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1 INTRODUCTION 

1.1 Report Context 

Land and Minerals Consulting Limited (LMCL) was commissioned by Sibelco Limited 
(Sibelco) to prepare a Stability Risk Assessment (SRA) to assist with a waste recovery permit 
application for the placement of imported inert material as part of the Bovey Basin Ball Clay 
Workings ‘Central Area’ restoration.  

This report covers the placement of imported inert material as the final subsoil and topsoil 
layer in Phases 1 and 2 of the restoration of the site.  Additional soils will be placed during 
Phase 3 but that will not be covered in this report.   

This SRA has been prepared using guidance from the gov.uk website 
(https://www.gov.uk/guidance/landfill-operators-environmental-permits/how-to-do-a-
stability-risk-assessment-landfill-sites-for-inert-waste-or-deposit-for-recovery-activities) 
which in turn refers to guidance contained within the Environment Agency R&D Technical 
Reports P1-385/TR1 and P1-385/TR2 (hereinafter referred to as ‘The Guidance’). 

1.1.1 Outline of the Installation 

The Bovey Basin Ball Clay Workings are part of Sibelco’s Preston Manor Works complex.  The 
site is located ~2km northwest of Kingsteignton, Devon at Ordnance Survey grid reference 
285337E 75335N and is accessed via Lower Preston which runs east from the B3193 main 
road (Exeter Road). 

The Central Area of the Bovey Basin Ball Clay Workings is located on the side of a low hill 
which rises to the northeast and falls away to the southwest. The site is bounded to the west 
by the River Teign, ponds, fields and the Village of Preston to the south, Clay Lane to the 
north and the B3193 to the east. 

The Central Area comprises three quarrying areas, several quarry tips and a processing plant 
as shown on Figure SRA2.  

The current ground levels at the site extend from a maximum ground level of ~55m AOD at 
the top of the Rixey Park Tip in the north of the site down to a lowest quarry floor level of 
approximately -43mAOD in the base of South Acre Quarry.  Original ground levels in the area 
range from around 6mAOD in the west to around 32mAOD in the east. 

Most recently, mineral was being extracted from the northern margin of Whitepit Quary 
with faces along the entire northern portion of the quarry, progressing in a northerly 
direction.  
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Figure SRA1: Approximate extent of the Central Area of the Bovey Basin Ball Clay Workings (Based 
upon map data by permission of Ordnance Survey® on behalf of The Controller of Her Majesty’s 
Stationery Office.  © Crown copyright.  All rights reserved.  Licence number 100044692) 

Mineral is won over the duration of a campaign by use of a 12m-reach, 360˚excavator which 
rips seams of clay in 4m high bench intervals. It is loaded onto dump-trucks and put into dry 
stores or stockpiles on site until required by customers for specific properties in a final 
blended product. It is then transported to the Preston Manor Works where it is shredded 
and blended into final mixes prior to sale to the tiling and pottery industry globally. 

Several tips have been formed around the site comprising overburden and excavated 
material which is out of specification.  The main out of specification material is clay.  The 
‘Heathfield Tip, Rixey Park Tip and Whitepit Tip are shown on Figure SRA2 and these tips will 
form the subgrade for the inert imported restoration material when they reach their final 
proposed levels. 

The proposed Phases 1, 2 and 3 of the waste recovery are indicated on drawings 18876-032, 
18876-033, 18876-034 produced by Wardell Armstrong.  The Phase 1 and 2 drawings are 
presented in Appendix SRA1.  The areas of the site in which inert material will be imported 
during Phases 1 and 2 are shown on Figure SRA3.    

Drawing 18876-032, indicates that the Phase 1 area comprises existing restored areas with 
no additional imported material planned.  However, it is understood that, in some parts of 
the Phase 1 area (generally to the east and north east of the Rixey Park Tip) the restoration 
has not been as successful as hoped and some additional imported inert soils may be 
required.   
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Figure SRA2: Outline of significant features on the site D03/P28/004 taken from Wardell Armstrong’s March 
2023 Planning Statement report (ST18876)

With respect to the Phase 2 area (Drawing 18876-033), this area generally comprises the 
flanks and top of the Rixey Park Tip.  Imported inert material is proposed to be placed in this 
area in the area shown on Figure SRA3 in red outline. 

Therefore, this SRA will concentrate on an assessment of the placement of imported inert 
soils during Phases 1 and 2 of the restoration, specifically in the Rixey Park Tip area. 

BINNEY TIP 
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Figure SRA3: Outline of the locations of the proposed Phases of the waste recovery plan

Blue - Phase 1

Yellow 
Phase 3

Red 
Phase 2 
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1.1.2 Summary of Previous Work 

This is the first known waste recovery permit for this site, the author is unaware of any 
previous waste Stability Risk Assessment’s (SRA’s) which been undertaken for the site.   

However, there have been previous reports issued for this site related to the quarrying 
operations at the site.  Key reports are listed in table SRA1. 

Table SRA1:  Summary of Historic Information 

Report 
Type/Title  

Date 
Author 

 (Drawing 
Ref No) 

Comments 

Geotechnical 
Assessments 
for the  

Southacre 
Quarry  

and for the 
Johnacres 
Lane and 
Whitepit 
Quarries 

2004, 2006, 
2008, 2010, 
2012, 2014, 
2016, 2018, 
2020,  

2022 

MCG 
Consultancy 
Services 

Geotechnical Assessment Reports undertaken at 
2-year intervals in accordance with in accordance 
with the quarries regulations 1999.   

Each report details the findings of a walkover 
assessment of all of the excavations and tips at 
the site and assesses the suitability of the current 
excavations and tip designs and designates 
whether features on site represent significant or 
non-significant hazards in accordance with the 
Quarries Regulations (1999). 

Geotechnical 
Assessments 

for Southacre 
Quarry  

and for the 
Johnacres 
Lane and 
Whitepit 
Quarries 

2024 QuarryDesign 

Geotechnical Assessment Report for 2024  

Each report details the findings of a walkover 
assessment of all of the excavations and tips at the 
site and assesses the suitability of the current 
excavations and tip designs and designates 
whether features on site represent significant or 
non-significant hazards in accordance with the 
Quarries Regulations (1999). 
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1.2 Conceptual Stability Site Model 

The following sub-sections present a summary of the natural geological, geosynthetic, or fill 
materials (including engineered fill and un-engineered infill) used in the model, relating 
specifically to the components identified on the gov.uk website:  
(https://www.gov.uk/guidance/landfill-operators-environmental-permits/how-to-do-a-
stability-risk-assessment-landfill-sites-for-inert-waste-or-deposit-for-recovery-activities) 
which in turn refers to guidance contained within the Environment Agency R&D Technical 
Reports P1-385/TR1 and P1-385/TR2 (hereinafter referred to as ‘The Guidance’).  

The proposed inert recovery material comprises the upper surface of the restoration only 
(subsoil and topsoil) therefore there is no specific engineered containment involving a 
geological barrier or the construction of a sidewall lining system.  Following completion of 
inert infilling the site will be restored with various landscape types. 

