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LATHBURY QUARRY EPR/JB3608FR/A001 ENVIRONMENTAL PERMIT 
APPLICATION STABILITY RISK ASSESSMENT 

1. INTRODUCTION 

Lathbury Quarry is operated by Smith Aggregates Limited under Planning Permission 18/00009/MIN 
(granted on 20 August 2018) which provides for the extraction of c. 650,000t of sand and gravel and 
the restoration of the site to original ground levels using indigenous soils and c. 400,000m3 of 
imported inert waste. 

This report presents a Stability Risk Assessment and has been prepared to support an EPR Permit 
Application for the deposit for recovery activity.  It was confirmed by the Environment Agency (EA) 
in a letter to the applicant dated 05/01/2021 (reference: EPR/JB3608FR/A001) that the activity 
applied for is a deposit for recovery operation. 

2. SITE SETTING 

2.1 Physical Setting 

The EPR Permit application site is approximately centred on National Grid Reference SP 87625 45625.  
The site is bordered to the northeast by the River Great Ouse.  The village of Lathbury lies some 
100m to the south of the site. 

 A site plan is presented as Drawing No. SMLATH2102-1.  The EPR Permit application area covers c.
9.0ha.  

The ground surface falls in a northeasterly direction across the site towards the River Great Ouse.  
Maximum and minimum ground surface levels of c. 59mAOD and c. 53mAOD obtain respectively 
within the application area.  Ground surface gradients steepen from less than 1v : 400h (vertical : 
horizontal) across the southern half of the proposed excavation area to c. 1v : 30h locally along the 
northeastern side of the site. 

2.2 Geological Setting 

The geology of the site has been determined using published information and site investigation 
findings and comprises: 

 Overburden – thickness c. 1.2m - 1.7m 

 Sand and gravel – thickness c. 0.0m - 5.5m 

 Underburden limestone and clay (Great Oolite Group) – thickness >2.6m 

Overburden comprises topsoil and subsoil and sandy, gravelly clay. 

The sand and gravel is an isolated fluviatile terrace deposit (Biddenham Member – part of the Ouse 
Valley Formation) developed along the River Great Ouse.  The deposit comprises a dense sand and 
flint based gravel. 

Within the mineral excavation area, a maximum sand and gravel thickness of c. 5.5m obtains in the 
south from where the deposit thins to the north, east and west.  An average deposit thickness of c.
3.8m is indicated across the mineral excavation area. 

The sand and gravel deposit is underlain by limestones and clays belonging to the Great Oolite Group. 

3. CONCEPTUAL STABILITY SITE MODEL 

Details of the components of the conceptual stability site model are presented in the following sub-
sections, are summarised on Table 1 and are illustrated on Drawing No. SMLATH2102-2. 

3.1 Basal Sub-Grade Model 

The basal sub-grade of the deposit for recovery activity will comprise Great Oolite Group in the floor 
of the excavation.  The deepest part of the excavation floor will have a level of c. 51.3mAOD.   
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3.2 Side Slopes Sub-Grade Model 

The side slopes sub-grade of the deposit for recovery activity will comprise the perimeter slopes of 
the mineral excavation formed in sand and gravel.  

3.3 Basal Artificial Geological Barrier Model 

A basal artificial geological barrier will be constructed across the floor of the excavation.  The artificial 
geological barrier will comprise a compacted layer of suitable indigenous quarry material (overburden 
material and processing fines) and/or suitable selected imported inert waste material and will have 
a minimum thickness of 1m and a permeability no greater than 1 x 10-7m/s. 

The basal artificial geological barrier will be constructed in accordance with a Construction Quality 
Assurance Plan approved by the Environment Agency. 

3.4 Side Slopes Artificial Geological Barrier Model 

A side slopes artificial geological barrier will be constructed using suitable indigenous quarry material 
(overburden material and processing fines) and/or suitable selected imported inert waste. 

The suitable material will be compacted in layers and brought up in lifts up to c. 5m high against the 
side slopes sub-grade formed in sand and gravel.  The maximum side slope height formed in sand 
and gravel and the maximum unsupported height of the side slopes artificial geological barrier will 
be c. 5m.  The side slopes artificial geological barrier will have a minimum thickness of 1m and a 
permeability no greater than 1 x 10-7m/s. 

