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Notice 

This document and its contents have been prepared and are intended solely for St. Modwen Developments 
Limited’s (SMD) use as a Construction Quality Assurance (CQA) Plan to Cyfoeth Naturiol Cymru/Natural 
Resources Wales (CNC/NRW) for the capping and restoration of the Crymlyn Tip, Llandarcy, Neath Port, 
Talbot, South Wales. 

Atkins Limited assumes no responsibility to any other party in respect of or arising out of or in connection 
with this document and/or its contents. 
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1. Introduction 

Atkins Limited (Atkins) has been commissioned by St. Modwen Developments Limited’s (SMD) to provide a 
Construction Quality Assurance (CQA) plan for the capping and restoration of the Crymlyn Tip, Llandarcy, 
Neath Port, Talbot, South Wales. 

1.1. Background 
The Crymlyn Tip as shown on Drawing 5041216-RAP-DWG--RAP-DWG-0001082 is a currently permitted 
waste tip facility with Cyfoeth Naturiol Cymru/Natural Resources Wales (CNC/NRW).  The permitted area, 
which is also referred to as the “containment area”, within the Permit Variation Notice  (EPR/AP3990LR/V002 
[Ref. 1]) is located next to the Crymlyn Bog on the former BP Llandarcy Refinery site, which is also known as 
the Coed Darcy site (Drawing 5041216-RAP-DWG-0001081). 

The eastern part of the permitted area, where waste has been deposited since 1920s [Ref. 2], is referred to 
as the “landfilled area” as shown on the then Environment Agency Wales’s (EAW’s) Plan.  All the rest of the 
permitted area, including the western part of the permitted area and that outside the landfilled area, is 
regarded as the “non-operational area” which has not been subject to permanent deposition of waste under 
the permit.  It is understood that SMD intends to apply for partial permit surrender for the non-operational 
area.  The Section 106 Agreement associated with the Outline Planning Consent [Ref. 3] for the Coed Darcy 
requires SMD to cap the landfilled area and surrender the permit as a whole.  Under the Outline Consent the 
Tip will be non-public open space, i.e. will be kept securely fenced until surrender can be achieved.  It is 
further understood that there are no specific restoration or landscape requirements associated with the Tip 
as a result of previous planning consents or the Outline Consent for the Coed Darcy. 

It is understood that a Tip Closure and Completion Strategy report prepared by URS on behalf of the former 
site owner, BP, in 2006 [Ref.2] was previously communicated to and agreed in principle by the then EAW 
and partial restoration was commenced under the previous licence.  The URS report stated that the Tip had 
not accepted waste since 1999 (Section 1.3 of Ref.2) and proposed it to be restored.  On the basis that only 
the landfilled area was subject to deposition of waste, the proposed area for capping and restoration is 
limited to the landfilled area. 

The restoration of the landfilled area is part of the remedial strategy for the Tip and the Crymlyn Bog Lagoon 
which has been undertaken since 2008 and is still ongoing [Ref. 9 and 10]. The licence surrender 
programme for the Tip will be covered in separate documents to be agreed with CNC/NRW. 

1.2. Objectives of this CQA Plan 

1.2.1. Construction proposal 
The capping and restoration works are “construction of landfill infrastructure”, and CNC/NRW’s approval of 
the works will be required via a construction proposal in accordance with condition 2.5.2 of the permit [Ref. 
1]. 

This CQA Plan serves as the construction proposal providing the design details of the proposed capping and 
restoration of the landfilled area of the Tip which is to be submitted to CNC/NRW for approval prior to the 
works commencing. 

1.2.2. Definitions of specific CQA requirements 
The design of the cap and the restoration is Landfill Directive compliant and the construction works will be 
carried out under construction quality assurance (CQA) procedures.  Section 2 of this CQA Plan defines the 
scope of CQA works and the responsibilities of the parties involved.  The proforma designed to record the 
necessary CQA information during the construction process are included in Appendix A. 
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1.2.3. Review of hydrogeological risks 
 

As required by Condition 2.4.1 of the Environmental Permit, a review of the hydrogeological risk assessment 
[Ref 12] has been completed and submitted to CNC/NRW.  The review demonstrates that the landfilled 
areas is not having a significant effect on groundwater quality and makes recommendations for further 
monitoring.  As such, it supports the conclusions reached by URS [Ref. 2] with regard to acceptability of 
materials.  Specifically, it is concluded that there is no requirement for a low permeability cap at the site to 
provide protection of the water environment.  

The chemical acceptance concentrations for the capping material derived in the URS report [Ref. 2] were 
subsequently amended as advised by the then EAW and the final concentrations accepted by the EAW are 
tabulated in Appendix D, Tables D3 and D4. 

A remedial action plan (RAP) was agreed with the the Environment Agency Wales and has been 
implemented at the Coed Darcy site following the decommissioning and demolition of the former Refinery in 
2008/09.  Some of the remedial actions (soil treatment, sludge removal, bioremediation, installation of oil 
containment/collection trenches) of the RAP have taken place within and in close proximity to the Tip.  As a 
result of the RAP, the present contamination level of the waste in the landfilled area of the Tip is expected to 
be generally lower and posing less risk to controlled waters than those reported in the URS report in 2006 
and hence it is considered that the conclusions reached within the URS report remain relevant and are 
probably more conservative than the present situation would determine. 

1.2.4. Review of stability risks 
This CQA Plan reviews parts of the URS report [Ref.2] which are relevant to the stability risks of the capping 
and restoration proposal of the landfilled area of the Tip, the restoration landform design in Sections 5.6 and 
6 of Ref.2 in particular.  The restoration landform design in the URS report recommended the final slopes in 
some of the Tip areas to be worked to 1v:10h and 1v:12h.  However, following a review of the data a new 
landform design is proposed to minimize the disturbance of the existing waste including the asbestos graves 
and vanadium pits, to enable efficient surface water runoff and maximise the area of the containment area 
that can be relapsed (through the partial surrender process) for other uses within the development.  The 
stability risk assessment (SRA) Review in Appendix C reviews the basis of the stability assessment in the 
URS report in the context of the current proposals and assesses the stability of the slopes of the new design 
by numerical analysis. 

In 2006, a ground investigation within and in close proximity to the Tip was undertaken and was reported by 
URS in 2008 [Ref. 11].  The report confirmed the local geological profile as the following: 

• Made Ground; 
• Bog Sequence - Peat Deposits; 
• Bog Sequence - Organic Clays, Sands and Gravels; 
• Glacial Till; and 
• Glacial Gravel. 

The URS ground investigation report [Ref. 11] concludes that the finished landform should not have slopes in 
excess of angles of 32

o
 (1 in 1.60), 30

o
 (1 in 1.73) and 24

o
 (1 in 2.25) for MCHW Class 1A granular and 

Class 1B granular and Class 2 cohesive materials respectively.  Based upon the nature of the peat, the URS 
ground investigation report [Ref. 11] states the proposed timescale is 2 to 3 years from the restoration works 
to be sufficient for initial consolidation to have occurred, and the secondary compression is estimated to be 
likely to occur substantially in the 10 years following construction. 

There is limited data on the existing waste as provided in the URS ground investigation report [Ref. 11] and 
the URS report [Ref. 2] states the landform design did not refer to any site-specific geotechnical data.  
Sampling and geotechnical testing of the waste and the proposed materials was undertaken under Atkins’ 
control in November 2011 to support the design of the slopes in this CQA Plan.  The sampling details and 
the test data are included in Appendix B, and the review of the stability risks in Appendix C. 
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Geostudio SLOPE/W modelling has been undertaken based on the geotechnical test data to assess the 
stability risks against slope failure for a 1v:3h slope.  The modelling results indicate the stability risks are 
acceptable as the factor of safety (FoS) of the proposed slope is found to be greater than 1.3 (Appendix C). 

The stability of the areas of the permitted area that have not been subject to permanent deposition of waste 
has been assessed via regular topographic surveys.  This information was submitted to CNC/NRW by letter 
on 1

st
 July 2013.  A copy is included in Appendix E.  The surveys confirmed that there has been no 

significant settlement in these areas over the last year.  

1.2.5. Specification of materials 
The proposed materials to be used for the capping and restoration works are materials recovered, i.e. won 
from within the Coed Darcy site as part of the RAP and development process.  Materials will be imported for 
the works only if there is a deficiency of site won materials when work is about to start.  Any imported 
materials used for the works will be subject to the same selection criteria, i.e. the specification in Appendix D, 
as those for the site won materials. 

A selection of the proposed materials is currently stockpiled outside but near the Tip within the Coed Darcy 
(Drawing 5041216-RAP-DWG-0001081).  These stockpiled materials are managed and tracked as part of 
the Coed Darcy Materials and Stockpile management system which forms part of the procedures for wider 
environmental management agreed as part of the planning requirements for the site. The system allows 
material provenance to be tracked and verified to ensure material placement complies with ‘suitable for use’ 
criteria, and, in the case of the landfilled area of the Coed Darcy tip, this CQA plan.  

The acceptance criteria for the soil (and of the soil leachate) were previously agreed in the correspondence 
between URS and the then EAW in 2007 (Appendix E).  A complete “Specification for Materials and 
Installation of the Cap and Restoration Layers” including the requirements for chemical quality, requirements 
for grading, conformance testing, sampling frequency, compaction and surveys is included in Appendix D of 
this CQA Plan. 

1.2.6. Quantity of materials 
This CQA Plan includes the design of the waste profile and post-restoration profiles of the landfilled area of 
the Tip, which demonstrates that the materials, and the estimated quantity, to be used for capping and 
restoration works will be truly “recovered”, i.e. their use within the Tip is necessary and replacing the use of 
virgin materials that would otherwise have to be imported. 
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2. Definitions 

2.1. General 
In the context of this construction quality assurance (CQA) plan, “quality assurance” refers to the means and 
actions employed by the employer, and as delegated to the quality assurance consultant (QAC), to assure 
conformity of the materials, construction and installation with the specific project information, i.e. approved 
designs, specifications and regulatory requirements. 

“Quality control” refers to the actions taken by the manufacturers, suppliers, contractors, installers, 
laboratories and surveyors to ensure the supplied materials, components, processes and workmanship meet 
the specific project information. 

2.2. Site 
The “Site” refers to the landfilled area of the Crymlyn Tip as shown on Drawing 5041216-RAP-DWG-
0001082. 

The Site is part of the permitted area of the Crymlyn Tip and is within the Coed Darcy (Drawing 5041216-
RAP-DWG-0001081). 

A site description is included in Appendix D as part of the information to the Contractor. 

2.3. Scope 
This CQA Plan relates to the following works: 

• Selection and processing of materials; 

• Site clearance including the removal of redundant boreholes prior to waste surface re-profiling; 

• Re-profiling the surface of the waste; 

• Installation of the cap on top of the waste; 

• Installation of a restoration layer on top of the cap; and 

• Surveys and laboratory analysis for conformity. 

There will be further landscape works, including seeding, planting and addition of nutrient for vegetation over 

the restoration layer, which are outside the scope of this CQA Plan since they are considered to have no 

impact on the performance of the landfill. 

2.4. Responsibilities 

2.4.1. Employer 
The Employer is St. Modwen Developments Limited (SMD). 

2.4.2. Contractor 
The Contractor will be appointed by the Employer.  The Contractor is responsible for all the earthworks 

related to the proposed works and those undertaken by the Contractor’s sub-contractors, including material 

selection, material transportation, site clearance, disposal of material, waste surface re-profiling, and 

installation of capping and restoration layers. 

2.4.3. Quality Assurance Consultant (QAC) 
The Quality Assurance Consultant is Atkins Limited (Atkins).  The QAC is the firm employed by the Employer 

to perform quality assurance and collect quality control documents from other parties. 
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The term quality assurance engineer (QAE) refers to the engineer, working for and designated by the 
QAC, who is in charge of the quality assurance. 

The personnel of the QAC may also include quality assurance monitors (QAM) who will be located at the 

site to perform the following duties: 

• Compiling site records to include the following: 

o Notes of observations and photographical records of the construction and changes to the site; 

o Weather conditions; 

o Personnel and contacts (e.g. mobile nos.) of all parties on site; 

o Types of machinery, equipment and plants used on site, and breakdowns; 

o Delivery, handling and storage of materials; 

• compiling  photographical photos of the construction; 

• Assigning locations for CQA inspection and testing and maintaining records; 

• Scheduling conformance testing; 

• Reviewing conformance test results; 

• Verifying calibration of in-situ testing equipments (if any); 

• Identifying and resolving deviations from the CQA Plan; 

• Liaison and correspondence with the CNC/NRW, the Employer, the Contractors and his sub-contractors, 

installers, manufacturers, suppliers, laboratories and surveyors; and 

• Preparation of the CQA Report. 

2.4.4. Topographical Surveyor 
The topographical surveyor is the firm, professional body or academic institute which undertakes 

topographical surveys of the levels of various layers of the works.  They will be employed by the Employer, 

the quality assurance consultant (QAC), or the Contractor or his sub-contractors. 

