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INTRODUCTION

APPOINTMENT AND BRIEF

Development Design Partnership (DDP) Ltd has been commissioned by
Bromford Homes to undertake a site-specific Flood Risk Assessment (FRA) for
the proposed residential development at Snow Capel Farm, Gloucester.

OBJECTIVE OF STUDY

The objective of the study is to undertake an FRA in accordance with ‘Chapter 10
— Meeting the Challenge of Climate Change, Flooding & Coastal Change’ of the
National Planning Policy Framework published in February 2019.

The study assesses flood risk to:
e The Site and the proposed residential development; and
e Any impact on flood risk to any adjacent land as a result of the development.

Where required, flood risk mitigation measures have been proposed. The report
also provides an outline drainage strategy for the foul and surface water flows
from the proposed development site.

The report has been prepared to accompany a planning application for 190
dwellings.

STUDY METHODOLOGY

The appraisal process consisted of a desk study, data research and consultation
with the regulatory authorities and third parties. A site review has been
undertaken together with a site topographical survey to assess the general
topography of the area and to identify any potential flood risk features that could
affect the site.

A list of documents referred to, to obtain data in relation to the site and
development is given in APPENDIX A.

This is an assessment of potential flooding from all possible sources, including
fluvial, tidal, surface run-off, overland flows, groundwater, sewers and manmade
infrastructure. The assessment also identifies and examines the residual flood
risk to the proposed development.



14 LIMITATIONS

1.4.1 Confirmation of the foul water sewer capacity is to be undertaken with Severn
Trent Water, while surface water discharge rates to be confirmed with LA. A
copy of recent correspondence discussing these matters are included within
APPENDIX D.

2.0 EXISTING SITE

2.1 SITE LOCATION

2.1.1 The site of 7.8ha gross area and is located in agricultural land at Snow Capel,
Matson, Gloucester. It has a central Ordnance Survey Grid Reference of SO 851 141 and
postcode GL4 6EQ, see APPENDIX B for site location plan.

2.2 SITE DESCRIPTION

2.2.1 Table 2.1 describes the general characteristics.

Table 2.1: Characteristics of the site
Area Approximately 7.8 Hectares, roughly triangular.

General Topography The development is located to the Southeast of
Gloucester, England, Grid reference 385076E,
214223N. The site is currently greenfield and
bounded by Winnycroft Lane to the West, M5
to the east. The parcel of land does include a
schedule monument in the form of an ancient
moat which is being retained.

Existing Surface Currently grass land, open field.

Site Description Development of 190 residential dwellings with
conventional gardens. The central area around the
scheduled monument will be soft landscaping
providing a 25m buffer from the buildings. There
will be a public open space/noise bund along the
south-eastern boundary with the M5 motorway.
Currently 100% grass/vegetation.

Boundaries All four boundaries fence with hedge beyond.
Some breaks in hedge on E boundary, framed by
fences onto M5 motorway

Access Access will be provided off Winnycroft Lane along
the western boundary, via a loop road around the
central public open space

2.2.2 See APPENDIX C for the topographical survey of the site.
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3.4.3

EXISTING DRAINAGE

EXISTING FOUL DRAINAGE

The closest existing foul sewer network to the development is located approx.
200m north of the proposed site entrance at the junction of Winnycroft Lane and
Sneedhams Road.

The Severn Trent Water Authority’s public Sewer record plan is included in
APPENDIX D.

EXISTING SURFACE WATER DRAINAGE

There is a sewer located within the residential area of Sneedhams Road approx.
200m north of the site entrance.

There are no existing surface water sewers on site.

WATERCOURSES

Small drainage ditch running N-S adjacent to Western site boundary. Water level
54.85m AOD Feb 2017.

Small moat located in the centre of site.

GEOLOGY AND HYDROGEOLOGY

The developer has carried out site investigation, Tier 2 Water Environment
Assessment and Geotechnical and Contamination Report reports: produced by
T&P Regen, JBA Consulting and Intégrale respectively. Copies of these reports
are contained within APPENDIX

The British Geological Map for the site describes the geology as the
‘CHARMOUTH MUDSTONE FORMATION - MUDSTONE'. Further details are
contained within APPENDIX E.

Hydrogeology information can be found in the annexed report ‘ERX-JBAU-XX-
XX-RP-Z-0001-S3-P02.docx’ undertaken by JBA Consulting on behalf of Edward
Ware Homes. Extracts are listed below, and the full report can be found in
APPENDIX G.

Aquifer Classification
The geological strata have been assessed for their hydrogeological properties.
The Lias Group bedrock strata underlying the site are classified as a Secondary


https://webapps.bgs.ac.uk/lexicon/lexicon.cfm?pub=CHAM

undifferentiated aquifer. As rocks with essentially no groundwater, the BGS
mapping describes the Lias group as comprising a largely mudstone sequence
with limestone and marlstone Rock forming local aquifers, yielding small
supplies. The Dyrham Formation to the northwest is classified as a Secondary A
aquifer, whilst the oolite strata to the south of the site is a Principal Aquifer.

Groundwater Levels and Flows

Given the clayey nature of both the superficial and bedrock strata underlying the
Moated Site, it is unlikely that there is hydraulic continuity between the
groundwater and the local surface water drainage features.

Topographical control on the groundwater flow direction is likely and is, therefore,
anticipated to be in the direction SE to NW locally within the Moated Site, and
more broadly towards the north, following the direction of surface water drainage
from the site.

This is supported by spot observations of groundwater levels on the Moated Site.
From previous ground investigations, groundwater stands at 1.5-2.5 mbgl locally
where old drainage ditches or the Moat occur (Intégrale, 2017). It is likely that
this groundwater comprises a perched groundwater table within the Made
Ground whilst the bedrock groundwater table may occur at some depth (e.g. 5-10
mbgl).

Groundwater was not encountered during drilling by T&P in 2018. Groundwater
dip levels were subsequently recorded during gas monitoring visits between 54.8
and 61.9 mAOD.

Saturated ground was encountered during several monitoring visits, with surface
water also observed within the moat area. This included some of the monitoring
wells being flooded from surface water.

Similarly, groundwater was not encountered during drilling the T&P in December
2020 - January 2021.



3.5

3.5.1

HISTORICAL LAND USES

Information obtained from the ‘ntégrale’, GEOTECHNICAL AND PHASE I

CONTAMINATION REPORT August 2017 ™ outlines the historical land uses and
change of use over the past century:

3.6

3.6.1

3.7

3.7.1

3.7.2

3.7.3

3.7.4

For further information and detailed maps please refer to Appendix C of the
‘GEOTECHNICAL AND PHASE Il CONTAMINATION REPORT August 2017
which is within APPENDIX G of this FRA document.

HISTORICAL FLOOD RECORDS

No historical flood maps have been recovered.

FLOOD MAPPING

Inspection of the EA Flood Zone Maps indicates that the proposed development
site is currently located within Flood Zone 1 (Low Probability). This is land
designated as having a less than 0.1% annual probability of flooding from rivers
or the sea in any year (less than a 1 in 1000 annual probability of flooding).

Refer to APPENDIX F for flood zone maps.

Flood zone designations ignore the presence of any flood defences and only
consider flooding from fluvial and tidal sources.

The EA have stated that the flood maps provide a general estimate of the
likelihood of flooding from rivers.
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4.0

4.1

41.1

4.1.2

SITE WALKOVER/OBSERVATIONS
The following key observations were made on the site location:
No buildings were observed within the site area.

No significant quantities of fly-tipped materials and no areas of burnt ground were
observed across the site area.

No potential asbestos containing materials (ACM’s) have been observed on site.
Site covered in grass and wildflowers. Small copes of trees by Moat.

Small drainage ditch running N-S adjacent to W site boundary.

Moat located in the centre of site.

The development is located to the Southeast of Gloucester, England, Grid
reference 385076E, 214223N. The site is currently greenfield and bounded by

Winnycroft Lane to the West, M5 to the east. The parcel of land does include a
schedule monument in the form of an ancient moat which is being retained.

PROPOSED DEVELOPMENT

DESCRIPTION

The proposed development of 7.8Ha in total area is to be serviced from a single
access point off Winnycroft Lane. The proposal comprises 190 dwellings with
associated roads, sewers, garages and private driveways.

It is proposed to maintain the existing boundary landscape features. The site falls
from a high point of around 60.8m on the western boundary to 54.70m in the
north wester corner at a grade of around 1 in 51.

APPENDIX J contains a preliminary layout for the proposed development while
APPENDIX L illustrates the proposed surface and foul water drainage strategies.
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5.1

5.1.1

51.2

51.3

PLANNING & POLICY CONTEXT

NATIONAL POLICY

NPPF Paragraph 163/164 sets out the requirements to assess Flood Risk and
indicates when a site-specific FRA is required:

“When determining any planning applications, local authorities should
ensure that flood risk is not increased elsewhere. Where appropriate,
applications should be supported by a site-specific flood-risk assessment.
Development should only be allowed in areas at risk of flooding where, in
the light of this assessment (and the sequential and exception tests, as
applicable) it can be demonstrated that: a) within the site, the most
vulnerable development is located in areas of lowest flood risk, unless
there are overriding reasons to prefer a different location; b) the
development is appropriately flood resistant and resilient; c) it
incorporates sustainable drainage systems, unless there is clear evidence
that this would be inappropriate; d) any residual risk can be safely
managed; and e) safe access and escape routes are included where
appropriate, as part of an agreed emergency plan.”

“Applications for some minor development and changes of use® should
not be subject to the sequential or exception tests but should still meet
the requirements for site-specific flood risk assessments set out in
footnote *°.”

Footnote *°: “A site-specific flood risk assessment should be provided for
all development in Flood Zones 2 and 3. In Flood Zone 1, an assessment
should accompany all proposals involving: sites of 1 hectare or more;
land which has been identified by the Environment Agency as having
critical drainage problems; land identified in a strategic flood risk
assessment as being at increased flood risk in future; or land that may be
subject to other sources of flooding, where its development would
introduce a more vulnerable use.”

Details of the definitions of the flood zones can be found in APPENDIX F

In Flood Zone 1, developers and regulatory authorities should seek opportunities
to reduce the overall level of flood risk in the area and beyond through the layout
and form of development and through the appropriate application of SUDS
techniques as discussed in NPPF February 2019.
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5.3

53.1

54

541

5.4.2

REGIONAL/LOCAL POLICY

Gloucester City Council undertook a ‘SUB33 Land at Snow Capel Farm Site
Historic Environment Assessments for Strategic Assessment of Land Availability
(SALA)’ in March 2015 a copy of which is within APPENDIX K.

THE SEQUENTIAL TEST

As previously identified in Section 3.7, the proposed Snow Capel Development
Site is located within Flood Zone 1 (low risk). Therefore, no sequential test is
required.

STRATEGIC FLOOD RISK ASSESSMENT

The proposed development site is located within Flood Zone 1 (low risk)
therefore no further mitigation is required.

‘Local Flood Risk Management Strategy Main Document Summer 2014’ can be
found in APPENDIX H for further information.
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6.1

6.1.1

6.2

6.2.1

6.3

6.3.1

6.4

6.4.1

6.5

6.5.1

ASSESSMENT OF POTENTIAL SOURCES OF FLOODING TO:

DEVELOPMENT SITE

This chapter identifies, assesses and quantifies (as far as practicably possible),
potential sources and mechanisms which are assessed to determine their flood
risk and where possible a statement given stating the considered level of risk —
negligible, low or significant.

FLUVIAL

The site lies within Flood Zone 1 and is not directly adjacent to a known
watercourse.

TIDAL

The site lies within Flood Zone 1 and is not near the coast or tidal estuary. It is
many metres above sea level. Consequently, there is a negligible risk of flooding
from coastal sources.

OVERLAND FLOWS AND FLOODING FROM LAND

The site slopes generally from the high point in the eastern most part of the site
to the west and southern boundaries. Flows from the higher eastern catchment
of the development are to contribute to water level within the moat, mimicking
existing site conditions.

GROUNDWATER

Groundwater information can be found in the annexed report ‘ERX-JBAU-XX-XX-
RP-Z-0001-S3-P02.docx’ undertaken by JBA Consulting on behalf of Edward
Ware Homes. Extracts are listed below, and the full report can be found in
APPENDIX G.

Groundwater Levels and Flows

Given the clayey nature of both the superficial and bedrock strata underlying the
Moated Site, it is unlikely that there is hydraulic continuity between the
groundwater and the local surface water drainage features.

Topographical control on the groundwater flow direction is likely and is, therefore,
anticipated to be in the direction SE to NW locally within the Moated Site, and
more broadly towards the north, following the direction of surface water drainage
from the site.



6.6

6.6.1

6.6.2

6.6.3

6.7

6.7.1

This is supported by spot observations of groundwater levels on the Moated Site.
From previous ground investigations, groundwater stands at 1.5-2.5 mbgl locally
where old drainage ditches or the Moat occur (Intégrale, 2017). It is likely that
this groundwater comprises a perched groundwater table within the Made
Ground whilst the bedrock groundwater table may occur at some depth (e.g. 5-10
mbagl).

Groundwater was not encountered during drilling by T&P in 2018. Groundwater
dip levels were subsequently recorded during gas monitoring visits between 54.8
and 61.9 mAOD.

Saturated ground was encountered during several monitoring visits, with surface
water also observed within the moat area. This included some of the monitoring
wells being flooded from surface water.

Similarly, groundwater was not encountered during drilling the T&P in December
2020 - January 2021.

FLOODING AND DRAINAGE

There is minimal potential for flooding from existing surface water. There is an
existing small drainage ditch on site running N-S adjacent to W site. There is
also an existing moat feature to remain in situ and have a development standoff
to allow maintenance procedures.

Copies of the Environmental Agency and LA @ Flood Maps for Snow Capel can be
found in APPENDIX F

(1) Open Government Licence (nationalarchives.gov.uk)

Severn Trent Water Authority’s Sewer records are included in APPENDIX D for
information.

CANALS, RESERVOIRS AND OTHER INFRASTRUCTURE

There are no reservoirs and other such infrastructure in the vicinity.

10



7.0

7.1

7.1.1

7.2

7.2.1

7.3

7.3.1

7.4

7.4.1

7.5

751

7.6

7.6.1

7.6.2

7.6.3

PROPOSED DEVELOPMENT AND FLOOD RISK MANAGEMENT

FLUVIAL

The fluvial risk to the development is low.

TIDAL

There is no Tidal flood risk; therefore, flood risk mitigation is not required.

OVERLAND FLOW

Having examined the local topography, the risk of overland flow and flooding
from adjacent land is negligible.

GROUNDWATER

Please refer to 6.5.1 above.

FLOODING FROM SEWERS AND DRAINS

The potential for flooding from existing surface water sewers is low.

OUTLINE DRAINAGE STRATEGY

Sustainable Drainage Systems.

All developments present an opportunity to incorporate sustainable surface water
drainage systems, which might include infiltration techniques or attenuation of
flows to protect receiving sewers or watercourses. The choice of methods is
dependent upon ground conditions and availability of suitable areas within the
particular scheme layout.

The development proposals will incorporate sustainable drainage solutions to
dispose of surface water runoff. The guidance given in the CIRIA report C697
“The SUDS Manual” will be followed during the detailed design of the proposed
sustainable drainage solution. Runoff will be managed both at source and across
the Site as a whole. SUDS will incorporate pollution control facilities to improve
water quality.

Requirement H3 Part 3 of the Building Regulations Approved Document H (2010
Edition) states:

11



7.6.4

7.6.5

7.6.6

3) Rainwater from a system provided pursuant to sub-paragraphs (1) and (2)
should discharge to one of the following listed in order of priority:

(a) An adequate soakaway or some adequate infiltration system; or, where
this is not reasonably practicable,

(b) A watercourse; or where this is not reasonably practicable,

(© A sewer.

This development presents an opportunity to incorporate sustainable surface
water drainage systems to employ SUDS techniques to accommodate both
highway and domestic surface water by the use of domestic soakaways sited in
gardens, highway/domestic soakaways located in areas of open space or
permeable paving where appropriate.

The site investigation also provides evidence of ground water levels recorded
during gas monitoring undertaken between December 2017 and February 2018.
Table 3 within the T&P Regen Supplementary Ground Gas Risk Assessment
dated 21%t March 2018 confirms ground water between 54.8m and 61.9m AOD,
this translates to being as shallow as 100mm below existing ground level. In
accordance with best practice design any soakaway features is required to be a
minimum of 1m above the existing water table. Based on the high ground water
and the nature of the soils experienced on site it therefore unfeasible to
discharge the surface water via infiltration.

A new surface water drainage network will be required to service the new
development.

T&P Regen have undertaken a ground investigation which demonstrated the
development is underlain by clay soils which are unlikely to prove favourable for
utilising infiltration techniques as a method of discharging development runoff.

Due to the unfavourable clay soils the proposal for the proposed development is
to convey surface water runoff to the ditch network sited along the western
boundary along with the onsite moat where levels allow.

The development is intended to be split into two catchments with the Eastern
parcel draining to the existing onsite moat, with all remining areas unable to drain
to the moat by gravity to drain to an existing ditch alongside Winnycroft Lane at
the development low point in the north-western corner of the development.

It is intended to restrict all future runoff from the development to existing
greenfield runoff rates.

The existing Moat within the centre of site is to remain in situ with contributing
flows in line with existing conditions. Discussions around the agreement with the
LA that the moat is an acceptable point of discharge with STW can be found in
APPENDIX D.

The runoff has been calculated utilising IH 124 methods with the development to
be restricted to a Qbar rate of 3.414l/s/ha.

The network discharging into the moat will be limited to 11.6l/s whilst the western
catchment to the ditch being restricted to 9.6l/s.

12



7.6.7

7.6.8

7.6.9

7.6.10

7.7

7.7.1

The surface water drainage network is to be designed to accommodate the
required attenuation volumes generated by the restricted rates up to and
including the 1 in 100 year event. The 1 in 100 year event will also include a
factor of 40% for climate change.

All surface water apparatus beyond the curtilage of a single dwelling is intended
to be offered for adoption by Severn Trent Water under a Section 104
agreement. It is the designs intention to offer storage up to the 1 in 30 year event
for adoption by STW with the additional volume required to accommodate the 1
in 100 year event will be maintained by a management company.

Please refer to APPENDIX L for the drainage strategy plan and report.

A new foul water drainage network will be required to service the new
development. The new network will collect and convey foul water discharge from
the development to a connection point on the existing Severn Trent Water
network. The proposed drainage strategy is included in the appendix. Current
proposals are for a point of connection into STW manhole SO85140505 which is
located within the junction of Winnycroft Lane and Sneedhams Road to the north
of the development.

Based on a development of 190 units SSG’s Design and Construction Guidance
recommends a peak flow rate of 4,000l/day/unit dwelling for residential uses. On
this basis an anticipated peak flow rate of 8.79l/s will be generated by the
development.