The side slopes artificial geological barrier will be constructed in accordance with a Construction 
Quality Assurance Plan approved by the Environment Agency. 

3.5 Waste Mass Model 

The site will receive inert waste. 

The waste will be placed in layers c. 1m thick in lifts up to c. 5m thick.  The maximum total thickness 
of waste will be 5m.  Active advancing slopes in waste material will be formed no steeper than 1v : 
2h.  The final restoration surface of the waste mass will be formed at gradients shallower than c. 1v 
: 30h consistent with original ground levels. 

No daily cover material will be placed.  

3.6 Capping System Model 

No engineered low permeability capping system will be placed.  The waste will be capped in a 
progressive manner following the deposit for recovery with restoration soils. 

Approved final restoration contours associated with the inert deposit for recovery activity are shown 
on Drawing No. SMLATH2102-1. 

4. STABILITY RISK ASSESSMENT 

4.1 Risk Screening 

A risk screening of the geotechnical issues relating to the stability and integrity of the components 
of the deposit for recovery development is presented on Table 1. 

4.2 Modelling Approach and Software 

Assessment of the geotechnical stability and integrity of the deposit for recovery development has 
principally involved the completion of a series of 2D limit equilibrium slope stability analyses.  This 
modelling and analytical approach is considered appropriate given the simplicity of the geotechnical 
setting of the development. 

Industry standard computer software (SLIDE – supplied by Rocscience Inc.) has been used to 
complete the slope stability analyses. 

4.3 Geotechnical Parameters Selected for Analyses 

Geotechnical parameters selected for analysis purposes are presented in the following sub-sections: 
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4.3.1 Artificial Geological Barrier 

Drained shear strength: c’ = 4kPa  ø’ = 23o

(conservative estimate) 

Bulk density:  1.8Mg/m3

4.3.2 Waste Mass 

Drained shear strength: c’ = 4kPa  ø’ = 23o

(conservative estimate) 

Bulk density:  1.8Mg/m3

4.4 Selection of Appropriate Factor of Safety 

A benchmark minimum Factor of Safety (FoS) value of 1.30 has been adopted for the purpose of 
assessing the stability of the deposit for recovery development.  It is considered that this benchmark 
value is appropriate given that: 

 the geotechnical setting of the site is simple and is adequately defined; 

 the geotechnical input parameters selected for analysis are known or have been conservatively 
estimated with reasonable confidence; 

 the geotechnical stability and safety risks associated with the deposit for recovery development 
at the site are considered to be very low.  

4.5 Stability Analyses 

4.5.1 Basal Sub-Grade 

No specific stability analyses have been deemed necessary.  Relevant geotechnical issues are 
discussed below in Section 4.6.1. 

4.5.2 Side Slopes Sub-Grade 

No specific stability analyses have been deemed necessary.  Relevant geotechnical issues are 
discussed below in Section 4.6.2. 

4.5.3 Basal Artificial Geological Barrier 

See Appendix 1 and Section 4.6.3 below.

4.5.4 Side Slopes Artificial Geological Barrier 

See Appendix 2 and Section 4.6.4 below. 

4.5.5 Waste Mass 

See Appendix 3 and Section 4.6.5 below. 

4.5.6 Capping 

No specific stability analyses have been deemed necessary.  Relevant geotechnical issues are 
discussed below in Section 4.6.6.

4.6 Stability Analyses Results 

The following sub-sections summarise the results of the stability analyses performed and discuss 
relevant geotechnical issues associated with the various deposit for recovery components.  Reference 
should be made as appropriate to the relevant Appendices for full details of the analyses performed 
and the associated results. 

4.6.1 Basal Sub-Grade 

 Base Stability 

Based on evidence from site investigation borehole logs and published information relating to 
the lithological character of the sand and gravel and the underlying Great Oolite Group, it is 
considered that no compressible material or cavities will be present beneath the site.  
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Accordingly, it is considered that the stability and integrity of the basal sub-grade will not be 
compromised by compressibility or the presence of cavities. 

 Basal Heave 

Excavation dewatering will be undertaken in order to permit mineral extraction, construction of 
the basal and side slopes artificial geological barrier and backfilling of the quarry void in dry 
conditions. There are no groundwater pressures acting which have the potential to promote 
basal heave.  Accordingly, it is considered that the stability and integrity of the basal sub-grade 
will not be compromised by basal heave. 