2.4.5. Quality Assurance Laboratories (QAL) 
The quality assurance laboratories (QAL) are the firm, professional body or academic institute which 

undertakes conformance testing as directed by the QAC. 

The QAL are to be confirmed.  The QAL will be employed by the Employer, the quality assurance consultant 

(QAC), or the Contractor or his sub-contractors. 

Any QAL employed by the Contractor and his sub-contractors shall be pre-approved by the QAC in advance.  

All the conformance testing shall be UKAS accredited. 
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3. Design 

3.1. Specification 

3.1.1. Scope of works 
The specification for the following works to be undertaken by the Contractor is included in Appendix D of this 

CQA Plan and includes: 

• Selection and processing of materials; 

• Site clearance including the removal of redundant boreholes prior to waster surface re-profiling; 

• Re-profiling the surface of the waste; 

• Installation of a cap on top of the waste; 

• Installation of a restoration layer on top of the cap; and 

• Surveys and laboratory analysis for conformity. 

3.1.2. Criteria for selection of materials 
The proposed materials for the works are existing stockpiles of suitable soil in the Coed Darcy which were 

soil won by remediation as part of the RAP and other development related activities.  The Specification for 

selection and processing of materials includes chemical and grading requirements.  Materials will be 

imported for the works only if there is a deficiency of site won materials when work is about to be 

commencing.  Any imported materials used for the works will be subject to the same selection criteria, i.e. 

the specification in Appendix D, as those for the site won materials. 

The contaminant acceptance criteria for soil (and of the soil leachate) specified in Appendix D, Table D3 and 

D4 are as previously agreed in the correspondence between URS and the then EAW in 2007 (Appendix E).  

These acceptance concentrations are derived from the risk assessments in the URS report [Ref. 2] and 

subsequently amended and accepted by the then EAW in the URS/EAW correspondence dated 23 August 

2007 and 27 July 2007 (Correspondence letters included in Appendix F).  As denoted in the URS/EAW 

correspondences, these values are for the protection of groundwater, protective of human health and 

groundwater, or previously agreed with Neath Port Talbot Borough Council Environmental Heath.  The 

acceptance criteria are directly adopted to Appendix D, Tables D3 and D4. 

The restoration materials require more well graded soil than the materials for waste surface re-profiling and 

capping materials so as to achieve a good quality final surface for future vegetation. 

3.1.3. Thickness 
The proposed thickness of the cap, on top of the waste, is a minimum of 500 mm, which is in line with the 

thickness previously agreed in the correspondence between URS and the then EAW in 2007 (Appendix E). 

The proposed thickness of the restoration layer, on top of the cap, is also a minimum of 500 mm to allow 

rooting of future vegetation. 

For the areas designed to be trafficked, i.e. access for machinery and vehicles, the thickness of the capping 

will be a minimum of 1000 mm, and restoration materials are not required in these areas (Appendix D). 

3.1.4. Compaction 
The specification (Appendix D) requires the materials to be compacted to form the cap and the restoration 

layer. 
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3.1.5. Surveys and laboratory analysis 
The specification (Appendix D) requires that the conformance of the materials and the works are confirmed 

by UKAS accredited tests in QALs and topographical surveys.  The sampling frequency and spatial interval 

for the surveys are also specified. 

3.2. Design Drawings 
The following Table 1 summarizes the design drawings: 

Table 1 
 Drawing Ref. Drawing Title 

EAW  Environment Agency Wales’s Plan 
URS 44382624-Figure 2 Topographical Survey 
Atkins 5041216-RAP-DWG-000932 Topographical Survey 
Atkins 5041216-RAP-DWG-0001081 Site Location and Access 
Atkins 5041216-RAP-DWG-0001082 Site Boundary and Constraints 
Atkins 5041216-RAP-DWG-0001083 Proposed Top of Waste Levels 
Atkins 5041216-RAP-DWG-0001084 Proposed Top of Cap Levels 
Atkins 5041216-RAP-DWG-0001085 Proposed Top of Restoration Levels 
Atkins 5041216-RAP-DWG-0001086 CQA Testing Location Reference 
Atkins 5041216-RAP-DWG-0001087 Cross Sections of Proposed Landform 

3.3. Deviation from the CQA Plan 
Following the approval of this CQA Plan, subsequent major amendments or deviation from it will be notified 

to the CNC/NRW for approval prior to the construction of the amended parts commencing. 
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4. CQA Monitoring and Reporting 

4.1. CQA Monitoring 
Site monitoring will be undertaken on a part-time basis by the quality assurance monitors (QAM) at a 
minimum frequency of 3 times a week for each week of 5 working days during the following works: 

• The decommissioning, removal and backfilling of redundant boreholes prior to waster surface re-

profiling; 

• Re-profiling the surface of the waste; 

• Installation of a cap on top of the waste; and 

• Installation of a restoration layer on top of the cap. 

Site monitoring is not proposed for the following works which will be validated by test results and survey 
data: 

• Selection and processing of materials; 

• Site clearance (apart from the decommissioning, removal and backfilling of redundant boreholes); and 

• Surveys and laboratory analysis for conformity. 

4.2. CQA Reporting 
Following the construction outlined in the scope in Section 3.1, a CQA Report will be prepared by the quality 

assurance engineer (QAE) and submitted to the Environment Agency Wales in accordance with condition 

2.5.3 of the permit [Ref. 1]. 

The CQA Report shall comprise the following: 

• Inspection records of the re-profiled waste surface in the format of the proforma in Appendix A; 

• Sampling records of materials in the format of the proforma in Appendix A; 

• Sampling records of the compacted layers in the format of the proforma in Appendix A; 

• Site inspection records, if other observations are noted, in the format of the proforma in Appendix A; 

• Topographical surveys data and interpretation of thickness of capping and restoration layers; 

• Laboratory analytical results of conformance tests of materials and compacted layers; 

• Construction notes and as-built records supplied by contractors and installers (if any); 

• Deviations from the approved design in this CQA Plan and non-conformance (if any); and 

• Statements by the QAC which confirm that the works have been carried out in accordance with the CQA 

Plan and the CQA Report represents a true record of the works on the basis of CQA monitoring on site 

and the information supplied by various parties. 
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Appendix A. CQA Proforma 



Coed Darcy Capping of Crymlyn Tip

Date Area 

inspected 

location Ref.

Satisfactory 

Y/N

Comment 

(e.g. 

unsmooth 

surface)

Defect and repair Inspected by

Inspection records of the re-profiled waste 



Coed Darcy Capping of Crymlyn Tip

Date Sample ref. Stockpile Tests Comment (e.g. visual consistency)

Sampling records for materials

Laboratory Test results



Coed Darcy Capping of Crymlyn Tip

Date Sample ref. Layer Compaction 

Plant

Number of 

passes
Tests Comment (e.g. visual consistency)

Sampling records for materials

Laboratory Test results



Coed Darcy Capping of Crymlyn Tip

Daily Record Sheet

Date:

Weather (am):

(pm):

QA Engineer:

Observations: Lab:

Comments:Comments:

QA Engineer

Sign

Date
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Appendix B. Recent Sampling and 
Geotechnical Testing 

  



  
Coed Darcy Urban Village - Capping of Crymlyn Tip - Construction Quality Assurance Plan 

 

 
 

  
Atkins    13
 

B.1. Sampling 
Eight samples were taken from the Coed Darcy on 1

st
 November 2011 for a range of geotechnical tests.  

Appendix Table B1 summarizes the samples of the tipped waste on Site and the two stockpiles, Batch 01 
and Batch 02 at other parts of the Coed Darcy.  The locations of the Site and the stockpiles are shown on 
Drawing 5041216-RAP-DWG-0001081. 

It should be noted that as material is selected for placement these will be tested to ensure compliance with 
the requirements of this plan. 

Three samples were taken from each of Batch 01, three from Batch 02 and two from tipped waste.   

Appendix Table B1: Summary of Samples on 01 November 2011 
Sample Ref. Location Depth of sampling 

Batch 1 - 1 Material stockpile for capping and 
restoration from Batch 01 

1.5m above ground 
Batch 1 - 2 1.5m above ground 
Batch 1 - 3 Ground level 
Waste - 4 Tipped waste on Site 0 to 2m below ground 
Waste - 5 0 to 2m below ground 
Batch 2 - 6 Material stockpile for capping and 

restoration from Batch 02 
0.5m above ground 

Batch 2 - 7 Ground level 
Batch 2 - 8 1.0m above ground 

B.2. Geotechnical Test Results 
The geotechnical test data from GEO Laboratory Testing Services Limited (GEO) are included in this 
Appendix.  Appendix Table B2 summarizes the data.   

Appendix Table B2: Data Summary 
Parameter Material Minimum Maximum Average or value 

adopt in analysis 
Moisture content Tipped waste 16% 16% 16% (ave.) 

Stockpile Batch 01 86% 97% 90% (ave.) 
Stockpile Batch 02 63% 73% 68% (ave.) 

Bulk density Tipped waste 2.179 Mg/m
3
 2.236 Mg/m

3
 2.2 Mg/m

3
 (ave.) 

Stockpile Batch 01 1.033 Mg/m
3
 1.351 Mg/m

3
 1.2 Mg/m

3
 (ave.) 

Stockpile Batch 02 1.102 Mg/m
3
 1.449 Mg/m

3
 1.2 Mg/m

3
 (ave.) 

Dry density Tipped waste 1.559 Mg/m
3
 1.716 Mg/m

3
 1.6 Mg/m

3
 (ave.) 

Stockpile Batch 01 0.700 Mg/m
3
 0.773 Mg/m

3
 0.7 Mg/m

3
 (ave.) 

Stockpile Batch 02 0.737 Mg/m
3
 0.748 Mg/m

3
 0.7 Mg/m

3
 (ave.) 

Effective shear strength 
parameter, Φ’ (Peak) 

Tipped waste 
 

31.0
o
 31.5

o
 Conservative 

values applied in 
analysis.  31

o
 for 

waste and 34
o
 for 

capping soil and 
restoration soil. 

Stockpile Batch 01 
 

37.0
o
 42.0

o
 

Stockpile Batch 02 34.0
o
 36.0

o
 

Effective shear strength 
parameter, Φ’ (Residual) 

Tipped waste 24.0
o
 25.0

o
 Residual values are 

tested but not 
applicable. 

Stockpile Batch 01 31.5
o
 37.0

o
 

Stockpile Batch 02 28.0
o
 29.0

o
 

Effective shear strength 
parameter, c’ (Peak) 

Tipped waste 
 

12 kPa 13 kPa Conservative 
values applied in 
analysis.  12 kPa 
for waste and 10 
kPa for capping soil 
and restoration soil. 

Stockpile Batch 01 
 

12 kPa 20 kPa 

Stockpile Batch 02 10 kPa 15 kPa 

Effective shear strength 
parameter, c’ (Residual) 

Tipped waste 1 kPa 4 kPa Residual values are 
tested but not 
applicable. 

Stockpile Batch 01 0 kPa 12 kPa 
Stockpile Batch 02 0 kPa 10 kPa 

Hydraulic conductivity, k 
(test specimens prepared 
from re-compaction of 
samples to natural moisture 
content with a 2.5kg 
rammer) 

Tipped waste 3.45x10
-10

 m/s 3.83x10
-10

 m/s 3.64 x 10
-10

 m/s 
(ave.) 

Stockpile Batch 01 5.0610
-11

 m/s 1.39x10
-10

 m/s 9.82 x 10
-11

 m/s 
(ave.) 

Stockpile Batch 02 6.8710
-11

 m/s 1.77x10
-10

 m/s 1.23 x 10
-10

 m/s 
(ave.) 
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Tipped waste 

The tipped waste samples are described as brown slightly clayey silty fine to coarse gravel with a wide range 
of particle sizes. 

The waste has a moisture content of 16% and is reported as non-plastic.  The average bulk density and dry 
density are 2.2 Mg/m

3
 and 1.6 Mg/m

3
 respectively.  The average bulk density result, 2.2 Mg/m

3
 (22 kN/m

3
), is 

applied in the Geostudio SLOPE/W modelling. 

Conservative values of the peak effective shear strength parameters, Φ’ = 31
o
  and c’ = 12 kPa, of the waste 

are applied in the numerical analysis (Geostudio SLOPE/W modelling and veneer calculations) for the waste 
slope, the flat ash bund and the flat natural ground underneath.  The numerical analysis results are included 
in Appendix C.  The residual effective shear strength parameters have been determined  but would only be 
applicable to analysis of material that had previously been subject to failure or gross deformation  hence are 
not applicable to the failure scenarios considered in this CQA proposal. 

The hydraulic conductivity (permeability) results of the waste are between 3.45 x 10
-10

 m/s and 3.83 x 10
-10

 m/s. 

Stockpiles 

The samples from stockpile Batches 01 and 02 have similar geotechnical properties.  They are described as 
brown slighlty clayey silty soil with some organic materials.  The particle size distribution results indicate the 
stockpiled materials fall into the Class 6F1, selected granular material (fine grading) for capping, of the 
Manual of Contract Documents for Highway Works (MCHW), Specification for Highway Works although the 
hydraulic conductivity results indicate a substantial fines fraction which was probably underrepresented in 
the soils sample selected for particle size analysis. 

