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Chemical Validation Report

Rodgers Leask Ltd (RLL) has been commissioned by Revantage Real Estate (RRE)

Ltd to prepare a Chemical Validation Report following the remediation of Phase 4C

RI WKH *ODQ /0\Q GHYHORSPHQW LQ 1HZSRUW KHUHDIWH
Site is situated within the Glan Llyn development on the site of the former Llanwern

Steelworks. The Site location is shown on RLL drawing 18669-RLL-23-XX-DR-O-

0383 (Appendix A ).

In July 2024 the Client, St Modwen Developments was rebranded to be called
Revantage Real Estate. Any reference to the previous company name in this report
should be referred to accordingly.

This report should be read in conjunction with the Glan Llyn Remediation Strategy
(Ref. 18669-RLL-21-XX-RP-0-0157), the Phase 4C Remediation Strategy (18669-
RLL-23-XX-RP-0-0579-P03), the Glan Llyn: Soils Validation Strategy for Protection
of Controlled Waters (Ref. 30937 R2), the Phase 4C Earthworks Specification (Ref.
18669-RLE-21-XX-RP-0-0143) and the Phase 4C Compound & Phase 3A
Boundary Extension Reclamation & Backfill (Ref. 5111373-LLA-OUT-0381). The
relevant earthworks performance criteria have been included in this validation report
for ease of reference.

In accordance with the requirements of Planning Condition 28 of Outline Planning
Permission Reference 06/0471, this report has been prepared to verify that the
Phase 4C remediation works, undertaken by McCarthy Contractors (Bridgend) Ltd,
and ACS Construction Group Ltd, between October 2019 and February 2023, were
completed in general accordance with the RLL Earthworks Specification, the Atkins
Reclamation Specification, the Glan Llyn: Soils Validation Strategy for Protection of
Controlled Waters, the RLL Remediation Strategy and the Phase 4C Remediation
Strategy.

It is understood that the Site is proposed to be redeveloped for a residential end
use. An illustrative masterplan (ref. 8111-08-A011, dated April 2019) is available in
Appendix A . Phase 4C will form part of the wider Glan Llyn development.

This report has been prepared pursuant to the partial discharge (P1 - pre-
construction stage) of Planning Condition 28 of the Outline Planning Permission
Reference 06/0471 for the proposed development of residential development Phase
4C as part of a wider mixed-use development at Llanwern, Newport.

Planning Condition 28 states the following:
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Prior to the commencement of each phase of development as defined by Condition
03 (that is any development excluding that required as part of the remediation
strategy), unless an alternative timescale for the component parts of that phase
and/or for specific remediation works has firstly been agreed in writing by the Local
Planning Authority, a verification report demonstrating completion of the works set
out in the approved remediation strategy for that phase (or each part of the phase
if an alternative timescale has been agreed by the Local Planning Authority for the
component parts) and the effectiveness of the remediation shall be submitted and
approved, in writing, by the Local Planning Authority. The report shall include results
of sampling and monitoring carried out in accordance with the approved verification
plan for that phase to demonstrate that the site remediation criteria has been met.
It shall also include any plan for longer-term monitoring of pollutant linkages,
maintenance and arrangements for contingency action, as identified in the
verification plan, and for the reporting of this to the Local Planning Authority.

Reason: To demonstrate that the remediation criteria elating to controlled waters
have been met and (if necessary) to secure longer-term monitoring of groundwater
quality. This will ensure that there are no longer remaining unacceptable risks to
controlled waters following remediation of the site and in the interests of residential
amenities and human health.

A non-material amendment has been made to the planning permission 06/0471, to
allow for a phased approach to the discharge of Condition 28, where development
and housebuilder requirements have been clearly divided. PC28-1 relates to pre-
construction stage validation, and PC28-2 relates to the construction stage
validation.

The report has been produced pursuant to the partial discharge of PC28 relating to
the interim state of remediation following pre-construction stage works (PC28-1).
This will include chemical validation reports covering risk to human health and risk
to controlled waters for pre-construction remedial works demonstrating that these
works be undertaken in accordance with the approved Remediation Strategy and
the Glan Llyn: Soils Validation Strategy for Protection of Controlled Waters.

To discharge PC28 in full for each phase, the future housebuilder, undertaking the
construction phase, will be required to provide suitable documentation to
demonstrate that the construction phase remedial works (PC28-2) have been
completed to a satisfactory condition.