1.2.1 Site History 

Extraction of ball clay in this area dates back to the late 17th century, however, extraction in 
a modern sense did not begin in earnest until the late 1970’s.  Mining of specific Ball Clay 
seams using vertical shafts and adits was undertaken up until 1999.  From 1999 onwards, 
only open pit extraction techniques have been used. 

Recent history of the site over the previous two years comprises the following activities: 

 Material from Binney Tip has been moved and placed in the northern margin of the 
Whitepit Tip; 

 Material has been placed in the central margin of the Whitepit and Heathfield Tip; 

 Material has been added to the toe of the Johnacres Lane Internal Tip; and, 

 Material has been extracted from Whitepit and from Johnacres Lane Excavation Areas 
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Figure SRA4: Isopachyte plan showing the difference between the 2022 and 2024 topographic surveys 
where the blues indicate material has been removed and the orange and red’s indicate additional 
material. 

1.2.2 Geology and Ground Conditions 

The area is covered by the British Geological Survey, 1:50,000 scale map number 339 
‘Newton Abbot’ (Solid and Drift).  Figures SRA5 and SRA6 summarise the geology at the site.   

Figure SRA5: Geological Succession at the site 

BGS ‘bedrock’ data for the site indicates that Whitepit, Southacre and Johnacres Quarries 
are currently extracting Middle to Upper Palaeogene clay, silt and sand material (shaded 
orange on Figures SRA5 and SRA6) and Upper Palaeogene Clays and Lignite (shaded light 
brown on Figures SRA5 and SRA6). In some areas, it is overlain by superficial alluvium drift 
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deposits that are Quaternary in age (light yellow in Figures SRA5 and SRA6). The Bovey 
Formation is described as:  

‘Kaolinitic, sandy and silty clays; silts, lignites and sands deposited in the Bovey Basin, one of 
three in the NW-SE trending Sticklepath Fault Zone with deposits up to 1200m thick.  

‘The clay formed approximately 56.0 – 33.9Ma (Million years ago) in the Palaeogene Period 
in an environment dominated by fluvial processes. The Bovey basin is characterised by two 
main lithofacies; firstly, flood plain clays and sand deposited by meandering rivers; secondly 
forest swamps with associated temporary shallow lakes creating lignite clays. Braided stream 
sand and gravels formed mainly from alluvial fans are also present.’  

‘The upper boundary is defined through erosion. The original top of the formation has not 
been preserved, instead the eroded top forms the land surface underlying modern soil. The 
lower boundary of the Bovey Formation is defined by the underlying the Aller Gravel and 
Upper Greensand in the eastern and southern outcrops. Elsewhere, it is unconformable or 
faulted against Devonian, Carboniferous or Permian aged rock’ (Selwood et al. 1984). 

Figure SRA6: Regional Geology (Solid and Drift), BGS 1:50,000 scale Map Number 339 “Newton 
Abbot” 

BGS data for the site indicates there is a fault trending NE/SW in the centre of the site (Figure 
SRA6). It is indicated there is down throw towards the SE.  The strata bedding is shown to 
dip to the south southwest and a dip of 9o is noted. 
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1.2.3 Geotechnical Information 

No site-specific testing is available for the Rixey Park Tip material. However, information for 
the properties and strength of other tips on site is available from a CPT investigation 
undertaken in 2023.  This investigation advanced 12 CPT probes into the Whitepit and 
Heathfield Tips to help determine tip material properties. 

The 2023 CPT report from In-Situ is presented in Appendix SRA2.  A plan of the CPT locations 
is shown in Figure SRA7. 

Figure SRA7: A plan of the CPT locations from the 2023 investigation 

Left to right 

North to south 

See detail below 
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1.2.4 Mining Issues 

Historical subsurface mining of the Ball Clays has been undertaken in the vicinity of Whitepit, 
Southacre and Johnacres Quarries.  A plan of known mine workings in the area has been 
passed on by Sibelco and is partially reproduced as Figure SRA8. 

The Ball Clay was mined in this area for a period of around 150 years from the mid 1800’s up 
to 1999.  Initially vertical shafts with lateral ‘drives’ were used. These workings extended to 
maximum depths of around 46m below ground level.   

Later on, inclined adits were adopted as the preferred mining method, following a seam of 
workable ball clay down to greater depths than the vertical shafts.  Initially, ash wood frames 
and, later, steel arched casing was used to support the roof of these adits.  Historic 
photographs indicate a height of the workings of around 1.5 to 2m. 

Figure SRA8: Historic Mine workings underlying the Rixey Park Tip area.  Solid Red line is approximate extent 
of the Rixey Park Tip and the dashed red line is the Model 1 cross section location as shown in Figure SRA9 

No. 11 Adit

No. 5 Adit

Rixey Park Quarry 
Floor, -16.8mAOD 

Underground workings 
from ~1960 at depths of 
around -20 to -30mAOD 

Underground 
workings from 

No. 11 Adit 
~1990 at depths 
of around -20 to 

-50mAOD 
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Depths of the historic workings below the site are shown on the Rixey Park Mine drawing. The 
mining plan shows that mineworkings under the Rixey Park Tip area were mined at depths of 
around -20mAOD to -60mAOD.  These depths represent a particular seam of ball clay dipping from 
east northeast to west southwest. 

The Rixey Park tip has been in place for many years.  The base of open pit quarrying (shown on the 
mining plan in Figure SRA8) is -16mAOD and therefore this level has been used for the modelling 
of the Rixey Park tip on the Plaxis stability models. 

The current state of the workings is unknown however, it is considered likely that any historic 
workings buttressed with wood will have collapsed by now and that more recent historic workings 
with steel supports may still be open.  The closest the workings will be to the imported inert soils 
will be around 40m depth (See Figure SRA9). 

Figure SRA9: Model 1 showing the indicative depth of the historic mine workings underlying the Rixey Park 
Tip area of the site.  Dashed red line shows approximate depth of the historic workings  

Areas located above or adjacent to historical subsurface mining can be susceptible to the overlying 
bedrock materials collapsing into the mining void below and forming a ‘crownhole’. As such, as 
part of this report the potential for upward void migration has been assessed using a simplified 
method set out by Bell et al to help estimate the minimum thickness of material needed to be 
maintained above the top of the seam (Figure SRA10). 

Bell’s simplified method assumes that void migration is likely to be arrested by the bulking of 
broken rock from the failed roof or sidewalls of the workings. Bell’s simple methods for 
determining the likely height of void migration for conical, wedge or rectangular style roof 
collapses are given below: 

For conical-style roof collapse,  Dc = 3h/bf 

For wedge-style roof collapse,  Dc = 2h/bf 

For rectangular roof collapse,  Dc = h/bf 

~40m 

Approximate 
phreatic surface 
in Abbrook Clay 

and Sand 
Member ~minus 

10mAOD

Rixey Park Tip 
current profile 

Deposit for 
Recovery Material 

Base of former 
open pit          

-16mAOD 
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Where: 

Dc  = height of collapse / migration 

h  = height of the mine opening / adit  

bf = bulking factor 

Figure SRA10 – Estimation of roof collapse in subsurface mine workings (Bell et al, 1988)

Bulking factor for the clays has been taken as 30% bulking (i.e. 1.3, from Burt, G et al 2007).  The 
height of working (h) has been taken as 2m.  Adopting the above assumptions, the likely maximum 
void migration above the workings in the ball clay is presented in Table SRA2. 
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Table SRA2:  Results of Void Migration Estimate (Bell et al 1988) 

Void migration depth for Conical Roof Collapse (3h / bf)  4.6 m 

Void migration depth for Wedge Roof Collapse (2h / bf)  3.1 m 

Void migration depth for Rectangular Roof Collapse (1h / bf)  4.6 m 

Conservative void migration depth (6 x deposit thickness) 12 m 

Ultra Conservative void migration depth (10 x deposit thickness) 20 m 

Based upon the above, it is considered highly unlikely (Factor of Safety >2) that any of the known 
mining voids would be able to propagate into the base of the imported inert material. 