4.6.2 Side Slopes Sub-Grade 

 Compressibility 

Based on evidence from site investigation borehole logs and published information relating to 
the lithological character of the sand and gravel, it is considered that no compressible material 
or cavities will be present in the excavated perimeter slopes.  Accordingly, it is considered that 
the stability and integrity of the excavated perimeter side slopes sub-grade will not be 
compromised by compressibility or the presence of cavities. 

 Slope Stability 

Final excavated perimeter slopes in the sand and gravel will be formed at a design gradient of 
c. 1v :1h.  The maximum height of the excavated perimeter slopes in sand and gravel and 
overburden will be c. 7m. 

It is considered that the excavated slopes will remain adequately stable at the design gradients.
Any minor face dressing or re-grading of the side slopes sub-grade will be undertaken on a 
phased basis in advance of the construction of the side slopes artificial geological barrier. 

The quarry operator is responsible under the Quarries Regulations 1999 for ensuring that the 
excavated faces are designed, constructed, operated and maintained to ensure that instability 
or movement, which is likely to give rise to a risk to the health and safety of any person, is 
avoided.  Accordingly, it is considered that the stability and integrity of the side slopes sub-grade 
will not be compromised by slope instability.

4.6.3 Basal Artificial Geological Barrier (see Appendix 1)

 Basal Sub-Grade Stability 

Based on evidence from site investigation borehole logs and published information relating to 
the lithological character of the sand and gravel and the underlying Great Oolite Group, it is 
considered that no compressible material or cavities will be present beneath the site.  
Accordingly, it is considered that the stability and integrity of the basal sub-grade will not be 
compromised by compressibility or the presence of cavities. 

 Basal Heave 

Excavation dewatering will be undertaken in order to permit mineral extraction, construction of 
the basal and side slopes artificial geological barrier and backfilling of the quarry void in dry 
conditions. There are no groundwater pressures acting which have the potential to promote 
basal heave.  Accordingly, it is considered that the stability and integrity of the basal artificial 
geological barrier will not be compromised by basal heave. 

 Slope Instability involving Side Slopes and Basal Artificial Geological Barriers 

Using the input parameters detailed in Appendix 1, a satisfactory minimum FoS value of 2.05 is 
indicated by the analysis results for a non-circular slope failure involving the side slope and basal 
artificial geological barriers.  Accordingly, it is considered that the stability and integrity of the 
basal artificial geological barrier will not be compromised by slope instability involving the side 
slopes artificial geological barrier. 

 Slope Instability involving Waste Mass and Basal Artificial Geological Barrier 

Using the input parameters detailed in Appendix 1, a satisfactory minimum FoS value of 2.40 is 
indicated by the analysis results for a non-circular slope failure involving the waste mass and 
the basal artificial geological barrier.  Accordingly, it is considered that the stability and integrity 
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of the basal artificial geological barrier will not be compromised by slope instability involving the 
waste mass. 

4.6.4 Side Slopes Artificial Geological Barrier (see Appendix 2)

 Side Slopes Sub-Grade Stability 

Based on evidence from site investigation borehole logs and published information relating to 
the lithological character of the sand and gravel, it is considered that no compressible material 
or cavities will be present in the excavated perimeter slopes.  Accordingly, it is considered that 
the stability and integrity of the side slopes artificial geological barrier will not be compromised 
by compressibility or the presence of cavities associated with the excavated perimeter side 
slopes sub-grade. 

Final excavated perimeter slopes in the sand and gravel will be formed at a design gradient of 
c. 1v :1h.  The maximum height of the excavated perimeter slopes in sand and gravel and 
overburden will be c. 7m. 

It is considered that the excavated slopes will remain adequately stable at the design gradients.
Any minor face dressing or re-grading of the side slopes sub-grade will be undertaken on a 
phased basis in advance of the construction of the side slopes artificial geological barrier. 

The quarry operator is responsible under the Quarries Regulations 1999 for ensuring that the 
excavated faces are designed, constructed, operated and maintained to ensure that instability 
or movement, which is likely to give rise to a risk to the health and safety of any person, is 
avoided.  Accordingly, it is considered that the stability and integrity of the side slopes sub-grade 
will not be compromised by slope instability.

