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Isolated sheens or hydrocarbon odours were encountered locally in the Made 
Ground from depths ranging from 0.50m to 1.80m. Buried obstructions such as 
piles, concrete, rebar or asphalt were encountered across the Site at depths 
between 0.40m to at least 2.50m. 

Chemical analysis of 93 samples of Made Ground taken during previous ground 
investigations recorded exceedances of the reuse screening criteria for cyanide, 
iron, manganese, vanadium, benzo(b)fluoranthene, benzo(k)fluoranthene, and 
benzo(a)pyrene across the Site. Asbestos was identified within three soil samples 
tested in the form of loose fibres at concentrations of <0.001%w/w.   

Perched water was encountered towards the base of the Made Ground at depths 
of 0.20m to 1.60m with an average depth of 1.20m. 

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 9.00mbgl, with a rest 
water level of approximately 2mbgl. 
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388 of the 532 EDG tests achieved 95% or greater relative compaction, and all but 
two tests achieved the minimum 90% or greater relative compaction (with relative 
compactions of 88% and 88.5%). 

396 in situ BS1377-2 moisture content tests were undertaken during the material 
placement, these were within the optimum value range with the exception of 38 tests 
that resulted in higher than optimum moisture content to a maximum of 24%. One 
test fell below the target range with a moisture content of 0.7%. 

The equivalent California Bearing Ratio (CBR) values for all 68 tests were in excess 
of the minimum 2.5% value. 

3.3 Discussion 

The results show that the appropriate compaction has been achieved and that the 
earthworks have been undertaken in accordance with the earthworks specification. 
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).   

A summary of the information relevant to the compaction and permeability has been 
included within this report.  
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4.0 Chemical Validation of Soils 
4.1 General 

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. 1) 
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 between December 2020 and 
January 2022 during the various intrusive investigations undertaken across the Site. 
Chemical testing was undertaken by Eurofins Chemtest Ltd and ALS Global Ltd; 
and gas monitoring was undertaken by RLL. 

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 January 2022. The 
formation surface validation sample locations and clay validation sample locations 
are shown on RLL Drawing 18669-RLL-22-XX-DR-O-0217 (Appendix A). 

4.2 Tidal Flat Deposits  

Six 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), gasoline range organics (GROs), BTEX, pH, soil organic matter (SOM), 
ammoniacal nitrogen, cyanide and phenols. 

The samples were screened 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 screening criteria 
were detected. A summary of the laboratory chemical results is presented in 
Appendix C. Laboratory certificates are presented in Appendix D. 

4.3 Fill Material  

A combined volume of approximately 54,500m3 of Made Ground was reengineered 
into Phase 4D. In Accordance with the Remediation Strategy, a total of 130 soil 
samples were collected between December 2020 and February 2022 for 
contamination testing, all of which were taken from material used in 4D as fill 
material. Material was sourced both from Phase 4D and the wider Glan Llyn site 
and comprised the in-situ Made Ground or stockpiled Made Ground. Samples were 
tested for heavy metals, polycyclic aromatic hydrocarbons (PAH), total petroleum 
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Due to the recorded exceedances to the S4UL generic assessment criteria and in 
accordance with the approved remediation strategy a clean cover system will be 
required to break the pathway to any potential contaminants. 

Asbestos was identified within 3 of the 61 fill material soil samples tested, at 
concentrations of <0.001%. As the concentrations are less than 0.02% (200PPM), 
the material is considered suitable for reuse in residential areas beneath suitable 
inert clean cover, in accordance with 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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5.0 Ground Gas Assessment 
5.1 Gas Monitoring 

Gas monitoring was undertaken in seven monitoring wells (4D-WS1, 4D-WS2, and 
4D-WS4 to 4D-WS8) between October and November 2021 by RLL. The location 
of the monitoring wells are shown on RLL drawing 18669-RLL-22-XX-DR-O-0244 
(Appendix A), and the monitoring results are available in Appendix E. 