The stockpiled material had high moisture contents of 63% to 97% and are reported as non-plastic.  The 
average bulk density and dry density are 1.2 Mg/m

3
 and 0.7 Mg/m

3
 respectively.  The average bulk density 

result, 1.2 Mg/m
3
 (12 kN/m

3
), is applied in the Geostudio SLOPE/W modelling. 

Conservative values of the peak effective shear strength parameters, Φ’ = 34
o
  and c’ = 10 kPa, of the 

stockpile samples are applied in the numerical analysis (Geostudio SLOPE/W modelling and veneer 
calculations) for the capping soil and restoration soil.  The numerical analysis results are included in 
Appendix C.  The residual effective shear strength parameters have been determined  but would only be 
applicable to analysis of material that had previously been subject to failure or gross deformation  hence are 
not applicable to the failure scenarios considered in this CQA proposal. 

The laboratory hydraulic conductivity (permeability) results of the stockpiles are between 5.06 x 10
-11

 m/s and 
1.77 x 10

-10
 m/s, which are similar (same order of magnitude) to those of the waste.  The fact that the waste 

and the stockpile materials have similar permeabilities indicates the infiltration and run off should be similar 
before and after the landfilled area is capped.  

 



Laboratory
Report

Contract Number: 14183
Client's Reference: JOB Ref GEO011 PO 12145434 Report Date: 23-11-2011

Client Name: Atkins 
10 Holiday Street
Birmingham
B1 1TF

Contract Title: Coed Darcy
For the attention of: Alex Mann

Date Received: 09-11-2011
Date Commenced: 09-11-2011

Date Completed: 10-01-2012

Test Description Quantity Checked Approved

Moisture Content

BS1377:1990 2/3.2  *

8

4 Point Liquid & Plastic Limit

BS1377:1990 2/4.3&5.3  *

8

PSD Wet Sieve method 

BS1377:1990 2/9.2  *

8

PSD: Sedimentation by pipette carried out with Wet

Sieve

BS1377:1990 2/9.4  *

8

Bulk/Dry Density

 

8

Procedure for the Determination of the
Permeability of Clayey Soils in a Triaxial Cell
Using the Accelerated Permeability Test
 R&D Technical Report Pl-398/TR/2  

*

8

Consolidated Drained Peak and Residual Shear
Strength  - set of 3 60 x 60mm Shear Box Specimens
(5 days)
BS1377:1990 7/4

8

Notes: Observations and Interpretations are outside the UKAS Accreditation
* - Denotes test included in laboratory scope of accreditation
# - Denotes test carried out by approved contractor

This certificate is issued in accordance with the accreditation requirements of the United Kingdom Accreditation Service. The results reported herein
relate only to the material supplied to the laboratory. This certificate shall not be reproduced in full, without the prior written approval of the laboratory.

Approved Signatories:
D V Edwards (Managing Director), Paul Evans (Technical Manager), E Sharp (Technical Co-Ordinator).

GEO Laboratory Testing Services Ltd, Units 24-26, The Avenue, Delta Lakes, Llanelli, Carmarthenshire SA15 2DS
Telephone: 01554 757 734  |  Fax: 01554 775 107  |  Email: info@geo.uk.com  |  Website: http://geo.uk.com



Hole Sample Type

Number Number

BATCH 1 1 B Brown slighlty clayey silty WOOD CHIPPINGS

BATCH 1 2 B Brown slighlty clayey silty WOOD CHIPPINGS

BATCH1 3 B Brown slightly clayey silty WOOD CHIPPINGS

WASTE 4 B Brown slightly clayey silty fine to coarse GRAVEL

WASTE 5 B Brown slightly clayey silty fine to coarse GRAVEL

BATCH 2 6 B Brown slighlty clayey silty WOOD CHIPPINGS

BATCH 2 7 B Brown slightly clayey silty WOOD CHIPPINGS

BATCH 2 8 B Brown slightly clayey silty WOOD CHIPPINGS

Depth

Description of Sample*

1.5m above ground

1.5m above ground

GL

0 to 2m below ground

0 to 2m below ground

0.5m above ground

GL

1.0m above ground

Date Approved by Date

GEO/001 Issue No. 1.1

Note: Results on this table are in summary format and may not meet the requirements of the relevant standards, additional 
information is held by the laboratory

22/11/11

Client ref:
f GEO011 PO 12145434

22/11/11

Checked by

Coed Darcy

Dec 05

Contract No.:
14183-091111



Summary of Soil Classification Tests
BS 1377:Part 2:1990

Hole/ Moisture Liquid Plastic Plasticity %

Sample Sample Content Limit Limit Index Passing Remarks

Number Type % % % % .425mm

Cl. 3.2 Cl. 4.3/4.4 Cl. 5. Cl. 6.

BATCH 1 /1 B 1.50 88.0 NP 30

BATCH 1 /2 B 1.50 97 NP 25

BATCH1/3 B GL 86 NP 20

WASTE/4 B - 2.00 16.0 NP 35

WASTE/5 B - 2.00 16 NP 35

BATCH 2/6 B 0.50 69 NP 20

BATCH 2/7 B GL 73 NP 25

BATCH 2/8 B 1.00 63 NP 25

Symbols:                           NP : Non Plastic      # : Liquid Limit and Plastic Limit Wet Sieved

 

Depth

m

PLASTICITY CHART FOR CASAGRANDE CLASSIFICATION.

BS 5930:1999

80

90 

22/11/11

Checked by Date Approved by Date

Contract No.:

14183-091111

Client Ref No:

JOB Ref GEO011 PO 12145434
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   Method Maximum

Location Sample Depth Moisture Bulk Dry of Laboratory Dry Density Air 

Number Number m Content Density Density compaction Mg/m2 Voids

% Mg/m3 Mg/m3 (kg Rammer) PD(sat) (%)

Batch 1 1 1.50m 47.5 1.033 0.700 2.5kg

Batch 1 2 1.50m 90.5 1.351 0.709 2.5kg

Batch 1 3 GL 44.5 1.118 0.773 2.5kg

Waste 4 0-2.00m 27.0 2.179 1.716 2.5kg

Waste 5 0-2.00m 43.4 2.236 1.559 2.5kg

Batch 2 6 0.50m 93.7 1.449 0.748 2.5kg

Batch 2 7 GL 53.4 1.132 0.738 2.5kg

Batch 2 8 1.00m 49.5 1.102 0.737 2.5kg

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

Core 10 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

Core 11 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

Core 12 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

LC3 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

LC3 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

LC3 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Average Particle Density (Mg/m3)  - 

10/01/12

Checked By Date Approved By Date

Contract No.

Client Ref No

GEO/053 June-04 Issue No.1 14183 - 091111 Bynea, Llanelli, SA14 9SU

2.690

2.710

2.710

2.710

Of

14183 - 091111

10/01/12

N/A

2.690

2.690

2.690

      SUMMARY OF SOIL DENSITY TESTS.
                               (B.S. 1377 : PART 4 : 4.3/4.4 : 1990)

Remarks

Coed Darcy

Page



PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

Hole Number: Batch 1 - Sample 1 Depth (m): 1.5 above ground

Wet Sieve, Clause 9.2
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BS Test Percentage Particle Percentage

Sieve Passing Diameter Passing

125 100
75 100 0.02 #
63 100

37.5 100 0.006 #
20 82
10 72 0.002 #
6.3 61

3.35 48
2.00 35
1.18 25 Remarks:

0.60 15
0.300 9
0.212 7
0.150 7
0.063 6
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Checked by Date Approved by

Contract No.:

14183-091111

Client Ref No:
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Percentage
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

Hole Number: Batch 1 - Sample 2 Depth (m): 1.5 above ground

Wet Sieve, Clause 9.2
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BS Test Percentage Particle Percentage

Sieve Passing Diameter Passing

125 100
75 100 0.02 #
63 100

37.5 100 0.006 #
20 90
10 75 0.002 #
6.3 61

3.35 47
2.00 34
1.18 25 Remarks:

0.60 18
0.300 14
0.212 10
0.150 8
0.063 5

12/12/2011
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

Hole Number: Batch 1 - Sample 3 Depth (m): GL

Wet Sieve, Clause 9.2
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BS Test Percentage Particle Percentage

Sieve Passing Diameter Passing

125 100
75 100 0.02 #
63 100

37.5 100 0.006 #
20 92
10 77 0.002 #
6.3 67

3.35 48
2.00 38
1.18 28 Remarks:

0.60 20
0.300 14
0.212 11
0.150 9
0.063 6
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14183-091111
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.
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Hole Number: Waste - Sample 4 Depth (m): 0.00 to 2 Below grou

BS Test Percentage Particle Percentage
Sieve Passing Diameter Passing
125 100
75 100 0.02 #
63 100

37.5 88 0.006 #
20 72
10 57 0.002 #
6.3 51
3.35 47
2.00 42
1.18 38 Remarks:

0.60 34
0.300 27
0.212 23
0.150 20
0.063 16

10/01/2012

Checked by Date Approved by

Contract No.:
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Client Ref No:

58

16Silt and Clay

Gravel
Sand 26

 Ref GEO011 PO 121

#- not determined
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Wet Sieve, Clause 9.2
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

GEO/104-2                      Dec 05 Issue No 1.2 Page     of         .

Hole Number: Waste - Sample 5 Depth (m): 0.00 to 2 Below grou

BS Test Percentage Particle Percentage
Sieve Passing Diameter Passing
125 100
75 100 0.02 #
63 100

37.5 84 0.006 #
20 66
10 58 0.002 #
6.3 54
3.35 52
2.00 49
1.18 47 Remarks:

0.60 44
0.300 38
0.212 34
0.150 29
0.063 22
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 Ref GEO011 PO 121
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Wet Sieve, Clause 9.2
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Percentage

0

0.
00

2 

0.
00

6 

0.
02

0 

0.
06

3 

0.
15

0 

0.
21

2 

0.
30

0 

0.
60

0 

1.
18

 

2.
00

 

3.
35

 

6.
3 

10
.0

 

20
.0

 

37
.5

 

63
 

75
 

12
5 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0.001 0.01 0.1 1 10 100 1000 

P
er

ce
nt

ag
e 

P
as

si
ng

. 

Particle Size (mm). 



PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

Hole Number: Batch 2 - Sample 6 Depth (m): 0.5 above ground

Wet Sieve, Clause 9.2
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BS Test Percentage Particle Percentage

Sieve Passing Diameter Passing

125 100
75 100 0.02 #
63 100

37.5 100 0.006 #
20 89
10 71 0.002 #
6.3 58

3.35 43
2.00 31
1.18 24 Remarks:

0.60 18
0.300 12
0.212 10
0.150 7
0.063 4

12/12/2011

Checked b Date Approved by
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

Hole Number: Batch 2 - Sample 7 Depth (m): GL

Wet Sieve, Clause 9.2
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BS Test Percentage Particle Percentage

Sieve Passing Diameter Passing

125 100
75 100 0.02 #
63 100

37.5 100 0.006 #
20 87
10 75 0.002 #
6.3 63

3.35 47
2.00 33
1.18 23 Remarks:

0.60 14
0.300 9
0.212 7
0.150 6
0.063 4
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Checked b Date Approved by
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14183-091111

Client Ref No:
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PARTICLE SIZE DISTRIBUTION TEST
BS 1377 Part 2:1990.

