for Sustainable Drainage Systems’ National SUDS Working Group, July

2004.

+ BSI, 'BS 8533-2011 Assessing and managing flood risk in development Code of practice’, October 2011.
*BSI, 'BS 8582:2013 Code of practice for surface water management for development sites’, November 2013,

% DEFRA, 'Sustainable Drainage Systems - Non-statutory technical standards for sustainable drainage systems’,
March 2015.
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1.2 Scope of work

A key element of project development is to prepare a FRA to establish the flood risk
associated with the proposed development and to propose suitable mitigation, if required,
to reduce the risk to a more acceptable level.

The scope of work relating to a FRA is based on the guidance provided in Section 14 of
the NPPF' and its accompanying Planning Practice Guidance.

A site-specific FRA must demonstrate that the development will be safe for its lifetime
taking account of the vulnerability of its users, without increasing flood risk elsewhers,
and, where possible, will reduce flood risk overall. The scope of this assessment therefore
comprises the following elements:

¢ To review architect plans, planning information and other studies to determine
existing site conditions;

s To obtain information on the hydrology and hydrelogical regime in and around the
site;

* To obtain the views of the EA/LLFA including scope, lecation and impacts;

s To determine the extent of new flooding prevision and the influence on the site;

» To assess the impact on the site from climate change effects and anticipated
increases in rainfall over a 60 year period for a commercial use;

¢ To review site surface water drainage based on the proposed layout and, if
necessary, to determine the extent of infrastructure required; and

« To prepare a report including calculations and summaries cf the source information
and elements reviewed.
Reliance has been placed on factual and anecdotal data obtained from the sources
identified. RSK cannot be held responsible for the scope of work, or any omissions,
misrepresentation, errors or inaccuracies with the supplied information. New information,
revised practices or changes in legislation may necessitate the re-interpretation of the
report, in whole or in part.

The comments given in this report and opinions expressed are subject to RSK Group
Service Constraints provided in Appendix A.
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2 SITE DESCRIPTION

2.1 Existing site

211 Location

Site Name and Address: City Service Station, 40 Commercial Road, Hereford,
Herefordshire, HR1 2BG

Site National Grid Reference: (E) 351507; (N) 240352

The site is approximately 0.15Ha in size and is located within the north-east of Hereford
city centre. The site is currently an active fuel filling station and can be accessed from
Commercial Road. The site is comprised of four fuel pumps beneath a forecournt canopy,
a forecourt shop, a car washing facility, car parking and an interceptor tank.

Table 2.1: Site setting

Direction Characteristic

North To the north is a supermarket car park containing a trolley station
which is directly adjacent to the boundary.

To the east is a supermarket car park containing a trolley station

Fast which is directly adjacent to the boundary.

Directly adjacent to the south-eastern site boundary is Commercial

South Road.

A Hotel / Pub is adjoining to the south-western site boundary, fronting
West onto Commercial Road. Directly to the north-west of the site is a
supermarket car park.

Figure 2.1 shows a site location map.
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Figure 2.1: Site location map

2.1.2 Land use and topography

The existing site is currently comprised of a commercial property and hardstanding
ground, and therefore the site can be described as being brownfield.
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Figure 2.2: LIDAR data map
Gardner Garages Ltd. 4

City Service Station, Hereford
Flood Risk Assessment
881904-R1(01)-FRA



213

214
2.1.41

215

Using LIDAR data provided by DEFRA’, shown in Figure 2.2, the site is shown to be at
an approximate level of 52.80m Above Ordnance Datum (mAOD). From this LIDAR data,
it can be assumed that the site naturally falls south-eastwards towards Commercial Road,
which is at a lower elevation to that of the site being approximately 52.50mAQOD. There
is a slight fall from Commercial Road to Stonebow Road in a south-easterly direction

Hydrology

Eign Brook is located approximately 100m north-east of the site and can be descried as
being an ‘Ordinary Watercourse’. The watercourse is culverted beneath the supermarket
car park to the north of the site. It conveys flows in a southernly direction for approximately
1.4km to eventually discharge into the River Wye.

Geology
Desk Study

Based on the British Geological Survey® online mapping for the area, the site exhibits the
following geology:

e Superficial Geology: Alluvium - Clay, Silt, Sand and Gravel. Superficial Deposits
formed up to 2 million years ago in the Quaternary Period. Local environment
previously dominated by rivers (U).

e Base rock Geology: Raglan Mudstone Formation - Siltstone and Mudstone,
Interbedded. Sedimentary Bedrock formed approximately 419 to 424 million years
ago in the Silurian Period. Local environment previously dominated by rivers.

BGS Borehole data records were searched for nearby borehole logs that may give
relevant information regarding the on-site geology. On-site, one record was found within
the westemn site cormer, BGS Reference (SO545W13). Within this borehole, stratum was
defined as being 2.1mbgl (metres below ground level) of Gravel underlain with 165.4mbgl
of red Clay. No Groundwater was observed within the borehole.

There were no further records available within the surrounding vicinity of the site.

An assessment of the potential impact of the ongoing fuel station site use on the shallow
soils was undertaken by RSK Environment Ltd for the site (report ref: 314262 L02 (01)),
of which three borehole logs were included within the report, as shown within Appendix

These borehole logs showed Made Ground to depths of 2.1mbgl, underlain with
Glaciofluvial deposits. Within these boreholes, water was struck between depths of 2.00m
to 4.10m.

Hydrogeology

Hydrogeological information was obtained from the online Magic Maps service. These
maps indicate that the site is underlain by a Secondary A bedrock aquifer. These can be
defined as ‘permeable strata capable of supporting water supplies at a local rather than
strategic scale and in some cases forming an important source of base flow to rivers’.

" DEFRA Survey Data Download, available at
https:/lenvironment.data. gov. uk/DefraDataDownload/?Mode=survey

% British Geological Survey online mapping, available at
http://mapapps.bgs.ac. ukigeclogyofbritainfhome. htmli?location=&gobBtn=go.
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5,

The maps also indicate that the site is underlain by a ‘Secondary A’ superficial aquifer.
These can be defined as ‘permeable strata capable of supporting water supplies at a
local rather than strategic scale and in some cases forming an important source of base
flow to rivers’.

The site is not located within a Groundwater Source Protection Zone (SPZ). The nearest
SPZ is a Zone |l- Quter Protection Zone located approximately 2.6km north-west of the
site.

2.2 Development proposals
The proposed development is for a commercial end use.
The approximate land uses of the proposed site are summarised in Table 2.2 below.

Table 2.2: Proposed site land uses

Land use Area (Ha) Percentage
Impermeable 0.15 100%
Permeable 0 0%

Total 0.15 100%

The proposed site plans are shown in Appendix C.
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3 LEGISLATION, POLICY AND GUIDANCE

3.1 National policy

Table 3.1: National legislation and policy context

Legislation Key provisions

National Planning
Policy Framework
(2019)

The aims of planning policy on development and flood risk are to
ensure that flood risk is taken intoc account at all stages in the
planning process to aveid inappropriate development in areas at
risk of flooding, and to direct development away from areas at
highest risk.

Where new development is, exceptionally, necessary in such
areas, policy aims to make it safe without increasing flood risk
elsewhere and where possible, reducing flood risk overall.

Planning Practice
Guidance (2014)

The NPPF is supported by an online Planning Practice Guidance,
which provide additional guidance on flood risk.

Flood and Water
Management Act
2010°

The Flood and Water Management Act (FWMA) aims to
implement the findings of the 2007 Pitt Review and co-ordinate
centrel of drainage and flood issues.

There are a number of increased responsibilities within the Act
that affect adoption of SUDS features and the role of the EA to
expand on the mapping data they provide. The implementaticn of
SuDS features has many beneficial impacts on the treatment of
surface water during remediation works.

Water Resources
Act 1991

Section 24 — The EA is empowered under this Act to maintain and
improve the quality of ‘controlled’ waters

Section 85 — It is an offence to cause or knowingly permit pollution
of controlled waters

Section 88 — Discharge consents are required for discharges to
controlled waters

Water Framework
Directive (2000)"

The Water Framework Directive (WFD) requires all inland and
coastal waters to reach ‘good' chemical and biological status by
2015. Flood risk management is unlikely to have a significant
impact on chemical water quality except where maintenance
works disturb sediment (such as de-silting) or where pollutants are
mobilised from centaminated land by floodwaters.

The main impact of the WFD on flood risk management, both now
and in the future, relates to the ecological quality of water bodies.
Channel works, such as straightening and deepening, or flood risk
management schemes that modify geomorphological processes
can change river morphology. The WFD aims to protect
conservation sites identified by the EC Habitats Directive and

? Flood and Water Management Act, 2010
10 Water Resources Act, 1991
" EU Water Framework Directive, 2000
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City Service Station, Hereford
Flood Risk Assessment
881904-R1(01)-FRA



Legislation Key provisions

Birds Directive that have water-related features, by designating
them as ‘protected sites’.

3.2 Local policy

Table 3.2: Local policy legislation and policy context

Legislation Key provisions

‘Policy SD3 - Sustainable water management and water
resources

Measures for sustainable water management will be required to
be an integral element of new development in order to reduce
flood risk; to aveid an adverse impact on water quantity; to protect
and enhance groundwater resources and to provide opportunities
to enhance biodiversity, health and recreation. This will be
achieved by ensuring that:

1. Development proposals are located in accordance with
the Sequential Test and Exception Tests (where
appropriate) and have regard to the Strategic Flood Risk
Assessment (SFRA) 2009 for Herefordshire;

2. Development is designed to be safe, taking into account
the lifetime of the development and the need to adapt to
climate change by setting appropriate floor levels,

Herefordshire .- : .
providing safe pedestrian and vehicular access, where

Local Plan Core

Strateqy 2011- appropriate, implementing a flood evacuation
20r3a1egy management plan and avoiding areas identified as being
) subject to Rapid Inundation from a breach of a Flood
Herefordshire Defence:
C i L . .
ounel 3. Where flooding is identified as an issue, new development
ég%)ted October should reduce flood risk through the inclusion of flood

storage compensation measures or provide similar
betterment to enhance the local flood risk regime;

4. Development will not result in the loss of open
watercourse and culverts should be opened up where
possible to improve drainage and flood flows. Proposals
involving the creation of new culverts {unless essential to
the provision of access) will not be permitted;

5. Development includes appropriate sustainable drainage
systems (SuDS) to manage surface water appropriate to
the hydrolegical setting of the site. Development should
not result in an increase in runoff and should aim to
achieve a reduction in the existing runoff rate and
volumes, where possible;

6. Water conservation and efficiency measures are included
in all new developments, specifically:

2 Herefordshire Local Plan Core Strategy 2011-2031, Herefordshire Council, October 2015

Gardner Garages Ltd. 8
City Service Station, Hereford

Flood Risk Assessment

881904-R1(01)-FRA



Legislation Key provisions

s residential development should achieve Housing -
Optional Technical Standards - Water efficiency
standards. At the time of adoption, the published
water efficiency standards were 110 litres/person/
day; or

s non-residential developments in excess of 1,000 m2
gross floorspace to achieve the equivalent of BREEAM 3
credits for water consumption as a minimum;

7. The separation of foul and surface water on new
developments is maximised,;

8. Development proposals do not lead to deterioration of EU
Water Framework Directive water body status;

8. Development should not cause an unacceptable risk to
the availability or quality of water resources; and

10. In particular, proposals do not adversely affect water
quality, either directly through unacceptable pollution of
surface water or groundwater, or indirectly through
overloading of Wastewater Treatment Works.

Development propesals should help to conserve and enhance
watercourses and riversicde habitats, where necessary through
management and mitigation measures for the improvement and/or
enhancement of water quality and habitat of the aquatic
environment. Proposals which are specifically aimed at the
sustainable management of the water environment will in
particular be encouraged, including where they are required to
support business needs such as for agriculture. Innovative
measures such as water harvesting, winter water storage and
active land use management will also be supported. In all
instances it should be demonstrated that there will be no
significant adverse landscape, biodiversity or visual impact.’

'Policy SD4 - Wastewater treatment and river water quality
Development should not undermine the achievement of water
quality targets for rivers within the county, in particular through the
treatment of wastewater,

In the first instance developments should seek to connect to the
existing mains wastewater infrastructure network. Where this
option would result in nutrient levels exceeding conservation
objectives targets, in particular additional phosphate loading within
a SAC designated river, then proposals will need to fully mitigate
the adverse effects of wastewater discharges into rivers caused
by the development. This may involve:

+ Incorporating measures to achieve water efficiency
and/or a reduction in surface water discharge to the
mains sewer network, minimising the capacity required
to accommodate the proposal, in accordance with
pelicy SD3;

+ Phasing or delaying development until further capacity
is available:

+ The use of developer contributions/community
infrastructure levy funds to contribute to improvements
to waste water treatment works or other appropriate

Gardner Garages Ltd. 9
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Legislation Key provisions

measures to release capacity to accommodate new
development;

+ Inthe case of development which might lead te
nutrient levels exceeding the limits for the target
conservation objectives within a SAC river, planning
permissicn will only be granted where it can be
demonstrated that there will be no adverse effect on
the integrity of the SAC in view of the site’s
conservation objectives: and

«  Where the nutrient levels set for conservation
objectives are already exceeded, new development
should not compromise the ability to reduce levels to
those which are defined as favourable for the site.

Where evidence is submitted to the local planning authority to
indicate connection to the wastewater infrastructure network is not
practical, alternative foul drainage options should be considered in
the follewing crder:

«  Provision of cr connecticn to a package sewage
treatment works (discharging to watercourse or
soakaway);

«  Septic tank (discharging to soakaway).

With either of these non-mains alternatives, proposals should be
accompanied by the following: «

+  Information to demonstrate there will be no likely
significant effect on the water quality, in particular of
tlesignater national and Furopean sites, especially
the River Wye SAC and the River Clun SAC; or

«  Where there will be a likely significant effect upon a
SAC river, information to enable the council, in its role
as a competent authority, to ascertain that the
development will have no adverse effect on the
integrity of the SAC;

« Inrelation to water courses with national or European
nature conservation designations, the inclusion of
measures achieving the highest standard of water
quality discharge to the natural drainage system
including provision for monitoring.

The use of cesspools will only be considered in exceptional
circumstances and where it can be demonstrated that sufficient
precautionary measures will ensure no adverse effect upon
natural drainage water quality objectives.’

3.3 Areaguidance

Table 3.3: Area Guidance

Overview of key provisions and policies

SFRA:
Herefordshire
Strategic Flood

The principle aim of the SFRA was to map all forms of flood risk in
ordler to provide an evidence base to locate new development. It
also aims to provide appropriate policies for the management of

Gardner Garages Ltd.
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Overview of key provisions and policies

Risk Assessment
Level 1 Final
Report'?

2019

flood risk and identify the level of detail required for site-specific
FRAs. The SFRA contains information and maps detailing flood
sources and risks. Information relevant to the site is detailed in
Section 4 of this report.

‘The large number of natural springs located throughout
Herefordshire and that form many of the country’s ordinary
watercourses indicates that groundwater emergence can be
common.’ There are no Environment Agency historic records of
groundwater flooding within Hereford, whilst there are limited
records of groundwater within Herefordshire.

No historic surface water flooding records were located on-site or
near to the site.

PFRA:

Herefordshire
Preliminary Flood
Risk Assessment™

2011

Preliminary Flood Risk Assessments (PFRAs) are produced by
Lead Local Flood Authorities (LLFAs) in England and Wales. A
Preliminary Flood Risk Assessment (PFRA) is the first part of the
planning cycle for flood risk management as set out in the Flood
Risk Regulations (2009), which implement the requirements of the
European (EU) Floods Directive (2007). The EU Floods Directive
aims to provide a consistent approach to managing flooding
across Europe.
The PFRA is organised and produced by the LLFA (in this case
Herefordshire Council). The PFRA considers local sources of
flooding that the LLFA is responsible for: ordinary watercourses,
surface water, groundwater and sewers where flooding is wholly
or partially caused by rainwater or other precipitation entering or
affecting the system. Information is gathered from existing
sources on past floods and flood models to identify Flood Risk
Areas,
The PFRA includes the national guidance issued by Defra and
WAG which sets out the criteria used fer defining significant flood
risk and the Flood Risk Areas. In developing the methodolegy for
assessing flood risk, threshold levels were defined for the key
Flood Risk Indicators as follows:

+  Number of People > 200,

+ Non-Residential Properties > 20,

+  Critical Infrastructure > 1
This process resulted in maps of 'Hotspots' or places above the
thresholds, defined where 1 km grid squares meet the significance
level set for at least one of the key Flood Risk Indicators shown
above. The site is located within one of these hotspots.

CFMP:

River Severn
Catchment Flood
Management
Plan'

2009

Catchment Flood Management Plans (CFMP) give an overview of
the flood risk from inland sources across each river catchment
and recommend ways of managing those risks now and over the
next 50-100 years. The EA is responsible for producing CFMPs.

The site falls within the 'Lower Severn Corridor & Leadon
Catchment’ sub-catchment and the policy applicable to this site is
Policy Option 2 which states “Areas of low to moderate flood risk
where we can generally reduce existing flood risk management
actions”.

¥ Herefordshire Strategic Flood Risk Assessment Level 1 Final Report, WSP, April 2019

4 Herefordshire Preliminary Flood Risk Assessment, Preliminary Assessment Report, JBA Consulting, May 2011
5 River Sevem Catchment Flood Management Plan, Summary Report, Environmental Agency, December 2009
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Overview of key provisions and policies

There is an intended focus here on reducing dependence on
raised flood defences and surface water becoming a growing
problem within the sub-catchment.

The CFMP provides the following key proposed actions:

+ Encourage rural and urban best practices in langd-use and
in land-management to restore more sustainable natural
floodplains and to reduce run-off,

s Raise awareness of flooding among the public and key
partners, allowing them to be better prepared. Encourage
them all to increase the resilience and resistance of
vulnerable buildings, infrastructure and businesses;

» Ensure floodplains are not inappropriately developed,

s+ Review how effective and sustainable flood defences are;
and

+ Seek opportunities to improve watercourses where it
would benefit fisheries (especially salmon.) Consider the
impact of floed risk management activities on SSSis.

3.4 Site-specific consultation

As part of this assessment, the following authorities have been contacted to obtain
relevant data/guidance and establish key site constraints:

Table 3.4: Key site-specific consultations

Consultee Date Enquiry Appendix
Environment Agency August 2019 Product data .
(EA) Pre-application enquiry Appendix D
Herefordshire Coungil November 2018 | Product data

(Lead Local Flood Appendix E
Authority)

Key findings are referred to in the relevant part of Section 4 and full details are contained
in the relevant appendices.
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SOURCES OF FLOOD RISK

4.1

4.2
4.2.1

Criteria

In accordance with the NPPF' and advice from the EA, a prediction of the flood sources
and levels is required along with the effects of climate change from the present for the
design life of the development (in this case assumed to be 60 years).

Changes to climate change guidance in February 2016 indicate that increased
allowances in peak river flow and rainfall intensity should now be incorporated within any
assessment. The appropriate allowance for peak river flow is based on the location of the
site within the country, the lifetime of development, the relevant flood zone and the
vulnerability of the proposed end use.

The flood risk elements that need to be considered for any site are defined in BS 8533
as the “Forms of Flooding” and are listed as:

s Flooding from rivers (fluvial flood risk);

« Flooding from the sea (tidal flood risk),

s Flooding from the land;

* Flooding from groundwater;

¢ Flooding from sewers (sewer and drain exceedance, pumping station failure etc); and
s Flooding from reservoirs, canals and other artificial structures.

The following section reviews each of these in respect of the subject site.

Flooding from rivers (fluvial flood risk)
Main river

The EA Flood Zone mapping study for England is available on their website at:
https://flood-map-for-planning.service.gov .uk.

The latest Environment Agency published flood zone map (Figure 4.1), taking into
account the presence of flood defences, shows the site to be located within Flood Zone
2 (representing land having between a 1 in 100 and 1 in 1,000 annual probability of river
flooding). Without the local flood defences, land and property in this flood zone would
have a high probability of flooding, indicating a ‘moderate’ risk of flooding, according to
the Environment Agency maps.

In December 2013, the EA released an additional form of mapping ‘Risk of Flooding from
Rivers and Sea’, which is available at;

https:/flood-warning-information.service.gov .ukflong-term-flood-risk

The latest ‘Risk of Flooding from Rivers and Sea’ flood map (Figure 4.2), which shows
the Environment Agency’s assessment of the likelihood of flooding from rivers and the
sea at any location and is based on the presence and effect of all flood defences,
predicted flood levels, and ground levels, indicates that the site is considered to be at
‘low-moderate’ risk of flooding.
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Figure 4.1: Environment Agency ‘Flood map for planning’ (accessed March 2020)
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Figure 4.2: Environment Agency ‘Flood risk from rivers or the sea’ map (accessed
March 2020)

The site is considered to be at risk of flooding from fluvial sources from Eign Brook. Fluvial
levels have been supplied by Herefordshire Council within the vicinity of the site
(Appendix E) based on hydraulic model analysis.
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The fluvial analysis is contained within Table 4.1.

Table 4.1: Fluvial Level — Yazor Brook / Widemarsh Brook Hydraulic Model

Node Modelled Flood Levels

1in20 1in100 1in 100 1in100 1in 1000
+30% cc +70% cc
EB1408 51.94 5226 5268 52.81 52.81
Node Modelled Residual Risk Flood Levels
1in 20 1in 100 1in 100 1in100 1in 1000
+30% cc +70% cc
EB1408 52.61 5277 52.84 52.87 52.87

The site is at risk of fluvial flooding from a modelled defended 1 in 100 year return period
plus 75% climate change flood event and a 1 in 1000 year flood event, of which the
maximum level for both events is 52.81mAOD, with the on-site ground level being
approximately 5.80mAQOD, according to available LIDAR data.

The site is at risk from a modelled residual risk 1 in 100 year return period plus 30%
climate change flood event, of which the maximum level is 52.84mAQOD. The site is also
at risk from a modelled residual risk 1 in 100 year return period plus 70% climate change
flood event and a 1 in 1000 year flood event, of which the maximum level for both events
is 52.87mAOD.

422 Climate change
Fluvial flooding is likely to increase as a result of climate change. A greater intensity and
frequency of precipitation is likely to raise river levels and increase the likelihood of a river
overtopping its banks. Climate change guidance for river modelling was updated by the
EA in February 2016. The impact upon the developable area of the site is significant
given its location within Flood Zone 2, which can be mitigated against.

4.3 Flooding from the sea (tidal flood risk)
The site is not considered to be at risk from tidal flooding due to its inland location,
indicating a ‘low’ risk of flooding.

431 Climate change
Climate change is not considered to result in an increased risk of tidal flooding to the site.

4.4 Flooding from the land (overland pluvial flood risk])
If intense rain is unable to soak into the ground or be carried through manmade drainage
systems, for a variety of reasons, it can run off over the surface causing localised floods
before reaching a river or other watercourse.
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Generally, where there is impermeable surfacing or where the ground infiltration capacity
is exceeded, surface water runoff can occur. Excess surface water flows from the site are
believed to drain naturally to the local water features, either by overland flow or through
infiltration.

The EA’s surface water flood map (Figure 4.3) shows the site is at a very low risk from
pluvial flooding. Although, there is a localised section of low surface water flood risk
existing within the eastem site corner, which is currently used for car parking purposes.

A surface water flow path of low-high risk is located along Commercial Road of which the
site fronts onto. This flow path is conveyed in a north-easterly direction towards the
junction where Commercial Road intersects Stonebow Road, to then continue flowing in
a south-easterly direction along Stonebow Road, away from the site.

Mus

SR
T AT NN
Extent of flooding from surface water
p High -& Medium Law Verylow <€ Location vou selected

Figure 4.3: Environment Agency ‘Flood risk from surface water’ map (accessed March
2020)

LIDAR data, detailed in Section 2, shows that surface water runoff will be flowing south-
eastwards away from the site, to follow the natural falls of the area. The proposed
development is not likely to generate significant quantities of on-site surface water runoff.

The risk of surface water flooding at the site is considered to be low.

441 Climate change
Surface water flooding is likely to increase as a result of climate change in a similar ratio
to fluvial flooding. Increased intensity and frequency of precipitation is likely to lead to
reduced infiltration and increased overand flow. Climate change guidance for rainfall
intensity has recently been updated by the EA in late February 2016. The change in flood
risk from climate change is negligible.
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4.5

4.51

4.6

Flooding from groundwater

Groundwater flooding tends to occur after much longer periods of sustained high rainfall.
Higher rainfall means more water will infiltrate into the ground and cause the water table
to rise above normal levels. Groundwater tends to flow from areas where the ground level
is high, to areas where the ground level is low. In low-lying areas the water table is usually
at shallower depths anyway, but during very wet periods, with all the additional
groundwater flowing towards these areas, the water table can rise up to the surface
causing groundwater flooding.

From the British Geological Survey Borehole records discussed in Section 2, it is
understood that within on-site borehole records, groundwater levels indicate there to be
no high groundwater present on-site, whilst within the surrounding vicinity of the site there
are no borehole records to indicate high groundwater is present.

Within the site-specific report (ref. 314262 L02 (01)), water was struck within the
boreholes between depths of 2.00m to 4.10m.

From the above and due to the sporadic nature of groundwater flooding, the design of
the development and no knowledge of groundwater emergence at the site, it is unlikely
that groundwater flooding would affect the development.

Whilst groundwater flooding is sporadic in nature, due to the design of the development
(i.e. underground fuel tanks), there is potential that groundwater flooding could impact on
the site. Mitigation should be provided to ensure that any subterranean infrastructure is
protected against groundwater flow (Section 10).

The resultant groundwater flood risk is considered to be low-moderate.
Climate change

Climate change could increase the risk of groundwater flooding as a result of increased
precipitation fillering into the groundwater body. If winter rainfall becomes more frequent
and heavier, groundwater levels may increase. Higher winter recharge may however be
balanced by lower recharge during the predicted hotter and drier summers. This is less
likely to cause a significant change to flood risk than from other sources, since
groundwater flow is not as confined. It is probable that any locally perched aquifers may
be more affected, but these are likely to be isolated. The change in flood risk is likely to
be low.

Flooding from sewers

Flooding from artificial drainage systems occurs when flow entering a system, such as
an urban storm water drainage system, exceeds its conveyance capacity, the system
becomes blocked or it cannot discharge due to a high water level in the receiving
watercourse. A sewer flood is often caused by surface water drains discharging into the
combined sewer systems; sewer capacity is exceeded in large rainfall events causing the
backing up of floodwaters within properties or discharging through manholes.

Most adopted surface water drainage networks are designed to the criteria set out in
Sewers for Adoption’®. One of the design parameters is that sewer systems be designed

8 WRC, 'Sewers for Adoption’ 7th Edition, August 2012
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such that no flooding of any part of the site occurs in a 1 in 30 year rainfall event. By
definition a 1 in 100 year event would exceed the capacity of the surrounding sewer
network as well as any proposed drainage.

When exceeded, the surcharged pipe work could lead to flooding from backed up
manholes and gully connections. This could lead to immediate flooding within highways
surrounding the site. As described above, surface water would most likely follow the
topography of the area and flow away from the site along Stonebow Road.

Sewer details have been referenced from sewer record plans obtained from Welsh Water
(included in Appendix F). The plans indicate the following network of sewers around the
site:

+ Surface water;

¥ A 450mm public surface water sewer runs beneath the A465 to the north-
east of the site, where it conveys flow south to eventually discharge into Eign
Brook where it is culverted beneath Commercial Road.

+ Combined water;

¥ A 1125 x 750mm combined sewer runs beneath Commercial Road,
conveying flow north-east and eventually south-east beneath Stonebow
Read, away from the site.

» A 375mm public combined sewer runs beneath the A465 to the north-east of
the site, which conveys flow south-east, and eventually south away from the
site.

There is a public combined sewer located on-site, according to Welsh Water public sewer
records. The head of the run is located beneath properties to the south-west of the site
and conveys flow north-east to a manhole on-site, of which is located within the western
site corner. Flow is then conveyed south-east within a 150mm pipe to join the combined
water sewer beneath Commercial Road.

Development has the potential to cause an increase in impermeable area, an associated
increase in surface water runoff rates and volumes, and a consequent potential increase
in downstream flood risk due to overloading of sewers, watercourses, culverts and other
drainage infrastructure. For this proposed development, there is to be no increase in
impermeable area and therefore no increase in off-site flows or volumes.

The resultant sewer flood risk is considered to be low.

4.61 Climate change
The impact of climate change is likely to be negative regarding flooding from sewers.
Increased rainfall and more frequent flooding put existing sewer and drainage systems
under additional pressure resulting in the potential for more frequent surcharging and
potential flooding. This would increase the frequency of local sewer flooding but would
not be significant in terms of the proposed development.
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4.7 Other sources of flooding

471 Reservoirs
Flood events can occur from a sudden release of large volumes of water from reservairs,
canals and artificial structures.
The EA reservoir flood map (reproduced as Figure 4.4) shows the largest area that might
be flooded if a reservoir were to fail and release the water it holds. Since this is a
prediction of a worst-case scenario, it is unlikely that any actual flood would be this large.
According to the EA Reservoir flood maps the site is at risk of flooding from reservoirs.
Extent of flooding from reservoirs

Maximum extant of flonding ) Location you selacted

Figure 4.4: Environment Agency ‘Flood risk from reserveirs’ map (accessed March
2020)
Reservoir flooding is also extremely unlikely. There has been no loss of life in the UK
from reservoir flooding since 1925. Since then reservoir safety legislation has been
introduced to ensure reservoirs are maintained.
The resultant flood risk is considered {o be very low.
Reservoirs can be managed over time, controlling inflow/outflow of water and therefore
there is the capacity to control the effects of climate change. Increased rainfall has the
potential to increase base flow, but this should be minimal. It is unlikely that there will be
a substantial change to the risk of floading for this site.

4.7.2 Canals
There are no Canal & River Trust owned canals within the vicinity of the site.
As a result, the risk to the site from this source is considered low.
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4.7.3 Blockages of artificial drainage systems

There is a possibility that flooding may result due to culverts and/or sewers being blocked
by debris or structural failure. This can cause water to backup and result in localised
flooding, as well as placing areas with lower ground levels at risk.

Eign Brook is culverted beneath the supermarket car park and Commercial Road
approximately 170m north-west of the site. The culvert opens approximately 60m east of
the site. Due to the distance of this culvert from the site, it is unlikely pose as a significant
risk to the site in terms of flooding.

The risk of flooding from artificial drainage systems is considered to be low.

Climate change is unlikely to affect the flooding risk to the site from such blockages.
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FLOOD MITIGATION MEASURES

5.1

5.2

5.3

5.4

5.5

Overview

The developable area lies within Flood Zone 2 and therefore flood mitigation has been
considered.

Overland flood flow

No further overland flow control measures are proposed as all surface water runoff up to
the 1 in 100 year climate change storm will be discharged via existing connections with
no increase in flow or volume as a result of the development.

There are no existing overland flood flow paths on-site.

Finished floor levels

As this site will be affected by fluvial flooding, freeboard levels will need to be incorporated
into the finished floor levels of the design. Low lying areas that could lead to ponding of
surface flows will be avoided by careful design of finished levels. As the development is
for commercial end use and is hence less vulnerable with a shorter lifespan, it is
acceptable to set finished floor levels 600mm above the 1 in 100 year plus 30% climate
change flood event.

Floor levels of the kiosk should be set 600mm above the 1 in 100 year plus 30% climate
change flood event (52.68mAQOD). This would make the finished floor levels of the kiosk
set at 53.28mAOD, being 480mm abaove the existing floor levels and 470mm above the
1in 100 year plus 70% climate change levels.

Safe access/egress

For extreme events outside the 1 in 100 year climate change flood extent, it is considered
appropriate that site users should be able to safely escape to an area within Flood Zone
1 (i.e. above the 1 in 1000 year flood level). In this case the route should be through a
walk of approximately 130m in a south-westerly direction along Commercial Road, until
the junction to access Union Walk is reached. Generally, vehicles can pass through water
depths of up to 300mm and as such vehicular access/egress should be feasible during a
flood event.

Flood management

The Environment Agency provides a free flood warning service for many areas at risk of
flooding from rivers and the sea. In some parts of England, the Environment Agency may
be able to provide warnings when flooding is possible. The Environment Agency free
flood warning service can provide advance notice of flooding and can provide time to
prepare for a potential flood event.
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The main means by which flood risks will be managed is through the Environment
Agency’s flood warning dissemination plan. This makes arrangements for warnings to be
provided within this Council's area, including individual warnings to high-risk properties.

Flood Warning and Flood Alert Areas can be viewed on the Environment Agency website.
The Environment Agency issue flood warnings to homes and businesses when flooding
to properties is expected. Upon receipt of a flood warning, occupants should take
immediate action. The Environment Agency also issue flood alerts when flooding to low
lying land and roads is expected. Flood alerts cover larger areas than flood warnings and
are issued more frequently. Upon receipt of an alert, occupants should be prepared for
flooding and to take action. Flood warnings and flood alerts are signed up to separately,
however when signing up for flood warnings homes and businesses must agree to
receive flood alerts.

All managers and staff should sign up to receive flood warnings. When a flood warning
is in place, it is recommended that the outside bar area is not to be used.

5.6 Environmental Permit/Ordinary watercourse easement and
consents

Under the Water Resources Act 1991 and associated byelaws, works in, over, under or
adjacent to main rivers require the consent of the EA and works in, over, under or
adjacent to ordinary watercourses will require IDB, Local Authority or LLFA consent. This
is to ensure that they neither interfere with the IDB/EA/LPA/LLFA's work nor adversely
affect the environment, fisheries, wildlife and flood defence in the locality.

No watercourses are located within the vicinity of the site, so consent from the EA/LLFA
will not be needed for any works on-site concerning proximity to a watercourse, along
with the requirement for specific easements for watercourses.

57 Groundwater

Due to the potential groundwater flood risk at the site it is recommended that groundwater
monitoring is undertaken and suitable mitigation included to anchor any underground
tanks if required.
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PLANNING CONTEXT

6.1  Application of planning policy
Section 14 of the NPPF includes measures specifically dealing with development
planning and flood risk using a sequential characterisation of risk based on planning
zones and the EA Flood Map. The main study requirement is to identify the flood zones
and vulnerability classification relevant to the proposed development, based on an
assessment of current and future conditions.
6.2 Land use vulnerability
Planning Practice Guidance (PPG) includes a list of appropriate land uses in each flood
zone dependent on vulnerability to flooding. In applying the Sequential Test, reference is
made to Table 6.1 below, reproduced from Table 3 of PPG.
Table 6.1: Flood risk vulnerability and flood zone ‘compatibility’
;Lc:ﬁgr:;;rity Essential Water Highly More Less
eoe o Infrastructure Compatible Vulnerable Vulnerable Vulnerable
Classification
Flood Zone 1 Appropriate Appropriate | Appropriate | Appropriate | Appropriate
Zone
Zone 2 Appropriate Appropriate | Exception Appropriate | Appropriate
Test
Required
Zone 3a Exception Appropriate | Should not | Exception Appropriate
Test Required be Test
permitted Required
Zone 3b Exception Appropriate | Should not | Should not | Should not
functional | Test Required be be be permitted
floodplain permitted permitted
With reference to Table 2 of the PPG, the proposed development, based on its use as a
service, is classed as ‘Less Vulnerable’. This classification of development is appropriate
for areas within Flood Zone 2 and therefore appropriate for the subject site.
6.3 Sequential Test
The Sequential Test is required to assess flood risk and the PPG recommends that the
test be applied at all stages of the planning process to direct new development to areas
with the lowest probability of flooding (Flood Zone 1).
The site is located within Flood Zone 2 and passes the Sequential Test; therefore, there
is no requirement for the Exception Test to be satisfied.
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SURFACE WATER DRAINAGE
ASSESSMENT

71

7.2

Scope

As development will be located in Flood Zone 2 and it is less than 1ha in size, the EA
requires such development to focus on the management of surface water run-off. This
section discusses the potential quantitative effects of the development on both the risk of
surface water flooding on-site and elsewhere within the catchment, as well as the type of
potential SuDS features that could be incorporated as part of the masterplan.

