QUARRY DESIGN HANDBOOK PART Il
Pre-publication draft July 2008 CHAPTER 4

CHAPTER 4
DESIGN OF THE OPERATION AND ITS RESTORATION

4.1 ESTABLISHING THE DESIGN BRIEF (design Stage i).......ccooeeeiiiieieeeieeeeeeeeeeeeeeeennn 6
O R @ | o] 1= o3 1)Y= ST 6
4.1.2 Technical reqQUIFEMENTS .......ciiiieiiiieiiec e 7
4.1.3  Information reQUIrEMENTS .......coiiviiiiiiiiiiiiiiieiieee et 7
4.1.4  DeliverabIes. ... ..o 8
4.2 CONCEPTUAL DESIGN, OPTION SELECTION AND FEASIBILITY STUDY (design
L] 7= 1o 1T U 9
N R O | o] =T ox 1Y T 9
4.2.2  DeSign reQUIrEMENES. ......uuuui i e eeieeeiie e e e e e e e e e e e e e e et e e e e e eeeneaaaaes 10
4.2.3  Information reqUIrEMENTS.........ccoiviiiiiiii e 11
424  DeliverabIes. ... 11
4.3 DESIGN OF THE FINAL VOID AND RESTORATION SCHEME (design stage iii). 14
I T R @ | o] 1= Tox 11/ PP 14
4.3.2  DeSign reqUIrEMENTS. . ....uuui e eeeeeiiia e e e e e et e e e e e e e e eaea e e e e e e eeeeenannnns 14
4.3.3  Information reqQUIrEMENTS ........ceiiiiiiiiiiiiiiiiiieeeeee ettt 14
4.3.4  DelVErabIES.....cccoiiiiiiiiiiiiiiii 15
4.4 DESIGN OF PHASED WORKING AND RESTORATION SCHEME (design stage iv)
.............................................................................................................................. 18
N R @ | o] 1= Tox 11/ PP 18
4.4.2  DeSigN reQUIrEMENES. .. ...uuuuii i e e e eeeeeiiie e e e e e e e et e e e e e e e et e e e e e eeaannaanas 18
4.4.3  Information reQUIrEMENTS .......coiiiiiiiiiiiiiiiiiiieeee ettt 19
444  DeliverabIes..... ..o 19
4.5 PRE-PRODUCTION REQUIREMENTS (design phase Vi) .......cccceevveeeiieeeiiineneeennn, 22
TNt R O | o] =T ox 1Y PR 22
4.5.2  DeSign reqUIrEMENTS. ......uuui e et e e e e e et e e e e e e e e et e e e e e eeeeennnnnns 22
4.5.3 Information reqUIrEMENTS .........ccoiviiiiiiii et 22
4.5.4  DeliVErabIES.....cccooiiiiiiiiiiiiiiiii 23
4-1

Chapter 4 - October08.doc, 17/10/2008




PART II
CHAPTER 4

QUARRY DESIGN HANDBOOK
Pre-publication draft July 2008

SITE SELECTION AND
CONSIDERATION OF
ALTERNATIVES

Has a preferred site been
identified and included in land-
bank?

]

CONCEPTUAL DESIGN
AND OPTION
SELECTION

Does the conceptual proposal

meet business requirements?

Can environmental effects be
mitigated?

Can the site be worked safely?

Are design
changes

ranirand?

DETAILED DESIGN AND
DESIGN RISK
ASSESSMENT

Do the detailed proposals
meet
business requirements?
Can environmental effects be mitigated?
Can the site be worked safely?
Have all consultations been taken into
account?

g

Can the objectives be met

additional consultations?

SUBMIT PLANNING
APPLICATION AND
ENVIRONMENTAL STATEMENT

Planning application
successful?

Appeal?
Appeal
successful?

S3IA

OBTAIN ALL
NECESSARY PERMITS
AND LICENCES.
PREPARE REQUIRED
DOCUMENTATION

Consider
alternative site?

through design changes with

Figure 4-1
Progress through the
design process

NO

Amend and
resubmit?

ON

COMMENCE
OPERATIONS

4-2

Chapter 4 - October08.doc, 17/10/2008




QUARRY DESIGN HANDBOOK PART Il
Pre-publication draft July 2008 CHAPTER 4

DESIGN OF THE OPERATION AND ITS RESTORATION

Following the selection of a site for development as a quarry (see Chapter 3) a sketch design of its
layout and possibly also its restoration landform is likely to exist, together with a statement of the
mineral resource potentially available to be worked at the site. The mineral resource assessment is
likely, at this stage, to have been made on the basis of area measurements and thickness estimates,
with percentage allowances for geological uncertainty and the losses that will arise due to waste,
areas of the site needed for essential infrastructure and environmental standoffs, and the material that
can never be worked within the perimeter slopes (batters). This chapter is about moving from the site
selection process to a quarry with a valid planning permission that can be implemented as shown on
Figure 4-1. This progression from site selection to a detailed design also represents increasing
confidence in the resource estimate for the site (see Figure 4-2).