Hole Number: Batch 2 - Sample 8 Depth (m): 1.0 Above Ground

Wet Sieve, Clause 9.2
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125 100
75 100 0.02 #
63 100

37.5 100 0.006 #
20 93
10 81 0.002 #
6.3 70

3.35 49
2.00 40
1.18 30 Remarks:

0.60 21
0.300 14
0.212 11
0.150 8
0.063 5
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Borehole/Sample Number: Batch 1 Sample 1 Depth (m): GL

Sample Type: Remoulded (2.5kg Rammer).
Particle Density - Mg/m3: 2.65 (Assumed)
Specimen Tested: Submerged

Sample Description:
Dark brown silty sandy WOOD CHIPPINGS
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 83 83 83
Bulk Density - Mg/m3: 1.39 1.39 1.39
Dry Density - Mg/m3: 0.76 0.76 0.76
Voids Ratio: 2.4857 2.4977 2.4884
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 24.62 23.18 21.73
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (mm) 4.75 4.79 4.71
Peak shear Stress - kPa: 54 100 191

PEAK
Angle of Shearing Resistance:(0) 41.0
Effective Cohesion - kPa: 12
RESIDUAL
Angle of Shearing Resistance:(0) 35.0
Effective Cohesion - kPa: 0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

BS1377:Part 7:4.5 :1990.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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FAILURE CONDITIONS 

Peak shear Stress - kPa: Best Fit Line Residual shear Stress  



Borehole/Sample Number: Batch 1 Sample 1 Depth (m): GL

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.
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CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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Borehole/Sample Number: Batch 1 Sample 1 Depth (m): GL

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.
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Borehole/Sample Number: Batch 1 Sample 1 Depth (m): GL

Checked by Date Approved by Date

Contract No.:
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Client Ref Number:
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Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Batch 1 Sample 2 Depth (m): 1.50

Sample Type: Remoulded (2.5kg Rammer).
Particle Density - Mg/m3: 2.65 (Assumed)
Specimen Tested: Submerged

Sample Description:
Dark brown silty sandy WOOD CHIPPINGS
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 90 90 90
Bulk Density - Mg/m3: 1.43 1.44 1.44
Dry Density - Mg/m3: 0.76 0.76 0.76
Voids Ratio: 2.5053 2.4845 2.4942
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 24.41 22.48 20.55
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (mm) 2.70 4.79 4.80
Peak shear Stress - kPa: 52 90 161

PEAK
Angle of Shearing Resistance:(0) 37.0
Effective Cohesion - kPa: 13
RESIDUAL
Angle of Shearing Resistance:(0) 31.5
Effective Cohesion - kPa: 5

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

BS1377:Part 7:4.5 :1990.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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FAILURE CONDITIONS 

Peak shear Stress - kPa: Best Fit Line Residual shear Stress  



Borehole/Sample Number: Batch 1 Sample 2 Depth (m): 1.50

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.
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Borehole/Sample Number: Batch 1 Sample 2 Depth (m): 1.50

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.
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Borehole/Sample Number: Batch 1 Sample 2 Depth (m): 1.50

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Batch 1 Sample 3 Depth (m): GL

Sample Type: Remoulded (2.5kg Rammer).
Particle Density - Mg/m3: 2.65 (Assumed)
Specimen Tested: Submerged

Sample Description:
Dark brown silty sandy WOOD CHIPPINGS
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 80 80 80
Bulk Density - Mg/m3: 1.35 1.34 1.35
Dry Density - Mg/m3: 0.75 0.74 0.75
Voids Ratio: 2.5483 2.5757 2.5483
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 23.72 22.33 20.94
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (mm) 9.31 9.96 9.99
Peak shear Stress - kPa: 66 113 201

PEAK
Angle of Shearing Resistance:(0) 42.0
Effective Cohesion - kPa: 20
RESIDUAL
Angle of Shearing Resistance:(0) 37.0
Effective Cohesion - kPa: 12
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CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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Borehole/Sample Number: Batch 2 Sample 6 Depth (m): 0.50

Sample Type: Remoulded (2.5kg Rammer).
Particle Density - Mg/m3: 2.65 (Assumed)
Specimen Tested: Submerged

Sample Description:
Dark brown silty sandy WOOD CHIPPINGS
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 70 70 70
Bulk Density - Mg/m3: 1.46 1.47 1.47
Dry Density - Mg/m3: 0.86 0.86 0.86
Voids Ratio: 2.0781 2.0729 2.0764
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 23.81 22.12 20.43
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (mm) 9.98 7.77 7.85
Peak shear Stress - kPa: 51 90 157

PEAK
Angle of Shearing Resistance:(0) 36.0
Effective Cohesion - kPa: 15
RESIDUAL
Angle of Shearing Resistance:(0) 28.0
Effective Cohesion - kPa: 5
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Borehole/Sample Number: Batch 2 Sample 6 Depth (m): 0.50
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Borehole/Sample Number: Batch 2 Sample 6 Depth (m): 0.50

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.

25/11/11 25/11/11

23.60 
23.80 
24.00 
24.20 
24.40 
24.60 
24.80 
25.00 
25.20 

0.00  2.00  4.00  6.00  8.00  10.00  12.00  14.00  16.00  18.00  

A
ct

ua
l V

er
tic

al
 D

is
pl

ac
em

en
t -

 m
m

. 

Root Time - mins. 

CONSOLIDATION STAGE 1. 
 

20.00  

21.00  

22.00  

23.00  

24.00  

25.00  

26.00  

0.00  2.00  4.00  6.00  8.00  10.00  12.00  14.00  16.00  18.00  

A
ct

ua
l V

er
tic

al
 D

is
pl

ac
em

en
t -

 m
m

. 

Root Time - mins. 

CONSOLIDATION STAGE 3. 
 

21.50  
22.00  
22.50  
23.00  
23.50  
24.00  
24.50  
25.00  
25.50  

0.00  2.00  4.00  6.00  8.00  10.00  12.00  14.00  16.00  18.00  

A
ct

ua
l V

er
tic

al
 D

is
pl

ac
em

en
t -

 m
m

. 

Root Time - mins. 

CONSOLIDATION STAGE 2. 
 



Borehole/Sample Number: Batch 2 Sample 7 Depth (m): GL

Sample Type: Remoulded (2.5kg Rammer).
Particle Density - Mg/m3: 2.65 (Assumed)
Specimen Tested: Submerged

Sample Description:
Dark brown silty sandy WOOD CHIPPINGS
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 75 75 75
Bulk Density - Mg/m3: 1.40 1.41 1.42
Dry Density - Mg/m3: 0.80 0.81 0.81
Voids Ratio: 2.3090 2.2851 2.2779
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 24.39 23.31 22.22
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (mm) 10.70 10.58 9.41
Peak shear Stress - kPa: 45 80 156

PEAK
Angle of Shearing Resistance:(0) 36.0
Effective Cohesion - kPa: 10
RESIDUAL
Angle of Shearing Resistance:(0) 29.0
Effective Cohesion - kPa: 0
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Peak shear Stress - kPa: Best Fit Line Residual shear Stress  
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Borehole/Sample Number: Batch 2 Sample 7 Depth (m): GL
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Borehole/Sample Number: Batch 2 Sample 7 Depth (m): GL
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Borehole/Sample Number: Batch 2 Sample 8 Depth (m): 1.00

Sample Type: Remoulded (2.5kg Rammer).
Particle Density - Mg/m3: 2.65 (Assumed)
Specimen Tested: Submerged

Sample Description:
Dark brown silty sandy WOOD CHIPPINGS
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 61 61 61
Bulk Density - Mg/m3: 1.48 1.48 1.48
Dry Density - Mg/m3: 0.92 0.92 0.92
Voids Ratio: 1.8904 1.8837 1.8824
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 23.98 23.10 22.23
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (mm) 3.49 5.45 5.57
Peak shear Stress - kPa: 46 81 149

PEAK
Angle of Shearing Resistance:(0) 34.0
Effective Cohesion - kPa: 13
RESIDUAL
Angle of Shearing Resistance:(0) 29.0
Effective Cohesion - kPa: 10
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Peak shear Stress - kPa: Best Fit Line Residual shear Stress  
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Borehole/Sample Number: Batch 2 Sample 8 Depth (m): 1.00

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Waste Sample 4 Depth (m): 0.0-2.0

Sample Type: Remoulded (2.5kg Rammer) Material above 2mm removed.
Particle Density - Mg/m3: 2.65
Specimen Tested: Submerged

Sample Description:
Brown silty sandy (fine-coarse) clayey GRAVEL (fine-medium/subangular)
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 17 17 17
Bulk Density - Mg/m3: 2.04 2.04 2.03
Dry Density - Mg/m3: 1.75 1.74 1.74
Voids Ratio: 0.5182 0.5203 0.5249
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 24.73 24.12 23.52
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (%) 3.93 4.07 4.90
Peak shear Stress - kPa: 43 72 135

PEAK
Angle of Shearing Resistance:(0) 31.0
Effective Cohesion - kPa: 13
RESIDUAL
Angle of Shearing Resistance:(0) 25.0
Effective Cohesion - kPa: 4

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

BS1377:Part 7:4.5 :1990.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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FAILURE CONDITIONS 

Peak shear Stress - kPa: Best Fit Line Residual shear Stress  



Borehole/Sample Number: Waste Sample 4 Depth (m): 0.0-2.0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Waste Sample 4 Depth (m): 0.0-2.0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.

Coed Darcy

BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Waste Sample 4 Depth (m): 0.0-2.0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.
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Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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Borehole/Sample Number: Waste Sample 5 Depth (m): 0.0-2.0

Sample Type: Remoulded (2.5kg Rammer) Material above 2mm removed.
Particle Density - Mg/m3: 2.65
Specimen Tested: Submerged

Sample Description:
Brown silty sandy (fine-coarse) clayey GRAVEL (fine-medium/subangular)
STAGE 1 2 3
Initial Conditions
Height - mm: 25.00 25.00 25.00
Length - mm: 60.00 60.00 60.00
Moisture Content - %: 17 17 17
Bulk Density - Mg/m3: 2.02 2.02 2.02
Dry Density - Mg/m3: 1.73 1.73 1.73
Voids Ratio: 0.5293 0.5298 0.5283
Normal Pressure- kPa 50 100 200
Consolidation
Consolidated Height - mm: 24.47 24.30 24.13
Shear
Rate of Strain  (mm/min) 0.010 0.010 0.010
Strain at peak shear stress   (%) 9.47 9.39 8.79
Peak shear Stress - kPa: 41 72 135

PEAK
Angle of Shearing Resistance:(0) 31.5
Effective Cohesion - kPa: 12
RESIDUAL
Angle of Shearing Resistance:(0) 24.0
Effective Cohesion - kPa: 1

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

BS1377:Part 7:4.5 :1990.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
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FAILURE CONDITIONS 

Peak shear Stress - kPa: Best Fit Line Residual shear Stress  



Borehole/Sample Number: Waste Sample 5 Depth (m): 0.0-2.0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Waste Sample 5 Depth (m): 0.0-2.0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.

Coed Darcy

BS1377:Part 7:4.5 :1990.
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Borehole/Sample Number: Waste Sample 5 Depth (m): 0.0-2.0

Checked by Date Approved by Date

Contract No.:
14183

Client Ref Number:
12145434

Figure.
GEO/064 17-May-05 Issue No. 1.1 Bynea, Llanelli, SA14 9SU.

Coed Darcy

CONSOLIDATED DRAINED PEAK AND RESIDUAL SHEARBOX TEST.
BS1377:Part 7:4.5 :1990.
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Specimen Details
Borehole Batch 1
Sample No. Sample 1
Depth m 1.5m above ground
Date 02/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 116.40
Diameter mm 104.90
Area mm2 8642.53
Volume cm3 1005.99
Mass g 1039.40
Dry Mass g 704.60
Density Mg/m3 1.033
Dry Density Mg/m3 0.700
Moisture Content % 47.5
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 91.20
Density Mg/m3 1.34
Dry Density Mg/m3 0.70

Test Setup
Date started 24/11/2011
Date Finished 28/11/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P1
Cell Number C1

02/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Black, loose, high in plant material (20-30%), slightly gravelly, organic soil

Coed Darcy

 

Disturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Batch 1
Sample No. Sample 1
Depth m 1.5m above ground
Date 02/12/2011

Permeability
Cell Pressure kPa 300.00
Inlet Pressure kPa 270.00
Outlet Pressure kPa 250.00
Mean Rate of Flow ml/min 0.01204
Average Temperature 'C 22
Outlet Pressure kPa 250.00

B Value
Post test 
Final B value 0.94

Corrected
Vertical Permeability K  m/s 1.05 x 10-10

02/12/11
Checked and Approved By Date

Client Ref

Contract No

14183

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy
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Specimen Details
Borehole Batch 1
Sample No. Sample 2
Depth m  
Date 03/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 117.20
Diameter mm 104.50
Area mm2 8576.74
Volume cm3 1005.19
Mass g 1357.80
Dry Mass g 712.90
Density Mg/m3 1.351
Dry Density Mg/m3 0.709
Moisture Content % 90.5
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 91.64
Density Mg/m3 1.36
Dry Density Mg/m3 0.71

Test Setup
Date started 16/11/2011
Date Finished 02/12/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P2
Cell Number C2

03/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Black loose, high in plant material 30%, sub rounded, coarse gravel 5%, mainly organic soil

Coed Darcy

 

Disturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Batch 1
Sample No. Sample 2
Depth m  
Date 03/12/2011

Permeability
Cell Pressure kPa 300.00
Inlet Pressure kPa 270.00
Outlet Pressure kPa 250.00
Mean Rate of Flow ml/min 0.00045
Average Temperature 'C 22
Outlet Pressure kPa 250.00

B Value
Post test 
Final B value 0.92

Corrected
Vertical Permeability K  m/s 5.06 x 10-11

03/12/11
Checked and Approved By Date

Client Ref

Contract No

14183

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy
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Specimen Details
Borehole Batch 1 
Sample No. Sample 3
Depth m GL
Date 12/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 117.20
Diameter mm 100.40
Area mm2 7916.94
Volume cm3 927.87
Mass g 1037.30
Dry Mass g 717.70
Density Mg/m3 1.118
Dry Density Mg/m3 0.773
Moisture Content % 44.5
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 86.69
Density Mg/m3 1.44
Dry Density Mg/m3 0.77

Test Setup
Date started 01/12/2011
Date Finished 10/12/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P3
Cell Number C3

12/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Black , loose, 20-30% plant material, slightly gravelly, organic soil

Coed Darcy

 

Disturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Batch 1 
Sample No. Sample 3
Depth m GL
Date 12/12/2011

Permeability
Cell Pressure kPa 400.00
Inlet Pressure kPa 370.00
Outlet Pressure kPa 350.00
Mean Rate of Flow ml/min 0.02028
Average Temperature 'C 22
Outlet Pressure kPa 350.00