The following documents have been referred to in the preparation of this report:

X Phase 4C Desk Study & Phase 2 Geo-Environmental Assessment, ref
18669-RLL-23-XX-RP-0-0392 P03, dated March 2024 (Ref. 1)

X Glan Llyn Llanwern (Sitewide) Detailed Quantitative Controlled Waters Risk
Assessment (CWDQRA) 2017, Atkins, 5111373-LLA-OUT-0257 Rev. 3.0,
February 2017 (Ref. 2)

x Glan Llyn Phase 4C Earthworks Specification, RLL, ref. 18669-RLE-21-RP-
0-0143, dated July 2021 (Ref. 3)
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X Phase 4C Remediation Strategy, RLL, Ref. 18669-RLL-23-XX-RP-O-0579-
P03, dated May 2024 (Ref. 4)

X Phase 4C Geotechnical Validation Report, RLL, Ref. 18699-RLL-23-XX-RP-
0-0495-P01, dated September 2024 (Ref. 5)

X Former Llanwern Steelworks Site Assessment of Asbestos Contamination,
The Institute of Occupational Medicine (IOM), 610-34464, March 2014 (Ref.
6)

X Glan Llyn Remediation Strategy Addendum Information, RLL, ref. 18669-
RLL-22-XX-RP-0-0192, dated January 2022 (Ref. 7)

x Glan Llyn: Soils Validation Strategy for Protection of Controlled Waters
Hannah Fraser Consulting Ref. 30937 R2, dated December 2024 (Ref. 8)

x Glan Llyn CWDQRA (2019 update), RLL ref. 18669-RLL-19-XX-RP-O-
0006_Rev A, dated June 2022 (Ref. 9)

x Reclamation and Backfill Specification *Phase 4C Compound and Phase
3a Boundary Extension, Atkins, September 2019 (Ref. 10)

All conclusions and recommendations made within this report are based on and
limited to the factual information obtained as part of these works. No responsibility
can be taken by RLL for information obtained by third parties and it has been
assumed that all third-party information provided is true and correct.

RLL has undertaken the work in accordance with our understanding of current best
practice at the time of undertaking the work. Further assessment and revision of
this report may be required should new information come to light or legislation/
changes to best practice be introduced after the date of issue of the report.

RLL has prepared the report for the sole use and reliance of the Client. The report
may not be used or relied upon by any unauthorised third party without the explicit
written agreement of RLL.

The interpretive work undertaken within this report remains the intellectual property

of RLL and must not be divulged to any commercial third party without prior written
agreement of RLL.
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The Site is located within the Glan Llyn development at the former Llanwern
Steelworks, approximately 4.5km to the east of Newport City Centre at approximate
National Grid Reference 335890E, 186642N. The Site location and boundary is
shown on drawing 18669-RLL-22-XX-DR-0-0383-P02, Appendix A .

The Site is irregular in shape, covers an area of approximately 1.5ha, and is located
in the approximate southern central part of the wider Glan Llyn development. The
Site historically housed conveyors, travelling booms and ore stockyards. Following
closure of the steelworks and prior to the completion of remedial earthworks, the
Site comprised an area used for the stockpiling of materials from the wider Glan
Llyn Site with ditches encroaching on the eastern boundary.

Drain 3 (a former concrete culvert) was present on the far eastern boundary of the
Site until late 2021 when it was decommissioned and infilled as part of the
earthworks phase of development for the wider site. Numerous other surface water
features are recorded within 500m of the Site boundary, mostly comprising reens
and drains, with the nearest surface water feature is located 240m south on the far
side of the Queensway A4810.

Historically, the Site exclusively comprised agricultural land segregated into part of
five fields by hedgerows and four interconnected reens and field drains until 1967
when the Site formed part of the Spencer Steelworks (later known as the Llanwern
Steelworks), with the hedgerows and the reen network removed. The Site housed
a travelling boom in the south, with a conveyor, lighting tower and collection
platform; numerous vehicle tracks were also present in the east, with the rest of the
Site comprising ore stocks. The Site was partially demolished by 2004 and fully
demolished by 2021 (Ref. 1).

Historical and recent ground investigations undertaken prior to the remediation
works as summarised in the RLL desk Study and Phase 2 Report (Ref. 1) generally
identified the following conditions across the Site:

X Made Ground at thicknesses of 1.30m to 3.40m, comprising soft to firm
gravelly clay with occasional to frequent cobbles; or clayey gravelly sand.
Cobbles and gravel consisted of concrete, mudstone, brick, various types
of slag, iron ore, quartzite and occasionally with fragments of wood.

x Tidal Flat Deposits from a minimum of 1.30m; the base of the formation was
not encountered, but the strata was recorded to depths of up to 3.4m. It
generally comprised soft to firm silty clay.

X The bedrock of Mercia Mudstone Group was not encountered during the
intrusive investigation.
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Eight locations refused or terminated within the Made Ground at depths ranging
from 0.1m to 3.4m. Refusals were generally due to fused slag and hard ground. No
buried obstructions were encountered.

Isolated sheens or hydrocarbon odours were encountered in four locations in the
Made Ground on Site from depths ranging from a minimum depth of 1.4m to a
maximum depth of 2.5m.

Chemical analysis of 80 samples taken during previous ground investigations
identified exceedances of the approved reuse criteria for arsenic, lead, vanadium,
and PAHs across the Site. Asbestos was identified in three samples of the 33
analysed, all three identified Chrysotile asbestos at concentrations of <0.001%w/w.

Perched groundwater was encountered in 21 locations, typically within the Made
Ground at depth from 0.50m to 2.50m.