Severn Trent Water have previously confirmed that the existing public sewerage
network in the vicinity of the site currently has sufficient capacity to accommodate
the additional flows from the new development. Capacity will need to be
reconfirmed prior to commencement of the development.

All foul water apparatus beyond the curtilage of a single dwelling is intended to
be offered for adoption by Severn Trent Water under a Section 104 agreement.

Severn Trent Water have confirmed the existing drainage network has the
capacity to accommodate the proposed development.

In order to outfall the development to the existing STW system the sewer design
is at minimum grade, however there is a potential clash with existing services.
This has been discussed with STW and an agreement in principle has been
provided in relation to including a siphon at the clash location(s). The
correspondence in relation to this can be found in APPENDIX D.

RESIDUAL FLOOD RISK

The main residual flood risks for the proposed development are rainfall events
greater than the design criteria and blockages in the existing and proposed
drainage systems.

13



7.7.2

7.7.3

The development site will have in place a surface water maintenance schedule,
in conjunction with other riparian owners’ obligations to keep the watercourse
clear within their boundaries, to prevent the culverts from blocking. A copy of the
Suds Maintenance Requirements can be found in APPENDIX M.

Site levels have been designed to ensure that any resulting overland flow will run
within POS, driveways and road corridors allowing drainage to avoid property
flooding. The surface water drainage has also been designed in three
catchments; this is to be able to mimic existing conditions where the moat is to
be contributed to by the same proportion of the site as pre-development.

Taking in to account the above information the residual flood risk is therefore
considered to be low.

8.0 CONCLUSIONS

8.1.1

8.1.2

8.1.3

8.1.4

8.1.5

8.1.6

8.1.7

This report demonstrates that the proposed development site is at negligible risk
of flooding from all sewers and water courses within close proximity of the site.

No mitigation measures are required, with no impact on flood risk to other land
provided that the site levels are carefully designed.

Access and egress through the site of the proposed development can be
provided safely with no significant residual flood risk to the site or surrounding
areas.

Surface water from the proposed development is intended to discharge to the
existing surface water ditch, for storms up to and including the 100-year event
plus 40% allowance for future climate change and urban creep.

Flows will be maintained to Greenfield runoff rate, Q Bar, for all return period
storms up to 100-year events plus 40% for climate change. This ensures that the
proposed development is reducing flood risk to the downstream catchment.

The required attenuation storage will be provided within cellular storage located
within the development site.

Foul water from the proposed development will discharge into the existing public

foul sewer at the junction of Winnycroft Lane and Sneedhams Road as agreed
with the local Water Authority.

14
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Appendix C

Topographical Survey
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SEVERN TRENT WATER Ltd
Asset Data Management
GISmapping Team
j PO Box 5344

Coventry

CV39FT

Qur Ref: 01415

02 May 2017

Apparatus Location Enquiry

Further to your enquiry re: Snow Capel, Winnycroft Lane, Matson,
Gloucester GL4 6EL
(Your ref: 602248-Snow Capel)

Enclosed is a copy of the plans showing the approximate positions of the public sewers
and water mains situated within the vicinity of the land/property which is the subject
of your enquiry.

There are NO sewer assets situated within tiles: SO8414SE, SO8514SW &
SO8413NE.

There are NO water or sewer assets situated within tile: SO8513NW.

Asset Data Management can only provide plans of the location of the Company’s
underground assets. Therefore service pipes and drains are the responsibility of the
property owner and should be anticipated during any excavation.

However, we wish to inform you that although most private lateral drains and sewers
were transferred to Severn Trent Water’s ownership on 1% October 2011, the Company
does not possess complete records of these assets and therefore they may not be shown
on these maps.

Please also find enclosed a copy of Severn Trent Water’s General Conditions and
Precautions for your information.

Please forward VAT receipt to your finance department.

Kind Regards
GISmapping Team

Enquiry received
GISmapping:
02 May 2017
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SEVERN TRENT WATER

GENERAL CONDITIONS AND PRECAUTIONS TO BE TAKEN WHEN CARRYING OUT WORK
ADJACENT TO SEVERN TRENT WATER'S APPARATUS

Please ensure that a copy of these conditions is passed to your representative and/or your Contractor
on site. If any damage is caused to STW apparatus, the person, Contractor or Subcontractor
responsible must inform STW immediately on:

T —

These general conditions and precautions apply to the public sewerage, water distribution and
telemetry systems. The conditions include sewers which are the subject of an Agreement under
Section 104 of the Water Industry Act 1991 and mains installed in accordance with the Agreement for
the self construction of water mains. Please be aware that due to The Private Sewers Transfer
Regulations June 2011, the number of public sewers has increased, but many of these are not shown
on the public sewer record. However, some idea of their positions may be obtained from the position
of inspection covers and their existence must be anticipated.

On request, STW will issue a copy of the plan showing the approximate locations of STW apparatus
although in certain instances a charge will be made. The position of private drains, private sewers and
water service pipes to properties are not normally shown but their presence must be anticipated. This
plan is furnished as a general guide only and no warranty as to its accuracy is given or implied. The
plan must not be relied upon in the event of excavations or other works in the vicinity of STW
apparatus. No person or Company shall be relieved from liability for damage caused by reason of the
actual position and/or depths of STW apparatus being different from those shown on the plan.

In order to achieve safe working conditions adjacent to any apparatus the following should be
observed:

1. All 8TW apparatus should be located by hand digging prior to the use of mechanical
excavators.

2. All information set out in any plans received from us, or given by our staff at the site of the
works, about the position and depth of the mains, is approximate. Every possible precaution
should be taken to avoid damage to our apparatus. You or your contractor must ensure the
safety of our equipment and will be responsible for the cost of repairing any damage caused.

3. Water mains are normally laid at a depth of 900mm. No records are kept of customer service
pipes which are normally laid at a depth of 750mm; but some idea of their positions may be
obtained from the position of stop tap covers and their existence must be anticipated.

4. During construction work, where heavy plant will cross the line of STW apparatus, specific
crossing points must be agreed with the Company and suitably reinforced where required.
These crossing points should be clearly marked and crossing of the line of STW apparatus at
other locations must be prevented.

5. Where it is proposed to carry out piling or boring within 20 metres of any STW apparatus,
STW should be consulted to enable any affected STW apparatus to be surveyed prior to the
works commencing.

6. Where excavation of trenches adjacent to any STW apparatus affects its support, the STW
apparatus must be supported to the satisfaction of STW. Water mains and some sewers are
pressurised and can fail if excavation removes support to thrust blocks to bends and other
fittings.

7. Where a trench is excavated crossing or parallel to the line of any STW apparatus, the backfill
should be adequately compacted to prevent any settlement which could subsequently cause

Asset Protection Statements Updated May 2014
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damage to the STW apparatus. In special cases, it may be necessary to provide permanent
support to STW apparatus which has been exposed over a length of the excavation before
backfilling and reinstatement is carried out. There should be no concrete backfill in contact
with the STW apparatus.

8. No apparatus should be laid along the line of STW apparatus irrespective of clearance. Above
ground apparatus must not be located within a minimum of 3 metres either side of the centre
line of STW apparatus for smaller sized pipes and 6 metres either side for larger sized pipes
without prior approval. No manhole or chamber shall be built over or around any STW
apparatus.

9. A minimum radial clearance of 300 millimetres should be allowed between any plant being
installed and existing STW apparatus. - We reserve the right to increase this distance where
strategic assets are affected.

10. Where any STW apparatus coated with a special wrapping is damaged, even to a minor
extent, STW must be notified and the trench left open until the damage has been inspected
and the necessary repairs have been carried out. In the case of any material damage to any
STW apparatus causing leakage, weakening of the mechanical strength of the pipe or
corrosion-protection damage, the necessary remedial work will be recharged.

11. It may be necessary to adjust the finished level of any surface boxes which may fall within
your proposed construction. Please ensure that these are not damaged, buried or otherwise
rendered inaccessible as a result of the works and that all stop taps, valves, hydrants, etc.
remain accessible and operable. Minor reduction in existing levels may result in conflict with
apparatus such as valve spindles or tops of hydrants housed under the surface boxes. Checks
should be made during site investigations to ascertain the level of such apparatus in order to
determine any necessary alterations in advance of the works.

12. With regard to any proposed resurfacing works, you are required to contact STW on the
number given above to arrange a site inspection to establish the condition of any STW
apparatus in the nature of surface boxes or manhole covers and frames affected by the works.
STW will then advise on any measures to be taken, in the event of this a proportionate charge
will be made.

13. You are advised that Severn Trent Water Limited will not agree to either the erection of posts,
directly over or within 1.0 metre of valves and hydrants,

14. No explosives are to be used in the vicinity of any STW apparatus without prior consultation
with STW.

TREE PLANTING RESTRICTIONS

There are many problems with the location of trees adjacent to sewers, water mains and other STW
apparatus and these can lead to the loss of trees and hence amenity to the area which many people
may have become used to. It is best if the problem is not created in the first place. Set out below are
the recommendations for tree planting in close proximity to public sewers, water mains and other STW
apparatus.

156. Please ensure that, in relation to STW apparatus, the mature root systems and canopies of
any tree planted do not and will not encroach within the recommended distances specified in
the notes below.

16. Both Poplar and Willow trees have extensive root systems and should not be planted within 12
metres of a sewer, water main or other STW apparatus.

17. The following trees and those of similar size, be they deciduous or evergreen, should not be

planted within 6 metres of a sewer, water main or other STW apparatus. E.g. Ash, Beech,
Birch, most Conifers, Elm, Horse Chestnut, Lime, Oak, Sycamore, Apple and Pear.
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18. STW personnel require a clear path to conduct surveys etc. No shrubs or bushes should be
planted within 2 metre of the centre line of a sewer, water main or other STW apparatus.

19. In certain circumstances, both the Company and landowners may wish to plant shrubs/bushes
in close proximity to a sewer, water main of other STW apparatus for screening purposes. The
following are shallow rooting and are suitable for this purpose: Blackthorn, Broom,
Cotoneaster, Elder, Hazel, Laurel, Privet, Quickthorn, Snowberry, and most ornamental

flowering shrubs.

Asset Protection Statements Updated May 2014
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Severn Trent Water Limited
Asset Data Management

SISAASIRINE PO Box 5344
=1 Coventry

CV3 9FT

WATER MAINS RECORD

0/S Map Scale: 1:2,500

This map is centred upon:

Date of Issue: 22-04-22 X: 385133.51 Y: 214520.39

Disclaimer Statement:

1
2

Do not scale off this Map.

This plan and any information supplied with it is furnished as a general guide, is only valid at the date of
issue and no warranty as to its correctness is given or implied. In particular this plan and any information
shown on it must not be relied upon in the event of any development or works (including but not limited
to excavations) in the vicinity of SEVERN TRENT WATER assets or for the purposes of determining the
suitability of a point of connection to the sewerage or distribution systems.

Reproduction by permission of Ordnance Survey on behalf of HMSO. Crown Copyright and database
right 2004. All rights reserved.

Ordnance Survey licence number 100031673

Document users other than SEVERN TRENT WATER business users are advised that this document is

provided for reference purpose only and is subject to copyright, therefore, no further copies should be
made from it.




Invert

Cover Level Invert Leve
Reference Level Upstream |Downstream| Purpose | Material Max Size | Min Size | Gradient Year Laid
5084149603 [56.5299 54.57 54.15 S co 300 <UNK> 123.63 31/12/1899
00:00:00
‘8084149604 |56.65 |54.6 |54.05 |F |vc |150 |<UNK> |1o7.29 31/12/1899
00:00:00
‘8085140504 |53.65 |51.92 |51.57 |F |vc |150 |<UNK> |81.83 31/12/1899
00:00:00
‘8085140602 |53.02 |51.36 |50.96 |s |co |225 |<UNK> |195.58 31/12/1899
00:00:00
‘8085141702 |53.5099 |50.95 |50.66 |s |co |225 |<UNK> |215.9 31/12/1899
00:00:00
‘5084149503 |58.0299 |5e.1 |54.o4 |s |co |375 |<UNK> |25.24 31/12/1899
00:00:00
‘5084149704 |59.4 |57.52 |55.61 |s |co |225 |<UNK> |30.04 31/12/1899
00:00:00
‘8084149504 |56.4 |54.02 |52.65 |s |co |450 |<UNK> |41.66 31/12/1899
00:00:00
‘8084149505 |5e.4399 |54.6 |54.16 |F |vc |150 |<UNK> |81.84 31/12/1899
00:00:00
‘5084149602 |57.4 |55.19 |54.61 |F |vc |150 |<UNK> |100 31/12/1899
00:00:00
‘5084149706 |57.4 |55.56 |54.88 |s |co |3oo |<UNK> |95.6 31/12/1899
00:00:00
‘8085140601 |54.2 |51.14 |50.87 |F |vc |225 |<UNK> |229.89 31/12/1899
00:00:00
‘8084149502 |56.4399 |54.o4 |52.03 |F |vc |150 |<UNK> |31.34 31/12/1899
00:00:00
‘5085140604 |52.9799 |5o.9 |50.87 |F |vc |225 |<UNK> |485.33 31/12/1899
00:00:00
‘8085140503 |54.2 |52.58 |51.82 |s |co |525 |<UNK> |148.21 31/12/1899
00:00:00
‘8085140505 |53.2 |51.56 |51.28 |F |vc |225 |<UNK> |215.75 31/12/1899
00:00:00
‘8085140606 |53.47 |51.81 |51.71 |s |co |eoo |<UNK> |933.8 31/12/1899
00:00:00
‘8084148602 |59.2599 |57.13 |56.15 |s |co |375 |<UNK> |56.71 31/12/1899
00:00:00
‘8085140502 |53.9199 |51.98 |51.53 |F |vc |225 |<UNK> |131.78 31/12/1899
00:00:00
‘3085140603 |53.o4 |50.85 |50.56 |F |vc |225 |<UNK> |282.21 31/12/1899
00:00:00
‘8085140608 |54.2799 |51.6 |51.38 |s |co |225 |<UNK> |222.91 31/12/1899
00:00:00
‘8084148501 |58.38 |57.38 |56.69 |s |co |375 |<UNK> |17.45 31/12/1899
00:00:00
‘8085140501 |52.9099 |51.28 |50.91 |F |vc |225 |<UNK> |213.54 31/12/1899
00:00:00
‘8085140607 |53.6599 |51.52 |51.16 |F |vc |225 |<UNK> |150 31/12/1899
00:00:00
‘8085140705 |56.0699 |54.15 |52.37 |F |vc |150 |<UNK> |23.6 31/12/1899
00:00:00
‘5084149500 |<UNK> |<UNK> |<UNK> |F |vc |1oo |<UNK> |<UNK> 31/12/1899
00:00:00
‘5084149501 |<UNK> |<UNK> |<UNK> |F |vc |1oo |<UNK> |<UNK> 31/12/1899
00:00:00
‘<UNK> |<UNK> |<UNK> |<UNK> |F |vc |<UNK> |<UNK> |<UNK> 19/02/2021
00:00:00
‘<UNK> |<UNK> |<UNK> |<UNK> |F |vc |<UNK> |<UNK> |<UNK> 22/03/2022

nN-NN-NN







From: I

Sent 22 April 2022 10:41

To:

Cc:

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Attachments: A3L_Water_Record.pdf; A3L_Sewer_Tabular.pdf

ST Classification: OFFICIAL PERSONAL
Hi

I’'ve had a look at the siphon and | would suggest making the siphon as short as possible by moving the start of the
siphon as close as possible to the culvert and to have the sewers between F14A-F14 and F15-F15A set at 45 degrees.
This should increase the gradient between the invert levels of F14A and F15A and improve the siphon’s velocities.
Once we have done this then the design, in principal, will be acceptable however we still need to get the culvert
invert levels to confirm it is not possible to get under this.

Please see attached our water and sewers records as requested.

Kind Regards

Waste Infrastructure Senior Design Specialist
Developer Services

SEVERN
TRENT

Codes for Adoption

Codes for Adoption went live April 2020 - Please click on the above link for more information on the new processes
for sewer adoptions

Did you know that you can now apply online for some of our services? Going forward, online applications will be our
primary approach method as it not only results in faster processing time but also making a payment is much easier
via debit, credit card and BACS payment. You can find all our forms and guidance documents following this link
https://www.stwater.co.uk/building-and-developing/regulations-and-forms/application-forms-and-guidance/

Postal Address
Developer Services
Severn Trent Centre
PO Box 5311

Sat Nav CV12LU

www.stwater.co.uk

From: |

Sent: 06 April 2022 09:44

To: [



cc: I

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Good afternoon -

Further to our discussion last week please find attached the proposals for an inverted siphon with an average
gradient through the siphon of 1 in 80.

As discussed we have also shallowed the gradient downstream of the siphon to the 1 in 200 discussed.

Also, | would be grateful if you could provide the current STW record plans for both sewers and water mains, our
current versions are quite faded and difficult to read.

| will also request confirmation from our client regarding the maintenance of the existing moat and ditch.

Kind Regards,

DDP Limited
Tel:

From: [

Sent: 24 March 2022 16:01

To: [

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Good afternoon |}
Have you managed to have a look at the below?

If you wish to discuss please do not hesitate to give me a call.

Kind Regards,

DDP Limited
Tel:

From: [
Sent: 15 March 2022 16:14
To: [

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Good afternoon -,

Further to the below email please find attached a foul plan and section for the outfall. | have also responded to the
queries below .

a) Based on the topographical survey undertaken the water level is 56.180m within the Moat,

b) The level around the fenced area of the moat ranges from 56.23 on the west to 56.70 in the eastern section.

c) We do not have any data relating to previous usage; however it has been confirmed from the Sl that
infiltration is not viable, water discharge would be limited to evapotranspiration and discharge via the ditch.

d) Based on the manning equation we estimate that the rate of the ditch in its current capacity is 256l/s our
calculations are below based on a water depth of 200mm and width of bank as 3.14m



Kind Regards,

DDP Limited
Tel:

From: |

Sent: 25 January 2022 09:36

To: [

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832

ST Classification: OFFICIAL PERSONAL

Morning -,

Thank you for this.

I’'ve now looked over the information and had a discussion with my manager regarding the moat as an effective
discharge point for a part of this site. We feel that as you are looking to only emulate the original flows into the
moat that will be lost due to the development is acceptable however we are concerned on it’s effectiveness it terms
of water levels and how regularly the overflow ditch will be used. Can you please confirm the following:

a) The water levels of the moat.

b) The freeboard from the top water level to the top of the moat.

c) Data on the overflow ditch — Any data on previous usage and confirm at what storm event the ditch will be
used.

d) What is the capacity of the ditch and how much water will it discharge.

Regarding the possible foul syphon, can you please provide a plan showing where the culvert(s) are located and
provide a plan showing the route of the proposed foul with gradients etc showing. Foul syphons are not ideal and
are considered a high risk. | don’t want to rule out the option but if we aren’t able to provide steep enough
gradients for the syphon is might become impossible to do so.