Surface settlement from any collapsed workings is likely to have been completed considering the 
significant time period and placement of significant depths of quarry tip material above the 
workings.  Any additional settlement which may occur in the future is not considered likely to affect 
the imported inert soil materials as there is no engineered lining system at the site which could be 
compromised by movement stresses. 
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1.2.5 Hydrogeology and Groundwater 

Groundwater is known to be present in a shallow aquifer within the Abbrook Clay and Sand 
Member which is part of the Paleogene Bovey Formation underlying the site.  Groundwater 
is also known to be present in the Aller Gravels which underly the Bovey Formation.  These 
beds are assumed to dip from east northeast to west southwest in the site area.  The 
Conceptual Site Model (CSM) for this application (Drawing 1205.103) shows the general 
layout of the underlying beds.   

Groundwater data from boreholes intersecting shallow aquifer within the Abbrook Clay and 
Sand Member indicate a phreatic surface which is currently at a level of around -10mAOD in 
the centre of the Whitepit quarry area (around 500m to the south east of the Rixey Park Tip) 
(see Figure SRA11).  However, groundwater from this aquifer will not necessarily appear at 
this level on site, if there is sufficient low permeability Bovey Formation strata overlying the 
sands then this will be a confined aquifer. 

Figure SRA11 Groundwater conceptual model for the Whitepit area based on groundwater 
monitoring data from site boreholes – not to scale. 

Groundwater at this site is not considered likely to have an impact on the imported inert soil 
materials or the underlying slopes of the Rixey Park Tip sub-grade. 

1.2.6 Subgrade Model 

As the proposed imported inert material will be placed as a topsoil and subsoil surface layer 
above quarry tip material, there is no specific ‘basal’ or ‘sidewall’ subgrade. The subgrade 
for the imported material will comprise quarry tip material which comprises out of 
specification clay and overburden.   

Most of the sub-grade material is already in-situ, the Rixey Park Tip having been constructed 
up to a level of around 55mAOD by 2024.  An exact start date for the tip construction is not 
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known however, information from Sibelco indicates that the tip stood at around 16m above 
surrounding ground levels in 2004.  This would place the tip at ~26mAOD in 2004. 

Some of the sub-grade material is yet to be placed. The proposed model for the final 
contours of the imported inert material indicates a level of 60mAOD for the tip of the tip.  
This would require additional sub-grade to be engineered up to a level of 58.8mAOD to allow 
for the 1.2m of imported material.  The proposed final model also includes additional sub-
grade material to be placed on the southern flank (see Figure SRA12) and the western flank 
(see Figure SRA13). 

Bovey Formation  2004 to 2024 Rixey Park Tip Material 

Pre 2004 Rixey Park Tip Material Proposed Future Rixey Park Tip Material 

Figure SRA12: Model 1 cross section, north to south, up to top of sub-grade level.  Cross section 
location on Figure SRA14 

Bovey Formation  2004 to 2024 Rixey Park Tip Material 

Pre 2004 Rixey Park Tip Material Proposed Future Rixey Park Tip Material 

Figure SRA13: Model 2 cross section, west to east, after imported inert soils placement Cross section 
location on Figure SRA14

The steepest gradients of the existing flanks of the Rixey Park Tip and the proposed final 
model gradients are as follows: 

North South 

West East 

Existing soils 
on north flank 

Proposed south 
flank fill to 1v in 

2.5h

Imported 
Inert soil

Proposed 
west flank fill 
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 Northern flank, 50m high (to model at 60mAOD). Current overall slope angle ~1v in 
3h – existing soils placed up to 47mAOD - no additional re grading proposed prior to 
placing the imported inert soils; 

 Southern flank, 43m high (to model at 60mAOD). Current overall slope angle ~1v in 
3.4h – proposed re-grading to 1v in 2.5h with engineered fill prior to imported inert 
soil placement; 

 Western flank, 50m high (to model at 60mAOD). Current overall slope angle ~1v in 
3.9h – soils currently placed to around 23mAOD – proposed re-grading to 1v in 3h 
with engineered fill prior to imported inert soil placement. 

 Eastern flank, 49m high (to model at 60mAOD). Current overall slope angle ~1v in 
3.3h comprising a lower steep section with existing soils with a gradient of 1v in 2.8 
to 35mAOD and an upper section of 1v in 3.4 above 35mAOD – proposed re-grading 
of this flank is only above 35mAOD, re-grading the existing subgrade to 1v in 3.8h to 
create an overall gradient for the flank of 1v in 3.4h prior to imported inert soil 
placement; 

The two cross sections shown in Figures SRA12 and SRA13 have been based on the worst 
case, highest, steepest flank slopes.  The locations of the two Model sections are shown on 
Figure SRA14. 

The sub-grade comprises materials which are considered to be relatively non-compressible.   

1.2.7 Lining System Model 

No basal or side slope lining system is proposed at the site. 

1.2.8 Waste Mass Model 

The site will accept imported inert material comprising subsoils and topsoils.    

The maximum possible final waste slope height during Phase 2 would be around 45m (from 
the lowest top of liner level of 16mAOD to ground level of around 60mAOD).  Waste slopes 
will be modelled with the above worst case slope heights. 

Potential final waste slope angles of 1v:2.5h and 1v:3h and 1v in 3.3h will be modelled.  These 
represent the existing profile of the quarry tip and the proposed final profile. 

1.2.9 Capping System Model 

No engineered capping system is proposed for this site. 
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Figure SRA14: Model cross section locations, 100m grid lines 

Model Section 2 

Model Section 1 
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2 STABILITY RISK ASSESSMENT 

The six principal components of the conceptual stability site model have been considered. 

2.1 Risk Screening 

Issues relating to stability and integrity for each principal component have been subject to a 
preliminary review to determine the need to undertake further detailed geotechnical 
analyses.  The following sections present the results of this screening exercise 

2.1.1 Subgrade Screening 

As the imported recovery material will be topsoil and subsoil and will be placed as a final 
layer on existing or soon to be constructed quarry tips, there is no real differentiation 
between a ‘Basal’ subgrade and ‘Side-slope’ subgrade so both will be addressed together.   