Once the site has been selected, the design proceeds in stages. The first stage is the establishment
of a design brief (a set of commercial, operational and other objectives), against which the design can
be checked and adjusted (or which may itself be adjusted) as the iterative process of operational
design proceeds. Chapter 5 describes the investigations and information necessary to support the
design of the operation and its restoration at each of the stages described in this chapter, and Chapter
6 covers the ongoing process of risk assessment to which the design should be subject in order to
ensure that it meets its objectives.

Consultation and communication are essential throughout the design process and these aspects are
covered both in general and in relation to the distinct design stages, in Chapter 7. Such a complex
process, involving a range of specialist and general inputs is unlikely to succeed unless it is effectively
managed, and this aspect is covered in Chapter 8.

The design of the operation itself and its restoration involves the design team in six principal stages
leading to the start of quarry operations.

i. Establishment of a design brief — a set of business, operational and other
objectives

ii. Conceptual design, option selection and feasibility study including initial
resource evaluation and identification of working and restoration options. This
stage results in a refinement of the design brief.

iii. Detailed design of the final void and restoration scheme, assessment of its
environmental impact, mitigation and benefits, and updates to the initial resource
evaluation based on measurement of the detailed design and more detailed 3D
geological models.

iv. Detailed design of a phased working and restoration scheme demonstrating
that the quarry can be worked and restored efficiently, safely (complying with the
Quarries Regulations) and without causing environmental harm. Refinements to
the stage iii design and the resource evaluation may result at this stage.

V. Preparation and submission of documents for the Planning Application and
accompanying Environmental Statement (ES) if required. Preparation of
evidence to, and participation in, a Planning Appeal if necessary.

Vi. Pre-production requirements for operational and business plans, safety and
contract documentation, implementation of planning conditions, environmental
monitoring and management systems etc
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SITE SELECTION
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| selection resource
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Site boundary — area of
N which operator can
— gain control

Resources estimated using the following approach:
(Excavation areax minera thickness x in situ density) x F%

Where F% is a factor allowing for:
- geological uncertainty
- processing and quarrying waste
- mineral that cannot be worked beneath excavated slopes and haul roads
- Reduction in the working area to allow for establishment of infrastructure and
environmental standoffs
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Resources estimated using the following approach:
((V —in situ waste) x in situ density) — processing waste

WhereV isin situ volume directly measured from:
- detailed 3D site design plans depicting the final excavation geometry of the operation
- accurate surface models of all key geological surfaces (including water table, rockhead and base of mineral)

Figure 4-2 Sketches illustrating the progression from site selection to detailed design
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As is indicated on the diagram in the introduction to Part Il, in Figure 4-1, and mentioned throughout
this Handbook, there is a need for significant feedback, iteration and overlap between these design
stages, but they are listed above in generally chronological order. The information requirements and
investigations described in Chapters 2 and 5 are relevant throughout the operational and restoration
design stage, although most collection of information and site investigation is generally complete
before design stage iii. For some operations, there may be little or no distinction between the first two
stages, and items i. and ii. are often substantially completed during the site selection phase described
in Chapter 3, particularly if a site has been promoted by a Developer for inclusion in the land bank.
With the exception of design stage v., each of the design stages listed above is given a separate
section in this chapter, generally structured as follows:

Objectives

Design (technical) requirements
Information requirements
Deliverables

The sections describing design stages i, iii, and iv (sections 4.2 to 4.4) include examples of the design
plans produced for a hard rock (crushed rock aggregate) quarry and a sand and gravel quarry; the
same sites are used for all three examples to show the progression.

There are several design (or technical) requirements noted for design stages i, ii, iii, iv, and vi, which
are illustrated on Figure 4-1 and described in Sections 4.1 - 4.5. There is no separate section for
design stage v, since the procedures for making a planning application and the information to be
included are well documented on a County by County basis (and vary somewhat). Similarly, there is
abundant published guidance concerning environmental assessment and the preparation of
environmental impact statements for minerals applications.

Appendix 4 in Part IV includes a number of more detailed documents describing in more detail how
particular technical requirements can be met at each stage in the design process. There are six
documents in this appendix, which identify the principal design elements or activities required to
design the operational layout, excavation geometry and restoration scheme.