Thank you

Kind Regards

Waste Infrastructure Senior Design Specialist
Developer Services



SEVERN
TRHRENT

Codes for Adoption

Codes for Adoption went live April 2020 - Please click on the above link for more information on the new processes
for sewer adoptions

Did you know that you can now apply online for some of our services? Going forward, online applications will be our
primary approach method as it not only results in faster processing time but also making a payment is much easier
via debit, credit card and BACS payment. You can find all our forms and guidance documents following this link
https://www.stwater.co.uk/building-and-developing/regulations-and-forms/application-forms-and-guidance/

Postal Address
Developer Services
Severn Trent Centre
PO Box 5311
Coventry

CV3 9FL

Sat Nav CV1 2LU

www.stwater.co.uk

From: |

Sent: 24 January 2022 13:50

To:

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Good afternoon |l

Please find below a fresh link.

https://we.tl/t-TptWbcbkkG

Please do not hesitate to get in contact should you have any queries.

Kind Regards,

DDP Limited

From: [

Sent: 24 January 2022 12:11

To: [
Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
ST Classification: OFFICIAL PERSONAL

Hi

Really sorry for the delay.



Can you please send me a fresh link to the WeTransfer and | will look at this ASAP to provide further comment.

Regarding the foul siphon, this will be more problematic compared to surface water so will need to be looked at
carefully.

| will look at these both together and get back to you once | receive the new link.
Thank you

Kind Regards

Waste Infrastructure Senior Design Specialist
Developer Services

SEVERN
TRENT

Codes for Adoption

Codes for Adoption went live April 2020 - Please click on the above link for more information on the new processes
for sewer adoptions

Did you know that you can now apply online for some of our services? Going forward, online applications will be our
primary approach method as it not only results in faster processing time but also making a payment is much easier
via debit, credit card and BACS payment. You can find all our forms and guidance documents following this link
https://www.stwater.co.uk/building-and-developing/regulations-and-forms/application-forms-and-guidance/

Postal Address
Developer Services
Severn Trent Centre
PO Box 5311
Coventry

CV3 9FL

Sat Nav CV1 2LU

www.stwater.co.uk

From: |

Sent: 18 January 2022 17:24

To: [

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Hi Il

Further to the previous correspondence we have also have had some radar surveying carried out
to see the impact on the foul sewer.

Based on the information to hand it appears our proposed gravity foul line to STW manhole
S085140505 in Winnycroft Lane clashes with an existing surface water culvert crossing the road.
To negate the need for a pumping station would STW find it acceptable to incorporate an inverted
siphon around this culvert?



Our proposed foul outfall route requires around 210m of 150mm diameter at a gradient of 1 in 150
to service the 190 dwellings of the development.

Kind Regards,

DDP Limited

From: [

Sent: 04 January 2022 10:53

To: [

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832

Good morning [l

Further to the below emails have you had an opportunity to review the proposals further?

Kind Regards,

DDP Limited

ad

Sent: 22 November 2021 14:52

To: [

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Thank you [Jliffor the meeting and prompt comments.

| enclose the topographical survey for your viewing, | have also created an extract specific to the
moat in a larger scale.

From the information | have on file | cannot locate any infiltration testing having been undertaken
however | note the following ground conditions. | have also enclosed the Water Environment
Assessment for this development confirming current inflow arrangements, section 4.3 also details
the outgoing flow and flow. Will this be sufficient in the absence to confirm ground permability?

| have also included the sections through the moat outfall.

https://we.tl/t-219HKLHadz
Link will expire in 7 days




Kind Regards,

DDP Limited

ad

Sent: 22 November 2021 12:05

To: [

Subject: PDSD @ Winnycroft Lane, Gloucester - 1023832

ST Classification: UNMARKED
Hi

Thank you for your time earlier to discuss the design for the above development. To confirm, we at Severn Trent are
trying to ascertain if the moat qualifies as a regulated point of discharge as per the Water Industry Act and therefore
can accept the surface water design for adoption. Below | have noted the main points of our discussion:

e You confirmed that the flows into the moat are to protect and continue it existing functionally which is why
roughly half of the site has been designed to discharge at this point around 11 I/s. Can you please send over
the survey of the moat.

e |tis believed the moat is rather impermeable, can you please provide or arrange the tests to confirm the
permeability.

e You confirmed the moat will not be usage as storage and the proposed outfall has been designed to
minimise disruption.

e |tis believed the overland flows are regular, can you please try to obtain the data on this to confirm.

e You confirmed the overland flow is a 200-300mm deep channel similar to a swale which then discharges into
the ditchcourse located on the western side of the site boundary. Can you please provide a cross section of
this.

e We discussed the possibility of a bypass to the ditchcourse if the moat is not considered a regulated point of
discharge however | was not able to confirm as yet if this would be acceptable. | will look into this further.

e Asdiscussed, please see attached our latest “pre-approved of use list” regarding pipes and tanks.

e Asdiscussed, please see attached our “Position Statement” regarding the adoption of SUDS features.

Kind Regards

Waste Infrastructure Senior Design Specialist
Developer Services

SEVERN
TRENT

Codes for Adoption

Codes for Adoption went live April 2020 - Please click on the above link for more information on the new processes
for sewer adoptions

Did you know that you can now apply online for some of our services? Going forward, online applications will be our
primary approach method as it not only results in faster processing time but also making a payment is much easier
via debit, credit card and BACS payment. You can find all our forms and guidance documents following this link
https://www.stwater.co.uk/building-and-developing/regulations-and-forms/application-forms-and-guidance/




Postal Address
Developer Services
Severn Trent Centre
PO Box 5311
Coventry

CV3 9FL

Sat Nav CV1 2LU

www.stwater.co.uk

Severn Trent Plc (registered number 2366619) and Severn Trent Water Limited (registered number 2366686)
(together the "Companies") are both limited companies registered in England & Wales with their registered office at
Severn Trent Centre, 2 St John's Street, Coventry, CV1 2LZ This email (which includes any files attached to it) is not
contractually binding on its own, is intended solely for the named recipient and may contain CONFIDENTIAL, legally
privileged or trade secret information protected by law. If you have received this message in error please delete it
and notify us immediately by telephoning +44 2477715000. If you are not the intended recipient you must not use,
disclose, distribute, reproduce, retransmit, retain or rely on any information contained in this email. Please note the
Companies reserve the right to monitor email communicationsin accordance with applicable law and regulations. To
the extent permitted by law, neither the Companies or any of their subsidiaries, nor any employee, director or
officer thereof, accepts any liability whatsoever in relation to this email including liability arising from any external
breach of security or confidentiality or for virus infection or for statements made by the sender as these are not
necessarily made on behalf of the Companies. Reduce waste! Please consider the environment before printing this
email

Severn Trent Plc (registered number 2366619) and Severn Trent Water Limited (registered number 2366686)
(together the "Companies") are both limited companies registered in England & Wales with their registered office at
Severn Trent Centre, 2 St John's Street, Coventry, CV1 2LZ This email (which includes any files attached to it) is not
contractually binding on its own, is intended solely for the named recipient and may contain CONFIDENTIAL, legally
privileged or trade secret information protected by law. If you have received this message in error please delete it
and notify us immediately by telephoning +44 2477715000. If you are not the intended recipient you must not use,
disclose, distribute, reproduce, retransmit, retain or rely on any information contained in this email. Please note the
Companies reserve the right to monitor email communicationsin accordance with applicable law and regulations. To
the extent permitted by law, neither the Companies or any of their subsidiaries, nor any employee, director or
officer thereof, accepts any liability whatsoever in relation to this email including liability arising from any external
breach of security or confidentiality or for virus infection or for statements made by the sender as these are not
necessarily made on behalf of the Companies. Reduce waste! Please consider the environment before printing this
email

Severn Trent Plc (registered number 2366619) and Severn Trent Water Limited (registered number 2366686)
(together the "Companies") are both limited companies registered in England & Wales with their registered office at
Severn Trent Centre, 2 St John's Street, Coventry, CV1 2LZ This email (which includes any files attached to it) is not
contractually binding on its own, is intended solely for the named recipient and may contain CONFIDENTIAL, legally
privileged or trade secret information protected by law. If you have received this message in error please delete it
and notify us immediately by telephoning +44 2477715000. If you are not the intended recipient you must not use,
disclose, distribute, reproduce, retransmit, retain or rely on any information contained in this email. Please note the
Companies reserve the right to monitor email communicationsin accordance with applicable law and regulations. To
the extent permitted by law, neither the Companies or any of their subsidiaries, nor any employee, director or
officer thereof, accepts any liability whatsoever in relation to this email including liability arising from any external
breach of security or confidentiality or for virus infection or for statements made by the sender as these are not
necessarily made on behalf of the Companies. Reduce waste! Please consider the environment before printing this
email

Severn Trent Plc (registered number 2366619) and Severn Trent Water Limited (registered number 2366686)
(together the "Companies") are both limited companies registered in England & Wales with their registered office at
Severn Trent Centre, 2 St John's Street, Coventry, CV1 2LZ This email (which includes any files attached to it) is not
contractually binding on its own, is intended solely for the named recipient and may contain CONFIDENTIAL, legally
privileged or trade secret information protected by law. If you have received this message in error please delete it
and notify us immediately by telephoning +44 2477715000. If you are not the intended recipient you must not use,
disclose, distribute, reproduce, retransmit, retain or rely on any information contained in this email. Please note the
Companies reserve the right to monitor email communicationsin accordance with applicable law and regulations. To
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the extent permitted by law, neither the Companies or any of their subsidiaries, nor any employee, director or
officer thereof, accepts any liability whatsoever in relation to this email including liability arising from any external
breach of security or confidentiality or for virus infection or for statements made by the sender as these are not

necessarily made on behalf of the Companies. Reduce waste! Please consider the environment before printing this
email



From: I

Sent: 12 May 2022 17:09

To:

Cc:

Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832
Good afternoon -

Further to previous correspondence | have now received confirmation regarding the maintenance of the moat
please see below a response received from our clients heritage consultant. | would be grateful if you could confirm if
this is acceptable to allow STW to adopt the upstream surface water network.

“In respect of the moat we have set out in the Heritage Management Plan that the monument will be within a public
space that is under the management of a private site management company who will be responsible for ‘repairs to

2 n

infrastructure, vegetation management and clearance of litter’.

Kind Regards,

DDP Limited

From: [

Sent: 22 April 2022 10:41
To:
Cc:
Subject: RE: PDSD @ Winnycroft Lane, Gloucester - 1023832

ST Classification: OFFICIAL PERSONAL
Hi

I’'ve had a look at the siphon and | would suggest making the siphon as short as possible by moving the start of the
siphon as close as possible to the culvert and to have the sewers between F14A-F14 and F15-F15A set at 45 degrees.
This should increase the gradient between the invert levels of F14A and F15A and improve the siphon’s velocities.
Once we have done this then the design, in principal, will be acceptable however we still need to get the culvert
invert levels to confirm it is not possible to get under this.

Please see attached our water and sewers records as requested.

Kind Regards

Waste Infrastructure Senior Design Specialist
Developer Services

SEVERN
TRENT

Codes for Adoption




Appendix E

Geology Maps and Key/Descriptions






Appendix F

Environmental Agency and LA Flood Maps for Snow Capel















Appendix G
Ground/Site Investigation Reports:
e Site Investigation

e Tier 2 Water Environment Assessment
e Geotechnical and Contamination



Edward Ware Homes Ltd
45 Oakfield Road
Clifton
Bristol
BS8 2AX Date 21 March 2018
Our ref: 180321 _SNO1877_HM

Dear -

Re: Snow Capel Farm, Matson, Gloucester, GL4 6EQ — Supplementary Ground
Gas Risk Assessment

Further to the completion of a supplementary ground investigation and programme of
gas monitoring at the above site, we are pleased to present the results of a
supplementary gas risk assessment together with our conclusions and
recommendations. A site location drawing is provided in Appendix A.

Background and Objectives

A third-party’ ground investigation was undertaken in May 2017 at the above site
which identified deep made ground which varied in thickness between 1.50-3.40
metres below ground level (mbgl), generally appearing to become thicker towards the
south-west. This was found to comprise silt, mudstone gravel and clay with pockets of
buried topsoil. The composition of the material was found to be very similar to the
underlying natural strata. This material is assumed to be associated with historical
placement of surplus excavated soils from the construction of the M5 motorway which
lies adjacent to the south-eastern boundary of the site.

Groundwater and ground gas monitoring wells were installed within WS1, WS3, WS5
and WS8 and monitored on 2N° occasions by Integrale during July 2017. The
monitoring visits indicated high levels of methane (61.1-61.6%) and carbon dioxide
(35.2-35.7%) within WS1 locally. Lower but still significant concentrations of carbon
dioxide and methane were encountered in WS3 of 7.1-8.5% and 2.8-2.9%
respectively. WS5 and WS8 recorded trace concentrations of methane but
concentrations of carbon dioxide were <5%. There was negligible gas flow within all of
the installations, where WS1 and WS8 had maximum values of 0.1l/hr.

Encountered methane concentrations in WS01 were reported to be consistent with a
“red” classification, in accordance with the NHBC? traffic light scheme, but elsewhere
results were indicative of Amber 1. It was acknowledged that only 2N° gas monitoring
results were undertaken and which may not be reflective of worst case conditions.
Results from WSO01 were inferred to be a localised occurrence; however, no

' Geotechnical and Phase Il Contamination Report. Intégrale. August 2017. Ref: 1826
2 Guidance on Evaluation of Development Proposals on Sites Where Methane and Carbon Dioxide are
Present. NHBC. 2007.



consideration or discussion of the conceptual site model was provided in the context
of the findings and the wider ground gas regime.

It is understood that the site is intended to be redeveloped for low rise residential
housing. On this basis, the principal objective of this supplementary investigation and
monitoring programme is to enable refinement of the conceptual site model and
understanding of the ground gas regime at the site in order to make an updated
assessment of the risk presented to future residents and possible remedial
requirements.

Supplementary Ground Investigation

A supplementary ground investigation was completed on the 28" and 29" November
2017 which comprised the excavation of 8N° trial pits (TP101-TP108) to a maximum
depth of 3.40mbgl and the drilling of 4N° dynamic windowless boreholes (WS101-
WS104) to a maximum depth of 5.0mbgl, all of which were installed as ground gas
monitoring wells. The locations of monitoring wells are shown the drawing within
Appendix A. The rationale for selected exploratory locations is summarised in Table 1.

Table 1 — Exploratory Hole Rationale
Exploratory Response Zone
hole(s) (m) Target
TP101 n/a General site coverage.
TP102 n/a Adjacent tg historical borehole with high methane
concentrations.
TP103 n/a
Delineation of buried topsaoil.
TP104 n/a
TP105 n/a
TP106 n/a
General site coverage.
TP107 n/a
TP108 n/a
WS101 1.0-3.0
Delineation of high methane concentrations.
WS102 2.0-4.0
WS103 1.0-4.0
General site coverage.
WS104 1.5-3.5

A summary of ground conditions encountered during the November 2017 ground
investigation is provided in Table 2. Borehole logs are provided in Appendix B, with
site photographs included in Appendix C.



Table 2 — Summary of Ground Conditions

Depth (m bgl)

Explorato . General
Base P ry
Top depth depth holes identified | S°! YPe description/comments
range
range
TP101-TP108. Silty gravelly clay.
Glroqu 0.2-0.3 Topsoil
eve WS101-WS104. [TOPSOIL]
TP101-TP106, Firm to stiff bluish grey
0.2-0.3 0.6-0.7 TP108. Made Ground mottled orangish brown
WS101-WS104. gravelly clay.
TP101-TP106, . .
0.6-2.7 0.3-4.6 TP108. Made Ground | SOft:firm and stiff dark grey

clay with organic material.
WS101-WS104.

TP102, TP103,
1.2-27 1.3-34 TP105, TP106, Relict Topsoil
TP108, WS101

Dark brown and black clay
with roots and rootlets.

Stiff and very stiff orangish
brown, bluish grey and dark

TP104-TP107. grey gravelly clay.
Natural
0.2-4.6 >2.0-5.0
WS101-WS104. Ground Extremely weak mudstone.
[CHARMOUTH

MUDSTONE FORMATION]

No visual or olfactory evidence of contamination was noted. Relict topsoil was
encountered across the majority of the site within TP102, TP103, TP05, TP106,
TP108 and WS101, ranging in depth between 1.20mbgl and 3.40mbgl. Relict topsail
was only identified within WS2 in the third-party investigation (1.45-1.55mbgl) which
correlates with the depth of relict topsoil encountered within TP08 (1.20-1.30mbagl) in
the same area.

Within TP02, the wood, twigs and plastic were encountered at depth (2.70mbgl) which
indicates that the material above has been placed there relatively recently. The clay
material above appears to be naturally derived as the descriptions match the natural
strata encountered across the rest of the site. These observations, along with the
large gradient change across the site indicate that reprofiling of the site has taken
place in the past.

Selected soil samples from the investigation were forwarded to The Environmental
Laboratory Ltd, a UKAS and MCERTS accredited laboratory for analysis for Total
Organic Carbon. The concentrations of Total Organic Carbon (TOC) range between
0.3-1.1% which is a relatively low concentration for an organic material such as buried
topsoil. Complete chemical results are provided in Appendix D.

Groundwater was not encountered during drilling. Groundwater levels were recorded

during gas monitoring visits, as summarised in Table 3. Groundwater was recorded
between 54.8 and 61.9 metres Above Ordnance Datum (mAOD). Saturated ground



was encountered during several monitoring visits, with surface water also observed
within the moat area. A selection of photos is provided in Appendix C.



Table 3 — Summary of Groundwater Elevations

e Screened 05/12/17 22/12/17 03/01/18° 16/01/18° 30/01/18 13/02/18
Monitoring .
Well ID Geological Comment
© Unit mbgl mAOD mbgl mAOD | mbgl | mAOD | mbgl | mAOD | mbgl mAOD mbgl mAOD
WS1 Made ground NR NR 2.60 55.84 0.70 57.74 0.80 57.64 1.08 57.36 -a -a -
WS3 Made ground 1.65 58.31 1.56 58.40 0.85 59.11 0.92 59.04 0.30 59.96 0.24 59.72 -
WS5 Made ground NR NR -2 -2 0.36 61.54 0.45 61.45 0.43 61.90 0.15 61.75 -
Monitoring well flooded
from surface water.
Oily scum observed
during 5" and 6"
WS8 Made ground 2.53 55.01 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 monitoring rounds
which may be organic
residue. No
hydrocarbon odour
recorded.
Relict
WS101 Cr:°ps°"’ NR NR 0.60° | 57.26 | 0.48°c | 57.38 | 052°¢ | 57.34 | 0.32¢ | 57.54 0.10°¢ 57.76 | -
armouth
Mudstone
Relict
WS102 Cr:°ps°"’ 3.77 54.79 3.10 55.46 | 1.50° | 57.06 2.50 56.06 -a -2 0.11¢ 58.45 | -
armouth
Mudstone
WS103 Made ground 3.76 55.62 -a -a 0.05¢ 59.33 0.05¢ 59.33 0.18¢ 59.20 0.11¢ 59.27 -
Relict
WS104 Cr:°ps°"’ NR NR 2.60 57.16 | 0.55°¢ | 59.21 | 0.65° | 59.11 | 0.24°¢ | 59.92 0.16°¢ 59.60 | -
armouth
Mudstone

a Water level recorded above top of monitoring installation due to surface water flooding.

b Water levels reported prior to bailing, which was carried out to remove surface water/lower water levels.