In accordance with the Defra Non-Statutory Technical Standards, the surface water
drainage strategy should seek to implement a SuDS hierarchy that aspires to achieve
reductions in surface water runoff rates to greenfield rates. Where a reduction to the
greenfield rate is not practicable, the proposed surface water drainage strategy should
not exceed the existing runoff rate.

In addition, Building Regulations Part H'" requires that the first choice of surface water
disposal should be to discharge to an adequate soakaway or infiltration system, where
practicable. If this is not reasonably practicable then discharge should be to a
watercourse, the least favourable option being to a sewer (surface water before
combined). Infiltration techniques should therefore be applied wherever they are
appropriate.

Pre-development situation

The development of the proposals will only result in a negligible change in impermeable
area from the existing scenario. Following development, it is likely that the site is likely to
communicate with the existing drainage system for the service station (via appropriate
pollution control measures), and discharge to the combined sewers on-site. Therefore,
soakaways or other infiltration based SuDS will not be incorporated into the drainage
design and discharge from the site will utilise existing connections.

T HM Government (2010 with 2013 amendments), 'The Building Regulations 2010: Approved Document H -
Drainage and Waste Disposal (2002 Edition incorporating 2010 amendments)’
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8 CONCLUSIONS AND
RECOMMENDATIONS

This FRA complies with the NPPF and Planning Practice Guidance and demonstrates
that flood risk from all sources has been considered in the proposed development. It is
also consistent with the Local Planning Authority requirements with regard to flood risk.

The proposed development site lies in an area designated by the EA as a Flood Zone 2
and is outlined to have between a 1in 100 and 1 in 1,000 (1%>0.1%) annual probability
of river flooding, in any year.

NPPF sets out a Sequential Test, which states that preference should be given to
development located within Flood Zone 1. This flood risk assessment demonstrates that
the requirements of the Sequential Test have been met, with the location of the site within
Flood Zone 2 and ‘Less Vulnerable’ classification of the development.

This flood risk assessment has considered multiple sources of flooding and concluded
the following:

Table 8.1: Flood risk summary

Source Level of risk Mitigation
. Low-Moderate The proposed development will remain
Fluvial .
in Flood Zone 2.
Tidal Low The preposed development will remain

in Flood Zone 2.

Low The site will remain unaffected by

Surface water surface water flooding.

Low-Moderate On-site water was struck between

Groundhwater depths of 2.00m to 4.10m

Low There is no known risk from existing
sewers and there is to be no increase in
off-site flows or volumes from the
development.

Sewers

Low The culverted Eign Brook to the east of
Artificial sources the site is not considered to pose a risk
to the site if kept clear of debris.

The site should not be at risk from a 1 in 100 year plus 30% climate change fluvial flood
event with the proposed finished floor levels of the kiosk being 600mm above the existing
flood event level. The finished floor levels of the kiosk should be set at a minimum of
53.28mAQD.

It is recommended that the managers and staff sign up to the Environmental Agency's
flood warning system, to be notified in advance of any flooding events to provide time to
prepare for a potential flood event.

Gardner Garages Ltd. 25
City Service Station, Hereford

Flood Risk Assessment

881904-R1(01)-FRA



The proposals will follow best practice regarding site drainage to ensure that any surface
water runoff from the development is managed, ensuring flood risk is not increased
elsewhere. The proposed development will not increase the impermeable area on-site
though it is likely that the surface water drainage from the service station will
communicate with the existing drainage network at the establishment.

Overall, taking into account the above points, the development of the site should not be
precluded on flood risk grounds.
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APPENDIX A
RSK GROUP SERVICE CONSTRAINTS

1. This report and the drainage design camried out in connection with the report (together the "Services") were compiled and
carried out by RSK LDE Ltd (RSK) for Gardner Garages Ltd. (the "client") in accordance with the terms of a contract between
RSK and the "client". The Services were performed by RSK with the skill and care ordinarily exercised by a reasonable civil
engineer at the time the Services were performed. Further, and in particular, the Services were performed by RSK taking into
account the limits of the scope of works required by the client, the time scale involved and the resources, including financial and
manpower resources, agreed between REK and the client.

2. Other than that expressly contained in paragraph 1 above, RSK provides no other representation or warranty whether express
or implied, in relation to the Services.

3. Unless otherwise agreed in writing, the Services were performed by RSK exclusively for the purposes of the client. RSK is not
aware of any interest of or reliance by any party other than the client in or on the Services. Unless expressly provided in writing,
RSK dees not authorise, consent or condone any party other than the client relying upon the Services. Should this report or any
part of this report, or otherwise details of the Services or any part of the Services be made known to any such party, and such
party relies thereon that party does so wholly at its own and sole risk and RSK disclaims any liability to such parties. Any such
party would be well advised to seek independent advice from a competent environmental consultant and/or lawyer.

4.1t is RSK's understanding that this report is to be used for the purpose described in the intreduction to the report. That purpose
was a significant factor in determining the scope and level of the Services. Should the purpose for which the report is used, or
the proposed use of the site change, this report may no longer be valid and any further use of or reliance upon the report in those
circumstances by the client without RSK's review and advice shall be at the client's sole and own risk. Should RSK be requested
to review the report after the date of this report, RSK shall be entitled to additional payment at the then existing rates or such
other terms as agreed between RSK and the client.

5. The passage of time may result in changes in site conditions, regulatory or cther legal provisions, technology or economic
conditions which could render the report inaccurate or unreliable. The information and conclusions contained in this report should
not be relied upen in the future without the written advice of RSK. In the absence of such written advice of RSK, reliance on the
report in the future shall be at the client's own and sole risk. Should RSK be requested to review the report in the future, RSK
shall be entitled to additional payment at the then existing rate or such other terms as may be agreed between RSK and the
client.

B. The cbhservations and conclusions described in this report are based solely upon the Services, which were provided pursuant
to the agreement between the client and RSK. RSK has not performed any observations, investigations, studies or testing not
specifically set out or required by the contract between the client and RSK. RSK is not liable for the existence of any condition,
the discovery of which would require performance of services not otherwise contained in the Services. For the avoidance of
doubt, unless othervise expressly referred to in the introduction to this report, RSK did not seek to evaluate the presence on or
off the site of asbestos, electromagnetic fields, lead paint, heavy metals, radon gas or other radicactive or hazardous materials.

7. The Services are based upon RSK's observations of existing physical conditions at the site gained from a walk-over survey of
the site together with RSK's interpretation of information including documentation, obtained from third parties and from the client
on the history and usage of the site. The Services are also based on information and/or analysis provided by independent testing
and information services or laboratories upon which RSK was reasonably entitled to rely. The Services clearly are limited by the
accuracy of the information, including documentation, reviewed by RSK and the cbservations possible at the time of the walk-
over survey. Further RSK was not authorised and did not attempt to independently verify the accuracy or completeness of
information, documentation or materials received from the client or third parties, including laboratories and information services,
during the performance of the Services. RSK is not liable for any inaccurate information or conclusions, the discovery of which
inaccuracies required the doing of any act including the gathering of any information which was not reasonably available to RSK
and including the doing of any independent investigation of the information provided to RSK save as otherwise provided in the
terms of the contract between the client and RSK.

8. The phase Il or intrusive environmental site investigation aspects of the Services is a limited sampling of the site at pre-
determined borehole and soil vapour locations based on the operational configuration of the site. The conclusions given in this
report are based on information gathered at the specific test locations and can only be extrapolated to an undefined limited area
around those locations. The extent of the limited area depends on the soil and groundwater conditions, together with the position
of any current structures and underground facilities and natural and cther activities on site. In addition, chemical analysis was
carried out for a limited number of parameters [as stipulated in the contract between the client and RSK] [based on an
understanding of the available operational and historical information,] and it should not be inferred that other chemical species
are not present.

9. Any site drawing(s) provided in this report is (are) not meant to be an accurate base plan, but is (are) used to present the
general relative locations of features on, and surrounding, the site. Features (boreholes, trial pits etc) annotated on site plans are
not drawn to scale but are centred over the appropriate location. Such features should not be used for setting out and should be
considered indicative only.
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APPENDIX B
PROPOSED SITE LAYOUT
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Our Ref: 314262 L02/CL

04t December 2018

Gardner Garages Ltd

Lansdown Road

Unit 26 Basepoint

Abbey Enterprise Centre
Premier Way

Abbey Park Industrial Estate
Romsey

3051 940

UK

Telephone: +44 (N1794 329276
WWW.rsk.co.uk

Cheltenham

Gloucestershire

GLS0 2JA

Attention of: Clive Gardner

Dear Clive

RE:

CITY SERVICE STATION, 40 COMMERCIAL ROAD, HEREFORD, HR1 2BG

BACKGROUND

RSK Environment Limited (RSK) was commissioned by Gardner Garages (the ‘Client’) to carry out
an initial assessment on the potential impact of the ongoing fuel station site use on the shallow soils
at the aforementioned site. A plan showing the site area is included as Figure 1. The purpose of the
assessment was to examine the site with regards to providing an indication as to the current condition
of the site with respect to the risks it may pose to sensitive receptors/the environment and as part of
the pre-purchase due diligence process.

The subject site is approximately 0.15 hectares in area and is currently an active fuel filling station.
The site is broadly rectangular in shape with maximum dimensions in the order of 45m northeast to
southwest and 30m north-west to south-east. There are 4 pumps spilt across two pump islands
beneath a forecourt canopy fronting onto Commercial Road to the immediate southeast. Car parking
is present along the north-eastern and south-western ends of the site, whilst a shop and car wash
occupy the north-western half. An interceptor tank is located within the western portion.

With reference to historic mapping data the site and surrounding area is shown to be a wool and
leather works (northwest) and a garage/engineering works (northeast). The wool and leather works
are no longer indicated on historic maps after 1975. An historic tank farm was located within the
south western portion of the site with vent stacks within the northeast portion. Information received
from the Petroleum officer indicates that in early 2003 evidence was detected of a potential forecourt
collapse caused by an underground void. The information provided indicated that historically the
petrol station was built on the site of a former wool and leather factory. Early drawings showed that
an old “pit” was present when the factory was constructed and the factory made use of this old “pit”
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and, subsequently, built it up using more modern bricks. This was evident as the bottom half of the
pit was constructed of a sandstone material and the top half a more modern orange brickwork. It was
suggested that the pit could have been used as a tanning/soaking pit.

It appeared that the pit was capped off using railway sleepers or similar which over the years rotted
and collapsed. To rectify this issue, it is believed the pit was infilled with a foamed mix of sand/cement
and, subsequent line tests for integrity, proved satisfactory. It was further noted that if the pit was
used as a tanning/soaking tank there was high possibility that others could be adjacent/near to it. A
ground penetrating radar was advised but no evidence of any results can be found. It is presumed
by the petroleum officer that no further pits were detected.

The published geological map indicates that the site is underlain by bedrock comprising
Carboniferous Period interbedded siltstone and mudstone of the Raglan Mudstone Formation.
Superficial deposits are shown to comprise Alluvium (clay, silt, sand and gravel) to the north-east
and Glaciofluvial Sheet Deposits (sand and gravel) to the south-west; the site is shown to lie on or
close to the boundary between the two. The Glaciofluvial Sheet Deposits have been shown to be
dense to very dense.

Historical online borehole data indicates that the superficial material may be in the region of a few
metres in thickness and granular in nature. It is anticipated that any groundwater present would be
within this stratum over the underlying solid geology, anticipated at a depth greater than 3 m.

The DEFRA Magic Maps website indicates the site is not located within a Groundwater Source
Protection Zone; the superficial deposits and bedrock geology are both classified as Secondary A
aquifers.

Eign Brook is located some 58 m southeast of the site and flows south southeast towards the River
Wye, some 850m south-southwest of the site.

1.1 Limitations

The comments given in this report and the opinions expressed are based on the ground conditions
encountered during the site works and on the results of tests made in the field.

However, there may be conditions pertaining to the site that have not been disclosed by the
investigation and therefore could not be taken into account. In particular, it should be noted that there
may be areas of Made Ground not detected or the thickness and quality of Made Ground across the
site may be variable.

Numerous underground services and obstructions were encountered during both phases of
investigation and ufility clearance exercise, as such suitable locations for safe investigation were
severely limited with a number of attempted holes meeting buried structures in excess of 2.0m depth.

This report is subject to the RSK Service Constraints presented in Appendix A.
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2 SUMMARY OF WORKS

RSK undertook 5 dynamic sampling holes, designated WS1, WS2, WS2a WS3 and WS4, on the
26th October 2018. Three (WS2, WS2a and WS3) of the exploratory holes refused within dense
gravel deposits during the hand digging of the pits with WS1 and WS4 refusing within dense gravels
at depth during windowless sampling. Due to ground conditions, the investigation was not able to be
completed to install boreholes into groundwater beneath the site.

Subsequently to the above, RSK reattended site between the 19" and 20t of November to
commence 3No boreholes using a tracked geo205 to a provisional depth of 5 - 6m.

The depths of the exploratory holes and the reason for their termination are summarised in Table 1

below.
Table 1 Summary of borehole termination depths

WS1 3.00 Refusal of drilling rig due to dense/very
dense ground

WS2 0.90 Concrete obstruction

WS2a 0.90 Concrete obstruction

WS3 0.55 Membrane and concrete obstruction

WS4 2.00 Refusal of drilling rig due to dense/very
dense ground

BH1 1.10 Refusal within hand pit due to very
dense sand and gravel

BH1a 6.00 Depth of investigation achieved

BH2 6.00 Depth of investigation achieved

BH4 2.10 Concrete ohstruction

Disturbed soil samples and samples of the groundwater were taken from the exploratory holes for
laboratory analysis. The approximate locations of the exploratory holes are given within Figure 2.

The descriptions of the strata encountered, list of samples taken, field observations of soil and
groundwater and the results of vane shear tests are included on the exploratory hole records
presented in Appendix B.

3 GROUND CONDITIONS

The RSK investigation identified a covering of Made Ground followed by Glaciofluvial deposits. Within
BH2 the top of the weathered bedrock was encountered at a depth of 5.50m. The exploratory hole
logs and other site work records are presented in Appendix B.

Detailed strata descriptions are outlined below.

Made Ground: Encountered at all exploratory hole positions, beneath the concrete and
hardstanding, to a maximum depth 3.00 m, comprised both granular and cohesive portions.
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The granular portion consists of greyish brown to reddish brown and noted as black, clayey. gravelly
sand with rare cobbles. The gravel fraction contains subrounded to angular brick, clinker, concrete
with timber fragments.

The cohesive made ground generally comprised greyish brown sandy, gravelly clay, with the gravel
fraction containing subrounded to angular limestone, brick and concrete.

Hydrocarbon odour and staining was noted sporadically across the site within the made ground
deposits

Glaciofluvial Deposits: Encountered beneath the made ground between depths of 2.1 m and 6.0
m described as a reddish/greyish brown gravelly sand.

Raglan Mudstone Formation: Encountered in BH2 only at a depth of 5.50m depth described as a
stiff to very stiff reddish brown slightly gravelly clay.

3.1 Gas Monitoring

The maximum results from the recent RSK investigation are presented in Table 2.

The range of atmospheric pressure over the 2 monitoring rounds completed was 997-1014 mbar and
this was recorded to be falling at the time of 2 rounds.

Table 2 Summary of RSK (2018) ground gas monitoring results
- g ¢
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BH1 GF 2 0 1.2 16.8 0] 2.67
BHZ2 GF 2 0 3.1 18.6 0 3.38
997 1014
Ws1 GF 2 0 2.4 16.1 02 Dry
WS4 MG 2 0 1.4 20.4 0 1.26
Note: MG — Made Ground, GF — Glacioffuvial
Maximum gas concenfrations and flows are presented in this table.

The results of the initial ground gas monitoring programme has detected no methane, a maximum
carbon dioxide concentration of 3.1%v/v and lowest oxygen concentration 16.1%, over a monitoring
period with atmospheric pressure conditions varying between 997 and 1014mbar.

e Methane GSV (0 I/hr) = methane concentration (0 % viv) x flow rate (0.2 I/hr)
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s Carbon Dioxide GSV (0.006 I/hr) = carbon dioxide concentration (3.1 % viv) x flow rate (0.2
I7hr).

Based on the GSVs derived and the method for determining the CS presented within Table 2 of
BS8485, the site has been characterised as CS1.

The Gas monitoring results are presented within Appendix C.
3.2 Groundwater

Groundwater was encountered within the Glaciofluvial deposits during the drilling of boreholes
BH1A and BH2 and window sample WS4,

Subsequent groundwater monitoring encountered a resting groundwater level at depths ranging
between 1.26 m bgl within VWS4 in the southern portion of the site and 3.51 m within BH2 in the
northern portion, is summarised in Table 3 below.

Table 3 Groundwater results during investigation

Groundwater level
during monitoring

Exploratory period m bgl
hole location {(mOD)
091118 22i11/18
BH1 Glaciofluvial - 294
BH?2 Glaciofluvial i 351
WS1 Glaciofluvial DRY )
Made Ground

WS4 1.26 158

It can be inferred from the above table that the general groundwater table lies within the Glaciofluvial
Deposits. Generally, groundwater is expect to flow in a southeast direction towards Widemarsh
Brook. It should be noted that groundwater levels might fluctuate for a number of reasons including
seasonal variations. Ongoing monitoring would be required to establish both the full range of
conditions and any trends in groundwater levels.

The Groundwater monitoring results are presented within Appendix C.
3.3 Visual/olfactory evidence of soil and groundwater contamination

Visual evidence of contamination was encountered in the form of hydrocarbon staining and odours
recorded locally throughout the site. On-site PID screening of disturbed samples indicated
concentrations of volatile organic compounds (VOCs) of below detection limits with the exception
of W34 at 1.6 m and 2.0 m which recorded readings of 33.0 and 4.0 ppm respectively..
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In addition to the above, a strong hydrocarbon odour and black staining was noted within the made
ground in WS4 at 1.6 m bgl.

The boreholes were analysed for product using an interface meter and found no detectable product

on the surface of the groundwater.

Representative groundwater samples were collected where applicable and scheduled for
appropriate analysis.

4 LABORATORY RESULTS

The testing was carried out to assess the levels of contamination within the made ground and
natural soils beneath the site with regard to potential risk posed to end users in the context of
ongoing use as a filling station and the underlying Secondary aquifer. Testing was undertaken by a
UKAS accredited laboratory.

41 Soils testing
Soil testing undertaken is summarised in Table 4 below:
Table 4 Summary of chemical testing of soil samples

Stratum Tests undertaken No. of tests

Speciated TPH, Speciated PAH, metals (As, Cd, Cr, Cu, 9
Hg, Pb, Ni, Se, Zn) and pH

Asbestos screening and 1D
TPH, PAH, BTEX and MTBE
VOC and SVOC

Total Organic Carbon (TOC)

Made ground

O | w]|w| w

The comparison of the laboratory results to the applicable RSK human health GAC for a
commercial end use indicates that measured concentrations listed above are not found to be in
excess of the GAC for a commercial end use.

Asbestos was detected within one of the four samples tested (WS2 at 0.60 m) identified as
Chrysotile and Crocidolite.

The resulis of the laboratory testing are presented within Appendix D.

The RSK GAC's for commercial end use are presented in Appendix E.
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42 Groundwater testing
Groundwater testing undertaken is summarised in Table 5 below:

Table 5 Summary of chemical testing of groundwater samples

Stratum Tests undertaken No. of tests

Speciated TPH, Speciated PAH, metals (As, Cd, Cr, Cu, 1
Hg, Pb, Ni, Se, Zn) and pH

alkanlinity, calcium, DOC 1
Made ground 't pAH, BTEX and MTBE 1
Fuel Oxygenates (ETBE, DIPE, TBA, TAME, ethanol) 1
Total Organic Carbon {TOC) 1

Glaciofluvial Speciated TPH, Speciated PAH, metals {(As, Cd, Cr, Cu, 2
and Raglan Hg, Pb, Ni, Se, Zn) and pH
Mudstone
Formation

alkanlinity, calcium, DOC 2
TPH, PAH, BTEX and MTBE 2
2
2

Fuel Oxygenates (ETBE, DIPE, TBA, TAME, ethanol)

Total Organic Carbon (TOC)

Based on the testing carried, no exceedances with regards to the RSK Human Health GrAC for
commercial end use have been recorded. Further comparison of the laboratory results to the UK
drinking water standards and EQS for freshwater indicates one marginal exceedance has been
identified for Cadmium, with a maximum concentration of 9.5,

5 CONCLUSIONS AND RECOMMENDATIONS

Based upon the investigation and subsequent testing carried out at the site, the following comments
are made with respect to the site.

« Ground conditions comprise variable made ground extending up to =2.0 m bgl, over water
bearing Glaciofluvial Deposits;

» The main potential source of contamination at the site derives from the sites use historically
as a wool and leather works, a garage and its current use as a petrol station. Testing of the
soils at the site has not identified any exceedances with regards to Human Health GAC’s for
a continued commercial end use. Furthermore, hardstanding is present across the site,
therefore no direct contact pollutant linkages are present with regards to Human Health;

» PID readings at the site ranged between non-detect and 33 ppm. This is not considered to
be significant with respect to the current and continued site use;

« Asbestos has been identified below the concrete slab/hardstanding at the site. It is our
understanding that no development will be occurring at the site and that the
slab/hardstanding will remain in situ, therefore the risks associated with asbestos are
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considered very low. Should future in ground works be planned, the future contractor should
be made aware to enable them to plan their works accordingly;

« Laboratory testing of the Groundwater underlying the site shows no exceedances of the
GAC’s, with one marginal exceedance of the EQS for Cadmium recorded within WS4. This
is not considered to be significant and therefore a very low risk to human health and controlled
waters are anticipated;

Based on the initial investigations undertaken and the resulis obtained, it is considered that the site
is unlikely to pose a significant risk to human health or controlled water receptors. This is based on
its current use and setting; should any aspect be altered (for example disturbance of hard
landscaping) this assessment will need to be reconsidered. Given the history of the site, degree of
subsurface obstructions present and absence of a monitoring point directly down hydraulic gradient
of the tanks, it is always possible that impacted soils and groundwater exist outside of the extents of
this investigation.

We trust that the above meets with your current requirements, but please do not hesitate to contact
the undersigned if you require further information or you have any queries.

Yours sincerely
For RSK Environment Limited

Craig Lewis Jeremy Leach
Senior Geoenvironmental Consultant Associate Director

Enc.

Figure 1 Site Location plan

Figure 2 Exploratory Hole Location Plan

Appendix A Service constraints

Appendix B Exploratory hole records

Appendix C Gas and Groundwater Monitoring results

Appendix D Laboratory Test Results

Appendix E RSK Generic Assessment Criteria - Commercial
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APPENDIX A
SERVICE CONSTRAINTS

1. This report and the site investigation carried out in connection with the report (together the "Services") were campiled and carried out by RSK
Environment Limited (RSK) for Gardner Garages (the "Client") in accordance with the terms of a cantract between RSK and the "client”. The
Services were performed by RSK with the skill and care ordinarily exercised by a reasonable enviranmental consultant at the time the Services
were performed. Further, and in particular, the Senvices were performed by RSK taking into account the limits of the scope of works required by
the client, the time scale involved and the resources, including financial and manpower resources, agreed between RSK and the client.

2. Other than that expressly cantained in paragraph 1 above, RSK provides no other representation or warranty whether express or implied, in
relation to the Services.

3.  Unless otherwise agreed in writing the Services were performed by RSK exclusively for the purposes of the client. RSK is not aware of any
interest of or reliance by any party other than the client in or on the Services. Unless expressly provided in writing, RSK does not authorise,
consent or condone any party other than the client relying upon the Services. Should this report or any part of this report, or otherwise details of
the Services or any part of the Services be made known to any such party, and such party relies thereon that party does sa wholly at its own
and sole risk and RSK disclaims any liability to such parties. Any such party would be well advised to seek independent advice from a
competent environmental consultant andfor lawyer.

4, Itis RSK's understanding that this repart is to be used for the purpose described in the introduction to the report. That purpose was a significant
factor in determining the scope and level of the Senvices. Should the purpose for which the report is used, orthe proposed use of the site change,
this report may no longer be valid and any further use of or reliance upon the report in those circumstances by the client without RS 's review
and advice shall be at the client's scle and own risk. Should RSK be requested to review the report after the date of this report, RSK shall be
entitled to additional payment at the then existing rates or such other terms as agreed between RSK and the client.

5. The passage of time may result in changes in site conditions, regulatory or other legal provisions, technology or economic conditions which
could render the report inaccurate or unreliable. The information and conclusions contained in this report should not be relied upon in the future
without the written advice of RSK. In the absence of such written advice of RSK, reliance on the report in the future shall be at the client's own
and sole risk. Should RSK be requested to review the report in the future, RSK shall be entitled to additional payment at the then existing rate
or such other terms as may be agreed between RSK and the client.

6.  The observations and conclusions described in this report are based solely upon the Services which were provided pursuant to the agreement
between the client and RSK. RSK has not performed any observations, investigations, studies or testing not specifically set out or required by
the contract between the client and RSIK. RSK is not liable for the existence of any condition, the discovery of which would require performance
of services not ctherwise contained in the Services. For the avoidance of doubt, unless otherwise expressly referred to in the introduction to this
report, RSK did not seek to evaluate the presence on or off the site of asbestos, electromagnetic fields, lead paint, heavy metals, radon gas or
other radioactive or hazardous materials.

7. The Services are based upon REK's observations of existing physical conditions at the Site gained from a walk-over survey of the site together
with RSK's interpretation of infarmation including documentation, obtained from third parties and from the client on the history and usage of the
site. The Services are also based on information and/or analysis provided by independent testing and information services or laboratories upon
which RSK was reasonably entitled to rely. The Services clearly are limited by the accuracy of the information, including documentation, reviewed
by RSK and the observations possible at the time of the walk-over survey. Further RSK was not authorised and did not attempt to independently
verify the accuracy or completeness of information, documentation or materials received from the clisnt or third parties, including laboratories
and infarmation services, during the performance of the Services. RSK is nct liable for any inaccurate information or conclusions, the discovery
of which inaccuracies required the doing of any act including the gathering of any information which was not reasonably available to RSK and
including the doing of any independent investigation of the information provided to RSK save as otherwise provided in the terms of the contract
betwesn the clisnt and RSK.

8. Theintrusive environmental site investigation aspects of the Senvicesis a limited sampling of the site at pre-determined borehole and soil vapour
locations based on the operational configuration of the site. The conclusions given in this report are based on information gathered at the specific
test locations and can only be extrapolated to an undefined limited area around those |ocations. The extent of the limited area depends on the
soil and groundwater conditions, together with the position of any current structures and underground facilities and natural and ather activities
on site. In addition chemical analysis was carried out for a limited number of parameters [as stipulated in the contract between the client and
RSK] [based on an understanding of the available operational and historical information], and it should not be inferred that other chemical
species are not present.

9. Any site drawing(s) provided in this report is (are) not meant to be an accurate base plan, but is (are) used to present the general relative
locations of features on, and surrounding, the site. Features (boreholes, trial pits etc) annotated on site plans are not drawn to scale but are
centred over the approximate location. Such features should not be used for setting out and should be considered indicative only.
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APPENDIX B
EXPLORATORY HOLE LOGS
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BOREHOLE LOG

2 CITY EERVICE STATICN.GPJ - v3_0#&.

n0s - 002 | Log CABLE PERCUSSION LOG - A4P | 31428

vB (8 - Core+l

Contract: Client: Borehole:
City Service Station Gardner Garages Ltd BH1
Contract Ref: Start: 11.19.18 | Ground Level; Co-ordinates: Shest:
314262 End: 11.19.18 -— -— 1 of 1
Samples and In-situ Tests 8| = Depth | Material
O Description of Strata {Thick | Graphic
Depth  [No| Type Results |3 ness) | Legend
MADE GROUND: Asphalt. T '
MADE GROUND: Coarse angular limestone GRAVEL with low 1030
limestone cobble content. Sub-base. L
0.50-0.70 ES ; F P F
050 FiD 0.0ppm MADE GROUND: Dark black gravelly fine to coarse SAND with low [{0.80)

cobble content and occasional brick. Gravel is fine to coarse of
sandstone becoming black coarse SAND at 0.50m depth.

T
-
a
o

Borehole terminated at 1.10m depth.

Priversion:

Boring Progress and Water Observations

Chiselling / Slow P
iselling / Slow Progress General Remarks

RSK Environment Ltd, The Old School, Stillhouse Lane, Bedminster, Bristol, BS3 4EE. Tel 0117 247 1006 Fax: 0117 847 1009 Web: www rsk.co uk, | 12/04418 - 14:50 | CL4 |

CINT_LIBRARY \V8_07 GLE LibVersion: v8 07 101

i Borehole :
Date | Time Bgf;ale %fp',:'f Diameter ‘g:‘f; From | To | pre]
(mm) P 1. GPR service scan.
2. HP 1o 1.10m depth.
3. End of hole at 1.10m depth.
4. Backfilled with bentonite.
All dimensions in metresl Scale: 1:50
Method Plant Drilled Logged RNewberry [ Checked ﬂ
Used: Used: Comacchio GEQ 205 [By DSUK |[Bv By:

Cable percussion




BOREHOLE LOG

2 CITY EERVICE STATICN.GPJ - v3_0#&.

n0s - 002 | Log CABLE PERCUSSION LOG - A4P | 31428

vB (8 - Core+l

Priversion:

Gontract: Client: Borahole:
City Service Station Gardner Garages Ltd BH1A
Contract Ref: Start: 10.26.18 | Ground Level: Co-ordinates: Sheet:
314262 End: 11.20.18 === - 1 of 1
Samples and In-situ Tests ks Depth | Material
‘g" Description of Strata {Thick | Graphic
Depth  [No| Type Results ness) | Legend
s MADE GROUND: Asphalt ]
- MADE GROUND: Concrete N33/
L MADE GRCUND: Yellowish brown very gravelly medium to coarse|t
r SAND. Gravel is sub-angular to sub-rounded fine to coarse frequent -{0.60)
- rick and concrete with rare clinker and glass. F1.00
- MADE GROUND: Reddish brown very sandy sub-angular to(} 120
A sub-rounded fine to coarse GRAVEL with a low cobble content. Sand|T
- is medium to coarse. Gravel of frequent brick and limestone. Rare]
C rick cobbles. L{0.90)
r MADE GROUND: Degraded wood across base of pit with black| [
C taining and moderate hydrocarbon odour. L5 10
- oooH -y Between 1.2 and 2 m core run, litle recovery. Scils recovered ——
L a0 o::\comprise wood fragments, with brick cobble stuck in base of barrel ’ L
C t-H-:{ Reddish brown very gravelly coarse SAND. Gravel of sub-angular to [{0.90) |
r ooH-] sub-rounded fine to coarse mudstone, sandstone and quartzite. r :
X r"H-2] (GLACIOFLUVIAL DEPOSITS) C
- o2 o] [ 3.00
- --:H--1 Reddish brown very gravelly fine to coarse SAND with a low cobble
[ 3.20-3.40 ES =l content. Gravel is fine to coarse sandstone, siltstone and quartzite. [
[ 3.20 PID 0.0ppm .2-H:.] Becoming reddish brown sand and gravel. i
[ Ay [ H:1 (GLACIOFLUVIAL DEPOSITS) [
: R [(3.00) |
[ 5.10-5.30 ES oo :
[ 5.10 PID 0.0ppm = O r
i o [ 6.00
- Borehole terminated at 6. 00m depth. H
Boring Progress and Water Observations Chiselling / Slow Progress G | R k
) Borehcle| Casing | Borehdle | yyater Duration eneral Remarks
Date Time Diameter From To (hh:mm)

Depth Depth {mim) Depth

1. GPR service scan.

2. Groundwater encountered at 3.60m depth.

3. End of hole at 6.00m depth.

4. Installed with 2.00m of plain pipe and 4.00m of
slotted pipe.

All dimensions in metresl Scale: 1:50

RSK Environment Ltd, The Qld School, Stillhouse Lane, Bedminster, Bristol, BS3 4EB. Tel, 0117 847 1006 Fax: 0117 947 1009 Web: wew rsk.co Uk, | 1204418 - 14:50 | CL4 |

CINT_LIBRARY \V8_07 GLE LibVersion: v8 07 101

Method Plant Drilled Logged RNewberry | Checked
Used:  Cable percussion |Ysed: Comacchio GEQ 205 |By: DSUK |By By:




BOREHOLE LOG

2 CITY EERVICE STATICN.GPJ - v3_0#&.

n0s - 002 | Log CABLE PERCUSSION LOG - A4P | 31428

vB (8 - Core+l

Gontract: Client: Borehole:
City Service Station Gardner Garages Ltd BH2
Contract Ref: Start: 11.19.18 | Ground Level; Co-ordinates: Sheet:
314262 End: 11.19.18 — — 1 of 1
Samples and In-situ Tests ks 2 éé Depth | Material
@ E52 Description of Strata {Thick | Graphic
Depth  |No| Type Results = S 2 ness) | Legend
: MADE GROUND: Asphalt. B '
- MADE GROUND: Reddish brown clayey gravelly fine to coarse
[ 0.40-0.60 ES SAND. Gravel is fine to coarse angular to subrounded of frequent
r 0.40 PID 0.0ppm slate, sandstone and mudstone and occasional brick and metal wire.
- ... at 0.70m brick structure.
- MADE GROUND: Brown slightly slightly gravelly sandy CLAY. Gravel -
i is fine to coarse subangular to subrounded mudstone, sandstone and [ 1.30
L 1.20-1.40 ES rare slate. I —
:1'20 PID 0.0ppm Firm dark brown sandy gravelly CLAY with low sandstone cobble | [— = -
L content. Gravel is subangular to subrounded of sandstone and rare | — ]
r quartzite. [(1.30)
- {GLACICFLUVIAL DEPOSITS) -
- H F 260
- L=.H-.1 Greyish brown gravelly fine to coarse SAND. Gravel is fine to coarse
[ > 80-3.00 ES *.’H-*] subangular to subrounded sandstone. Becoming reddish brown below [
-2.80 PID 0.0ppm eceH2=] 3.30m depth. N
[ “°He:] (GLACIOFLUVIAL DEPOSITS) [
[ Ay [H] [(2.90) |~
[ 5.20-5.40 ES NSRS - -
[ 5.20 PID 0.0ppm 0= O [ 550 [S
- rorHoe] Stiff to very stiff reddish brown slightly gravelly CLAY. 0,50 FP——
C L2:H.] (RAGLAN MUDSTONE FORMATION) (0-50) - —= —
L L=H- [ 600 F — —
- Borehole terminated at 6. 00m depth. i

Priversion:

RSK Environment Ltd, The Old School, Stillhouse Lane, Bedminster, Bristol, BS3 4EE. Tel 0117 247 1006 Fax: 0117 847 1009 Web: www rsk.co uk, | 12/04418 - 14:50 | CL4 |

CINT_LIBRARY \V8_07 GLE LibVersion: v8 07 101

Boring Progress and Water Observations Chiselling / Slow Progress G | R k
) Borehcle| Casing | Borehdle | yyater Duration eneral Remarks
Date Time Depth | Depth Diameter Danth From To (hh:mm)
(mm) P 1. GPR service scan.
2. HP 1o 1.20m depth.
3. Groundwater encountered at 4.10m depth.
4. Installed with 2.00m of plain pipe and 4.00m f
slotted pipe.
5. End of hole at 8.00m depth.
All dimensions in metresl Scale: 1:50
Method Plant Drilled Logged RNewberry [ Checked ﬂ
Used:  Cable percussion |Ysed: Comacchio GEQ 205 |By: DSUK |By By:




BOREHOLE LOG

2 CITY EERVICE STATICN.GPJ - v3_0#&.

n0s - 002 | Log CABLE PERCUSSION LOG - A4P | 31428

vB (8 - Core+l

Priversion:

Gontract: Client: Borehole:
City Service Station Gardner Garages Ltd BH4
Contract Ref: Start: 11.20.18 | Ground Level; Co-ordinates: Sheet:
314262 End: 11.20.18 — — 1 of 1
Samples and In-situ Tests 8| = Depth | Material
O Description of Strata {Thick | Graphic
Depth  [No| Type Results |3 ness) | Legend
: MADE GROUND: Asphalt. T '
- MADE GROUND: Cancrete. -
L MADE GROUND: Greyish brown very gravelly fine to coarse SAND. 1{0.60)
i g.gg-o.?o EFE'J 00 Gravel is fine to coarse angular to subrounded ofslate, sandstone and [ a0
- --ppm mudstone and rare glass and metal wire. T
- MADE GROUND: Brown slightly sandy gravelly CLAY. Gravel is fine -
[ 110-1.30 ES to coarse of sandstone, mudstone and occasional slate and brick [
C1.10 PID 0.0ppm fragments with rare quartzite fragments. :(1 30)
- A 210
- Borehole terminated at 2.10m depth on concrete obstruction. C
Boring Progress and Water Observations Chiselling / Slow Progress
) Borehcle| Casing | Borehdle | yyater Duration General Remarks
Date Time Diameter From To (hh:mm)

Depth Depth {mim) Depth

1. HP to 1.20m depth.

2. Groundwater encountered at 2.00m depth.
3. End of hole at 2.10m depth on concrete.
4. Backfilled with bentonite.

RSK Environment Ltd, The Old School, Stillhouse Lane, Bedminster, Bristol, BS3 4EE. Tel 0117 247 1006 Fax: 0117 847 1009 Web: www rsk.co uk, | 12/04418 - 14:50 | CL4 |

CINT_LIBRARY \V8_07 GLE LibVersion: v8 07 101

All dimensions in metresl Scale: 1:50
Method Plant Drilled Logged RNewberry [ Checked ﬂ
Used:  Cable percussion |Ysed: Comacchio GEQ 205 |By: DSUK |By By:




TRIAL PIT LOG

CITY SERVICE STATION.GR. - v8 06

g8 - 002 | Log TRIAL PITLOG - A4P | 314262

vB (8 - Core+l

Gontract: Client: Trial Pit:

City Service Station Gardner Garages Ltd ws2
Contract Ref. Start: 10.26.18 | Ground Level: Co-ordinates: Sheet:
314262 End: 10.26.18 o o 1 of 1
Samples and In-situ Tests 5| = Depth | Material
gz Description of Strata {Thick | Graphic
Depth [No| Type | Results = a ness) | Legend
MADE GROUND: Asphalt. 0.07 |

MADE GROUND: Reddish brown very sandy GRAVEL. Sand is | p2p

coarse. Gravel of sub-angular to angular fine to coarse Iimestonef

scalpings (type 1).