The design elements selected for more detailed treatment in Appendix 4 are:

Appendix 4-1 Resource evaluation for aggregates

Appendix 4-2 Principles of design in sand and gravel quarries

Appendix 4-3 Principles of design in quarries producing crushed rock aggregate
Appendix 4-4 Slope design

Appendix 4-5 Haulage method selection and design of haul routes

Appendix 4-6 Economic modelling for feasibility studies and business planning

Whilst providing more detailed information than sections 4.1 - 4.5 on individual design elements, the
documents in Appendix 4 are not intended to provide a detailed technical manual; it is not the purpose
of this Handbook to replicate the wealth of practical guidance already publicly available elsewhere.
However, the Handbook does set out to assist the reader to gain a good appreciation of what is
required and how it can be achieved. It also guides the reader to sources of detailed information and
guidance on techniques and methods through references to published and public access information.
Where there is no readily available supporting material easily accessible in the public domain, we
have incorporated in the Appendix 4 documents materials produced by the authors (but as yet
unpublished elsewhere). Appendix 4 can be found on the CD in Part IV.

The following design elements are also important:

Restoration and after-use design

Design for enhanced conservation and access opportunities
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The design of surface water management and lagoon systems
EIA for quarries and design approaches to minimising environmental impact

These matters have been covered in considerable detail in other ALSF material, especially that
summarised and described in the resources available at www.sustainableaggregates.com, which also
provides links to the original reports and resources.

The specific design elements in Appendices 4-4 to 4-5 and the other design elements listed above (for
which information can be obtained elsewhere) have been chosen as being those that most
significantly affect operational and restoration layouts, and/or which have the greatest impact on
safety, efficiency, viability and environmental impact of a quarry and/or its restoration scheme.

Appendices 4-2 and 4-3 describe, in more detail than is possible in this chapter, the particular
approaches and constraints relevant to design in sand and gravel quarries and quarries producing
crushed rock aggregates. Most of the design elements are relevant in varying levels of detail and
complexity at all of the key design stages listed above and discussed in Sections 4.1 to 4.5 below. For
example, a resource evaluation made at the site selection or conceptual design phase must be
constantly refined and re-visited as more information becomes available and as the design becomes
more detailed. By the end of the process, there should be high confidence in all the assumptions
underlying the resource statement, and the measurements themselves will have been made from a
detailed model meeting the key criteria for good quarry design. It should also be possible, by the end
of the detailed design stages (iv and v) to report the resources against individual phases of working
and therefore develop a ‘time line’ for the operation.

Appendix 4-1 addresses the key issue of resource evaluation, which is a fundamental driver for the
design of quarries (Appendices 4-2 and 4-3), and is the predominant factor in economic modelling for
feasibility studies and business planning for aggregates (Appendix 4-6).

4.1 ESTABLISHING THE DESIGN BRIEF (design stage i)

4.1.1 Objectives

As described in Part | and in the introduction to this chapter, the quarry design process is a complex
balancing exercise between environmental, operational (including safety), commercial and planning
constraints. Unsatisfactory impacts on any of these may result in the project being abandoned
through refusal of planning permission or licence applications, through withdrawal of the proposals by
the developer (e.g. if that which is permitted is uneconomic to implement) or even failure of the
operation once underway if problems surface that were not recognised during the design process (e.g.
more waste arising than anticipated and no room to accommodate it).

The final design should be such that:

The proposed quarry operation will satisfy the financial and strategic requirements of the
owner/operator.

The site is capable of being worked safely, effectively and efficiently through all phases of the
project.

The project will stand up to environmental scrutiny, potential negative environmental impacts are
appropriately prevented or mitigated, and opportunities for environmental benefits are included.

The site can be operated in compliance with all relevant legislation and planning requirements.

Consideration and accommodation of concerns by non-statutory consultees, including the local
population and special interest groups, can be demonstrated.

Quarry design solutions should be practical to implement, appropriate to the scale and complexity of
the site and present real value for money. Beneath the over-arching design objectives listed above,
the financial, environmental and safety implications of design options should be clearly defined by the
design team to allow informed choices to be made by the Developer. Similarly, it is important that the
design team understands the Developer’s objectives and requirements in four critical areas:
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Key dates for the design and application process

The total mineral resources to be secured and the desired rate of mineral production
Minimum required return on investment that the project must generate

Successful negotiation of the planning and licensing system

As is illustrated in Figure 4-1, and in sections 4.2 to 4.5 below, progressive stages of design
necessarily lead to increasing complexity and detail. Feedback, input of further information collected,
analysis as part of an environmental assessment or geological/geotechnical site investigation, and
iteration are vital components in the process. There is a danger that the process becomes solely
focussed on one objective (often applying for and securing planning permission) and that other
objectives are overlooked.

Example scenario:

Between the conceptual design phase and submission of a planning application,
environmental assessment and comprehensive consultations have taken place. Two
major design changes have been made in response to consultations following completion
of the environmental assessment, which have a significant impact on the recoverable
resources within the site:

The floor level of the operation has been raised above the water table to address
objections by the Environment Agency relating to protection of an aquifer.