According to the Atkins DQCWRA (Ref. 2) regional groundwater is typically
encountered within a gravelly fine to coarse sand at approximately 9mbgl towards
the base of the Tidal Flat Deposits. The groundwater is typically sub artesian,
confined by the clay rich Tidal Flat Deposits at approximately 9mbgl, with a rest
water level of approximately 2mbgl.
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During previous intrusive ground investigations on Phase 4C, the Made Ground was
found to contain numerous buried obstructions including structures and buried fused
slag, as well as exceedances of heavy metals, PAHs and asbestos. As such,
remedial earthworks were required.

Remedial earthworks were undertaken in two separate stages the first by ACS
Earthworks Ltd and the second by McCarthy Contractors (Bridgend) Ltd.

The first stage of earthworks was completed between October 2019 and February
2020 by ACS Construction Ltd, this comprised the remedial earthworks for the
south-west part of Site known as the 4C compound area, this stage covered an
approximate area of 5,400m? equating to approximately 34% of the entire 4C
Phase, and was completed in accordance with the Atkins Reclamation and Backfill
Specification for Phase 4C Compound and 3A Boundary Extension (Ref.10).

The second stage of earthworks was undertaken by McCarthy Contractors
(Bridgend) Ltd between April and May 2022, this stage comprised the remedial
earthworks of the remaining 10,500m? of the Site. This was completed in
accordance with the RLL Earthworks Specification (Ref. 3) and the Remediation
Strategy (Ref. 4).

Both phases of earthworks generally comprised:

X Site clearance

X Excavation of Made Ground to natural underlying Tidal Flat Deposits,
Removal of Made Ground from site with evidence of gross visual and
olfactory contamination;

Removal of below ground obstructions;

Cropping of piles to the level of the underlying Tidal Flat Deposits;
Re-engineering of Made Ground;

In situ geotechnical testing;

Soft spot excavation/ removal; and

Monitoring for compliance with relevant specifications.

x

X X X X X X

The purpose of the remedial earthworks was to remove material assessed as
unsuitable following the chemical testing on a 25m grid, and turnover of the
remaining Made Ground to expose the underlying natural clay. The turnover allowed
for the removal of additional unsuitable material with evidence of visual and olfactory
contamination, as well as removal of material assessed as unsuitable for reuse
following a 25m trial pitting exercise.

Material assessed as unsuitable for re-use in a residential scenario during the fill
operation on Phase 4C was re-located, where suitable, to the commercial area for
use as an engineering fill at depth in accordance with the wider site Material
Management Plan. Material suitable for reuse in the commercial area will be
recorded as part of the validation reports for that area.
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Atkins undertook a 25m grid of trial pits in October 2018 (as detailed in Ref. 1) prior
to the re-engineering works on the part of Site known as 4C compound. The
compound part of Site included a turnover of approximately 12,300m*® of Made
Ground which allowed for the surveying and chemical validation of the natural clay
at the base of excavation, as shown on the RLL drawing 18669-RLL-23-XX-DR-O-
0435 in Appendix A . Retained supporting piles and exceptional obstructions are
shown on Drawing 18669-RLL-23-XX-DR-0-0436, also presented in Appendix A .

Drawing 18669-RLL-23-XX-DR-0-0496-P01 (Appendix A ) shows the 25m grid
areas where unsuitable and untested material was removed from the working area
prior to the second phase of re-engineering works, following sitewide soil sampling.
Unsuitable and untested material amounted to approximately 4,200m?3,

Across the remaining part of the Site, the turnover of approximately 15,000m?® of
Made Ground allowed for the surveying and chemical validation of the natural clay
at the base of excavation, as shown on the RLL Drawing 18669-RLL-23-XX-DR-0O-
0435 (Appendix A ). Retained supporting piles and exceptional obstructions are
shown on Drawing 18669-RLL-23-XX-DR-0-0436, also presented in Appendix A .

Approximately 4,500m?® stockpiled site won suitable material was imported to
achieve the formation levels. Chemical testing of the material is presented in
Section 4.

The reengineering of the material to create a low permeability layer of Made Ground
is in accordance with the Remediation Strategy (Ref. 4). The works also enabled
existing obstructions to be uncovered and, where possible, removed.

In accordance with the RLL Earthworks Specification (Ref. 3) material excavated
from Phase 4C and material located within stockpiles on the wider Glan Llyn
development was used as fill within the Site to achieve the formation level of
between approximately 5.75mAOD and 6.50mAOD. The material was reengineered
to achieve 95% compaction and <10% air voids. The Site is 750mm below the
proposed final levels, to allow for placement clean cover.

The formation design levels for the Site are shown on PJA Drawing 2554-F-4c20-
Al, the completed earthworks topographical survey is shown on the McCarthy
&RQWUDFWRUV %UL GJ4C¢A&GuIll VWomg@aphRd S@vkyus HY @69
01), both in Appendix A .