¢ Water level recorded above slotted pipe section.
NR — Groundwater not recorded.




Ground Gas Monitoring

T&P attended site on 6N° separate occasions over a three-month period (December
2017 to February 2018) to monitor ground gases from initial ground gas monitoring
wells (WS1, WS4, WS5 and WS8) and the supplementary installations (WS101-
WS104). The monitoring schedule is summarised in Table 3.

Gas monitoring was undertaken using a hand held Infrared Gas Analyser with integral
flow measuring capability. Concentrations of methane, hydrogen sulphide, carbon
dioxide and oxygen were recorded from the standpipes along with gas flow rates,
atmospheric pressure and general weather conditions. Volatile compounds were
measured using a Photo-lonisation Detector (PID).

Monitoring wells were found to be submerged under surface water on a number of
occasions which prohibited completion of gas monitoring. On other occasions, where
water levels within monitoring installations were recorded above the top of the slotted
pipe section, water was removed via bailer. The bung was replaced following bailing
for a minimum of 30 minutes before gas monitoring was completed.

Results

Monitoring was completed between December 2017 and February 2018. Complete
soil gas monitoring records are included in Appendix E and summarised below:

= Atmospheric pressure conditions were recorded between 1035mB and 994mB
during the monitoring period. The fist and fourth monitoring rounds were
conducted during falling pressure conditions, with the remainder generally in
rising conditions.

= Peak methane concentrations were recorded to be generally below instrument
detection level (<0.1% v/v) in the majority of monitoring wells, with the exception
of WS01 and WS102, located to the south of the scheduled monument. In WS01
a peak and steady value of 54% by volume was encountered during the second
monitoring visit, with a steady value of 29.5% by volume on the first monitoring
visit. In WS102 a peak value of 0.4% was measuring during the first visit, with all
other occasions recording results below detection limit.

= Carbon dioxide levels were found to range from instrument detection level
(<0.1%v/v) up to 17.0% by volume with the highest values recorded in WSO01
located in the central part of the site. Levels of carbon dioxide were greater than
5% in WS03, WS101 and WS102 during the first and second monitoring rounds.
All other results were recorded to be below 5% in all other monitoring well
locations.

= Oxygen levels were found to vary between 9.8% and 21.4% by volume.

» Hydrogen sulphide concentrations were all found to be below instrument
detection level (<0.1 parts per million (ppm)) with the exception of WS01, where a
peak value of 19.5 ppmv was recorded during the first monitoring round only.

» Peak soil gas flow rates were recorded to range between instrument detection
level (0.1litres/hour (I/h)) and 29.81/h. The maximum peak flow rate was recorded



in WSO01 during the first monitoring round, which correspondingly reduced to
11l/hr steady flow. Steady flow rates of 2.4 and 8.1l/hr were also recorded in
WS03 and WS08 respectively during the second monitoring round. Negative flow
rates were frequently recorded, which are likely to be associated with higher
pressure conditions or windy conditions. Furthermore, gas flows are anticipated to
be significantly influenced by variation in groundwater recorded during the
monitoring period, and as such, recorded flows may not be indicative of
significant gas generation, rather a response to changing pressure conditions.

= PID readings were generally low, with the exception of WS101 when a reading of
51ppm was encountered during the first visit. In addition, erroneously high
readings were recorded in WS102 during two monitoring visits, which may be due
to instrument interference due to high moisture content. As such, these results
have been discounted as reliable.

Risk assessment

The following section provides an assessment and discussion of the risks posed to
sensitive human receptors (future residents) from on-site sources of soil gas.

Carbon dioxide and methane

Guideline gas screening values (GSV) (Qng) for methane and carbon dioxide
concentrations recorded at the site can be considered through calculation of the
hazardous gas flow rate (Qng) in accordance with BS8485:2015 (Code of Practice for
the characterization and remediation from ground gas in affected development - 2007)
and CIRIA 665 (Assessing risks posed by hazardous ground gases for buildings -
2007) using the following equation:

Qng = Chg X q
100

Where ‘Cyg’ is the gas concentration measured as a percentage and ‘q’ is the flow rate
in litres per hour (I/h). This calculation is undertaken separately for both carbon
dioxide and methane in accordance with NHBC guidance®. The maximum Qug is
considered for methane along with the peak flow rate, given the worst potential
consequence of methane build up is explosion. For assessment of carbon dioxide, the
steady state conditions are considered, as the build up of carbon dioxide would occur
over time. Where no gas or flow is detected the gas detector limit of 0.1l/hr is
employed in the calculation for conservatism. As a precautionary approach, peak flow
rates have been utilised in these calculations, to determine a worst case GSV for
each monitoring well individually. Where negative flow rates were measured, the
instrument detection level has been utilised.

Qng (GSV) — methane = 9.98 (WSO01)

3 NHBC - Guidance on evaluation of development proposals on sites where methane and carbon dioxide are present. Report
Edition 04. 2007.



Qng (GSV) — carbon dioxide = 4.92 (WS01)

Results have been assessed against the NHBC traffic light classification scheme for a
low-rise housing scheme.

With the exception of WS01, on the first monitoring round, all calculated GSVs were
consistent with a “green” classification. GSVs for methane and carbon dioxide during
the first round are classified as “red”. This is consistent with the results of previous
gas monitoring conducted by Integrale in 2017 which also identified results in WS01
consistent with a “red” classification. The closest monitoring wells installed during the
supplementary investigation are WS101 and WS102, which do not record the same
elevated results, supporting an assessment that this is a localised occurrence.

Maximum reported concentration of methane was 54%v/v and 33.5%v/v in WSO01
during the second and first monitoring rounds respectively, both of which exceed the
typical maximum concentration for a red site. Elsewhere on-site, concentrations were
recorded as a maximum of 2.7%v/v or below detection limit. These results are
consistent with previous findings.

Besides WSO01, encountered concentrations of carbon dioxide were also above 5%v/v
in WS101, WS102 during the first and second monitoring rounds, with steady state
concentrations between 5.2 and 9.0%v/v, which are consistent with an Amber 1/2
classification. WS101 and WS102 are located in close proximity to WS01.

Carbon monoxide and hydrogen sulphide

In terms of carbon monoxide and hydrogen sulphide the guidance documents do not
advocate the generation of a GSV with a more site-specific risk assessment required
where these compounds are identified to be present at significant concentrations.

With the exception of an elevated result of hydrogen sulphide at 18.0 % ppmv in
WSO01 in the first monitoring round, no concentrations were recorded greater than the
detection limit during all monitoring rounds. This result corresponds with very low
oxygen results <10%vV/v).

Discussion

Previous ground investigation identified the presence of localised buried topsoil in
WS2 at 1.45-1.55mbgl in the south of the site. Elsewhere, approximately 3m of made
ground comprising gravelly silty clay with localised organic content was identified.
Alluvium was recorded within WS2 and WS8, with occasional organic fragments and
wood.

Supplementary ground investigation by T&P established the presence of a generally
site wide layer of relict topsoil with corresponding organic odour within TP101, TP102,
TP103, TP105, TP106 and TP108 at between 1.2 and 3.1mbgl. In consideration of
the adjacent M5 motorway and site topography, it is likely that cuttings from
construction works were placed on the site above existing topsoil. With the exception
of WS01, monitoring results and calculated GSVs across the site are consistent with a



“green” classification. However, elevated levels of carbon dioxide in WS01, WS101
and WS102 which would correspond with an Amber 1/2 classification. Furthermore,
marginally elevated levels of carbon dioxide were also recorded in WS03 in the south-
east of the site at a steady level of 5.2% in the second monitoring round only.
However, previous monitoring results showed levels of 8.5% and 7.2%, which would
be consistent with an Amber 1 classification.

Given the general absence of significant gas flow and significantly elevated ground
gas concentrations across the wider monitoring network at the site, it is considered
unlikely that made ground/relict topsoil is a significant ongoing source of ground
gases. This is further supported by chemical results which suggest a low organic
content, with a maximum value of 1.9%, and an average value of 0.89%.

However, in TP102, located adjacent to WS01 where high methane and carbon
dioxide results were recorded, the presence of wood and plastic was recorded at
approximately 2.7mbgl, which corresponds with the findings in WS01. In consideration
of the localised nature of the elevated methane and carbon dioxide, it is considered
possible that a local source of physically distinct infilled ground may be generating
elevated concentrations of hazardous ground gases which warrants further
investigation.

It is noted that shallow groundwater/surface water flooding was encountered during
later gas monitoring rounds, whereby water levels were above screened sections in
monitoring wells. Where possible, water levels were lowered through bailing, although
due to ingress of surface water in some instances, it was not possible to lower levels
to be the slotted screen. As such, caution is recommended in interpreting these
results, as an overburden of saturated ground gas influence ground gas migration.

Conclusions and Recommendations

Supplementary investigation and ground gas monitoring has been completed with the
aim of investigating the source of previously identified elevated methane and carbon
dioxide in the vicinity of WS1 to the south of the moat to inform further assessment of
the ground gas regime at the site. Additional monitoring has confirmed elevated
results consistent with a “red” classification to be limited to WS1, with results in nearby
WS101 and WS102 showing results consistent with Amber 1/2. The next closest
monitoring well WS103 showed results consistent with a “green” classification.
Furthermore, locally elevated carbon dioxide was recorded in WS3, but which were
lower in WS104. On this basis, as a precautionary approach, it is considered
appropriate to consider the south-east area as requiring Amber 1 gas protection.
Indicative zoning of the site from the perspective of gas protection requirements is
provided in Appendix A.

Supplementary investigation of the source of elevated gases in the vicinity of WS01 is
recommended to support this assessment, which it is anticipated could comprise
excavation of trial pits in the vicinity of WS01. In the event of establishing/delineating
a source, removal of this material may enable downgrading/reduction/removal of the
‘red” zone. Alternatively, it may be possible to review the development masterplan in
light of these results, to site sensitive development at an appropriate distance from the
designated “red” zone to provide suitable risk mitigation. At the same time,



incorporation of gas protection measures in line with an Amber 2 classification within
closest plots may be recommended as a precaution.

Given the presence of shallow groundwater/surface water flooding encountered
during gas monitoring, and the limitations this presented to completion of gas
monitoring across all 6N° monitoring rounds, it is also recommended that
supplementary monitoring is undertaken, in the form of continuous down-hole
monitoring during dryer months when flooding has receded or alternatively placement
of flux boxes to measure ground gas release at surface to confirm these conclusions
and to refine remedial recommendations.

Should you have any further queries please do not hesitate to contact us.

Yours sincerel

Appendix A — Drawings

Appendix B — Exploratory Logs

Appendix C — Photographs

Appendix D — Chemical Results

Appendix E — Ground Gas Monitoring Records
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Appendix B — Exploratory Logs



Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP101
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385027 214169 56.90mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:‘n(e':s)) Legend Strata Description I
MADE GROUND: Brown silty CLAY with rootlets. 8
T il r
(0.30) (Topsoil) r
56.60 | 0.30 MADE GROUND: Stiff bluish grey mottled orangish brown slightly L
gravelly CLAY. Gravel is sub-angular fine to coarse of limestone. r
(1.10) i
55.50 | 1.40 MADE GROUND: Siff dark grey CLAY with pockets (10mm) of organic |
[ material. r
(1.00) :
-2.00 - 2.20 ES1 —2
54.50 240 End of Trial Pit at 2.40m L
| r 3
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP102
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385069 214146 58.40mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:‘n(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
0.30 sub-angular fine to coarse of mudstone. r
(0.30) (Topsoil) [
58.10 ] 030 MADE GROUND: Stiff orangish brown mottled bluish grey slightly L
gravelly CLAY. Gravel is sub-angular fine to coarse of mudstone. r
o —1
! (2.40) L
i -2
55.70 | 270 MADE GROUND: Firm dark bluish grey CLAY with wood, twigs and L
plastic. [
(0.30) (Relict Topsoil) I
Between 2.70-3.00mbgl: Strong organic odour. L
- 55.40 | 3.00 End of Trial Pit at 3.00m 3
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP103
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385111 214108 59.47mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:‘n(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
0.30 sub-angular fine to coarse of mudstone. r
(0.30) (Topsoil) [
59171 030 MADE GROUND: Stiff orangish brown mottled bluish grey slightly L
gravelly CLAY. Gravel is sub-angular fine to coarse of mudstone and r
i pottery. L
o —1
[ (2.40) L
i -2
56.77 1 270 MADE GROUND: Stiff bluish grey slightly gravelly CLAY. Gravel is sub- |
angular fine to coarse of mudstone. Occasional pockets of black r
organic material. L
(Relict Topsoil) r
-3.00 - 3.40 ES1 Between 2.70-3.40mbgl: Strong organic odour. 3
(0.70) L
56.07 | 3.40 End of Trial Pit at 3.40m [
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP104
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385134 214037 60.20mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:‘n(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
sub-angular fine to coarse of mudstone. r
60.00 | 0.20 (Topsoil) : . . I
MADE GROUND: Firm orangish brown silty CLAY. r
(0.40) [
59.60 | 0.60 [MADE GROUND: Soft dark grey CLAY. L
Between 0.60-3.00mbgl: Strong organic odour. r
1.00 - 1.20 ES1 ;1
(2.40) [
i -2
B 57.20 | 3.00 | — — | Stiff orangish brown and bluish grey mottled CLAY. 3
(0.40) i
56.80 | 340 ——— End of Trial Pit at 3.40m [
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP105
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385211 214141 61.30mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:‘n(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
sub-angular fine to coarse of mudstone. r
61.10 | 0.20 (Topsoil) : : _ I
MADE GROUND: Stiff orangish brown mottled bluish grey CLAY. r
(1.70) [
59.40 1.90 MADE GROUND: Firm dark bluish grey CLAY. L
-2.00 - 2.20 ES1 (Relict Topsoil) 2
Between 1.90-2.60mbgl: Slight organic odour. :
(0.70) [
58.70 | 260 — — —{ Stiff bluish grey mottled orangish brown CLAY with sub-angular to sub- |
—_—_—1{ rounded fine to coarse gravel sized mudstone lithoreltics. r
[ — —| (CHARMOUTH MUDSTONE FORMATION) L
s 0.80) |— | -3
57.90 | 340 ——— End of Trial Pit at 3.40m [
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP106
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385177 214250 58.93mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:(hn(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
sub-angular fine to coarse of mudstone. r
58.73 | 0.20 (Topsoil) : : _ I
MADE GROUND: Stiff orangish brown mottled bluish grey CLAY. r
I (0.60) L
58.13 | 0.80 MADE GROUND: Firm dark grey CLAY. L
n 1
(0.70) 1
[ 1.50-1.60 ES1 57.43 1 1.50 MADE GROUND: Dark grey CLAY with roots and rootlets. L
57.33 | 1.60 [==="===F (Relict Topsoil) r
L — — 1\ Between 1.50-1.60mbgl: Slight organic odour. :
| — — | Stiff orangish brown mottled bluish grey CLAY with sub-angular fine to |
— — —{ coarse gravel sized mudstone lithorelicts. r
— — —{ (CHARMOUTH MUDSTONE FORMATION) [
i = -2
(1.10) [——| :
56.23 | 270 End of Trial Pit at 2.70m [
| r 3
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP107
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385028 214228 55.95mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;}(hn(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
sub-angular fine to coarse of mudstone. r
55.75 | 0.20 [ (Topsoil) »
Stiff dark grey gravelly CLAY. Gravel is sub-angular fine to coarse of r
limestone and shell fragments. [
(CHARMOUTH MUDSTONE FORMATION) t
F (0.60) =
55.15 | 0.80 Firm orangish brown mottled bluish grey gravelly CLAY with sub- b
angular fine to coarse mudstone lithorelicts. r
n (CHARMOUTH MUDSTONE FORMATION) 4
(1.20) 1
B 53.95 | 2.00 | — | Stiff dark bluish grey mottled orangish brown laminated CLAY with sub- | 2
— — —{ angular fine to coarse gravel sized mudstone lithorelicts. Frequent r
1 pockets of sand sized gypsum crystals. L
| — — | (CHARMOUTH MUDSTONE FORMATION) r
(0.70) — — i
53.25 | 270 End of Trial Pit at 2.70m [
| r 3
: 4
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Trial Pit ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: TP108
www.tandpregeneration.co.uk SNO1877a 28/11/2017 SB JF FINAL Sheet 1 of 1
. . Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Trial Pit Log 385045 214050 58.25mOD JCB 3CX 04/12/2017 1:25
Weather: Sunny Termination: Target depth achieved Stability: Stable
Samples & In Situ Testing Strata Details
Water | Backfill
Depth Sample ID Test Result (rhi\gé) (gﬁ‘;:(hn(e':s)) Legend Strata Description I
MADE GROUND: Brown silty gravelly CLAY with rootlets. Gravel is b
sub-angular fine to coarse of mudstone. r
58.05 | 0.20 (Topsoil) : . . —1
MADE GROUND: Firm orangish brown slightly gravelly CLAY. Gravel is |
fine to coarse of limestone, mudstone and shell fragments. [
(1.00) :
o —1
57.05 1.20 MADE GROUND: Dark brown and black CLAY with roots and rootlets. |
56.95 | 1.30 < (Relict Topsoil) L
I\ Between 1.20-1.30mbgl: Slight organic odour. [
Firm to stiff orangish brown mottled bluish grey CLAY. L
F (CHARMOUTH MUDSTONE FORMATION) r
(0.80) [
i -2
56.15 | 210 p== End of Trial Pit at 2.10m [
| r 3
: -
o 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
IRemarks: Dimensions:
Groundwater not encountered. .
Length: Orientation: °
Width: <
Groundwater Details
Depth encountered (m) Remarks
T&P Regeneration TP Template Issue Ntimber: 1 Issue Date: June 2016