 Side Slopes Artificial Geological Barrier Slope Stability 

Using the input parameters detailed in Appendix 2, a satisfactory minimum FoS value of 1.46 is 
indicated by the analysis results for a non-circular slope failure involving the side slopes artificial 
geological barrier.  Accordingly, it is considered that the stability and integrity of the side slopes 
artificial geological barrier will not be compromised by slope instability. 

4.6.5 Waste Mass (see Appendix 3)

Using the input parameters detailed in Appendix 3, a satisfactory minimum FoS value of 1.45 is 
indicated by the analysis results for a non-circular slope failure involving the waste mass.  
Accordingly, it is considered that the stability and integrity of the waste mass will not be compromised 
by slope instability. 

4.6.6 Capping 

 Slope Stability 

The final restoration surface of the deposit for recovery activity will be formed at gradients 
shallower than c. 1v : 30h consistent with original ground levels.  Given the shallow restoration 
gradients, it is considered that the stability of the final restoration surface of the deposit for 
recovery activity will not be compromised by slope instability. 

 Deformation Due to Deposit for Recovery Material Settlement 

No engineered low permeability capping system will be placed and therefore the potential for 
the integrity of such a system to be compromised by settlement of the waste mass does not 
exist. 

Given: 

 the character of the inert waste which will be placed as the deposit for recovery activity 
(mainly clayey soil and stone);

 that site operational procedures, consistent with principles of best practice, will be 
employed to ensure that the waste is placed in layers c. 1m thick and is adequately 
compacted.

It is considered that the potential for deposit for recovery material settlement will be low (less 
than c. 2% of waste thickness).  Re-grading of the restored deposit for recovery surface will be 
undertaken if settlement results in the formation of localised shallow depressions.  Whilst it is 
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considered that such depressions would not adversely affect deposit for recovery material 
stability, they may cause localised ponding and therefore affect the agricultural afteruse of the 
site. 

5. MONITORING 

5.1 Basal Sub-Grade 

The basal sub-grade will be inspected prior to the construction of the basal artificial barrier, in order 
to ensure that no compressible or unsuitable material is present, and that no ponded surface water 
is present.  

5.2 Side Slopes Sub-Grade 

The side slopes sub-grade will be inspected prior to the construction of the side slopes artificial barrier 
in order to ensure that no compressible or unsuitable material is present and that the slopes exhibit 
adequate stability. 

5.3 Basal Artificial Geological Barrier 

Construction Quality Assurance procedures, consistent with a Construction Quality Assurance Plan 
approved by the Environment Agency and involving construction supervision and testing, will be 
adopted in order to ensure that the basal artificial geological barrier meets required specifications. 

5.4 Side Slopes Artificial Geological Barrier 

Construction Quality Assurance procedures, consistent with a Construction Quality Assurance Plan 
approved by the Environment Agency and involving construction supervision and testing, will be 
adopted in order to ensure that the side slopes artificial geological barrier meets required 
specifications. 

5.5 Waste Mass 

Placement of the waste will be routinely monitored in order to ensure that the waste is placed in 
layers c. 1m thick and is adequately compacted and that waste slopes are formed at appropriate 
gradients and remain stable. 

5.6 Capping 

A topographic survey of the restored deposit for recovery surface will be undertaken at intervals in 
accordance with the requirements of the EPR Permit in order to monitor material settlement. 

6. SUMMARY AND CONCLUSIONS 

This report presents a Stability Risk Assessment and has been prepared to support an EPR Permit 
Application for the deposit for recovery activity. 

It is considered that the geotechnical setting of the site is adequately defined and that the 
geotechnical stability and safety risks associated with the development are very low. 

The geotechnical stability and integrity of the components of the deposit for recovery development 
have been assessed and it is considered that adequate Factor of Safety values will be obtained during 
site development and following completion. 

GWP CONSULTANTS 
MARCH 2021 



Table 1 - Stability risk screening of deposit for recovery components

Is stability/integrity of

deposit for recovery

component at

significant risk?