The key considerations for the basal subgrade and the implications for stability and integrity 
are considered to be as follows: 

 Compressible subgrade: The subgrade will be either previously placed, or yet to be 
placed, engineered tip material comprising out of specification clay and overburden.  
An analysis of the potential strains that could be imposed at any stage of the infilling 
process will need to be undertaken.  This analysis will need to address the 
construction and waste deposition phases, as well as the situation following waste 
placement.  The values used for the sub-grade materials have been determined from 
previous work undertaken on the quarries in the area and where engineering values 
are not available, conservative values will be used. 

 Basal Heave, Groundwater: The groundwater at the site lies in a confined aquifer 
with a phreatic surface of around -10mAOD.  This depth is around 20m below the 
lowest level of the imported inert waste materials (around 10mAOD) so basal heave 
will not affect the sub-grade of this site. 

 Basal Heave, Excess Pore Pressures: The basal subgrade is cohesive in nature and 
excess pore pressures could build up due to additional loading of these materials.  
This will be examined in the Plaxis 2D finite element analysis. 

 Cavities in the Subgrade: There are not anticipated to be cavities in the subgrade 
(cohesive tip material).  However, there are known to be historic mineworkings 
within the in-situ Ball Clay strata underlying the tip material.  This will be assessed. 

 Filling on Waste: The Rixey Park Tip material comprises out of specification quarried 
clay and overburden from the quarrying operations and would not be classified as a 
waste in the sense of containing any biodegradable material which may need to be 
taken into account in a stability context.  The usual movement, settlement of such of 
the subgrade tip material will be assessed. 
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2.1.2 Lining System Screening 

No lining system is proposed at the site  

2.1.3 Waste Mass Screening 

The imported recovery material will be topsoil and subsoil and will be placed as a final layer 
on existing or soon to be constructed engineered, cohesive quarry tip material.  The 
imported inert waste soils will be 1.2m in thickness.  Analysis is required in terms of the 
stability of the waste slopes.  The most critical situations will be when the imported inert 
soils are deposited to full height and this situation will be analysed in more detail for the 
north, south, west and east slopes of Rixey Park Tip.    

The controlling factors that influence the stability of the waste mass are presented below: 

 Stability of Waste Mass: Temporary waste slopes will exist during the development of 
the site.  However, the maximum temporary waste slope height possible at the site 
would be 1.2m which will not pose any stability concerns and will not be considered 
further;   

 Stability of Waste Mass and Subgrade:  It is proposed that analyses should be 
completed on the final restored slopes to confirm stable long-term gradients.  The 
proposed model of the final contours of Phase 2 will be used for the initial analysis; 

 Stability of Waste and AEGB Lining System: No lining system is proposed for the site; 

 Integrity of Lining System with Waste:  No lining system is proposed for the site. 

2.1.4 Capping System Screening 

No formal capping system, other than the final soil imported as inert soil cover, is proposed 
for this site. Therefore, no assessment for a capping system will be undertaken as part of this 
assessment. 
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2.2 Selection of Appropriate Factors of Safety 

The factor of safety is the numerical expression of the degree of confidence that exists for a 
given set of conditions, against a particular failure mechanism occurring.  It is commonly 
expressed as the ratio of the load or action that would cause failure against the actual load 
or actions likely to be applied during service. This is readily determined for some types of 
analysis, for example limit equilibrium slope stability analyses.  However, greater 
consideration must be given to analyses that do not report factors of safety directly.  For 
example, a finite difference analysis of strains within a lining system would not usually 
indicate overall failure of the model even though the strains could be high enough to indicate 
a failure of the integrity of the system.  In such cases, it is necessary to define an upper limit 
for shear strains and to express the factor of safety as the ratio of allowable strain to actual 
strain. 

The factor of safety adopted for each component of the model would be related to the 
consequences of a failure. 

BS6031 - Code of Practice for Earthworks (Clause 6.5.1.2 Safety Factors) states that suitable 
safety factors in a particular case can only be arrived at after careful consideration of all the 
relevant factors, and the exercise of sound engineering judgement.  The factors to be 
considered include: 

 The complexity of the soil conditions; 

 The adequacy of the site investigation; 

 The certainty with which the design parameters represent the actual in-situ 
conditions; 

 The length of time over which the stability has to be assured; 

 The likelihood of unfavourable changes in groundwater regime in the future; 

 The likelihood of unfavourable changes in the surface profile in the future; 

 The speed of any movement which might take place; and 

 The consequences of any failure. 

2.2.1 Factor of Safety for the Subgrade 

A factor of safety of 1.3 is considered appropriate for the engineered cohesive tip material 
which will provide the sub grade for the imported inert material.  

2.2.2 Factor of Safety for the Lining System 

No lining system is proposed for this site. 

2.2.3 Factor of Safety for Waste Mass 

A minimum factor of safety of 1.3 is considered acceptable for stability, assuming that 
reasonably conservative values are used.   
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2.2.4 Factor of Safety for Capping System 

No capping system proposed. 

2.3 Justification for Modelling Approach and Software 

In order to perform a comprehensive stability risk assessment (SRA), the components of the 
deposit for recovery system have to be considered not only individually, but also in 
conjunction with one another, where relevant.  Any analytical techniques adopted for such 
an assessment should adequately represent all the considered scenarios for both the un-
confined and confined conditions (where appropriate).  The methodology and the software 
should also achieve the desired output parameters for the assessment.  This equates to the 
determination of factors of safety for stability assessments, or the calculation of strains 
within liner components, for integrity assessments. 

The analytical methods used in this stability risk assessment review include: 

 Finite element analyses for the determination of factors of safety against failure in 
the mineral components of the basal and side-slope subgrade and imported waste 
material restoration layer. 

2.3.1 Finite Element Analyses 

The proprietary software PLAXIS (2D) has been used for the stability assessment.  Plaxis is a 
two-dimensional finite element programme intended for the analysis of deformation and 
stability in geotechnical engineering.  It is equipped for the simulation of non-linear, time 
dependent and anisotropic behaviour of soils and rock.  In addition, since soil is multi-phase 
material, special procedures are required to deal with hydrostatic and non-hydrostatic pore 
pressures in the soil.   

A safety analysis in PLAXIS is undertaken by reducing the strength parameters of the soils.  
This process is termed ‘Phi-C reduction’, and is carried out as a separate calculation mode.  
Phi-C reduction is used when it is required to calculate a factor of safety, for the situation 
under consideration. 

In the Phi-C reduction approach, the strength parameters  and c of the soils (and interface 
shear strengths) are incrementally reduced until failure of the system occurs.  For slopes, the 
Phi-C reduction approach resembles the method of calculating safety factors as 
conventionally adopted in traditional slip-circle analyses. 

The model used within PLAXIS for these assessments is the Mohr-Coulomb model which 
considers both the elastic and plastic properties of the soils.  The mesh used for all models 
comprises 15-Node triangles which provide 4th order interpolation.   

To summarise, assessments have been carried out to assess the future development of this 
deposit for recovery site for the following design scenarios: 
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 Stability sub-grade system after construction; 

 stability of the sub-grade and inert waste after waste placement; and 

 stability of the system after a 5 year waiting period. 