Geotechnical validation of the earthworks comprised geotechnical testing,
California Bearing Ratio (CBR) testing, Electronic Soil Density Gauge (SDG) Non &
Nuclear Test, and expansivity testing of the slag material. The appropriate
compaction of the material is relevant in terms of limiting/ reducing the permeability
to support the Remediation Strategy.

19 particle size distribution tests were undertaken on samples of the fill material

used within the Site. The results indicate that the fill comprised slightly clayey sandy

Gravel with occasional cobbles. Samples were classed 1B + uniformly graded
JUDQXODU PDWHULDO 7 ILQHV ZKL&RCswnpcoheshd UDO *UD
material (>15% fines).
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Table 3.1 summarises the relevant performance criteria for material compaction set
out in the earthworks specification and the in-situ test results recording compliance
in accordance with the earthworks specification.

Table 3.1. Relevant Earthworks Performance Criteria & Validation Results
Required Limits In-situ Results **
Test
Min Max Min Max
4C Compound (October 2019 and February 2020)
Moisture Content (%) 6.90* 19.00* 10.00 14.00
MaX|m3um Dry Density 1 .86 2 30 1.98 238
(Mg/m?)
Degree of Compaction >95% (Maximum Dry Density) 95.2% 112.3%
Air Voids Ratio ** <10% -5.70% 7.30%
CBR Tests Target 5%, Minimum 2.5% 2.7% 24.2%
AC wider site (April 2022 and February 2023)
Moisture Content (%) 9.5* 16* 1.1 12.7
MaX|m3um Dry Density 1.93* 2 50* 1.66 232
(Mg/m?)
0 . N -
Degree of Compaction Targgt 95% [minimum 90%)] (Maximum Dry 90% 119%
Density)
CBR Tests Target 5%, Minimum 2.5% 12.2% 28.8%

* Taken from laboratory test results
** Soil Density Gauge (SDG)

84 of the 95 EDG tests achieved 95% or greater relative compaction, and all tests
achieved the minimum 90% or greater relative compaction.

95 in situ BS1377-2 moisture content tests were undertaken during the material
placement, with a recorded moisture content range of 1.1% to 12.7%.

The equivalent California Bearing Ratio (CBR) values for all 20 tests were in excess
of the minimum 2.5% value.

The results show that the appropriate compaction has been achieved and that the
earthworks have been undertaken in accordance with the Earthworks
Specification(s). The validation information for the earthworks was reviewed and
approved as being in accordance with the earthworks specification. More
information is available in the Geotechnical Validation Report (Ref 5).
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The site-won fill material used and re-engineered to achieve the proposed formation
levels was predominantly granular, comprising sandy gravel with variable quantities
of clay, silt and cobbles. The gravel was described as comprising of slag, brick,
quartzite and concrete.

Material was tested in accordance with the RLL Earthworks Specification (Ref. 3)
and the RLL Remediation Strategy (Ref. 4). Chemical data was screened against
the S4UL Generic Assessment Criteria for Residential End Use with Homegrown
Produce.

Fill material was sampled prior to placement by RLL and Atkins between March
2018 and March 2022 during the various intrusive investigations undertaken across
the Site. Chemical testing was undertaken by Eurofins Chemtest Ltd and ALS
Global Ltd.

Clay validation samples were taken from the natural deposits during the mass
excavation operation to confirm the Tidal Flat Deposits had not been impacted by
contamination.

Surface validation sampling of the re-engineered formation surface was undertaken
by RLL on a 50m grid at 100mm below the formation surface in March 2023. The
formation surface validation sample locations and clay validation sample locations
are shown on RLL Drawing 18669-RLL-23-XX-DR-0-0334 (Appendix A ).

Twelve soil samples were collected from the Tidal Flat Deposits exposed during the
earthworks and sent for contamination testing. Samples were tested for heavy
metals, polycyclic aromatic hydrocarbons (PAH), total petroleum hydrocarbon
(TPH), BTEX (benzene, toluene, ethylbenzene and xylenes), pH, soil organic matter
(SOM), ammoniacal nitrogen, cyanide, phenols.

The samples were assessed against the S4UL Generic Assessment Criteria
Residential End Use with Homegrown Produce screening criteria in accordance
with the Remediation Strategy (Ref. 4). No exceedances of the criteria were
recorded within the natural samples.

A summary of the laboratory chemical results, screened against relevant
assessment criteria, is presented in Appendix C . Laboratory certificates are
presented in Appendix D .

A combined volume of approximately 31,800m?* of Made Ground makes up Phase
4C. In Accordance with the Remediation Strategy, a total of 106 soil samples were
collected between April 2018 and August 2022 for contamination testing, all of which
were taken from material used in 4C as fill material. Material was sourced from
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Phase 4C and the wider Glan Llyn site and comprised the in-situ or stockpiled Made
Ground. Samples were tested for heavy metals, polycyclic aromatic hydrocarbons
(PAH), total petroleum hydrocarbon (TPH), BTEX, pH, soil organic matter (SOM),
ammoniacal nitrogen, cyanide, phenols and select samples were also tested for
asbestos. The provenance of material reused is tracked by the sample name.