Contract Name: Client: Borehole ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: WS101
www.tandpregeneration.co.uk SNO1877a 29/11/2017 SB JF FINAL Sheet 1 of 1
Windowless Sample Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Borehole Log 385044 214130 57.86mOD Terrier Rig 04/12/2017 1:25
Weather: Frosty Termination: Target depth achieved
Samples & In Situ Testing Strata Details Groundwater
Windowless Level | Depth - Water | Backfill /
Depth Sample ID Riirgféfy Test Result (mAOD) (Tr?i‘;:mg:;) Legend Strata Description Strike Ins?:”a'“ o
0.00 - 1.00 MADE GROUND: Brown silty gravelly CLAY with rootlets. |
=95% Gravel is sub-angular fine to coarse of mudstone. r
57.66 | 0.20 (Topsoil) [
MADE GROUND: Stiff orangish brown and bluish grey r
slightly gravelly CLAY. Gravel is sub-angular fine to [
coarse of mudstone with sand sized gypsum crystals. t
— 1.00 - 2.00 - 1
= 90% [ O
(2.00) 1 S
180-2.00 | EST i O
B 2.00-3.00 -2 =
=90% i Tt
220-240 | ES2 55.66 | 2.20 MADE GROUND: Firm black motied dark grey CLAY with | H
roots and rootlets. r T
4 | (Relict Topsoil) [ e
5548 240 — — |\__Between 2.20-2.40mbgl: Strong organic odour. L LI~
I 2.50 - 2.60 ES3 - | Stiff orangish brown and bluish grey CLAY. r R
~— 4 (CHARMOUTH MUDSTONE FORMATION) [ e
- 3.00 - 4.00 ::::: L3 L]
=95% = — r
[ 53.86 4.00 - End of Borehole at 4.00m L 4
B 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
Start & End of Shift Observations Borehole Diameter| Casing Diameter |Remarks:
Date Time Depth (m) | Casing (m)| Water (m) [Depth (m)|Dia (mm)| Depth |Dia (mm)|s5roundwater not encountered.
Water Strikes Ir ion
[Strike (m)|Casing (m)|Sealed (m)| Time (mins) [ Rose to (m) [ Remarks Top (m) [Base (m)| Type |Dia (mm)
0.00 1.00 PLAIN 50
1.00 3.00 |SLOTTED 50
T&P Regeneration WS Template |ssue Number: 1 Issue Date: June 2016




Contract Name: Client: Borehole ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: WS102
www.tandpregeneration.co.uk SNO1877a 29/11/2017 SB JF FINAL Sheet 1 of 1
Windowless Sample Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Borehole Log 385072 214118 58.56mO0OD Terrier Rig 04/12/2017 1:25
Weather: Frosty Termination: Target depth achieved
Samples & In Situ Testing Strata Details Groundwater
Windowl: )
Depth Sample ID R%i%?f?js Test Result (rTI:ZVOeé)) #;‘;::12:;) Legend Strata Description gﬂfé | nBs?;:IT;I:: 0/ f
0.00 - 1.00 MADE GROUND: Brown silty gravelly CLAY with rootlets. |
=100% Gravel is sub-angular fine to coarse of mudstone. r
58.36 | 0.20 (Topsoil) [
MADE GROUND: Stiff orangish brown mottled bluish grey |
slightly gravelly CLAY with rootlets. Gravel is sub-angular [
fine to coarse of mudstone. t
i 1.00-2.00 (1.60) -1
=100% i
140-160 | EST i
56.76 | 1.80 MADE GROUND: Firm biuish grey CLAY with occasional |
rootlets. r
B 2.00 - 3.00 Between 1.80-3.10mbgl: Slight organic odour. ; 2
=95% i bl
220-240 | ES2 i T
(1.30) 1 i
- 3.00 - 4.00 - 3 u
=90% [ —
55.46 | 3.10 [ Stiff orangish brown mottled bluish grey CLAY with sub- | .
3.20-3.40 | ES3 | — —| angular fine to coarse mudstone lithorelicts. i il
(CHARMOUTH MUDSTONE FORMATION) L L
i (0.70) [ - | I
54.76 —— : : , [ L
Very stiff dark grey CLAY with sub-angular fine to coarse | i
mudstone lithorelicts. i N
= 54.56 (CHARMOUTH MUDSTONE FORMATION) [ 4 1
End of Borehole at 4.00m F
B 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
Start & End of Shift Observations Borehole Diameter| Casing Diameter |Remarks:
Date Time Depth (m) | Casing (m)| Water (m) [Depth (m)|Dia (mm)| Depth |Dia (mm)|s5roundwater not encountered.
Water Strikes Ir llation
[Strike (m)|Casing (m)|Sealed (m)| Time (mins) [ Rose to (m) [ Remarks Top (m) [Base (m)| Type |Dia (mm)
0.00 2.00 PLAIN 50
2.00 4.00 |SLOTTED 50
T&P Regeneration WS Template |ssue Number: 1 Issue Date: June 2016




Contract Name: Client: Borehole ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: WS103
www.tandpregeneration.co.uk SNO1877a 29/11/2017 SB JF FINAL Sheet 1 of 1
Windowless Sample Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Borehole Log 385112 214118 59.38mOD Terrier Rig 04/12/2017 1:25
Weather: Frosty Termination: Target depth achieved
Samples & In Situ Testing Strata Details Groundwater
Windowless L | _ Wati 1
Depth Sample ID RSeacr:z?y Test Result (mZVOeD) #;‘;::é':s)) Legend Strata Description Ster!ilg | ni?;m: 0/ i
0.00 - 1.00 MADE GROUND: Brown silty gravelly CLAY with rootlets. |
=100% Gravel is sub-angular fine to coarse of mudstone. r
59.18 0.20 (Topsoil) L
MADE GROUND: Stiff orangish brown mottled bluish grey |
gravelly CLAY. Gravel is sub-angular fine to coarse of [
mudstone. H
[ Between 0.20-1.20mbgl: Frequent rootlets and wood fibres. r
— 1.00 - 2.00 - 1
= 90% [ O
(2.35) [ 'i
L 150-1.70 | ESt L i
B 2.00-3.00 -2 =
=75% i T
2.60-2.80 ES2 56.83 | 2.55 L MADE GROUND: Soft bluish grey silty CLAY. L e
Between 2.60-4.60mbgl: Slight organic odour. F ie
- 3.00 - 4.00 - 3 ]
=50% r H
(2.05) [ S
3.80-4.00 | ES3 : i
B 4.00-5.00 -4 g
=75% [
54.78 | 460 Extremely weak orangish brown MUDSTONE with shell |
fragments. [
(0.40) (CHARMOUTH MUDSTONE FORMATION) L
B 54.38 | 5.00 End of Borehole at 5.00m 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
Start & End of Shift Observations Borehole Diameter| Casing Diameter |Remarks:
Date Time Depth (m) | Casing (m)| Water (m) [Depth (m)|Dia (mm)| Depth |Dia (mm)|s5roundwater not encountered.
Water Strikes Ir llation
[Strike (m)|Casing (m)|Sealed (m)| Time (mins) [ Rose to (m) [ Remarks Top (m) [Base (m)| Type |Dia (mm)
0.00 1.00 PLAIN 50
1.00 4.00 |SLOTTED 50
T&P Regeneration WS Template |ssue Number: 1 Issue Date: June 2016




Contract Name: Client: Borehole ID:
Snow Capel Edward Ware Homes
Contract Number: Date Started: Logged By: Checked By: Status: WS104
www.tandpregeneration.co.uk SNO1877a 29/11/2017 SB JF FINAL Sheet 1 of 1
Windowless Sample Easting: Northing: Ground Level: Plant Used: Print Date: Scale:
Borehole Log 385112 214060 59.76mOD Terrier Rig 04/12/2017 1:25
Weather: Frosty Termination: Target depth achieved
Samples & In Situ Testing Strata Details Groundwater
Windowless -
Depth Sample ID nggxy Test Result (rTI:ZVOeé)) #;‘;::12:;) Legend Strata Description gﬂfé | nz?;ﬁ;': 0/ i
0.00 - 1.00 MADE GROUND: Brown silty gravelly CLAY with rootlets. |
=100% Gravel is sub-angular fine to coarse of mudstone. r
59.56 | 0.20 (Topsoil) : _ . [
MADE GROUND: Stiff orangish brown slightly gravelly r
CLAY. Gravel is sub-angular fine to coarse of limestone. [
59.36 | 0.40 MADE GROUND: Stiff orangish brown mottled bluish grey |
i slightly gravelly CLAY. Gravel is sub-angular fine to r
coarse of mudstone with sand sized gypsum crystals. L
(1.00) 1
— 1.00 - 2.00 —1
=100% i
1.20-1.40 | ESt i
58.36 1.40 MADE GROUND: Firm bluish grey and black CLAY with |
[ 1.50-1.70 | ES2 pockets (20-30mm) of fibrous organic material and roots. [
Between 1.40-1.80mbgl: Slight organic odour. [
(0.40) r
57.96 | 1.80 MADE GROUND: Siiff grey CLAY. ,
-2.00-2.20 | ES3 | 2.00-3.00 Lo
=100% i
(0.70) r
] 57.26 | 250 [MADE GROUND: Stiff dark grey mottled black CLAY. L
2.60 - 2.80 ES4 Between 2.50-2.90mbgl: Slight organic odour. t
(0.40) r
56.86 | 2.90 — — —{ Stiff orangish brown mottled bluish grey CLAY. L
-3.00 - 3.20 ES5 3.0q (—)510./00 —_—_— (CHARMOUTH MUDSTONE FORMATION) —3
oo, — [
i (1.10) [——] ] Ll
[ 5578 4.00 - End of Borehole at 4.00m L 4
B 5
Sample Key: B = Bulk Disturbed D = Small Disturbed U = Undisturbed Open-Drive W = Water G = Gas ES = Environmental Soil EW = Environmental Water
Start & End of Shift Observations Borehole Diameter| Casing Diameter |Remarks:
Date Time Depth (m) | Casing (m)| Water (m) [Depth (m)|Dia (mm)| Depth |Dia (mm)|s5roundwater not encountered.
Water Strikes Ir lation
[Strike (m)|Casing (m)|Sealed (m)| Time (mins) [ Rose to (m) [ Remarks Top (m) [Base (m)| Type |Dia (mm)
0.00 1.50 PLAIN 50
1.50 3.50 |[SLOTTED| 50
T&P Regeneration WS Template |ssue Number: 1 Issue Date: June 2016




Appendix C — Photographs



Snow Capel Farm
Gas Risk Assessment

APPENDIX - SITE PHOTOGRAPHS

PLATE 01 — Profile of naturally derived soil — TP102. PLATE 02 — Twigs and plastic found within TP102.

PLATE 04 — View of saturated ground and surface water flooding

PLATE 03 — Profile of soils with buried topsoil within WS101. LS . .
around monitoring well installation.

SNO1877a_Gas RA Letter



Snow Capel Farm
Gas Risk Assessment

PLATE 06 — View of water level at top of standpipe in monitoring

PLATE 05 — View of water level in vicinity of moat. . . .
installation and ingress of surface water.

SNO1877a_Gas RA Letter



Appendix D — Chemical Results



Unit A2

Windmill Road

Ponswood Industrial Estate
St Leonards on Sea

East Sussex

TN38 9BY

THE ENVIRONMENTAL LABORATORY LTD

Analytical Report Number:

Issue:
Date of Issue:
Contact:

Customer Details:

Quotation No:

Order No:

Customer Reference:

Date Received:
Date Approved:
Details:

Approved by:

17-15293

11/12/2017

T & P Regeneration Ltd (Smeaton Road)
Unit 4

Brunel Lock Development

Bristol

BS1 6SE

Q15-00390

3390-SNO1877a

SNO1877a

04/12/2017

11/12/2017

SNO1877a

B "<chnical Manager

Any comments, opinions or interpretations expressed herein are outside the scope of UKAS accreditation (Accreditation Number 2683

The Environmental Laboratory Ltd. Reg. No. 3882193

Page 1 of 7



Sample Summary
Report No.: 17-15293

Elab No. Client's Ref. Date Sampled|Date Scheduled Description Deviations
120569 TP101 2.00 - 2.20 28/11/2017 07/12/2017  |Silty clayey loam
120570 TP103 3.00 - 3.40 28/11/2017 07/12/2017 Silty clayey loam
120571 TP105 2.00 - 2.20 28/11/2017 07/12/2017  |Silty clayey loam
120572 TP106 1.50 - 1.60 28/11/2017 07/12/2017  |Silty clayey loam
120573 WS101 1.80 - 2.00 29/11/2017 07/12/2017  |Silty clayey loam
120574 WS101 2.20 - 2.40 29/11/2017 07/12/2017  |Silty clayey loam
120575 WS101 2.50 - 2.60 29/11/2017 07/12/2017  |Clayey loam
120576 WS102 1.40 - 1.60 29/11/2017 07/12/2017  |Silty clayey loam
120577 WS102 2.20 - 2.40 29/11/2017 07/12/2017  |Silty clayey loam
120578 WS102 3.20 - 3.40 29/11/2017 07/12/2017  |Clayey loam
120579 WS103 1.50-1.70 29/11/2017 07/12/2017  |Clayey loam
120580 WS103 2.60 - 2.80 29/11/2017 07/12/2017 Silty clayey loam
120581 WS103 3.80 - 4.00 29/11/2017 07/12/2017 Silty clayey loam
120582 WS104 1.20 - 1.40 29/11/2017 07/12/2017  |Silty clayey loam
120583 WS104 1.50-1.70 29/11/2017 07/12/2017  |Silty clayey loam
120584 WS104 2.00 - 2.20 29/11/2017 07/12/2017  |Clayey loam
120585 WS104 2.60 - 2.80 29/11/2017 07/12/2017 Clayey loam
120586 WS104 3.00 - 3.20 29/11/2017 07/12/2017 Silty clayey loam

The Environmental Laboratory Ltd. Reg. No. 3882193

Page 2 of 7



18

Results Summary
Report No.: 17-15293

ELAB Reference| 120569 120570 120571 120572 120573 120574
Customer Reference
Sample ID
Sample Type SOIL SOIL SOIL SOIL SOIL SOIL
Sample Location| TP101 TP103 TP105 TP106 WS101 WS101
Sample Depth (m)| 2.00 - 2.20 | 3.00 - 3.40 | 2.00 - 2.20| 1.50-1.60| 1.80 - 2.00 | 2.20 - 2.40
Sampling Date| 28/11/2017 | 28/11/2017 | 28/11/2017| 28/11/2017 | 29/11/2017 | 29/11/2017
Determinand | Codes | Unitsl LOD
Miscellaneous
Total Organic Carbon [ N | % | o001 0.42 0.71 1.1 0.61 0.33 0.91
Tests marked N are not UKAS accredited.
The Environmental Laboratory Ltd. Reg. No. 3882193 Page 3 of 7
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Results Summary
Report No.: 17-15293

ELAB Reference| 120575 120576 120577 120578 120579 120580
Customer Reference
Sample ID
Sample Type SOIL SOIL SOIL SOIL SOIL SOIL
Sample Location| WS101 WS102 WS102 WS102 WS103 WS103
Sample Depth (m)| 2.50 - 2.60| 1.40 - 1.60 | 2.20 - 2.40| 3.20-3.40| 1.50 - 1.70 | 2.60 - 2.80
Sampling Date| 29/11/2017 | 29/11/2017 | 29/11/2017| 29/11/2017 | 29/11/2017 | 29/11/2017
Determinand | Codes | Unitsl LOD
Miscellaneous
Total Organic Carbon [ N | % | o001 0.36 0.42 0.48 0.37 0.59 0.30
Tests marked N are not UKAS accredited.
The Environmental Laboratory Ltd. Reg. No. 3882193 Page 4 of 7
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Results Summary
Report No.: 17-15293

ELAB Reference| 120581 120582 120583 120584 120585 120586
Customer Reference
Sample ID
Sample Type SOIL SOIL SOIL SOIL SOIL SOIL
Sample Location| WS103 WS104 WS104 WS104 WS104 WS104
Sample Depth (m)| 3.80-4.00| 1.20-1.40| 1.50-1.70| 2.00 - 2.20 | 2.60 - 2.80 | 3.00 - 3.20
Sampling Date| 29/11/2017 | 29/11/2017 | 29/11/2017| 29/11/2017 | 29/11/2017 | 29/11/2017
Determinand | Codes | Unitsl LOD
Miscellaneous
Total Organic Carbon [ N | % | o001 0.36 0.41 0.49 0.46 0.53 0.41
Tests marked N are not UKAS accredited.
The Environmental Laboratory Ltd. Reg. No. 3882193 Page 5 of 7



Method Summary
Report No.: 17-15293

Analysis Undertaken Date Method .
Parameter Codes on Tested Number Technique
Soil
Total organic carbon/Total sulphur N | Air dried sample 11/12/2017 210 IR

Tests marked N are not UKAS accredited

The Environmental Laboratory Ltd. Reg. No. 3882193

Page 6 of 7



Report Information
Report No.: 17-15293
Key
U hold UKAS accreditation
M hold MCERTS and UKAS accreditation
N do not currently hold UKAS accreditation
A MCERTS accreditation not applicable for sample matrix
* UKAS accreditation not applicable for sample matrix
S Subcontracted to approved laboratory UKAS Accredited for the test
SM Subcontracted to approved laboratory MCERTS/UKAS Accredited for the test
I/S Insufficient Sample
u/s Unsuitable sample
n/t Not tested
< means "less than"
> means "greater than"

Soil sample results are expressed on an air dried basis (dried at < 30°C)
Comments or interpretations are beyond the scope of UKAS accreditation

The results relate only to the items tested

PCB congener results may include any coeluting PCBs

Uncertainty of measurement for the determinands tested are available upon request

Deviation Codes

-~ D Q O T QD

g

No date of sampling supplied

No time of sampling supplied (Waters Only)

Sample not received in appropriate containers

Sample not received in cooled condition

The container has been incorrectly filled

Sample age exceeds stability time (sampling to receipt)
Sample age exceeds stability time (sampling to analysis)

Where a sample has a deviation code, the applicable test result may be invalid.

