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1 Introduction
1.1

Purpose

Stantec UK Ltd (Stantec) has been engaged by Tarmac Trading Ltd (Tarmac) to prepare a standard
abstraction (transfer) licence for the dewatering of the southern extension (the Site) to Swarkestone
Quarry. The Site address is Twyford Road, Barrow-on-Trent, Derbyshire, DE73 7HA.
This technical note provides an overview of the Site, operations and a summary of water usage
history at Swarkestone Quarry. This technical note supports the required application forms that are
appended in Appendix A:
• Form WR328: Application for a water resources licence – part A;
• Form WR330: Application for a water resources abstraction licence – part B; and
• Form WR332: Application for a water resources abstraction licence – part C.
The forms are signed on behalf of Tarmac, by Lisa Sumner (Permitting and Compliance Manager)
who is an authorised signatory. A letter of authorisation accompanies the forms in Appendix A.

1.2

Background

Swarkestone Quarry is a sand and gravel mineral operation in Derbyshire which has been
progressively worked out over a number of years. Excavation is complete with restoration work
currently ongoing in what is referred to as the ‘Western Extension’ (see Figure 1.1) located on the
opposite bank of the River Trent to the Site (and, counterintuitively, to the east of the Site). An
application to allow continued water abstraction from this area has been submitted under the
transitional provisions under which it is expected that dewatering will continue until 2022 to facilitate
restoration (reference NPA/NA/000550).

1.3

Site location and description

The Site is in an area of flat low-lying ground forming part of the River Trent floodplain. Ground
surface elevation at the Site varies from 39 m above Ordnance Datum (m AOD) across much of the
area to 38 m AOD in the south. A break in slope occurs to the south of the Site at the margin of the
river floodplain, at the foot of an escarpment which runs from approximately 50 m south of the Site
boundary in the southeast to approximately 200 m south of the boundary in the southwest. The
ground rises rapidly south of this point (forming a shallow Sherwood Sandstone cliff in the area
immediately southwest of the Site), to an elevation of approximately 60 m AOD in Foremark.
The Site is bounded to the west by agricultural land, to the south by Milton Brook and to the north
and east by the River Trent. A spring rises at the foot of the sandstone escarpment, approximately
70 m south of the working area on the opposing side of Milton Brook close to the Anchor Church
caves.
The surrounding land is predominately in agricultural use, with the nearest residential receptors in
the village of Foremark, approximately 700 m west of the Site.
Tarmac proposes to extract 2.5 Mt of sand and gravel over a period of 7 to 8 years, followed by a 2year restoration period. The mineral will be transferred by dump trucks via a bailey bridge crossing
located at the south-eastern corner of the Site to the plant site in the Western Extension where it will
be processed. Once operational, the Site will extract and process approximately 350,000 tonnes of
sand and gravel per annum.
An application for a transitional transfer licence for the Western Extension has been validated,
allowing dewatering to continue at historical rates until the application is determined. It is expected
that dewatering will continue within the Western Extension until 2022 to facilitate restoration.
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Land ownership

As required by application form B (WR330) (B11), Figure 1.1 shows the Site’s planning/ rights of
access boundary.
Figure 1.1

1.5

Swarkestone location

Planning permission

Planning permission for the Site was granted under planning permission reference CM9/1215/122
on 29 March 2019. A copy of the permission is presented in Appendix B.

1.6

Environmental Impact Assessment

As part of the planning process, a Hydrogeological Impact Assessment (HIA) was prepared, which
determined that there would be no adverse impacts related to the dewatering activities (Golder
Associates 2018). The main points are summarised below.
Report Reference: 67210TN1Rev01
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A radius of influence (RoI) of approximately 1,500 m from the quarry void was calculated for the Site,
with estimated inflows of approximately 11,630 m3/day. It is considered that the RoI is quite
conservative as it does not consider the presence of the River Trent, which will act as a hydraulic
boundary preventing propagation of drawdown to the north.
One licensed and three unlicensed groundwater abstractions exist within the calculated 1,500 m RoI.
Three of these abstractions are located on the opposite side of the River Trent, where the River
Trent will inhibit propagation of drawdown from the Site. One abstraction, at Stanton Farm, lngleby,
is potentially sensitive to dewatering at the Site. Given the location of this well (at 1,300 m distance
and 50 m higher elevation to the Site), the probable influence of Milton Brook on drawdown in the
proximity of the Site, and that the abstraction is sourced from the Sandstones and not from drift
deposits, it is considered highly unlikely that any detectable change will occur at this location as a
result of dewatering activities. It is considered the groundwater users will not be affected by
dewatering activities at the Site.
There is no significant risk to structures associated with the proposed dewatering activities.
Dewatering has the potential to influence baseflow to Milton Brook. In the event water levels in the
brook fall below baseline levels, flow in the brook will be augmented through discharge from the Site.

1.7

Report structure

This technical note covers many of the detailed requirements of the applications and includes the
following:
• Proposed water movements and water management at the Site, including abstraction
arrangements, water use details, and discharge details (Section 2); and
• Licencing requirements summary (Section 3).
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2 Water Management
2.1

Site water management

To facilitate dry working of the mineral, groundwater and runoff ingress will be abstracted
sequentially from the Site’s (Southern Extension area) working phases and pumped to the River
Trent via the existing discharge permit (T/36/460734/T to River Trent). The discharge permit has a
suspended solids limit of 40 mg/l and this will be achieved by allowing settlement within each void
prior to abstraction. The discharge permit allows discharge to a single point on both reaches A to B
and X to Y, as shown on Figure 2.1, up to a maximum volume of 20,000 m3/day. The proposed
water movements are presented schematically on Figure 2.1.
Dewatering will occur to around 5.8 m below ground level. According to calculations undertaken for
the HIA, combined inflows of 11,630 m3/day (135 l/s) are calculated for groundwater, rainfall and
runoff (Golder Associates 2018). These are the volumes which require licencing under the proposed
abstraction transfer licence (i.e. this application).
Figure 2.1