The samples were screened against the S4UL Generic Assessment Criteria
Residential End Use with Homegrown Produce in accordance with the Remediation
Strategy (Ref. 4). A summary of the laboratory chemical results is presented in
Appendix C . Laboratory certificates are presented in Appendix D .

Table 4.1 summarises the exceedances of the S4UL Generic Assessment Criteria
Residential End Use with Homegrown Produce criteria.

Table 4.1 Summary of exceedances of S4UL Generic Assessment Criteria Residential End Use with
Homegrown Produce for the Fill Material.
Contaminant No. of S4UL Residential Exceedances Concentration
samples with plant uptake Range (mg/kg)
exceeding value (mg/kg)
3 of 106
Arsenic 37.00 53.60 +89.20
(2.83%)
28 of 106
Mercury 1.20 1.33 +1.40
(26.42%)
1 of 106
Lead 200.00 369.00
(0.94%)
16 of 106
Vanadium 410.00 414.00 £894.00
(15.09%)
95 of 106
Benzene 0.087 <0.09 - <0.18
(89.62%)
1 of 106
Benzo[a]anthracene 7.20 10.10
(0.94%)
15 of 106
Benzo[b]fluoranthene 2.60 2.66 +11.7
(14.15%)
9 of 106
Benzo[a]pyrene 2.20 2.23 +7.85
(8.49%)
26 of 106
Dibenz(a,h)Anthracene 0.24 0.27 £1.39
(24.53%)
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95 of the 106 samples were shown to exceed the screening criteria for benzene. It
should be noted that no samples had concentrations greater than the detection limit
for benzene. The detection limit for 95 of the 106 samples tested for benzene
samples was listed by the laboratory as 90ug/kg (0.009mg/kg) or 180ug/kg
(0.180mg/kg), this is greater than the screening value of 87ug/kg (0.087mg/kg) and
causes a significant skew to the results. Where samples are reported at the
detection limit, for screening purposes, it has been conservatively assumed that the
value is 90ug/kg (0.009mg/kg) or 180pg/kg (0.018mg/kg). The true concentration is
likely to be significantly lower than this value.

Asbestos was identified in 12 samples from the 62 analysed, these samples were
then quantified. Results are summarised in the table below.

Table 4.2 - Summary of Asbestos Results for the Fill Material
Location Asbestos Type Quantification (Yow/w)
p22-1 Chrysaotile (White) Asbestos <0.0010
4C-F5 Chrysotile (White) Asbestos <0.0010
W97-01 Chrysotile (White) Asbestos <0.0010
W97-05 Amosite (Brown) Asbestos 0.0010
W165-01 Chrysotile (White) Asbestos 0.0011
W165-02 Chrysotile (White) Asbestos 0.0010
W165-04 Chrysotile (White) Asbestos 0.0010
W165-12 Chrysotile (White) Asbestos 0.0019
W165-13 Chrysotile (White) Asbestos 0.0010
W165-14 Chrysotile (White) Asbestos 0.0010
W165-16 Amosite (Brown) Asbestos 0.0010
W165-18 Chrysotile (White) Asbestos & 0.0010
Amosite (Brown) Asbestos

The Institute of Occupational Medicine (IOM) risk assessment report for the reuse
of soils containing asbestos at Llanwern (Ref. 6) states that Made Ground is suitable
for reuse in residential areas if concentrations are less than 0.02% (200PPM) and
600mm of clean cover (soils with asbestos content <0.001%) is provided. The Made
Ground material will be a minimum of 750mm below finished levels based on the
proposed formation levels.

Following consultation with the Senior Scientific Officer at Newport City Council
(NCC) additional chemical sampling of formation surface was proposed as an
addendum to the Remediation Strategy (Ref 7). The additional sampling was
undertaken in accordance with the Remediation Strategy and, in addition to the pre-
remediation testing, validation samples were collected to assess the contamination
status of the formation surface.
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A total of seven chemical samples were taken, following the earthworks, to assess
the contamination status of the formation surface. The validation testing of the
formation surface (750mm below final ground level) was assessed against S4UL
Generic Assessment Criteria for Residential End Use with Homegrown Produce
screening values in accordance with the Remediation Strategy. Samples were
tested for heavy metals, polycyclic aromatic hydrocarbons (PAH), total petroleum
hydrocarbon (TPH), BTEX, pH, soil organic matter (SOM), ammoniacal nitrogen,
cyanide, phenols and half of the samples were also tested for asbestos. A summary
of the laboratory chemical results is presented in Appendix C . Laboratory
certificates are presented in Appendix D .

The locations of the surface validation samples are shown on RLL drawing
reference 18669-RLL-25-XX-DR-0-0334-P01, in Appendix A .

The samples were screened against the S4UL Generic Assessment Criteria for
Residential End Use with Homegrown Produce screening values in accordance with
the Remediation Strategy (Ref. 4). The following table summarises the
exceedances.