Final excavation slopes have been flattened, within the limit of excavation
established after the conceptual design stage, to mitigate landscape impacts of
the final restoration through landform replication.

Planning permission is granted and it is not until a business plan is drawn up prior to
implementation of the permission that the Developer realises that the operation cannot
deliver the return on investment required (and that which was assessed at conceptual
design stage on the basis of the assumptions made at that time).

Agreement of clear objectives and a related design brief at an early stage is a helpful framework both
for managing a quarry design project (see also Chapter 8) and for avoiding unforeseen situations
arising (such as that described in the scenario) through early identification of imbalance between
operational, environmental and commercial objectives and outcomes. At the end of each design stage
and after any significant design change (especially those affecting recoverable resources), a review
should be carried out of key elements of the design brief, amounting to addressing the question “are
we still prepared to invest our money in this project?”.

4.1.2 Technical requirements

A design risk assessment approach to ongoing checking of a design against its agreed commercial
objectives is set out in Chapter 6.

The design risk assessment approach described in Chapter 6 considers all design risks at a variety of
scales and levels of importance in terms of potential impact of changes as the quarry design evolves.
Monitoring of compliance with the overall design brief is likely to be best achieved through repeated
updating of a discounted cash flow model created during the feasibility study phase and developed
throughout the design phase so as to become the key element of a business plan.

4.1.3 Information requirements

Information required by the design team as part of a design brief is listed in Chapter 5. At this time, it
is likely that the primary information described in Chapter 2, at a level of detail appropriate to
conceptual design, will also be available and will inform the drawing up of the brief.

Chapter 4 - October08.doc, 17/10/2008



PART Il QUARRY DESIGN HANDBOOK
CHAPTER 4 Pre-publication draft July 2008

4.1.4 Deliverables

The complexity of the design brief is likely to vary, depending on the complexity of the project and
internal company systems. At its simplest, it might simply state that a planning application is required
for the site by a certain date and state the minimum saleable tonnage that must be produced on an
annual basis for a specified number of years. For more complicated projects, especially where there
is to be an EIA with wide scope, the design brief might be split into stages reflecting the design stages
that form the structure for this chapter. A detailed specification of work would be provided for each
design stage and decision points would be identified for checking the design against the overall
commercial objectives of the project (which are unlikely to be “obtain planning permission whatever
the cost”). The advantage of the latter approach is that it forms a convenient basis for building a
budget and programme, and a framework for identification of appropriate specialist inputs required
and for appointment and briefing of specialists. A design brief built up in this way also provides a
convenient framework for monitoring performance against the budget and programme. If there is
significant uncertainty in any key area (for example, whether an ES will be needed and, if so, what its
scope will be), it is sensible to set out the details of the design brief in phases of work (that may reflect
the quarry design stages in this chapter); early phases can be carefully planned, with full details of
later phases (and detailed programmes and budgets) to be completed later as more information
becomes available about what will be required. The advantage of this approach is that the phases of
work provide natural points at which to re-visit the project objectives and to make positive decisions as
to whether to continue or not.

Benches are worked successively, such that the
entire excavation area is disturbed throughout the
operation.

Overburden, soils, quarry waste and any material
that cannot be sold directly must be stored outside
the excavation limit, for which storage spaceis
required.

Method is suitable for bulk minerals where thereis
plenty of out of pit tipping space for overburden,
soils, waste and stock storage, or in small sites
where method 2 isimpractical.

A void is created to the full depth of the deposit (1)
| and then full faces are advanced (2) then (3) a
multiple bench levels.

This method allows progressive replacement of
overburden and soilsin low level restoration or
backfilling with landfill as soon as the faces have
advanced sufficiently to create space for thisto
happen.

The overburden, soils, and quarry waste from the
initial void (1) must be stored outside the
excavation limit, but the space required will

Open p|t quarry - method 2 generally be smaller than for method 1.

Figure 4-3 Sketches showing approaches to open pit development
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Figure 4-4 Sketches showing some approaches to restoration landform formation without

landfill

4.2 CONCEPTUAL DESIGN, OPTION SELECTION AND FEASIBILITY STUDY
(design stage ii)

4.2.1 Objectives

Conceptual design is undertaken once a site has been identified for development. It is directed

towards:

Identification of aims and objectives of the quarry design (e.g. required production rates, total
reserve and reserve life required, preferred after-use or final restoration landform).

‘Broad brush’ design of one or more options for working and restoring the site at a level of detail
suitable for the investigation of feasibility, identification of key environmental, geotechnical and
operational constraints, and estimation of resources, waste and restoration materials.

Option

selection based on environmental scoping and ‘broad brush’ environmental and

operational assessments.

Developing an agreed specification for the detailed design answering the following questions or
identifying further work required to allow the design to proceed:

Where will the final excavation limits be?