2.2

Water movements schematic

Water use

The wider Swarkestone Quarry (Western Extension) currently operates three abstraction licences,
details of which are summarised in Table 2.1. Copies of the licences are provided in Appendix E.
Table 2.1

Authorised abstractions at Swarkestone Quarry

Source of
supply

Abstraction
purpose

Location
(NGR)

Abstraction
limit

Permit ID

Method of
measurement

Expiry

River
Trent

Transfer of
water to the
Sailing
Lagoon within

between
NGR SK
3572 2743

90 l/s
8,000 m3/d
250,000 m3/yr

3/28/36/154/S

Meter

n/a
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Source of
supply

Abstraction
purpose

Location
(NGR)

NG sq. SK
3627 for
subsequent
re-abstraction
per licence
3/28/36/155/G

and SK
3671 2823

Pool
excavated
S&G
aquifer

Mineral
washing

S&G
aquifer

Mineral
washing
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Abstraction
limit

Permit ID

Method of
measurement

Expiry

SK 3663
2803

8,000 m3/d
1,000,000 m3/yr

3/28/36/155/G

Meter

n/a

SK 3435
2835

500 m3/hr
6,000 m3/d
1,000,000 m3/yr

3/28/36/172/G

Meter

n/a

All of the licences detailed in Table 2.1 are for the use of water within the wider Swarkestone Quarry.
There will be no additional requirement for water use within the Site, which is the subject of this
application. All water use requirements for the current operation and proposed extension areas will
be covered under the existing abstraction licences and no variation to these is proposed.

2.3

Discharge details

The quarry operates three discharge permits which are summarised in Table 2.2. Copies of the
discharge permits are provided in Appendix E.
It is proposed that the existing discharge to the River Trent (permit number T/36/46073/T) will be
used to discharge water abstracted from the Site, following settlement in the settlement lagoons.
Table 2.2

Details of discharge of abstracted water

Discharge
location

Location

Unnamed
tributary of
River Trent

North west of
freshwater pond in
Western Extension
area

SK 3422 2838

Outlet 1

Reach SK
33990 27350
to SK 35150
27350

NGR

Discharge
limit (m3/day)

4,000

20,000
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Report Status: Final

Permit ID

Suspended solids:
40 mg/l

T/36/46046/T

Oil/grease: no visible

River Trent
Outlet 2

Discharge limit(s)

Reach SK
33970 27330
to SK 33200
27870

Suspended solids:
40 mg/l
Oil/grease: no visible

T/36/46073/T
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Discharge
location

Unnamed
tributary of
River Trent

Location

Unnamed tributary
of River Trent
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SK 3500 2700
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Discharge
limit (m3/day)

Discharge limit(s)

Permit ID

9,800 (110 l/s)

Ammoniacal nitrogen
1.0 mg/l
pH 6-9
oil/grease: None
BOD 0.5 mg/l
suspended solids
30 mg/l

T/36/40261/T
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3 Licencing Requirements Summary
Dewatering is required to facilitate dry working of the mineral in the southern extension of
Swarkestone Quarry. A standard route, abstraction (transfer) licence is required to do this.
Table 3.1 presents the predicted pumping rates for the Site to facilitate dry working within the largest
void. The basis for these rates is presented in Appendix C (HIA) and Appendix D (abstraction
calculations).
Table 3.1

Volumes to be abstracted

Phase

Estimated
maximum
(m3/year)

Maximum
(m3/day)

Max
(m /hour)

Max
instantaneous
flow (l/s)

Swarkestone Southern
Extension (conservative
assessment of
simultaneous
operations of Phase 3
and Phase 4)

4,244,950 A

11,630 B

1,454 C

404 D

3

A Estimated maximum daily volume, 365 days per year
B Estimated daily volume from HIA
C Based on daily volume over a conservative 8 hour working day
D Based on hourly rate (C)

These transfer licence volumes are based on estimated groundwater and surface water inflows and
anticipated rainfall ingress which may vary from that estimated. As such, is it anticipated that the
transfer volumes will not be subject to a numerical limit.
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Appendix A
Application forms

Form WR328: Application for a water resources licence – part A

Application for a water resources licence – part A
Water Resources Act 1991 (as amended by the Water Act 2003), Environment Act 1995,
The Water Resources (Abstraction and Impounding) Regulations 2006

Introduction
Please read through this application form and the
guidance notes carefully before you fill this form in.
If you are not sure about anything in this form, phone us on
03708 506 506 or send an email to
enquiries@environment‐agency.gov.uk.

Contents
A1 Licence you are applying for
A2 About you
A3 Applications from registered companies
A4 Applications from individuals
A5 Applications from organisations of individuals
A6 Applications from public bodies
A7 Address
A8 Contact details
A9 Where to send the form
A10 Next steps

Do you want to submit this as a pre‐application?

A3 Applications from registered companies

Yes 

No ✔

A3.1

A1 Licence you are applying for

A3.2

Please Note: For all hydropower applications please replace
Part A with WR317.
Please tick one of the boxes below to let us know what type of
licence you are applying for.
New full abstraction licence
Fill in this form (part A) together with parts B and C.
New temporary licence
Fill in this form (part A) together with parts B and C.
New transfer licence
Fill in this form (part A) together with parts B and C.
New impoundment licence
Fill in this form (part A) together with part D.
Please check our website as some Impoundments don’t
need a licence: https://www.gov.uk/guidance/water‐
management‐abstract‐or‐impound‐water.
Apply for a replacement licence when the existing expires
without changes
Fill in this form (part A) together with parts B and C.
Apply for a replacement licence when the existing expires
with changes
Fill in this form (part A) together with parts B and C.
Major (formal) variation to an existing abstraction licence
Fill in this form (part A) together with parts B and C.
Major (formal) variation to an impoundment licence
Fill in this form (part A) together with part D.