Principal reason(s) Supporting analyses

Compressibility of sub-

grade
Simple No

Competent Great Oolite Group basal sub-

grade
See Section 4.6.1

Cavities in sub-grade Simple No No cavities See Section 4.6.1

Basal heave Simple No
No groundwater pressures acting to promote

basal heave
See Section 4.6.1

Compressibility of sub-

grade
Simple No

Competent sand and gravel side slope sub-

grade
See Section 4.6.2

Slope stability Simple No
Adequate stability of excavated perimeter

side slopes sub-grade
See Section 4.6.2

Compressibility of sub-

grade
Simple No

Competent Great Oolite Group basal sub-

grade
See Section 4.6.3

Cavities in sub-grade Simple No No cavities in basal sub-grade See Section 4.6.3

Basal heave Simple No
No groundwater pressures acting to promote

basal heave
See Section 4.6.3

Stability of waste mass and

basal artificial geological

barrier

Simple No
Shallow gradient drained slopes in adequately

strong waste mass material
See Section 4.6.3

Compressibility and slope

stability of side slopes sub-

grade

Simple No Adequately stable slopes in sand and gravel See Section 4.6.4

Slope stability Simple No
Shallow gradient slopes in adequately strong

artificial geological barrier material
See Section 4.6.4

Waste Mass Stability of waste mass Simple No
Shallow gradient slope in adequately strong

waste mass material
See Section 4.6.5

Slope stability Simple No
Shallow gradient restored deposit for

recovery surface
See Section 4.6.6

Deformation due to deposit

for recovery material

settlement

Simple No
No engineered capping system - limited

deposit for recovery material settlement
See Section 4.6.6

Side slopes artificial

geological barrier

Capping System

Deposit for recovery

component
Geotechnical issue

Classification of

geotechnical issue

Justification

Basal sub-grade

Side slopes sub-grade

Basal artificial geological

barrier

Report No. 210215



N

O

R

T

H

A

M

P

T

O

N

 

R

O

A

D

I

N

N

 

F

A

R

M

D

e

f

Taybarn

Manor

House

Home

Farm

1

Lathbury

T

h

e

B

e

e

c

h

e

s

Tollgate

Cottage

Thatched

Hall

Lathbury Shaw

2

1

LB

TCB

58.1m

Allotment Gardens

58.3m

BM 59.06m

60.3m

Ash Spinney

R

i

v

e

r

 

G

r

e

a

t

 

O

u

s

e

D

r

a

i

n

Issues

Issues

Red Brick

Cottages

4
8
7
5
0
0
E

4
8
7
7
5
0
E

246000N

245750N

245500N245500N

245250N

5

6

.

0

0

5

6

.

0

0

5

7

.

0

0

5

7

.

0

0

5

8

.
0

0

5

8

.

0

0

5

8

.

0

0

LEGEND

+44 (0)1608 810374
+44 (0)1608 810093
info@gwp.uk.com
www.gwp.uk.com

tel
fax

e-mail
web

Upton House
Market Street, Charlbury
Oxfordshire OX7 3PJ
United Kingdom

consultants

earth & water resources GWP Consultants LLP.  Registered No. OC326183.
Registered Office: Upton House, Market Street, Charlbury, Oxfordshire OX7 3PJ. UK

Version Revision and compilation notes Date

a

Client

Project

Date Drawn
Checked Scale

VersionDrawing No
Drawing Ref

Site plan

Lathbury Quarry

1:2500 at A3

SMLATH2102 1 a

Issued

04.03.2021

04.03.2021

EB/EMB

MP

N

Environmental Permit

application boundary

JB3608FR/A001 - deposit

for recovery

57.00

Proposed final

restoration contour

mAOD



In-situ cover soils

Sand and gravel

Great Oolite Group

(Clay and Limestone)

Side slope AGB
Waste

Basal AGB

1
m

6
m

1
m

3m

5
m

Sand and gravel

Great Oolite Group

(Clay and Limestone)

Side

slope AGB

Waste

Basal AGB

1
m

2
m

1
m

3m

1
m

1

v

:

1

h

1

v

:

2

h

1

v

:

1

h

1

v

:

2

h

Southwest

Restoration soils

Restoration soils In-situ cover soils

50

52

E
l
e
v
a
t
i
o
n
 
m

A
O

D

48

54

56

50

52

E
l
e
v
a
t
i
o
n
 
m

A
O

D

48

54

56

50

52

E
l
e
v
a
t
i
o
n
 
m

A
O

D

48

54

56

58

60

50

52

E
l
e
v
a
t
i
o
n
 
m

A
O

D

48

54

56

58

60

Northeast

Version Revision and compilation notes Date

a

Client

Project

Date Drawn
Checked Scale

VersionDrawing No
Drawing Ref

Components of conceptual stability site model

Lathbury Quarry

1:125 at A3

SMLATH2102 2 a

+44 (0)1608 810374
+44 (0)1608 810093
info@gwp.uk.com
www.gwp.uk.com

tel
fax

e-mail
web

Upton House
Market Street, Charlbury
Oxfordshire OX7 3PJ
United Kingdom

consultants

earth & water resources GWP Consultants LLP.  Registered No. OC326183.
Registered Office: Upton House, Market Street, Charlbury, Oxfordshire OX7 3PJ. UK

Issued

04.03.2021

04.03.2021

EB/EMB

MP



Appendix Fronts 210215

APPENDIX 1

Stability analyses – basal artificial geological barrier



Appendix 1 – Basal Artificial Geological Barrier
Smith Aggregates Limited
210215 APPENDICES

APPENDIX 1

STABILITY ANALYSES - BASAL ARTIFICIAL GEOLOGICAL BARRIER

1. Basal Artificial Geological Barrier Model

A basal artificial geological barrier will be constructed on a phased basis across the floor of the
excavation at a minimum formation level of c. 51.3mAOD. The artificial geological barrier will
comprise a compacted layer of indigenous quarry waste (processing fines, excess clays and
overburden material) and/or suitable selected imported inert waste material and will have a
minimum thickness of 1m and a permeability no greater than 1 x 10-7m/s.

2. Basal Sub-Grade Stability

Based on evidence from site investigation borehole logs and published information relating to the
lithological character of the Northampton Sand Formation, it is considered that no compressible
material or cavities will be present beneath the site.

Accordingly, it is considered that the stability and integrity of the basal artificial geological barrier
will not be compromised by compressibility or the presence of cavities associated with the basal
sub-grade.

3. Basal Heave

The basal sub-grade of the deposit for recovery will comprise clay and limestone of the Great
Ooilite Group left in-situ in the floor of the excavation.

There are no groundwater pressures acting which have the potential to promote basal heave of
the basal artificial geological barrier. Accordingly, it is considered that the stability and integrity of
the basal artificial geological barrier will not be compromised by basal heave.

4. Slope Stability - Waste Mass and Basal Artificial Geological Barrier

 Aim: To assess the potential for instability involving the waste mass and the basal artificial
geological barrier.

 Analytical approach: Use of SLIDE computer software to investigate the potential for slope
failure.

 Slope geometry: See Figure A1 (advancing waste slope).

 Analysis input parameters:

 Shear strength and bulk density parameters:

Artificial Geological Barrier

Drained shear strength: c’ = 4kPa ø’ = 23o

(conservative estimate)

Bulk density: 1.8Mg/m3

Waste Mass

Drained shear strength: c’ = 4kPa ø’ = 23o

(conservative estimate)

Bulk density: 1.8Mg/m3

 Groundwater: Quarry floor level.

 Leachate: None.
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 Results

Slope Instability involving Side Slopes and Basal Artificial Geological Barriers
(Analysis A)

Using the input parameters detailed above, a minimum FoS value of 2.05 is indicated by the
analysis results for a non-circular slope failure involving the side slope and basal artificial
geological barriers.

Slope Instability involving Waste Mass and Basal Artificial Geological Barrier
(Analysis B)

Using the input parameters detailed above, a satisfactory minimum FoS value of 2.40 is
indicated by the analysis results for a non-circular slope failure involving the waste mass and
the basal artificial geological barrier.

 Conclusions

The calculated FoS values of 2.05 and 2.40 calculated are considered satisfactory.
Accordingly, it is considered that the stability and integrity of the basal artificial geological
barrier will not be compromised by slope instability involving the side slope AGB or the waste
mass.
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APPENDIX 2

STABILITY ANALYSES – SIDE SLOPES ARTIFICIAL GEOLOGICAL BARRIER

1. Side Slopes Artificial Geological Barrier Model

A side slopes artificial geological barrier will be formed on a phased basis using indigenous quarry
waste (processing fines, excess clays and overburden material) and/or suitable selected imported
inert waste.