2.4 Justification for Geotechnical Parameters Selected for Analysis 

The parameters selected for material properties take into account the analyses undertaken, 
and where there was uncertainty, a sensitivity analysis was used to assess the potential for 
instability due to excessive levels of strain. 

The basal/side-slope sub-grade is to be constructed from site sourced out of specification 
quarry materials (generally cohesive).  Therefore, parameters consistent with these 
materials have been utilised within the analyses.  Previous reports for the site, a 2023 CPT 
investigation on adjacent tips and literature values have been used to inform the chosen 
parameters. 

In terms of inert recovery material parameters, the values for c' and ø' adopted throughout 
the modelling were 3 to 4 kPa and 23 to 24 degrees, respectively.   These have been modelled 
more conservatively than parameters generally used for non-hazardous waste of 5 kPa and 
25 degrees from Jones, D.R.V. and Dixon, N. 2003 (full reference in Section 6) and reflect the 
cohesive soil/subsoil nature of the proposed import material.   

The unit weight of the inert recovery material has been taken as 15kN/m3 to 16kN/m3 based 
on engineering judgement of the likely main constituents of the waste being soils and sub-
soils which will not be subject to engineering compaction. 

Further justification and explanation of the chosen parameters is provided in Tables SRA3a 
and SRA 4a.   

2.5 Summary of Material Parameters for Finite Element Analyses 

Tables SRA 3 and 4 below summarise effective stress and total stress parameters utilised in 
the analyses.  Cut slopes in cohesive soils are kept stable by pore water suctions and, as these 
suctions dissipate, stability decreases.  Therefore, consideration has been given to both the 
long-term – effective stress (drained) and short-term – total stress (un-drained) states for 
each scenario. In long-term analyses (drained conditions) the materials are reliant on their 

frictional properties (i.e. ’) for shear strength, and little from their apparent cohesion (c’). 

The parameters used in the analyses have been obtained from a combination of published 
literature and site-specific laboratory testing.  Notes on the derivation of the parameters 
used are presented in Tables SRA3a and SRA4a. 
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Table SRA3:  Summary of Effective Stress Material Parameters for Finite Element 
Analysis 

Material 

Unit 
Weight 

Cohesion 
with 

respect to 
effective 

stress 

Angle of 
friction 

with 
respect to 
effective 

stress 

Water 
Permeability 

(K) 

Poisson’s 
Ratio 

Young’s 
Modulus 

kN/m3 kN/m2 ° m/s - MN/m2

In-situ Bovey 
Formation 

20 23 48 1x10-8 0.30 50 

Historic 
Cohesive Tip 

Material 
20 5 25 1x10-8 0.30 40 

2004 to 2024 
Cohesive Tip 

Material 
19 5 25 1x10-8 0.30 30 

Proposed 
Cohesive Tip 

Material 
18 5 25 1x10-8 0.30 10 

Historically 
placed soils 

16 4 24 1x10-7 0.35 5 

Proposed soils 15 3 23 1x10-7 0.35 3 
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Table SRA3a:  Derivation and Suitability of Parameters in Table SRA3 

Material 

Unit 
Weight 

Cohesion 
Angle of 
friction  

Permeability  

(K) 

Poisson’s 
Ratio 

Young’s 
Modulus 

kN/m3 kN/m2 ° m/s - MN/m2

In-situ Bovey 
Formation 

Values used have been adopted 
from the previous Geotechnical 
Assessment Reports undertaken 

at the site (as listed in Table 
SRA1).   

These have been compared 
against the range of values for 

Ball Clay  provided in ‘Reeves, G. 
M et al (2006)* and are 

considered conservative. 

Estimated based on 
previous 

experience.  The 
clay beds may have 

a slightly lower 
permeability but 

the beds of Lignite 
will have a higher 

permeability 

The values 
of Poisons 
Ratio for 

these soils 
have been 

derived from 
engineering 
judgement 

and 
experience. 

Based on 
values from 
Essien, U.E. 
et al (2014) 
and Bowles, 
J. E. (1996).

These values 
are 

considered 
to be 

realistic 
values. 

Based on
Duncan J.M. 

& 
Buchignani 
A. I.  (1976) 

(See Note 1) 

and checked 
against

Bowles, J. E. 
(1996) 

Lower end 
values for a 

medium clay 

Historic 
Cohesive Tip 

Material Unit weight of the existing and 
proposed quarry tip material has 
been determined from The CPT 

testing undertaken on similar tip 
material from Whitepit 

Estimated based on 
previous 

experience of a 
generally cohesive 

engineered 

2004 to 2024 
Cohesive Tip 

Material 

Proposed 
Cohesive Tip 

Material 

Historically 
placed soils The imported inert recovery material will comprise a variety of material sources. The 

material parameters chosen are considered to be conservative strength parameters for 
generally cohesive soil forming materials based on engineering judgment and 

experience. 

Proposed 
Imported 
Recover 

Permit Soils 

*Full references in Section 6 

Note 1:  Parameters for the effective stiffness of the cohesive soils has been derived from the undrained 
stiffness which has been estimated from Duncan J.M. & Buchignani A. I.  (1976) (See note 1 in Table SRA4a).  
Based on the undrained stiffness value, the effective stiffness values have been estimated from the following 
equation:

3 E’
Eu = -----------------

2(1 + v’)

Where E’ = Effective Stiffness; Eu is undrained stiffness and v’ is the effective poisons ratio (0.35) (from: Plaxis, 
Standard Course on Computational Geotechnics June 2015; Dr C Augarde, Duhram University) 
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Table SRA4: Summary of Total Stress Material Parameters for Finite Element Analyses
(No Excess Pore Water Pressures) 

Material 

Unit 
Weight 

Cohesion 

(un-drained shear 
strength Su)  

Permeability 

(No excess pore 
water pressures) 

Poisson’s 
Ratio 

Young’s 
Modulus 

kN/m3 kN/m2 m/s - MN/m2

In-situ Bovey 
Formation 

20 300 

Not applicable to a 
total stress analysis 

0.495  

57 

Historic Cohesive Tip 
Material 

20 150 46 

2004 to 2024 Cohesive 
Tip Material 

19 120 34 

Proposed Cohesive Tip 
Material 

18 70 11 

Historically placed soils 16 50 5.5 

Proposed Imported 
Recover Permit Soils 

15 40 3.3 

Table SRA4a:  Derivation and suitability of Total Stress Parameters in Table SRA4 

Material 
Unit Weight 

Cohesion 

(un-drained shear strength Su)  
Poisson’s Ratio 

Young’s 
Modulus 

kN/m3 kN/m2 - MN/m2

In-situ Bovey 
Formation 

Realistic figures based on the range of values for 
Ball Clay  provided in Reeves, G. M et al (2006) Generally, 

Poisson’s ratio 
is taken as 0.5 

for a Total 
Stress 

(undrained) 
assessment. 