Company registration number

00453791

Now go to section A7.


A4 Applications from individuals



A4.1


✔

Your details

Title (Mr, Mrs, Miss and so on)
First name



Last name
Now go to section A7.

A5 Applications from organisations of
individuals






A5.1

Type of organisation

For example, a charity, a partnership, a trust or a number of
individuals.
Limited Liability Partnerships – do not fill in this section; you
must complete section A3.

A5.2

A2 About you

Name of your organisation

For example any trading name.

A2.1 Are you applying as a company (this includes
Limited Liability Partnerships) an individual, an
organisation of individuals or a public body?
A registered company
Go to section A3.


✔

An individual
Go to section A4.



An organisation of individuals
Go to section A5.



A public body
Go to section A6.



WR328 Version 3, July 2016

Company name

Tarmac Trading Limited

A5.3 Details of the organisations first
representative
Title (Mr, Mrs, Miss and so on)
First name
Last name
Position
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A5 Applications from organisations of
individuals, continued

A6 Applications from public bodies
A6.1

Name of the public body

A6.2

What type of public body are you?

Address

Postcode
Contact numbers, including the area code
Phone
Fax
Mobile
Email

A5.4 Details of the organisations second
representative

County council
District council
Metropolitan council
Unitary authority
London borough council
Town council
Parish council
Other government authority
Fire authority
NHS trust
Primary care trust
Other health body
Other public body















Now go to section A7.

Title (Mr, Mrs, Miss and so on)

A7 Address

First name

A7.1 Give the address that you want the licence or
licences to be registered to if your application is
successful. For companies, this must be the address
on record for Companies House.

Last name
Position

Address

Address
Portland House
Bickenhill Lane

Solihull
Birmingham

Postcode
Contact numbers, including the area code
Phone
Fax
Mobile
Email

Where organisations are made up of individuals we can only
issue licences to the named individuals, we therefore need
details of each person making up the organisation.
If necessary, use a separate sheet to give us the details of
additional applicants.

Postcode

B37 7BQ

Contact numbers, including the area code
Phone
Fax
Mobile
Email

A7.2 Your main UK business address (if different
from above)
Address

Now go to section A7.

Postcode

WR328 Version 3, July 2016
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A7 Address, continued

A8 Contact details, continued

Contact numbers, including the area code

Address

Phone
Fax
Mobile
Email
Postcode
Contact numbers, including the area code
Phone

Now go to section A8.

Fax

A8 Contact details

Mobile

All applicants must fill in this section. If you give us an email, we
will always contact you by email.

Email

A8.1 Who should we contact about your
application?
This can be someone acting as a consultant or an ‘agent’ for you
during your application process.
Title (Mr, Mrs, Miss and so on)
First name

Chris

Last name

Woodhouse

You do not need to fill this in if you are applying for an
impoundment licence or a temporary licence.

Mr

Position
Senior Hydrogeologist

Address
New Zealand House

Shrewsbury
Shropshire

Email

christopher.woodhouse@stantec.com



The person named below
Give details below.


✔

First name

Ian

Last name

Adcock

Mr

Address
New Swarkestone Quarry

Fax
07947 723 045

The person named at A8.2
Go to A8.4.

Quarry Manager

01743 276 158

Mobile



Position

SY2 6FD

Contact numbers, including the area code
Phone

The person named at A8.1
Go to A8.4.

Title (Mr, Mrs, Miss and so on)

160-162 Abbey Foregate

Postcode

A8.3 Who should we contact about abstraction
returns?

Twyford Road
Barrow-on-Trent

Derbyshire

Postcode

DE73 7HA

Contact numbers, including the area code

A8.2 Who should we contact about your operations
at the site?

Phone

The person named at A8.1
Go to A8.3.


✔

Mobile

+44 7734 743026

The person named below
Give details below.



Email

ian.adcock@tarmac.com

+44 1332 701146

Fax

Title (Mr, Mrs, Miss and so on)
First name
Last name
Position

WR328 Version 3, July 2016
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Form WR328: Application for a water resources licence – part A

A8 Contact details, continued

A9

A8.4 Who should we contact about any bills or
invoices?

Please send this form and any supporting documents to:

The person named at A8.1



The person named at A8.2



The person named at A8.3



The person named below
Give details below.


✔

Title (Mr, Mrs, Miss and so on)
First name

Sarah

Last name

Small

Ms

Position
Permitting Team Coordinator

Address
Quorn House
Meeting Street

Quorn

Loughborough

Postcode

LE12 8EX

Contact numbers, including the area code
Phone

01509 622042

Fax

Permitting and Support Centre
Water Resources Team
Quadrant 2
99 Parkway Avenue
Parkway Business Park
Sheffield
S9 4WF.
Or email to:
psc‐waterresources@environment‐agency.gov.uk
If you are not sure about anything in this form, phone us on
03708 506 506.

A10

Next steps

We will check this application and contact you if we have any
questions.

If you are happy with our service, please tell us. It
helps us to identify good practice and encourages our
staff. If you’re not happy with our service, or you
would like us to review a decision we have made,
please let us know.
More information on how to do this is available from our
complaints and appeals procedures
(www.gov.uk/government/organisations/environment‐agency/
about/complaints‐procedure).
You have now finished filling in part A.