MADE GROUND: Greyish brown gravelly very sandy CLAY. Sand is
medium. Gravel of sub-angular to sub-rounded fine to coarse brick,

slate, sandstone and rare concrete. Localised pockets of sand. [(0.70)

... at 0.8m boulder sized breeze block (>200mm)

Terminated at 0.80 m bgl due to refusal on concrete

Priversion:

Plan {Nct to Scale)

0.30

General Remarks

- (.30 —

1. Scanned with GPR and CAT/Genny.
2. No groundwater encountered

3. Concrete obstruction encountered at 0.9 m bgl during hand excavation
4. Backfilled with arisings and concrete plug upon completion.

All dimensions in metres

| Scale:

1:25

RSK Environment Ltd, The Old School, Stillhouse Lane, Bedminster, Bristol, BS3 4EE. Tel 0117 247 1006 Fax: 0117 847 1009 Web: www rsk.co uk, | 12/04418 - 14:57 | CL4 |
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Method
Used:

Plant
Hand dug Used:

Logged

Hand tools By:

HBovenizer

Checked
By:




TRIAL PIT LOG

CITY SERVICE STATION.GR. - v8 06

g8 - 002 | Log TRIAL PITLOG - A4P | 314262

vB (8 - Core+l

Gontract: Client: Trial Pit:
City Service Station Gardner Garages Ltd WS2A
Contract Ref. Start: 10.26.18 | Ground Level: Co-ordinates: Sheet:
314262 End: 10.26.18 === - 1 of 1
Samples and In-situ Tests 5| = Depth | Material
gz Description of Strata {Thick | Graphic
Depth [No| Type | Results = a ness) | Legend
MADE GROUND: Asphalt. 007 |
MADE GROUND: Reddish brown very sandy GRAVEL. Sand is | n20
coarse. Gravel of sub-angular to angular fine to coarse limestone
scalpings (type 1). f r
0.40 PID 0.0 MADE GROUND: Greyish brown gravelly very sandy CLAY. Sandis
) -Hppm medium. Gravel of sub-angular to sub-rounded fine to coarse brick, |
slate sandstone and rare concrete. Localised pockets of sand. 1 (C.70)
060 ES IXT 1xd 1xV
0.80 PID 0.0ppm | 0.90

Terminated at 0.80 m bgl due to refusal on concrete

Priversion:

Plan {Nct to Scale)

0.30
B

General Remarks

- (.30 —

1. Scanned with GPR and CAT/Genny.
2. No groundwater encountered

3. Concrete obstruction encountered at 0.9 m bgl during hand excavation
4. Backfilled with arisings and concrete plug upon completion.

All dimensions in metres

| Scale:

1:25

RSK Environment Ltd, The Old School, Stillhouse Lane, Bedminster, Bristol, BS3 4EE. Tel 0117 247 1006 Fax: 0117 847 1009 Web: www rsk.co uk, | 12/04418 - 14:57 | CL4 |

CINT_LIBRARY \V8_07 GLE LibVersion: v8 07 101

Method
Used:

Plant
Used:

Hand dug

Hand tools

Logged
By:

HBovenizer

Checked
By:




TRIAL PIT LOG

CITY SERVICE STATION.GR. - v8 06

g8 - 002 | Log TRIAL PITLOG - A4P | 314262

vB (8 - Core+l

\slate, sandstone and rare concrete. Localised pockets of sand. Ian

Gontract: Client: Trial Pit:
City Service Station Gardner Garages Ltd WS3
Contract Ref. Start: 10.26.18 | Ground Level: Co-ordinates: Sheet:
314262 End: 10.26.18 o o 1 of 1
Samples and In-situ Tests 5| = Depth | Material
gz Description of Strata {Thick | Graphic
Depth [No| Type | Results = a ness) | Legend
MADE GROUND: Asphalt. 007 |
MADE GROUND: Reddish brown very sandy GRAVEL. Sand is 015
coarse. Gravel of sub-angular to angular fine to coarse limestone|[
scalpings (type 1). " (0.40)
[ 040 ES AT 1) 15 MADE GROUND: Greyish brown gravelly very sandy CLAY. Sand is
L 040 PID XO,O;pmx medium. Gravel of sub-angular to sub-rounded fine to coarse brick, | 0.55

Terminated at 0.55 m bgl due to refusal on membrane over concrete

Priversion:

Plan {Nct to Scale)

0.30

General Remarks

- (.30 —

1. Scanned with GPR and CAT/Genny.
2. No groundwater encountered

3. Concrete obstruction encountered at 0.55 m bgl during hand excavation
4. Backfilled with arisings and concrete plug upon completion.

All dimensions in metres

| Scale:

1:25

RSK Environment Ltd, The Old School, Stillhouse Lane, Bedminster, Bristol, BS3 4EE. Tel 0117 247 1006 Fax: 0117 847 1009 Web: www rsk.co uk, | 12/04418 - 14:57 | CL4 |
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Method
Used:

Plant
Hand dug Used:

Logged

Hand tools By:

HBovenizer

Checked
By:




WINDOW SAMPLE LOG

Contract:

City Service Station

Client:

Gardner Garages Ltd

Window Sample:

WS1

Contract Ref

314262

Start: 10.26.18
End: 10.26.18

Ground Level:

Co-ordinates: Sheet:

1 of 1

Progress

Samples / Tests

CITY SERVICE STATION.GPJ - v3_06.

o0 - 002 | Log WINDCGW SAMPLE LOG - A4P | 314282

vB_ 08 - Core+L

Window Run

Depth

Results

Description of Strata

Water
Instru-
mentation

EC

Depth | Material
{Thick | Graphic
ness) | Legend

0.0ppm

1xT 1xd 1V
0.0ppm

20.0ppm

1xT 1xd v
0.0ppm

0.0ppm

1T 1xJ 1V
0 .Oppm

MADE GROUND: Asphalt.

0.10

MADE GROUND: Reddish brown very sandy
sub-angular to sub-rounded fine to coarse GRAVEL with

[ 0.29

low cobble content. Sand is medium to coarse. Gravell_m 0

of brick and limestone. Rare brick cobble.
\MADE GROUND: Concrete. [

MADE GROUND: Yellow brown very gravelly SAND.
Sand is medium to coarse. Gravel of sub-angular to
sub-rounded fine to coarse brick and concrete, with rare
glass. Rare clinker

... from 0.6m, cobbles of brick, concrete and breeze
blocks.

1.00

... from 0.6 m becoming black/ashy f

MADE GROUND: Degraded wood across base of pit I

1.20

...at1.0mto 1.2 m, degraded wood across base of
pit, black staining, with hydrocarbon odour.

Between 1.2 and 2 m core run, little recovery. Soils
recovered comprise wood fragments, with brick cobble
stuck in base of bamel.

with black staining, with hydrocarbon odour. f

... from 2 m pocket of foul lime and becoming more

clayey, with fine clinker gravel {at top of core run 2 m to/
3 m)

Reddish brown very gravelly coarse SAND. Gravel of

sub-angular to sub-rounded fine to coarse mudstone,

sandstone and guartzite.

{GLACIOFLUVIAL DEPGSITS)

. at 2.6 m cobble of sandstone

... at 3.0 m becoming damp

bamel.

Terminated at 3.00 m bgl, due to refusal of drilling |

Priversion:

R5K Environment Ltd, The Cld School, Stillhouse Lane, Bedminster, Eristol, BS3 4EB. Tel: 0117 847 1008 Fax 0177 847 1008 Web: vaow rsk.co.uk, | 1204418 - 14:52 | CL4 |

CINT_LIBRARY V8 07 GLE LibVersion: v8_07_001

Drilling Progress and Water Observations
Barehole Borehdle | Water General Remarks
Date Time Depth Diameter | Depth
() (mm) 1. Scanned with GPR and CAT/Genny. Hand dug pit to 1.2 m bgl
2. No groundwater encountered
3. Installed with gas and groundwater monitoring pipe, with response zone
between 2 mand 3 m bgl
All dimensions in metres Scale: 1:25
Method  Inspection pit + Drilled Logged Checked ﬂ'
Used:  Tracked window |Ysed: Archway Competitor |BY: 2?77 By: HBovenizer |BY:

sampling



WINDOW SAMPLE LOG

CITY SERVICE STATION.GPJ - v3_06.

o0 - 002 | Log WINDCGW SAMPLE LOG - A4P | 314282

vB_ 08 - Core+L

Gontract: Client: Window Sample:
City Service Station Gardner Garages Ltd ws4
Contract Ref Start: 10.26.18 | Ground Level: Co-ordinates: Sheet:
314262 End: 10.26.18 1 o 1
Progress Samples / Tests 5 - Depth | Material
: B og% Description of Strata {Thick | Graphic
Window Run Depth No | Type Results Z[gEL ness) | Legend
| | MADE GROUND: Asphalt 1 oos POERXE
| | MADE GROUND: Concrete 0.19 ﬁ%"ﬂ
MADE GROUND: Reddish brown very sandy GRAVEL.
I [ Gravel of angular to sub-angular fine to coarse [ 0.40
- - limestone scalpings. i
- - MADE GROUND: Reddish brown sandy very gravelly -
| | 0.50 PID 0.0ppm CLAY. Sand is medium. Gravel of angular to (0.50)
I | 0.60 ES [ T 1xd 1xv sub-rounded brick and quartzite with rare concrete. .
I [ | 0.90
MADE GROUND: Reddish brown slighty gravelly sandy
B B CLAY. Sand is medium. Gravel of sub-angular to [
I I sub-rounded fine to medium quartzite and mudstone |
L I with rare brick. L
1.20 ES 1XT 1xJ 1=V
- - 1.20 PID 0.0ppm -
- - r{1.10)
I [ 1.60 ES | 1xT 1xJ 1xv .. . between 16 m and 1.7 m, black staining and I
i [ 1.60 PID 33.0ppm hydrocarbon odour. I
- - ... freom 1.7 m hydrocarbon odour lessenign toward
s s base of borehole L
| | .. .at 1.95 m, possibly into top of sands and gravels | 2.00
2.00 ES | 1xT 1xd 1xv \(glacial till) /
i [ 2.00 PID 4.0ppm Terminated at 2.00 m bgl, due to refusal of drilling |

barrel. r

Priversion:

R5K Environment Ltd, The Cld School, Stillhouse Lane, Bedminster, Eristol, BS3 4EB. Tel: 0117 847 1008 Fax 0177 847 1008 Web: vaow rsk.co.uk, | 1204418 - 14:52 | CL4 |

CINT_LIBRARY V8 07 GLE LibVersion: v8_07_001

Drilling Progress and Water Observations
Gorehole | Casing | Sorehdle | Water General Remarks
Date Time Depth | Diameter | Depth
{m) (mm) () 1. Scanned with GPR and CAT/Genny. Hand dug pit to 1.2 m bgl
2. No groundwater encountered
3. Installed with gas and groundwater monitoring pipe, with response zone
between 1 mand 2 m bgl
All dimensions in metres Scale: 1:25
Method Inspection pit + |Plant Drilled Logged Checked ﬂ
Used:  Tracked window |Ysed: Archway Competitor |BY: 2?77 By: HBovenizer |BY:

sampling



APPENDIX C
GAS AND GROUNDWATER MONITORING RESULTS

28616 L0O3 (00)



IN-SITU GAS MONITORING RESULTS

[Pressures] Previous  During Start End Equipment Used & Remarks
Round 1 Constant Constant 997 997 Weather. Overcast + Ground: Dry + Wind: Light + Air Temp: 10DegC
Round 2 - Rising 1013 1014 Weather: Clear + Ground: Dry + Wind: None + Air Temp: 4DegC
Exploratory s Fipe Monitoring | Reported | Measured ; Borehale| Atmos | Gas | Water | Carbon | Methane | Oxygen PID Carbon | Hydrogen
Position | PiPe |diameter|  Round ~ | Installation | Installation | Response Zone Date & Time | prgssurefPressurd Flow | Depth | Dioxide Monoxids | Sulphide
ol ref | (mm) Depth | Depth of Monitoring =1 (mb) | (mb) | (hr) | (mbgl} | (%/vol) | (%/vol) | (%/vol) | (ppm) | (pom} | {ppm)
(m) {mbgl} {elapsed time}
BH1 HREF] #REF! 2 NDA No Installation 22/11/201810:21:00 | 1014 | 1014 | 0.0, - - - - - - 5
BH1 HREF! #REF! 2 ==m No Installation 60 secs = - 0.0;6, & 5 s 5 = ; .
BH1 HREF] #REF! 2(2) NDA --- No Installation 22/11/218 10:23:00 - . = % 0.1 0.0 20.9 3.4 0 0
BH1 HREF! #REF! 2(2) N6 Installation 15 secs = - - - 1.1 0.0 19.7 - 158 0
BH1 HREF! #REF! 2(2) - No Installation 30 secs - - - - 1.1 0.0 17.8 - 232 0
BH1 HREF] #REF! 2(2) No Installaton 60 secs - - - - 1A 0.0 17.2 - 212 0
BH1 HREF] #REF! 2(2) No Installation 90 secs 4 g = 8 1.4 0.0 17.1 = 193 0
BH1 HREF] #REF! 2(2) No Installation 120 secs = . s . 1.1 0.0 17.1 . 179 Q
BH1 HREF] #REF! 2(2) No Installation 180 secs - - - - 1.1 0.0 17.1 - 163 0
BH1 HREF! #REF! 2(2) No Installation 240 secs 3 - - - 1.1 0.0 17.1 - 161 0
BH1 HREF! #REF! 2(2) N6 Installaton 300 secs - - - - 1.2 0.0 17.0 - 168 0
BH1 HREF! #REF! 2(2) No Installaton 360 secs = - - - 1.2 0.0 17.0 - 181 1
BH1 HREF] #REF! 2(2) No Installation 420 secs - - - : 1.2 0.0 16.9 - 195 1
BH1 HREF] #REF! 2(2) No Installation 480 secs - - - - 1.2 0.0 16.8 - 210 1
BH1 HREF] #REF! 2(2) No Installation 540 secs - - - - 1.2 0.0 16.8 - 223 1
BH1 HREF!] #REF! 2(2) No Instaltation 500 secs 5 - - - 1.2 0.0 16.8 - 223 1
BH1 HREF! #REF! 2(3) NDA 548 N6 Installation 22/11/2018 10:34:00 - - - 267 - - - - - -
Key: | = Initial, P = Peak, $S = Steady State. Note: LEL = Lower Explosive Limit = 5% wiv.
RSK Environment Ltd Compiled By Date Checked By Date Contract Ref:
TheOldSschool | [ G0 26/11118 314262
Stillhouse Lane Coniract: Page
Bedminster City Service Station

Bristol BS3 4EB

10f4®

GINT_LIBRARY_VB8_0B.GLE: E - GAS MON - STANDARD - 64 - 4L 314262 _CITY SERVICE STATION.GPJ : 26111118 16:58 : H32 :



IN-SITU GAS MONITORING RESULTS

Exploratory ; Pipe Monitoring | Reportad | Measured y Borehale| Atmos | Gas | Water | Carbhon | Methane | Oxygen PID Carbon | Hydrogen
Position | PP [diameter| ~ Round ~ | Installation | Installation | Respanse Zone Date & Time  |pragsurefPressurd Flow | Depth | Dioxide Monaoxide | Sulphide
o ref | (mm) Depth | Depth of Monitoring | (mb) | (mb) | (hr) | (mbgl} | (%/vol) | (%/vol) | (%/vol} | (ppm) | (ppm} | {ppm)
(m) {mbgl} {elapsed time}
BH2 1 50 2 6.00 2.00 10 8.00 2211172018 09:11:00 | 1014 | 1014 | 0.0, s - . s s . .
BH2 1 50 2 - 2.00 {6 .00 B0 secs . - 0.0,55) " " . . - . 8
BH2 1 50 2(2) 6.00 2.00 10 6.00 22/11/2018 09:13:00 : - - - 0.1 0.0 208 05 0 0
BH2 1 50 2(2) 2.0010 6.00 15 secs - - - - 29 00 205 - 0 0
BH2 1 50 2(2) 20010 8.00 30 secs - - - - 29 0.0 19.1 - 1 0
BH2 ] 50 2(2) 2001 6.00 60 secs - - - - 3.0 0.0 18.8 - 1 0
BH2 1 50 2(2) 2.0010 6.00 90 secs - - - - 3.0 0.0 18.8 - 0 0
BH2 1 50 2(2) 2.0010 6.00 120 secs - - - - 3.0 0.0 18.8 - 0 0
BH2 1 50 2(2) 20010 8.00 180 secs - - - - 3.0 0.0 18.7 - 0 0
BH2 1 50 2(2) 20010 6.00 240 secs - - - - 3.0 0.0 18.7 - 0 0
BH2 1 50 2(2) 20010 6.00 300 secs - - - - 3.1 0.0 18.6 - 0 0
BH2 1 50 2(3) 6.00 5.58 2.0010 6.00 2201172018 09:19:00 - - - 3.39 - - - - - -
W31 1 50 1 3.00 2.00 10 3.00 09/11/2018 08:38:00 | 997 997 | 0.1, - - - - - - -
W31 1 50 1 = 2.00ta 3.00 60 secs 5 = 0_2@8) % = = i 4 5 i
WSs1 1 50 1(2) 3.00 20010 3.00 09/11/2018 08:40:00 - - - - 0.1 0.0 208 03 0 0
ws1 1 50 1(2) 2.0010 3.00 15 secs - - - - 1.0 0.0 19.4 - 0 0
ws1 1 50 1(2) 20010 3.00 30 secs - - - - 0.9 0.0 19.0 - 0 0
ws1 1 50 1(2) 20016 3.00 60 secs - - - - 1.0 0.0 18.7 - 0 0
ws1 1 50 1(2) 20010 3.00 90 secs - - - - 0.9 0.0 189 - 0 0
WS1 1 50 1(2) 2.0010 3.00 120 secs - - - - 09 00 188 - 0 0
WS1 1 60 1(2) --- 2.00 o 3.00 180 secs - - - - 11 0.0 185 - 0 0
ws1 1 50 1(2) 20010 3.00 240 secs - - - - 1.2 0.0 18.3 - 0 0
ws1 1 50 1(2) 2.0010 3.00 300 secs - - - - 1.4 0.0 18.0 - 0 0
wWSs1 1 50 1(2) 2.0010 3.00 360 secs - - - - 1.5 0.0 176 - 0 0
Key: | = Initial, P = Peak, $S = Steady State. Note: LEL = Lower Explosive Limit = 5% wiv.

RSK Environment Ltd Compiled By Date Checked By Date Contract Ref:
Theoldschool | |GG 26111118 314262
Stillhouse Lane Coniract: Page

Bedminster City Service Station

Bristol BS3 4EB

20f4®

GINT_LIBRARY_VB8_0B.GLE: E - GAS MON - STANDARD - 64 - 4L 314262 _CITY SERVICE STATION.GPJ : 26111118 16:58 : H32 :




IN-SITU GAS MONITORING RESULTS

Exploratory ; Pipe Monitoring | Reportad | Measured y Borehale| Atmos | Gas | Water | Carbhon | Methane | Oxygen PID Carbon | Hydrogen
Position | PP [diameter| ~ Round ~ | Installation | Installation | Respanse Zone Date & Time  |pragsurefPressurd Flow | Depth | Dioxide Monaoxide | Sulphide
o ref | (mm) Depth | Depth of Monitoring | (mb) | (mb) | (hr) | (mbgl} | (%/vol) | (%/vol) | (%/vol} | (ppm) | (ppm} | {ppm)
(m) {mbgl} {elapsed time}
W31 1 50 1(2) --- 2.00 to 3.00 420 secs = z & & 17 0.0 17.4 1 0 0
ws1 1 50 1(2) 20015 3.00 480 secs - - - - 2.0 0.0 16.6 - 0 0
ws1 1 50 1(2) 2.0010 3.00 540 secs - - - - 22 0.0 16.4 - 0 0
wWSs1 1 50 1(2) 2.001t0 3.00 B0O secs - - - - 24 00 16.1 - 0 0
ws1 1 50 1(3) 3.00 2.60 2.00 10 3.00 09/11/2018 08:51:00 . . & DRY 5 . . s . -
ws4 1 50 1 2.00 1.00 16 2.00 09/11/2018 07:52:00 | 997 897 | 0.0y - z 3 . = a .
W34 1 a0 1 - 1.00 o 2.00 60 secs 2 : 0.0,g5 % 3 2 < - 2 4
ws4 1 50 1(2) 2.00 1.00 10 2.00 09/11/2018 07:54:00 4 5 - - 0.1 0.0 21.0 0.5 0 0
ws4 1 50 1(2) 1.0010 2.00 15 secs - - - - 1.2 0.0 205 - 0 0
ws4 1 50 1(2) 1.0010 2.00 30 secs - - - - 1.2 0.0 202 - 0 0
WS4 1 50 1(2) 1.00 16 2.00 60 secs - - - - 1.2 0.0 202 - 0 0
ws4 1 50 1(2) 1.00 10 2.00 90 secs - - - - 1.2 0.0 20.2 - 0 0
ws4 1 50 1(2) 1.00 10 2.00 120 secs - - - - 1.2 0.0 20.2 - 0 0
W34 1 50 1(2) - 1.00 to 2.00 180 secs - - - - 1.2 0.0 201 4 0] 0
W34 1 50 1(2) 1.0010 2.00 240 secs - - - - 1.2 0.0 202 - 0 0
ws4 1 50 1(2) 1.00 10 2.00 300 secs - - - - 1.2 0.0 20.2 - 0 0
ws4 1 50 1(3) 2.00 1.79 1.00 1o 2.00 09/11/2018 08:00:00 4 g - 1.26 5 6 s & = g
WS4 1 50 2 2.00 s 1.00 {0 2.00 221112018 08:13:00 | 1013 1013 | 0.0, = - o 5 - “ "
W34 1 50 2 — 1.0010 2.00 60 secs = - 0.0,g5 = = - - - _ -
WS4 1 50 2(2) 2.00 1.00 10 2.00 22/11/2018 08:15:00 5 - - - 01 00 21.0 0.1 0 0
W34 1 60 2(2) - 1.00 te 2.00 15 secs - - - - 1.4 0.0 208 - 0 0
ws4 1 50 2(2) 1.0010 2.00 30 secs - - - - 1.4 0.0 205 - 0 0
WS4 1 50 2(2) 1.0010 2.00 60 secs - - - - 1.4 0.0 204 - 0 0
ws4 1 50 2(2) 1.00 10 2.00 90 secs - - - - 1.4 0.0 204 - 0 0
Key: | = Initial, P = Peak, $S = Steady State. Note: LEL = Lower Explosive Limit = 5% wiv.

RSK Environment Ltd Compiled By Date Checked By Date Contract Ref:
Theoldschool | |G 26111118 314262
Stillhouse Lane Coniract: Page

Bedminster City Service Station

Bristol BS3 4EB

30f4®

GINT_LIBRARY_VB8_0B.GLE: E - GAS MON - STANDARD - 64 - 4L 314262 _CITY SERVICE STATION.GPJ : 26111118 16:58 : H32 :




IN-SITU GAS MONITORING RESULTS
Exploratory . Fipe Monitoring | Reportad | Measured ’ Borehale| Atmas | Gas | Water | Carbon | Methane | Oxygen PID Carhan | Hydrogen
Position | PP [diameter| ~ Round ~ | Installation | Installation | Respanse Zone Date & Time  |prassurefPressurd Flow | Depth | Dioxide Monoxide| Sulphide
ID ref | (mm) Depth Depth of Manitoring 1 mp} | (mby | ) | (mbgl) | (%/vol) | (% /voly | (% /val} | (pprm) | (ppm) | (ppm)
(m) (mbgl} {elapsed time}
WS4 1 50 2(2) --- 1.00 to 2.00 120 secs - - - - 1.4 0.0 205 - 0 0
W34 1 50 21(2) - 1.00 {0 2.00 180 secs - - - - 1.4 0.0 205 - 0 4]
W34 1 a0 21{2) - 1.00 10 2.00 240 secs - - - - 1.3 0.0 206 - 0 0
WS4 1 50 2{2) -—-- 1.00 o 2.00 300 secs - - - - 13 0.0 206 - 0 0
ws4 1 50 2(3) 2.00 1.78 1.00 1o 2.00 22¢11/2018 08:21:00 . , - 1.57 < . - - - .
Key: | = Initial, P = Peak, $S = Steady State. Note: LEL = Lower Explosive Limit = 5% wiv.
REK Environmment Ltd Compiled By Date Checked By Date Contract Ref:
The Old School 26/111/18 314262
Stillhouse Lane Coniract: Page
Bedminster City Service Station

Bristol BS3 4EB

40f4®

GINT_LIBRARY_V8_DE.GLE . E - GAS MON - STANDARD - 64 - 4L ; 314262_CITY SERVICE STATION.GPJ . 26M1 1118 17,00 HSZ .



IN-SITU WATER MONITORING RESULTS

Weather Ground Conditiong Wind Conditions Air Temperature {"C) Equipment Used & Remarks
Round 1 Overcast Dry Light 10
Round 2 Clear Dry Nong 4
Exploratory . . Monitoring | Reported | Measured : Water Conduc- | Temp- |Dissolved
Position Pipe | Pipe Round /* | Installation | Installation | Response Zane Date & Time Depth pH Redox tivity erature | Oxygen Ramarks
ID Ref |Diameter| Tast Number| Depth Depth of Monitoring | g} MV} | wslemy | 0 (mg/}
{m) {mbgl)
BH1 1 NDA 2/1 NDA 5.75 NDA to NDA | 22/111/2018 10:40| 2.94 7.26 207 1245 7.2 25
BH1 1 NDA 2/1 22/11/2018 10:43, 294 7.04 269 1204 10.8 0.8
BH1 1 NDA 21 22M11/2018 1046, 294 6.95 266 1188 12.2 0.5
BH1 1 NDA 21 22111/2018 10:49, 294 6.89 259 1177 129 0.4
BH1 1 NDA 2i1 2211/2018 10:52, 294 685 259 1176 13.0 0.3
BHZ2 1 50 2711 6.00 5.70 200106.00 22111/2013 09:31| 3.51 6.91 167 1787 7.6 5.4
BHZ2 1 50 21 22111/2018 09:34| 3.51 6.79 163 1753 9.0 3.4
BH2 1 50 271 22/11/2018 09:37| 3.51 6.74 162 1743 9.5 19
BH2 1 50 21 22111/2018 09:40| 3.51 6.72 158 1741 10.0 1.2
BH2 1 50 2i1 2211/2018 09:43| 3.51 673 157 1727 102 09
BH2 1 50 2i1 2211/2018 09:46| 3.51 672 155 1731 103 0.8
BH2 1 50 211 22111/2013 09:48| 3.51 6.70 156 1731 10.4 0.7
WS1 1 50 141 3.00 2.61 20010 3.00 09/11/2018 12.00| DRY - - - - -
W34 1 50 171 2.00 1.79 1.00t02.00 09/11/2018 08:10, 1.26 - -—- - --- -
WS4 1 50 1/1 09/11/201808:14| 145 | 864 301 1949 | 124 gp | orlsmmte T ilied
Key: NDA denotes 'no data available’.
; Compiled B Date Checked B Date Cantract Ref:
RSK Environment Ltd b 4
theoldschool | |G 2611118 314262
Stillhouse Lane Coniract: Page:
Bedminster City Service Station 1 of 2
Bristol BS3 4EB

GINT_LIBRARY_V8_DE.GLE . E - WWATER QUALITY - GENERAL - SMALL ; 514252 _CITY SERVICE STATION.GPJ : 26/1118 16.57 | HE52 .



Exploratory Pipe Pipe Monitoring | Reported | Measured Date & Time Water Redox Conduc- | Temp- |Dissolved
Position ; Round / Installation | Installation | Response Zone e Depth H tivity erature | Oxygen Remarks
ID ref  |Diameter|tast Number| Depth Depth £ of Monitoring | iy} ; MV} | wSlem) | (°C) (mofl)
{m) {mbgl)
Clear.
W34 1 50 2i1 2.00 1.79 1.001t02.00 2211/2018 08:44| 1.58 6.47 266 2483 7.2 7.2
W34 1 50 2i1 22/11/2018 08:47| 1.58 6.50 262 2532 6.9 4.5
WS4 1 50 211 22M11/2018 08:50| 1.58 660 257 2459 83 43
WS4 1 50 211 2211172018 08:53| 1.58 6.53 256 2447 8.7 3.0
W34 1 50 2/1 22f11/2018 08:56| 1.58 558 255 2429 9.1 3.3
Key: NDA denotes 'no data available’.
; Compiled B Date Checked B Date Contract Ref:
RSK Environment Ltd s .
The Old School :— 26/11/18 314262
Stillhouse Lane Coniract: Page:
Bedminster City Service Station 2 of 2
Bristol BS3 4EB

GINT_LIBRARY_V8_DE.GLE . E - WWATER QUALITY - GENERAL - SMALL ; 514252 _CITY SERVICE STATION.GPJ : 26/1118 16.57 | HE52 .
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i Chemtest

The right chemistry to deliver results
Chemtest Ltd.