Sample Retention and Disposal

All soil samples will be retained for a period of one month
All water samples will be retained for 7 days following the date of the test report
Charges may apply to extended sample storage

The Environmental Laboratory Ltd. Reg. No. 3882193 Page 7 of 7



Appendix E — Ground Gas Monitoring Records



Gas Monitoring Records

Client: Edward Ware Homes Job No: SNO1877a
Site: Land east of Snow Capel Farm, Matson Visit No: 1 of 6
Date: 05/12/2017 Operator: LM
Project Manager: SB
VOLATILES FLOW DATA GAS CONCENTRATIONS WELL AND WATER DATA
Differential | Time for o o i o i Hydrogen sulphide o i s
o Flow rate (hr) HISTALE | o Methane (%viv) %LEL Carbon dioxide (%vA) | Carbon monoxide (ppmv) = Oxygen (%vi) Runtime | Product |WaterLevel| Baied | L Gound |y pec el waterievel | Response zone
Monitoring Point PID Peak (ppm) ks . (miny | tickness | pre-bailing | waterlevel | o LS level (mba) {mba) (mAOD) R
Peak Steady 'f;z‘)"e S‘z‘s‘gc')se Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Min. Steady (mm) (mbgl) (mbgl) (mAOD)
Ws01 03 298 1 135 180 335 295 <01 <01 166 16.5 <01 <01 195 18.01 98 102 4 ND - - - 58.44 ND 258 - 0527
Ws03 <01 0.1 <01 0 30 <01 <01 <01 <01 53 52 <01 <01 <01 <01 16.8 16.8 3 ND - - - 59.96 165 215 58.31 12
W05 <01 <01 <01 0 - <01 <01 <01 <01 23 23 <01 <01 <01 <01 195 195 3 ND - - - 61.9 ND 295 - 13
Ws08 <01 0.1 <01 0 10 <01 <01 <01 <01 22 22 <01 <01 <01 <01 19.8 19.8 3 ND - - - 57.54 253 303 55.01 13
Ws101 51 0.1 0.1 0 20 <01 <01 <01 <01 45 44 <01 <01 <01 <01 17.4 175 3 ND - - - 57.86 ND 289 - 13
Ws102 5000+ 02 01 0 30 04 03 <01 <01 64 63 6.1 6.1 <01 <01 154 154 4 ND - - - 58.56 377 387 54.79 24
Ws103 <01 <01 <01 0 - <01 <01 <01 <01 37 36 <01 <01 <01 <01 17 17.4 3 ND - - - 59.38 376 393 55.62 14
WS104 135 <01 <01 0 - <01 <01 <01 <01 47 46 <01 <01 <01 <01 16.5 16.5 3 ND - - - 59.76 ND 334 - 1535
Max 51.0 298 1.0 135 335 295 00 00 166 165 61 61 195 18.01 19.8 19.8
Min 03 02 041 0 04 03 00 00 22 22 61 61 195 18.01 9.8 102
ND- Not detected
NR- Not recorded
METEOROLOGICAL AND SITE INFORMATION: (Put X in front of selected or enter data as applicable)
State of ground: Dry Moist Wet Snow Frozen
Wind Calm Light Moderate Strong
Cloud cover: None Slight Cloudy Overcast
P None Slight Moderate Heavy
Time monitoring performed: Start 09:00 End 11:00
pressure (mbar). Start 1035 End 1034
Pressure trend: Falling Steady Rising
Air (degree C): Before 8 After
INSTRUMENTATION TECHNICAL SPECIFICATIONS: PID: Micro5
Ground gas meter: GAS DATALMS xi Calibrated range: 0-99 ppm
Gas range: CHg: 0-100% co;: 0-100% oz 0-25% Calibration gas: Isobutylene
Gas flow range: +301-10 Uhr Response time: 2 seconds
Differential pressure: +300/-30 Pa Accuracy: 0.1ppm
Date of last calibration: 09/02/2017 Date of last calibration: 13/07/2017
Date of next calibration: 09/02/2018 Date of next calibration: 13/07/2018




Gas Monitoring Records

Client: Edward Ware Homes Job No: SNO1877a
Site: Land east of Snow Capel Farm, Matson Visit No: of 6
Date: 22/12/2017 Operator: CT
Project Manager: SB
VOLATILES FLOWDATA GAS CONCENTRATIONS WELL AND WATER DATA
Differential | Time for o ok : Hydrogen suiphide e
o Flow rate (Vhr) Lte Methane (%) %LEL Carbon dioxide (%vi) | Carbon monoxide (ppmv) ) Oxygen (%vi) Runtime | Product | WaterLevel| ] Sy [P —
Monioring Point PID Pezk (ppm) 2| 2 (ppmy) (miny | tickness | prebaiing | SRR e (mbg) Base(mbgl) maoD) (ma0D) Response zone range (m)
Peak Steady *‘*’(Pa) e‘(‘sec) Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Min Steady (mm) (mbgl)
p p y ) ) ) Water level recorded above top of bung. Water refiled
Ws01 11 37 37 9 10 54 54 <01 <01 17 16 <01 <01 <01 <01 167 168 2 ND 260 330 5844 5584 0527 10 cuicdy 1o et 1 b SO
Ws03 18 01 <01 0 10 <01 <01 <01 <01 5 49 <01 <01 <01 <01 179 179 2 ND - - - 156 220 5096 5840 12
WS05 R R R R - R R R R R R R R R R R R - ND - - - - 295 6190 - 13 Water level recorded above top of bung.
Ws08 R R R R - R R R R R R R R R R R R - ND - - - - 303 5754 - 13 Water level recorded above top of bung.
Ws101 149 05 02 0 20 <01 <01 <01 <01 79 77 <01 <01 <01 <01 137 137 3 ND - - - 060 295 57.86 5726 13
Ws102 5000+ <01 <01 0 - <01 <01 <01 <01 91 9 <01 <01 <01 <01 143 143 3 ND - - - 310 399 5856 5546 24
Ws103 R R R R - R R R R R R R R R R R R - ND - - - - 393 5033 - 14 Water level recorded above top of bung.
WS104 43 01 01 0 10 <01 <01 <01 <01 5 a7 <01 <01 <01 <01 167 168 2 ND - - - 260 330 5076 57.16 1535 PID took along time to stabilise.
Max 149 05 02 0 540 540 00 00 170 160 0 0 0 0 179 179
Min 14 37 37 9 540 540 00 00 50 a7 0 0 0 0 137 137
ND - Not detected
NR - Not recorded
METEOROLOGICAL AND SITE INFORMATION: (Put Xin front of selected or enter data as applicable)
State of ground Dry Moist Wet Snow Frozen
Wind Caim Light Moderate Strong
Cloud cover: None Slight Cloudy Overcast
Preciptation: None Slight Moderate Heavy
Time monitoring performed: Start 08:28 End 10:05
Barometic pressure (mbar). Start 1032 End 1033
Pressure trend: Faling Steady Rising
Ar (degree C) Before 10 After 10
INSTRUMENTATION TECHNICAL SPECIFICATIONS: PID: Micros
Ground gas meter: GAS DATALMS xi Calibrated range: 099 ppm
Gas range: CH,: 0-100% co,: 0-100% o, 0-25% Calbration gas: Isobutylene
Gas flow range: +30110 Uhr Response time: 2seconds
Differential pressure: +300130 Pa Accuracy: 0.4 ppm
Date of last calibration: 0900222017 Date of last calibration: 130772017
Date of next calibration: 090222018 Date of next calibration: 130772018




Gas Monitoring Records

Client: Edward Ware Homes Job No: SNO1877a
Site: Land east of Snow Capel Farm, Matson Visit No: 3 of 6
Date: 03/01/2018 Operator: CT
Project Manager: SB
VOLATLES FLOWDATA GAS CONCENTRATIONS WELL AND WATER DATA
Flow rate (Vhr) Bz Methane (%vh) GLEL Carbon dioide (%viv) | Carbon monoxide (ppmv) | Hydrogen suiphide (ppmv) Oxygen (%vk) Product | Water Level Comments
o borehole | Time for flow] ° & 3 irogen sulp 3 Runtme | .- -2V Baledwater| Minutes | Water level | Base of well | Ground level| Waterlevel | Response zone
Monioring Point PD Peak (ppm) Pressure | fo equalise (min) | thickness | prebaing | ooy by | passed | (mbg) | (mbg) | (mAOD) | (mAOD) range (m)
Peak | Steady = sy Pesk | Steady | Pek | Steady | Pesk | Sweady | Peak | Steady Peak Steady Vin. Steady (mm) (mbgl)
Wso1 <01 <01 <01 0 - 01 01 18 18 04 01 9 3 <01 <01 212 211 15 N 070 083 4400 078 330 5844 5766 0527 | Bailed out. Monitoring time limited by surface water back-fl.
Ws03 16 166 24 6 0 <01 <01 <01 <01 42 44 <01 <01 <01 <01 186 186 3 N 085 - - 100 220 5096 589 12
Ws05 26 16 22 5 20 <01 <01 <01 <01 05 05 <01 <01 <01 <01 209 209 3 D 036 256 2400 198 300 6190 5092 13 Bailed out,
Ws08 01 % 81 2 0 <01 <01 <01 <01 06 06 <01 <01 <01 <01 214 214 3 N 000 258 4900 135 300 5754 5619 13 Bailed out,
ws101 04 <01 <01 0 - <01 <01 <01 <01 03 <01 <01 <01 <01 <01 211 211 3 N 048 220 3000 210 3% 5786 5676 13 Reqired 20 + bail loads,
Wws102 174 <01 <01 0 - <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 211 211 3 D 150 220 3100 214 3% 5856 5642 24 Bailed out,
Wws103 <01 <01 <01 0 - <01 <01 <01 <01 06 06 <01 <01 <01 <01 211 211 5 N 005 255 4100 245 3% 5038 5698 14 Bailed out,
Wws104 <01 <01 <01 0 - <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 212 212 3 N 055 300 4500 284 335 5076 5692 1535  |Baledout
Max 174 250 81 2 01 01 18 18 42 44 [ 3 0 0 214 214
Min 01 160 22 0 01 01 18 18 03 01 [ 3 0 0 186 186
ND - Not detected
NR - Not recorded
METEOROLOGICAL AND SITE INFORMATION: (Put Xin front of selected or enter deta as applicable)
State of ground: Dy Moist Wet Snow Frozen
Wind Caim Light Moderte Strong
Cloud cover: Noe Sight Cloudy Overcast
Preciptation Noe Slight Moderate Heavy
Time monitoring performed: Start 0943 End 1327
Baromeric pressure (mbar) Start 994 End 998
Pressure trend Faling Steady Rising
Ar (degree C. Before 9 After 10
INSTRUMENTATION TECHNICAL SPECIFICATIONS: PID: Micros
Ground gas meter: GASDATALMS X Calbrated range: 099ppm
Gas range: CH,: 0-100% co,: 0-100% o 0-25% Calibration gas Isobutylene
Gas flow range: +3040 Ur Response time: 2seconds
Differential pressure: +300130 Pa Accuracy; 01 pem
Date of last calibration: 09022017 Date of last calibration: 13072017
Date of next calibration: 09022018 Date of next calibration: 13072018




Gas Monitoring Records

Client: Edward Ware Homes Job No: SNO1877a
Site: Land east of Snow Capel Farm, Matson Visit No: 4 of 6
Date: 16/01/2018 Operator: CcT
Project Manager: SB
VOLATILES FLOW DATA ‘GAS CONCENTRATIONS WELL AND WATER DATA
Flow rate (Ifhr) (Slizmni] | ump Methane (%viv) %LEL Carbon dioxide (%viv) (CERITD TR IR SUEATED Oxygen (%viv) Product e Bailed Ground Comments
borehole | flow to (ppmv) (ppmv) Run time Level pre- Minutes | Water level | Base of well Water level | Response zone
Monitoring Point PID Peak (ppm) > ’ iy | thickness | VP | watertover | (ISR | M el Bt tevel | | remes (o)
Peak Steady 'f:z“'e e“(:zc‘“ Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Min, Steady (mm) (mbgg (mbgh)! (mAOD)
wsot <0.1 <0.1 <0.1 0 27 27 525 525 11 1.1 <01 <0.1 <0.1 <0.1 18.9 18.9 25 ND 0.80 1.95 109 0.88 3.08 56.44 57.56 0.52.7  [Bailed out. Monitoring time limited by surface water back-fil
wso3 18 16.2 05 1 20 0.1 0.1 32 a1 06 06 <0.1 <0.1 <0.1 <0.1 21 21 35 ND 0.02 177 110 165 220 59.96 58.31 12
wsos 05 1.4 1.1 2 10 <0.1 <0.1 <0.1 <0.1 05 05 <0.1 <0.1 <0.1 <0.1 208 208 5 ND 0.45 230 11 204 3.00 61.90 59.86 13
wso8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR - ND - 1.95 90 - 3.00 57.54 - 13 Water above top of bung - well flooded. Unable to monitor ground
gases.
Wws101 28 <0.1 <0.1 0 <0.1 <0.1 <0.1 <0.1 24 24 <0.1 <0.1 <0.1 <0.1 19.7 19.7 6 ND 052 233 17 220 3.95 57.86 55.66 13
ws102 465 <0.1 <0.1 0 <0.1 <0.1 <0.1 <0.1 0.4 0.4 <0.1 <0.1 <0.1 <0.1 21 21 3 ND 250 280 11 247 3.98 56.56 56.09 24
ws103 <0.1 07 04 0 20 <0.1 <0.1 <0.1 <0.1 0.9 0.9 <0.1 <0.1 <0.1 <0.1 208 208 3 ND 0.05 220 102 208 4.00 59.38 57.30 14
Ws104 0.1 <0.1 <0.1 0 <0.1 <0.1 <0.1 <0.1 03 02 <0.1 <0.1 <0.1 <0.1 21 21 4 ND 0.65 220 108 205 3.40 59.76 57.71 1535
Max 465 16.2 1.1 2 27 27 525 525 24 24 ) ) ) ) 210 210
Min 04 0.7 -0.4 ) 04 04 32 EX] 03 02 ) ) ) ) 18.9 18.9

'ND - Not detected
NR - Not recorded

METEOROLOGICAL AND SITE INFORMATION: (Put Xin front of selected or enter data as applicable

State of ground on Moist Wet Snow Frozen
Wing caim Light Moderate strong

Cloud cover None Siight Cloudy Overcast

Preciptation: None slight Moderate Heav,

Time monitoring performed Start 12:13 End 14:18

Barometric pressure (mbar] Start 907 End 904

Pressure trend Falling Stead Rising

Air (degree C} Before 7 After 7

INSTRUMENTATION TECHNICAL SPECIFICATIONS: PID: Micros
Ground gas meter: GAS DATA LMS xi Calibrated range: 0-99 ppm
Gas range: cH, 0-100% coy: 0-100% 0. 0-25% Calibration gas: Isobutylene
Gas flow range: +30/-10 Uhr Response time: 2 seconds
Differential pressure: +300/-30 Pa Accuracy. 0.1 ppm
Date of last calibration 09/02/2017 Date of last calibratio 13/07/2017

Date of next calibration: 09/02/2018 Date of next calibration: 13/07/2018




Gas Monitoring Records

Client: Edward Ware Homes Job No: SNO1877a
Site: Land east of Snow Capel Farm, Matson Visit No: 5 of 6
Date: 30/01/2018 Operator: CT
Project Manager: SB
VOLATILES FLOWDATA GAS CONCENTRATIONS 'WELL AND WATER DATA
Differential | Time for o o B . Comments
o Flow rate (/r) ot Methane (%vA) %LEL Carbon dioxide (%vAv) | Carbon monoxide (ppmv) | Hydrogen suiphide (ppmv) Oxygen (%VA) Runtime | Product |WaterLevel|p | o il e o
SR R DR Pressure | equale (min) | "oknSS | PRI |evel (g} passed | (mbg) | (mbg) |  (mAOD) mAOD) | range(m)
Peak Steady ) &) Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Min Steady (mm) (mbgl)
'WS01 <01 f<<<lh f<<<lh << - 24 <01 428 <01 38 02 <01 <01 <01 <01 172 172 9 ND - - - 1.08 398 5844 57.36 0527
'WS03 18 05 <01 0 10 <01 <01 <01 <01 27 <01 <01 <01 <01 <01 197 197 15secs ND - - - 030 218 59.96 5966 12 Surface water overflow into standpipe occurring.
'WS05 <01 06 <01 0 10 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 196 196 10 secs ND - - - 043 3.00 61.90 6147 13 Surface water overflow into standpipe occurring.
Water leve! recorded above top of bung. Water refilled too
'WS08 NR NR NR NR - NR NR NR NR NR NR NR NR NR NR NR NR - ND - - - - 3.00 57.54 - 13 quickly to enable monitoring to be completed. Oily scum
on water.
'WS101 <01 <01 <01 0 - <01 <01 <01 <01 06 <01 <01 <01 <01 <01 21 211 2 ND - - - 032 394 57.86 5754 13
. . . . . . . Water level recorded above top of bung. Water refiled too
'WS102 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR ND 3.00 5856 24 quickly o monitoring to be comy X
'WS103 <01 26 <01 0 10 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 213 213 3 ND - - - 0.18 400 59.38 5920 14
'WS104 <01 <01 <01 0 - <01 <01 <01 <01 1 <01 <01 <01 <01 <01 212 212 3 ND - - - 024 338 5976 5952 1535
Max 18 26 00 0 24 00 428 00 38 02 0 0 0 0 213 213
Min 18 05 00 0 24 00 428 00 06 02 0 0 0 0 172 172
ND - Not detected
NR - Not recorded
METEOROLOGICAL AND SITE INFORMATION: (Put Xin front of selected or enter data as applicable)
State of ground: Dry Moist Wet Snow Frozen
Wind: Calm Light Moderate Strong
Cloud cover: None Slight Cloudy Overcast
Preciptation: None Slight Moderate Heavy
Time monitoring performed: Start 11:05 End 1213
Barometric pressure (mbar); Start 1022 End 1024
Pressure trend: Falling Steady Rising
Ar (degree C); Before After
INSTRUMENTATION TECHNICAL SPECIFICATIONS: PID: Micro5
Ground gas meter: GAS DATALMS xi Calibrated range: 0-99 ppm
Gas range: CH,: 0-100% Co,: 0-100% 0,: 0-25% Calibration gas: Isobutylene:
Gas flow range: +30/-10 Uhr Response time: 2seconds
Differential pressure: +300/-30 Pa Accuracy: 0.1 ppm
Date of last calibration: 09/02/2017 Date of last calibration: 130072017
Date of next calibration: 09/02/2018 Date of next calibration: 130072018




Gas Monitoring Records

Client: Edward Ware Homes Job No: SNO1877a
Site: Land east of Snow Capel Farm, Matson Visit No: 6 of 6
Date: 13/02/2018 Operator: CT
Project Manager: SB
VOLATILES FLOWDATA GAS CONCENTRATIONS WELL AND WATER DATA
Differential | Time for o - - Hydrogen suiphide Comments

S (e () borehoe | flowto Methane (%vk) %LEL Carbon diovide (%v) | Carbon monoxide (pprmv) ) CxEFEy) Runtime | roduct | WaterLevel | oy voier|  inutes | Water level | Base of well| Ground level | Water level | Response

Ricecng o DR (zm) Pressure | equalise (min) | tickness | prebaiing || passed | (mbg) | (mbgi) (mAOD) (mAOD) range (m)
Peak Steady a) (sec) Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Min Steady (mm) (mbgl)
Ws01 R R R R - R R R R R R R R R R R R - ND - - - - 398 5844 - 0527 |Surface water prevented monitoring.
Ws03 24 24 28 A7 10 <01 <01 <01 <01 28 <01 <01 <01 <01 <01 178 186 3 ND - - - 024 218 5096 5072 12
WS05 11 48 2 1 - <01 <01 <01 <041 01 01 <01 <01 <01 <01 197 197 35 ND - - - 015 300 61.90 6175 13
Water level recorded above top of bung. Water refiled
Wso8 R R R R - R R R R R R R R R R R R - R - - - - 300 5754 - 13 o0 quickly to enable monitoring to be completed. Olly
scum on water.