Mobile
Email

Where to send the form

Now fill in parts B and C, or part D, as appropriate.
sarah.small@tarmac.com

WR328 Version 3, July 2016
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Form WR330: Application for a water resources abstraction licence – part B

Application for a water resources abstraction
licence – part B
Water Resources Act 1991 (as amended by the Water Act 2003), Environment Act 1995,
The Water Resources (Abstraction and Impounding) Regulations 2006

Introduction
Please read through this application form and the
guidance notes carefully before you fill this form in.
If you are not sure about anything in this form, phone us on
03708 506 506 or send an email to
enquiries@environment‐agency.gov.uk.
Contents
B1 Applicant’s name
B2 Existing licence number
B3 Restoring sustainable abstraction
B4 Source of supply
B5 Groundwater investigation at the site
B6 Discharge details
B7 Further abstractions (temporary licences only)

B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22

Water rights trading
Licence aggregation details
Abstraction locations
Right of access and planning permission
Environmental assessment and appraisal
Abstraction details
Safe passage for eels
Aggregating abstraction under the licence you are
applying for
Making a pre-application
Pre-application supporting documents
Declaration and signature
The Data Protection Act 1998
Commercial confidentiality and national security
Where to send the form
Next steps

B1 Applicant’s name

B4 Source of supply, continued

B1.1

B4.2 Which type of abstraction point will you be
abstracting from?

Give the name of the applicant

This must be the same as the name given at A3, A4, A5 or A6 (as
appropriate) in part A.
Tarmac Trading Limited

(pick one from the list in B4.2 of the guidance notes)
Excavation (unlined)

B2 Existing licence number (if you are applying
to replace or change the licence)

B4.3 What type of activity or business goes on at
your site?

You do not need to fill this in if your application is for a new
licence. In this case go to B3.

The answer you give must be one of the options listed in B4.3 of
the guidance notes.

B2.1 If you are applying to replace or change an
existing licence, what is your current licence number?
n/a

B2.2 Please give a brief outline of the changes you
wish to make to your licence.
n/a

Mineral products

B4.4 If you are abstracting from surface water, what
is the name of the watercourse?
B4.5 If you are abstracting from groundwater, what
type of aquifer is the groundwater in?
If you are not abstracting from groundwater, go to B6.
Give the name of the aquifer below.
Sand and Gravel (Hemington Member)

B3 Restoring sustainable abstraction
B3.1 Is this application a result of the restoring
sustainable abstraction programme?
No 
✔
Yes 

B5 Groundwater investigation at the site
You do not need to fill this in if you are abstracting from surface
water. In this case, go to B6.

B5.1 Have you carried out a groundwater
investigation which you had a consent for?
No


✔

B4 Source of supply
Please follow the guidance notes on part B closely.

B4.1

Where do you want to abstract from?

Groundwater
Surface water

Yes 

Contact us before you send in this application for
advice on whether you need to carry out an
investigation.
Give your groundwater consent number below.
Groundwater consent number


✔


WR330 Version 3, July 2016
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Form WR330: Application for a water resources abstraction licence – part B

B5 Groundwater investigation at the site,
continued

B5 Groundwater investigation at the site,
continued

If you have not already given us the results from your test
pumping, attach them to this application form when you send it
to us.

Also, fill in the table below to give us details of the boreholes,
wells and so on you abstracted water from for the investigation.
For each well, borehole and so on we need to know:

Also, fill in the table below to give us details of the boreholes,
wells and so on you abstracted water from for the investigation.
For each well, borehole and so on we need to know:

•
•
•

Map label

Depth

Diameter

its proposed size and depth;
the type and thickness of the lining or linings, if any; and
how you intend to prevent any leaks or overflow from it.

Lining

How overflow or leaks will be prevented from
artesian works (works where water reaches the
surface under natural pressure without pumping)

B6 Discharge details
B6.1
No 
Yes 
✔

Do you intend to discharge water abstracted from the site?
Go to B7.
Give details below.

Where will you discharge the
water to? (See the guidance
notes for options)

River

Volume of water to be
discharged of per day
(in cubic metres)
11,630.000

National grid reference of
discharge point, including map
reference
TABLE 2.2 OF

Environmental permit number (if
you have one)

T/36/46073/T V03

67210TN1

WR330 Version 3, July 2016
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Form WR330: Application for a water resources abstraction licence – part B

B7 Further abstractions (temporary licences only)
You only need to fill in this part if you are applying for a temporary licence. If you are not applying for a temporary licence, go to B8.

B7.1
No 
✔
Yes 

Do you expect to carry out further abstractions at this site in the future?
Go to B8.
How often and for what purpose?

B8 Water rights trading
B8.1
No 
✔
Yes 

Are you making this application as part of an agreement to trade water rights with someone else?
Go to B9.
Give the name or licence number of the person you are trading water rights with?
If there is more than one licence or person, please provide details on a separate sheet.

B8.2

Please fill in the table below with details about the proposed trade

Your abstraction location name (as at B10)

What do you use, or will you use, the water for?
(As at B13.)
The other person’s abstraction location name

The national grid references of the other person’s abstraction point
or points
What does or will the other person use the water for?
(Pick from the list in guidance notes for B13.)
Does the other person abstract, or will they abstract, from surface
or groundwater?

Surface water
Groundwater




Which type of abstraction point does, or will, the other person
abstract from?
(Pick one from the list in B4.2 of the guidance notes.)
Annual quantity to be traded (m3)
Daily quantity to be traded (m3)
If there is more than one abstraction location or purpose please provide details on a separate sheet.

B8.3

Is the trade permanent or temporary?

Permanent 
Temporary  What date will the trade end?
(DD/MM/YYYY)

WR330 Version 3, July 2016
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B9 Licence aggregation details
B9.1

Will the licence you are applying for be aggregated with any other licences?

No 
✔
Yes 

Go to B10.
Give the existing licence numbers

On a separate sheet, explain how you want to aggregate your abstraction quantities.

B10

Abstraction locations

B10.1 An abstraction location can be a single point, a reach (stretch of water) or an area.
In the table below, give the details of the locations you will abstract water from.