Table 4.3 Summary of exceedances of S4UL Generic Assessment Criteria Residential End Use with
Homegrown Produce for the Surface Validation Samples (750mm Below Final Ground Level)
Contaminant No. of Critical Value Exceedances Concentration Range
samples (ma/kg) (ma/kg)
exceeding
lof7
Aromatic TPH >C16-C21 260.00 740.00
(14.28%)
50f7
Benzo[b]fluoranthene 2.60 2.60 £8.70
(71.29%)
50f 7
Benzo[a]pyrene 2.20 1.70 +6.80
(71.29%)
50f 7
Dibenz(a,h)Anthracene 0.24 0.40 10.92
(71.29%)

The formation surface material is 750mm below final ground levels to facilitate the
provision of clean cover and appropriate construction material. As such, the
pathway between the limited residual exceedances in the Made Ground and the site
end-use receptors will be broken with the addition of the imported clean cover in
accordance with the Remediation Strategy.

Five samples were submitted for laboratory analysis were screened for asbestos
identification. No samples returned positive results.

The locations of recorded exceedances in surface validation samples are presented
on RLL drawing reference 18669-RLL-25-XX-DR-0-0746-P01, in Appendix A .
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No exceedances were recorded within the underlying Tidal Flat Deposits.

Exceedances of arsenic, mercury, lead, vanadium, benzene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene and aromatic TPH
>C16-C21 were encountered in a limited humber of samples taken from the fill
material when compared to the S4UL Generic Assessment Criteria Residential End
Use with Homegrown Produce.

Due to the recorded exceedances to the S4UL generic assessment criteria, a clean
cover system will be required to break the pathway to any potential contaminants.

Asbestos was identified within 12 of the 63 fill material soil samples tested at
concentrations of between <0.001% to 0.0019%. As the concentrations are less
than 0.02% (200PPM), the material is considered suitable for reuse in residential
areas beneath suitable inert clean cover, as per the IOM risk assessment report
(Ref. 6).

An assessment on the risk to controlled waters will be validated in a separate
validation report in accordance with the Hannah Fraser Consulting Soils Verification
methodology (Ref 8).
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Gas monitoring was undertaken in three monitoring wells (4C-WSO01 to 4C-WS03)
between October 2022 to June 2023 by RLL. The location of the monitoring wells
are shown on RLL drawing 18669-RLL-22-XX-DR-0-0334 (Appendix A ), and the
monitoring results are available in Appendix E.

Eight rounds of gas monitoring have been undertaken at locations installed between
October 2022 and June 2023. A maximum methane concentration of 2.2% was
recorded, and a maximum concentration of 0.8% for carbon dioxide was recorded.
Low oxygen concentrations (minimum of 0.3%) were encountered in all boreholes
during the monitoring period.

Low oxygen concentrations are often indicative of the presence of other gasses, or
anaerobic soil conditions due to water saturated ground. Anaerobic soil conditions
were likely encountered during the time of monitoring due to the thickness of
engineered fill and the presence of partially flooded monitoring positions during the
gas monitoring rounds.

A summary of the gas monitoring is presented in the table below:

Table 5.1 - Gas Monitoring Results Summary

Hole ID Barometric Peak Methane Peak Carbon Min Oxygen Maximum Flow
Pressure (mb) (%) Dioxide (%) (%) Rate (I/hr)
4C-WS01 988 - 1020 2.20 0.80 0.30 0.1
4C-WS02 989 - 1021 0.90 0.10 2.40 0.2
4C-WS03 990 - 1020 0.40 0.10 4.30 0.1

GSVs were calculated for each monitoring borehole and are initially conservatively
based on the peak methane and carbon dioxide readings and the maximum flow
rate encountered within each exploratory hole.

Table 5.2 - Gas Screening Values

Hole ID Max. CO, Max. CH4 Steady. CO, GSV CH, GSV Borehole
conc. (%) * conc. (%) * Flow Rate Characterisation
(/hr) **
4C-WS01 0.8 2.2 0.3 0.0024 0.0066 CSs2
4C-WS02 0.1 0.9 0.3 0.0003 0.0027 Cs1
4C-WS03 0.1 0.4 0.3 0.0003 0.0012 Cs1

*0.1% concentration value has been used on any value less than 0.1%, based on the gas analyser margin of error.
**0.3 I/hr flow has been used on any value less than 0.3 I/hr, based on the gas analyser margin of error.
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In accordance with BS 8485+A1-2019 and based on the gas monitoring completed
to date the majority of Phase 4C would fall within Characteristic Situation 1 (CS1)
classification; with the area of 4C-WSO01 (the northern section of the Site) falling
within Characteristic Situation 2 (CS2) classification due to elevated steady
methane concentrations of 1.8% on the 31 of October 2022, 1.9% on the 10"
November 2022, and 2.2% on the 17" November 2022.