B Value
Post test 
Final B value 0.94

Corrected
Vertical Permeability K  m/s 1.39 x 10-10

12/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy

14183
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Specimen Details
Borehole Waste
Sample No. Sample 4
Depth m 0.00-2.00m above ground
Date 19/11/2011

Description of Specimen

Initial Specimen Conditions
Height mm 114.80
Diameter mm 104.90
Area mm2 8642.53
Volume cm3 992.16
Mass g 2161.50
Dry Mass g 1702.10
Density Mg/m3 2.179
Dry Density Mg/m3 1.716
Moisture Content % 27.0
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 15.12
Density Mg/m3 2.17
Dry Density Mg/m3 1.88

Test Setup
Date started 16/11/2011
Date Finished 12/12/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P3
Cell Number C3

19/11/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Angular cobbles and coarse gravel (20% approx) in a mottled brown silty CLAY

Coed Darcy

 

Disturbed
Disturbed / Undisturbed

14185



Specimen Details
Borehole Waste
Sample No. Sample 4
Depth m 0.00-2.00m above ground
Date 19/11/2011

Permeability
Cell Pressure kPa 350.00
Inlet Pressure kPa 320.00
Outlet Pressure kPa 300.00
Mean Rate of Flow ml/min 0.00319
Average Temperature 'C 22
Outlet Pressure kPa 300.00

B Value
Post test 
Final B value 0.92

Corrected
Vertical Permeability K  m/s 3.45 x 10-10

19/11/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy

14185
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Specimen Details
Borehole Waste
Sample No. Sample 5
Depth m 0.00-2.00m above ground
Date 02/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 115.00
Diameter mm 102.30
Area mm2 8219.42
Volume cm3 945.23
Mass g 2113.60
Dry Mass g 1474.00
Density Mg/m3 2.236
Dry Density Mg/m3 1.559
Moisture Content % 43.4
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 16.39
Density Mg/m3 2.30
Dry Density Mg/m3 1.97

Test Setup
Date started 22/11/2011
Date Finished 29/11/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P5
Cell Number C5

02/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Angular, coarse gravel (approx 20%), maily mottled brown, firm, silty CLAY

Coed Darcy

 

Disturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Waste
Sample No. Sample 5
Depth m 0.00-2.00m above ground
Date 02/12/2011

Permeability
Cell Pressure kPa 550.00
Inlet Pressure kPa 425.00
Outlet Pressure kPa 300.00
Mean Rate of Flow ml/min 0.05044
Average Temperature 'C 22
Outlet Pressure kPa 300.00

B Value
Post test 
Final B value 0.87

Corrected
Verticle Permiability Kv m/s 3.83 x 10-10

02/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy

14183
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Specimen Details
Borehole Batch 2
Sample No. Sample 6
Depth m 0.5m above ground
Date 07/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 115.80
Diameter mm 102.40
Area mm2 8235.50
Volume cm3 953.67
Mass g 1382.10
Dry Mass g 713.40
Density Mg/m3 1.449
Dry Density Mg/m3 0.748
Moisture Content % 93.7
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 90.51
Density Mg/m3 1.43
Dry Density Mg/m3 0.75

Test Setup
Date started 28/11/2011
Date Finished 05/12/2011
Top Drain Used y
Base Drain Used y
Pressure System Number PPerm6
Cell Number CPerm6

07/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Black, loose, approx 20% plant matter, slightly gravelly, organic soil.

Coed Darcy

 

Disturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Batch 2
Sample No. Sample 6
Depth m 0.5m above ground
Date 07/12/2011

Permeability
Cell Pressure kPa 450.00
Inlet Pressure kPa 420.00
Outlet Pressure kPa 400.00
Mean Rate of Flow ml/min 0.02153
Average Temperature 'C 22
Outlet Pressure kPa 400.00

B Value
Post test 
Final B value 0.92

Corrected
Vertical Permeability K  m/s 1.23 x 10-10

07/12/11
Checked and Approved By Date

Client Ref

Contract No

14183

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy
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Specimen Details
Borehole Batch 2
Sample No. Sample 7
Depth m GL
Date 01/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 116.60
Diameter mm 101.70
Area mm2 8123.29
Volume cm3 947.18
Mass g 1072.10
Dry Mass g 699.10
Density Mg/m3 1.132
Dry Density Mg/m3 0.738
Moisture Content % 53.4
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 92.06
Density Mg/m3 1.42
Dry Density Mg/m3 0.74

Test Setup
Date started 20/11/2011
Date Finished 29/11/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P5
Cell Number C5

01/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Black, loose, 20-30% plant material, organic soil

Coed Darcy

 

Undisturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Batch 2
Sample No. Sample 7
Depth m GL
Date 01/12/2011

Permeability
Cell Pressure kPa 450.00
Inlet Pressure kPa 420.00
Outlet Pressure kPa 400.00
Mean Rate of Flow ml/min 0.01176
Average Temperature 'C 22
Outlet Pressure kPa 400.00

B Value
Post test 
Final B value 0.96

Corrected
Vertical Permeability K  m/s 6.87 x 10-11

01/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy

14183
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Specimen Details
Borehole Batch 2
Sample No. Sample 8
Depth m 1.00m above ground
Date 09/12/2011

Description of Specimen

Initial Specimen Conditions
Height mm 114.20
Diameter mm 101.60
Area mm2 8107.32
Volume cm3 925.86
Mass g 1020.00
Dry Mass g 682.10
Density Mg/m3 1.102
Dry Density Mg/m3 0.737
Moisture Content % 49.5
Voids Ratio  
Specific Gravity kN/m3 2.65

(assumed/measured) assumed

Final Specimen Conditions
Moisture Content % 95.34
Density Mg/m3 1.44
Dry Density Mg/m3 0.74

Test Setup
Date started 24/11/2011
Date Finished 08/12/2011
Top Drain Used y
Base Drain Used y
Pressure System Number P7
Cell Number C7

09/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell
as per Accelerated test (Environment Agency Report P1-398/TR/2)

Black, loose, 20-30% plant material, slighlty gravelly, organic soil

Coed Darcy

 

Undisturbed
Disturbed / Undisturbed

14183



Specimen Details
Borehole Batch 2
Sample No. Sample 8
Depth m 1.00m above ground
Date 09/12/2011

Permeability
Cell Pressure kPa 400.00
Inlet Pressure kPa 370.00
Outlet Pressure kPa 350.00
Mean Rate of Flow ml/min 0.02698
Average Temperature 'C 22
Outlet Pressure kPa 350.00

B Value
Post test 
Final B value 0.96

Corrected
Vertical Permeability K  m/s 1.77 x 10-10

09/12/11
Checked and Approved By Date

Client Ref

Contract No

Permeability in a Triaxial Cell

 

as per Accelerated test (Environment Agency Report P1-398/TR/2)

Coed Darcy

14183
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Appendix C. Stability Risk Assessment 
Review 
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This appendix is divided into two parts.  The first part reviews the previous URS reports [Ref. 2 and 11] which 
are relevant to the stability risks of the capping and restoration proposal of the landfilled area of the Tip, the 
restoration landform design in Sections 5 to 7 of the URS Tip Closure and Completion Strategy report 
[Ref.2], and Sections 8 and 11 of the URS Ground Investigation Report [Ref. 11] in particular, 

The second part assesses the stability of the slopes of the proposed landform using Geostudio SLOPE/W 
modelling. 

C.1. Stability Risk Assessment (SRA) Review 
Appendix Table C1: Stability Risk Assessment (SRA) Review 
Sections in 
the URS 
reports 

Assumptions in the URS reports Assumptions for the capping and 
restoration proposal 

Comments 

[Ref.2] 
Section 6 

Lifecycle Phase 
The only life cycle phases considered 
are the waste only scenario prior to 
capping and the long-term post 
restoration scenario. 
 
All landform designs are permanent.  
No temporary slopes are anticipated.   
 

 
All assumptions remain the same. 

Assumptions 
remain applicable. 

[Ref.2] 
Section 6 

Conceptual Site Model (CSM) 
The CSM in the URS report 
considered the eastern and western 
areas as one area to be capped and 
restored. 
 
 
 
 
 
The cap is semi-permeable. 

 
The area of concern for the capping 
and restoration proposal is only the 
eastern tip area.  SMD intend to 
surrender the permit covering the 
western area, i.e. the “non-operational 
area” which has not been subject to 
permanent deposition of waste under 
the permit forthwith. 
 
The assumption that the cap is semi-
permeable remains the same for the 
eastern tip area. 

Change to URS 
model. 
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Sections in 
the URS 
reports 

Assumptions in the URS reports Assumptions for the capping and 
restoration proposal 

Comments 

[Ref.2] 
Sections 5.6 
and 6 

Risk Assessment 
There are only limited geotechnical 
data available on waste.  No 
geotechnical data for proposed 
capping materials was available 
 
Generic and qualitative stability 
assessment.  Stability risks were 
judged to be moderate within the Tip 
to low at the margin subject to further 
assessments. 
 
No building works were anticipated in 
the Tip area to be restored. 
 
 
 
 
 
Potential risks of settlement of peat.  

 
Sampling and geotechnical testing on 
the waste and the proposed materials 
for capping and restoration have been 
undertaken in November 2011 
(Appendix B). 
 
Geostudio SLOPE/W modelling has 
been undertaken based on the recent 
(November 2011) geotechnical test 
data to assess the stability risks 
against slope failure for a 1v:3h slope.   
 
There are still no proposals of building 
works on the eastern tip area to be 
restored.  It is assumed that a new 
stability risk assessment will be 
required if the restored area is to be 
re-developed for other land uses. 
 
Given that the Tip had not accepted 
waste since 1999 (Section 1.3 of 
Ref.2), the clayey silty gravel nature 
of the waste as demonstrated by the 
recent sampling and testing on the 
waste, and the only proposed loading 
on the waste is the weight of the 
capping and restoration soils, further 
significant consolidation of the waste, 
i.e. settlement, is not anticipated. 
 

 
Stability modelling 
required 
considering 
materials identified 
for capping.  The 
Geostudio 
SLOPE/W 
modelling results 
indicate the stability 
risks are acceptable 
for slopes of 
steepness less than 
or equal to 1v:3h. 

[Ref.2] 
Section 6.3 
 
 
 
[Ref.11] 
Section 8 
 
 
 
 
 
 
[Ref.2] 
Section 6.3 

Landform Design 
The original design slopes in some of 
the Tip areas are recommended to be 
worked to 1v:10h and 1v:12h. 
 
The URS ground investigation 
concludes the finished landform 
should not have slope in excess of 
angles of 24

o
 and 32

o
 for cohesive 

(MCHW Class 2) and granular 
(MCHW Class 1A) materials 
respectively.   
 
The restored profile was designed to 
create a surface that naturally falls 
towards the South Bay and the 
Crymlyn Bog Lagoon. 

 
The steepest slope of the proposed 
landform is 1v:3h (18˚). 
 
 
The proposed landform is justified by 
the recent geotechnical test data 
(Appendix B) and this SRA review 
including the Geostudio SLOPE/W 
modelling results in this Appendix. 
 
 
 
The restored profile was designed to 
create a surface that naturally falls 
towards the existing interceptor 
trenches and surface water drains 
around the Tip whilst minimising the 
need to disturb by excavation and 
backfilling tipped materials which 
could lead to changes in the 
contaminant migration regime.  It is 
also designed to maximise the land 
that can be released for other 
purposes. The profile is designed to 
ensure that settlement of underlying 
compressible materials will be 
accommodated and positive run-off 
gradients maintained. 
 

 
The landform 
proposed in this 
CQA Plan is 
justified and 
supersedes the 
landform design in 
the URS report. 
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Sections in 
the URS 
reports 

Assumptions in the URS reports Assumptions for the capping and 
restoration proposal 

Comments 

[Ref.2] 
Sections  
6.5.1 and 
6.7.1 

Selection of Capping and 
Restoration Materials 
The proposed material is Class 4 
material, “Various, Fill to Landscape 
areas”, of the Manual of Contract 
Documents for Highway Works 
(MCHW), Specification for Highway 
Works.  However, the grading of 
Class 4 material is not specified in the 
MCHW and Class 4 material does not 
exclude peat and soft clay. 
 

 
 
The proposed materials include site 
won clayey silty soil with organic 
fragments and other materials yet to 
be selected within the Coed Darcy, or 
imported materials subject to the 
same selection criteria in Appendix D. 
 
The particle size distribution results 
meet the grading requirement for 
Class 6F1 material, “selected granular 
material (fine grading) for capping”, of 
the MCHW.  The 6F1 grading for the 
combined silt and clay content 
(particle sizes equal to or less than 63 
microns) is less than 15% by mass. 
 
Any materials which do not appear as 
general fills or soil, e.g. peat, sludge 
and litters, are excluded (Appendix 
D). 
 

 
 
The geotechnical 
selection criteria 
proposed in this 
CQA Plan provide 
closer control of the 
quality of the 
materials to be used 
for capping and 
restoration.  They 
supersede the 
criteria in the URS 
report. 