Depot Road

Newmarket

CB8 DAL

Tel: 01638 606070

Email: info@chemtest.com

Report No.:
Initial Date of Issue:
Client

Client Address:

Contact(s):

Project

Quotation No.:

Order No.:

No. of Samples:
Turnaround (Wkdays):

Date Approved:

Approved By:

Details:

18-37075-1

04-Dec-2018

RSK Environmental Ltd - Bristol
The Old School

Stillhouse Lane

Bedminster

Bristol

BS3 4EB

Jeremy Leach

314262 City Service Station

Date Received: 26-Nov-2018
PO285975 Date Instructed: 26-Nov-2018
3
5 Results Due: 30-Nov-2018
04-Dec-2018

Glynn Harvey, Laboratory Manager
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s Chemtest

The right chemistry to deliver results

Project: 314262 City Service Station

Results - Water

Client: RSK Environmental Ltd -

Bristol Chemtest Job No.:| 18-37075 18-37075 18-37075
Quotation No.: Chemtest Sample ID.: 730850 730851 730852
Sample Location: BH1 BH2 wsa
Sample Type: WATER WATER WATER
Top Depth (m): 3.935 4.510 1.750
Bottom Depth (m): 5750 5.700 1.890
Date Sampled:] 22-Nov-2018 | 22-Nov-2018 | 22-Nov-2018
Determinand Accred. | SOP | Units | LOD
pH U 1010 N/A 8.1 8.1 8.3
Alkalinity (Total) U 1220 | mal 10 370 440 490
Calcium U 1415 mg/ 5.0 150 190 190
Arsenic (Dissolved) U 1450 | pal 1.0 2.1 28 14
Boron (Dissolved) U 1450 | pg/ 20 78 130 350
Cadmium {Dissolved) U 1450 | pgl |0.080 < 0.080 < 0.080 95
Chromium (Dissolved) U 1450 pg}l 1.0 1.4 3.5 9.0
Copper (Dissolved) U 1450 | pal 1.0 3.4 3.0 11
Mercury (Dissolved) U 1450 pg/l 0.50 < .50 < 0.50 < 0.50
Nickel (Dissolved) U 1450 | pagl 1.0 1.8 14 7.5
Lead (Dissolved) U 1450 pg/ 1.0 < 1.0 3.5 1.7
Selenium (Dissolved) U 1450 | paoi 1.0 1.3 1.4 37
Zinc {Dissolved) U 1450 | pg/ 1.0 7.4 8.8 22
Chromium (Hexavalent) U 1480 | pgi 20 < 20 <20 < 20
Dissolved Organic Carbon U 1610 ] mgd 2.0 8.2 10 14
Aliphatic TPH >C5-C6 N 1675 pgd | 010 <010 <010 [C]<0.10
Aliphatic TPH >C8-C8 N 1675] pgl | 010 <0.10 <0.10 [C] <0.10
Aliphatic TPH =C8-C10 N 1675 pagl | 010 <010 <010 [C]l<0.10
Aliphatic TPH >C10-C12 N 1675] pgl | 010 <0.10 <0.10 [C] <0.10
Aliphatic TPH >C12-C16 N 1675 pgl | 010 <010 <010 [C]<0.10
Aliphatic TPH >C16-C21 N 1675 pg! | 0.10 <0.10 <0.10 [C] <0.10
Aliphatic TPH =C21-C35 N 1675 pagl | 010 <010 <010 [C]l<0.10
Aliphatic TPH >C35-C44 N 1675] pgl | 010 <0.10 <0.10 [C] <0.10
Total Aliphatic Hydrocarbons N 1675 | pal 50 <50 <50 [C]1«50
Aromatic TPH >C5-C7 N 1675] pgd | 0.10 < 0.10 <0.10 [C] <0.10
Aromatic TPH =C7-C8 N 1675 pg! | 0.10 <0.10 <0.10 [C]<0.10
Aromatic TPH >C8-C10 N 1675] pgl | 010 <0.10 <0.10 [C] <0.10
Aromatic TPH =C10-C12 N 1675 pgd | 010 <0.10 <010 [C]l<0.10
Aromatic TPH >C12-C16 N 1675 pg! | 0.10 <0.10 <0.10 [C] <0.10
Aromatic TPH »C16-C21 N 1675 pgl | 010 < 0.10 =010 [C]=0.10
Aromatic TPH >C21-C35 N 1675] pgl | 010 < 0.10 <0.10 [C] <0.10
Aromatic TPH =C35-C44 N 1675| pagd | 010 <010 <010 [C]<0.10
Total Aromatic Hydrocarbons N 1675 pg}l 5.0 < 5.0 <5.0 [C]<5.0
Total Petroleum Hydrocarbons N 1675 pal 10 <10 <10 [C]< 10
Naphthalene U 1700 | pgl | 010 <010 <010 [C]1=<0.10
Acenaphthylene U 1700 pg! | 0.10 <0.10 <0.10 [C] =0.10
Acenaphthene u 1700 | pgl 010 =0.10 =010 [C1=0.10
Fluorene U 1700 pg! | 0.10 <0.10 <0.10 [C] =0.10
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s Chemtest

The right chemistry to deliver results

Project: 314262 City Service Station

Results - Water

Client: RSK Environmental Ltd -

Bristol Chemtest Job No.:| 18-37075 18-37075 18-37075
Quotation No.: Chemtest Sample ID.: 730850 730851 730852
Sample Location: BH1 BH2 wsa
Sample Type: WATER WATER WATER
Top Depth (m): 3.935 4.510 1.750
Bottom Depth (m): 5750 5.700 1.890
Date Sampled:] 22-Nov-2018 | 22-Nov-2018 | 22-Nov-2018
Determinand Accred. | SOP | Units | LOD
Phenanthrene U 1700] pgt | 010 <0.10 <0.10 [C] <0.10
Anthracene U 1700 | pgl | 010 <010 <010 [C]<0.10
Fluoranthene U 1700] pgd | 010 <0.10 <0.10 [C] <0.10
Pyrene U 1700 | pgl | 010 <010 <010 [C]<0.10
Benzo[a]anthracene U 1700 pgd | 010 <0.10 <0.10 [C] =0.10
Chrysene N 1700 | pgl | 010 <010 <010 [C]l<0.10
Benzo[b]fluoranthene U 1700 pg}l 0.10 <0.10 <0.10 [C] <0.10
Benzo[klfluoranthene U 1700 | pgi 010 = 0.10 =010 [C]=0.10
Benzola]pyrene U 1700 pg/l 0.10 <0.10 <0.10 [C] <0.10
Indeno(1,2,3-¢c d)Pyrene U 1700 | pgl | 010 <010 <010 [C]l<0.10
Dibenz(a h)Anthracene U 1700] pgl | 010 <0.10 <0.10 [C] <0.10
Benzo[g h,ilperylene U 1700 | pal 010 = 0.10 =010 [C]=0.10
Total Of 16 PAH's U 1700 | pg/ 2.0 < 2.0 <2.0 [C]<20
Dichlorodifluoromethane U 1760 | pgi 1.0 <10 =10 =1.0
Chloromethane U 1760 pg/l 1.0 < 1.0 <1.0 <1.0
\inyl Chloride N 1760 | pal 1.0 <10 <10 <10
Bromomethane U 1760 pg}l 5.0 < 5.0 <50 <5.0
Chloroethane U 1760 | pal 20 <20 <20 =20
Trichlorofluoromethane U 1760 pg/l 1.0 < 1.0 <1.0 <1.0
1,1-Dichloroethene U 1760 | pag 1.0 <10 <10 <10
Trans 1,2-Dichloroethene U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
1,1-Dichloroethane U 1760 | pgl 1.0 <10 <10 <1.0
cis 1,2-Dichloroethene U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
Bromochloromethane U 1760 | pgi 50 <50 <50 =50
Trichloromethane U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
1,1,1-Trichlorcethane U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
Tetrachloromethane U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
1,1-Dichloropropens U 1760 | paol 1.0 <10 <10 =10
Benzene U 1760 | pg/ 1.0 <10 <1.0 <1.0
1,2-Dichloroathane U 1760 | pagl 20 <20 <20 <20
Trichloroethene N 1760 pg/l 1.0 < 1.0 <1.0 <1.0
1,2-Dichloropropans U 1760 | pal 1.0 <10 <10 =10
Dibromomethane U 1760 pg}l 10 <10 <10 <10
Bromodichloromethane U 1760 | pal 5.0 <50 < 5.0 <5.0
cis-1,3-Dichloropropene N 1760 | pao 10 <10 <10 =10
Toluene U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
Trans-1,3-Dichleropropene N 1760 | pgl 10 <10 <10 =10
1,1.2-Trichloroethane U 1760 | pg/ 10 <10 <10 <10
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s Chemtest

The right chemistry to deliver results

Project: 314262 City Service Station

Results - Water

Client: RSK Environmental Ltd -

Bristol Chemtest Job No.:| 18-37075 18-37075 18-37075

Quotation No.: Chemtest Sample ID.: 730850 730851 730852
Sample Location: BH1 BH2 wsa

Sample Type: WATER WATER WATER
Top Depth (m): 3.935 4.510 1.750
Bottom Depth (m): 5750 5.700 1.890

Date Sampled:] 22-Nov-2018 | 22-Nov-2018 | 22-Nov-2018
Determinand Accred. | SOP | Units | LOD

Tetrachloroethene U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
1,3-Dichloropropang U 1760 | pal 20 <20 =20 =20
Dibromochloromethane U 1760 pg/l 10 <10 <10 <10
1,2-Dibromoethane U 1760 | pa/ 50 <50 =50 =50
Chlorobenzene M 1760 | gl 1.0 < 1.0 <1.0 <1.0
1,1.1,2-Tetrachloroethane U 1760 | pai 20 <20 <20 =20
Ethylbenzene U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
m & p-Xylene U 1760 | pgi 1.0 <10 <10 =10
o-Xylene U 1760 pg/l 1.0 < 1.0 <1.0 <1.0
Styrene U 1760 | pagl 1.0 <10 <10 <10
Tribromomethane U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
Isopropylbenzene U 1760 | paol 1.0 <10 <10 =10
Bromobenzene U 1760 | pg/ 1.0 <10 <1.0 <1.0
1,2, 3-Trichloropropane N 1760 | pgi 50 < 50 < 50 < 50
N-Propylbenzene U 1760 pg/l 1.0 < 1.0 <1.0 <1.0
2-Chlorotoluene U 1760 | pal 1.0 <10 <10 =10
1,3,5-Trimethylbenzene U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
4-Chlorotoluene U 1760 | pal 1.0 <10 <10 =10
Tert-Butylbenzene U 1760 pg/l 1.0 < 1.0 <1.0 <1.0
1,2 4-Trimethylbenzene U 1760 | pa/ 1.0 <10 <10 =10
Sec-Butylbenzene U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
1,3-Dichlorcbenzens N 1760 | pai 1.0 <10 <10 =10
4-Isopropyltoluene U 1760 pg}l 1.0 < 1.0 <1.0 <1.0
1,4-Dichlorcbenzens U 1760 | pgi 1.0 <10 <10 =10
MN-Butylbenzene U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
1,2-Dichlorobenzene U 1760 | pg/ 1.0 < 1.0 <1.0 <1.0
1,2-Dibromo-3-Chloropropane U 1760 pg}l 50 < 50 < 30 <50
1,2 4-Trichlorcbenzene U 1760 | paol 1.0 <10 <10 =10
Hexachlorobutadiene U 1760 | pg/ 1.0 <10 <1.0 <1.0
1,2 3-Trichlorcbenzene U 1760 | pagl 20 <20 <20 <20
Ethyl Tert-Butyl Ether N 1760 pgl 1.0 < 1.0 <1.0 <1.0
Methyl Tert-Butyl Ether N 1760 | pal 1.0 <10 <10 <10
TAME N 1760 pg/ 10.0 <10 <10 <10
|sopropylether N 1760 | pal 10 <10 <10 <10
T-Butanol N 1780 | pgl | 010 <010 <010 <010
2-Methylnaphthalene N 1780 | pg! | 0.50 < 0.50 <0.50 < 0.50
None MNone None

yopTio N b MR Detected Detected Detected
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i Chemtest

The right chemistry to deliver results

Deviations

In accordance with UKAS Policy on Deviating Samples TPS 63. Chemtest have a procedure to ensure ‘upon receipt of each sample a competent laboratory shall
assess whether the sample is suitable with regard to the requested test(s)'. This peolicy and the respective holding times applied, can be supplied upon
request. The reason a sample is declared as deviating is detailed below. Where applicable the analysis remains UKAS/MCERTs accredited but the results may
be compromised.

. . i Sample Sampled . i Containers
Sample: Sample Ref: Sample ID: Location: Date: Deviation Code(s): Received:
EPA Vial
730852 WS4 22-Nov-2018 C aoml
730852 WS4 22-Nov-2018 c Plastic Botte
250ml
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' Chemtest

The right chemistry to deliver results

Test Methods

SOP Title

Parameters included

Method summary

1010 |pH Value of Waters

pH

pH Meter

Anions, Alkalinity & Ammonium

Fluoride; Chloride; Nitrite; Nitrate; Total;

Automated colorimetric analysis using

1220 | Oxidisable Nitrogen (TON); Sulfate; Phosphate; |, .
|lin Waters Alkalinity: Ammonium Aquakem 600" Discrete Analyser.
1415 |Cations in Waters by ICP-MS  |Sodium; Potassium; Calcium; Magnesium Direct determination Dy inductively coupled

plasma - mass spectrometry (ICP-MS).

1450 |Metals in Waters by ICP-MS

Metals, including: Antimony; Arsenic; Barium;
Beryllium; Boron; Cadmium; Chromium; Cobalt;
Copper: Lead; Manganese; Mercury;
Molybdenum; Nickel; Selenium; Tin; Vanadium;
Zinc

Filtration of samples followed by direct
determination by inductively coupled plasma
mass spectrometry (ICP-M3).

|Hexavalent Chromium in

1490 Waters

Chromium [\V1]

Automated colorimetric analysis by ‘Aquakem
600" Discrete Analyser using 1,5-
diphenylcarbazide.

Total/Dissolved Organic Carbon

1610 |in Waters

QOrganic Carbon

TOC Analyser using Catalytic Oxidation

TPH Aliphatic/Aromatic split in
Waters by GC-FID(cf. Texas
|Method 1006 / TPH CWG)

1675

Aliphatics: =C5-C6, >C6-C8, =C8- C10,
>C10-C12, »C12-C16, =C16-C21, =C21-
C35, >C35- C44Aromatics. »C5-C7, >C7-C8,
>C8- C10, >C10-C12, =»C12-C18, >C16- C21,
>C21-C3%5, »C35- C44

Pentane extraction / GCxGC FID detection

Speciated Polynuclear
Aromatic Hydrocarbons (PAH)
|in Waters by GC-FID

1700

Acenaphthene; Acenaphthylene; Anthracene:
Benzola]Anthracene; Benzo[a]Pyrene:
Benzo[b]Fluoranthene; Benzo[ghi]Perylene;
Benzolk]Flucranthene; Chrysene;
Dibenz[ah]Anthracene; Fluoranthene; Fluorene;
Indeno[123cd]Pyrene; Naphthalene,
Phenanthrene; Pyrene

Pentane extraction / GC FID detection

Volatile Organic Compounds

\folatile organic compounds, including BTEX

Automated headspace gas chromatographic
(GC) analysis of water samples with mass

1760 |(VOCs) in Waters by and halogenated Aliphatic/Aromatics. (cf. . . . .
|Headspace Go-Ms USEPA Method 8260) spectrometric (MS) detection of volatile organic
compounds.
1780 JAlcohols Alcohols GCMS detection

Semi-Volatile Organic
Compounds (SYQCs) in
Waters by GC-MS

1780

Semi-volatile organic compounds

Solvent extraction / GCMS detection
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ra Chemtest

The right chemistry to deliver results

Report Information
Key
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
T
IS
urs
N/E
<
=

This analysis has heen subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
This analysis has been subcontracted to an unaccredited laboratory

Insufficient Sample

Unsuitable Sample

not evaluated

"less than"

“greater than"

Comments or interpretations are beyond the scope of UKAS accreditation

The results relate only to the items tested

Uncertainty of measurement for the determinands tested are available upon reguest

MNone 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 corrected 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 Asbestos 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 exceeds stability time (sampling to extraction)
C - Sample not received in apprepriate containers

D - Broken Container

E - Insufficient Sample (Applies to LOI 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 requirements to:

customerservices@chemtest.com
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tw Chemtest

| m | The right chemistry to deliver results
- 3 Chemtest Ltd.
3 E Depot Road
— — Newmarket
e CB8 0AL
2183 Tel: 01638 606070

Email: info@chemtest.com

Final Report

Report No.: 18-33975-1
Initial Date of Issue: 15-Nov-2018
Client RSK Environmental Ltd - Bristol
Client Address: The Old School
Stillhouse Lane
Bedminster
Bristol
BS3 4EB
Contact(s): Hannah Bovenizer
Project 314262 - City Service Station
Quotation No.: Date Received: 31-0Oct-2018
Order No.: P0285975 Date Instructed: 31-0Oc¢t-2018
No. of Samples: 6
Turnaround (Wkdays): 9 Results Due: 12-Nov-2018
Date Approved: 15-Nov-2018

Approved By:

Details: Glynn Harvey, Laboratory Manager
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s Chemtest

The right chemistry to deliver results

Project: 314262 - Ci

Service Station

Results - Soil

Client: RSK Environmental Ltd -

Chemtest Job No.:

18-33975

18-33975

18-33975

18-33975

18-33975

18-33975

Bristol
Quotation No.: Chemtest Sample ID.: 717081 717093 717095 717096 717098 717099
Order No.: P02855975 Client Sample Ref.: ES ES ES ES ES ES
Sample Location: WS1 WS1 WS4 WS4 VWS2A WS3
Sample Type: SOIL SOIL SOIL SOIL SOIL SOIL
Top Depth (m): 0.60 3.00 1.20 1.60 0.60 0.40
Date Sampled:] 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 268-Oct-2018 | 26-Oct-2018
Asbestos Lab:] COVENTRY COVENTRY COVENTRY | COVENTRY
Determinand Accred. | SOP | Units | LOD
ACM Type u 2192 N/A : - Gementibre :
clumps
; ; No Asbestos No Ashestos Chrysotile MNo Asbestos
Ashesies dentificalion U |2192) % 10.001] o teq Detected Crocidolite | Detected
Moisture N 2030 % |0.020 54 14 19 76 13
pH U 2010 N/A 8.9 8.5 8.6 8.9
Boron (Hot Water Soluble) U 2120 |mg/ka | 040 <040 0.61 0.70 0.88
Arsenic U 2450 |[mg/kg| 1.0 14 15 15 28
Cadmium U 2450 |[mgka| 010 0.85 0.26 0.31 075
Chromium U 2450 |mg/kg| 1.0 18 18 21 32
Copper u 2450 |mg/kg| 0.50 12 28 37 69
Mercury U 2450 | mg/kg| 0.10 <0.10 0.71 0.50 0.49
Nickel U 2450 |mg/kg | 0.50 24 25 29 56
Lead U 2450 |mg/kg | 0.50 13 100 89 130
Selenium U 2450 |mgka | 0.20 <020 < 020 <020 =020
Zinc ) 2450 |mg/kg | 0.50 30 40 80 140
Chromium (Hexavalent) N 2490 | mgkg | 050 =050 < (.50 =050 <050
Total Organic Carbon ) 2625 % 0.20 <0.20 0.93 1.5 1.1
Aliphatic TPH >C5-C6 N 2680 |[mgkg| 1.0 <10 <10 <1.0 <10
Aliphatic TPH >C8-C8 N 2680 |mgkg| 1.0 <1.0 < 1.0 <1.0 < 1.0
Aliphatic TPH =C8-C10 U 2680 |[mgkg| 1.0 <10 <10 24 <10
Aliphatic TPH >C10-C12 U 2680 |mgkg| 1.0 <1.0 <1.0 13 < 1.0
Aliphatic TPH =C12-C16 U 2680 |[mgka| 1.0 <10 <10 56 <10
Aliphatic TPH >C16-C21 U 2680 |mgkg| 1.0 <1.0 < 1.0 78 < 1.0
Aliphatic TPH =C21-C35 U 2680 |mgkag| 1.0 <1.0 <1.0 61 96
Aliphatic TPH >C35-C44 N 2680 |mgkg| 1.0 <1.0 < 1.0 <1.0 < 1.0
Total Aliphatic Hydrocarbons N 2680 | mgkg] 5.0 <50 <50 210 96
Aromatic TPH >C5-C7 N 2680 |[mgkg| 1.0 <1.0 < 1.0 <1.0 < 1.0
Aromatic TPH =C7-C8 N 2680 |mgkag| 1.0 <10 <10 <1.0 <10
Aromatic TPH >C8-C10 U 2680 |mg/kg| 1.0 <1.0 <1.0 <1.0 < 1.0
Aromatic TPH =C10-C12 U 2680 |mgka| 1.0 <10 <10 <1.0 <10
Aromatic TPH >C12-C16 ) 2680 |mgkg| 1.0 <1.0 < 1.0 5.8 < 1.0
Aromatic TPH >C16-C21 U 2680 |mg/kg| 1.0 <1.0 < 1.0 18 4.1
Aromatic TPH =C21-C35 U 2680 |mgka| 1.0 <1.0 <1.0 47 71
Aromatic TPH >C35-C44 N 2680 |mgkg| 1.0 <1.0 <1.0 <1.0 <1.0
Total Aromatic Hydrocarbons N 2680 |mg/kg| 5.0 =5.0 = 5.0 71 75
Total Petroleum Hydrocarbons N 2680 |mgka| 10.0 <10 <10 280 170
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s Chemtest

The right chemistry to deliver results

Project: 314262 - City Service Station

Results - Soil

Client: RSK Environmental Ltd -

Bristol Chemtest Job No.:| 18-33975 18-33975 18-33875 18-33975 18-33975 18-328975
Quotation No.: Chemtest Sample ID.: 717081 717093 717095 717096 717098 717099
Order No.: P02855975 Client Sample Ref.: ES ES ES ES ES ES
Sample Location: WS1 WS1 WS4 WS4 VWS2A WS3
Sample Type: SOIL SOIL SOIL SOIL SOIL SOIL
Top Depth (m): 0.60 3.00 1.20 1.60 0.60 0.40
Date Sampled:] 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 268-Oct-2018 | 26-Oct-2018
Asbestos Lab:] COVENTRY COVENTRY COVENTRY | COVENTRY
Determinand Accred. | SOP | Units | LOD
Dichlorodifluoromethane N 2760 | ugkg| 10 =10 < 1.0 =10 =10
Chloromethane U 2760 ugfkg 1.0 <1.0 < 1.0 <1.0 <1.0
\inyl Chloride U 2760 ugkg | 1.0 <1.0 <10 <10 <10
Bromomethane U 2760 ug!kg 20 < 20 < 20 <20 < 20
Chloroethane N 2760 ugkg | 2.0 =20 <20 =20 =20
Trichlorofluoromethane U 2760 ugfkg 1.0 <1.0 <1.0 <1.0 <1.0
1 1-Dichloroethene U 2760 ugkg | 1.0 <10 <10 <10 <10
Trans 1,2-Dichloroethene U 2760 ug/kg | 1.0 <1.0 < 1.0 <1.0 < 1.0
1,1-Dichloroethane U 2760 unkg | 1.0 <10 <10 <10 <10
cis 1,2-Dichloroethene U 2760 ug}kg 1.0 <1.0 < 1.0 <1.0 <1.0
Bromochloromethane N 2760 ugkg | 5.0 =50 <50 =50 =50
Trichloromethane U 2760 ugfkg 1.0 <1.0 <1.0 <1.0 < 1.0
1.1 1-Trichloroethane U 2760 ugkg | 1.0 =10 <10 =10 =10
Tetrachloromethane U 2760 ugfkg 1.0 <1.0 < 1.0 <1.0 <1.0
1,1-Dichloropropens N 2760 ugkg | 1.0 =10 <10 <10 =10
Benzene U 2760 ugfkg 1.0 <1.0 < 1.0 <1.0 <1.0
1,2-Dichloroethane U 2760 uokg | 2.0 <20 <20 <20 <20
Trichloroethene U 2760 ugfkg 1.0 <1.0 < 1.0 <1.0 <1.0
1,2-Dichloropropane U 2760 ugkg | 1.0 =10 <10 =10 =10
Dibromomethane U 2760 ug)kg 1.0 <1.0 < 1.0 <1.0 <1.0
Bromeodichloromethane U 2760 ungkg | 5.0 =50 <50 =50 =50
cis-1,3-Dichloropropene N 2760 ugfkg 10 <10 <10 <10 <10
Toluene U 2760 ugkg | 1.0 =10 < 1.0 <10 =10
Trans-1,3-Dichloropropene N 2760 | ug/kg 10 <10 <10 <10 <10
1,1.2-Trichlorcethane U 2760 | ugkg 10 <10 <10 <10 =10
Tetrachloroethene U 2760 ug}kg 1.0 <1.0 < 1.0 <1.0 <1.0
1,3-Dichloropropang N 2760 ugkg | 2.0 <20 <20 <20 =20
Dibromochloromethane N 2760 ugfkg 10 <10 <10 <10 <10
1,2-Dibromosthane U 2760 | unkg | 50 <50 <50 <50 <50
Chlorobenzene U 2760 ugfkg 1.0 <1.0 <1.0 <1.0 <1.0
1,1.1,2-Tetrachloroethane U 2760 ugkg | 2.0 <20 <20 <20 <20
Ethylbenzene U 2760 ugfkg 1.0 <1.0 <1.0 <1.0 <1.0
m & p-Xylene U 2760 | pakg | 1.0 <1.0 < 1.0 <1.0 <1.0
o-Xylene u 2760 ugkg | 1.0 =10 <10 =10 =10
Styrene U 2760 ugkg | 1.0 <1.0 <1.0 <1.0 < 1.0
Tribromomethane N 2760 ugkg | 1.0 =10 <10 <10 <10
|sopropylbenzene U 2760 | ugkg | 1.0 <1.0 <1.0 <1.0 <1.0
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s Chemtest

The right chemistry to deliver results

Project: 314262 - City Service Station

Results - Soil

Client: RSK Environmental Ltd -

Bristol Chemtest Job No.:| 18-33975 18-33975 18-33875 18-33975 18-33975 18-328975
Quotation No.: Chemtest Sample ID.: 717091 717093 717095 717096 717098 717099
Order No.: P02855975 Client Sample Ref.: ES ES ES ES ES ES
Sample Location: WS1 WS1 WS4 WS4 VWS2A WS3
Sample Type: SOIL SOIL SOIL SOIL SOIL SOIL
Top Depth (m): 0.60 3.00 1.20 1.60 0.60 0.40
Date Sampled:] 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 268-Oct-2018 | 26-Oct-2018
Asbestos Lab:] COVENTRY COVENTRY COVENTRY | COVENTRY
Determinand Accred. | SOP | Units | LOD
Bromobenzene U 2760 | ugkg| 10 =10 < 1.0 =10 <10
1,2,3-Trichloropropane N 2760 ugfkg 50 < 50 < 50 <50 < 30
N-Propylbenzene N 2760 ugkg | 1.0 =10 <10 =10 =10
2-Chlorotoluene U 2760 ug!kg 1.0 <1.0 < 1.0 <1.0 <1.0
1,3.5-Trimethylbenzene U 2760 ugkg | 1.0 =10 <10 =10 =10
4-Chlorotoluene N 2760 ugfkg 1.0 <1.0 < 1.0 <1.0 <1.0
Tert-Butylbenzene N 2760 ugkg | 1.0 =10 < 1.0 <10 =10
1,2.4-Trimethylbenzene U 2760 ug/kg | 1.0 <1.0 < 1.0 <1.0 < 1.0
Sec-Butylbenzene N 2760 unkg | 1.0 =10 <10 =10 =10
1,3-Dichlorobenzene U 2760 ug}kg 1.0 <1.0 < 1.0 <1.0 <1.0
4-Isopropyltoluene N 2760 ugkg | 1.0 =10 < 1.0 <10 =10
1,4-Dichlorcbenzene U 2760 ugfkg 1.0 <1.0 <1.0 <1.0 < 1.0
N-Butylbenzene N 2760 ugkg | 1.0 =10 <10 =10 =10
1,2-Dichlorobenzene U 2760 ugfkg 1.0 <1.0 < 1.0 <1.0 <1.0
1,2-Dibromo-3-Chloropropane N 2760 | ugkg | 50 < 50 < 50 < 50 < 50
1,2.4-Trichlorobenzene U 2760 ugfkg 1.0 <1.0 <1.0 <1.0 <1.0
Hexachlorobutadiene N 2760 | ugkg| 10 =10 < 1.0 =10 =10
1,2,3-Trichlorobenzene N 2760 ugfkg 2.0 <2.0 < 2.0 <20 <20
Ethyl Tert-Butyl Ether U 2760 ugkg | 1.0 <10 <10 <10 <10
Methyl Tert-Butyl Ether U 2760 | ugkg ] 1.0 <1.0 < 1.0 < 1.0 < 1.0
TAME N 2760 | ug/kg | 10.0 <10 <10 <10 <10
Ethanol N mgkg| 10 <10 <10 <10 <10
2-Methylnaphthalene U 2790 | mgkg | 0.50 <050 < (150 = (0.50 =050
Naphthalene U 2800 | mg/kg| 0.10 <0.10 < 0.10 <0.10 <0.10
Acenaphthylene N 2800 | mg/kg] 010 <0.10 <010 =<0.10 =0.10
Acenaphthene U 2800 mgfkg 0.10 <0.10 <010 <0.10 <0.10
Fluorene U 2800 | mgkg ] 0.10 <010 <010 <010 <010
Phenanthrene U 2800 mgfkg 0.10 <0.10 < 0.10 <0.10 0.20
Anthracene U 2800 |mgkg| 010 <010 <010 <0.10 =010
Fluoranthene U 2800 Img/kg| 0.10 <0.10 < 0.10 <0.10 0.55
Pyrene U 2800 | mgkg | 0.10 <010 <010 <010 0.49
Benzo[a]anthracene U 2800 mgfkg 0.10 <0.10 < (.10 <0.10 0.10
Chrysene U 2800 | mg/kg] 0.10 < 0,10 <010 <0.10 0.12
Benzo[bJflucranthene u 2800 | mgkg | 010 =010 <010 =010 0.11
Benzol[k]fluoranthene U 2800 | mg/kg] 0.10 <0.10 <010 <0.10 <010
Benzo[a]pyrene u 2800 | mgkg | 010 <010 <010 =010 =010
Indeno(1,2,3-c.d)Pyrene U 2800 |mg/kg| 0.10 <0.10 <0.10 <0.10 <0.10
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i Chemtest

The right chemistry to deliver results

Project: 314262 - Ci

Service Station

Results - Soil

Client: RSK Environmental Ltd -

Chemtest Job No.:

Bristol 18-33975 18-33975 18-32975 18-33975 18-33975 18-33875
Quotation No.: Chemtest Sample ID.: 717081 717083 717085 717096 717098 717088
Order No.. P0285575 Client Sample Ref.: ES ES ES ES ES ES
Sample Location: WS1 WS1 WS4 WS4 VWS2A WS3
Sample Type: SOIL SOIL SOIL SOIL SOIL SOIL
Top Depth (mj}; 0.60 3.00 1.20 1.60 0.60 0.40
Date Sampled:| 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018 | 26-Oct-2018
Asbestos Lab:] COVENTRY COVENTRY COVENTRY | COVENTRY
Determinand Accred, | SOP | Units | LOD
Dibenz(a h)Anthracene N 2800 | mgkg | 010 =010 =010 =010 =010
Benzo|g,h.i]perylene U 2800 mg!kg 0.10 <0.10 <010 <0.10 <0.10
Total Of 16 PAH's N 2800 |mgkg| 2.0 <20 <20 =20 <20
None Nene None None
yegTe N 2780 | iarkg | RlA Detected Detected Detected Detected
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' Chemtest

The right chemistry to deliver results

Test Methods

SOP

Title

Parameters included

Method summary

2010

pH Value of Scils

pH

pH Meter

Moisture and Stone Content of

Determination of moisture content of soil as a

|Magnesium & Chromium

2030 |Soils(Requirement of Moisture content percentage of its as received mass obtained at
MCERTS) <37°C.
2120 Waler Soluble Boron, Sulphate, Boron; Sulphate; Magnesium; Chromium Aqueous extraction /ICP-OES

2192 |Asbestos Asbestos Polarised light microscopy / Gravimetry
Metals including: Arsenic; Barium: Beryllium:
. . . Cadmium; Chromium; Cobalt; Copper; Lead; |Acid digestion followed by determination of
2450 fAcld Soluble Metals In Sals Manganese; Mercury; Molybdenum; Nickel; metals in extract by ICP-MS.
Selenium; Vanadium; Zinc
Soil extracts are prepared by extracting dried
2450 |Hexavalent Chromium in Soils |Chromium [VI] and ground soil samples into bailing water.

Chromium [V1] is determined by ‘Aquakem 600’
Discrete Analyser using 1,5-diphenylcarbazide.

Determined by high temperature combustion

lin Scil by GC-MS

Dibenz[ah]Anthracene; Fluoranthene®;
Fluorene™*; Indeno[123cd]Pyrene®;
Naphthalene*; Phenanthrene®, Pyrene*

2625 |Total Organic Carbon in Soils | Total organic Carbon (TOC) under oxygen, using an Eltra elemental
analyser.
Aliphatics: =C5-C8, »C6-C8,>C8-C10,
>C10-C12, >C12-C16, >C16-C21, >C21- ; .
2680 |TPH A/A Spiit €35, >C35- C44Aromatics: »C5-C7, »C7—C8, dD;f:L?ir;:"eth ane extraction / GExGC FID
>C&- C10, >C10-C12, >C12-C18, =C16- C21,
=C21-C35, =C35- C44
. . Volatile organic compounds, including BTEX  |Automated headspace gas chromatographic
2780 \({%agl:) ﬁrgzlﬂl:bio;n;c;usnisce and halogenated Aliphatic/Aromatics.(cf. (GC) analysis of a soil sample, as received,
GC-MS P USEPA Method 8260)*please refer to UKAS with mass spectrometric (MS) detection of
schedule volatile organic compounds.
Semi-Volatile Organic . . )
2790 |Compounds (SVOCs) in Soils  [SEM-volatile organic compounds(cf. USEPA 1, .\ 1 texane extraction 7 GC-MS
Method 8270)
by GC-MS
Acenaphthene™; Acenaphthyleng; Anthracene™,
Benzola]Anthracene* Benzo[a]Pyrene®:
Speciated Polynuclear Benzolb]Fluoranthene*: Benzo[ghi]lPerylene*:
2800 |Aromatic Hydrocarbons (PAH) |Benzolk]Flucranthene; Chrysene*; Dichloromethane extraction f GC-MS
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ra Chemtest

The right chemistry to deliver results

Report Information

Key

U
M
N
S
SN
T
1S
U/s
N/E
<
>

UKAS accredited

MCERTS and UKAS accredited

Unaccredited

This analysis has heen subcontracted to a UKAS accredited laboratory that is accredited for this analysis
This analysis has heen subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
This analysis has been subcontracted to an unaccredited laboratory

Insufficient Sample

Unsuitable Sample

not evaluated

"less than"

"greater than"

Comments or interpretations are beyond the scope of UKAS accreditation

The results relate only to the items tested

Uncertainty of measurement for the determinands tested are available upon reguest

MNone 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 corrected 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 Asbestos 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 exceeds stability time (sampling to extraction)
C - Sample not received in apprepriate containers

D - Broken Container

E - Insufficient Sample (Applies to LOI 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 requirements to:

customerservices@chemtest.com
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i Chemtest

The right chemistry to deliver results
Chemtest Ltd.