However, the 
Plaxis model for 

undrained 
assessment 
requires the 

adoption of a 
slightly lower 
value of 0.495 

Duncan J.M. 
& Buchignani 
A. I.  (1976) 

(See Note 1) 

Cohesive Tip 
Material 

Values of unit weight and Su derived from 
Reeves,2006 and from the site specific CPT testing 

of the Whitepit tip material.  The CPT data 
indicates increase in Su with depth with shallow 

values around 70kPa up to 5 to 6m depth and 
higher values of around 70kpa to 200kPa below 

this depth 

Proposed 
Imported 
Recover 

Permit Soils 

The imported inert recovery material will comprise 
a variety of material sources. The parameters 

chosen are considered to be conservative strength 
parameters for generally cohesive soil forming 
materials based on engineering judgment and 

experience. 

Notes: 

1. Information on the undrained stiffness of clays has been sourced from Duncan J.M. & Buchignani A. I.  
(1976).  The values used are considered conservative based on a clay of medium plasticity index (31 to 57 
Reeves et al) being re-engineered with minimum undrained shear strengths as shown in Table SRA4.  A 
range of stiffnesses for the clays has been modelled. 
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3 ANALYSIS 

3.1 Introduction 

The key areas of the future proposed deposit for recovery which now require analysis have 
been assessed in the models listed below: 

 Model 1 (Effective Stress Analysis), Model 1t (Total Stress Analysis): The stability of 
the subgrade system and proposed imported inert material based on a north-south 
cross section through Rixey Park Tip, assessing the worst case gradients of the 
existing and proposed northern and southern slopes; 

 Model 2 (Effective Stress Analysis), Model 2t (Total Stress Analysis): The stability of 
the subgrade system and proposed imported inert material based on an east-west 
cross section through Rixey Park Tip, assessing the worst case gradients of the 
existing and proposed western and eastern slopes; 

For Model 1, north to south cross section, using effective stress analysis, the following stages 
and timescales will be used: 

 Stage 1:  Initial conditions after quarrying in the Rixey Park Tip area; 

 Stage 2:  Placement of the Rixey Park Tip Material up to 24mAOD, reflecting the 
approximate ground levels in 2004 – timescale 50 years; 

 Stage 3: Placement of materials in the model to achieve the current situation of the 
Rixey Park Tip and existing placed soils up to the surveyed ground levels in 2024 – 
timescale 20 years; 

 Stage 4: Completion of construction of the sub-grade for the tip based on using the 
existing south face tip levels and gradient – timescale 1 year; 

 Stage 5: Addition of the imported inert waste soils to final levels -  timescale 1 year;

 Stage 6: Assessment of factor of safety after a 5 year waiting period - timescale 5 
years;

 Stage 4a: Completion of construction of the sub-grade for the tip based on using the 
proposed final south face gradients of 1v in 2.5h to 1v in 3h – timescale 2 years (as 
extra fill required); 

 Stage 5a:  Addition of the imported inert waste soils to final levels based on using the 
proposed final south face gradients of 1v in 2.5h to 1v in 3h -  timescale 1 year.

For Model 2, west to east cross section, using effective stress analysis, the following stages 
and timescales will be used: 

 Stage 1:  Initial conditions after quarrying in the Rixey Park Tip area; 

 Stage 2:  Placement of the Rixey Park Tip Material up to 24mAOD, reflecting the 
approximate ground levels in 2004 – timescale 50 years; 



Bovey Basin Ball Clay Workings 
Environmental Permit Application Stability Assessment 

March 2025

Quarrying Sector Geological and Geotechnical Consultants
00934-250129/RSW

 Page 27 

 Stage 3: Placement of materials in the model to achieve the current situation of the 
Rixey Park Tip and existing placed soils up to the surveyed ground levels in 2024 – 
timescale 20 years; 

 Stage 4: Completion of construction of the sub-grade for the tip based on using the 
existing south face tip levels and gradient – timescale 2 years; 

 Stage 5: Addition of the imported inert waste soils to final levels -  timescale 1 year;

 Stage 6: Assessment of factor of safety after a 5 year waiting period -  timescale 5 
years;

For Model 1t, north to south cross section, using total stress analysis, the following stages 
will be used (no timescales are required for modelling of short term total stress models): 

 Stage 3t: The current situation of the Rixey Park Tip and existing placed soils up to 
the surveyed ground levels in 2024; 

 Stage 4t: Completion of construction of the sub-grade for the tip based on using a 
proposed final south face gradient of 1v in 3h; 

 Stage 5t: Addition of the imported inert waste soils to final levels based on using a 
proposed final south face gradient of 1v in 3h;

For Model 2t, north to south cross section, using total stress analysis, the following stages 
will be used (no timescales are required for modelling of short term total stress models): 

 Stage 3t: The current situation of the Rixey Park Tip and existing placed soils up to 
the surveyed ground levels in 2024; 

 Stage 4t: Completion of construction of the sub-grade for the tip based on using the 
proposed new west face tip overall gradient of 1v in 3.1h (additional fill to be placed) 
and proposed new east face overall gradient of 1v in 3.3 (existing slope to be re-
graded); 

 Stage 5t: Addition of the imported inert waste soils to final levels based on using the 
proposed new west face tip overall gradient of 1v in 3.1h (additional fill to be placed) 
and proposed new east face overall gradient of 1v in 3.3 (existing slope to be re-
graded);

Figures in red in the following tables indicate factors of safety below 1.3 for stability.  

Note that the magnitude of the displacements reported by the Plaxis program on the Phi-c 
reduction analysis printouts do not relate to any ‘real world’ values as the model has been 
taken past its point of failure and these displacements should be ignored. 
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3.2 Model 1: Stability Analyses 

A summary of the results from the phi-c reduction runs for Model 1 for the various stages of 
construction are presented in Table SRA5 below: 

Table SRA5:  Summary of Model 1 Stability Analysis  

Effective Stress Parameters  (Phi-C reduction) 

Stage of the construction process modelled 
Critical slope 

identified during 
analysis 

Lowest 
Factor 

of 
Safety 

Stage 3 – Existing situation 
Circular failure of 
north slope 

1.35 

Stage 4 – Subgrade placed up to 58.8mAOD, south face 
using existing slope gradient 

Circular failure of 
north slope 

1.32 

Stage 5 – Final imported inert material height set to 
60mAOD, south face using existing slope gradient 

Circular failure of 
north slope 

1.29

Stage 6 – Factor of safety after 5 year waiting period 
Circular failure of 
north slope 

1.36 

Stage 4a – Subgrade placed up to 58.8mAOD, south face 
using proposed steeper 1v in 2.5h gradient 

Circular failure of 
south slope 

1.15 

Stage 5a - Final imported inert material height set to 
60mAOD, south face using proposed steeper 1v in 2.5h 
gradient 

Circular failure of 
south slope 

1.06 

Graphical representations of selected analyses (including failure modes) are shown in 
Figures SRA15 and SRA16.   