Ws101 R 27 25 16 10 <01 <01 <01 <01 01 01 <01 <01 <01 <01 20 20 2 ND - - - 010 394 57.86 57.76 13
Ws102 R 26 27 A7 10 <01 <01 <01 <01 01 01 <01 <01 <01 <01 20 20 2 ND - - - 011 300 5856 5845 24
Ws103 R 25 28 A7 10 <01 <01 <01 <01 01 01 <01 <01 <01 <01 20 20 2 ND - - - 011 400 5033 5027 14
WS104 12 25 27 16 10 <01 <01 <01 <041 01 01 <01 <01 <01 <041 20 201 25 ND - - - 016 333 5076 5060 1535
Max 24 48 20 " 00 00 00 00 28 01 0 0 0 0 200 201
Min 14 27 28 A7 00 00 00 00 01 01 0 0 0 0 178 186
ND - Not detected
NR - Not recorded
METEOROLOGICAL AND SITE INFORMATION: (Put Xin front of selected or enter data as applicable)
State of ground Dry Moist Wet Snow Frozen
Wind Caim Light Moderate Strong
Cloud cover: None Slight Cloudy Overcast
Preciptation: None Slight Moderate Heavy
Time monitoring performed: Start 10:02 End 11:20
Baromeic pressure (mbar). Start 984 End 984
Pressure trend: Faling Steady Rising
Ar (degree C) Before 3 After
INSTRUMENTATION TECHNICAL SPECIFICATIONS: PID: Micros
Ground gas meter: GAS DATALMS xi Calibrated range: 099 ppm
Gas range: CH,: 0-100% co,: 0-100% o, 0-25% Calbration gas: Isobutylene
Gas flow range: +30110 Uhr 2seconds
Differential pressure: +300130 Pa 0.4 ppm
Date of last calibration: 13022017 Feb-18
Date of next calibration: Mar-19 Date of next calibration: Feb-19
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Executive Summary

This report has been prepared by JBA Consulting, on behalf of Edward Ware Homes
and Bromford Developments Ltd and is a Tier 2 water environment assessment of the
moat associated with the scheduled monument, Moated site at Sneedham's Green,
220 m north east of Green Farm (Historic England ref. 1019399) located at Land at
Snow Capel Farm, Matson, Gloucester in support of a planning application for
residential development.

The potential for impacts upon the significance of the scheduled monument have been
considered in accordance with Historic England guidance: Preserving Archaeological
Remains - Decision-taking for Sites under Development (HE, 2016) and, in particular,
adopting the tiered assessment approach set out in Appendix 3 of this document,
regarding the moat’s water environment.

In summary, the assessment concludes that the proposed residential development
could result in a fall in the water level in the moat, potentially resulting in the drying
out of the moat and a negative impact upon the significance of the scheduled
monument.

The desk-based review, alongside an evaluation of site-specific data, indicates that
the moat is supported by a combination of surface water inputs, comprising direct
rainfall and rainfall-runoff, and shallow groundwater inputs, most likely comprising
near-surface seepage.

The potential for a reduction in water inputs to the moat from the proposed
development includes decreased surface water runoff, due to the installation of site
drainage such that runoff may no longer reach the moat, and reduced groundwater
seepage, due to the excavation of ground surface material, depending on the
engineering approach to foundation design. This could result in the drying of the
moat water body unless a supplementary water supply is incorporated into the
development design which can permit maintenance of current moat water levels.

Nonetheless, given the lack of clear evidence for the current supply of the moat by a
groundwater spring source beneath its base, there are no concerns regarding the
hydrochemical signature of the water that might be used in future to maintain moat
water levels and, therefore, whether the top up source is derived from surface water
or groundwater.

In conclusion, the assessment has not identified any reason why potential effects on
the moat water level from the proposed development could not be appropriately
mitigated to safeguard the continued existence of the moat water body.
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1 Introduction

1.1 Background

Snow Capel comprises a site for a proposed residential development which incorporates a
Scheduled Monument, "Moated Site at Sneedham's Green". The monument consists of the
extant remains of a medieval moated site which is water filled and may potentially
represent a source of waterlogged archaeological deposits. It is a designated heritage
asset in planning terms and, therefore, any impacts should be considered in the context of
the relevant statutory provisions and as set out in the National Planning Policy Framework
(NPPF). This report forms part of the assessment of any potential impacts on the
Scheduled Monument and will inform the development proposals for the surrounding area
in the future. It should be read alongside the Archaeological and Heritage Assessment
(Environmental Dimension Partnership (EDP), 2021%).

1.2 Aims

Historic England's (HE’s) guidance document for sites under development? includes a
specific evaluation methodology in relation to water environment assessment techniques in
Appendix 33. This adopts a tiered approach to assessment, the need for which depends on
the likely scale and significance of the potential risks involved.

This report constitutes a Tier 2 water environment assessment in accordance with the HE
assessment guidance which provides:

“a basic qualitative assessment of water balance to identify groundwater levels, flow
directions and identify key potential influences on the groundwater system”.

The report first presents the details of the Moated Site (Section 2) and the approach
adopted for the HE Tier 2 assessment (Section 3). Baseline data for the Moated Site in
terms of the hydrological and hydrogeological setting are given in Section 4. This is
supplemented by monitoring from ground investigation data to consider the inputs to and
outputs from the groundwater system, and the likely water supply mechanism to the
Moated Site. A conceptual understanding of the Moated Site is presented in Section 5
based upon the findings of this investigation, which provides an evaluation in the context of
the tiered assessment approach. A summary of this study is provided in Section 6.

1 EDP, 2021. Lane at Snow Capel Farm, Matson Gloucester. Archaeological and Heritage
Assessment. April 2021.

2 https://historicengland.org.uk/images-books/publications/preserving-archaeological-
remains/

8 https://historicengland.org.uk/images-books/publications/preserving-archaeological-
remains/heag100d-appendix3-water-environment-assessment-techniques/

ERX-JBAU-XX-XX-RP-Z-0001-S3-P02.docx 1


https://historicengland.org.uk/images-books/publications/preserving-archaeological-remains/
https://historicengland.org.uk/images-books/publications/preserving-archaeological-remains/
https://historicengland.org.uk/images-books/publications/preserving-archaeological-remains/heag100d-appendix3-water-environment-assessment-techniques/
https://historicengland.org.uk/images-books/publications/preserving-archaeological-remains/heag100d-appendix3-water-environment-assessment-techniques/

2 Site Information

2.1 Moat Details

The Moated Site at Sneedham's Green consists of the known extent of a medieval moated
site; a sub-rectangular or trapezoidal moat enclosing an island. The northern side and
parts of the western and eastern sides of the moat are extant, enclosing an area c. 66 m by
42 m which is open on the south side. The extant moat is c. 14 m at its widest point, c.

8 m at its narrowest (EDP, 2021) and c. 1 m deep. It is water-filled and may contain
waterlogged archaeological deposits, potential related to its medieval history and usage.

As a scheduled monument the moated site is of the ‘highest significance’ in terms of NPPF.
A detailed description of the moat and its history is set out in the accompanying
Archaeological and Heritage Assessment (EDP, 2021). In terms of the asset’s significance
the EDP assessment states that:

'The scheduled monument derives its significance primarily from its archaeological interest
as defined by the extant moat, the deposits within it and any buried archaeological remains
within the scheduled area that are related to the moated site. The monument also has a
degree of historic interest as it illustrates the nature and appearance of the medieval
landscape in the locality and is associated with the history of the De Sneedham family, the
history of settlement at Sneedham and with the general history of the medieval aristocracy
of Gloucester.’

Details of the historic and current archaeological mapping for the site are set out in the EDP
(2021) report.

Figure 1 - Moated Site at Sneedham’s Green

ERX-JBAU-XX-XX-RP-Z-0001-S3-P02.docx 2



2.2

The moat remains lie within a ‘bowl’ in the landscape formed by placement of material from
the construction of the adjacent M5 motorway, and its edges are overgrown with
vegetation. Fluctuating water levels have, at times, flooded the surrounding area, and
have resulted in a recent drainage ditch being cut west towards the lane-side ditch to
alleviate this.

The scheduled area extends beyond the extant part of the monument to the south,
encompassing the former entirety of the moat and a 2 metre buffer around it.

The southern extent of the former moated enclosure is located underneath a layer of
overburden deposited during the construction of the M5 motorway, although it is
understood that this section of the moat had already been incorporated into a later post-
medieval field system that crossed the site and which was infilled when the site was cleared
prior to the construction of the M5 (EDP, 2021; Figure 4).

Within this area, the archaeological and heritage assessment concludes that there is only a
low potential for any well-preserved archaeological remains to survive of the former
southern arm of the moat (EDP, 2021), and it is apparent from aerial photography that the
monument was disturbed during the motorway’s construction. The ground surface was
clearly scoured, both within the moated enclosure and around it, which is likely to have
impacted upon buried remains. Further detail on the treatment of the moat during the 20%"
century is given in the Archaeological and Heritage Assessment (EDP, 2021).

This report will form part of a tranche of assessments which will help to inform and enable
consideration of the potential for development to impact on the significance of the
Scheduled Monument. It will be considered alongside other specific heritage assessments,
including archaeological trial trenching, and a comprehensive assessment of the setting of
the heritage asset (EDP, 2021).

Proposed Development

The proposal is for a residential-led scheme with associated access road, landscaping and
infrastructure. The proposed site plan is not yet fixed although is being influenced by both
this study and the archaeological assessment (EDP, 2021).

ERX-JBAU-XX-XX-RP-Z-0001-S3-P02.docx 3



3.1

3.2

3.3

ERX-JBAU-XX-XX-RP-Z-0001-S3-P02.docx

Historic England Assessment Tiered Approach

Introduction

This section sets out the main requirements of the HE tiered approach and the responses to
the key questions posed by each tier of assessment.

Tier 1 Assessment

Where the future preservation of the Moated Site is being considered for the long-term
sustainability of the retention of the features, the HE Tier 1 Assessment aims to address
the following questions:

e "Are the deposits, in which significant waterlogged archaeological remains are
located, hydraulically connected to the wider groundwater system?”; and

e "Are these remains likely to be located under the water table or have been so in
the past?”

The information which supports this evaluation comprises:

e A review of published maps (geology, heritage boundaries/elevations,
watercourse elevations, drainage features) and borehole logs; and

e On-site observations and measurements about channel depths and vegetation
growth.

This review enables the completion of an initial conceptual model of the water environment
at the Moated Site, including estimation of the local groundwater level. The conceptual
model is presented in Section 5 and addresses the questions above.

With regards to the first question above, it is not currently known if there are significant
waterlogged archaeological remains in the base of the moat, since no intrusive surveys
have been carried out in this area. It is the existence of the moat itself that is of
significance, but the risk cannot be taken that significant waterlogged remains do not exist
and, therefore, it is important that the current hydrological conditions of the Moated Site
are not derogated by the proposed development. Nonetheless, the moat is likely to have
been a waterlogged feature for some or most of its history, assuming that a natural water
supply mechanism was readily available when the moat was constructed. Recent anecdotal
information also indicates that it has been inundated in recent years.

The HE guidance also states:

"To appreciate whether such levels are likely to be sustained, an assessment of annual
rainfall versus annual evaporation for the area is needed (data that are available on the
Meteorological Office website). This indicates whether an area has a net positive effective
rainfall that can infiltrate and feed into the local water system, or is an area of negative
effective rainfall, where there is little water available to infiltrate into the local groundwater
system”

An assessment of net effective rainfall is made in Section 4.4.

The outcomes of the Tier 1 assessment within this document, below, identified that more,
site-specific, data are required, as part of a Tier 2 assessment.

Tier 2 Assessment

The aim of a Tier 2 assessment is to refine the first conceptual model with site-specific
data, and to ask some more detailed assessment questions at minimal cost. The Tier 2
assessment aims to address the following questions:

o "Will the deposits in which significant waterlogged archaeological remains are
located be underwater all year?”;, and



e "If not, what variation can be expected and what is influencing the variation
(anthropogenic or natural)? And are these variations short-term or long-term /
permanent?”.

Currently, only anecdotal information exists with regards to the first question, because site-
specific monitoring data are only available for the Moated Site between December 2020 and
April 2021. It is understood from anecdotal evidence that the remains are waterlogged
year-round. A full annual cycle of monitoring data would be required to fully satisfy this
question.

The monitoring data obtained to date are evaluated in Section 4 to review potential controls
on groundwater levels and their variations, although these are limited to short-term data.

In addition, the available data are used to allow estimation of a qualitative review of water
inputs for the Moated Site. This evaluation has helped to identify four potential different
mechanisms for water supply to the moat, outlined in Section 5.

ERX-JBAU-XX-XX-RP-Z-0001-S3-P02.docx 5
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Water Environment Baseline

Introduction

This section sets out information about the baseline hydrological and hydrogeological
conditions at the Moated Site.

Site Location, Topography and Land Use

The site is located on the southern edge of Gloucester, between Sneedham’s Green to the
west and the M5 to the south east (Map 1; Appendix A) and is centred on National Grid
Reference (NGR) 385116 214169.

The current land use of the site is a pasture field which has also historically been the case
according to historic mapping (back to 1888-1913). The biggest change in land use locally
was the construction of the M5 motorway in this area in 1969/1970. The current field
layout was created following the amalgamation of several fields during the construction of
the motorway.

A topographic survey was carried out in January 2021 (Appendix B) by K.J. Hall Surveyors.
Spot heights indicate that the moat edge itself lies close to 56.1-56.3 mAOD (above
ordnance datum) and the land in the centre of the moat rises to ~56.7 mAQOD.

The land is raised around the moat on the north, and southern sides to ~57.7 mAOD and is
highest on the eastern side ~61.8 mAOD such that the moat is in a slight hollow. Overall,
the site slopes down from the east to ~55.3 mAOQOD in the northwest, and the land falls
away slightly to the northeast in the direction of surface water drainage. To the north west
of the site, the land rises up to Robins Wood Hill at 198 mAQOD.

An estimate of moat depth of 1.5 m has previously been made from the archaeological
interpretation, which indicates that the base of the moat lies at ~54.7 mAOD. In April
2021 a bathymetric survey of the moat was carried out by JBA Consulting (Appendix B),
using a dipper approach to survey a humber of spot depths across the water body without
any disturbance to the moat bed, so as to avoid potential impacts to any unknown
archaeological features which may preside at the base of the moat. In summary, the
deepest part of the moat occurred in the southwestern arm, at 55.34 mAOD, somewhat
shallower than previously speculated. Depths of 55.5 mAOD also occur elsewhere across
the moat. Heavy silting and vegetation may disguise the likely original depths.

Site Catchment and Hydrology

The site lies within the headwaters of the Sud Brook, a lower catchment tributary of the
River Severn, which emerges close to the road at Snow Capel Farm, immediately southwest
of the moat (Figure 1). This ditch flows northeast around the north (downgradient) side of
the moat to join another tributary of the Sud Brook (NGR 385550 215300) before flowing
north through Gloucester to join the Severn close to the intersection of the Severn with the
Gloucester and Sharpness Canal.

There are numerous other mapped surface water features to the west of the Moated Site,
at Sneedham’s Green (Figure 1). The Ordnance Survey (OS) 25 Inch (1892-1914)
mapping indicates these ponds have existed for many years. However, these lie outwith
the surface water catchment for the moat as drainage from these areas is from the
north/west of the drainage ditch to the Sud Brook. In addition, catchment delineation data
from the Flood Estimation Handbook (FEH) suggests that these Sneedham’s Green ponds
drain to the west.

The site inspection, undertaken by JBA on February 17th, 2021, followed several weeks of
wet winter conditions. The Sneedham’s Green ponds contained water close to ground level.
Water in the Sud Brook close to the Moated Site was flowing to the north east. In addition,
the whole field containing the Moated Site was very wet underfoot, and there was a flow in
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the small drainage ‘channel’ exiting the moat on its west side, which flows to join the
roadside drainage ditch of the Sud Brook. This flow was estimated by eye at ~4 |/s.

In the Sud Brook, water levels were noted at 54.85 mAOD in February 2017

(Intégrale, 2017). Recent topographic survey mapping (T&P, 2020) indicates that Sud
Brook water levels are similar, at ~55 mAOD, whilst water levels in the moat at the time
were ~56.2 mAOD.

The water level within the moat has also been recorded at 56.166 mAOD (T&P, January
2021) and 55.97 mAOD (JBA, April 2021). From GIS analysis, the surface area of the
water body is estimated to be ~1,946 m2, and the surface water catchment area around
the moat is ~25,400 m?2.

Catchment information has been accessed from the Flood Estimation Handbook (FEH) and,
using the most applicable catchment outline for the site, the BFI (Base Flow Index) here is
estimated to be 0.356, which indicates that groundwater makes up a modest amount of
surface water flow.

River levels near the site are monitored at Bondend Road on the River Twyver, 1.9 km
north east of the site* (Figure 1) and at Cheyney Close Level on the Sud Brook® and
indicate a rapid, flashy response to rainfall events.

There is no surface water flood risk indicated for the site by the EA flood mapping®.

Climate

The Flood Estimation Handbook (FEH) CD-ROM includes long-term average rainfall data for
catchments in the UK. For the catchment comprising the site the Standard Annual Average
Rainfall (SAAR) is 697 mm/yr for the period 1961 - 1990 (CEH, 2009).

Average annual rainfall (1961-1990) from a nearby gauging station (Chelt at Slate Mill) is
685 mm?’. Other climatic data are available online e.g. rainfall data from Gloucester
Weathers. In 2019, annual rainfall total was 681.4 mm whilst for 2020 was 1126.4 mm.
Precipitation levels in January 2021, prior to the site inspection, were particularly wet, at
134.7 mm (roughly 20% of average annual total rainfall).

Values for potential evapotranspiration (PE) for 2009 are given for certain MORECS?
squares across the UK. For the square closest to the Moated Sitel%), PE was 610-649 mm
whilst actual evapotranspiration (AE) was 530-569 mm.

Comparing an approximate long-term average annual rainfall value of ~690 mm and an
annual AE rate of ~550 mm, the net effective annual rainfall is ~140 mm. A net positive
effective rainfall is therefore indicated, although it should be considered that this balance
may not be positive in prolonged dry weather, or drought years.