 
[Ref.11] 
Section 11 
 
 
 
 
 
 
 
 
 
[Ref.2] 
Section 7.1 
 

Monitoring of settlement 
Visual inspection and topographical 
survey were recommended. 
 
 
 
 
 
 

 
Peat, which has the potential for large 
consolidation, is excluded from the 
proposed materials used for capping 
and restoration (see Appendix D). 
The peat under the existing waste 
which has been in place for more than 
13 years should have ceased to settle 
substantially and is expected to not 
settle sufficiently under future 
increases in loading to adversely 
affect the restored profile. 
 
Given that the Tip had not accepted 
waste since 1999 (Section 1.3 of 
Ref.2), the clayey silty gravel nature 
of the waste as demonstrated by the 
recent sampling and testing on the 
waste, and the only proposed loading 
on the waste is the weight of the 
reprofiling, capping and restoration 
soils, further significant consolidation 
of the waste, i.e. settlement, is not 
anticipated. It is recognised that there 
may be some further relatively minor 
settlement in the underlying peat and 
soft clays.  A substantial part of this is 
likely to occur during the works and 
the proposed profile is estimated to 
be able to accommodate settlements. 
Without losing positive drainage 
gradients 
 

 
Monitoring 
specifically for 
stability following 
completion of the 
restoration and 
planting is not 
considered 
necessary. 
 
The as-built 
topographical 
survey information 
of the restored area 
will be included in 
the CQA Report. 
 
Settlement of non-
waste areas has 
been assessed via 
topographic survey 
(see Appendix E). 
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C.2. Numerical Analysis 
This section presents the parts of the SRA requirements in the Environment Agency R&D Technical Report 
P1-385/TR2 [SRA-Ref. 3] which are relevant to the capping and restoration of the landfilled area of the Tip. 

Risk Screening 

Only the risks relevant to the CQA proposal are the following: 

• Stability risks against slope failure for waste mass. 
• Stability risks against slope failure for waste mass and capping & restoration soil. 
• Stability risks against sliding at the interface between the waste and the capping & restoration soil. 

The steepest slope of the proposed landform, i.e. the waste profile, the cap and the restoration layer, is 
1v:3h at the edges around the landfilled area as shown on Drawings 5041216-RAP-DWG-0001083 to 1085.  
The maximum height of the edge slopes is approximately 5 m.  The worst scenario geometry for slope 
stability analysis is a slope of 1v:3h and up to 8 m in height, which is considered to be sufficiently 
conservative. 

The maximum thickness of the capping & restoration system is taken as 1m according to the design. 

Lifecycle Phase 

The two life cycle phases are: 

• Prior to the construction of the cap – including the present state and re-profiling of the waste. 

• Post restoration – after the capping and the restoration layer are constructed. 

All landform designs are permanent.  No temporary slopes are anticipated. 

Justification of Geotechnical Parameters Selected for Analyses 

The geotechnical parameters selected for analyses are based on the recent geotechnical test data 

(Appendix B) to assess the stability risks against slope failure for the worst scenario.  A data summary is 

included in Appendix Table B2. 

Factor of Safety 

The stability analyses have been undertaken taking into account the guidance in Environment Agency R&D 

Report P1 – 385/TR2 (Ref SRA 3 below) and in Environment Agency Landfill Engineering guidance LFE04.  

The acceptable Factor of Safety (FoS) for the waste mass and for the capping & restoration system is taken 

as 1.3 or above for both SLOPE/W modelling and veneer calculations in which peak effective shear strength 

parameters are applied.  The residual effective shear strength parameters have been determined  but would 

only be applicable to analysis of material that had previously been subject to failure or gross deformation  

hence are not applicable to the failure scenarios considered in this CQA proposal. 

 

C.2.1. SLOPE/W Modelling 
Justification for Modelling Approach and Software 

The risks against slope failure are to be analysed by SLOPE/W modelling.  The assessment of slope stability 

has been undertaken using the SLOPE/W 2004 software using the “Bishop, Ordinary and Janbu” method of 

analysis.  SLOPE/W 2004 is an ’industry standard’ software of the GeoStudio 2004 series for undertaking 

two-dimensional modelling and analysis of the stability of earth slopes.  The software allows modelling of 

perched water tables and specification of pore water conditions by Ru factor where necessary.  The creation 

of comprehensive ground models is used with the ability to specify points on slip surfaces to analyse both 
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the deep seated and shallow potential slip surfaces.  Circular potential failure surfaces are analysed to 

determine the lowest Factor of Safety (FoS) to be identified. 

Water table 

The configuration of the landfilled area is substantially higher than the surrounding natural ground, ash 

bunds, the South Bay and the Cymlyn Bog Lagoon.  The groundwater table is assumed to be below the level 

of the slopes of the proposed landform for restoration. 

A pore water pressure coefficient, Ru = 0.1, is assigned to the SLOPE/W analysis to account for the 

possibility of infiltrated water and leachate accumulated within the waste, and the capping and restoration 

soils. 

Assessment Results 

Based on the peak effective shear stress parameters (i.e. c’ and Φ’), the modelling results indicate the 

stability risks against slope failure for a 1v:3h slope of up to 8m in height are acceptable in terms of the factor 

of safety (FoS) of the slope are found to be greater than 1.3 (Appendix C1) for the waste prior to the capping 

and following the construction of the capping & restoration system.  The stability of the waste mass and the 

capping & restoration system against slope failure is satisfactory. 

C.2.2. Veneer Calculations 
Justification for Approach 

The risks against sliding at the interface are to be analysed by veneer calculations.  The analytical 

techniques used to assess the stability of the capping system are hand calculations assisted by spreadsheet 

in accordance with SRA-Ref. 1 and SRA-Ref. 2. 

Water table 

The Parallel Submergence Ratio (PSR) is defined in SRA-Ref. 1, Fig. 11.  The PSR value is assigned as 0 to 

0.5 in the spreadsheet for veneer calculations to assess the risks of sliding and to test the sensitivity of the 

FoS against the variation of PSR.  The range of PSR values account for the various degrees of saturation of 

the infiltrated water and leachate within the capping & restoration soils. 

Assessment Results 

Based on the peak effective shear stress parameters (i.e. c’ and Φ’), the veneer calculations indicate the 

stability risks against sliding at the capping & restoration/waste interface for a 1v:3h slope of up to 8m in 

height and PSR between 0 and 0.5 are acceptable in terms of the factor of safety (FoS) of the slope are 

found to be greater than 1.3 (Appendix C2).  The stability of the capping & restoration system against sliding 

is satisfactory. 

References for SRA 
SRA-Ref. 1. Koerner, R.M and Soong, T.Y. (2005) Analysis and Design of Veneer Cover Soils 

Geosynthetics International, Vol. 12, No. 1, pp 28-49. 

SRA-Ref. 2. Jones, D.R.V and Dixon, N. (1998) The Stability of Geosynthetic Landfill Lining Sysytems, 
Proceedings Geotechnical Engineering of Landfills, Thomas Telford, pp 99-117. 

SRA-Ref. 3. Environment Agency, 2010, Environmental Permitting Application for a Landfill Permit, Stability 
Risk Assessment, Version 1, Ref. R&D Technical Report P1-385/TR2. 



Figure SRA01: SLOPE/W Result – waste (Ru = 0.1) 

Job No.: 5041216 
Job Title: Coed Darcy Urban Village 
                 Capping of Crymlyn Tip 

1v 

3h 

Slip wedge 

Natural ground Ash bund haul road 

Waste 
Ru = 0.1 in waste 



Figure SRA02: SLOPE/W Result – restoration (Ru = 0.1) 

Job No.: 5041216 
Job Title: Coed Darcy Urban Village 
                 Capping of Crymlyn Tip 

1v 

3h 

Slip wedge 

Natural ground Ash bund haul road 

Waste 

Capping soil 

Restoration soil 

Ru = 0.1 in waste, capping soil 
and restoration soil  



AUDIT SHEET

Created by MC 22/02/2012 Stability calculations for cap of landfill cells. 1no. calculation sheet created for peak 

effective shear stress parameters.

Amended by MC 24/02/2012 Extra 1no. calculation sheet created for residual effective shear stress parameters 

but this is NOT to be used or issued since residual parameters are not applicable to 

the proposal in which failure is not anticipated.

Checked and 

Reviewed by

MIC 20/03/2012 Checked and Reviewed the 1no. calculation sheet created for peak effective shear 

stress parameters.

Reference:

[SRA Ref. 1] Koerner, R.M and Soong, T.Y. (2005) Analysis and Design of Veneer Cover Soils, Geosynthetics International, Vol. 12, No. 1, pp 28-49.

[SRA Ref. 2] Jones, D.R.V and Dixon, N. (1998) The Stability of Geosynthetic Landfill Lining Sysytems, Proceedings Geotechnical Engineering of Landfills, Thomas Telford, pp 99-117.



Figure 6(a) - plant moves uphill

Figure 6(b) - plant moves downhill

Figure 6 of Koerner, R.M and Soong, T.Y. (2005) Analysis and Design of Veneer Cover Soils, Geosynthetics International, Vol. 

12, No. 1, pp 28-49.



Figure 11 of Koerner, R.M and Soong, T.Y. (2005) Analysis and Design of Veneer Cover Soils, Geosynthetics International, Vol. 

12, No. 1, pp 28-49.

Definition of Parallel Submergence Ratio (PSR).



Figure 13 of Koerner, R.M and Soong, T.Y. (2005) Analysis and Design of Veneer Cover Soils, Geosynthetics International, Vol. 

12, No. 1, pp 28-49.



Coed Darcy Urban Village - Capping of Crymlyn Tip

Stability Risk Assessment

Stability of capping against sliding - PSR - Peak shear stress parameters

References:

[SRA Ref. 1] Koerner, R.M and Soong, T.Y. (2005) Analysis and Design of Veneer Cover Soils, Geosynthetics International, Vol. 12, No. 1, pp 28-49.

[SRA Ref. 2] Jones, D.R.V and Dixon, N. (1998) The Stability of Geosynthetic Landfill Lining Sysytems, Proceedings Geotechnical Engineering of Landfills, Thomas Telford, pp 99-117.

Assumptions:

Finite slope analysis. Refer to Fig 13 of [SRA Ref. 1]

Incorporating cohesion of capping & restoration soil and cohesions between interface of capping & restoration soil/waste.

Various Parallel Submergence Ratio (PSR) for capping & restoration soil.

Assuming the laboratory test effective peak shear stress parameters are conservative and applicable to the CQA proposal in which stability failure is not anticipated..

Mode of failure - sliding.

conservative lab test results waste cohesion kPa 12.0

conservative lab test results waste friction angle deg 31

assumption interface (capping & restoration soil/waste) 

cohesion

α kPa 12.0 12.0 12.0 12.0 12.0 12.0

assumption δ deg 31 31 31 31 31 31interface (capping & restoration soil/waste) 

friction angle δ rad 0.541 0.541 0.541 0.541 0.541 0.541

Conservative lab test results capping & restoration soil cohesion αsoil kPa 10 10 10 10 10 10

Conservative lab test results Φ deg 34 34 34 34 34 34

Φ rad 0.593 0.593 0.593 0.593 0.593 0.593

1:3 slope 1:3 slope 1:3 slope 1:3 slope 1:3 slope 1:3 slope

β deg 18.43 18.43 18.43 18.43 18.43 18.43

β rad 0.322 0.322 0.322 0.322 0.322 0.322

Lab test results dry unit weight of the restoration soil γdry kN/m
3 7 7 7 7 7 7

assumption based on lab test 

bulk density results

saturated unit wt of the restoration soil γsat kN/m
3 12 12 12 12 12 12

typical value unit weight of water γw kN/m
3 10 10 10 10 10 10

assumed largest height of 

slopes up to 8m

height of the slope H m 8 8 8 8 8 8

calcualted length of the slope L = H / sinβ m 25.30 25.30 25.30 25.30 25.30 25.30

assumption variable - Parallel Submergence Ratio as 

defined in Fig. 11 of Ref. 1.