Figure SRA15: Model 1, Stage 5 failure mode 



Bovey Basin Ball Clay Workings 
Environmental Permit Application Stability Assessment 

March 2025

Quarrying Sector Geological and Geotechnical Consultants
00934-250129/RSW

 Page 29 

Figure SRA16: Model 1, Stage 4a failure mode
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3.3 Model 1.1 Stability Analyses 

As factors of safety were low on some stages for Model 1, Model 1.1 was created where the 
final deposit for recovery material levels were set to 59mAOD and the gradient of the 
proposed southern face model was reduced from 1v in 2.5h to 1v in 3h.  A summary of the 
results from the phi-c reduction runs for the various stages of construction are presented in 
Table SRA6 below: 

Table SRA6:  Summary of Model 1.1 Stability Analysis  

Effective Stress Parameters  (Phi-C reduction) 

Stage of the construction process modelled 
Critical slope identified 

during analysis 

Lowest 
Factor of 

Safety 

Stage 3 – Existing situation 
Circular failure of north 
slope 

1.35 

Stage 4 – Subgrade height set to 57.8mAOD, using 
existing slope gradient 

Circular failure of north 
slope 

1.32 

Stage 5 – Final imported inert material height set to 
59mAOD, south face using existing slope gradient 

Circular failure of north 
slope 

1.31 

Stage 6 – Factor of safety after 5 year waiting period 
Circular failure of north 
slope 

1.36 

Stage 4a – Subgrade height set to 57.8mAOD, south 
face using revised gradient of 1v in 3h 

Circular failure of both 
north and south slopes 

1.34 

Stage 5a - Final imported inert material height set to 
59mAOD, south face using revised gradient of 1v in 3h  

Circular failure of both 
north and south slopes 

1.31 

Graphical representations of selected analyses are presented in Figures SRA17 to SRA19. 
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Figure SRA17: Model 1.1, Stage 5 failure mode

Figure SRA18: Model 1.1, Stage 4a failure mode

Figure SRA19: Model 1.1, Stage 5a failure mode 
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3.4 Model 2: Stability Analyses 

A summary of the results from the phi-c reduction runs for Model 2 for the various stages of 
construction are presented in Table SRA7.  Model 1.1 had set the final deposit for recovery 
material height to 59mAOD and was found to be stable, Therefore, Model 2 was also 
assessed the same highest final level of 59mAOD. 

Table SRA7:  Summary of Model 2 Stability Analysis  

Effective Stress Parameters  (Phi-C reduction) 

Stage of the construction process modelled 
Critical slope 

identified during 
analysis 

Lowest 
Factor 

of 
Safety 

Stage 3 – Existing situation 
Circular failure of east 
slope 

1.41 

Stage 4 – Subgrade height set at 57.8mAOD, west and east 
faces using proposed final gradients  

Circular failure of west 
slope 

1.31 

Stage 5 – Final imported inert soils set to 59mAOD, west 
and east faces using proposed final gradients 

Circular failure of west 
slope 

1.32 

Graphical representations of selected analyses are presented in Figure SRA20. 

Figure SRA20: Model 2, Stage 5 failure mode
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3.5 Model 1t: Stability Analyses 

A summary of the Model 1t results from the phi-c reduction runs for the various stages of 
the construction are presented in Table SRA8.   Model 1.1 had set the final deposit for 
recovery material height to 59mAOD and was found to be stable, Therefore, Model 2 was 
also assessed the same highest final level of 59mAOD. 

Table SRA8:  Summary of Model 1t Stability Analysis  

Effective Stress Parameters  (Phi-C reduction) 

Stage of the construction process modelled 
Critical slope identified 

during analysis 

Lowest 
Factor 

of 
Safety 

Stage 3 – Existing situation 
Circular failure of north 
slope 

1.43 

Stage 4 – Subgrade height set at 57.8mAOD, using slope 
gradient 

Circular failure of north 
slope 

1.32 

Stage 5 – Final deposit for recovery material height set at 
59mAOD, south face using existing slope gradient 

Circular failure of north 
slope 

1.28

Stage 4a – Subgrade height set at 57.8mAOD, south face 
using revised gradient of 1v in 3h 

Circular failure of both 
north and south slopes 

1.32 

Stage 5a - Final deposit for recovery material height set at 
59mAOD, south face using revised gradient of 1v in 3h  

Circular failure of both 
north and south slopes 

1.27

Graphical representations of selected analyses (including failure modes) are shown in Figure 
SRA21. 

Figure SRA21: Model 1t, Stage 5a failure mode
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3.6 Model 1t.1: Stability Analyses 

As factors of safety were low on some stages for Model 1t, Model 1t.1 was created where 
the final deposit for recovery material level was set to 58mAOD.  A summary of the Model 
1t.1 results from the phi-c reduction runs for the various stages of the construction are 
presented in Table SRA9. 

Table SRA9:  Summary of Model 1t.1 Stability Analysis  

Effective Stress Parameters  (Phi-C reduction) 

Stage of the construction process modelled 
Critical slope identified 

during analysis 

Lowest 
Factor of 

Safety 

Stage 3 – Existing situation 
Circular failure of north 
slope 

1.43 

Stage 4 – Subgrade height set to 56.8mAOD, using 
existing southern slope gradient. 

Circular failure of north 
slope 

1.32 

Stage 5 – Final deposit for recovery material height set 
to 58mAOD, south face using existing slope gradient. 

Circular failure of north 
slope 

1.30 

Stage 4a – Subgrade height set to 56.8mAOD, south 
face using revised gradient of 1v in 3h. 

Circular failure of both 
north and south slopes 

1.32 

Stage 5a - Final deposit for recovery material height set 
to 58mAOD, south face using revised gradient of 1v in 
3h

Circular failure of both 
north and south slopes 

1.30 

Graphical representations of selected analyses (including failure modes) are shown in Figure 
SRA22. 

Figure SRA22: Model 1t.1, Stage 5a failure mode 
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3.7 Model 2t: Stability Analyses 

A summary of the results from the phi-c reduction runs for the various stages of the 
construction for Model 2t are presented in Table SRA10. 

Table SRA10:  Summary of Model 2t Stability Analysis  

Total Stress Parameters  (Phi-C reduction) 

Stage of the construction process modelled 
Critical slope 

identified during 
analysis 

Lowest 
Factor 

of 
Safety 

Stage 3 – Existing situation 
Circular failure of east 
slope 

1.38 

Stage 4 – Subgrade height set at 57.8mAOD, west and east 
faces using proposed final gradients  

Circular failure of west 
slope 

1.37 

Stage 5 – Final deposit for recovery material height set  to 
59mAOD, west and east faces using proposed final 
gradients 

Circular failure of west 
slope 

1.32 

Graphical representations of the analyses (including failure modes) are shown in Figure 
SRA23. 

Figure SRA23: Model 2t, Stage 5 failure mode
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4 ASSESSMENT 

The assessments outlined above are presented in the order described. 

4.1 Model 1 and 1.1: Stability Assessment – Effective Stress Analysis 

Analysis of Model 1 (with southern flank extended up to a maximum height of 60mAOD at 
existing gradient) returned a factor of safety just below 1.3 with a predicted fail in the higher, 
northern slope.   

When assessing the placement of steeper sub-grade fill to 1v in 2.5h on the southern flank, 
failures were predicted in the newly placed fill material with factors of safety of 1.15 after 
the sub-grade fill and 1.06 after the final soils placement. 

Therefore, the model required amendment and Model 1.1  was created with a final height 
of 59mAOD and a shallower gradient of 1v in 1.3h for the southern flank sub-grade fill.  With 
Model 1.1, factors of safety above 1.3 were returned for all stages of construction. 