Depot Road

Newmarket

CB8 DAL

Tel: 01638 606070

Email: info@chemtest.com

Report No.:
Initial Date of Issue:
Client

Client Address:

Contact(s):

Project

Quotation No.:

Order No.:

No. of Samples:
Turnaround (Wkdays):
Date Approved:

Approved By:

Details:

18-34883-1

16-Nov-2018

RSK Environmental Ltd - Bristol

The Old School
Stillhouse Lane
Bedminster
Bristol

BS3 4EB

Hannah Bovenizer

314262 City Service Station

PO285975

1

5

16-Nov-2018

Date Received: 08-Nov-2018
Date Instructed: 08-Nov-2018
Results Due: 14-Nov-2018

Robert Monk, Technical Manager
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i Chemtest

The right chemistry to deliver resulls

Results - Single Stage WAC

Project: 314262 City Service Station

Chemtest Job No: 18-24883 Landﬁ Waste Acceptance Criteria
Chemtest Sample ID: 721156 I;i_mits
Stable, Non-
reactive
WS4 hazardous Hazardous
1.20 Inert Waste waste in non- Waste
Landfill hazardous Landfill
26-Oct-2018 Landfill
Deaterminand S0P Accred. Llniils
Total Organic Carbon 2625 U % 0.96 3 5 <]
JLoss On Ignition 2610 9] % 1.8 = - 10
Total BTEX 2780 U muglkg = 0.010 B R =
Total PCBs (7 Congeners) 2815 ¥] mag'kg <010 1 -- --
TPH Total WAC {(Mineral Qil) 2670 u ma/ky <10 500 = ==
Total (Of 17) PAH's 2700 N malkg <20 100 7 5
pH 2010 U 8.8 24 =8 =
I&cid Meutralisation Capacity 2015 M molikg 0.048 i To evaluate To evaluate
Eluate Analysis 10:1 Eluate 10:1 Eluate Limit values for compliance leaching test
mg/l mg/k: using BS EN 12457 at L/S 10 I,‘kg
Arsenic 1450 9] 0.0053 0.053 0.5 2 25
|Barium 1450 U 0.0036 < 0.50 20 100 300
Cadmium 14350 u < 0.00010 <0.010 0.04 1 5
Chromium 1450 u < 0.0010 < 0.050 05 10 70
Copper 1450 9] 0.0017 < 0.050 2 50 100
Mercury 1450 U < 0.00050 < 0.0050 0.01 0.2 2
Molybdenum 14350 u 0.0060 0.060 0.5 10 30
Mickel 1450 u < 0.0010 < 0.050 0.4 10 40
ILead 1450 9] < 0.0010 < 0.010 0.5 10 50
Antim ony 1450 U 0.0013 0.013 0.06 0.7 5
Selenium 1450 u < 0.0010 <0.010 01 0.5 7
Zinc 1450 u < 0.0010 < 0.50 4 50 200
Chioride 1220 9] 8.5 85 800 15000 25000
JFluoride 1220 U 0.12 1.2 10 150 500
Sulphate 1220 u 4.1 41 1000 20000 50000
Total Dissalved Solids 1020 N 98 970 4000 50000 100000
IPhenol Index 1920 9} < 0.030 < 0.30 1 = -
IDiSSDIVEd QOrganic Carbon 1610 U 7.2 72 500 200 1000
ISoIid Information
Dry mass of test portion/kg 0.090
Inoisture (%) 13

Waste Acceptance Criteria

Landfill WAC analysis (specifically leaching test results) must not be used for hazardous waste classification purposes. This analysis is only applicable
for hazardous waste landfill acceptance and does not give any indication as to whether a waste may be hazardous or non-hazardous.
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' Chemtest

The right chemistry to deliver results

Test Methods

soP | Title

Parameters included

Method summary

|Electrical Conductivity and
Total Dissolved Solids (TDS) in
Waters

1020

Electrical Conductivity and Tetal Dissolved
Solids (TDS) in WWaters

Conductivity Meter

Anions, Alkalinity & Ammonium

1220 lin Waters

Fluoride; Chloride; Nitrite; Nitrate; Total;
Oxidisable Nitrogen (TON), Sulfate; Phosphate;
Alkalinity; Ammonium

Automated colorimetric analysis using
‘Aquakem 600’ Discrete Analyser.

1450 |Metals in Waters by ICP-MS

Metals, including: Antimony; Arsenic; Barium;
Beryllium; Boron; Cadmium; Chromium; Cobalt;
Copper; Lead; Manganese; Mercury;
Molybdenum; Nickel; Selenium; Tin;, Vanadium;
Zinc

Filtration of samples followed by direct
determination by inductively coupled plasma
mass spectrometry (ICP-MS).

Total/Dissolved Organic Carbon

1610 |in Waters

Organic Carbon

TOC Analyser using Catalytic Oxidation

|Phenols in Waters by HPLC

Fhenolic compounds including: Phenol,

Determination by High Performance Liguid

MCERTS)

1920 Cresols, Xylenols, Trimethylphenols Note: Chromatography (HPLC) using electrochemical
Chlorophenols are excluded. detection.
2010 |pH Value of Scils pH pH Meter
2015 |Acid Neutralisation Capacity Acid Reserve Titration
Moisture and Stone Content of Determination of moisture content of soil as a
2030 |Scils(Requirement of Moisture content percentage of its as received mass obtained at

<37°C.

2810 ILoss on Ignition

loss on ignition (LOI)

Determination of the proportion by mass that is
lost from a soil by ignition at 550°C.

Determined by high temperature combustion

lin Scil by GC-FID

Dibenz[ah]Anthracene; Fluoranthene; Fluorene;
Indeno[123cd]Pyrene: Naphthalene:
Phenanthrene; Pyrene

2625 |Total Organic Carbon in Soils | Total organic Carbon (TOC) under oxygen, using an Eltra elemental
analyser.
Total Petroleum Hydrocarbons |TPH (C68-C40); optional carbon banding, e.g. 3-| ~. .
2870 ) TPH) in Soils by GC-FID band - GRO, DRO & LRO*TPH C8-C40 Dichloromethane extraction / GC-FID
Acenaphthene; Acenaphthylene; Anthracene;
BenzolalAnthracene; Benzola]Pyrene;
Speciated Polynuclear Benzo[b]Fluoranthene; Benzo[ghi]Perylene;
2700 |Aromatic Hydrocarbons (PAH) |Benzolk]Fluoranthene; Chrysene; Dichloromethane extraction / GC-FID

Volatile Organic Compounds
(WVOCs) in Soils by Headspace
GC-MS

2760

Volatile organic compounds, including BTEX
and halogenated Aliphatic/Aromatics (cf.
USEPA Method 8260)"please refer to UKAS
schedule

Automated headspace gas chromatographic
{GC) analysis of a scil sample, as received,
with mass spectrometric (MS) detection of
volatile organic compounds.

|Pclychlorinated Biphenyls

2815 |(PCB) ICES7Congeners in ICES7 PCB congeners AcetonefHexane extraction f GC-MS
Soils by GC-MS
Characterisation of Waste VWaste material including scil, sludges and ComplianceTest for Leaching of Granular
640 : .
(Leaching) granular waste Yaste Material and Sludge
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ra Chemtest

The right chemistry to deliver results

Report Information
Key
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
T
IS
urs
N/E
<
=

This analysis has heen subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
This analysis has been subcontracted to an unaccredited laboratory

Insufficient Sample

Unsuitable Sample

not evaluated

"less than"

“greater than"

Comments or interpretations are beyond the scope of UKAS accreditation

The results relate only to the items tested

Uncertainty of measurement for the determinands tested are available upon reguest

MNone 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 corrected 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 Asbestos 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 exceeds stability time (sampling to extraction)
C - Sample not received in apprepriate containers

D - Broken Container

E - Insufficient Sample (Applies to LOI 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 requirements to:

customerservices@chemtest.com
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Interim Report

i Chemtest

The right chemistry to deliver results
Chemtest Ltd.

Depot Road

Newmarket

CB8 DAL

Tel: 01638 606070

Email: info@chemtest.com

Report No.:
Initial Date of Issue:
Client

Client Address:

Contact(s):

Project
Quotation No.:
Order No.:

No. of Samples:

Turnaround (Wkdays):

Date Approved:

Approved By:

Details:

18-36755-0

RSK Environmental Ltd - Bristol
The Old School

Stillhouse Lane

Bedminster

Bristol
BS3 4EB

Jeremy Leach
Hannah Bovenizer

314262 City Service Station

PO285975
4

5

Date Received:

Date Instructed:

Results Due:

22-Nov-2018

22-Nov-2018

28-Nov-2018
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s Chemtest

The right chemistry to deliver results

Project: 314262 City Service Station
Client: RSK Environmental Ltd -

Results - Soil

Chemtest Job No.:

18-36755

18-36755

18-36755

18-36755

Bristol
Quotation No.: Chemtest Sample ID.: 729547 729551 728554 729556
Sample Location: BH1 BH2 BH4 Skip 1
Sample Type: SOIL SOIL SOIL SOIL
Top Depth (m): 0.50 1.20 0.50
Bottom Depth (m): 070 1.40 0.70
Date Sampled:] 15-Nov-2018 | 19-Nov-2018 | 20-Nowv-2018 | 20-Now-2018
Asbestos Lab:] COVENTRY | COVENTRY | COVENTRY | COVENTRY
Determinand Accred. | SOP | Units| LOD
ACM Type U 2192 N/A - - - -
= No Asbestos | Mo Asbestos | No Asbestos | No Asbestos
Asbestos |dentification u 2192 % 0.001 Datasad Detected Detected Detected
Moisture N 2030 % 0.020 17 14 5.0 14
pH U 2010 N/A 93 79 93 85
Boron {Hot Water Soluble) U 2120 |mg/kg| 0.40 0.57 0.77 0.53 0.74
Arsenic U 2450 |[mgkag| 1.0 28 79 14 14
Cadmium U 2450 |mg/kg| 0.10 0.15 0.21 0.15 0.20
Chromium U 2450 |[mgkag| 1.0 12 20 15 13
Copper U 2450 |fmg/kg| 0.50 45 18 11 15
Mercury U 2450 | mg/kg| 010 0.36 026 < 0.10 0.29
Nickel U 2450 Img/kg| 0.50 27 24 18 20
Lead U 2450 |mgkag| 050 100 54 15 47
Selenium U 2450 Img/kg| 0.20 <0.20 0.21 < 0.20 <0.20
Zinc U 2450 |mg/ka| 0.50 90 57 28 24
Chromium (Hexavalent) N 2450 mgfkg 0.50 < 0.50 < (0.50 < .50 < 0.50
Fraction of Organic Carbon U 2625 0.0010 0.094 0.0077 0.021 0015
Aliphatic TPH >C5-C86 N 2680 |mg/kg| 1.0 <1.0 <1.0 < 1.0 <1.0
Aliphatic TPH >C6-C8 N 2680 |[mgkg| 1.0 <10 <1.0 <10 <10
Aliphatic TPH >C8-C10 U 2680 Imgkg| 1.0 <1.0 <1.0 < 1.0 <1.0
Aliphatic TPH =C10-C12 U 2680 [mgkg| 1.0 <10 <1.0 <10 <10
Aliphatic TPH >C12-C16 U 2680 Imgkg| 1.0 <1.0 <1.0 < 1.0 <1.0
Aliphatic TPH =C16-C21 U 2680 |[mgkag| 1.0 <10 <1.0 <10 <10
Aliphatic TPH >C21-C35 U 2680 mg/kg| 1.0 27 <1.0 7.2 < 1.0
Aliphatic TPH =C35-C44 N 2680 | mg/kag 1.0 35 <1.0 <10 <1.0
Total Aliphatic Hydrocarbons N 2680 mgfkg 5.0 62 <5.0 T2 <50
Aromatic TPH =C5-C7 N 2680 |[mgkag| 1.0 <10 <1.0 <10 <10
Aromatic TPH >C7-C8 N 2680 | ma/kg 1.0 <1.0 <1.0 < 1.0 <1.0
Aromatic TPH =C8-C10 U 2680 |mgkag| 1.0 <10 <1.0 < 1.0 <1.0
Aromatic TPH >C10-C12 U 2680 Imgkg| 1.0 <1.0 <1.0 < 1.0 <1.0
Aromatic TPH =C12-C16 U 2680 |[mgkag| 1.0 16 <1.0 <10 <10
Aromatic TPH >C18-C21 U 2680 Imgkg| 1.0 250 <1.0 < 1.0 < 1.0
Aromatic TPH >C21-C35 U 2680 |mgkg] 1.0 2000 <1.0 28 <1.0
Aromatic TPH =C35-C44 N 2680 |[mgka| 1.0 300 <1.0 <10 <1.0
Total Aromatic Hydrocarbons N 2680 |mgka] 5.0 2500 <5.0 28 <5.0
Total Petroleum Hydrocarbons N 2680 | mg/kg| 100 2600 <10 35 =10
Dichlorodifluoromethane N 2760 | ua/kg 1.0 <1.0 <1.0 < 1.0 <1.0
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s Chemtest

The right chemistry to deliver results

Project: 314262 City Service Station

Results - Soil

Client: RSK Environmental Ltd -

Bristol Chemtest Job No.:| 18-36755 18-36755 18-36755 18-36755
Quotation No.: Chemtest Sample ID.: 729547 729551 728554 729556
Sample Location: BH1 BH2 BH4 Skip 1
Sample Type: SOIL SOIL SOIL SOIL
Top Depth (m): 0.50 1.20 0.50
Bottom Depth (m): 0.70 1.40 0.70
Date Sampled:] 15-Nov-2018 | 19-Nov-2018 | 20-Nowv-2018 | 20-Now-2018
Asbestos Lab:]| COVENTRY | COVENTRY | COVENTRY | COVENTRY
Determinand Accred. | SOP | Units| LOD
Chloromethane U 2760 | uakg 1.0 <1.0 =10 <10 =10
Vinyl Chloride U 2760 | ug/kg 1.0 <1.0 <1.0 < 1.0 <1.0
Bromomethane U 2760 | ua/kg 20 <20 < 20 <20 <20
Chloroethane M 2760 ug!kg 2.0 < 2.0 <2.0 <20 < 2.0
Trichlorofluoromethane U 2760 | un/kg 1.0 <10 =10 <10 =10
1,1-Dichloroethene U 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
Trans 1,2-Dichloroethene U 2760 | ug/kg 1.0 <10 =10 <10 =10
1,1-Dichloroethane U 2760 | ug/kg 1.0 <1.0 <1.0 < 1.0 <1.0
cis 1,2-Dichloroethene U 2760 | un/kg 1.0 =10 =10 <10 <10
Bromochloromethane N 2760 ug}kg 5.0 <5.0 <5.0 <350 <5.0
Trichloromethane U 2760 | ua/kg 1.0 <10 =10 <10 =10
1,1.1-Trichloroethane U 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
Tetrachloromethane U 2760 | un/kg 1.0 =10 =10 <10 =10
1,1-Dichloropropeng N 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
Benzene U 2760 | ua/kg 1.0 <1.0 =10 <10 <10
1,2-Dichloroethane U 2760 ugfkg 2.0 < 2.0 <2.0 <20 < 2.0
Trichloroethene N 2760 | uakg 1.0 <1.0 =10 <10 =10
1,2-Dichloropropane U 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
Dibromomethane U 2760 | ua/kg 1.0 <1.0 =10 <10 <10
Bromodichloromethane U 2760 ug)kg 5.0 <5.0 <5.0 < 5.0 <50
cis-1,3-Dichloropropene N 2760 | un/kg 10 =10 <10 <10 <10
Toluene U 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
Trans-1,3-Dichloropropene N 2760 | ug/kg 10 =10 <10 <10 <10
1,1.2-Trichloroethane U 2760 | ug/kg 10 <10 <10 <10 <10
Tetrachlorcethene U 2760 | ug/kg 1.0 <1.0 =<1.0 <10 <1.0
1,3-Dichloropropane N 2760 ug}kg 2.0 < 2.0 <2.0 <20 <20
Dibromochloromethane N 2760 | ua/kg 10 =10 <10 <10 <10
1,2-Dibromoethane U 2760 | ug/kg 5.0 <50 <5.0 <50 <5.0
Chlorobenzene U 2760 | po/kg 10 <10 =<1.0 = 1.0 <10
1,1.1,2-Tetrachloroethane U 2760 ugfkg 2.0 < 2.0 <2.0 <20 <20
Ethylbenzene U 2760 | ua/kg 1.0 <1.0 =10 <10 <10
m & p-Xylene U 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
o-Xylene U 2760 | pa/kg 1.0 <1.0 <1.0 < 1.0 < 1.0
Styrene u 2760 | ug/kg 1.0 =1.0 <1.0 <10 =10
Tribromomethane N 2760 | ug/kg 1.0 <1.0 <1.0 <10 <1.0
Isopropylbenzene u 2760 | ug/kg 1.0 <10 =1.0 <10 <10
Bromobenzene U 2760 | ug/kg 1.0 <1.0 <1.0 <10 <1.0
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Results - Soil

s Chemtest

The right chemistry to deliver results
Project: 314262 City Service Station

e e il S Chemtest Job No.:| 18-36755 | 18-36755 | 18-36755 | 18-36755
Quotation No.: Chemtest Sample ID.: 729547 729551 728554 729556
Sample Location: BH1 BH2 BH4 Skip 1
Sample Type: SOIL SOIL SOIL SOIL
Top Depth (m): 0.50 1.20 0.50
Bottom Depth (m): 0.70 1.40 0.70
Date Sampled:] 15-Nov-2018 | 19-Nov-2018 | 20-Nowv-2018 | 20-Now-2018
Asbestos Lab:]| COVENTRY | COVENTRY | COVENTRY | COVENTRY
Determinand Accred. | SOP | Units| LOD
1,2, 3-Trichloropropane N 2760 | uakg 50 <50 < 50 < 50 < 50
N-Propylbenzene N 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
2-Chlorotoluene U 2760 | ua/kg 1.0 <1.0 =10 <10 <10
1,3,9-Trimethyloenzene U 2760 ug!kg 1.0 <1.0 <1.0 < 1.0 <1.0
4-Chlorotoluene N 2760 | un/kg 1.0 <10 =10 <10 =10
Tert-Butylbenzene N 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
1,2 4-Trimethylbenzene U 2760 | ug/kg 1.0 <10 =10 <10 =10
Sec-Butylbenzene N 2760 | ug/kg 1.0 <1.0 <1.0 < 1.0 <1.0
1,3-Dichlorcbenzene U 2760 | un/kg 1.0 =10 =10 <10 <10
4-lsopropyltoluene N 2760 ug}kg 1.0 <1.0 <1.0 < 1.0 <1.0
1.4-Dichlorcbenzens U 2760 | ua/kg 1.0 <10 =10 <10 =10
MN-Butylbenzene N 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
1,2-Dichlorcbenzens U 2760 | un/kg 1.0 =10 =10 <10 =10
1,2-Dibromo-3-Chloropropane N 2760 ugfkg 50 < 50 < 50 < 50 < 30
1,2 4-Trichlorcbenzene U 2760 | ua/kg 1.0 <1.0 =10 <10 <10
Hexachlorobutadiene N 2760 ugfkg 1.0 <1.0 <1.0 < 1.0 <1.0
1,2.3-Trichlorcbenzene N 2760 | uakg 20 <20 =20 <20 =20
Ethyl Tert-Butyl Ether U 2760 | ug/kg 1.0 <1.0 <1.0 < 1.0 <1.0
Methyl Tert-Butyl Ether U 2760 | ua/kg 1.0 <10 <1.0 <10 <10
TAME N 2760 | ug/kg | 10.0 <10 <10 <10 < 10
Ethanol N mg/kg 10 <10 <10 <10 <10
2-Methylnaphthalene U 2750 mgfkg 0.50 < 0.50 < 0.50 < 0.50 <0.50
Naphthalene U 2800 |mgka| 010 0.49 <010 <010 <010
Acenaphthylene N 2800 |mg/kg| 0.10 0.48 <0.10 < 0.10 <0.10
Acenaphthene U 2800 | mg/kg| 0.10 3.6 <0.10 < 0.10 <0.10
Fluorene U 2800 Img/kg| 0.10 3.1 <0.10 <0.10 <0.10
Phenanthrene U 2800 |mg/kg| 010 30 0.289 013 =010
Anthracene U 2800 Img/kg] 0.10 7.0 <0.10 <0.10 <0.10
Fluoranthene U 2800 |mgkag| 010 51 0.41 0.38 =010
Pyrene U 2800 Img/kg] 0.10 37 0.40 0.42 0.12
Benzol[a]anthracene U 2800 | mg/kag| 010 28 0.11 019 =010
Chrysene U 2800 Img/kg| 0.10 33 0.11 0.27 <0.10
Benzo[b]flucranthene U 2800 | mg/ka] 0.10 37 < 0,10 0.32 <0.10
Benzol[klfluoranthene u 2800 |mg/kg| 010 15 =010 0.11 =010
Benzola]pyrene U 2800 | mg/kg| 0.10 21 <0.10 0.18 <0.10
Indeno(1,2 3-¢ d)Pyrene u 2800 | mg/kag| 010 16 <010 012 =010
Dibenz(a,h)Anthracene N 2800 | mg/kg| 0.10 4.5 <0.10 <0.10 <0.10
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i Chemtest

The right chemistry to deliver results

Project: 314262 City Service Station

Results - Soil

Client: RSK Environmental Ltd -

Chemtest Job No.:

18-36755

18-36755

18-36755

18-36755

Bristol
Quotation No.: Chemtest Sample ID.: 729547 728551 729554 728556
Sample Location: BH1 BH2 BH4 Skip 1
Sample Type: SOIL SOIL SOIL SOIL
Top Depth (m): 0.50 1.20 0.50
Beitom Depth (m): 070 1.40 0.70
Date Sampled:] 15-Nov-2018 | 19-Nov-2018 | 20-Nowv-2018 | 20-Now-2018
Asbestos Lab:] COVENTRY | COVENTRY | COVENTRY | COVENTRY
Determinand Accred. | SOP | Units | LOD
Benzo[g h,ilperylene U 2800 |mg/kg| 010 15 =010 < 0.10 =010
Total Of 16 PAH's M 2800 Img/kg| 2.0 200 <2.0 2.1 <2.0
T-Butanol N 2765 | ugkg 10 To Follow To Follow To Follow To Follow
None None None Neone
yegTe N 2780 | iarkg | Bles Detected Detected Detected Detected
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Test Methods

SOP

Title

Parameters included

Method summary

2010

pH Value of Scils

pH

pH Meter

Moisture and Stone Content of

Determination of moisture content of soil as a

|Magnesium & Chromium

2030 |Soils(Requirement of Moisture content percentage of its as received mass obtained at
MCERTS) <37°C.
2120 Waler Soluble Boron, Sulphate, Boron; Sulphate; Magnesium; Chromium Aqueous extraction /ICP-OES

2192 |Asbestos Asbestos Polarised light microscopy / Gravimetry
Metals including: Arsenic; Barium: Beryllium:
. . . Cadmium; Chromium; Cobalt; Copper; Lead; |Acid digestion followed by determination of
2450 fAcld Soluble Metals In Sals Manganese; Mercury; Molybdenum; Nickel; metals in extract by ICP-MS.
Selenium; Vanadium; Zinc
Soil extracts are prepared by extracting dried
2450 |Hexavalent Chromium in Soils |Chromium [VI] and ground soil samples into bailing water.

Chromium [V1] is determined by ‘Aquakem 600’
Discrete Analyser using 1,5-diphenylcarbazide.

Determined by high temperature combustion

lin Scil by GC-MS

Dibenz[ah]Anthracene; Fluoranthene®;
Fluorene™*; Indeno[123cd]Pyrene®;
Naphthalene*; Phenanthrene®, Pyrene*

2625 |Total Organic Carbon in Soils | Total organic Carbon (TOC) under oxygen, using an Eltra elemental
analyser.
Aliphatics: =C5-C8, »C6-C8,>C8-C10,
>C10-C12, >C12-C16, >C16-C21, >C21- ; .
2680 |TPH A/A Spiit €35, >C35- C44Aromatics: »C5-C7, »C7—C8, dD;f:L?ir;:"eth ane extraction / GExGC FID
>C&- C10, >C10-C12, >C12-C18, =C16- C21,
=C21-C35, =C35- C44
. . Volatile organic compounds, including BTEX  |Automated headspace gas chromatographic
2780 \({%agl:) ﬁrgzlﬂl:bio;n;c;usnisce and halogenated Aliphatic/Aromatics.(cf. (GC) analysis of a soil sample, as received,
GC-MS P USEPA Method 8260)*please refer to UKAS with mass spectrometric (MS) detection of
schedule volatile organic compounds.
Semi-Volatile Organic . . )
2790 |Compounds (SVOCs) in Soils  [SEM-volatile organic compounds(cf. USEPA 1, .\ 1 texane extraction 7 GC-MS
Method 8270)
by GC-MS
Acenaphthene™; Acenaphthyleng; Anthracene™,
Benzola]Anthracene* Benzo[a]Pyrene®:
Speciated Polynuclear Benzolb]Fluoranthene*: Benzo[ghi]lPerylene*:
2800 |Aromatic Hydrocarbons (PAH) |Benzolk]Flucranthene; Chrysene*; Dichloromethane extraction f GC-MS
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Report Information

Key

U
M
N
S
SN
T
1S
U/s
N/E
<
>

UKAS accredited

MCERTS and UKAS accredited

Unaccredited

This analysis has heen subcontracted to a UKAS accredited laboratory that is accredited for this analysis
This analysis has heen subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
This analysis has been subcontracted to an unaccredited laboratory

Insufficient Sample

Unsuitable Sample

not evaluated

"less than"

"greater than"

Comments or interpretations are beyond the scope of UKAS accreditation

The results relate only to the items tested

Uncertainty of measurement for the determinands tested are available upon reguest

MNone 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 corrected 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 Asbestos 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 exceeds stability time (sampling to extraction)
C - Sample not received in apprepriate containers

D - Broken Container

E - Insufficient Sample (Applies to LOI 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 requirements to:

customerservices@chemtest.com

Page 7 of 7



APPENDIX E

RSK GENERIC ASSESSMENT CRITERIA -
COMMERCIAL

28616 L0O3 (00)



GENERIC ASSESSMENT CRITERIA FOR
CONTROLLED WATERS

Protection of the water environment

The water environment in the United Kingdom is protected under a number of regulatory regimes.
The relevant environmental regulator is consulted where there may be a risk that pollution of
‘controlled waters’ may occur or may have occurred in the past.

The term ’'controlled waters’ refers to coastal waters, inland freshwaters and groundwater. The
EU Water Framework Directive (WFD) (2000/60/EC) is implemented via domestic regulations and
guidance, covering aspects of groundwater and surface water protection as well as drinking water
supply policy. Domestic legislation and guidance will vary across the United Kingdom. Therefore,
the relevant legislation for England, Wales, Northemn Ireland and Scotland should be reviewed,
alongside guidance provided by the Environment Agency (EA), Natural Resource Wales (NRW),
the Scottish Environmental Protection Agency (SEPA) or the Northern Ireland Environment
Agency (NIEA), as appropriate.

The main objectives of the protection and remediation of groundwater under threat from land
contamination are set out within “The Environment Agency’'s approach to groundwater
protection”, version 1.0 (March 2017)" and the associated guidance “Land contamination
groundwater compliance points: quantitative risk assessments (March 2017)"'® that have
replaced the previous guidance document “Groundwater Principles and Practice (GP3)". When
assessing risks to groundwater, the following need to be considered:

« Where poliutants have not yet entered groundwater, all hecessary and reasonable measures
must be taken to:

= prevent the input of hazardous substances infa groundwater (see description of
hazardous substances below)

= [fimit the entry of other (non-hazardouis) poliutants into groundwater to avoid pollution,
deterioration in the sfatus of groundwater bodies and to prevent sustained, upward
trends in polfutant concentrations in groundwater.

* Where pollutants have already entered groundwater, the priority is to take all necessary and
reasonable measures to:

»  minimise further entry of “confaminants” where there is a defined source
* fimit the pollution of groundwater or any effect on the staius of the groundwater body
from the future expansion of the plume’, if necessary, by actively redcing its extent.

Within the context of groundwater risk assessments on sites affected by land contamination,
“reasonable” means feasible without involving disproportionate costs. What costs are
“disproportionate” depends on site-specific circumstances, which may include:

+ Considerations of technical feasibility such as identified by the remedial options appraisal, this
may be due to the distribution or nature of the contamination and the available remedial
methods to treat the identified contamination;

«  Sustainability considerations.
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DEFINITIONS AND SUBSTANCE CLASSIFICATIONS

Risks to surface waters:

When assessing risks to surface waters, the following list of definitions should be
understood:

Priority substances (PS) are harmful substances originally identified under the Water Framework
Directive (WFD) 2000/60/EC as substances ‘presenting a significant risk to or via the aquatic
environment’ at a European level. Member States are required to incorporate the identified PS into
their country-wide monitering programmes. There are currently 33 PS defined within the Priority
Substances Directive (2013/39/EU: Annex 1), with a further 12 additional substances due to come
into force from 22 December 2018, Directive 2013/39/EU has been transposed into domestic
legislation for England and \Wales by The Water Framewaork Directive (Standards and Classification)
Directions (England and Wales) 2015.

Under the umbrella of PS, there is a sub-set of substances identified as being “hazardous”, and
these are referred to as Priority hazardous substances (PHS). The list of PHS is defined at EU
level within the Priority Substances Directive (2013/39/EU). The WFD defines hazardous
substances as ‘substances (or groups of substances) that are toxic, persistent and liable to bio-
accumulate, and other substances or groups of substances that give rise to an equivalent level of
concern.’ There are currently 15 PHS, with a further 6 additional substances due to come into force
from 22 December 2018.

There is alsc another group of substances defined at EU level and which are referred to as other
pollutants (OP) in Directive 2013/39/EU. These are additional substances which although not
priority substances, have EQS which are identical to those laid down in the legislation which
applied prior to 13 January 2009 (Directive 2008/105/EU). The OP are listed along with the priority
substance (PS) within the Pricrity Substances Directive (2013/39/EU),and their associated EQS are
also listed therein. There are 6 OP defined within the Priority Substances Directive (2013/39/EU).

In addition fo the EU level substances, there are also a group of pollutants defined at a Member
State level, referred to as Specific pollutants (SP). These substances are pollutants which are
released in significant quantities into water bodies in each of the individual Eurcpean Member
States. Under the WFD, Member States are required to set their own EQS for these substances. An
indicative list of 8P is given in Annex VIl of the WFD. Many of the substances categorised as SP in
the UK were formerly List 2 substances under the old Groundwater Directive (80/68/EEC). The SP
are defined within Part 2 (Table 1) of The Water Framework Directive (Standards and Classification)
Directions (England and Wales) 2015.

Risks to groundwater:

When assessing risks to groundwater, the following definitions should be understood:

Under the requirements of the Groundwater Daughter Directive (2006/118/EU), the UK has
published a list of substances it considers to be hazardous substances with respect to
groundwater. In their advisory capacity to the government, this list has been derived by the UK Joint
Agencies Groundwater Directive Advisory Group (JAGDAG), of which the Environment Agency is a
member. The JAGDAG list of hazardous substances was published in January 2017 and the
Envircnment Agency will use the updated list of hazardous substances from this date for all new
activities that may lead to the discharge of hazardous substances to groundwater. The list is
extensive and can be found in full at:
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Selecting the appropriate assessment criteria

When assessing the risks to controlled waters, various assessment criteria apply, depending on
the nature of the assessment and the conceptual site model.

Where a surface water body is involved, then Environmental Quality Standards (EQS) are the
relevant assessment criteria as they are designed to be protective of surface water ecology.

Where a public water supply or a Principal aquifer is involved, then the standards defined in The
Water Supply (Water Quality) Regulations® are the primary source of assessment criteria. The
Private Water Supplies Regulations® may also be applicable in some cases. For instances where
there are no UK assessment criteria, then the World Health Organisation (WHQ) drinking water
guidelines™ may be used.

This appendix presents the generic assessment criteria (GAC) that RSK considers suitable for
assessing risks to controlled waters for our most commonly encountered determinants. A full list
of EQS for England and Wales are included in The Water Framework Directive (Standards and
Classification) Directions (England and Wales) 2015.

The RSK GAC for controlled waters are presented in Table 1 and Table 2. In line with the
Environment Agency’'s Remedial Targets Methodology, the GAC for controlled waters are termed
‘target concentrations’.

The appropriate target concentrations should be selected with consideration to:
¢ the site conceptual model (i.e. the receptor at potential risk);
¢ whether the substance is already present in groundwater at the site;

s whether or not the substance is classified as a priority hazardous substance under the Priority
Substances Directive (2013/39/EC) (see above), or as a hazardous substance according to the
current list of JAGDAG determinations®; and

» background concentrations in the aquifer (if applicable).