•
•
•

If the location is a point, give the national grid reference for that point.
If the location is a reach, give the two national grid references you will abstract between.
If the location is an area, give four national grid references relating to the corners of the area.
(The first you give should be the one for the top left‐hand corner, then continuing clockwise around the area.)
Name of the abstraction
including how you have
labelled on map

Swarkestone southern

Type of location
(single point, reach
or area)
area

First national
grid reference
SK 33183 27790

Second national
grid reference
SK 33693 27990

Third national
grid reference
SK 34036 27200

Fourth national
grid reference
SK 33110 27250

extension

WR330 Version 3, July 2016
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B11

Rights of access and planning permission

B11.1 What rights of access do you have?
Please note we can't grant a licence until we have been told the rights of access are in place.
Fill in the details below, using the lists in the guidance notes to specify:

•
•
•

your access rights;
the planning permission needed; and
the status of the planning permission.
Abstraction location name
(as at B10)

Swarkestone southern

Access rights

If you do not have access
rights yet, when do you
expect to get them?

Planning permission
needed

I have the right of access

Status of planning
permission
Planning permission granted

extension

B12

Environmental assessment and appraisal

B12.1 Do you need to do an Environmental Impact Assessment (EIA)?
No 
Yes 
✔

Please enclose a copy of the environmental statement with this application form

B12.2 Do you need to do an environmental appraisal?
No 
✔
Yes 

Please enclose your environmental report with this form

WR330 Version 3, July 2016
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B13

Abstraction details

B13.1 Please fill in the table below with details about the proposed abstraction.
You can find forms to help you decide how much water is required at www.gov.uk or use the links below.

•
•
•
•
•

WR336 Table of water use for general agriculture;
WR337 Table of water needed for irrigating golf courses;
WR338 Table of water needed for livestock;
WR339 Table of water needed for spray irrigation;
WR340 Spray or trickle irrigation of crops – extra information.
If you have other details that will help us to deal with your enquiry please include this information with your application.
Abstraction location
name including how you
have labelled on map
(as at B10)

Swarkestone southern

What the water will be used for
(from the list in the guidance
notes)
Dewatering

Month the
abstraction
period starts

January

Month the
abstraction
period ends

December

extension

Total

WR330 Version 3, July 2016

Maximum volume to
be abstracted each
year
(in cubic metres)

Maximum daily
amount
(in cubic metres)

Maximum hourly
amount
(in cubic metres)

Number of hours
per day water is
abstracted

4,244,950.00 m3

11,630.00 m3

1,454.00 m3 24.00

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

4244950.00 m3

11630.00 m3

1454.00 m3

Maximum flow rate
(litres per second)

404.000

Page 6 of 8

Form WR330: Application for a water resources abstraction licence – part B

B14

Safe passage for eels

B18

B14.1 Have you discussed with the Area fisheries
team the need to provide eel screening at the site?
No


✔

Yes 

Contact us before you send in this application to find
out who to speak to.
In the box below give details of the discussions you
have had with us. (For example a brief outline of the
outcome of the conversation and who you spoke to.)

This form must be signed by the appropriately authorised person
or people. The table below gives details of who can sign this
form.

If you have design drawings or details, attach them to
this application form when you send it to us.

B15

Aggregating abstraction under the licence
you are applying for

B15.1 If this application has more than one purpose,
do you intend to aggregate the quantities you are
applying for?
No 
✔
Yes 

B16

Provide details on a separate sheet.

Signature needed

Registered company

Company director or company
secretary

Limited liability
partnership

A partner, Company Director or
company secretary

Individual

The individual

Public body (for example,
a local authority or NHS
trust)

A person authorised to sign
documents on behalf of the
organisation

Group of individuals

All individuals

Partnerships

One or more of the partners

Trust

All trustees or the chairman,
treasurer or secretary

It is an offence to make a false statement for the purpose of
getting or transferring a licence.
By signing below you are declaring that as far as you know and
believe, the information you have given in your application (parts
A and B), and any map, extra information sheets and supporting
documents, is true.

Making a pre‐application

B16.1 Do you want to send parts A and B now as a
pre‐application?

B17

Type of licence holder

Signature

We can use the information you have provided so far to make an
initial assessment of your proposal. We strongly recommend that
you send us your filled‐in parts A and B now, as a
‘pre‐application’, so we can identify any problems before you pay
the application fee. We will carry out pre‐application work up to
15 hours free of charge. Over 15 hours will be chargeable. The
current fees can be found at www.gov.uk or at the link here.

No 
Yes 
✔

Declaration and signature

Name
Title (Mr, Mrs, Miss and so on)
First name

Lisa

Last name

Sumner

Miss

Position

Go straight to part C or D as appropriate.
Fill in B17 and send parts A and B, and any supporting
documents, to us.

Pre‐application supporting documents

Permitting and Compliance Manager

Today’s date (DD/MM/YYYY)
05/06/2020

B19

B17.1 Please read through this list and tick the items
you are sending with this pre‐application.
Confirmation of the right of access or negotiations so far


✔

Continuation sheet for answers to questions


✔

A map (see the guidance notes for part B) showing the
following:

The Data Protection Act 1998

We, the Environment Agency, will process the information you
provide so that we can:

•
•
•
•

deal with your application;
make sure you keep to the conditions of your licence;
process renewals;
advertise your application and make it available to the
public in line with the Water Resources Act 1991; and
keep the public registers up to date.

Each point of abstraction


✔

•

The area of land the water will be used on



We may also process or release the information to:

The site of any proposed reservoir or water body which
will be used for storage



The points where water will be discharged


✔

An outline of land you occupy or have the right of
access to


✔

WR330 Version 3, July 2016

•
•

offer you documents or services relating to environmental
matters;
consult the public, public bodies and other organisations
(for example, Natural Resources Wales, the Department for
the Environment, Food and Rural Affairs, the Health and
Safety Executive, local authorities, the emergency services)
on environmental issues;
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B19 The Data Protection Act 1998, continued
• carry out research and development work on environmental

issues;
• provide information from the public register to anyone who
asks;
• prevent anyone from breaking environmental law,
investigate cases where environmental law may have been
broken, and take any action that is needed;
• assess whether customers are satisfied with our service, and
to improve our service; and
• respond to requests for information under the Freedom of
Information Act 2000 and the Environmental Information
Regulations 2004 (if the Data Protection Act allows).
We may pass the information on to our agents or representatives
to do these things for us.