PSR 0 0.1 0.2 0.3 0.4 0.5

design value 1m thickness of capping & restoration soil h m 1 1 1 1 1 1

calcualted thickness of saturated capping & 

restoration soil

hw = PSR*h m 0 0.1 0.2 0.3 0.4 0.5

friction angle

capping & restoration soil friction angle

steepest slope 1v:3h - design 

value

slope angle



Coed Darcy Urban Village - Capping of Crymlyn Tip

Stability Risk Assessment

Stability of capping against sliding - PSR - Peak shear stress parameters

calculated adhesive force along failure plane of active 

wedge

Ca = α L kN 303.66 303.66 303.66 303.66 303.66 303.66

Eq. 10 of [Ref. 1] cohesive force along failure plane of 

passive wedge

Csoil = αsoil h / sinβ kN 31.63 31.63 31.63 31.63 31.63 31.63

Eq. 32 of [Ref. 1] total weight of the active wedge WA = {γdry (h - hw) [2H cosβ - (h+hw)] + γsat hw (2H 

cosβ - hw)} / sin2β

kN 165.46 178.03 190.44 202.67 214.74 226.64

Eq. 35 of [Ref. 1] total weight of the passive wedge Wp = [γdry (h
2
 - hw

2
) + γsat hw

2
] / sin2β kN 11.67 11.75 12.00 12.42 13.00 13.75

Eq. 33 of [Ref. 1] resultant of the pore pressures acting 

perpendicular to the slope

Un = [γw hw cosβ (2Hcosβ - hw)] / sin2β kN 0.00 23.85 47.38 70.60 93.50 116.08

Eq. 34 of [Ref. 1] resultant of the pore pressures acting on 

the interwedge surfaces
Uh = (γw hw

2
) / 2 kN 0.00 0.05 0.20 0.45 0.80 1.25

Eq. 26 of [Ref. 1] resultant of the vertical pore pressures 

acting on the passive wedge

NA = WA cosβ + Uh sinβ - Un kN 156.98 145.07 133.35 121.82 110.48 99.33

Eq. 29 of [Ref. 1] effective force normal to the failure plane of 

the active wedge

Uv = Uh / tanβ kN 0.00 0.15 0.60 1.35 2.40 3.75

Eq. 31 of [Ref. 1] a = WA sinβ cosβ - Uh cos
2
β + Uh

kN 49.63 53.40 57.14 60.83 64.49 68.10

b = -(WA sin
2
β tanΦ) + (Uh sinβ cosβ tanΦ) - ((NA 

tanδ + Ca) cosβ) - (Wp - Uv) tanΦ - Csoil

kN -428.22 -422.23 -416.22 -410.20 -404.16 -398.11

c = (NA tanδ + Ca) sinβ tanΦ kN 84.87 83.34 81.84 80.36 78.91 77.48

Eq. 15 of [Ref. 1] Factor of Safety FoS = [-b + √(b
2
 - 4ac)] / (2a) 8.43 7.70 7.08 6.54 6.07 5.64

replace (NA tanδ) with (NA tanδ + Ca) and replace (Wp tanΦ) with (Wp 

tanΦ + Csoil) in Eq. 31 of [Ref. 1] - also refer to Eq. 12 and Eq. 13 of [Ref. 

2]
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Appendix D. Specification for Materials 
and Installation of the 
Capping and Restoration 
Layers 
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D.1. Introduction 

D.1.1. Scope of works 
The following works shall be undertaken by the Contractor: 

• Selection and processing of materials; 

• Site clearance including the removal of redundant boreholes prior to waster surface re-profiling; 

• Re-profiling the surface of the waste; 

• Installation of a cap on top of the waste; 

• Installation of a restoration layer on top of the cap; and 

• Surveys and laboratory analysis for conformity. 

 

The works are subject to construction quality assurance (CQA) procedures as required by Cyfoeth Naturiol 

Cymru/Natural Resources Wales (CNC/NRW), i.e. formerly required by the Environment Agency Wales 

(EAW). 

D.1.2. Definitions 
The following parties are referred to in this specification.  The Contractor shall liaise with these parties as 
required by the Employer prior to commencement, during and at completion of the works. 

• Employer: St. Modwen Developments Limited (SMD). 
• Employer’s Project Manager: Prosurv Consult Limited. 
• Engineer: Atkins Limited.  The Engineer is also referred to as the quality assurance consultant (QAC) in 

the context of the CQA procedures. 
• CDM-Coordinator: RFS Consultancy Limited. 
• Contractor: Hawk Group.  The Contractor shall take on the role and responsibilities of the Principal 

Contractor under the CDM Regulations 2007. 
 

D.1.3. Site 

D.1.3.1. Site location and access 

The Site is situated within the Coed Darcy, off the M4 Motorway, Junction 43.  A Security Lodge with security 
gates are present at main entrance to the development, Boiler House Road, which controls access to the 
Coed Darcy.  Access to the Site is through the existing haul roads from the entrance to the Coed Darcy to 
the north and west edges of the Site as shown on Drawing 5041216-RAP-DWG-0001081.  Haul roads are 
also present at the south edge of Site.  The Contractor is responsible for confirming the existing routes are 
sufficient for the access of his machinery/equipment/plants required for the works.  All accesses must be 
shared with the Employer and other parties who require access to the Site and the remainder of the Coed 
Darcy. 

D.1.3.2. Site boundary 

The “Site” refers to the landfilled area of the Crymlyn Tip as shown on Drawing 5041216-RAP-DWG-
0001082.  The Site is part of the permitted area of the Crymlyn Tip and is within the Coed Darcy. 

D.1.3.3. Stockpiles of materials 

The proposed materials to be used for the works are currently stockpiled within the Coed Darcy at two areas, 
Batches 01 and 02, as shown on Drawing 5041216-RAP-DWG-0001081.  The recent geotechnical testing 
results of the samples from these stockpiles are included in Appendix B.  

D.1.3.4. Geology and hydrogeology 

The geological profile underneath the Tip is generally a shallow aquifer unit comprising made ground, peat 
and silty clay overlying a deeper aquifer unit which comprises sand and gravel, occasional alluvial clay and 
Carboniferous sandstone bedrock.  The haul roads surrounding the Tip are essentially ashy bunds above the 
natural geological profile. 
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D.1.3.5. Site layout and constraints 

The existing waste levels on Site connect smoothly to the levels of the haul roads at the southern and 
western edges as shown on the topographical survey Drawing 5041216-RAP-DWG-000932.  The middle 
part of the Site is generally flat but very steep slopes (steeper than 1v:2h) are present at the northern edge of 
the Site.  The steep slopes shall be re-profiled to reduce their gradients to reach the design levels on 
Drawing 5041216-RAP-DWG-0001083. 

Immediately to the north of the Site, as defined by the haul roads, is open space and the Crymlyn Bog, which 
is designated as a SSSI, SAC and Ramsar site, is located further to the north.  The west of the Site, as 
defined by the haul roads and fencing, is the “non-operational area” of open space which has not been 
subject to permanent deposition of waste under the permit and further to the west is the Crymlyn Bog 
Lagoon.  To the south of the Site, as defined by the haul roads, is the South Bay.  The eastern side of the 
Site is hilly and vegetated open space where active recovery of hydrocarbon free product is being 
undertaken.  There are existing interceptor trenches, which function as a gas/leachate extraction and 
monitoring system, and surface water drains around the Tip.  The Contractor’s works must not prevent the 
operations of the existing remedial facilities and drains. 

D.1.3.6. Types of wastes 

Available records show that the Site was a landfill and the types of wastes received by the Site include 
refinery wastes, demolition waste, refractory waste, asbestos, pyrophoric waste, vanadium waste and 
sludge, peat, soil and septic waste [Ref. 2 and 11].  The Site is currently uncapped with the exceptions that a 
number (the exact number is unknown) of small capped areas of vanadium pit and asbestos graves are 
present on Site.  The URS ground investigation report [Ref. 11] has estimated the approximate footprints of 
the different types of waste within the Tip as shown on the URS Drawing (Ref. 44382624, Figure 2).  The 
recent geotechnical testing results of the samples from the waste are included in Appendix B.  There are a 
number (the exact number is unknown) of redundant gas/groundwater monitoring boreholes on Site 
which are to be removed, or protected, as part of the scope of this Specification. 

 

D.1.4. Existing Information 
The following reports are related to the contamination data and remedial strategy.  The reports are available 
to the Contractor upon request to the Employer.  These reports are provided for information only and the 
Contractor is responsible for satisfying himself with the information in the reports or proposing his own 
investigations/assessments/surveys and associated costs in his tender. 

Appendix Table D1 
 Reference Title 

Ref. 2 URS, 2006, BP Llandarcy Remedial Action Plan, Tip Closure and Completion Strategy, Ref. 44382528, Issue 
No. 1c. 

Ref. 9 Celtic, 2010, Coed Darcy Urban Village Former BP Llandarcy Oil Refinery Neath/Port Talbot, Containment 
Area – Crymlyn Bog Lagoon Remediation Strategy, Ref. R1352/10/3907, Second Issue. 

Ref. 10 Celtic, 2009, Containment Area, Coed Darcy, Llandarcy, Free Product Recovery - Remedial Strategy, Ref. 
R1296/09/3619. 

Ref. 11 URS, 2008, Llandarcy Tip Restoration, Ground Investigation Report, Ref. 44382540/BDRP0011, Issue No. 1. 
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D.1.5. Design Drawings 
The following Appendix Table D2 summarizes the design drawings: 

Appendix Table D2 
 Drawing Ref. Drawing Title 

EAW  Environment Agency Wales’s Plan 
URS 44382624-Figure 2 Topographical Survey 
Atkins 5041216-RAP-DWG-000932 Topographical Survey 
Atkins 5041216-RAP-DWG-0001081 Site Location and Access 
Atkins 5041216-RAP-DWG-0001082 Site Boundary and Constraints 
Atkins 5041216-RAP-DWG-0001083 Proposed Top of Waste Levels 
Atkins 5041216-RAP-DWG-0001084 Proposed Top of Cap Levels 
Atkins 5041216-RAP-DWG-0001085 Proposed Top of Restoration Levels 
Atkins 5041216-RAP-DWG-0001086 CQA Testing Location Reference 
Atkins 5041216-RAP-DWG-0001087 Cross Sections of Proposed Landform 

 

D.2. General Requirements 
The following are the general requirements apply to all works unless otherwise specified: 

• The hours of work on Site and within the Coed Darcy will be between 08.00 and 18.00, Monday to 
Friday, unless otherwise agreed in writing with the Employer. 

• The Contractor shall submit a programme to the Employer and the quality assurance consultant 
(QAC) for approvals in advance to enable the QAC to deploy quality assurance monitors (QAM) to 
carry out site monitoring. 

• The Contractor shall submit Risk Assessment, Method Statement and Health and Safety Plan to the 
QAC prior to mobilisation to the Site.  The Method Statement must cover the measures of protection 
of the existing interceptor and surface water drains around the Tip. 

• All quantities of materials stated on the design drawings are provided for information only.  The 
Contractor shall confirm his own estimates of the required amounts of cut and fill of materials to 
achieve the design levels to the QAC in advance. 

• Should the Contractor requires any areas outside the Site boundary for his works, including selection 
and temporary stockpiling of materials, he shall obtain the Employer’s permission in advance. 

• Prior to the transfer of materials, including the transfer of capping and restoration materials from the 
stockpiles to the Site, the materials must be slightly damped by clean water to minimise the 
generation of dust. 

• Any debris and mud left on any accesses within the Coed Darcy as a result of the Contractor’s works 
must be immediately cleared by the Contractor. 

• The Contractor shall dispose all the wastes resulted from the works, including the waste resulting 
from Site clearance and unsuitable materials resulted from selection and processing, off the Coed 
Darcy to permitted facilities. 

• The Contractor’s works must not preclude the operations of the existing remedial facilities and 
surface water drains on the Coed Darcy. 

• Any amendments to or deviation from this specification must be notified to the QAC for approvals 

prior to the works of the amended parts commencing. 

• All the construction notes and as-built drawings shall be provided to the QAC within 3 days of the 
completion of the relevant part of the works.  The information provided by the Contractor and his sub-
contractors must represents a true record of the works. 

• All the conformance testing must be UKAS accredited and shall be undertaken in a quality assurance 
laboratory (QAL).  Any QAL employed by the Contractor and his sub-contractors shall be pre-
approved by the QAC in advance. 

• All topographical surveys shall be carried out on a maximum grid interval of 10 m x 10 m and at 
changes of slope.  The survey data in dwg or dxf formats shall be submitted to the QAC within 3 days 
of the survey.  The tolerance of the surveys must be reported to QAC. 

• All slopes of the re-profiled waste, capping and restoration layers, either temporary or permanent, 
shall not be steeper than 1v:3h for stability and safety reasons. 

• All slopes of the re-profiled waste, capping and restoration layers, either temporary or permanent, 
which are steeper than 1v:6h must not be trafficked by machinery and vehicles for stability and safety 
reasons. 
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D.3. Selection and Processing of Materials 
The materials to be used for re-profiling the waste, capping and restoration shall be site won validated 
materials which are stockpiled within the Coed Darcy.  Materials shall be imported for the works only if 
there is a deficiency of site won materials when work is about to start.  Any imported materials used for 
the works shall be subject to the same selection criteria, i.e. the specification in Appendix D, as those for the 
site won materials. 

The Contractor shall select and process materials to meet the requirements in this specification.  Any 
materials which possess one or more of the following properties must not be used for the works: 

• Any materials that have not been approved by CNC/NRW or previously approved by EAW for the 
purposes of capping and restoration of the Crymlyn Tip; 

• Any materials containing any substances that would cause them to be classified as hazardous waste 
[Ref. 4 and 5]; 

• Any materials containing any dangerous substances or any contaminants at concentrations that would 
cause them to be classified as hazardous waste [Ref. 4 and 5]; and 

• Any materials containing peat, litter or otherwise not meeting the material specification 
 

D.3.1. Requirements for Contaminant Concentrations 
The materials to be used for re-profiling the waste (i.e. infill to base of capping), and as capping and 
restoration shall not posses any concentrations of any contaminants which are above the maximum 
acceptable concentrations listed in Appendix Table D3.  The contaminant concentrations in materials shall 
be determined from samples taken for analysis at a minimum rate of 1 sample per 5,000m

3
.  All the analysis 

must be UKAS accredited and shall be undertaken in a QAL for all the determinds listed in Appendix Table 
D3.  The minimum detection limit of a contaminant must be equal to or less than the acceptable 
concentration specified. 