It is important to remember that the WFD and Environment Agency guidance" & ™ support a

sustainable, risk-based approach be applied to groundwater contamination. Exceedance of any
target concentration does not necessarily imply that an unacceptable risk exists or that
remediation is inevitably required.
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Target concentrations shaded in green | Target concentrations shaded in orange
are statutory values are non-statutory values

Note: Units pg/l throughout (unless otherwise stated)

Table 1: Target concentrations for controlled waters (excluding TPH CWG fractions)

Substance classification Target concentrations (pg/l)

EQS or best equivalent

Determinant Minimum UK drinking water

Groundwater Surface wa{tﬁe;r reporting standard Transitional

receptors® receptors :
value {or best sauivalent] Freshwater (estuaries) and
coastal waters

Metals & other inorganics
Hazardous Specific pollutant Arsenic R 10 501! sl
substance
Non-hazardous _— ; 7 (2 <0.08, 0.08, 0.09, {Ba
pollutant Priority substance Cadmium [ ) 0.15, 0.25 (Bb] 0.2
det;rhric;:?ed) : Chromium (total) « B Sum values for chromium Il and VI
(None Specific pollutant Chromium (Ill) A7 .
5 Use value for total
chromium
HAAraauE Specific pollutant Chromium (V1) 3.4 0.6
substance
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Target concentrations {pg/l)

Substance classification

EQS or best equivalent

Determinant Minimum UK drinking water

Groundwater
receptors®

Surface water
receptors®®

reporting
value

standard

{or best equivalent)

Freshwater

Transitional
{estuaries) and
coastal waters

3.76 dissolved,

where DOC
<1mg/l”**
(Not - 2} : ; {a) 3.76pg/l +
PR o) Specific pollutant Copper = 2,000 1 bicavailable (2.677ug/l x
((DOC/2) -
0.5ugf/))
dissolved, where
DOC >1mg/l®*
Hazardous Priority substance Lead . 10 1.2 bioavailable® 1.3l%
substance
Hazardous Priority hazardous Meroury 001" 1 0 07 0.07%
substance substance
Non-hazardous | o0y o bstance Nickel - 207 4.0 bicavailable™ 8.6
pollutant
Non-hazardous i Salawii; _ 10 _ -
pollutant
Ren-TRpAIIEUS | e g Zinc . 3.000®) 10.9 bioavailable™ | 6.8 dissolved ¢
pollutant
None Specific pollutant Iron & 200" 10004 100G
- 50 123 bioavailable™’
None Specific pollutant Manganese - -
(0.05mg/l) {0.123mgf1)
(Not ) s _ {2 - =
delerried) Aluminium 200
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Substance classification

Target concentrations {pg/l)

EQS or best equivalent
Minimum UK drinking water

reporting standard

value {or best equivalent) Rae S e«

Surface water Determinant

receptors®®

Groundwater

Transitional
receptors®

{estuaries) and
coastal waters

Hazardous Priority hazardous Tributyltin compounds e (65} )]
substance substance {Tributyltin-cation) 2001 ) o0e SR
200,000
it . Sodium - : - -
determined) (200 mg/l)
Non-hazardous " Cyanide 50 1559 1559
Specific pollutant . -
pollutant (Hydrogen cyanide) {(0.05 mg/l) (0.001 mg/l) {0.001 mg/l)
(6
T~ Total‘ammoma i 500 300'%"
ollutant " mmantamas N, J ) (0.5 mg/l) (0.3 mg/l) )
P plus ammonia (NH;) ) =g
Non-hazardous | o oo o Ammonia un-ionised i i i 21
pollutant RekllBR (NH) (0.021 mg/l)
i ol6a) 105!
e il Specific pollutant Chlorine = 4
pollutant (0.002 mg/l) (0.01 mg/)
(2
(ot 2 Chloride - o . ’
determined) {250 mg/l)
2)
(Not 250,000
determined) Shiphale (250 mg/l)
50,000
e . Nitrate (as NO.) s . -
determined) (50 mgfl)
500" 1
ver X Nitrite (as NO.,) : s
determined) (0.5 mg/l) (0.01 mall)
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Substance classification

Target concentrations {pg/l)

EQS or best equivalent
Minimum UK drinking water

reporting standard
value Freshwater

Surface water Determinant

receptors®®

Groundwater

Transitional
receptors®

{estuaries) and

{or best equivalent)

Volatile organic compounds (VOC)

coastal waters

Non-hazardous

Tetrachloroethene

Other pollutant {tetrachloroethylene; 0.1 1005 1005
pollutant
PCE) 10%'sum of TCE and
azardons Trichloroethene _ PCE
Other pollutant (trichloroethylene; @ 14 15t 15t
substance TCE)

None Specific pollutant Tetrachloroethane - " 1401 -
Hazardous Giisr el Carbon tetrachloride 040 302 1905 1905
substance (tetrachloromethane)

i ek Priority substance 1,2-Dichlorosthane 1.0 3.0% 10/ 10t
pollutant
Non-hazardous 1.2-Dichloroethene 50.0%
pollutant {DCE) E
Hazardous i} Vinyl chloride ) 052 ) )
substance (chloroethene) '
Rlanshazsrdols Priority substance Dichloromethane z 20 205! 205!
pollutant
Non—hazardous i . [7’1} {6a) GEN
Priority substance Trichlorobenzenes 0.01 - 0.4 0.4
pollutant

{Not . [ZEj

deteemined] - Trihalomethanes - 100 - -
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Substance classification

Groundwater
receptors®

Surface water
receptors®®

Determinant

Minimum
reporting
value

Target concentrations {pg/l)

UK drinking water
standard

{or best equivalent)

EQS or best equivalent

Freshwater

Transitional
{estuaries) and
coastal waters

Hazardous Bribriysubsianpe Trichloromethane 040 (see “Trihalomethanes 5 gl 5 gl
substance {(Chloroform ) above)
Di(2-ethylhexyl)
Non-hazardous | Priority hazardous phthalate i & 1 309 1 309
pollutant substance (bis(2-ethylhexyl) ! !
phthalate, DEHP})

None Specific pollutant Benzyl butyl phthalate = . 7.5 0.75'%)
Hazardous Priority hazardous et l‘).ﬁﬂ'ﬁ.m D..EH” 0.6t 0.6\
substance substance -

Semi-volatile organic compounds {SVOC)

(Not i Acenaphthylene ) 5810
determined) (C12-C16) ) =
Hazardous Priority hazardous Anthracene ) 0 4t 0 4t
substance substance (C16-C21) - ’ ’

Non-hazardous G Naphthalene 5a) 5a)
pollutant Priority substance (C10-C12) 2 2
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Substance classification

Groundwater
receptors®

Hazardous

Surface water
receptors®®

Determinant

Fluoranthene

Minimum
reporting
value

Target concentrations {pg/l)

UK drinking water
standard

{or best equivalent)

EQS or best equivalent

Transitional
{estuaries) and
coastal waters

Freshwater

- ) ) (6a) [6a)
R — Priority substance (C21-035) 00063 0.0063
Benzo(a)pyrene } 12) i5a) i)
(C21-C35) 0.01 0.00017 0.00017
Benzo(b)fluoranthene
(C21-C35) }
_— Benzo{k)fluoranthene
Hazardous Priority hazardous (C21-C35) s 0.1%eum of the No EQS for these substarnces.
substance(s) substance(s) - concentration of the o
Benzo(g,h.i)perylene e B(a)P should be used as the indicator
(G21-C35) - Comppoun . compound instead.
Indeno(1,2,3-cd)
pyrene o
(C21-C35)
Non-hazartous | e sriliitaint Phenol . 7 7(%) 7.7
pollutant
Hazardows Specific pollutant 2,4-Dichlorophenol 0.1 : 4,205 0.42%
substance
Hazardous Lk Pentachloro-phenol e (43 (al (5al
sabskinEe Priority substance (PCP) 0.1 9 0.4 0.4
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Substance classification Target concentrations {pg/l)

EQS or best equivalent

Determinant Minimum UK drinking water

i Transitional
5) (6} reporting standard
[ockptats feceptoes value Freshwater {estuaries) and

Groundwater Surface water

{or best equivalent) et

Petroleum hydrocarbons

See Table 2 for individual

Hazardous Total petroleum (non-statutory) TPH CWG | See individual risk driving compounds (i.e. BTEX
substance i hydrocarbons ) fractions with respect to and PAH) for specific EQS
drinking water receptors
Benzene
Mazapdgus Priority substance ek s st g
substance (C5-C7)
Toluene ;
Hlaz i aus Specific pollutant 4 700" 74%) 74%)
substance (C7-C8)
Hazardous ) Ethylbenzene i .300(4) i i
substance (C8-C9)
(Not ) Xylenes 3™ 5004 30" _
determined) (C8-C10)
Non-hazardous i Methyl tertiary butyl ) 1502 _
pollutant ether (MTBE) '
Pesticides, fungicides, insecticides and herbicides
; 0002l 2
Hazardous Other pollutant Aldrin 0.003 0.03 0.01" (sum of all 0.005'% (sum
substance(s) {Cyclodiene Dieldrin 0.003""! 0.032 four) of all four)
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Substance classification

Target concentrations {pg/l)

EQS or best equivalent

Groundwater Surface water Determinant Mmlm!‘m M disnking wates i
2 reportin standard Transitional
) tors'® P 9 .
receptors recep value {or best equivalent] Freshwater {estuaries) and
coastal waters
pesticides) Endrin 0.003"! 0.1
Isodrin* 0.003'" gt
:ﬁ:g::: Other pollutant DDT (total) 0.002'"! 14 0,025/ 0025
(Not
determined) —
assume to be - Total pesticides = 0.5™ 2 s
Hazardous
Substance
(Not
determined) - o o
s e B Other m@wdual _ 0 12
Hazardous pEsticides
Substance
Hazardous Specific pollutant Carbendazim . . 0 15'% 2
substance B P '
Hazardous - s {Ba)
o Specific pollutant Chlorothalonil - - 0.035 -
Specific pollutant 0.0001 % 0.0001 %
Hazardaus: | (uolll 2o/ 120G alter Cypermethrin . . From22/1218 | From 22/12/18;
substance which it becomes a (68) (6]
Priority substance) 8.0E-5 8.0E-6
blasardeus Specific pollutant Dimethoate 0.01" « 0.48% 0.48°
substance :
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Substance classification Target concentrations {pg/l)

EQS or best equivalent

Ceaiindinter RenEare vinter Determinant Minimum UK drinking water =
tors® tore® reporting standard Transitional
ISCERMITS TECEPROLS valie : Freshwater (estuaries) and
{or best equivalent)
coastal waters
(Not - [Ga [Ba)
distexiiied) Specific pollutant Glyphosate - - 196 196
Hazdardous Specific pollutant Linuron 0.5 0.5
substance P P ’ ’
Non- _
hazardous Specific pollutant Mecoprop 0.04'" - 1giee! 1g!°a!
pollutant
Non-
hazardous Specific pollutant Methiocarb } . 0@ 5
pollutant
Non- .
hazardous Specific pollutant Pendimethalin ’ z8% @3+ .
pollutant
Hazaraous Specific pollutant Permethrin 0.001"" . 0.001% 0.0002%
substance vl . :
Hazardous _— ' o . .
suliskiniss Priority substance Alachlor - 20 03 03
::;2::3:: Priority substance Atrazine 003" 106@'5 0.6!%) 0.6!%)
Hazardous e ; (6al {6a]
Priority substance Diuron - - 0.2 0.2
substance
Hazardous Priority hazardous BRI D_._'ﬂﬁ_5\”fl ) 0.005%% 0.0005.
substance substance
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Target concentrations {pg/l)

Substance classification

EQS or best equivalent

Groundwater Surface water Determinant Mmlm!‘m M disnking wates Transitional
&) tors® reporting standard _
receptors TECEPROLS valie : Freshwater (estuaries) and
{or best equivalent)
coastal waters
Non- _
hazardous Priority substance Isoproturon . 9t 0 3% 0 3%
pollutant
HaRandeilg Priority substance Simazine 0.03" Sl e g
substance
Hazardous Priority hazardous ; ; e AR (6a] (6a]
siibsiiass Sulistines Trifluralin 0.01 on 0.03 0.03
(Not From 22/12/18: — From 22/12/18: From 22/12/18:
: IchiCcrovos = B
determined) Priority substance 6.0E-4" 6.0E-5"
Hazardous From 22/12/18: Heptach|or and 0 03[?3 From 22/12/18: From 22/12/18:
substance Priority substance heptachlor epoxide i ‘ 2 DE=/ 1.0E-08%
Miscellaneous
= Triclosan
N , : = > Ak Ak
one Specific pollutant (antibacterial agent) 01 01
Hazardous EEAm el 15: FEIMEO RN From 22/12/18; From 22/12118;
bR TAnEE Priority hazardous sulfonic acid (and its . . 5 5E-4(! 1 3E-40%)
substance derivatives) (PFOS) T el
Hazardous 5 'froit";iﬂm;s: fodab:’m" From 22/12/18: From 22/12/18:
substance L Ciritetang - - (6a) (68
cibictance (HRCDD) 0.0016 0.0008
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Substance classification Target concentrations {pg/l)

EQS or best equivalent

Determinant Minimum UK drinking water =
Groundwater Surface water e horing i e

receptors® receptors®® : :
value {or best equivalent) Ereshyac & ?j::?;;?;& r::

Notes:

' A target concentration is not available.
*Please note that total ammonia (NH,™ and NH:) is equivalent to ammoniacal nitrogen in laboratory reports

*! Please note that although iron is listed in the 2015 Direction as 1.000 ug/l, the EQS remains at 1mg/l in Scotland and it is assumed this is an error

and should read either 1,000 or 1000ug/l.

*2 Please note that although Isodrin is not listed in name within the group of "Cyclodiene pesticides’ in Table 1 of Schedule 3 Part 3 of the 2015
3-6) is listed and therefore it is assumed that it has been missed off the named list of substances.

sonsistency, but is an analytical method-defined measurement for a mixture of hydrocarbons subject to

d from the Metal Bioavailability
; dance of this value should
nd Ca to derive a site-specific EQS termed the PNEC
1s-lakes-metal-bioavailakility-assessment-tool-m-bat.
For zing, if there is an exceedance of the EQSbiocavailable in an initial GQRA, Tier 2 required that the EQS for zinc should also have the ambient
background concentration of zinc added as well
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Table 2: World Health Organization (WHQ) guide values for TPH CWG fractions in drinking

water'" (as referenced in CL:AIRE, 2017""")

TPH CWG fraction

Aliphatic fractions:

WHO guide value for drinking
water™ (ugil)

Aliphatic EC5-EC5 15,000
Aliphatic »ECB6-EC8 15,000
Aliphatic >EC8-EC10 300
Aliphatic >EC10-EC12 300
Aliphatic >EC12-EC16 300

Aliphatic *EC16-EC21

Aliphatic >EC21-EC35

Aromatic fractions:

Aromatic EC5-ECB

10 (benzene)

Aromatic > ECG-EC8

700 (toluene)

Aromatic »ECB-EC10

300 (ethyl benzene)
500 (xylenes)

Aromatic >EC10-EC12 a0
Aromatic *EC12-EC16 90
Aromatic >EC16-EC21 90
Aromatic >EC21-EC35 90

Referance: World Health Organisation (WHO), 2008. Pstroleum products in drinking-
water. Background document for development of WHO guidelines for drinking water
quality. WHO/SDEAWSH/05.08/123. World Health Organisation, Geneva .
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to < 50 mg CaCO3/l, Class 3: 50 to < 100 mg CaCO3/1, Class 4: 100 to < 200 mg
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FLOW CHART TO ASSIST WITH SELECTION
OF TARGET CONCENTRATIONS

Is the substance already in
groundwater?

Groundwater

Substance already in
groundwater: take necessary
measures to minimise
further entry and to limit the
pollution of groundwater or
lessen the impact on the
status of the groundwater
from the future expansion of
a contaminant plume, if
necessary by reducing its

extent. This applies to both
hazardous substances and

any other non-hazardous
pollutants

Has the substance been classified as a

Leachate
SECTEE hazardous substance?

Further input of
substances should be
minimised and pollution
should be limited

Input of non-hazardous
pollutants should be
limited

Input of hazardous
substances should be
prevented

Minimum Repaorting
Values (MRV) or
background
concentrations

Dependent on receptor

Environmental
Quality Standard
(EQS)

Freshwater

Potable abstraction or
Principal aquifer Both

receptors

Lowest of
EQS/DWS

Drinking Water
Standard

(DWS)

Coastal/

Transitional (estuarine)

TC = Target concentration

When leachate is being assessed the ‘compliance point’ is the groundwater body. Therefore dilution within the
groundwater body may be applied with caution before comparing with the TC.

When directly assessing a receptor, e.g., a river, the appropriate TC should be selected.
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Generic groundwater assessment criteria (GrAC) for human health:
commercial scenario (adult receptor)

Background

Volatile organic compounds (VOC) in groundwater have the potential to pose risks to residential
site end users via indoor and outdoor inhalation exposure. Due to significant dilution effects in
outdoor air, inhalation risk is dominated by indoor exposure. The GrAC conceptual site model
(CSM) is shown in Figure 1 (not to scale).

Figure 1: GrAC conceptual model for a generic commercial scenario

4 \ Inhalation of vapour

On-site commercial building by female worker

424m’ x 10.2m

[three-storey, pre-1970s) %

Sand or Sandy Loam

Capillary fringe
Migration of vapours
from groundwater to

indoors Groundwater 0.65 to 5.0 m bgl

RSK GrAC derivation

Model selection

The Society for Brownfield Risk Assessment (SoBRA) published a set of generic assessment
criteria for assessing vapour risk to human health from volatile contaminants in groundwater in
February 2017". The criteria were developed for a list of common VOC using the Environment
Agency Contaminated Land Exposure Assessment (CLEA) tool® based on a sand soil type and
a groundwater depth of 0.65 m below foundation base level. The CLEA tool is not designed to
directly model VOC in groundwater and the SoBRA generic criteria are recognised as being
conservative since calculations in CLEA are based on three-phase partitioning in the unsaturated
zone between soil, soil vapour and soil moisture, with the latter taken by SoBRA as a
groundwater equivalent. This method does not take account of the presence of a semi-saturated
capillary fringe above the water table, which will serve to provide some mitigation to vertical soil
vapour migration.

RSK GrAC are calculated using the RBCA Toolkit for Chemical Releases (version 2.6) with the
Johnson and Ettinger model, based on the CSM in Figure 1 for a pre-1970 three storey office
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building (as defined in SR3®, Table 4.21) and which allows consideration of a capillary fringe.
The capillary fringe is the subsurface layer in which groundwater seeps up from a water table by
capillary action to partially fill soil pores.

The RBCA model was used in preference to the Environment Agency Contaminated Land
Exposure Assessment (CLEA) tool?, as the CLEA tool is not designed to directly model VOC in
groundwater and does not take account of the presence of a semi-saturated capillary zone.

Conceptual model

In accordance with SR3(3), the commercial scenario considers risks to an adult female worker
who works from the age of 16 to 65 years. It should be noted that this end use is not suitable for
a workplace nursery (where children will be present for an extended period of time) but may be
appropriate for a sports centre or shopping centre where children are present but for limited
periods of time.

The pollutant linkage considered in production of the GrAC is the volatilisation of compounds
from groundwater and subsequent vapour inhalation by the identified receptor while indoors.
Figure 1 illustrates this linkage. Although the outdoor air inhalation pathway is also valid, this
contributes little to the overall risks owing to the dilution in outdoor air. RBCA does not take
account of the presence of non-aqueous phase chemicals but highlights when the assessment
criterion exceeds the solubility limit of the pure compound.

Input selection — chemical and toxicological parameters

Key parameters used in the RBCA model are listed and justified in Table 1. The most up-to-date
published chemical and toxicological data was obtained from EA Report SC050021/SR7%?, the
EA TOX® reports, and published by Nathanial et al.,”®’, as appropriate. Toxicological and specific
chemical parameters for 1,2,4-rimethylbenzene and methyl tertiary-butyl ether (MTBE) were
obtained from the CL:AIRE Soil Generic Assessment Criteria report'”.

The toxicological input parameters are associated with minimal risk, rather than low risk.

For petroleum hydrocarbon fractions, aromatic hydrocarbons C5-C8 were not modelled, as this
range comprises benzene (*EC5-EC7) and toluene (>EC7-EC8), which are modelled separately.

For the Commercial GrAC, the Health Criteria Values (HCV) used in the modelling were derived
using the toxicological data discussed above, amended as follows:

« An adult weighing 70kg and breathing 15.7m® air per day in accordance with the revised
exposure parameters used in the SP1010 final project report for the Category 4 Screening
Levels (C4SL) (Table 3.2'¥) and USEPA data®”

» Background inhalation (mean daily intake(MDI)) for an adult (Age Class 17).

The amended HCV used in the derivation of the RSK GrAC are presented in Table 1.
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Table 1: Amended Health Criteria Values

Modified HCV
(mg/m°)
Adult
VOC /| BVOC (Commercial)

MTBE 3.2084
Benzene 0.0062
Toluene 6.2362
Ethylbenzene 0.3301
Xylenes 0.2609
Trimethybenzenes 0.0085
TPH_Aliph EC5-EC6 11.1465
TPH Aliph ~EC6-EC8 11.1465
TPH_Aliph >EC8-EC10 0.6485
TPH_Aliph *EC10-EC12 0.6485
TPH_Aliph *EC12-EC16 0.6465
TPH_Arom >EC8-EC10 0.1338
TPH Arom >EC10-EC12 0.1338
TPH_Arom *EC12-EC16 0.1338
Acenaphthene 0.2875
Acenaphthylene 0.2675
Naphthalene 0.0037
Vinyl chloride 0.0013
Dichloroethane-1,2 0.0005
Tetrachloroethene 0.0363
Carbon tatrachloride 0.0114
Trichloroethane-1,1,1 2.6752
Trichloraethene 0.0025
Tetrachloroethane 1,1,2,2 & 1,1,1,2 0.0257
1,1,2-Trichloroethane 0.0216
1,1-dichlaroethene 0.2541
Chloroethane 12.7374
Chloromethane 0.0115
Dichloromethane 0.5765

Note on Trimethylbenzenes

For trimethylbenzenes the CL:AIRE report'” based background inhalation from non-soil sources
(MDI) on a Dutch study from 1985, which is reported to have identified an average daily dose of
1,2 4-trimethylbenzene of 86 ug d™' (1,3 54rimethylbenzene was 205 ug d™). This dose value
was based on the upper end of the identified concentration range of 1,2, 4-trimethylbenzene (2.46
- 566 ug m>) and was used to calculate an a MDI of 1.23 ug kg bw d”' for a 70 kg adult
breathing 20 m® of air daily.

The approach recommended in SR2"?, and also adopted for the C4SLs®, for non-carcinogenic
(threshold) compounds such as trimethylbenzenes is to subtract the MDI from the tolerable daily
intake (TDI) to obtain a tolerable daily intake from soil (TDSI) in units of ug kg'1 bwd’. For1,2,4-
trimethylbenzene, the adult MDI from the Dutch study used in the CL:AIRE report™ (1.23 ug kg™
bw d) is a significant proportion of the TDI (2.0 ug kg™ bw d), resulting in a low TDSI (1.0 ug
kg™” bw d™) when the 50% rule is applied (i.e. TDSI = TDI * 0.5 when MDI is high relative to TDI).
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This TDSI equates to an Inhalation Reference Concentration (or modified Health Criteria Value)
for adults of 3.4 ug m™ (70 kg adult breathing 15.7 m®d™).

By comparison the adult inhalation modified HCV for benzene is 6.2 ug m3, which is proven
human carcinogen (non-threshold compound).

The MDI for 1,2,4-trimethylbenzene is considered by RSK to be overly conservative for the
following reasons:

+ The Dutch 1885 study is dated and air quality has improved since this time
s The maximum value in the range (5.66 ug m'3) was used in calculating the MDI

+ Experience has shown that timethylbenzenes often appear to drive inhalation risks to a
greater extent than benzene, even though the latter is carcinogenic and more volatile.

As an alternative to the 1985 Dutch study, RSK have obtained automated roadside air quality
monitoring data for the UK from www.uk-air.defra.gov.uk/. The average concentration of 1,2 4-
trimethylbenzene measured during 2015 at Eltham, south-east London (urban) was 0.309 ug m™®,
significantly lower than that identified in the Dutch study and used by CL:AIRE" for calculation of
a MDI. Whilst an average concentration of 1,2 4-trimethylbenzene in UK urban and rural areas is
likely to be significantly below 0.0.309 ug m™, this value is considered to be suitably conservative
for the calculation of a modified HCV for trimethylbenzenes in the UK.

On this basis, the HCV for 1,2 4-trimethylbenzene for adults and children was calculated as 8.5
ug m™ (0.0085 mg m™) and 2.6 ug m (0.0026 mg m™), respectively (see Table 3). Due to the
paucity of toxicological data for 1,2,3-trimethylbenzene and 1,3,5-trimethylbenzene the modified
HCV for 1,2 4-trimethylbenzene is considered suitable for assessing total trimethylbenzenes.

Note on aqueous solubility and the RSK GrAC

Where the modelled assessment criteria, or the modelled assessment criteria with the correction
factor applied to those contaminants specified below, exceeds the aqueous solubility limit the
assessment criteria defaults to this concentration and consequently the GrAC is set at the limit of
solubility. These assessment criteria are shaded in red in Table 3 at the end of this document.

The theoretical aqueous solubility is the maximum amount of a single chemical that will dissolve
in pure water at a specified temperature. Above this concentration, the chemical will exist in the
non-aqueous phase (i.e. in its natural physical form as a solid, liquid (NAPL) or gas). If the
contaminant, based on its toxicity, is not considered to pose a risk to human health at the
aqueous solubility concentration then the contaminant can be considered not to pose a risk to
human health. Where the GrAC is set at the aqueous solubility limit (shaded in red on Table 3),
this is not a risk based assessment criteria but is indicative of the maximum amount of chemical
that would be found dissolved in the water. Therefore an exceedance of the RSK GrAC set at
the aqueous solubility limit is not indicative that there may be potential risks to human health. It
should be noted that for certain contaminants (e.g. the lighter petroleum hydrocarbon fractions)
the aqueous solubility is very low and may be at, or below, the laboratory method detection limit.
It should also be noted that non-aqueous phase may exist where concentrations of individual
compeunds are well below their solubility limits where they are part of a mixture, in accordance
with Raoult’'s Law.
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Input selection - physical parameters

For the commercial scenario, the CLEA default pre-1970s three-storey office building was used.
SR3® notes this commercial building type to be the most conservative in terms of risk from
vapour intrusion. The building parameters used in the production of the RSK GACs are the
default CLEA v1.06 inputs presented in Table 3.3 of SR3%.

The RSK GrAC have been calculated for both Sand and Sandy Loam soils. The soil parameters
used in the derivation of the RSK GrAC are those presented in Table 3.1 of SR3%,

The RSK GrAC have been derived for groundwater depths of 0.65 m, 1.5 m, 2.5 mand 50 m
below ground level, incorporating a capillary fringe (see Table 2).

Input selection - attenuation factors

In line with recommendations provided in Environment Agency SR3® a sub-surface to indoor
attenuation factor of 10 has been applied to certain RBCA derived 'site-specific target levels’.
SR3¥ states that, as a general rule of thumb, it is recognised that estimating vapour phase
concentrations from dissolved and sorbed phase petroleum hydrocarbons by using partition
coefficients are at least a factor of ten higher than those likely to be measured on-site. This
difference is likely to be due to a number of factors, however aerobic biodegradation in the
unsaturated zone is believed to be largely responsible. RSK has therefore applied this
attenuation factor to all volatile petroleum hydrocarbon fractions (including BTEX,
trimethylbenzenes and the polycyclic aromatic hydrocarbons (PFAH) naphthalene, acenaphthene
and acenaphthylene). No such attenuation factors have been applied to other non-hydrocarbon
chemical species, including chlorinated hydrocarbons or fuel oxygenates such as M{BE.

Convective (volumetric) air flow through foundation cracks (Qgq) is a sensitive parameter in the
calculation of GrAC and has been calculated within RBCA on a soil-specific basis for Sand and
Sandy Loam in a residential exposure scenario (see Table 2). This approach is less conservative
than using the default Q. value recommended in SR3® for a Sandy Loam (150 cm® s™) and
used in the CLEA model (version 1.071) for Sandy Loam (and Sand) soils (150 cm® s™") in a
commercial scenario.
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Table 2: Commercial scenario — RBCA inputs

Parameter Unit Value Justification
Receptor — female child
Averaging time Years 49 From Box 3.5, SR3*
Receptor weight kg 70 Female adult, Table 4.6, SR3™
Exposure duration Years 49 From Box 3.5, SR3¥
-1 Weighted using occupancy period of 9 hours per day for 230
Exposure frequency Days yr 86.25 days of the year ((Shours % 230 days)/24 hours)
Soil type — sand
Total porosity - 0.54
Volumetric water content — 0.24
unsaturated (vadose) zone - : CLEA value for sand. Parameters for sand from Table 4.4,
— SR3"“"Volumetric water content in the vadose zone is a
Volumetric air content - . 0.30 highly sensitive parameter within the model and potentially
unsaturated (vadose) zone highly variable in the field.
-3
. gom”or
Dry bulk density kg L 1.18
Calculated using SR3 Equation 4.1. Value taken as the
- _ average moisture content calculated for suction heads (cm
youmetne ater content - 0.35 H:0): 0 (i.e. saturated), 10, 20, 30, 40, 50 {i.e. unsaturated
pifiary soil at field capacity). This is a highly sensitive parameter
within the model.
Volumetric air content - cailla Calculated from total porosity and volumetric water content
Jone piflary - 0.18 of capillary zone. This is a highly sensitive parameter within
the model.
. . L Kl CLEA value for saturated conductivity of sandy loam, Table
Vertical hydraulic conductivity em o 636 4.4, 5K equivalent to 7.36 E-U3 cm s |
Vapour permeability m? 7.54 E-12 | Calculated for sand using equations in Appendix 1, SR3
Taken from C W Fetter, Applied Hydrogeclogy 4" Ed,
Capillary zone thickness m 0.25 1994 and R Heath, Basic groundwater hydrology 1992
for a medium sand
Equivalent to SOM = 1%. Note that GrAC are independent
Fraction organic carbon % 0.0058 on FOC/SOM content since partitioning is assumed to be
between aqueous and vapour phases only
Soil type — sandy loam
Total porosity - 0.53
Volumetric water content — 0.33
unsaturated (vadose) zone - : CLEA value for sandy loam. Parameters for sandy loam from
— Table 4.4, SR3%. \iolumetric water content in the vadose
Volumetric air content - _ 0.20 zone is a highly sensitive parameter within the model and
unsaturated (vadose) zone potentially highly variable in the field.
a3
. geomTor
Dry bulk density ka/L 1.21
Calculated using SR3 Equation 4.1'. Value taken as the
Volumetric water content — average moisture content calculated for suction heads (cm
capillary zone - 0.42 H:Q); 0 (i.e. saturated), 10, 20, 30, 40, 50 (i.e. unsaturated
pillary solil at field capacity). This is a highly sensitive parameter
within the model.
- _ ' Calculated from total porosity and volumetric water content
;/;I:;metnc air content - capillary | _ 0.1 of capillary zone. This is a highly sensitive parameter within
the model.
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Parameter Unit Value Justification
. . . A CLEA value for saturated conductivity of sandy loam, Table
Vertical hydraulic conductivity cm d 308 4.4, SR3" equivalent to 3.56E-3 cm s
Vapour permeability m2 305 E-12 g;lgg!ated for sandy loam using equations in Appendix 1,
Taken from R Heath, Basic Groundwater Hydrology 1992''
Capillary zone thickness m 0.4 for a fine sand. Note: C W Fetter, Applied Hydrogeology 4"
Ed, 1994"'" value for fine sand is 0.5 m
Equivalent to SOM = 1%. Note that GrAC are independent
Fraction organic carbon Y% 0.0058 on FOC/SOM content since partitioning is assumed to be
between aqueous and vapour phases only
Building — pre-1970 three storey office
Building volume/area ratio m 9.6
. Table 3.10, SR3®
Foundation area m 424
Foundation perimeter m 82.40 Based on square root of building area being 20.58m
Building air exchange rate g’ 24
Depth to bottom of foundation m 0.15 Table 3.10, SR3¥ Building air exchange rate equivalent to
slab ' 2.8E-04 s
Foundation thickness m 0.15
. . Calculated from floor crack area of 0.165m” and building
Foundation crack fraction - 3.89E-04 footprint of 424m” in Table 4.21, SR3®
Volumetric water content of _ 0.24/0.33 For sand / sandy loam, assumed equal to underlying soil
cracks : : type in assumption that cracks become filled with
unsaturated zone soil over time. Farameters for sand and
Volumetric air content of cracks - 0.30/0.20 | sandy loam from Table 4.4, SR3'"
Indoorfoutdoor differential Pa 44 From Table 3.3, SR3% Equivalent to 44glem/s’
pressure
Convective gir flow through Soil-specific calculated parameter in RBCA equivalent (and
cracks (Qun) - Sand g m’s” 1.85 E-04 | cross checked) with equations A1, A2, A3, A8, A9 in SR3",
il Equivalent to 195 cm®s™
L Soil-specific calculated parameter in RBCA equivalent (and
Sr:’c‘gcgge ?[ ';"a”:;hrfggpn mis’ 7.7 E-05 cross checked) with equations A1, A2, A3, A8, Ag in SR3%.
sl Y Equivalent to 77 em® s

RSK GrAC derivation outputs

The RSK GrACs are presented in Table 3.

Within the RSK GrAC the following should be noted:

¢« GrAC do not take account of outdoor inhalation exposure to VOC, which is considered to
contribute minimally to overall inhalation exposure

« GrAC do not take account of other exposure routes potentially relevant to VOC in shallow

groundwater such as direct contact or root uptake

« No biodegradation is assumed to occur in the unsaturated zone.

conditions on site are known to exist the GrAC for hydrocarbons may therefore be

conservative

¢ GrAC do not take account of preferential flow into buildings such as through unsealed
service entries. In such circumstances GrAC may not be appropriate for use
« GrAC are based on a soil vapour intrusion CSM and are not appropriate for use when the
foundation is in direct contact with contaminated groundwater
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« GrAC assume that the capillary fringe is un-contaminated with VOC, which is unlikely,
particularly where groundwater levels are variable

¢ GrAC set at the theoretical aqueous solubility limit are not considered to pose a risk to
human health

s GrAC do not take into account the interaction between contaminants and the influence
this may have on the theoretical aqueous solubility

« GrACs are only applicable to dissolved phase contaminants where the modelled
assessment criteria is below the aqueous solubility limits

Commercial GrAC_2018 00 T25656



References

1.

10.

11.

12.

Society for Brownfield Risk Assessment (SoBRA) (2017), Development of generic risk
assessment criteria for assessing vapour risks to human health from volatile contaminants in
groundwater (hitps://sobra.org.uk/). (accessed March 2017)

Environment Agency (2009), Science Report — SC050021/SR4 CLEA Software (version
1.05) Handbook (Bristol: Environment Agency).

Environment Agency (2009), Science Report — SC050021/SR3 Updated technical
background to the CLEA model (Bristol: Environment Agency).

Environment Agency (2008), Science Report SC050021/SR7. Compilation of Data for Priority
Organic FPoliutants for Derivation of Soil Guideline Values (Bristol: Environment Agency).

Environment Agency (2009), ‘Science Reports SC050021 - SGV and TOX reports for:
benzene, toluene, ethylbenzene, xylene, mercury, selenium, nickel, arsenic, cadmium,
phenol, dioxins, furans and dioxin-like PCBs’; 'Supplementary information for the derivation
of SGV for: benzene, toluene, ethylbenzene, xylene, mercury, selenium, nickel, arsenic,
cadmium, phenol, dioxins, furans and dioxin-like PCBs’, and ‘Contaminants in soil: updated
collation of toxicological data and intake values for humans: benzene, toluene, ethylbenzene,
xylene, mercury, selenium, nickel, arsenic, cadmium, phenol, dioxins, furans and dioxin-like
PCBs'. Available at: htips://www.gov.uk/government/publications/contaminants-in-soil-
updated-collation-of-toxicological-data-and-intake-values-for-humans

and https://iwww.gov.uk/government/publications/land-contamination-soil-guideline-values-
savs (accessed 4 February 2015)

Nathanial, C. P., McCaffrey, C., Ashmore, M., Cheng, Y., Gillet, A. G., Ogden, R. C. and
Scott, D. (2009), LQM/CIEH Generic Assessment Criferia for Human Health Risk
Assessment, second edition (Nottingham: Land Quality Press).

CL:AIRE (2009), Soil Generic Assessment Criteria for Human Health Risk Assessment
(London: CL:AIRE).

Contaminated Land: Applications in Real Environment (CL:AIRE) (2014). ‘Development of
Category 4 Screening Levels for Assessment of Land Affected by Contamination’, Revision
2, DEFRA research project SP1010.

USEPA (2011), Exposure factors handbook, EPA/G600/R-090/052F (Washington, DC: Office
of Research and Development).

Environment Agency (2009), Human heaith toxicologicai assessment of contaminants in soil,
Science Report — Final SC050021/SR2 (Bristol: Environment Agency).

Fetter, CW. (1994), Applied Hydrogeology. 4th Ed.

Heath, R. (1992), Basic Groundwater Hydrology. U.S. Geological Survey, Water Supply
Paper 2220.

Commercial GrAC_2018 00 T25656



Table 3: RSK GrAC {ug/l)

COMMERCIAL

SAND

GW Depth {m) 0.65

1.5

2.5

SANDY LOAM

|Metals
Elerental mercury
Methyl mercury

15 | 25

Acenaphthene

Acenapthithylene
Naphthalene

|Petroleum Hydrocarb

Aliphatic hydrocarbons EC5-ECH
Aliphatic hydrocarbons ~EC6-ECS
Aliphatic hydrocarbons =EC8-EC10
Aliphatic hydrocarbons >ECLO-EC12
Aliphatic hydrocarbons >ECL2-EC16
[Arematic hydrocarbons >ECS-EC10
[Arematic hydrocarbons >EC10-EC12
[Aromatic hydrocarhons >EC12-EC16

MNotes:

No vadese zene biodegradation considered

Al GrAC are for 1% S50M (0.0058 FOC}

“falues less than 100 have not been rounded up or down; values greater than 100 have been rounded to the nearest 10.

Sub-surface to indeor air correction factor of 10 applied to all petreleum {non-chlorinated} hydrecarbens

'Volatile Organic Compounds

Benzene

Teluene

tthylbenzene

Xylene -m

¥ylene - o

Xylene -p

Total xylene

Methyl tertiary-Butyl ether {MTBE] 12068580 | 16013210 | 20653950 | 32255810

Trichloroethene 820 1020 1400 2180 4410 5400 6550 2440
Tetrachloreethene 7430 9530 12870 20210 41130 30460 651360 #8610
1,1,1-Trichlercethane 456280 BO4TR0 FIR170 1213140

1,1,1,2 Tetrachloroethane 35130 47100 61150 96410 180850 225050 277000 406880
1,1,2,2-Tetrachloreethane 231200 313430 409350 649150 844250 1131800 | 1470100 | 2315840
Carbon Tetrachloride 1200 1520 2050 3210 6600 8050 9760 14030
1,2-Dichloreethane 1230 1630 2160 3330 2860 7330 3060 13350
Vinyl Chloride 20 120 140 220 460 350 650 930
1,2 4-Trimethylbenzene

Semi-Volatile Crganic Compounds

pure compoeund in water (agueous solubility); GrAC defaults te the limit of selubility.