B20

Commercial confidentiality and national
security

Where to send the form

Please send this form and any supporting documents to:
Permitting and Support Centre
Water Resources Team
Quadrant 2
99 Parkway Avenue
Parkway Business Park
Sheffield
S9 4WF.
Or email to:
psc‐waterresources@environment‐agency.gov.uk
If you are not sure about anything in this form, phone us on
03708 506 506.

B22 Next steps
We will check this application and contact you if we have any
questions.

You may be able to claim commercial confidentiality for
information contained in your application. Please read the
guidance note for this question, along with WR25 – Public
register and advertising applications, before responding below.
Tick the box if you want to claim commercial confidentiality
for some information in your application. Please treat the
information listed and justified in the attached letter as
commercially confidential.

B21



Note: You should make sure that we can easily identify the
information which you consider to be confidential. It will help us
if the information you want us to treat as commercially
confidential is provided in a way which will allow it to be easily
removed (for example, on separate pages marked ‘claimed
confidential’).

If we approve this application, we will send you the licence. We
will contact you once this is done.

If you are happy with our service, please tell us. It
helps us to identify good practice and encourages our
staff. If you’re not happy with our service, or you
would like us to review a decision we have made,
please let us know.
More information on how to do this is available from our
complaints and appeals procedures
(www.gov.uk/government/organisations/environment‐agency/
about/complaints‐procedure).

You can ask the Secretary of State for information in your form
not to be included in any public notice or the public register
because including it would be a risk to national security. With
your application you must enclose a letter telling us that you
have asked the Secretary of State for this, and you must still
include the information in your application. We will not include
the information in any public notice or public register unless the
Secretary of State decides that it should be included.
Tick the box if you a applying to the Secretary of State for
National Security.



PLEASE NOTE: You cannot apply for national security through this
application.

WR330 Version 3, July 2016
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TARMAC
A CRH COMPANY

To whom it may concern

12 February 2019

Dear Sirs
Authority to Execute Permit Applications
I, the undersigned, being the Secretary of the Corporate Secretary hereby confirm that:
Sharon Palmer
Michael Jones
Lisa Sumner
Tom Flint

National Environmental Permitting Manager
Permitting and Compliance Manager
Permitting and Compliance Manager
Technical Manager

are each authorised to execute, acting independently, all permit applications, variations, or surrenders on
behalf of the Companies in respect of all local authorities.
For the avoidance of doubt, this letter of authority replaces any previous letters of authority provided to
your agency in relation to the Companies listed in Appendix 1.
Petershill Secretaries Limited is the corporate secretary of Tarmac Secretaries (UK) Limited. The
Companies House link evidencing this is https://beta.compánieshouse.govuk/company/00532256/officers
Yours faithfully

Andrew Yau
For and on behalf of Petershill Secretaries Limited
Company Secretary of Tarmac Secretaries (UK) Limited

TARMAC.COM
Tarmac Trading Limited Registered in England and Wales. Company No. 453791
Tarmac Cement and Lime Limited Registered in England and Wales. Company No. 56558
Tarmac Services Limited Registered in England and Wales. Company No. 8197397
Registered address far all companies: Portland House Bickenhilt Lane Solihull Birmingham B37 7B0
Tarmac and the circle logo’ are registered trademarks

Portland House. Bickenhill Lane
Solihull, Birmingham
B37 7B0

for consumer credit
iti2nr 5 Tarmac Trading Limiled Tarmac Trading Limited is aurhonsed and regulated by the Financial Condsci Austerity

0845 812 6400

Appendix 7

—

the Companies

Company Name
Brett Tarmac Limited
East Coast Slag Products Limited
GRS Rail Services Limited (formerly known as
Northampton Aggregates Limited)
Solent Aggregates Limited
Tarmac Aggregates Limited
Tarmac Building Products Limited
armac Caledonian Limited
Tarmac Cement and Lime Limited
Tarmac Central Limited
Tarmac Limited
Tarmac Northern Limited
Tarmac Roadstone Limited
Tarmac Topmix Limited
Tarmac Trading Limited
Tarmac Western Limited
West Lothian Recycling Limited

Company Number
03336448
00330538
02632166
02730599
00297905
04026569
SC176011
00066558
03140596
05560273
03140596
00368254
03132032
00453791
01640664
SC193765

Appendix B
Planning permission

TOWN AND COUNTRY PLANNING
(ENVIRONMENTAL IMPACT ASSESSMENT) REGULATIONS
2011
Regulation 24 (1)
Statement about a decision on a planning application
accompanied by an Environmental Statement
PLANNING APPLICATION CM9/1215/122
APPLICATION FOR 61 HECTARE EXTENSION TO EXISTING SAND
AND GRAVEL QUARRY INCLUDING USE OF EXISTING PROCESSING
PLANT WITH RESTORATION TO A MIXTURE OF AGRICULTURE AND
NATURE CONSERVATION AT SWARKESTONE QUARRY, TWYFORD
ROAD, BARROW ON TRENT, DE73 7HA

Planning permission for this development was issued on 29 March
2019.
This statement contains the content of the decision and the conditions
attached. It summarises the main reasons and considerations on which
the decision was based. Detailed descriptions of the proposal,
consultations, representations and planning considerations are included
in the report by the Strategic Director – Economy, Transport and
Communities dated 29 March 2019.
Contents
1
2
3
4
5
6
7

The site
Summary of the development
Development plan policies
Decision
Reasons and considerations
Measures to mitigate the effects of the development
Right to challenge the decision and related procedures

1.

The site

1.1.

Swarkstone Quarry is located in the Trent valley to the east of
the villages of Barrow-on-Trent and Swarkstone. The quarry is
accessed from the A5132 which runs west-east, connecting to
the A50/M1 to the east and the A38 to the west. The quarry
currently occupies a site area of approximately 90 hectares (ha)
and includes existing mineral workings, restored mineral working
areas, a processing plant, stocking areas, a waste transfer
station and internal haul roads. The current quarry has been in
operation since the mid-1990s, regularly producing sand and
gravel at an average rate of 350,000 tonnes per annum.