What are the access requirements?

What excavated slope angles will be stable in each geotechnical domain, and what are
the design rules that should be applied to excavations?

What excavated slope heights will be stable in each geotechnical domain and taking into
account the capabilities of proposed excavation plant to be deployed?

What should the design rules be for tips (overburden, soils, mineral stockpiles, lagoons
etc) and excavations (including faces and haul roads)?

What will the excavated quarry floor levels be?

Will the workings be wet or dry?

If dry, will pumping of groundwater be required to keep them dry during the operation?
Will the quarry be worked by method 1 or method 2 depicted on Figure 4-3?

What will the direction(s) of working be and/or how will the operation be phased (in broad
terms)?

4-9 |
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- How will surface water be managed and where will surplus surface water be discharged?

- What excavation and loading plant will be used at the face?

- Will there be any blasting or other ground preparation required?

- How will the mineral be hauled within the site (haul roads, conveyors)?

- If haul roads, what will be the size and number of trucks used?

- Is there a need for selective excavation to optimise quality or waste arisings?

- If so, how can that be achieved?

- What mineral processing will take place on site?

- What are the fixed plant, staff and visitor requirements (layout and size of plant, buildings,
parking, and other structures)?

- How much space will the fixed plant require and where will it be located?

- What products will it produce?

- How much process waste will arise (as a percentage of run of quarry material delivered to
the processing plant)?

- Will there be progressive restoration?

- Will restoration depend on the importation of material to the site (i.e. landfill)?

- If restoration will be progressive (see Figure 4-3, method 2), how much space will be
required out of pit to accommodate quarry and process waste, overburden and soils that
cannot be replaced in the working void in their permanent location in the early years?

- If restoration will not be progressive, where will the waste, overburden and soils stripped
during the life of the quarry be stored? Will these storage arrangements be temporary
(i.e. replacement of material in the void on completion of extraction) or permanent?

- What will the final restoration landform be (see Figure 4-4)?

- What after-uses will the final restoration scheme be suitable for?

- What are the key operational constraints and drivers on the operation (safety, feasibility)?

- What are the key environmental constraints and drivers on the operation (EIA scoping)?

Specification of further geological and geotechnical site investigations and environmental baseline
studies required to support detailed design phases.

4.2.2 Design requirements

The principal design requirements at this stage are:

Preparation of 3D surface models of all key geological surfaces (Chapter 5 and Appendix 4-
1):

- Ground surface

- Rockhead (the interface between the bedrock and superficial materials)

- The top of the target mineral (if different from)

- Significant surfaces within the target mineral (e.g. top, base and lateral extent of materials

that comprise waste materials, water table, major faults)
- The base of the target mineral (where relevant)

Definition of geotechnical domains and allocation of appropriate design rules for each
domain (Appendices 4-3 and 4-4).

3D design of final excavation voids and outline site layouts based on a range of possible
restoration, processing and phasing options and with varying sets of environmental and
commercial assumptions.

Measurement of volumes and estimation of tonnages of all materials to be excavated (mineral,
top soil, sub soil, superficial material, waste within the deposit) using the 3D geological surface
models and the 3D excavation design models (Appendix 4-1)

Provisional zoning of excavation into geotechnical domains for each working option, within
which similar potential modes of failure may occur and require particular design solutions
(Appendix 4-4)

Provisional identification of primary environmental constraints for each working option
considered, and scoping of environmental assessment.
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Comparative analysis of options (Figure 4-5 and Appendix 4-7)
4.2.3 Information requirements

Information requirements (see Chapter 5):

Base mapping and geological desk studies

Topographic survey (including site boundaries) and neighbouring land and features
Provisional geological models and quality information

Provisional geotechnical and operational design rules

Results of environmental baseline studies completed to date

Significant environmental controls and key restoration concepts (e.g. landform replication)

4.2.4 Deliverables

A set of plans and resource tables identifying one or more options available for working the site

Comparative analysis of design options produced at Stage i, and agreement of the design option
that should go forward to be worked up into a planning application (see Figures 4-5 and 4-6).

Feasibility study of the selected option including building of an economic model (Appendix 4-6)

A design brief for the preparation of the planning application, including a set of plans, tables and
descriptive material for the conceptual design option selected.