Generic assessment criteria for human health: commercial
scenario

Background

RSK's generic assessment criteria (GAC) were initially prepared following the publication by the
Environment Agency (EA) of soil guideline value (SGV) and toxicological (TOX) reports, and
associated publications in 2009, RSK GAC were updated following the publication of GAC by
LOM/CIEH in 2009, RSK GAC are periodically revised when updated information on
toxicological, land use or receptor parameters is published.

Updates to the RSK GAC

In 2014, the publication of Category 4 Screening Levels (C4SL)®#, as part of the Defra-funded
research project SP1010, included modifications to certain exposure assumptions documented
within EA Science Report SC050221/SR3 (herein after referred to as SR3)® used in the
generation of SGVs.

C4SL were published for six substances (cadmium, arsenic, benzene, benzo(a)pyrene,
chromium VI and lead) for a sandy loam soil type with 6% soil organic matter, based on a low
level of toxicological concern (LLTC; see Section 2.3 of research project report SP1010®),
Where a C4SL has been published, the RSK GAC duplicates the C4SL published values using
all input parameters within the SP1010 final project report® and associated appendices®, and
adopts them as GAC for these six substances.

For all other substances the only C4SL exposure modification relevant to a commercial end use
are daily inhalation rates.

The RSK GAC have also been revised with updated toxicology published by LQM/CIEH in
20157 or by the USEPAU4 where a C4SL has not been published.

RSK GAC derivation for metals and organic compounds

Mode! selection

Soil assessment criteria (SAC) were calculated using the Contaminated Land Exposure
Assessment (CLEA) tool v1.071, supporting EA guidance®®8® and revised exposure scenarios
published for the C4SL®, The SAC are also termed GAC.

Pathway selection

In accordance with SR3® the commercial scenario considers risks to a female worker who works
from the age of 16 to 65 years. It should be noted that this end use is not suitable for a workplace
nursery but may be appropriate for a sports centre or shopping centre where children are
present. In accordance with Box 3.5, SR3® the pathways considered for production of the SAC
in the commercial scenario are

« direct soil and dust ingestion

s dermal contact with soil both indoors and outdoors

¢ indoaer air inhalation from soil and vapour and outdoer inhalation of soil and vapour.
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With respect to volatilisation, the CLEA model assumes a simple linear partitioning of a chemical
in the soil between the sorbed, dissolved and vapour phase®. The upper boundaries of this
partitioning are represented by the maximum aqueous solubility and pure saturated vapour
concentration of the chemical. The CLEA model estimates saturated soil concentrations where
these limits are reached®. The CLEA software uses a traffic light system to identify when
individual and/or combined assessment criteria exceed the lower of either the aqueous- or
vapour-based soil saturation limits. Model output cells are flagged red where the saturated soil
concentration has been exceeded and the contribution of the indoor and outdoor vapour pathway
fo total exposure is greater than 10%. In this case, further consideration of the following is
required®:

» Free phase contamination may be present.

¢ Exposure from the vapour pathways will be over-predicted by the model, as in reality the
vapour phase concentration will not increase at concentrations above saturation limits

+ YWhere the vapour pathway contribution is greater than 90%, it is unlikely the relevant health
criteria value (HCV) will be exceeded at soil concentrations at least a factor of ten higher than
the relevant HCV.

Where the vapour pathway is the predominant pathway (contributes greater than 90% of
exposure) or the only exposure route considered and the cell is highlighted red (SAC exceeds
saturation limit), the risk based on the assumed conceptual model is likely to be negligible as the
vapour risk is assumed to be tolerable at maximum possible soil concentrations. In such
circumstances, the vapour pathway exposure should be considered based on the presence of
free phase or non-aqueous phase liquid sources and the measured concentrations of volatile
organic compounds (VOC) in the vapour phase. Screening could be considered based on setting
the SAC as the modelled soil saturation limits. However, as stated within the CLEA handbook®,
this is likely to not be practical in many cases because of the very low saturation limits and, in
any case, is highly conservative.

It should also be noted that for mixtures of compounds, free phase may be present where soil (or
groundwater) concentrations are well below saturation limits for individual compounds.

Where the vapour pathway is only one of the exposure pathways considered, an additional
approach can then be utilised as detailed within Section 4.12 of the CLEA model handbook®),
which explains how to calculate an effective assessment criterion manually.

SR3® states that, as a general rule of thumb, it is recognised that estimating vapour phase
concentrations from dissolved and sorbed phase contamination by petroleum hydrocarbons are
at least a factor of ten higher than those likely to be measured on-site. RSK has therefore applied
an empirical subsurface to indoor air correction factor of 10 into the CLEA model chemical
database for all petroleum hydrocarbon fractions (including BTEX, trimethylbenzenes and the
polycyclic aromatic hydrocarbons (PAH) naphthalene, acenaphthene and acenaphthylene) to
reduce this conservatism.

Input selection

The most up-to-date published chemical and toxicological data was obtained from EA Report
SC050021/SR710, the EA TOX™ reports, the C4SL SP1010 project report and associated
appendices®® the 2015 LQM/CIEH report or the USEPA IRIS database('¥, Where a C4SL
has been published, the RSK GAC have duplicated the C4SL published values using all input
parameters within the SP1010 final project report® and associated appendices®, and has
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adopted them as GAC for these six substances. Toxicological and specific chemical parameters
for 1,2 4-trimethylbenzene, methyl tertiary-butyl ether {MTBE), 1,12-trichlorethane, 1,1-
dichloroethene, 1,2-dichloropropane, 2-chloronaphthalene, chloroethane, chloromethane, cis 1,2-
dichloroethene, dichloromethane, hexachloroethane and trans 1,2-dichloroethene were obtained
from the CL:AIRE Soil Generic Assessment Criteria report' .

For TPH, aromatic hydrocarbons Cs—Cg were not modelled, as this range comprises benzene
(>EC5-EC7) and toluene (=EC7-EC8), which are modelled separately.

Physical parameters

For the commercial end use, the CLEA default pre-1970s three-storey office building was used.
SR3® notes this commercial building type to be the most conservative in terms of protection
from vapour intrusion. The default input building parameters presented in Table 3.10 of SR3®
have been used.

The parameters for a sandy loam soil type were used in line with Table 4.4 of SR3®. This
includes a value of 6% for the percentage of soil organic matter (SOM) within the soil. In RSK's
experience, this is rather high for many sites. To avoid undertaking site-specific risk assessments
for this SOM, RSK has produced an additional set of GAC for SOM of 1% and 2.5% for all
substances using the CLEA tool.

Summary of modifications to the default CLEA SR3® input parameters for a commercial land
use

In summary, the RSK commercial GAC were produced using the default input parameters for soil
properties, the air dispersion model, building properties and the vapour model detailed in SR3%).
Modifications to the default SR3® exposure scenarios based on the C4SL exposure scenarios®
are presented in Table 2 below. The sole modification to the default commercial input parameters
is the updated inhalation rate.

The final selected GAC are presented by pathway in Table 3 with the combined GAC in Table 4.
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Figure 1: Conceptual model for CLEA commercial

scenario
= Ingestion and
Qn-site commercial building * dermal contact
(three-storey, pre-1970s) * with scil and dust.
4247 x 102 = Inhalation of dust
PRl ] . and vapour by
REEmEEEEEmEEEEEmEEESEmg . female adult
. Ingestion and dermal contact Sansa e s sa st

:':j with backtracked soil and
= dust. Inhalation of vapours
and dust by female adult

EEEEEEEREN}

Table 1: Exposure assessment parameters for commercial scenario —

Sandy loam ’ Pl

= Migration of
. vapours from soil =
Depth to top of contamination is
Om bgl for outdoor pathways and
0.65m bgl for indoor vapour pathway.
Contamination is assumed to be 2m
thick and the source not to decline

Commercial Input GAC_2018_01

inputs for CLEA model
Parameter Value Justification
Land use Commercial Chosen land use
BT Female Taken as female adult exposed over 49 years from
P worker age 16 to 65 years, Box 3.5, SR31®
Key generic assumption given in Box 3.5, SR3/%.
Biiildiri Office (pre- Pre-1970s three-storey office building chosen as it
g 1970) is the most conservative in terms of protection from
vapour intrusion (Section 3.4 .8, SR3PN
; Most common UK soil type {Section 4.3.1, Table
Soil type Sandy loam 4.4, SR3)
Start age 17 AC corresponding to key generic assumption that
class (AC) the critical receptor is a working female adult
exposed over a 49-year period from age 16 to 65
End AC 17 years. Assumption given in Box 3.5, SR3!%
Representative of sandy loam according to EA
5 guidance note dated January 2009 entitled
‘Changes We Have Made to the CLEA Framework
Documents’!!
SOM (%)
! To provide SAC for sites where SOM < 6% as often
observed by RSK
2.5
pH 7 Model default
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Table 2: Commercial — modified receptor inputs

Parameter T Value Justification

Mean value USEPA, 2011'"2* Table 3.2,

. 3 -1
Inhalation rate (AC17) m® day 157 | sp1g10®
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|GENERIC ABSESSMENT CRITERIA FOR HUMAN HEALTH - COMMERCIAL

Table 3
Human health generic crileria by px w for |
g SAC appropriate to palhway SOM 1% (makg) | eoil saturation limit SACa @ Lo pathway SOM 25% (mg/kg) lsiii nimit]__SAC late lo patlway SOM &% (mgk Soil saturation limil
Compound & Cral Inhalstion Combined [myglkg) Dral Inhalation | Combined [mgkg) Oral Inhalation Combined
@.n EAsE 02 1.25F i MR MR EASE r 0 1 ESEA 00 NR ME EAEE 02 1 25F N MR
(a) LI3E+02 B.57EL2 A10E.02 NE I73E.02 BETE+02 410E+ 02 MR I B.57E.02 A30E, 02 HE
el AMIELDS B E7ELS R R SAIEL05 B.ETE-00 HE NR BA1E-06 B.57E£0 HE MR
(2.0 BE2E 02 ABIE G MR MR BEZE ¢ 02 AFEDT HR MR BEIE02 4B1E+ 01 MR MR
1.B9E405 5.EEEL00 BHGELO MR 1896405 B8EE0d BASELI4 R 189505 BEEELTd BEIEL4 MR
Lead (al EAPErDE i 2123 R 2APE 03 MR 5} A BRSO i[5} HR R
|E mmental Mercury (Ha') G NE: 154E -0 NE A31E+00 MR A0 i[5} 1.07E-01 NA 5 BOE+M MR 2E3E+0
Incrgank Wercury (Ho™) 11BEL0S 1.87E-1 112608 NE: 11EERD8 1.97E-M i P NA 1B 1 GPEL 11EE-08 MR
Mathyl Marcury (Hg" ) 338802 2.13E+03 280802 7335+ 3.38E+ 02 3.BTE8 3.11E+02 142502 338E .02 7.33E103 3.23E.02 34802
Hicks! id) A05E 03 9 BEE -2 R MR A GEEL0 4 Bi=-02 HE NR SDEE T 5. 83E02 HE MR
ib] 1 PaAE g i 5] MR HE 1 23Fr 4 HF NE MF 1200 i (5] NE ME
(=3 T.A5E+05 1.87E-0B MR MR T.35E+05 1.97E+08 HR MA TG0 1.87E+0B NR MR
Cyanide (freal EESE D2 7H1E4 E.53E 02 MR ESEE 02 FEIE 5.53E+02 MR B 5ES 02 7 51E+H B54E L2 R
Wolatile Organic Compounds
: (a 1.08E+05 27860 272801 1.225+03 1.08E+ 03 5ABE01 4.8EE+ 01 22EE.08 10810 1.08E 02 BEIEO1 ATIED3
424E405 54914 SERELO4 BESE 07 4.24E+05 1435405 1.07E+05 182505 4245405 3.24E+ 05 18AEL 05 40656 +03
1.91E+D5 5 BIE 00 5.71E+03 5.1BE+D2 1.91E+ 05 138504 12HE+ 04 1255400 1ME-05 321E+04 2 756+ 4 EBAE ¢
3435405 £.26E+03 £.15E+03 £.25E+02 3.43E+ 05 1ATE+04 1A1E+ T4 1475408 345405 3A44E+ 14 3.12E+ 4 3458403
3435405 5.73E+03 £.60E+03 A.78E+02 3.43E+05 157504 1.50E+04 1125408 3435405 3.65E+04 3.30E+04 2E2EL03
AA3E D5 B E+ 13 5.9PE+08 5.76E+02 343E+ 05 1415+ 1 EEE T4 1355418 A4S 3 2EE+ 14 B.00E+ 14 AITE
3A3E+05 5.08E+03 E.B2E+03 B.25E+02 3.43E+05 1A1E+0d 1.36E+04 14TE03 3435405 328E+ 4 3.00E+04 3455403
5.72E+05 7.5EE-3 TASELOE Z0E 0 5.72E 05 133509 12104 3315404 5725405 234+ 04 224E 4 E37EL04
1.10E+04 1.0BE-02 1.08E+02 ZEIE+D3 1.10E+04 2.E3E 02 ZAFEIE BRSO3 110504 5.88E+02 5.58E+02 1.40E+04
1LIDE+ 2 BIE+I BTAE D2 EETEDE 1I0E+4 575508 5 4BE+02 54E5 00 1105 12660 1 DE 1205+
1.14E+08 5,506 02 £.60E+02 1.43E+08 114E+ 06 1355408 1.35E+03 2BREL0G 1142405 2.56E+03 2356+ 03 £.38E+03
PERE+DS S0RE-m BOIE+OT ABRE DS FERE+08 1A= 1 BOE+ 02 BPIELE ?EREL0E 402,02 AREE 1S 1.B0E+04
B.7EE+M 2ABELT 2438+ 220503 B.76E+ 04 430401 4.30E+01 384508 B.7ES <04 5.68E01 B.SFELO1 7PMELD3
1,2-Dichiorosthan 2EOEL02 B73E01 £PIE A41E+0E 22008 9 71E-0 2B AB1E-08 £ P0E LR 1EFELOD JLB5E 00 BA3E+0S
1,24 Trmathylbsnzens MR 329602 MR A74E D2 R BA1E+02 i o} 11ES+08 MR 1.04E+ 08 MR 275E+03
(sl MR N MR 2A0E+02 5 MA MR E.RPEL02 MAE MR HNR 1.30E+03
2ETErM 3 14E G0 213E+00 119E+0E 257E+ 14 e S84E 00 211E+08 2ETED4 T HIERDT 1 HELD A2AE 0
achiromrhang) 7.62E+03 2.B7EL00 2BFE0D 1.52E+03 TEEE I B.295+00 5.2BE+00 felche—Rgve] 7 B2E+08 1AFEL 01 AA4ZERD 7.BE+03
MR 3. E-02 MR 2EIE+DS il 18- HE A54EL08 NR 1.87E-08 MR 5. 71E+0E
MR 954501 MR 1.91E+03 MR 111500 MR 2245408 MR 1ABE+00 HR 2.89E+03
133640 MR HE B.84E+08 226E 01 MR HE SEIE.0E AAE 01 HE HE 129504
SMESDS 2, 53E 02 L5FE+DR PRTET SHEL DR 2.E0E0R SGaErLE SEBE00 ) 5.58Er 02 S2EE+ I8 1.55E+04
1.12E+04 1EEELO1 1.83E+01 A.24E 402 1.12E+04 AATE01 4.1EE+0 B51EL02 1125404 o.57E+01 BABELD1 2188403
APAEL 2.07EH R A4PELDS A.25E+ 04 =] HE £.1TEL08 AP0, 7 ESE+ 01 HE 12550
B.53E+02 1.23E 00 1.238400 1.54E403 B.53E 02 25RE.00 2.57E+00 320508 853502 5.73E¢00 5.59E 100 7145403
iny G hhoridle j-hiaros 2ETE+DT 595552 5 04E-0F 1.85E+08 BEFELM 1 FRE-02 PETER 1.7EE 08 2ETELOT 1180 117E-31 2 ERE DS
Semi-Yolatile Grganio Comp d
1.53F105 3FIE G2 A70E+02 1148402 1.53F+05 B.07E+ 02 9,02+ 03 ZB0E:02 1 53406 2.13E 03 210E- 02 B.EE+02
|Acenzpih=ne 1.10E+05 2 FEE-06 1.05E+05 5.70E+01 1 10E+05 58PS 05 1.HEE LS 141E- 110505 B.HIE+ 06 1 BEE 05 A85E 02
As thyle s 1.10E+08 2.5BE 06 1.05E+08 B.EIE+01 1.10E+ 08 5235405 1.07E+ 05 2125402 1105408 5.55E+06 1.08E+ 08 5.0EE+D2
A rthrac sne EASELDT 113607 523EL05 1.17E+00 SABE+0S 235507 536+ 05 28E+00 5405 213E+07 5AZE+0E L.8E+00
rthraceng ZEAE 02 4.0BE-02 167E+D2 1.71E+00 284EL02 4ATE 02 174E+ 02 428500 2B4E 02 4.57E+02 1.7EE+02 1.08E+01
(al FERE+O1 2 E-02 SLSAE 01 311E-21 FERE - 2090 S E1E-M 2 PRS00 ? BRE~H 211E 08 5585E -1 S45E+00
7.13E+01 LIFEs0e 443801 1.22E+00 i | | 1EpEL0e 447E¢m A04E00 7D 1E1Er DR 4.45E 01 7.PaE O
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GEMERIC ASSESSMENT CRITERIA FOR HUMAN HEALTH - COMMERCIAL
|Table 3
Human health generia arileria by p y for
z SAC appropriate o pathway SOM 1% (makq) | e saturation limil SAC a inte to pethway SOM 2.5% [mq/kg) Soil saturation fimitL_SAZ iate o pathway SOM el e
E Cral Inhalaticn Combined (mikg) Ol_al Inha laticn Combined mg'kg 0!1' Inhalation C.om bined
5.29E:03 1.05E. 04 893E.03 154E.02 B.20E. 03 1065404 3.85E.03 3.85E.0 £29E.08 107E 0 3.98E.03 373E.02
1 BEE -0 5 11E- 117E+08 5 B7E-1 1 8EE 18 317508 11808 1 7PE-00 1 REE-3 4 21E-08 118 18 472500
5.A7EL02 5.50E: 02 3435402 44CE-01 5.57E+02 335800 353602 1108400 5ATELD2 947E+ 02 355k 02 ZEAELOD
5.E7E+00 5,306 20 B53E+00 383E.03 5.A7E 00 552500 3.55E+00 5.82E.03 5 ATE00 5.04E+00 3.57E+00 236502
2paEynd 18905 2PEEvDd 1B3E D1 2.2 4 B7EED5 2a7ErH 478501 2 POED 35 ¢ 0E 227F 4 113508
7IEL 4.55E-05 £A0E+ 3.08E+01 7HEL 106508 5 RMEL4 7 BEE01 731504 224E- 08 7.08E + 14 1.83E+02
2 09EL01 R R BA7E+0D A BEE. 01 N NR EOELD 11102 NF NR ABIELDT
B.DE+02 1.31E 03 501E+02 5.13E-02 B0E+ 02 135808 5.08E+02 1.53E.01 BOE02 1376403 5.00E 402 3EEE.01
A BAE LD 1 B7E-08 1 7TRE+08 7 BAE 01 BEE- 14 45808 5 82E-08 1 Ao 8 B4E o 04E-08 7RIE 18 AP DR
2mEvDd 5 a5E 05 219Ev04 AEEO 2oEEL 1095405 20aEr M B 9EE 1 2 PRS- 185 05 225F 04 214ED2
5ADE L 4A7E-08 5AZEL0 220E+00 5.43E £ B ABE 06 5. 44E+ 4 548500 54804 7.81E 08 5,456 + 0 1328401
110E D 2 AEE e 2 EaE D 2 agEDd 1 10E 06 3.045-0 ) ABIE 110505 34BE+D4 335E+04 7.0BE
ATTELDE 315603 3195403 a0z 477E+ 05 5BAE00 5.8EE+03 5585402 ATTED5 i21Es M P 1158403
; ATTELDE 7.79E-08 7.78E+03 14E+02 477E+0E L7AE0 17AE+M 3275402 4770 3.97E+04 3986+ 7356402
e 5 SECA-ECID H5AE 4 2 e P00E+DA 7.77ED1 B 53F ¢ 04 AmEm 4R5E 08 1 905102 504 TI7E 173F 14 45IEDE
wlracarbons SEC10-E612 BNGES M 5.07E-03 BADE+03 ATSELD 8536+ 0 2ATE-D4 229E+ 4 118502 B 5aE0d 5RIEL4 4.73E+ 0 2 RAELO2
B53E 4 B.PEE D4 5 BEE 104 2a7El B 5aF 14 2ME05 BIFEr 5 91ED1 9504 4 RIEL 05 B.02F ¢ 04 147502
it | 1ssEvzs NEL MR B.45E+00 1756408 MR NR 2iE.01 1835405 R R 5,098+ 01
ikl | 1saEens N MR B45F 101 175 05 MR NR 217 1 BoEDs NR NR 509 101
ABTE D4 5.55E-0 8456403 BA3E+02 BB1E(D4 B.BBE-00 B.IIE.03 150503 BBIED1 2.05E + 04 1.70E£04 858E+03
ARIELD 1 5PE - 16RE+04 ABAEDR BRIE-4 4EBE-Dd 27O9E-4 B 802 ARIE-M 110E 05 B4ZEL14 £15E+D8
3BIELM 2.02EL 05 3E2ELM 1608402 ASIELM A7EE05 373604 4195402 ABIE:04 1.03E 408 a.78E 04 1.00E+03
Ao matic hyeocarbons - ib) | mee. R TR & A7E .01 285E 04 NR MR 18450 FA4E A A apEL0R
o matic hydroearions it | mmaEena N MR AEAEDD 28F 14 MR NR 1210 7 R4S NR NR 2 B0E 01
[ o matic hydrocarons ~=CASEGAS H T R MR 4 BSE 00 2B4E- 04 NR HR 12150 B0 R R 2.90E+01

Motes:

EC - equivalent carbon. GrAC - groundwater eresning value. SAC - scil screaning valus.
he GLEA model cutput i colour cod sd depending upon whether the soil saturation [imit has been sxwesded.

Calcuated SAC sxceeds soil fan limi 2nd may sanifs afisct the intarpretation of any exceedznces as {he conlribuiion of the indeor 2nd culdeor vapour pathw ay to folal sxposure s
=10%.

Calcultzd SAC excestk szl limi but the dance wil not affed tha SAC danificantly as the conbibutizn of the Indoor and oudecr vapour pathway 10 total exposine & <10%.
Caleuated SAC does not exceed the =oil sziuration limi.

[SOM) (%) conient. To cbtaln S0OM 1 rhon (TOC) §
henzane compounds were prodoced

divide by 0.58. 1% SOM s 0.88% TOC. DL Rowel Sl Sclence. Metho
the indoaor air inhalatian pa

wl Applications, Longmans, 1884,
iated

T lotal crgantc

[The SAC for crganic
EAC for TPH frach
(Sedien 10011, 2R3

(2] SAC for zr=enic, benzens, bene.

of 10 10 reduce consew st the vapour inhalation pathway

Ipyrene, cadmizm, chromum Y1 and ls2d are derved using CA5L oo ogy dela.

() SADG for selenum shou i not incde the Inhalation pathway 85 1o espert group HEY has been derived,; alipharic and arematie hydrocarbons =EG1E should nes include inhalation patway due t their non-volat e nature and infialatien 2xpes ure bzing minimal joral, dermal and
inhaleticn sxposure = compared to the orz| HEGY); arsenic should enly be based on oral cantribution (rather than combined] cwing to the relzfive small cantributicn fram inhalzi on in accomence with 1the SGY repord. The Oral SAL shoud be adopted or zinc and benzala)pyrans.
i) SAG for CHll shoud be based on the bwerof the oral and inhalstion SAC (s2e LOMIGIEH 2015 Sedtion 6.8)

i) SAS for slemental mercury, chromium V1 and nicksl should be based on the inhalation pathway cnly.

(2] A for seoeiksd cwing to the sk of texlcologic sl dats, SAT for 1.2 4 timethylbenzens may be

Tyl enz ene = ot
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[CERERIC ASSESSWENT CRTTERTA FOR TIUMAN FEALTH - COMMER AT

Table 4
Human Health Generic A Criteria for G cial Scenario
| o . or
C d img/kg) img/kg) [mg/ka)
hetals
Arsenio B40 G40 B0
Cadmium 410 Ealt] 410
Chromium [ - 1rivalent 7,600 A.600 £,500
Chromium [YI] - hexavalant 45 45 45
Coprer 63,000 53,000 &3.000
Lead 2,300 2,300 2,300
lﬁmentalMarcurv#Hgo) 15 ¢4y a3y S8 [26)
Inorganic Mermry(ng’) 1,120 1,120 1,120
ety Meroury (Ha™) 280 (73] 2104148) 220
EEN) EEN) Cifilh
12,000 2,000 T2 000
2inc 740,000 740,000 740,000
Cyanide {freel B0 i) G50
[Volatile Organic Compounds
[Ferzene i 50 5E
Toluene 53,000 (259 107,000 {1,916) 184,000 {4,357
éthylbenzene 5,000 [518) 13,000 (1,215 27,000 (284}
Vlene - m 6,200 [525) 3,100 {1474 E1,200 (3,457)
Xylene - o B, B0 [4THY 5,000 (1,120 35,000 (2618
ylene - o 5,900 [5T6) 3,500(1 353 20,000 (3,167
Total xylene 5,000 [625) T,6001.474) 50,000 (3,457)
et 1ert Butyl ether (MTEE] 7,500 12, 10K 22,400
1,1.1,2 Telr oroethane 110 250 SGD
T.1.2.2 T elrach eoelhane Enid i) T Ta0
1. 1.1 -Trichloroetfane 700 1,300 3,000
1,1.2 Trichloroet B3 1B0 SE2
1. 1-Cichloroel 2] EEY i
1,2-Bichloroethans 067 0.37 1.55
1,24 -Trimethylbenzere 330 G40 1,040
1,5.0- rimethylberzens TR TR HR
1,2-Dichloropropane 3 | 11
Carbion Te 2.9 6.3 14.2
Chlnroed 9_01 1,2_'23 1,2‘1"‘2
; 1.0 1.4 1.5
14 23 44
Cichloromethane 257 235 526
[Tetrachl woethene 20 Al ab
[Trichloroetens 1 3 [
rans 1,2 Dichloroethene ] 37 7E
richloreathens 1 3 [
[Wiryl Chlowid e ichkoroetens) [N .0V 0.2
nic Compounds
> Chioronapnaleae 370 (1 14] 502 [2R0] YY)
[Acenaphthene 110,000 110,000 10,000
Acenaphithvens 110,000 110,000 10, 000
Anthracene 520,000 540,000 40,000
Henzolajarmnracens 1/0 1/ 160
Benzofapyrens Fid Fid 77
Benzolbiflucranthen L 45 45
E: e 3,900 3,300 4,000
1,200 1200 1.200
350 350 G50
3.5 3.6 3.6
23,000 723,000 23,000
RGeS 000 000
21 {8 50 (20} 111 (48)
i) 510 510
ER] 1,600 (757 5900 (153, 72800 (752)
Fhenanthrene 22,000 22, 000 23,000
Pyrene 54,000 54,000 54,000
Preno 4401 EEiS Lafii®
T otal Petroleum Hydrocarbons
|Aliphatic hydrocarbons EC,-ECs 3,200 {304) 5,300 [553) 12,100 {1,150
Aliphatic hydrocarbons =ECg-ECy TEO0 (144 1T A0 (322 A3 GO0 (TAG)
Aliphatic hydrocarbons »ECL-EC,, 2,000 [TR) 4 A00 (1900 11,3000 (4R 1)
|Aliphatic hydrocarbons =EC,-EC, 2 3,700 [48) 22,900 {118} 47,300 (283)
Aliphatic iyaroamons EG, 3 EGyg 59,000 [24) 52,000 [53) 30,000 {142}
|Aliphatic hydrocarbons =EC s EC.y 1,000,000 1,000,000 1,000,000
[Aliphatic Mydrocaroons ~EG . EGy, 7,000,000 7,000,000 7,000,000
Aromatic hydrocarbons =ECy-EGy, 3,500 (513} B,100{1,503) 17,000 {3,580)
Aromatic hydrocarbons =BG, Oy 16,000 {364) 28,000 {853) 4,000 (2,150)
[Aromatic Mydrocartons ~EC o EC,s 35,000 (163 37,000 36,000
Arornalic hydrocarbons =BG, ECy 2,000 29,000 28,000
Arornalic hydrocarbons =BGy -ECqs 2,000 29,000 28,000
Arornatie ydrocaroons =ECa=EC 23,000 23,000 28,000
Minerals
sbestns Mo askestos detected with 1D or =0.007155 dry weight'
Hotea:
' Cieneric amsessment crieria not caka bted oving b bw valatility of substance and thersfore o patheey, ar 2n abs=nce o foxicaogia | deta
A - SAC for 1,3 5-rimet by benzens is not reconded owing to the leck of oo icaldate, 345 for 1,24 irmethyibenzene may be ussd
EC: - =qu carbon CrAC - ! criteria. BAC - acil azsesament crike i
[* The AL for Pherol iz based ona threstold which is protective of direct contact (SG060021/Fheral SGY report)
[ Dencted SAC measeds 100 L henca 10056 (1,000,000muks) has been taken a6 SAC
[The SAL for y i an Soll Drgaric Matter (SOM) [38) cortert. To chteh SOM from total orgenic carbon [TOC (%) dude by 052,
1% S0M is 0.59% TOC. DL Roweell Sail Scie ree: Methods and Applcations, Lo rgmans, 1884,
AL for TPH fractions, PAHs hzk fth and Hhd BTEX =nd = e were produced uelng @n atlen uation factor for
he ndoar air intalation pattmery of 10 to red Loe corsenatism associied wih the vapour inha Bton peihway, =ecion 1011, 533
(WALLE IN BEACKETS)
Rk hee =dopled an approach o pe bl bonsin o with LOMICIEH whereby the modelied for each b ton fraction has
been tmbubsie] 2= he SAL vith the cores pnding sl ity or vapa ur sat rebion imis given in brackets.
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Product 4 (Detailed Flood Risk Data) for HR1 2B)J

Reference number: 140892
Date of issue: 11/09/2019

We are unable to provide you with a full product 4 response because the model in this location
(Yazor Brook) is owned by Herefordshire County Council, please contact the Council to gain
access to this model.

Flood Map for Planning (Rivers and Sea)

The Flood Map for planning (Rivers and Sea) indicates the area at risk of flooding, assuming no
flood defences exist, for a flood event with a 0.5% chance of occurring in any year for flooding
from the sea, or a 1% chance of occurring for fluvial (river) flooding (flood zone 3). It also shows
the extent of the Extreme Flood Outlines (Flood zone 2) which represents the extent of a flood
event with a 0.1% chance of occurring in any year, or the highest recorded historic extent if
greater. The flood zones refer to the land at risk of flooding and does not refer to individual
properties. It is possible for properties to be built at a level above the floodplain but still fall
within the risk area.

The Flood Map only indicates the extent and likelihood of flooding from rivers or the sea. It
should also be remembered that flooding may occur from other sources such as surface water
sewers, road drainage, etc.

To find out which flood zone a location is in please use: https://flood-map-for-
planning.service.gov.uk/

Definition of flood zones

e Zone 1-The area is within the lowest probability of flooding from rivers and the sea,
where the chance of flooding in any one year is less than 0.1% (i.e. a 1000 to 1 chance).

¢ Zone 2 - The area which falls between the extent of a flood with an annual probability of
0.1% (i.e. a 1000 to 1 chance) fluvial and tidal, or greatest recorded historic flood,
whichever is greater, and the extent of a flood with an annual probability of 1% (i.e. a
100 to 1 chance) fluvial / 0.5% (i.e. a 200 to 1 chance) tidal. (Land shown in light blue on
the Flood Map).

¢ Zone 3 - The chance of flooding in any one year is greater than or equal to 1% (i.e. a 100
to 1 chance) for river flooding and greater than or equal to 0.5% (i.e. a 200 to 1 chance)
for coastal and tidal flooding.

Note: The Flood Zones shown on the Environment Agency’s Flood Map for Planning (Rivers and
Sea) do not take account of the possible impacts of climate change and consequent changes in
the future probability of flooding. Reference should therefore also be made to the Strategic

Email: Enquiries_Westmids@environment-agency.gov.uk
Website: www.gov.uk/government/organisations/environment-agency
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Flood Risk Assessment when considering location and potential future flood risks to
developments and land uses.

Areas Benefitting From Defences

Where possible we show the areas that benefit from the flood defences, in the event of
flooding:

e from rivers with a 1% (1 in 100) chance in any given year, or;
e from the sea with a 0.5% (1 in 200) chance in any given year.

If the defences were not there, these areas would flood. Please note that we do not show all
areas that benefit from flood defences.

The associated Dataset is available here: https://data.gov.uk/dataset/flood-map-for-planning-
rivers-and-sea-areas-benefiting-from-defences

Recorded Flooding
Following an examination of our records of historical flooding we do hold records of flooding
for this area, please find tabulated information below for these recorded flood events.

Flood Event Date Source of Flooding Cause of Flooding

] Channel capacity exceeded
1947 Fluvial .
(no raised defences)

Channel capacity exceeded

1960 Fluvial
{no raised defences)

The corresponding recorded flood outline/s can be accessed here:

https://data.gov.uk/dataset/recorded-flood-outlines1

The Recorded Flood Outlines take into account the presence of defences, structures, and other
infrastructure where they existed at the time of flooding. It includes flood extents that may
have been affected by overtopping, breaches or blockages. Any flood extents shown do not
necessarily indicate that properties were flooded internally. It is also possible that the pattern
of flooding in this area has changed and that this area would now flood or not flood under
different circumstances.

Please note that our records are not comprehensive and that the map is an indicative outline of
areas which have previously flooded, not all properties within this area will have flooded. It is
possible that other flooding may have occurred that we do not have records for.

Email: Enquiries_Westmids@environment-agency.gov.uk
Website: www.gov.uk/government/organisations/environment-agency
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You may also wish to contact your Local Authority or Internal Drainage Board (where relevant),
to see if they have other relevant local flood information.

Flood Defences

Flood defences do not completely remove the chance of flooding. They can be overtopped by
water levels which exceed the capacity of the defences.

If flood defences are located in your area, you can access this data here:
https://data.gov.uk/dataset/spatial-flood-defences-including-standardised-attributes

Planning developments

If you have requested this information to help inform a development proposal, then you should
note the information on GOV.UK on the use of Environment Agency Information for Flood Risk
Assessments. You can also request pre application advice:

https://www.gov.uk/planning-applications-assessing-flood-risk

https://www.gov.uk/government/publications/pre-planning-application-enguiry-form-
preliminary-opinion

Supporting Information

Surface Water

Managing the risk of flooding from surface water is the responsibility of Lead Local Flood
Authorities. The ‘risk of flooding from surface water’ map has been produced by the
Environment Agency on behalf of government, using information and input from Lead Local
Flood Authorities.

You may wish to contact your Local Authority who may be able to provide further detailed
information on surface water.