1.2.

The approved extension area for the extraction of sand and
gravel occupies approximately 61 ha of land to the south-west of
the River Trent. The proposed site is flat and relatively remote
from settlements and individual properties in the area. The
extension area is lying on agricultural land immediately to the
west of the existing operational quarry at Swarkestone where the
land area falls within the Riverside Meadows Landscape
Character Area. The extension area is situated within the
settings of two listed buildings, Anchor Church Cave (Grade II)
and Foremark Hall (Grade 1).

1.3.

The extension area is situated within the East Midlands Airport
safeguarding area. The site also falls within Flood Zone 3, as
defined on the Environment Agency’s Flood Map, where there is
a high probability of flooding from the River Trent. Furthermore,
the site also lies on a minor aquifer and land to the south-west
falls within a Ground Source Protection Area.

2.

Summary of the approved development

2.1

The permission allows for an extension to an existing sand and
gravel working site, to obtain a further 2.5 million tonnes of
mineral over an eight year extraction period. The approved
development would have a new operational area of 61 ha with an
extraction area of 48 ha.

2.2

Mineral would be extracted at a rate of 350,000 tonnes per year
and the ‘as dug’ material would be transported by truck for
processing at the existing plant which would be retained for the
duration of the development. As the site is across the river from
the existing quarry, access to the extraction area would be
obtained by the installation of a Bailey bridge over the river

between the south-western corner of the existing quarry and the
new operational area.
2.3

The permission requires the southern part of the site to be
restored to pre-extraction levels with imported inert waste to
return the land to “high quality” agricultural use. The remainder
would be restored to nature conservation based water features.
This would be undertaken on a phased basis throughout the
extraction works, extending a further two years to completion.

2.4

The permission allows for all mineral extraction operations, uses
and other development as approved, except for such restoration
and landscaping and aftercare of the site as is to be completed
later in accordance with other conditions to which the permission
is subject. The extraction operations and other ancillary
operations shall be completed within eight years of the date of
commencement.

3.

Development plan policies

3.1

The most relevant policies considered in the making of its
decision by the Regulatory – Planning Committee are listed
below:Derby and Derbyshire Minerals Local Plan
Policies:
MP1: The Environmental Impact of Mineral Development;
MP2: The Need for Mineral Development;
MP3: Measures to Reduce Environmental Impact;
MP4: Interests of Acknowledged Environmental Importance;
MP5: Transport;
MP6: Nature Conservation – Mitigation Measures;
MP7: Archaeology – Mitigation Measures;
MP10: Reclamation and After-Use;
MP16: Maintenance of Landbanks;
MP18: Extensions to Sites;
MP18: Extensions to Sites;
MP 19: Additional Sites;
MP23: Sand and Gravel Sites.
Derby and Derbyshire Waste Local Plan
W5: Identified Interests of Environmental Importance;
W6: Pollution and Related Nuisances;
W7: Landscape and Other Visual Impacts;
W8: Impact of the Transport of Waste;
W9: Protection of Other Interests;

W10: Cumulative Impact;
W11: Need for Landfill;
W12: Reclamation and Restoration.
South Derbyshire Local Plan
Policies:
SD1: Amenity and Environmental Quality;
SD2: Flood Risk;
BNE2: Heritage Assets;
BNE3: Biodiversity;
BNE4: Landscape Character and Local Distinctiveness
BNE10: Heritage;
INF2: Sustainable Transport;
INF5: East Midlands Airport;
INF7: Green Infrastructure;
INF9: Open Space, Sport and Recreation.
4.

Decision

4.1

On 29 March 2019 the Council as Mineral Planning Authority
resolved to grant planning permission for the proposal subject to
conditions. The conditions are contained in the copy of the
decision notice attached to this document.

5.

Reasons and considerations

5.1

The main factors and reasons for the approval are as follows:

1) The development would contribute towards meeting a recognised
strategic need for the mineral resources found at the site for the
period up to 2030.
2) The method of operations, including mitigation measures, and the
form of restoration would meet the requirements of the policies of
the current Minerals Local Plan. The development does not
conflict with the policies of the South Derbyshire Local Plan.
3) The development would be worked and restored to the highest
environmental standards.
4) The development would not give rise to any unacceptable
impacts on heritage assets, the environment or local amenity
6.

Measures to mitigate the effects of the development

6.1

A legal Agreement pursuant to the Town and Country Planning
Act 1990, Section 106, as substituted by the Planning and
Compensation Act 1991 to secure similar obligations to those that
were entered into for the grant of planning permissions 9/790/450
and CM9/1109/166.
 A continuing Technical Working Group to secure the
implementation of an approved restoration plan with regard
to the nature conservation uses of the water features.
 Financial provision for long-term management (following
aftercare) of the nature conservation features for a period
of not less than 15 years.
 A continuing Site Liaison Committee for the duration of the
development.

6.2

The development will have localised, ecological, visual and
landscape impacts. The permission contains conditions that
require the developer to carry out phased extraction and
restoration. It is considered that these measures will satisfactorily
mitigate these impacts.

6.3

Sole means of access for all vehicles entering and existing the
site shall be via the existing entrance to Swarkstone Quarry onto
the A5132 road. The visibility splays and road markings will be
retained and maintained for the duration of the development. The
entrance, including landscaping and vegetation, shall be
maintained throughout the development in accordance with
approved plans and details. Controlling access to and from the
site shall maintain local amenity, highway safety and limit the
impact on the existing environment.

6.4

In respect of highway safety loaded lorries leaving the site are to
be sheeted and no mud or other dirt is to be carried on to the
public highway.