Appendix Table D3 
Contaminant Acceptance concentration 

Infill to base of capping
(1)

 
Soil (mg/kg) 

Acceptance concentration 
Capping and restoration material

(2)
 

Soil (mg/kg) 
Arsenic N/A 64* 
Cadmium N/A 2.6* 
Copper N/A 200* 

Lead N/A 1* 

Mercury N/A 75* 

Nickel N/A 3* 

Selenium N/A 337* 

Vanadium N/A 640* 

Zinc N/A 478* 

Asbestos 200 200* 
1,2-Dichloroethane 0.29 0.29* 
Benzene 31 13* 
Toluene 1,128 1,128* 

Ethylbenzene 8,500 4,740* 

Xylene (total) 3,067 3,067* 

Total TPH 8,500 8,500* 

Acceptance concentrations above are previously agreed with Environment Agency Wales (EAW).  See Appendix D. 
(1) Protective of groundwater 
(2) Protective of human health and groundwater 
*      Previously agreed with Neath Port Talbot Borough Council Environmental Heath. 

 

The materials to be used for re-profiling the waste (i.e. infill to base of capping), and as capping and 
restoration  shall not produce any leachate concentrations of any contaminants under leachability testing 
which are above the maximum acceptable concentrations listed in Appendix Table D4.  The leachability of 
the materials shall be determined from samples taken for analysis in accordance with BS EN 12457-4 (at L/S 
10 l/kg) at a minimum rate of 1 sample per 5,000m

3
.  All the analysis must be UKAS accredited and shall be 
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undertaken in a QAL for all the determinands listed in Appendix Table D4.  The minimum detection limit of a 
contaminant must be equal to or less than the acceptable concentration specified. 

Appendix Table D4  
Contaminant Acceptance concentration 

Infill to base of capping
(1)

 
Leachate (ug/l) 

Acceptance concentration 
Capping and restoration material

(2)
 

Leachate (ug/l) 
Arsenic 50 50 
Cadmium 5 5 
Copper 6 6 

Lead 125 125 

Mercury 1 1 

Nickel 100 100 

Selenium 10 10 

Vanadium 20 20 

Zinc 175 175 

Asbestos N/A N/A 
1,2-Dichloroethane N/A N/A 
Benzene N/A N/A 
Toluene N/A N/A 
Ethylbenzene N/A N/A 

Xylene (total) N/A N/A 

Total TPH N/A N/A 
Acceptance concentrations above are previously agreed with Environment Agency Wales (EAW).  See Appendix E. 

(1) Protective of groundwater 
(2) Protective of human health and groundwater 

 

D.3.2. Requirements for grading – materials for capping 
The materials to be placed above the existing waste to form the cap shall be site won suitable materials 
stockpiled within the Coed Darcy or imported materials.  The materials shall be processed and tested prior to 
installation so that their grading meets the following requirement: 

• The particle size distribution (PSD) specification of the Class 6F1, “selected granular material (fine 
grading) for capping”, of the Manual of Contract Documents for Highway Works (MCHW), Specification 
for Highway Works 
 
The grading requirement is summarized in Appendix Table D5: 

Appendix Table D5 
Particle size Percentage by mass passing the size 

75 mm 100% 
37.5 mm 75% to 100% 
10 mm 40% to 95% 
5 mm 30% to 85% 

0.600 mm 10% to 50% 
0.063 mm <15%  

 

The particle size distribution (PSD) of the materials shall be determined from samples taken for analysis in 
accordance with BS 1377-2, at a minimum rate of 1 sample per 2,500m

3
.  All the analysis must be UKAS 

accredited and shall be undertaken in a QAL.  The materials for re-profiling waste to reach the design waste 
levels are not subject to these grading requirements. 

D.3.3. Requirements for grading – materials for restoration 
The materials to be placed above the cap to form the restoration layer shall be site won materials which were 
remediated and stockpiled within the Coed Darcy or imported materials.  The materials shall be processed 
and tested prior to installation so that their grading meets the following requirements: 
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• The particle size distribution (PSD) specification of the Class 6F1 of the Manual of Contract Documents 
for Highway Works (MCHW); 

• The uniformity coefficient (Uc = D60%/D10%) must be equal to or greater than 15 to ensure the materials 
are well graded with a large range of particle sizes.  The uniformity coefficient (Uc) is defined by the ratio 
of the diameter of the grain size that allows 60% (D60%) by mass of the material passing through the 
sieve, to the diameter of the grain size that allows 10% (D10%) by mass of the material passing through 
the sieve. 

The particle size distribution (PSD), including the uniformity coefficient (Uc), of the materials shall be 
determined from samples taken for analysis in accordance with BS 1377-2, at a minimum rate of 1 sample 
per 2,500m

3
.  All the analysis must be UKAS accredited and shall be undertaken in a QAL. 

D.4. Installation Requirements 

D.4.1. Site clearance 
The following are the clearance requirements within the site, i.e. landfilled area of the Tip, prior to waste 
surface re-profiling: 

• The Contractor shall submit a list and a location plan of redundant gas/groundwater monitoring 
boreholes on site to be removed and or protected, showing their locations on a drawing, to the QAC for 
approval prior to removal. 

• Decommissioning, removal and disposal off of all agreed redundant boreholes.  The voids resulted from 
the removal of boreholes shall be backfilled with bentonite.  The boreholes including their installations 
shall be decommissioned to a minimum depth of 2m below the existing ground level and the entire void 
depth from the bottom of the borehole to the existing ground level shall be backfilled with bentonite. 

• Removal and disposal off all the redundant borehole casing and installation, debris, vegetation and 
roots, re-bars, sharp objects and standing water off the Coed Darcy to permitted facilities. 
 

D.4.2. Re-profiling of the waste surface 
The following are the waste re-profiling requirements prior to the installation works: 

• Re-profiling of the existing waste or placing extra materials to reach the design top of waste levels shown 
on Drawing 5041216-RAP-DWG-0001083 taking care to no disturb any areas of asbestos or other 
sensitive wastes. 

• Where there is a deficiency of waste to reach the design top of waste levels, additional materials shall be 
brought from the areas of stockpiles to the Site to make up the levels.  The additional materials for re-
profiling must satisfy the conformance requirements for capping materials (excluding the chemical 
criteria). 

• Compaction is only required on the surface of the additional materials and over-compaction shall be 
avoided.  The compaction shall use the plant in accordance with the MCHW, Specification for Highway 
Works, Table 6/4 appropriate for Table 6/1, Class 6F1 material but only half of the number of passes by 
the plant as stated in the MCHW standard method for a layer of 250mm thickness shall be applied.   

• All discontinuities and voids are to be filled and made safe for the capping and restoration works, and 
access for machinery/equipment/plants as appropriate. 

• The surface of the waste shall be trimmed to provide a smooth surface which is free of debris, vegetation 
and roots, re-bars and sharp objects and standing water on which to place the capping materials. 

• The top of the waste levels shall be determined and confirmed to be in accordance with Drawing 
5041216-RAP-DWG-0001083 by a topographical survey prior to the placement of the capping materials. 
  

D.4.3. Installation requirements for capping 
The following are the installation requirements for the cap: 

• The thickness of the cap shall be a minimum of 500 mm. 
• For the areas designed to be trafficked, i.e. accesses of machinery and vehicles, the thickness of the 

capping shall be a minimum of 1000 mm. 
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• The capping materials shall be brought from the areas of stockpiles to the Site, placed and spread in 
layers not exceeding 500 mm (i.e. if the thickness is greater than 500 mm, it has to be spread and 
compacted in more than one layer). 

• The placed materials shall be compacted in accordance with the MCHW, Specification for Highway 
Works, Table 6/4 appropriate for Table 6/1, Class 6F1 material but only half of the number of passes by 
the plant as stated in the MCHW standard method for a layer of 250mm thickness shall be applied and 
only apply to the finished surface of the capping.  The compacted layer shall provide a smooth surface 
which is free must be free from large voids, cracks and discontinuities. 

• The top of the capping levels shall be determined and confirmed to be in accordance with Drawing 
5041216-RAP-DWG-0001084 by a topographical survey prior to the placement of the restoration 
materials. 
 

D.4.4. Installation requirements for restoration soils 
The following are the installation requirements for the restoration soils: 

• The thickness of the restoration layer shall be a minimum of 500 mm. 
• For the areas designed to be trafficked, where the thickness of the capping is a minimum of 1000 mm, a 

restoration layer is not required. 
• The restoration materials shall be brought from the areas of stockpiles to the Site, placed and spread in 

layers not exceeding 500 mm (i.e. if the thickness is greater than 500 mm, it has to be spread and 
compacted in more than one layer). 

• The placed materials shall be compacted in accordance with the MCHW, Specification for Highway 
Works, Table 6/4 appropriate for Table 6/1, Class 6F1 material but only half of the number of passes by 
the plant as stated in the MCHW standard method for a layer of 250mm thickness shall be applied and 
only apply to the finished surface of the restoration soil.  The compacted layer shall provide a smooth 
surface which is free must be free from large voids, cracks and discontinuities. 

• The surface of the restoration soil should be worked to a suitable tilth for landscaping following 
compaction. 

• The restoration surface should have no abrupt changes with the exceptions of gentle slopes (no steeper 
than 1v:3h) connected to the surrounding ground levels of the Tip. 

• The top of the restoration layer levels shall be determined and confirmed to be in accordance with 
Drawing 5041216-RAP-DWG-0001085 by a topographical survey. 

. 
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Appendix E. EAW and CNC/NRW 
Correspondence 

  



 

Atkins Limited is a WS Atkins plc company 

Registered office: Woodcote Grove Ashley Road Epsom Surrey KT18 5BW England Registered in England Number 688424  

Atkins Limited 

 The Axis 
10 Holliday Street 
Birmingham 
B1 1TF 

 

Your ref: EPR/AP3990LL/S003 Tel: +44 (0)121 483 5000 
Our ref: 5041216-RAP-OUT-000430 Fax: +44 (0)121 483 5252 
 Ext no:  5887 

Gareth Davies 

Cyfoeth Naturiol Cymru / Natural Resources Wales 
Maes Newydd 
Llandarcy 
Neath Port Talbot 
SA10 6JQ 

info@atkinsglobal.com  

www.atkinsglobal.com 

01 July 2013 

 

Dear Gareth, 

Permit No. EPR/AP3990LR/S003    
Topographical Surveys for Settlement of Crymlyn Tip 

This letter presents the comparison of topographical surveys in order to assess whether settlements 
of materials have ceased at the permitted site, Crymlyn Tip [Ref. 1]. 

Drawing 5041216-RAP-DWG-1088 shows the most up to date topographical levels surveyed by St 
Modwen’s surveyor, Planned Vision, in May and June 2013 with a survey level tolerance of 0.025 
m.  This survey in 2013 was compared to the survey completed in March 2011 (Drawing 5041216-
RAP-DWG-932) and the differences in levels between the two surveys are shown on Drawing 
5041216-RAP-DWG-1088. 

The results show no obvious patterns of settlements across the footprints of historical tip features 
including peat, sludge pits, asbestos and the non-landfilled area.  The differences in levels between 
the surveys in 2011 and 2013, which are less than twice the survey level tolerance (0.050 m), show 
no indication of significant settlements within the permit boundary including both the landfilled tip 
and the non-landfilled area to be surrendered. 

Given the results above and the fact that the Tip had not accepted waste since 1999 [Ref.2, Section 
1.3], further significant settlements are not anticipated.  It is therefore concluded that the 
requirements of the permit with regards to stability are satisfied.  

Should you have any queries regarding this letter, please do not hesitate to contact me. 

 
Yours sincerely, 
For and on behalf of Atkins Limited 

 
 
May Chan 
Senior Environmental Engineer 

Enc. Drawings 

[Ref. 1] EAW, 2010, Environmental Permit, Variation Notice no. EPR/AP3990LR/V002, Environment 
Agency Wales. 

[Ref. 2] URS, 2006, BP Llandarcy Remedial Action Plan, Tip Closure and Completion Strategy, Ref. 
44382528, Issue No. 1c. 



Atkins Limited

COED DARCY

TOPOGRAPHICAL SURVEY 2013 AND COMPARISON WITH

TOPOGRAPHICAL SURVEY 2011
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5041216-RAP-DWG-1088
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Difference in levels

(level surveyed in 

2013 minus level 

surveyed in 2011)

No. of points % of points

negative 0 to <25mm 24 26.5%

negative 25mm to 50mm 12 13%

positive 0 to <25mm 31 34%

positive 25mm to 50mm 24 26.5%

Total

91

100%

Summary of difference in topographical levels

provided by Planned Vision based on surveys

in 2011 and in 2013
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