A scoping study (or matrix) for an EIA (suitable for submission to the MPA with a request for a
scoping opinion) (see Chapter 1, section 1.5).
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Excavation option:

Restoration option:

Issue

Strengths

Weaknesses

Opportunities

Threats

N/A

Notes

Open pit working method

Direction of working/overall phasing

Final restoration geometry/landform

After-use potential

Accommodation of waste

Potential for progressive restoration

Suitability for proposed after-uses

Environmental constraints/issues
Visual/landscape impact

Impact on archaeology and cultural/social
. _heritage

Impact on soils and land-use

Geotechnical constraints/issues
Excavated slope stability (including rockfall,
bench and face scale failures, weak materials)
Tip material properties and foundation
conditions

Hydrogeological setting

Water management requirements

Haulage proposals

Processing proposals

Estimated recoverable resource

m3 | tonnes

Resource life

Figure 4-5

Proforma for SWOT analysis of alternative conceptual design options
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Excavation option 1: excavation in | Excavation option 2: excavation | Excavation option 3: excavation
undisturbed areas of the site only. over entire area including SW | in undisturbed areas of the site
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Option 1

Extraction volume:
1,050,000m3 of virgin ground, of
which 157,500m3 is waste.

Groundwater management
requirements.

The floor is below the maximum
inferred groundwater levels over the
whole site. Extraction of the basal
bed on the eastern side will be
below minimum groundwater level
and there will therefore be
groundwater protection issues.

Blasting requirements:
Blasting is required to extract the
basal bed.

Restoration option 1:

Low level restoration and reduction
of final face gradients on
completion (using quarry waste) to
allow establishment of vegetation.
Some faces to be left exposed to
provide geological conservation
areas. Quarry waste to be used to
re-profile the SW quadrant and
build up the floor in the NW
guadrant above the max water table
to allow establishment of
vegetation. Eastern side of quarry
to remain as-excavated and will
flood to form a lake

Option 2

Extraction volume:

1,515,000m?3 of which 256,300m3 is
waste. The extraction area includes
previously quarried ground to the
south west of the site. The
proportion of waste to mineral is
substantially higher in this area,
providing more materials for
restoration, but also higher
operating costs due to increased
ratio.

Groundwater management

requirements:
As Option 1

Blasting requirements:
Blasting is required to extract the
basal bed.

Restoration option 2:

Restoration landform will establish
a ground surface just below original
ground levels by incorporating the
waste volume generated as well as
importation of inert waste (high
groundwater table probably rules
wastes other than inert and
acceptability of this to be checked
with EA). This restoration option
would be suitable for all three
extraction options.

Option 3

Extraction volume:
532,000m3 of virgin ground, of
which 79,800m?3 is waste.

Groundwater management
requirements.

No groundwater  management
required. The floor of the pit is
above the maximum inferred water
table and above the basal bed,
reducing the volume of recoverable
mineral.

Blasting requirements:
No blasting is required as it is not
intended to extract the basal bed.

Restoration option 3:

Low level restoration and reduction
of final face gradients on
completion (using quarry waste).
The floor level will be raised by
about 0.3m to enable vegetation to
be established. Given the reduced
mineral volume compared with
option 1 and consequential reduced
quarry waste available, the
previously worked area to the SW
would be re-graded and the ground
surface lowered slightly to realise
additional fill materials to complete
the in pit restoration.

Figure 4-6
options for comparison

Thumbnail sketches and descriptions showing range of conceptual design
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4.3 DESIGN OF THE FINAL VOID AND RESTORATION SCHEME (design stage
i)
4.3.1 Objectives

The objectives of this design stage are to refine the selected conceptual quarry design to produce a
detailed scheme that will form part of the planning application and, eventually, operational plans. This
refinement has the following objectives:

Incorporation of results of further geological, geotechnical, or environmental site investigations and
related modelling and assessment that may have been indicated at the conceptual design stage to
address unacceptable uncertainty identified through feasibility study/option selection.

Incorporation of design changes resulting from consultations and environmental assessment of
the conceptual scheme, in particular landscape and visual impact analysis, noise, ecology and
archaeology. Changes are likely to be iterative until the best safe, economic and environmental
solution is agreed by the design team and relevant statutory and other consultees.

Incorporation of changes in operating methods, haulage, processing, etc identified during the
more detailed financial analysis of the conceptual scheme, taking account of further information.

Preparation of more detailed design models than at conceptual design phase, suitable as the
basis for detailed environmental assessment activities (e.g. modelling of noise or visual/landscape
impacts requires the detail of benches, final roads to be shown).

Preparation of updated resource statements and associated economic models/business plans.
4.3.2 Design requirements

Detailed design of final excavated slopes (layout and profiles) based on geotechnical analysis
of proposed slopes, and assessment of risks and mitigation measures with respect to specific site
areas and activities (Appendix 4-4).

Design of out of pit tips, bunds and stockpiles (see Appendix 4-4)
Detailed haul road (and/or conveyor route) design (see Appendix 4-5).

Detailed design of water management infrastructure (in-pit sumps, attenuation ponds, settlement
lagoons, discharge arrangements, pumping arrangements and ditches)

Detailed design of final restoration landform incorporating site derived and (if appropriate)
imported fill materials and taking account of excavated slope requirements in restoration (e.g.
flattened slopes for landscape, geoconservation, margins of water bodies, replication natural
landforms etc).