Six rounds of ground gas monitoring have been undertaken at locations installed 
between October and November 2021. A maximum concentration of methane of 
3.4% was recorded, and a maximum concentration of 0.1% for carbon dioxide was 
recorded. The maximum initial gas flow rate recorded was 2.1l/hr in two locations. 
It should be noted that one borehole (4DWS4) was found to be partially flooded 
during one monitoring round, with the well just over 70% filled with water. Data from 
this occurrence has been disregarded as high-water levels can affect gas, pressure 
and flow readings. 

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

Table 5.1 Gas Monitoring Results Summary  

Hole ID 
Barometric 
Pressure (mb) 

Peak 
Methane (%) 

Peak Carbon 
Dioxide (%) 

Min Oxygen 
(%) 

Maximum 
Flow Rate 

(l/hr) 

4D-WS1 991-1032 0.0-0.1 0.0-0.1 0.2-21.4 0.0 

4D-WS2 1011-1032 0.0-0.3 0.0-0.1 16.8-19.6 1.2 

 4D-WS4 991-1031 0.0-0.8 0.0-0.1 0.2-20.5 0.1 

4D-WS5 1020-1025 2.3-3.4 0.0 0.1-20.7 0.2 

4D-WS6 990-1030 0.5-2.4 0.0-0.1 0.0-20.4 2.1 

4D-WS7 992-1032 0.0-0.2 0.0-0.1 0.0-21.6 1.8 

4D-WS8 990-1032 0.1-2.6 0.0-0.1 0.0-21.3 2.1 

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. CO2 
conc. (%)* 

Max. CH4 
conc. (%)* 

Steady. 
Flow Rate 

(l/hr)** 

CO2 GSV CH4 GSV Borehole 
Characterisation 

4D-WS1 0.1 0.1 0.3** 0.0003 0.0003 CS1 

4D-WS2 0.1 0.3 1.2 0.0012 0.0036 CS1 
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4D-WS4 0.1 0.8 0.3** 0.0003 0.0024 CS1 

4D-WS5 0.1* 3.4 0.3** 0.0000 0.0102 CS2 

4D-WS6 0.1 2.4 2.1 0.0021 0.0504 CS2 

4D-WS7 0.1 0.2 1.8 0.0018 0.0036 CS1 

4D-WS8 0.1 2.6 2.1 0.0021 0.0546 CS2 

*0.1% concentration value has been used on any value less than 0.1%, based on the gas analyser margin of error. 
**0.3 l/hr flow has been used on any value less than 0.3 l/hr, based on the gas analyser margin of error. 

In accordance with BS 8485_2015 and based on the gas monitoring completed to 
date, Phase 4D would fall within Characteristic Situation 2 (CS2) classification (or 
Amber 1 in accordance with NHBC Standards). 

5.2 Radon 

Information presented within the BGS Radon Report for the Site (Appendix E) 
indicates the Site is located within an area where less than 1% of homes are above 
the action level, therefore radon protection measures are not required. 

  



Phase 4D, Glan Llyn, Newport 

Chemical Validation Report 

 

 

  16  

6.0 Permeability Assessment  
6.1 Introduction 

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. 

6.2 Formation Falling Head Tests 

Formation falling head tests were undertaken at ten locations across the Site. The 
tests were undertaken in ten locations 4D-FH1 to 4D-FH2 were undertaken on 
September 2022, 4D-FH3 to 4D-FH6 were undertaken in October 2022, 4D-FH7 to 
4D-FH10 were undertaken in June 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 100mm 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.  

Falling head tests were conducted for a minimum of 120 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. Three infiltration test were left for an extended period 
overnight (~950 minutes).   