Site Geology

The bedrock geology!! underlying the Moated Site comprises strata of the Jurassic age Lias
Group (Charmouth Formation), which consists of dark grey laminated shales, and dark,

4 https://riverlevels.uk/gloucestershire-upton-st-leonards-bond-end-road-Ivl#.X6pfzGc3bcc
5 https://www.gaugemap.co.uk/#!Map/Summary/16545/12273

6 https://flood-map-for-planning.service.gov.uk/confirm-
location?easting=383697&northing=218521&placeOrPostcode=gloucester

7 https://nrfa.ceh.ac.uk/data/station/spatial/54026

8 https://www.glosweather.com/climate

9 https://lwww.metoffice.gov.uk/services/industry/data/specialist-datasets
10 http://nora.nerc.ac.uk/id/eprint/6357/1/Hydrological_Review_2006.pdf
11 http://mapapps2.bgs.ac.uk/geoindex/home.html
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pale and bluish grey mudstones. There are no mapped geological faults close to the
Moated Site. There are also no mapped superficial geological deposits at the Moated Site.
Geology mapped for the Moated Site is illustrated in the Groundsure report (Intégrale,
2017).

To the north west of the site, on Robins Wood Hill, the conical-shaped hill comprises strata
of the Whitby Mudstone Formation, Marlstone Rock Formation and the Dyrham Formation.
To the south of the site, and east of the M5, lies limestone, argillaceous rocks and
subordinate sandstones of the Lias Group and Inferior Oolite Group.

Soils at the Moated Site are mapped as slowly permeable, seasonally wet, slightly acid but
base-rich loamy and clayey soils with impeded drainage and are of the Martock Association
(GSB Prospection Ltd, 2017).

The nearest online borehole record (SO81SE20) is east of the site and is associated with
the M5 motorway?!? and indicates 0.3 m of Made Ground (gravelly sandy clay and limestone
gravel), overlying a silty clay, above the bedrock mudstone at 0.4 m below ground

level (mbgl). Further along the M5 to the south west, another borehole log® indicates a
much thicker extent of Made Ground, up to 10 m deep, comprising concrete clasts and
limestone gravel.

An aerial photograph taken in 1970 (during the motorway construction works) shows the
extent of disturbance, illustrating that the entire site area, including the area of the
scheduled monument, was disturbed (EPD, 2017). The M5 works resulted in the infilling of
part of the former moat (that had been incorporated into a post-medieval field boundary)
and also associated earthworks. Some of the remains are likely to be capped by this
modern overburden. It is therefore noted that, whilst these deposits are referred to as
Made Ground, they are largely re-worked overburden of predominantly natural clay
materials.

Other boreholes from previous ground investigations on the site (Appendix C) indicate the
presence of 1-3.5 m thick gravelly clay Made Ground, localised soft clayey Alluvium, and a
continuous stratum of variably weathered soft through to stiff to very stiff Lower Lias clay
(Intégrale, 2017%4). The Made Ground appears to thicken to the south of the Moated Site,
in line with the understanding that additional material was placed here during the
construction of the M5.

Additional boreholes were installed in 2018 (T&P, 2018) (Figure 2). WS101 south of the
moat indicates that Made Ground exists to 2.4 mbgl (55.46 mAOD), and WS102 shows

3.1 m thickness of Made Ground (also to 55.46 mAOD). To the northeast of the moat, WS8
indicates 1.6 m thickness of Made Ground, down to 55.90 mAQOD.

A more recent site ground investigation (December, 2020) (T&P) indicates similar thickness
and composition of Made Ground, with the Mudstone Bedrock encountered below clay-
dominated Made Ground, with rock head occurring in some boreholes, typically 56 mAOD
south of the moat (WS203, WS206 and WS207), 54.6 mAOD north of the moat and

55 mAOD west of the moat. The boreholes are completed with a cap within the piezometer
and a cap flush to the ground surface.

Two further boreholes have more recently been drilled on the south and east sides of the
moat (March, 2021; T&P), where Made Ground deposits are at their thickest. They indicate
that, here, rock head is at ~57.5 mAQOD.

12 http://scans.bgs.ac.uk/sobi_scans/boreholes/19329370/images/19328817.html
13 https://webservices.bgs.ac.uk/GWBV/viewborehole?loca_id=2020020409474538549

14 Intégrale, 2017. Geotechnical and Phase II Contamination Report. Proposed Development
Snow Capel.
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4.6

4.6.1

4.6.2

Overall, although unmapped, the presence of Made Ground (associated with the motorway
construction and typically comprising re-worked cohesive soils) at and surrounding the
Moated Site is persistent.

The archaeological trial trenching report (Headland Archaeology, 20211%) identifies in more
detail evidence for buried topsoil, which was possibly removed in some areas prior to
deposition of the Made Ground. Nonetheless, due to the reworking and similarity in
lithology between natural deposits and redeposited material as Made Ground, it is difficult
to discern between the two across the Moated Site and, indeed between the superficial
deposits and the top of the weathered upper part of the bedrock.

Hydrogeology

Aquifer Classification

The geological strata have been assessed for their hydrogeological properties. The Lias
Group bedrock strata underlying the site are classified as a Secondary undifferentiated
aquifer. As rocks with essentially no groundwater, the BGS mapping describes the Lias
group as comprising a largely mudstone sequence with limestone and marlstone Rock
forming local aquifers, yielding small supplies. The Dyrham Formation to the north west is
classified as a Secondary A aquifer, whilst the oolite strata to the south of the site is a
Principal Aquifer.

Groundwater Levels and Flows

Given the clayey nature of both the superficial and bedrock strata underlying the Moated
Site, it is unlikely that there is hydraulic continuity between the groundwater and the local
surface water drainage features.

Topographical control on the groundwater flow direction is likely and is, therefore,
anticipated to be in the direction SE to NW locally within the Moated Site, and more broadly
towards the north, following the direction of surface water drainage from the site.

This is supported by spot observations of groundwater levels on the Moated Site. From
previous ground investigations, groundwater stands at 1.5-2.5 mbgl locally where old
drainage ditches or the Moat occur (Intégrale, 2017). It is likely that this groundwater
comprises a perched groundwater table within the Made Ground whilst the bedrock
groundwater table may occur at some depth (e.g. 5-10 mbgl).

Groundwater was not encountered during drilling by T&P in 2018. Groundwater dip levels
were subsequently recorded during gas monitoring visits between 54.8 and 61.9 mAOD.
Saturated ground was encountered during several monitoring visits, with surface water also
observed within the moat area. This included some of the monitoring wells being flooded
from surface water.

Similarly, groundwater was not encountered during drilling the T&P in December 2020-
January 2021. Interim spot water levels are given in Table 1.

15 Headland, 2021. Snow Capel, Matson, Gloucestershire: Archaeological Trial Trenching.
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Table 1 - Groundwater Level Monitoring

BH ID GL mAOD Depth m Monitoring GWL mAOD GWL mAOD
21/01/21 17/02/21
WS201 58.03 3 MG 55.59 56.03
WS202 58.22 3 MG 57.44 58.02
WS203 58.78 3 MG/bedrock 58.74 58.76
WS204 59.05 3 MG 58.05 58.25
WS205 58.57 3 MG 57.69 57.59
WS206 57.87 5 MG/bedrock 55.32 56.04
WS207 55.28 3 bedrock 54.45 54.48

Boreholes WS201-WS205 are all close together on the south side of the moat and indicate
a water level range of 2.73 m even in such close proximity, with a gradient falling from
east to west. The highest water level occurs in the borehole which has been completed into
the top of bedrock. Water levels fall to the north and west and are lowest in the area to
the west of the moat, in the area of lowest elevations. In some cases, the groundwater
level is extremely close to the ground surface and there is potential, given the boreholes
did not encounter groundwater at the time of drilling, that the water within the boreholes is
rainwater fill. In the latest boreholes, BH201 and BH202, groundwater was also not
encountered during drilling.

Continuous data are available for boreholes WS206, WS207, BH201 and BH202, and for the
moat. For the moat, WS206 and WS207, data extend from December 17t 2020 to

April 16t 2021. For BH201 and BH202, data extend from March 25% to April 16", The
data provided by T&P are provided in Appendix D and are summarised for comparison in
Figure 2.

Figure 2 - Groundwater Level Continuous Monitoring Data
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Data from the Gloucester rain gauge record® are also included. All borehole records show
an initially steady water level. However, in the shallow boreholes (WS206/WS207), levels
rise over time following wet winter weather. Although the dataset for the newer boreholes
is shorter, there is less evidence for water level rise of the same order of magnitude, and
less variability in the steady water levels observed compared to those in WS206/WS207.

It is possible that the water level variability in boreholes WS206 and WS207 reflect ingress
of rainfall/runoff directly into the piezometer tubing, given that the boreholes are
completed flush to ground level, while the long-term trend is likely indicative of the water
table within the clay.

There are no nearby regional groundwater monitoring boreholes available!”8, A licenced
groundwater abstraction well is noted within the southern corner of the Moated Site
(18/54/20/0193, issued 1966 for general farming and domestic use; Intégrale, 2017). Itis
not known whether this abstraction is currently operational, and its existence was not
evident during the site inspection.

Moat Water Quality

To explore the source of water to the moat, seven water samples were collected from a
range of locations across the moat, and a further sample from the nearest other pond at
Sneedham’s Green for comparison on April 26 2021 by JBA Consulting. The aim of the
analysis was to investigate whether there was evidence for a groundwater signature within
the water chemistry. Given that the M5 lies upgradient of the site, the selected
determinands also aimed to detect whether runoff from the M5 motorway makes its way
along any potential groundwater pathways e.g. between the base of the Made Ground
and/or within the top weathered surface of the mudstone bedrock.

The presence of elements such as metals and polycyclic aromatic hydrocarbons (PAH)
would help to determine whether a groundwater pathway exists between the adjacent
motorway runoff, through the Made Ground to the base of the moat. The samples were
analysed at an accredited environmental laboratory for a range of parameters, including
major ions (Na, Ca, Mg, HCO3, Cl, SO4, NO3, heavy metals (Cd, Cu, Zn and Pb) and PAH
compounds). Given the 2021 winter conditions and likelihood of salts within the motorway
runoff, it is considered that evidence of such parameters should be likely to be observed if
indeed a pathway exists.

By spreading the samples across the moat, any spatial variability may provide an indication
into the location where a spring source may be entering.

The results are presented in Appendix E. Overall, the composition of the moat appears
fairly consistent with no obvious spatial variability indicating a spring source location which
would have been evidenced by being strongly mineralised e.g. strongly sulphate signal.
The most notable features are elevated chromium in the south-east sample, and presence
of naphthalene in the north west sample, both of which could be associated with motorway
run-off, although are not persistent across all samples. Zinc in all samples could also be
linked to motorway run-off, although the low values are well below environmental quality
standards (EQS)?'°, and do not provide clear cut evidence in themselves.

16 https://www.glosweather.com/climate

17 https://www.gaugemap.co.uk/#!Map

18 https://eip.ceh.ac.uk/hydrology/water-resources/

19 https://www.gov.uk/guidance/surface-water-pollution-risk-assessment-for-your-
environmental-permit
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4.8

Overall, a similar chemical signature to the moat is seen at Sneedham’s Pond. As such, in
light of the above observations, a definitive groundwater signal is not observed in the moat
from the water quality sampling.

Moat Water Balance

In order to provide further evaluation of the source of water to the moat, a preliminary
water balance can be used to determine the likelihood of the ability of the surface water
catchment to support moat water volumes through direct rainfall and rainfall-runoff. By
estimating the volume of water in the moat and comparing this to an estimate of the
volume of rainfall-runoff generated within the surface water catchment to the moat, an
assessment can be made as to whether the moat can likely be supported by surface water
inputs alone.

The annual volume of water required to support the moat at its current water level can be
estimated from the approximate surface area (1,946 m2) and the evaporative losses, which
are estimated at 0.55 m (determined in the earlier review of climate data). On this basis,
the water volume required is ~1,070 m3/year.

From the earlier review of climate data, the effective annual rainfall is 140 mm. From a
review of the site topographic data, the surface water catchment to the moat is

~25,400 m2extending to the east of the moat. On this basis, the available water volume
from rainfall and surface runoff which could support the moat is ~3,560 m3/y. This is likely
to be a conservative figure as it does not account for rapid runoff to the moat during heavy
rainfall/flood events that would bypass some evapotranspiration accounted for in the
effective rainfall calculation across the catchment. This suggests that the surface water
catchment area is sufficient to top up the moat and overcome evaporative losses of
~1,070 m3/y. A proportion of the rainfall within this catchment will likely reach the moat as
groundwater flow/baseflow where water can infiltrate to the water table. The groundwater
flow is likely to mimic surface flow routes due to the topography. There may be some
leakage from the moat to the west, downgradient of the moat. This is likely to be minimal
due to the low permeability nature of the surrounding clay soils but would require hydraulic
testing of the surrounding clay to ascertain groundwater flow rates from the moat.

The above estimates have made several assumptions, including that the only water losses
of the moat are through evaporation, and that no losses occur through the moat bed to
ground. In addition, some of the rainfall on the surface water catchment area may also be
lost to ground. In addition, the effective rainfall may be higher for open water than the
estimate value, and so more water than indicated may be required to support the current
moat water levels.
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5 Hydrogeological Conceptual Model

The EA defines a conceptual model as "a description of how a hydrogeological system is
believed to behave" and its development as "an iterative or cyclical process of development
and testing in which new observations are used to evaluate and improve the model."

A preliminary conceptual model for the Moated Site and surrounding environment has been
developed based on the information available, and is outlined in Figure 3, which has been
constructed based upon the topography for the Moated Site and the site-specific data
regarding depth of Made Ground and water levels.

Figure 3 - Conceptual Cross Section

The conceptual understanding is described as follows:

e The Lias Group mudstone bedrock, a low permeability formation, is largely
unconfined at and near the Moated Site, with the outcrop recharge area
occurring at the highest elevations of Robins Wood Hill to the north west of the
site (up to ~198 mAOD). The upper surface of the bedrock illustrates evidence
for weathering;

e Across part of the Moated Site are Made Ground deposits, located as a result of
the construction of the adjacent M5 motorway. The deposits comprise slightly
gravelly, slightly silty clays, and are relocated natural deposits. It is therefore
difficult to differentiate between existing site material and that artificially placed
here, such that the available site investigation data may overestimate the depth
of the reworked soils. Nonetheless, it is anticipated that the natural material is
likely to comprise the lower part of the subsoil profile;

e Observed groundwater levels at the Moated Site are between ~54 and
~59 mAOD within Made Ground deposits, and are locally variable although

ERX-JBAU-XX-XX-RP-Z-0001-S3-P02.docx 13



largely emulating topography. Groundwater levels are likely to be perched
within the generally low permeability deposits, targeting zones of higher
permeability material lenses. However, there is potential that the observed
water levels in fact reflect rainwater ingress and not a true groundwater level.
Water level in the underlying bedrock are limited, but it does not appear that the
moat is intrinsically hydraulically connected to the wider groundwater system.
Furthermore, these remains are not likely to be located under a regional water
table, or have been so in the past;

Water levels in the closest surface watercourse, the Sud Brook to the west of the
Moated Site, may not be in hydraulic connectivity with those in the moat. Those
in the moat are ~1 m higher, although precise contemporaneous survey data for
the ditch, nearest borehole (WS207) and the moat are not yet available;

At this site, it does not seem likely that groundwater levels would be impacted
by abstractions due to their absence locally;

There are several options considered with regards to the likely water supply
mechanism for the moat. The first is that groundwater is perched within the
gravelly clay deposits and seeps laterally into the sides of the hollow in which the
moat sits. Nonetheless, given that the boreholes were dry when drilled and only
subsequently have an observed water level, it is possible that water supply to
the moat is instead largely from direct rainfall input and surface runoff;

The water supply mechanism to the moat may to be different now to when it
was constructed, and different again since the construction of the motorway. A
further water supply mechanism is that the construction of the motorway, and
any associated drainage measures, has increased surface runoff rates locally,
and that this water finds its way through the Made Ground, or at rockhead,
towards the moat. However, water quality analysis has not indicated that this is
the primary source of water to the moat;

One further consideration is that anecdotal information from the local farmer
indicates that the moat is thought to be fed by a spring. Evidence for this is that
the moat never truly dries out during prolonged dry weather, in contrast to dry
conditions observed at the Sneedham’s Green ponds. Due to the age of the
moat (Medieval), all the historic mapping available illustrates the existence of
the moat and does not, therefore, afford the opportunity to observe if a spring
was previously mapped, although it is possible that the existence of a spring
prompted the selection of the site for the moat. There is no surface evidence of
a spring emerging at the site. If a spring supply is the primary mechanism for
maintaining water within the moat then it is more likely that the spring is
sourced within the underlying low permeability bedrock. However, water quality
analysis has not indicated that this is the case. It is likely that any spring that
may have previously existed could have been since silted up and no longer
functioning as it once did; and

If local hydrological conditions have altered since the moat was constructed, it is
useful to consider the likely conditions under which the moat was installed. With
the exception of the deposition of Made Ground at the Moated Site during
construction of the M5 the inherent geological conditions at the Moated Site are
unlikely to have changed. As such, a lack of mapped permeable superficial
deposits overlying a low permeability bedrock would suggest that water in the
moat is sustained by runoff, perhaps from the historic southern ditch, unless a
shallow groundwater source within weathered bedrock happened to persist at
this location. It is possible that, prior to development of the area, that some
runoff could have been derived from Robin’s Wood Hill area, but this would seem
unlikely at the present day meaning that the moat would be more vulnerable to
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drying out in drier periods. This study has indicated that there is potential for
some water to be supplied by near-surface seepage of shallow groundwater.

In summary, following an evaluation of the available information, it is concluded that the
most likely water supply mechanism to the moat is a combination of direct rainfall, surface
runoff, and shallow groundwater seepage/interflow.
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Conclusions

An initial understanding of the water environment at the site has been developed with
respect to the moat, in determining the likely water supply mechanisms to the site.
Available site-specific datasets have been analysed to address the questions posed by the
HE Tier 2 water environment assessment requirements. In summary, the most likely water
supply mechanism to the site appears to be a combination of surface water run-off and
shallow groundwater inputs.

In summary, the assessment concludes that the proposed residential development could
result in a fall in the water level in the moat, potentially resulting in the drying out of
archaeological deposits and a negative impact upon the significance of the scheduled
monument, for the reasons below.

The potential for a reduction in water inputs to the moat from the proposed development
includes decreased surface water runoff, due to installation of site drainage which might no
longer reach the moat, and reduced groundwater seepage, due to excavation of ground
surface material depending on the engineering approach to foundation design. This could
result in the drying of the moat water body unless a supplementary water supply is
incorporated into the development design which can permit maintenance of current moat
water levels.

Nonetheless, given the lack of clear or indirect evidence for the current supply of the moat
from a deeper groundwater spring source beneath its base, there are no concerns
regarding the hydrochemical signature of the water used in future to maintain moat water
levels and, therefore, whether the top up source is derived from surface water or
groundwater.

As such, ongoing monitoring of the moat water levels prior to, during and post construction
would be recommended alongside development o