Iterative consideration of the results of the ongoing EIA and adjustments to elements of the design
to eliminate or mitigate unacceptable impacts.

Provision of revised assumptions and parameters for the economic/feasibility model and
adjustments to design to reflect further economic appraisal and commercial risk assessment
(Appendix 4-6).

4.3.3 Information requirements

Results of further site investigations undertaken after the conceptual design phase.
Results of ongoing EIA.

Amended commercial assumptions that affect design (e.g. change in annual output, change of
processing plant leading to change to amount of process waste and/or product mix etc)
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4.3.4 Deliverables

A detailed plan showing the final excavation geometry of the quarry on completion (including all
benches and haul routes) and the layout of all site infrastructure (site access arrangements,
processing plant, site offices, weighbridge, wheelwash etc, water management facilities, out of pit
tipping areas for overburden and waste, and areas for the storage of soils)

A schedule derived from the final excavation geometry setting out the measured volume and
estimated in situ and recoverable tonnages of mineral to be recovered in the designed final void,
and detailing volumes of:

- soils to be stripped and stored

- overburden to be stripped and stored

- waste within the deposit to be excavated and discarded before processing

- processing waste that will arise

A detailed plan showing the final restoration geometry of the quarry on completion and the land-
use(s) following closure.

A restoration schedule setting out the total area to be disturbed and the amount of soils and other
restoration materials required to deliver the proposed restoration landform.

An updated resource statement based on measurement of volumes from the detailed design
model(s) and refined economic model and incorporation of cost assumptions reflecting the
operational design decisions confirmed at this stage.

Examples of final excavation and restoration design plans are shown on Figures 4-7 and 4-8.
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Figure 4-7 Example of a final excavation/restoration design for a sand and gravel
operation
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Figure 4-8 Example of a final excavation/restoration design for
a crushed rock aggregate operation
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4.4 DESIGN OF PHASED WORKING AND RESTORATION SCHEME (design
stage iv)

4.4.1 Objectives

The objective of designing a phased working and restoration scheme is to demonstrate that the site
can be taken from its current state to the proposed end state designed in stage iii (section 4.3), and
describe exactly how that will be achieved. There are three reasons why this is important:

To demonstrate to the operator that the proposed scheme is feasible and can be implemented
safely and economically throughout, with ‘no surprises’ such as a temporary surplus of overburden
or waste that cannot be accommodated in the backfill or tip space available at that time, or
problems moving from one phase to another without double handling of material, loss of resources
or encountering adverse geotechnical settings.

To provide the environmental assessment team with the information they need to model impacts
at critical stages throughout the operational life of the quarry, for the purposes of producing an
environmental statement, to provide feedback to the design so that design changes can be
considered to avoid unacceptable environmental impacts where possible, and as a basis for
recommendation of mitigation measures where design amendments are not possible or will not be
sufficiently effective.

To explain to the MPA, consultees and all other stakeholders how the operation will unfold during
its life and underpin environmental impact assessments demonstrating its impacts during
operation and how they are to be mitigated (or avoided through design).

Although this design stage is presented here as part of an overall design process associated with
preparing a planning application for new development (including extensions), it can be an important
component of operational planning where planning permissions exist but no phased operational
design exists as part of the permission (only a final restoration geometry, or sometimes only a final
excavation geometry). Whilst such planning permissions are now fewer in number, (as a result of the
periodic reviews of mineral planning applications described in Chapter 1 of this Handbook), some still
do exist and even those which have been reviewed under the relevant acts may not have detailed
phase plans attached to them. Design of all excavations and tips is a requirement of the Quarries
Regulations and is the basis for operational and business planning.

4.4.2 Design requirements

Establishment of design rules for ongoing operations These design rules will be additional to
those established during the design of the final geometry of the operation (section 4.3) to reflect all
activities and structures within the quarry excavation as it is worked. These are likely to include:

- Working face and bench alignment and geometry

- Haul route alignments and traffic flow arrangements

- Tipping rules for waste materials and overburden placed in backfill or out of pit tips

- Minimum standoffs between backfill/restoration and working areas of the quarry

- Arrangements for managing surface water within the pit (sump, pump and ditch
requirements)

- Frequency of soil and overburden stripping

- Arrangements for progressive restoration requirements

Preparation of detailed staged working plans ensuring a balance at every stage between non-
mineral materials (soils, overburden, quarrying waste, process waste) shown to be in storage or
placed in final restoration with volumes excavated (and arising from processing). The preparation
of these detailed working plans is likely to give rise to adjustments to some of the features shown
on the final excavation/final restoration designs produced at stage iii (Section 4.3) either because
of design changes for environmental mitigation or as a result of the process of scheduling non-
mineral materials, leading to amendments to tip capacities or the amount of progressive
restoration that can be achieved at any particular stage.
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4.4.3 Information requirements

Results of ongoing EIA and outcomes of ongoing public consultation and pre-application
discussions with the MPA and consultees.