The suitable material will be compacted in layers and brought up in lifts c. 2.5m high against the
side slopes sub-grade formed in sand and gravel as the general placement of waste progresses.
The maximum side slope height in the sand and gravel will be 5m. The side slopes artificial
geological barrier will have a minimum thickness of 1m and a permeability no greater than 1 x 10-

7m/s.

2. Side Slopes Sub-Grade

 Compressibility of Side Slopes Sub-Grade

Based on evidence from site investigation borehole logs and published information relating to
the lithological character of the sand and gravel, it is considered that no compressible material
or cavities will be present in the excavated perimeter slopes. Accordingly, it is considered that
the stability and integrity of the side slopes artificial geological barrier will not be compromised
by compressibility or the presence of cavities associated with the excavated perimeter side
slopes sub-grade.

 Slope Stability of Side Slopes Sub-Grade

It is considered that the excavated slopes will remain adequately stable at the design
gradients. Any minor face dressing or re-grading of the side slopes sub-grade will be
undertaken on a phased basis in advance of the construction of the side slopes artificial
geological barrier.

The quarry operator is responsible for ensuring that the excavated faces are designed,
constructed, operated and maintained so as to ensure that instability or movement which is
likely to give rise to a risk to the health and safety of any person is avoided. Accordingly, it is
considered that the stability and integrity of the side slopes sub-grade will not be
compromised by slope instability.

3. Slope Stability – Side Slopes Artificial Geological Barrier

 Aim: To assess the potential for instability involving the side slopes artificial geological
barrier.

 Analytical approach: Use of SLIDE computer software to investigate the potential for slope
failure.

 Slope geometry: See Figure A2.

 Analysis input parameters:

 Shear strength and bulk density parameters:

Artificial Geological Barrier

Drained shear strength: c’ = 4kPa ø’ = 23o

(conservative estimate)

Bulk density: 1.8Mg/m3

Waste Mass

Drained shear strength: c’ = 4kPa ø’ = 23o
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(conservative estimate)

Bulk density: 1.8Mg/m3

 Groundwater: Quarry floor level.

 Leachate: None.

 Results (Analysis C)

Using the input parameters detailed above with an artificial geological barrier constructed with
quarry waste material/imported inert waste, a minimum FoS value of 1.46 is indicated by the
analysis results for non-circular failure involving the waste mass and the side slopes artificial
geological barrier.

 Conclusions

The calculated FoS value of 1.46 calculated is considered satisfactory. Accordingly, it is
considered that the stability and integrity of the side slopes artificial geological barrier will not
be compromised by slope instability.
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APPENDIX 3

STABILITY ANALYSES – WASTE MASS

1. Waste Mass Model

The site will receive inert waste.

The waste will be placed in layers c. 1m thick in lifts c. 5m thick. The maximum total thickness of
waste will be 5m. Active advancing slopes in waste material will be formed no steeper than 1:2
(v:h). The final restoration surface of the waste mass will be formed at gradients shallower than
c. 1:20 (v:h).

No daily cover material will be placed.

2. Slope Stability – Waste Mass

 Aim: To assess the potential for instability involving the waste mass.

 Analytical approach: Use of SLIDE computer software to investigate the potential for slope
failure.

 Slope geometry: See Figure A3 (advancing waste slope).

 Analysis input parameters:

 Shear strength and bulk density parameters:

Artificial Geological Barrier

Drained shear strength: c’ = 4kPa ø’ = 23o

(conservative estimate)

Bulk density: 1.8Mg/m3

Waste Mass

Drained shear strength: c’ = 4kPa ø’ = 23o

(conservative estimate)

Bulk density: 1.8Mg/m3

 Groundwater: Quarry floor level.

 Leachate: None.

 Results:

Advancing waste slope (Analysis D)

Using the input parameters detailed above, a minimum FoS value of 1.45 is indicated by the
analysis results for non-circular failure involving an advancing waste slope.

Temporary inter-phase waste slope

Temporary inter-phase slopes in waste material will be formed at a shallower gradient than
active advancing waste slopes. FoS values for non-circular slope failure involving the waste
mass will be higher for temporary inter-phase waste slopes than for advancing waste slopes.

 Conclusions

The calculated FoS value of 1.45 for an advancing waste slope is considered satisfactory.
Accordingly, it is considered that the stability and integrity of an advancing or temporary inter-
phase waste slope will not be compromised by slope instability.
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