,QIRUPDWLRQ SUHVHQWHG RQ WKH 3XEOLF +HDOWK (QJOD
indicates that the Site is not within a radon affected area, as less than 1% of

properties are above the Action Level. No radon protection measures are likely to

be required in the construction of the new development.
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The Glan Llyn Soils Validation Strategy for Protection of Controlled Waters (Ref. 8)
assumes a hydraulic conductivity of 1 x 10-6 m/s or less for the engineered fill and
also presents a rationale for the assessment of permeability.

It is proposed that the hydraulic conductivity of the fill is validated by taking at least
three hydraulic conductivity measurements per phase, with a guide density of one
test per 6.25 ha.

An assessment on the risk to controlled waters will be validated in a separate
Controlled Waters Validation Report, but the following sections provide supporting
infiltration testing using falling head tests, rising head tests and formation falling
head tests.

Formation falling head tests were undertaken in ten locations across the Site. The
tests were undertaken in ten locations (4C-FH1 to 4H-F10) in 4C between
December 2022 and February 2023.

A 270mm diameter and 500mm high metal pipe was keyed in the ground
approximately 25mm, A second 100mm pipe was keyed into the Made Ground
within the larger pipe. The outside circumference of both pipes was sealed with
natural clay and the pipes covered with a plastic sheet.

The purpose of the second pipe is to reduce surface wetting and horizontal
movement of water, the plastic sheet was placed to reduce evaporation and rainfall
interfering with the test.

Both pipes were filled with approximately 150mm to 200mm of clean water and
measurements were taken to the top of water from the top of the inner pipe to
measure the permeability of the underlying soils. The test is non-standard but is
intended to be consistently repeatable to provide site specific data as a line of
evidence to support the assumption that reengineering the near surface Made
Ground has reduced the permeability.

Formation falling head tests were conducted for a minimum of 240 minutes, at the
end of the testing period it was found that infiltration rates (measured in increments)
had substantially stabilised and the calculated rate is considered more
representative of the ground conditions.

The location of the formation falling head tests are shown on RLL drawing 18669-
RLL-22-XX-DR-0-0334 (Appendix A ), and the raw data is available in Appendix
F.

8 RIRIE



Chemical Validation Report

Table 6.1 - Infiltration Test Results Summary
TestID Date Initial Water Duratiop of Final Water Total Fall in Permeability
Level (mm) Test (mins) Level (mm) Water Level (mm) | (m/s)

4CFHL 05/12/22 145 240 134 11 7.64E07
ACFHR2 05/12/22 161 240 150 11 7.64E07
4CFH3 05/12/22 173 240 159 14 9.72E07
ACFH4 25/01/23 160 240 148 12 8.33E07
4CFHb 25/01/23 149 240 137 12 8.33E07
4CFHb 25/01/23 179 240 168 11 7.64E07
ACFH7 20/02/23 184 240 170 14 9.72E07
4CFHB 20/02/23 128 240 114 14 9.72E07
ACFHD 20/02/23 157 240 143 14 9.72E07
ACFHLO 16/02/23 155 360 149 6 2.778E07

Falling head tests were undertaken on three occasions within boreholes 4C-WS01
to 4C-WSO03 in November 2023. Boreholes were drilled to a nominal 2mBGL filled
to surface level with clean water and intermittently measured as water returned to

equilibrium levels. Tests were conducted for a minimum of 203 minutes.

The location of the falling head tests are shown on RLL drawing 18669-RLL-22-XX-
DR-0-0334 (Appendix A ).

Table 6.2 tFalling Head Test Results Summary

Test ID Duration of Test (mins) Total Fall in Water Level (mm) Permeability (m/s)
4C-WS01 916 27 4.91E-07
4C-WS02 1206 72 9.95E-07
4C-WS03 577 34 9.82E-07

The falling head tests indicated the permeability of the underlying soils to be very
low, with a range of 9.82E-07m/s to 4.91E-07Em/s.

Based on the formation falling head test results the ground is considered to have
poor drainage characteristics consistent with the modelling discussed within the
Soils Validation Strategy for Protection of Controlled Waters (Ref. 8).



Chemical Validation Report

In addition to the three falling tests conducted on the formation surface which all
recorded <10°m/s, three rising head tests were conducted on three existing
boreholes on the Site (4CWS01, 4CWS02 and 4CWS03). One test was conducted
in each location.

The rising head tests were designed and undertaken to broadly align with BS EN
ISO 22282-2-2012. In advance of undertaking the tests, the boreholes were
assessed as to whether they were suitable for undertaking a rising head test and
an initial water level was measured. The wells were then purged until dry. The
boreholes were then monitored as water levels returned towards equilibrium
IROORZLQJ DQ PLQVWDQWDQHRXVYT GHFUHDVH LQ KHDG

The location of the rising head tests are shown on RLL drawing 18669-RLL-23-XX-
DR-0-0334 (Appendix A ), a summary of the results is presented in the table below:

Table 6.3 +Rising Head Test Results Summary
Initial Water Level Duration of Rl RIS e Permeability
Test ID (MBGL) Test (mins) Level Water Level (mis)
(mBGL) Change (mm)
4C-WS01 1.174 1404 1.132 -42 -4.99 EY7
4C-WS02 2.307 1033 2.272 -35 -5.64 E7
4C-WS03 0.495 1261 0.569 -56 -7.40 EY

The Glan Llyn Soils Validation Strategy for Protection of Controlled Waters (Ref. 8)
assumes a hydraulic conductivity of 1 x 10-6 m/s or less for the engineered fill. In
the three monitored locations, the rising head tests indicated the permeability of
the underlying soils to be very low, with a range of -7.40 E%’m/s to -4.99 E%m/s.