The location of the falling head tests are shown on RLL drawing 18669-RLL-22-XX-
DR-O-0244 (Appendix A), and the raw data is available in Appendix H. 
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Table 6.2 Formation Falling Head Test Results Summary  

Test ID 
Initial Water 
Level (mm) 

Duration of 
Test (mins) 

Final Water 
Level (mm) 

Total Fall in 
Water Level 
(mm) 

Permeability (m/s) 

4D-FH1 107 947 56 49 8.98E-07 

4D-FH2 135 120 129 6 8.33E-07 

4D-FH3 147 936 97 53 8.90E-07 

4D-FH4 110 120 103 7 9.72E-07 

4D-FH5 128 153 123 5 5.45E-07 

4D-FH6 126 120 119 7 9.72E-07 

4D-FH7 115 120 109 6 8.33E-07 

4D-FH8 174 240 160 14 9.72E-07 

4D-FH9 169 240 158 11 7.63E-07 

4D-FH10 147 240 134 13 9.02E-07 

6.3 Falling Head Tests 

Falling head tests were undertaken at three locations on five occasions within 
boreholes 4D-WS101 to 4D-WS103 in July 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 180 
minutes.  

The location of the falling head tests are shown on RLL drawing 18669-RLL-22-XX-
DR-O-0244 (Appendix A). 

Test ID Duration of 
Test (mins) 

Total Fall in Water 
Level (mm) 

Permeability 
(m/s) 

4D-WS101 742 854 7.09E-07 
4D-WS103 182 434 5.85E-07 
4D-WS101 247 661 6.06E-07 
4D-WS102 327 670 8.77E-07 
4D-WS103 311 530 9.11E-07 

The falling head tests indicated the permeability of the underlying soils to be very 
low, with an range of 9.11E-07m/s to 5.85E-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. 7). 

6.4 Rising Head Tests 

In addition to the ten falling tests conducted on the formation surface which all 
recorded <10-7m/s, six rising head tests were conducted on three existing 
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7.0 Conclusions 
During previous intrusive ground investigations on Phase 4D, the Made Ground was 
found to contain exceedances of heavy metals, PAHs and asbestos; as well as 
numerous buried obstructions. As such, remediation and earthworks were required 
to provide a suitable site for development.  

The remediation works were undertaken by McCarthy Contractors (Bridgend) Ltd 
between June 2021 and January 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 8,400m3 of 
unsuitable Made Ground was removed from the site for treatment or reuse prior to 
the turnover over works. Through chemical sampling, a total of 51,600m3 of Made 
Ground was assessed as suitable for reuse following turnover and placement. 
Approximately 3,000m3 of pre validated stockpiled site won material was imported 
to achieve the formation level.    

Following 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 4D comprised validation 
soil sampling, permeability testing, and gas monitoring. The fill material used to re-
engineer Phase 4D 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 (in the range of E-07m/s), based on the rising 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.  

Six soil samples were collected from the Tidal Flat Deposits exposed during the 
earthworks and sent for contamination testing. No exceedances of the S4UL 
generic assessment criteria were detected in the natural clay deposits. 

Exceedances of arsenic, chromium, mercury, nickel, lead, vanadium, zinc, aliphatic 
TPH >C10-C12, aliphatic TPH >C12-C16, aromatic TPH >C10-C12, aromatic TPH 
>C12-C16, aromatic TPH >C16-C21, 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 Use with Homegrown Produce.  
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Asbestos was identified within three of the sixty-one fill material soil samples tested 
at concentrations of <0.001%. However, the concentrations are less than 0.02% 
(200PPM), so the material is considered suitable for reuse in residential areas 
beneath suitable inert clean cover, in accordance with the IOM risk assessment 
report as no viable pathway will be present. 

No asbestos was identified in the surface validation samples.  

It is 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_2015, based on the completed gas monitoring, Phase 
4D would fall under Characteristic Situation 2 (CS2) classification (or Amber 1 in 
accordance with NHBC Standards). Radon protection measures are not required. 

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 presented 
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.  
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Infrastructure design and
construction to be undertaken
by purchaser under licence.

Infrastructure drainage
provided by Seller

Infrastructure provided by
Seller

3m wide combined cycle /
footpath. Design may be
incorporated into site layout.
To be approved by seller

Landscaping to be completed by
purchaser. To include
footpaths/cycleways
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Remediation Works to extend to 45°from
northern footpath of Main St. so future
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