Details of any amendments to commercial assumptions that affect design (e.g. change in
projected annual output, change of processing plant leading to change to amount of process
waste and/or product mix etc).

4.4.4 Deliverables

Typically, plans representing the operation at given time periods (e.g. every 5 years for a 20 year
life operation) or representing critical stages in the development would be prepared for a planning
application.

The phase plans should be accompanied by a schedule which relates to the phases shown and
includes details such as total and incremental volume and tonnage of mineral recovered, volume
of spoil in permanent and temporary storage, area(s) of working, area(s) available for permanent
restoration.

Description of the operation (supported by the plans and schedule) to form the basis for
supporting material in the Planning Application and Environmental Statement (and/or for related
PR and consultation initiatives).

Updated resource statement and economic model incorporating all up to date volumes, tonnages
and working assumptions.

Examples of phased excavation and restoration designs are shown in Figures 4-9 and 4-10.
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Figure 4-9 Example of phased working and restoration plans for a sand and gravel operation
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Figure 4-10  Example of phased working and
restoration plans for a crushed rock
aggregate operation
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4.5 PRE-PRODUCTION REQUIREMENTS (design phase vi)

4.5.1 Objectives

Once planning permission has been granted, it cannot be implemented until certain preliminary
matters are dealt with:

All relevant permits or licences must be obtained (e.g. discharge licence, abstraction licence,
licences relating to the movement of protected species, PPC permit for any imported landfill if
applicable (or a waste exemption certificate)).

All obligations in legal agreements (e.g. Section 102) and the planning conditions must be
complied with. These may include submission and approval of schemes of monitoring, details of
access or offsite road improvement works, completion of purchase or access arrangements or
provision of information.

The notice, documentation and reporting requirements of the Quarries Regulations must be
complied with.

The preliminary site works (e.g. erection of plant and offices, construction of access
arrangements, initial overburden and soil removal etc) must be planned and contracts may need
to be drawn up and put out to tender.

Quarry phase and final excavation/restoration plans may be supplied to the quarry management
team at suitable scales and/or 3D models to support the setting out and ongoing working of the
site.

Economic models may be supplied to the quarry management team as a basis for drawing up
detailed business plans and implementing management systems.

A good quality quarry design should incorporate or anticipate all of these requirements so that further
design work at this stage is, where possible, limited to the abstraction of detail from the application
documents (including the ES) and presentation in an appropriate format. There may be additional
technical matters to cover, especially if the permitted restoration is to be achieved through importation
landfill that requires a PPC permit — some of the risk assessments required in these circumstances will
go beyond what is necessary for an EIA.

4.5.2 Design requirements

Members of the design team may contribute the following at the pre-production stage:

Geotechnical assessments and, where indicated, geotechnical appraisals of the design, and
related reporting and/or HSE notifications for the health and safety file (Quarries Regulations
1999, especially Regulation 7 and Part VI (Regulations 30-38)).

Design and related risk assessments for any imported waste that has been permitted (either
for a PPC permit application or an application for a Waste Management Licence or Waste
Exemption Certificate).

Design and submission for approval of any details or schemes of working or monitoring
that may be required by the planning conditions.

Preparation of bills of quantity and/or working specifications for work that may be done under
contract (e.g. soil and/or overburden stripping, construction of lagoons and ditches etc).

4.5.3 Information requirements

All the information required to deliver the pre-production requirements should exist with the quarry
design, either in the planning application/ES itself or in the supporting schedules, models and working
papers associated with the design process. Note that not all of this information will be publicly
available, especially where it relates to commercially sensitive business planning and procurement
matters.
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45.4 Deliverables

Any and all required documents to support the pre-production requirements. This will always include:

The health and safety file required by the Quarries Regulations 1999;
Applications for permits and licences; and

Details required to be submitted to the MPA and others under the planning conditions.

The pre-production documentation to which the design team may contribute may also include:

Contract documents for preliminary or ongoing works that will be put out to contract

Operational and business planning and monitoring documents

Supporting materials in Part IV relevant to this section

Appendix 4-1  Resource evaluation for aggregates

Appendix 4-2  Principles of design in sand and gravel quarries

Appendix 4-3  Principles of design in quarries producing crushed rock aggregate
Appendix 4-4  Slope design

Appendix 4-5 Haulage method selection and design of haul routes

Appendix 4-6  Economic modelling for feasibility studies and business planning

Recommended further reading, reference and guidance material (for a more
comprehensive list, see Part V — dynamic bibliography)

Summary and overview reports available at www.sustainableaggregates.com.
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