Based on the rising head and formation falling head test results the re-engineered
Made Ground is considered to have poor drainage characteristics consistent with
the modelling and in accordance with the Remediation Strategy.
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During previous intrusive ground investigations on Phase 4C, the Made Ground was
found to contain numerous buried obstructions as well as exceedances of heavy
metals, ammonia, benzene, TPH, PAHs and asbestos. As such, remediation and
earthworks were required to provide a suitable site for development.

The remediation works were undertaken by ACS October 2019 and February 2020
and then McCarthy Contractors (Bridgend) Ltd between August 2021 and April
2022. The works comprised site clearance, removal of obstructions, removal of
unsuitable material, excavation and turnover of the suitable for reuse Made Ground
to the underlying Tidal Flat Deposits and re-engineering to a formation level of
750mm below the proposed final ground level to facilitate the provision of clean
cover requirements.

During the removal of the Made Ground, numerous buried obstructions were
encountered including piles and fused slag. The buried obstructions were removed
in their entirety, or in the case of the deep piles, cropped to the top of the underlying
Tidal Flat Deposits. Following the 25m grid sampling exercise a total of
approximately 4,200m?® of unsuitable Made Ground was removed from the site for
treatment or reuse prior to the turnover over works. An approximate total of
31,800m3 of Made Ground was assessed as suitable for reuse following turnover
and placement. A total of approximately 4,500m? of pre validated stockpiled site
won material was imported to achieve the formation level.

Throughout the removal and re-engineering of the Made Ground, the Site was
assessed by an RLL engineer for visual and olfactory evidence of contamination.
Validation of the remedial earthworks relevant to Phase 4C comprised validation
soil sampling, permeability testing, and gas monitoring. The fill material used to re-
engineer Phase 4C was predominantly granular, comprising sandy gravel with
variable quantities of clay, silt and cobbles.

The engineered Made Ground within the phase is considered to have poor drainage
characteristics (1 x 10-6 m/s or less), based on the rising head, falling head and
formation falling head test results, and is consistent with the modelling and in
accordance with the hydraulic conductivity assumptions made within the CWDQRA
report and the Soils Validation Strategy for Protection of Controlled Waters.

Twelve soil samples were collected from the Tidal Flat Deposits exposed during the
earthworks and sent for contamination testing. No exceedances of S4UL generic
assessment criteria for residential end-use with homegrown produce were
recorded.

Exceedances of arsenic, mercury, lead, vanadium, benzene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene and dibenz(a,h)anthracene were
encountered in a limited number of samples taken from the fill material and the
surface validation samples when compared to the S4UL generic assessment criteria
for residential end-use with homegrown produce screening values.

Asbestos was identified within 12 of the 62 fill material soil samples tested at
concentrations of between <0.001% to 0.0019%. As the concentrations are less

’ RIRIE
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than 0.02% (200PPM), the material is considered suitable for reuse in residential
areas beneath suitable inert clean cover, as per the IOM risk assessment report.

No asbestos was detected within the surface validation samples.

Itis considered that a suitable clean cover system of 600mm placed above the Made
Ground will be sufficient in breaking the pathway between source and end users of
the Site.

In accordance with BS 8485+A1-2019, based on the completed gas monitoring,
Phase 4C would fall under Characteristic Situation 2 (CS2) classification. The Site
is located within an area where less than 1% of properties are above the Action
Level. No radon protection measures are likely to be required in the construction of
the new development.

An assessment on the risk to controlled waters will be validated in a separate
Controlled Waters Validation Report in accordance with the Hannah Fraser
consulting Soils Verification Methodology.

The removal of contaminated material, the excavation to natural clay and the re-
engineering of the Site has removed potential sources of contamination and has
reduced the permeability of the Made Ground. Made Ground assessed to be
suitable for reuse beneath the clean cover (when compared with criteria outlined in
the RLL Remediation Strategy) was re-engineered and compacted in accordance
with the RLL Earthworks Specification. The Site has been re-engineered to be
750mm below final formation levels to facilitate the provision of clean cover across
the Site. The pathway between the residual exceedances in the Made Ground and
the site end-users will be broken with the provision of the imported clean cover, in
accordance with the RLL Remediation Strategy.

Based on the site monitoring and validation information  RLL consider that the
remediation works at the site have been undertaken in accordance with the
requirements of the Remediation Strategy .

; RIRIE
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