It is not possible to say for certain what the flood risk is but we use the best information
available to provide an indication so that people can make informed choices about living with
or managing the risks. The information we supply does not provide an indicator of flood risk at
an individual site level. Further information can be found on the Agency’s website:

https://flood-warning-information.service.gov.uk/long-term-flood-risk

Flood Risk from Reservoirs

The Flood Risk from Reservoirs map can be found on the Long Term Flood Risk Information
website:

https://flood-warning-information.service.gov.uk/long-term-flood-risk/map ?map=Reservoirs

Email: Enquiries_Westmids@environment-agency.gov.uk
Website: www.gov.uk/government/organisations/environment-agency
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Flood Alert & Flood Warning Area

We issue flood alert/warnings to specific areas when flooding is expected. If you receive a flood
warning you should take immediate action.

You can check whether you are in a Flood Alert/Warning Area and register online using the links
below:

https://www.gov.uk/check-flood-risk

https://www.gov.uk/sign-up-for-flood-warnings

If you would prefer to register by telephone, or if you need help during the registration process,
please call Floodline on 0345 988 1188.

The associated dataset for flood warning areas is available here:
https://data.gov.uk/dataset/flood-warning-areas3

The associated dataset for flood alert areas is available here: https://data.gov.uk/dataset/flood-
alert-areas2

Flood Risk Activity Permits

We now consider applications for works, which may be Flood Risk Activities, under
Environmental Permitting Regulations. This replaces the process of applying for a Flood
Defence Consent. You may need an environmental Permit for flood risk activities if you want
to do work:

« in,under, over or near a main river (including where the river is in a culvert)
« onornear aflood defence on a main river

e in the flood plain of a main river

« ©onhornear asea defence

Please go to this website to find out more about how to apply:
https://www.gov.uk/guidance/flood-risk-activities-environmental-permits.

Please be aware that Bespoke and Standard Rules permits can take up to 2 months to
determine and will incur a charge.

Further details about the Environment Agency information supplied can be found on the
GOV.UK website:

https://www.gov.uk/browse/environment-countryside/flooding-extreme-weather

Email: Enquiries_Westmids@environment-agency.gov.uk
Website: www.gov.uk/government/organisations/environment-agency
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Stand ard nOtiC € fnotfor use with Special Data, Personal Data or unficensed 3" party rights] 6 HerEfordS'hire
Council

Information warning

We (Herefordshire Council) do not promise that the Information supplied to You will always be accurate, free from
viruses and other malicious or damaging code (if electronic), complete or up to date or that the Information will provide
any particular facilities or functions or be suitable for any particular purpose. You must ensure that the Information
meets your needs and are entirely responsible for the consequences of using the Information. Please also note any
specific information warning or guidance supplied to you.

Permitted use

+« The Information is protected by intellectual property rights and whilst you have certain statutory rights which
include the right to read the Information, you are granted no additional use rights whatsoever unless you agree to
the licence set out below.

e Commercial use is subject to payment of a licence fee for each person seeking the benefit of the licence, except
for use as an Herefordshire Council contractor,

s To activate this licence you do not need to contact us but if you make any use in excess of your statutory rights
you are deemed to accept the terms below.
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Herefordshire
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Yazor Brook / Widemarsh Brook Hydraulic Model

Modelled Water Levels (mAQD)

Modelled Flood Levels

Modelled Residual Risk Flood Levels

© Contains Herefordshire Council Information
Model Runs: HER_BA_F_XX_XX_XXXXCXX_5HR_4007; HER_BA F_XX_XX_XXXXCXX_25HR_4007; HER_BA_B_XX_XX_XXXXCXX_S5HR_4007; HER_BA_B_XX_XX_XXXXCXX_25HR_4007

Made Label Watercourse 1in20 1in 100 1.in 100 +35% 1‘in 100 +70% 1in 1000 1in 20 1in 100 1‘in 100 +35% 1‘in 100 +70% 1in 1000
climate change | climate change climate change | climate change
MewSec3 187 Widemarsh Brook 52 53 5277 53.40 53.88 53.89 53.21 S39T 53.88 54.01 54 .08
NewSec3B179 Vvidemarsh Brook 52.53 52.76 532.40 53.88 53.89 53.21 53.77 53.98 54.08 54.03
MewSec3A160 Widemarsh Brook 52 51 5276 5340 53.88 53.89 53.21 85377 53.97 54.00 54.08
NewSec3B147 Widemarsh Brook 52.51 52.76 53.40 53.88 53.90 53.21 53.77 53.97 53.98 54.12
MNewSec4B111 Widemarsh Brook 52.50 5276 53.40 5381 53.88 53.21 8377 54 .07 54.33 54 .00
NewSec4C088 Widemarsh Brook 52.46 52.73 52.40 53.88 53.90 53.21 53.77 53.97 53.98 54.11
MewSecd 131 Widemarsh Brook 52 51 5275 53.40 53 81 53.88 53.21 H377 54.08 54.38 54 .00
NewSec5_081 VWidemarsh Brook 52.46 52.71 52.40 53.88 53.89 53.21 53.77 53.88 54.03 54.05
MewSechBO75 Widemarsh Brook 52 43 52.69 53.40 53.88 53.88 53.21 it ] 54.00 54.08 54 .00
NewSecl|_058 Widemarsh Brook 52.40 52.67 532.40 53.88 53.90 53.20 53.77 53.96 53.98 54.10
MewSec|_035 Widemarsh Brook 52 38 5265 53.40 53.88 53.89 53.20 9577 53.88 54.05 54 .02
NewSec6_000 Vvidemarsh Brook 52.36 52.63 53.38 53.88 52.88 53.18 53.76 53.97 54.02 54.05
2017-Sec07 Widemarsh Brook 52 25 52 56 53.35 53.85 53.86 53.14 5373 53.96 54.02 54 .02
2017-Sec07A Vvidemarsh Brook 52.17 52.51 5333 53.84 53.84 53.12 53.72 53.54 54.00 53.99
2017-Seclb Widemarsh Brook 52 14 52.49 5332 5383 53.84 53.11 5372 53.84 5388 54.00
WWEB1771C Vvidemarsh Brook 52.11 52.47 53.31 53.83 52.83 53.10 53.71 53.54 54.00 53.98
WB1705 Widemarsh Brook 5210 52 .45 53.31 53.82 5383 53.09 5371 53.83 5388 54 .00
EB1408 Eign Brook 51.94 52.26 52.68 52.81 52.81 52.61 5277 52.84 52.87 52.87
EB14084 Eign Brook 5194 5226 5269 52.82 52.82 52 61 5278 52.86 5288 52 88
EB1375 Eign Brook 51.93 52.25 52.69 52.83 52.84 52.61 52.80 52.88 52.91 52.91
2017-Sec05c Eign Brook 51.81 52.M 5226 52.42 52.42 5221 5234 52.55 52 66 52.65
2017-Sec05 Eign Brook 51.79 52.00 5225 52.42 52.42 52.20 52.34 52.55 52.66 52.65
EB1375D8B Eign Brook 51.77 51.88 5224 52.42 52.42 5218 5234 52.55 52 66 52.65
EB1375DC Eign Brook 51.75 51.86 5222 52.41 52.41 52.16 5232 52.54 52.65 52.64
EB137500D Eign Brook 51.73 51.84 5222 52.42 52.42 5216 5233 52.55 52 66 52 65
2017-Sec04 Eign Brook 51.69 51.89 5216 52.28 52.36 52.09 5227 52.50 52.61 52.61
2017-SecD4DF Eign Brook 51.68 51.89 5215 52 34 52.34 5209 5225 52.49 5258 52 .59
2017-5ec03 Eign Brook 51.67 51.88 5214 52.24 52.34 52.08 5225 52.48 52.58 52.59
2017-SecD3DH Eign Brook 51.66 51.86 5213 52.33 52.34 52.07 5224 52.49 52.60 52.59
EB1157 Eign Brook 51.63 51.83 52.09 52.30 52.30 52.03 52.20 52.46 52.58 52.58
EB1157D Eign Brook 51.41 51.61 51.96 5225 52.25 51.86 5213 52.43 5255 52 .55
EB1157DA Eign Brook 51.33 51.53 51.89 52.17 52.18 51.79 52.06 52.34 52.47 52.46
EB1157D8B Eign Brook 51.26 51.45 51.79 52.08 52.08 51.70 51.96 52.25 52.38 52 38
EB1157DC Eign Brook 51.18 51.37 51.71 51.98 51.99 51.62 51.87 52.17 52.20 52.30
EB1157D0D Eign Brook 51.10 51.28 51.61 51.88 51.89 5152 8137 52.07 52.21 52.20
EB1157DE Eign Brook 51.00 51.17 51.50 51.78 51.78 51.41 51.65 51.96 52.10 52.09
EBO995 Eign Brook 50.86 51.03 51.35 51.63 51.64 51.26 51.51 51.82 51.86 51.96
EBOS98A Eign Brook 50.77 50.94 51.25 51.53 51.53 51.16 51.40 51.71 51.85 51.85
EB0998B Eign Brook 50.68 50.84 5114 51.41 51.41 51.06 51.29 51.58 51.73 5.72
EBO998C Eign Brook 50.58 50.75 51.02 51.27 51.27 50.95 51.15 51.43 51.58 51.57
EB0929 Eign Brook 50.48 50.65 50.89 51.11 51.11 50.83 51.00 51.25 51.38 51.38




Herefordshire
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Modelled Flood Levels Modelled Residual Risk Flood Levels
Made Label W/atercourse 1in20 1in 100 1.in 100 +35% 1‘in 100 +70% 1in 1000 1in 20 1in 100 1‘in 100 +35% 1‘in 100 +70% 1in 1000
climate change | climate change climate change | climate change
EBO928D Eign Brook 50.47 50.61 50.80 50.82 50.92 5077 50.86 50.96 51.01 51.01
EB0O929DA Eign Brook 50.34 50.48 50.65 50.70 50.70 50.61 50.68 50.78 50.86 50.86
EBO925DRB Eign Brook 50.21 50.35 50.57 50.74 50.74 50.51 50.67 50.84 50.81 50.91
EB0929DC Eign Brook 50.08 50.22 50.46 50.68 50.68 50.39 50.58 50.81 50.88 50.89
EBO928D0D Eign Brook 49 96 50.09 50.38 50.62 50.62 50.29 50.53 50.76 5085 50.85
EB0O929DE Eign Brook 49.84 49.88 50.29 50.51 50.52 50.20 50.42 50.68 50.80 50.79
EBO928DF Eign Brook 489 73 49 88 5016 50.43 50.43 50.08 50.31 50.52 50.75 50.75
EB0928DG Eign Brook 49.64 49.79 50.08 50.37 50.37 50.00 5023 50.58 50.73 50.72

Notes:

1. Refer to accompanying maps for details of the modelled fload extents and node locations.
2. Residual risk scenario assumes no operation of the Yazor Brook Flood Alleviation Scheme.
3. Modelled water levels are the maximum of two storm scenarios (5 hour and 25 hour). Refer to the model summary note for further information.

© Contains Herefordshire Council Information
Model Runs: HER_BA_F_XX_XX_XXXXCXX_5HR_4007; HER_BA F_XX_XX_XXXXCXX_25HR_4007; HER_BA_B_XX_XX_XXXXCXX_S5HR_4007; HER_BA_B_XX_XX_XXXXCXX_25HR_4007




Herefordshire

Council
Model Yazor Brook / Widemarsh Brook Hydraulic Mode!
Location Hereford
Watercourses Yazor Brook, Widemarsh Brook, Eign Brook and Ayles Brook

Objectives/Areas of interest

The model was originally developed for the purpose of Environment Agency flood mapping of the
ordinary watercourses (Yazor Brook and Widemarsh / Eign Brook) through Hereford but has since been
extended and used to develop a flood mitigation strategy for the Edgar Street Grid area in Hereford.
Details of the model development are provided below.

Model Development

The various phases of Yazor Brook modelling are detailed in the following table:

Model Name

Maodel Extents

Details

Hereford SFRM, Capita
Symonds, August 2007

Yazor Brook - 3.9km from
Three Eims Road Bridge (NGR
S0491414) to River Wye River
Wye (NGR SO506395)

Widemarsh / Eign Brooks -
4 0km from bifurcation with
Yazor Brook (NGR S0498407)
|to River Wye (NGR 80522392)

Strategic Flood Risk mapping (SFRM) study of the Hereford
Critical Ordinary Watercourses (COWs) for Environment
Agency Wales. Involved the production of a linked 1-dimension
to 2-dimension hydraulic model of the urban area of Hereford.
The 2-dimensional element of the model was initially based on
information gained from sewer plans and later updated using
LIDAR data when this became available in 2006. The 1d model
was constructed using channel survey.

ESG Hereford Flood Mitigation
Options Appraisal, Capita
Symonds, December 2007

Yazor Brook - 9.8km from
Bishon Common (NGR
S0426435) to River Wye River
Witye (NGR S0O506395)

Widemarsh / Eign Brooks -
4.0km from bifurcation with
Yazor Brook (NGR S0458407)
|to River Wye (NGR S0522392)

Assessment of possible options to reduce flooding within
Hereford. A preliminary options review investigated the effects
of implementing channel improvements within Hereford town
centre. The model was subsequently extended upstream in
order to assess upstream mitigation options.

The model was extended upstream by approximately 8.1km
from Three Elms Bridge to Bishon Common. The downstream
boundary remained at the cutfall to the River Wye. The 1d
model was extended up to the Roman Road using data from the
Whitecross High School Flood Risk Assessment model
{Halcrow Group Ltd, September 2003). New channel survey
was collected to define the channel between Bishon Common
and the Roman Road. The 2006 LIDAR coverage was adequate
to define the 2D model element. To reduce the simulation time
the new model reach was defined in & separate model domain
using a 10m grid size (the existing urban domain was modelled
using a 5m grid size). This was deemed appropriate as the level
of detailed required in the rural upstream reach was low.

Hereford Livestock Market
Flood Risk Assessment, Capita
Symonds, 2008

|\¥azor Brook - 9.6km from
Bishon Common (NGR
S0426435) to River Wye River
Wye (NGR SO506395)

WWidemarsh / Eign Brooks -
4.0km from bifurcation with
Yazor Brook (NGR S0498407)
|to River Wye (NGR S0522392)

The existing hydraulic model was utilised to assess the impact
of fluvial floeding at the proposed livestock market site (to the
south of the Roman Road). This section of the model was
previcusly defined using the upper reach of the Whitecross High
School Flood Risk Assessment model (Halcrow Group Ltd,
September 2003) which was created prior to the redevelopment
of the Roman Road. Therefore the model representation was
improved in the proximity of the site using the Roman Road 'as-
built' drawings and additional topographic and channel survey.

YazorBrook_Model_Information_Feb18_4007_v1.0
© Contains Herefordshire Council Information
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Yazor Brook Flood Alleviation
Scheme, Planning Submission
and FRA, Capita Symonds,
July 2009 [model archive # 1]

Yazor Brook - 9.8km from
Bishon Common (NGR
S0426435) to River Wye River
Wye (NGR SO506395)

Widemarsh / Eign Brooks -
4 0km from bifurcation with
Yazor Brook (NGR S04958407)
|to River Wye (NGR S0522382)

This assessment took forward the preferred flood alleviation
scheme for planning. Additional hydrological and hydraulic
assessments were completed to inform the scheme design and
test its impacts with respect to flood risk. The study included a
review of the hydrological assessment for the Yazor Brook
which resulted in a change to the design hydrology.

ESG Link Road Flood Risk
Assessment, Capita Symonds,
Qctober 2009 [model archive #
2]

Yazor Brook - 3.9km from
Three EIms Road Bridge (NGR
S0491414) to River Wye River
Witye (NGR S0O506395)

Widemarsh / Eign Brooks -
4.0km from bifurcation with
Yazor Brook (NGR S0498407)
|to River Wye (NGR S0522392)

Modelling completed to assess the impact of the proposed Link
Road and ESG Blackfriars Urban Village site on flood risk in the
area in support of the Link Road planning submission.

Assessment utilised only the downstream domain of the of the
full Yazor Brook model, in order to optimise model simulation
time. Inflows extracted from the full model were used to define
the 'trimmed' model's upstream boundary conditions.

Merton Meadows Flood Risk
Assessment, Capita Symonds,
April 2013 [model archive #
384

Yazor Brook - 9km from
Kenchester (NGR S0435433)
|to Friars Street (NGR
S0526403)

Widemarsh / Eign Brooks -
4 0km from bifurcation with
Yazor Brook (NGR S0498407)
|to River Wye (NGR 80522392)

Ayles Brook - 0.4km from
downstream of the disused
railway line (NGR S0509410)
to confluence with VWidemarsh
Brook through pipe outfall
underneath Widemarsh Bridge
(S0511408).

Hydraulic modelling of the Yazor Brook through Hereford was
completed as part of the Flood Risk Assessment (FRA) for the
proposed redevelopment of the Merton Meadows car park in
Hereford.

For this assessment, the upstream extent of the Yazor Brook
was trimmed at Kenchester and the downstream extent trimmed
at Friars Street a (short distance downstream from the Bulmers
Factory). The extent was reduced primarily to allow simulation
of the model using a limited node license.

ESG Drainage Strategy, Capita
Property and Infrastructure,
July 2014 [model archive # 3]

As above

Hydraulic modelling of the final ESG development scenarioto
assess the impact of ground level changes required for the
drainage strategy.

Jewsons (Canal Road) Culvert
Upgrade Assessment, WSP |
PB, May 2015 [model archive #
6]

As above

Modelling and assessment to establish the necessity of the
Jewsons culvert upgrade taking place alongside the
construction of the Link Read. Changes were made to the Link
Road scenario (T002) to reflect the latest understanding of the
proposals, principally that the channel diversion would take
place at the same time hence no temporary Link Road culvert
as assumed in earlier iterations.

Also included sensitivity scenarios

Fire Station Floed Risk
Asessment (FRA), WSP | PB,
July 2015 [model archive # 6]

As above

MNo model changes, just modelling of additional scenarios with
the changes from the Jewsons assessment.

YazorBrook_Model_Information_Feb18_4007_v1.0
© Contains Herefordshire Council Information
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Widemarsh Brook Channel As above Hydraulic assessment to inform the design of the Widemarsh
Design, WSP | PB, 2015 - 2016 channel diversion. Details of proposed channel diversion,
[model archive # 7] attenuation basin, Link Road and Jewsons culvert updated to
reflect current design proposals (channel and basin) and as-built
{Link Road and jewsons culverts). Also included some wider
model updates following a review and a range of sensitivity
analyses.

ESG Flood Mitigation WSP | As above Hydraulic assessment to determine the potential for mitigation
PB, 2016 - 2017 [model archive for the Edgar Street Grid (ESG) development proposals in

# 8] Central Hereford. Onsite and offsite mitigation options were
explored with the goal of providing a more robust mitigation to
facilitate development. Model naming convention was revised
and the model updated with new survey [Hereford ESG
Mitigation Supplementary Topo and Channel Survey Feb 2017
{survey archive # 13)] in several locations, better representation
of walls, updated mastermap layers for material roughness,
allowance for potential groundwater ingress to channel,
topographic amendments and a number of cther minor
adjustments and corrections.

NB: As of February 2018 the assessment of future
development proposals and mitigation is ongoing.

Development of "Present Day" |As above Creation of a new scenario to represent the "Present Day" and
scenario for 3rd party issue to reflect recent construction work in and around the ESG site,
WSP 2018 [model archive # 9] related to the Link Road construction. The model update
includes: the new Jewsons / Canal Road culvert; the Hereford
City Link Read (including new brook culvert); and the channel
diversion between Widemarsh Street and Canal Road.

As of January 2018 the Link Road, Link Road culvert and
Jewsons culvert have been constructed however the channel
diversion and Link Road attenuation pond have not yet heen
constructed with the channel following a temporary diversion
through this reach. The permanent channel diversion and
attenuation pond construction is expected to take place shortly.
The meodel representation is based on draft design drawings for
the channel diversion.

Survey / Topographic Data

Title Type Notes
Whitecross High School Flood Risk ISIS 10 medel and Channel Preliminary Flood Risk Assessment to support
Assessment, Halcrow Group Lid, Survey Qutline Planning application for the development of
September 2003 [survey archive # 6] Whitecross High School, Three Elms Road,

Hereford. Model extends from upstream of the
Roman Road (NGR 347700, 242200) to the Three
Elms Gauging Station (NGR 349200, 241500). Data
used to extend the criginal SFRM model up to the
Roman Road.

Total Surveys, November - December Channel Survey Cross-sections provided on Yazor Brook, Widemarsh
2005 [model archive # 1] / Eign Brook within Hereford city centre, from Three
Elms Road to the outfalls with the River Yiye,
Sections used to construct 1D meodel domain in the
original SFRM model.

LIDAR data, flown 2008 LiDAR Digital Terrain Model 1m resclution within Hereford and 2m resolution
upstream of Hereford. Complete coverage
throughout model reach. Data used to improve the
digital terrain model in the SFRM model.

YazorBrook_Model_Information_Feb18_4007_v1.0
@ Contains Herefordshire Council Information July 2016 3of12



Herefordshire
Council

Wye Lugg Confluence Model v3.1, Atkins,
2008

18IS 10 model

1S1S model of the River Wye and River Lugg created
criginally for the Hereford Flood Alleviation Project
and later used for flood risk mapping of the Wye and
Lugg confluence. Model output used to define the
downstream boundary conditions for the Yazor Brook
and Eign Brook.

[Total Surveys, March 2007 [model archive
# 2]

Channel and Topographical
Survey

Cross-sections provided on Yazor Brook from
upstream of the sewage works (NGR 347150,
243080) down to Pinston House (NGR 347890,
242370). Spot levels taken through at Bulmers
factory and hospital site. Data used to extend the 1D
model domain and improve the 2D model DTM.

Total Surveys, June - July 2007 [model
archive # 3]

Channel Survey

Cross-sections provided on Yazor Brook from Bishon
Common (NGR 342680, 243520) to Stretton Court
Farm (NGR 247030, 243060). Data used to extend
the 1D model domain.

Healer Surveys, July 2007 (correction
submitted May 2010) [model archive # 7]

Topographical Survey

Topographical survey including:

Old Cattle Market site, Edgar Street, Black Friars
Road, Widemarsh Street, Police Training Figlds and
land bordering the railway. Data used to check the
accuracy of the LIDAR data.

Total Surveys, July & December 2008
[model archive # 4]

Channel and Topographical
Survey

Further detail provided around Credenhill, from
upstream of Station Road (NGR 344480, 242950) to
downstream of Credenhill Community Centre (NGR
344600, 242900). Detailed topographical survey
collected along the proposed flood alleviation
scheme pipe route, including bank and floodplain
survey adjacent to the Yazor Brook.

Livestock Market Survey, March 2007
[model archive # 5]

Topographical Survey

Topographical survey of the new Livestock
Market_site (pre-construction)

A4103 Roman Road ‘As Built Drawings’

CAD Drawings

‘As Built' drawings of the Roman Road, indicating
road levels, drainage paths and culvert / pipe sizes.
Data used to improve the 1D and 2D model
representation in the vicinity of the Roman Road.

Hereford ESG Topographical and Sewer
Asset Survey, July / November 2009
[model archive # 8]

Topographical, threshold level
and sewer Survey

Finalised April 2010,

Topographical survey of remaining ESG
development area nct included in Healer Surveys
July 2007 survey.

Includes sewer and threshold level survey. Data used
to check the accuracy of the LIDAR data.

Divers Survey, 2011 [model archive # 11]

Culvert survey

Jewsons culvert survey including photos from divers.

This was used in particular to justify the culvert
Colebrook-White roughness values.

YazorBrook_Model_Information_Feb18_4007_v1.0
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Healer Surveys, August 2015 Channel survey Upstream of Jewsons culvert prior to design works.
Sections incorrectly surveyed RHB to LHE. Sections
do not provide good definition of channel, hence the
information was used in combination with the original
channel survey to defince the channel through this
reach

ESG TopoChannelSurvey Aug2015 Topo and Channel survey

[model archive # 12]

Hereford ESG Mitigation Supplementary |Topo and Channel survey Survey taken as part of the ESG Mitigation project to
Topo and Channel Survey Feb 2017 update and check the model in key areas of interest.
[model archive # 13] Topo survey was primarily to update the walls around
Edgar St. Survey Sections 01,02, 11, 14, & 15 were
checked but deemed a good match with previous
sections and therefore not updated. Section 13
represents a channel constriction but was deemed
larger than the upstream culvert and not subject to
out of bank flow and so was not incorporated due
concerns over section spacing. Section 10 was
checked to be representative of the reach and shifted
downstream 10m in the model to maintain consitent
section spacing. Section 06 & 07 were not
incorporated for the AA (baseling) model scenario as
channel work is known to have been carried out so
the survey IS not representatlve of this scenarlo.

Supporting Data

Title Type Notes
1. Yazor Brook FAS (Credenhill) As Built {(Construction) Model was updated to reflect as-built information at
drawings for Credenhill Credenhill. No gauge data is yet available to verify
the model
2. Yazor Brook FAS (Cutfall) Design drawings Floodplain has altered since Wye bank collapse.
Ongoing review of outfall options may change outfall
arrangement

3. Link Road ground model Aug 2015 Froposed Link Road ground NB: A later version has been received (below). A
model brief check showing no significant changes but the
new version has not been used in the model. Ground
model does not represent current channel and pond
proposals.

4. Link Road ground model Sep 2015 Froposed Link Road ground NB: This has not been used in the model. A brief
(received Oct 16) model check showing no significant changes but the new
version has not been used in the model. Ground
model does not represent current channel and pond
proposals.

YazorBrook_Model_Information_Feb18_4007_v1.0
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5. Jewsons & Link Road Culvert As Built  |Drawings of Jewsons culvert As-huilt drawing of the Link Road culvert (refer to
upgrade & Link Road culvert 3512983AE-HHC-STR02/01/04 dated 22/02/16)
providing info on culvert size/invert levels and revised
culvert length. Model was updated to reflect as-built
information for the Link Road Culvert; of particular
note is the use of the information to justify the model
inclusion of a 300mm cdeep layer of natural material
therefore reducing culvert height from 1.8m to 1.5m.
As-built drawings for the Jewson culverts were used
to update the model with changes being included in
model version 3657

6. Widemarsh Brock channel proposals Froposed channel diversion NB: Channel design nct finalised. May 2017 draft
Jun 2016 design channel design proposals (see below) used to check
and refine the channel representation in the model
but model representation based on both sets of data.

YazorBrook_Model_Information_Feb18_4007_v1.0
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Model Yazor Brook / Widemarsh Brook Hydraulic Mode!
Location Hereford
Watercourses Yazor Brook, Widemarsh Brook, Eign Brook and Ayles Brook

Modelling Approach

The Yazor Brook/Widemarsh Brook hydraulic medel is a 1D / 2D FMP-TUFLOW model | extending from
Kenchester (approximately 1km upstream of Credenhill) to its confluence with the River Wye within
Hereford (upstream of Greyfriars Bridge). A bifurcation at Moor Park creates the Widemarsh Brook (also
known as Eign Brook downstream of Commercial Road) which passes through Hereford city centre
before joining the River Wye near Bartonsham. The Widemarsh / Eign Brook, as well as its tributary the
Ayles Brook, are included in the model.

The schematisation of the hydraulic model reflects the catchment flooding mechanisms and key areas of
interest. The model consists of two domains with the boundary between the two located along Three
Elms Road, to the western side of Hereford. The upstream domain is predominantly rural and has been
modelled using a 10m grid size. The downstream domain covers the urban area of Hereford, which is
the focus of interest, and therefore has been modelled in more detail using a grid cell size of 5m.

Modelled
Watercourse Lenath (km Upstream Downstream
Yazor Brook 9.0 343500, 243280 352290, 240250
Widemarsh Brook / Eign Brook 40 349760, 240670 350220, 239340
Ayles Brook 0.4 350880, 241040 351120, 240780
Model Schematisation
Model Method 10720
| Software Flood Modeller Pro (version 4.2.0.182) / TUFLOW (build 2016-03-AD)
Run Settings Unsteady simulation
Channel 1D surveyed sections
Floodplain LIDAR data supplemented with survey
The model consists of 2 model domains; upstream of Three Elms Road a
Other comments 10m grid is used, while the urban area downstream is represented using a
5m grid.
GIS Data
0OS Tiles - 10k: SO33NE, SO33SE, SO34SE, SO34NE, SO43NE, SO43NWW, SO43SE,

SO43SW, SO4INE, SO4ANW, SO44SE, SO44SW, SOS3NE, SOS3NW,
SOS3SE, SO53SW, SO54NE, SO54SE, SO54SWY,
50k;  SO33, SO34, S043, SO44, SO53, SO54

LIDAR - Resolution:  1m within Hereford and 2m upstream of Hereford
Flown Date . 2006

Mastermap - Date: circa 2007 (AA Scenario) circa 2017 (BA, EB Scenario)

Hydrology/Model inflows
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Catchment flows are modelled as a mixture of point and distributed inflows in the model. The flow
hydrographs have been derived as follows:

- Yazor Brook (upstream of Hereford): ReFH1 method with the T, and BF; model parameters improved
using data from the Three Elms gauging station, other model parameters are derived from catchment
descriptors.

- Ayles Brook: FEH Rainfall Runoff method with model parameters derived from catchment descriptors.
- Sewer inflows (to Yazer and Widemarsh Brooks through Hereford) - Medified Rational method used to
estimate peak flows, manual catchment and triangular hydrograph definition.

Two hydrological scenarios have been tested to date. For the catchment wide storm all hydrographs

have been derived for a design storm with duration of 25 hours and area of 44km?. For the local storm
scenaric it was assumed that no rainfall occurs over the upper catchment (YAOS and YAO4 inflows set to
baseflow) and a design sterm with duration of 5.5 hours and area 25km2 occurred over the lower
catchment.

The hydrology was last reviewed in 2013.

A series of small 'Dummy’ flows have been used within the model to enable it to run for low flows;
without these additional flows the model would not function due to model stability issues at low flows.

Mannings 'n’ ﬁoughness Coefficients

Manning's n coefficients have been used to represent the roughness of the open channel and flocdplain.
Estimates of the channel roughness were made following site visits and from channel survey data. The
definition of roughness in the 2D domain is based on land use information from OS MasterMap data.

Boundary Conditions

The downstream boundary for the Widemarsh / Eign Brook is the River Wye. This has been modelled
using a fixed water level taken from the Wye Lugg Confluence model . A 2 year return peried level of
49.21mAQD for the River Wye is applied.

The Yazor Brook outfalls into the River Wye upstream of Grey Friars Bridge. As discussed above the
Yazor Brook model extent was trimmed to Friars Street, by which point the watercourse is culverted
through to its outfall. A stage-discharge relationship was extracted from the complete model prior to
trimming in order to provide accurate boundary conditions.
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Model Yazor Brook / Widemarsh Brook Hydraulic Mode!
Location Hereford
Watercourses Yazor Brook, Widemarsh Brook, Eign Brook and Ayles Brook

Model Runs and Output Definitions

File name: MMM_3$ H_7? && ***C"ll DDD Q0@

e.g HER_CA_F_A1_BA 0100C35_25H_4005

MMM Model Name

33 Development scenario and phasing - This is used fo define the main scenarfo. A
scenario letter will be assigned when the model is isstied

H FAS scenarios - whether or not model includes the Yazor Brook FAS

?? Secondary Scenario

&& Sensitivity and blockage scenarios, or other specific identifiers that may be needed in
the future (Note: naming convention to work back from z to avoid confusion with
development scenarios [skip xx])

faisinded Return period

"CUlI Climate change allowance

DDD Hydrological scenario - Storm duration of the model in hours

(@@l Version number of the mode|

NB Where inserted after && it represents the removal of the Merton Meadow Car Park
access Bridge, WB2368Bu. This has been applied in large events only to resolve
model stability issues.

Madels (MMM)

HER Full Yazor Brook (Hereford) hydraulic model (including CRD [Credenhill] and ESG

[Edgar Street Grid] domains).

Maodel Tapographic Scenarios ($$)
The first letter represents a particular overarching scenario type (e.g. pre development or final
development). A new first letter is defined for additional works such as a stand alone FRA study. The
second letter represents subsets or versions of the defined scenario type with the exception of AA
which can only have one version.
B() This represents present day and is updated accordingly as development
and mitigation options progress. The first letter "B" should remain the same,
while the second letter can be updated as time progresses.

BA Scenario reflects the Present Day (last updated February 2018). The main
changes from the baseline scenario (AA) include: The Yazor Brook FAS;
Jewsons / Canal Road culvert: City Link Road and culvert - all constructed.
The model also includes the propased Widemarsh Brook diversion between
Widemarsh Street and Canal Road, and the CLR attenuation pond, based
on draft design information (May 2017). As of Feb 2018 these are expected
to be constructed shortly. This is the model that has been issued.

FAS Scenarios (H)
The Credenhill Floed Alleviation Scheme (FAS) was implemented to divert flows and enable
development in Hereford. The pre FAS option forms a baseline scenaric for comparison with ESG
development scenarios. No FAS is a past case scenario not an existing case scenario because the
scheme is completed.

F FAS in operation
B Blocked FAS, as per scenario F with the scheme complete but with no flow allowed
down the scheme.

YazorBrook_Model_Information_Feb18_4007_v1.0
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Mitigation or secondary scenartos (77?)
Denotes mitigation or secondary options whereby the letter represents a proposed mitigation scheme,
while the number represents variants of that scheme (e.g. The letter may represent a culvert upgrade,
while the number may represent the specific dimensions to be tested).
XX | No scenario applied

Residual Risk/ Sensflivity Scenarios (&8&)

Represents scenarios of residual risk or sensitivity. New scenarios applied as 2 letter identifiers
moving backwards from zz.
XX | No scenario applied

Return period and climate change allowance
Return period represented with 4 digits and climate change represented by "C" followed by the

0020C00 1in 20 year

0100C00 1in 100 year

0100C35 11n 100 year with 35 % increased flows for consideration of climate change
0100C70 1in 100 year with 70 % increased flows for consideration of climate change
1000C00 1.1n 1000 year

Hydrological Scenarios

25H 25 hour storm duration, full catchment storm.

05H 5.5 hour storm duration to assess flood impacts from the lower catchment

Model Grid Suffix References (where provided)

File name example: Grid shewing the combined modelled results for the 5.5hr
HER_BA F_xx_xx_0100C35_5H_25H_40 |and 25hr model runs. At each location, the maximum value
07 _d_Max{maxmax).asc from either scenario is shown.
File name example: Grid shewing which source grid the values in the maxmax
HER BA F xx_xx_0100C35 5H 25H 40 |grids have been taken from (i.e the 5.5hr or the 25hr model
07 d Max{maxmax) src.asc run).
HER BA F xx xx 0100C35 25HR 4007 |Model run reference
X_Max Grid type:
dMax Maximum Depth Grid
hMax Maximum Water level Grid
vMax Maximum Velocity Grid
ZUKOMax Maximum Hazard Grid
Trim0o01 Denoting that the grid is a trimmed version of the model data
and the data request number.
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APPENDIX F
SEWER RECORDS

Gardner Garages Ltd.

City Service Station, Hereford
Flood Risk Assessment
881904-R1(01)-FRA
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EXACT LOCATIONS OF ALL AFPARATUS
T BE DETERMIMED ON SITE.
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RSK Land & Development Engineering Ltd is
registered in England at Spring Lodge, 172
Chester Road, Helsby, Cheshire, ¥AG DAR, UK

Registered number: 4723837