An analysis of an additional 5 year waiting period after final inert import material placement 
found that the factor of safety for the system increased from 1.31 to 1.36. 

4.2 Model 2: Stability Assessment – Effective Stress Analysis 

Model 1.1 used a final deposit for recovery material height of 59mAOD and returned 
adequate factors of safety.  Therefore, Model 2 was assessed at the same highest level of 
59mAOD.   

Model 2 was assessed with the proposed final model gradients for the additional sub-grade 
fill on the western flank and re-grading of the eastern flank.  Analysis found that factors of 
safety were above 1.3 for all proposed stages of construction based on the 59mAOD final 
height. 

4.3 Models 1t and 1t.1: Stability Assessment – Total Stress Analysis 

As Model 1.1 used a final deposit for recovery material height of 59mAOD and returned 
adequate factors of safety.  Therefore, Model 1t was assessed at the same highest level of 
59mAOD. 

Analysis of Model 1t (with southern flank extended up to a height of 59mAOD at existing 
gradient) found a factor of safety just below 1.3 with a fail of the higher northern slope.   

When assessing the placement of steeper sub-grade fill to 1v in 3h on the southern flank, 
factors of safety of 1.32 for fill and 1.27 for the final soils were predicted by the analysis, 
slightly less than 1.3. 

Therefore, the model required amendment and Model 1t.1 was created with a highest level 
of 58mAOD.  With Model 1t.1, factors of safety equal to or above 1.3 were returned for all 
stages of construction. 



Bovey Basin Ball Clay Workings 
Environmental Permit Application Stability Assessment 

March 2025

Quarrying Sector Geological and Geotechnical Consultants
00934-250129/RSW

 Page 37 

4.4 Model 2t Stability Assessment – Total Stress Analysis 

As Model 1.1 used a final deposit for recovery material height of 59mAOD and returned 
adequate factors of safety.  Therefore, Model 2t was assessed at the same highest level of 
59mAOD.   

Model 2t was assessed with the proposed final model gradients for the additional sub-grade 
fill on the western flank and re-grading of the eastern flank.  Analysis found that factors of 
safety were above 1.3 for all proposed stages of construction based on a final deposit for 
recovery material level of 59mAOD. 
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5 CONCLUSIONS  

5.1 General 

The above stability risk assessment (SRA) has addressed the stability issues anticipated for 
the construction of a 1.2m deep final topsoil and subsoil layer from imported inert soils in 
Phases 1 and 2 of the Bovey Basin Waste Recovery Permit Area.  

Specifically, the following scenarios have been investigated for the different possible design 
options for the construction of the Phase 1 and 2 imported inert recovery material soil layer. 

 Construction of Sub-grade to the proposed model and to several different scenarios 
to obtain favorable factors of safety; 

 Construction of the imported inert material soil layer to the proposed model and to 
several different scenarios to obtain favorable factors of safety. 

Analyses have been based on the available site investigation information, conservative 
materials parameters, and a worst-case interpretation.  The conclusions leading into the 
design are listed in the following sections. 

5.2 Construction of the Subgrade 

The subgrade is proposed to be constructed from suitable site-sourced out-of-specification 
quarried material.  This is generally understood to be cohesive in nature although based on 
existing site tip records some material may comprise sands. 

Analysis has found that the western, eastern and northern flanks of the proposed sub-grade 
model can be constructed in accordance with the gradients originally proposed.  However, 
for the southern flank, the proposed 1v in 2.5h gradient must be slackened to no steeper 
than 1v in 3h.  In addition, the maximum height that the sub-grade in the Rixey Park Tip 
should be taken to is 56.8mAOD. 

The shorter the time period over which a slope or embankment comprising cohesive 
materials is constructed the greater the build-up of pore water pressures within the material 
which can lead to a reduction in the factor of safety for the system.  The factors of safety for 
the heights and gradients of the temporary waste slopes are based on a conservative timing 
of the placement of the completion of the Rixey Park Tip Phase 1 and 2 sub-grade. Remaining 
sub-grade placement on Rixey Park Tip should take place over a minimum two year period.  
Should actual or anticipated tipping rates on site exceed this, then a re-assessment of the 
waste slope stability will be required.

Any future sub-grade placed should be engineered in horizontal layers to achieve a minimum 
undrained shear strength of 70 kPa (where the sub-grade is cohesive).  In order to achieve 
this, it is recommended that minimum 250mm layers should be used and the layers should 
be compacted with a minimum 4 passes from a suitable sheepsfoot roller.  
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New sub-grade should be keyed-in to existing tip material.  Any existing tip material which 
is soft or wet should be removed from the area prior to tipping new material.   

Subgrade which has been placed and become soft or wet should either be removed from the 
work area or left to dry prior to any further tipping.  Works areas should be kept free of 
standing water. 

5.3 Construction of Imported Inert Recovery Material Soil Layer 

The recovery material soil layers are proposed to be constructed from suitable imported soils 
and subsoils.  Th imported material is assumed to comprise clayey sub-soils with sand/gravel 
and organic topsoil.  The topsoil layer is proposed to be ~300mm in thickness with ~900mm 
of sub-soils. 

Analysis has found that the western, eastern and northern flanks of the proposed final 
imported recovery material model can be constructed in accordance with the gradients 
originally proposed.  However, for the southern flank, the proposed 1v in 2.5h gradient must 
be slackened to no steeper than 1v in 3h.  In addition, the maximum height that the deposit 
for recovery material in the Phase 2 (Rixey Park Tip) area should be taken to is 58mAOD. 

Due to the requirement to retain the quality of the soils, no specific compaction is 
recommended for soil layer placement other than pushing out the soils with suitable plant 
such as a dozer or excavator.  

5.4 Temporary Waste Slopes 

As the imported inert material will only be placed 1.2m in depth, no significant temporary 
waste slopes will be present at the site. 

Where imported material is stored prior to placement, soils and subsoils should be stored in 
stockpiles of no greater than 3m height for topsoil and no greater than 5m height for sub-
soils.  Side slopes of the stockpiles should be no steeper than 1v in 2h and the piles should 
be free draining. 

5.5 Monitoring 

During infilling operations, the sub-grade and deposit for recovery material filling areas 
should be monitored daily by a suitably competent individual.  Monitoring should cover 
examining the crest and toe of any slopes for signs of instability (bulging of the toe or tension 
cracks at the crest) or signs of any unexpected water discharges from slopes.  

After completion of the infilling to final levels, the completed areas should be monitored at 
least monthly by a suitably competent individual. Monthly aftercare monitoring should cover 
examining the crest and toe of any slopes for signs of instability (bulging of the toe or tension 
cracks at the crest) or signs of any unexpected water discharges from slopes. 
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Appendix SRA1 – Drawings 

Appendix SRA2 – 2023 InSitu CPT Investigation Report 
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Drawings 

18876-032  - Wardel Armstrong Phase 1 Drawing  

18876-033  - Wardel Armstrong Phase 2 Drawing 
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2023 InSitu CPT Investigation Report 