6.5

Within one year of the completion of the mineral extraction, all
plant, buildings, structures, foundations associated with the
mineral extraction and processing operations, the access road
through the site including the Bailey bridge, gates and all signage
shall be removed from the site. This is to ensure comprehensive
assimilation of the site into the surrounding landscape, during site
restoration and landscaping.

6.6

The method of working in phases with progressive restoration
would restrict the main impacts to relatively small areas at any
one time and the restoration and landscape masterplan proposals

would ultimately produce a landform and landscape which
respects the character of the Trent Valley setting and assimilate
the site into the wider area.
6.7

A condition has been imposed requesting the submission of an
appropriate bird hazard management plan for the approved
extension area. This is to control the creation of any water bodies
on the site in order to discourage birds that may be a hazard to
aircraft operating in the area.

6.8

In respect of protecting existing vegetation, visual appearance
and amenity of the site in the context of the surrounding
landscape, conditions have been imposed to carry out the
development subject to approved details. This also includes
restrictions to the development such as, no operations required or
authorised by this permission, including the stripping and storage
of soils, shall take place within 6m of the centre line of any
hedgerow and not within 10m of the trunk of any tree which is to
be retained on the site.

6.9

Measures set out in the approved details for the mitigation of the
effects of noise and dust, together with a set of conditions
ensuring implementation and monitoring, will ensure that the
effects on local amenity and the environment are within
acceptable limits.

6.10 Measures set out within the approved plans and details for
mitigation of the effect on heritage assets, along with a condition
requiring the the submission of a Written Scheme of Investigation
(WSI) for archaeological investigation work. This would ensure
that heritage assets will remain unaffected and that procedures
are in place for identifying, excavating and recording any
archaeological features that may be uncovered during the
development.
7

Right to Challenge the Decision

7.1

If you are not happy with the action of the County Council in
respect of a planning matter, you may be entitled to request a
Judicial Review of the County Council’s actions. Judicial Review
is the process by which a Court determines whether there has
been a failure of public duty by the County Council by a decision
made, action or inaction of the County Council.

7.2

Only a person with sufficient interest in the decision or action of
the public body is entitled to bring a claim for Judicial Review. The
procedure cannot be used to challenge the merits of a planning
decision. They can only be used to right a recognisable wrong.
Judicila Review can only be used to challenge a planning
decision when all alternative remedies have been exhausted.

7.3

The grounds for judicial review are often referred to as:
I)

illegality – where the decision maker had no power to make
or went beyond the power available to them in making a
decision

II) procedural impropriety or unfairness – a failure in the
procedure if the process followed is considered unfair or
unjust
III) irrationality – where a decision is so unreasonable that no
reasonable person could have reached that decision
7.4

Part 54 of the Civil Procedure Rules 1998, details the procedure
for commencing a claim for Judicial Review in the High Court.
The Pre-Action Protocol for Judicial Review provides that an
applicant would first have to send a “letter before claim” to the
County Council in the required format, setting out the grounds of
dispute. The letter before action would also have to be sent to
interested parties for information purposes.

7.5

Any person intending to commence a claim for Judicial Review is
advised to seek independent legal advice promptly as time limits
do apply.
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INTRODUCTION

1.0.1)

Tarmac Ltd (Tarmac) have commissioned Golder Associates (UK) Ltd (Golder Associates) to undertake
an assessment of the potential hydrogeological and hydrological impact, including a flood risk
assessment, of the proposed sand and gravel extraction at Swarkestone Quarry Southern Extension.
The Southern Extension (the Site) is shown on Drawing 1, and is located at National Grid Reference
(NGR) SK 335 276, which is approximately 500 m north of the village of Foremark, near Repton, in
South Derbyshire. Extraction is proposed in the area indicated on Drawing 1.

1.0.2)

This version of the HIA (Version B.2) has been prepare to reflect an update in proposed Phasing of the
development and comprises updated text relating to the description of the order of development and an
updated FRA in Appendix C. No significant changes to the outcome of the HIA have been determined
as a consequence of this update.

1.0.3)

The objective of this report is to describe the geology, hydrogeology, and hydrology of the Site and to
complete an assessment of the hydrogeological and hydrological impacts of the proposed development
commensurate with the sensitivity of the Site and in accordance with current Environment Agency,
Minerals Planning Authority and Department for Communities and Local Government guidance. The
Site will be excavated into Quaternary drift deposits (River Terrace Deposits) overlying Triassic bedrock
of Sherwood Sandstone Group in the south of the Site and Mercia Mudstone Group in the north of the
Site.

2.0
2.1

SITE DESCRIPTION
Site Setting

2.1.1) The proposed area of extraction comprises 48 hectares of agricultural land. It is bounded to the west
by agricultural land, and to the south by Milton Brook, beyond which lies agricultural land . It is bounded
to the north and east by th e River Trent, which flows to the east. The village of Forsmark lies
approximately 500 m to the south.
2.1.2)

The Site is in an area of flat low lying ground forming part of the River Trent flood plain, ground surface
elevation at the Site varies from 39 m above Ordnance Datum (m AOD) across much of the area to 38
m AOD in the south. A break in slope occurs to the south of the Site at the margin of the river plain, at
the foot of an escarpment which runs from approximately 50 m south of the Site boundary in the
southeast to approximately 200 m south of the boundary in the south-west. The ground rises rapidly
south of this point (forming a shallow Sherwood Sandstone cliff in the area immediately southwest of
the Site), to an elevation of approximately 60 m AOD in Foremark.

2.1. 3)

The Site will be connected to the existing Swarkestone Quarry, located to the northeast on the opposing
bank of the River Trent (Drawing 1) via a Bailey bridge located at the south-eastern corner of the Site.
The nearest residential properties to the Southern Extension are in the village of Forsmark and at the
Old Water Works, situated on the river plain approximately 750 m west of the Site.

2.1.4)

A spring rises at the foot of the sandstone escarpment, approximately 70 m south of the working area
on the opposing side of Milton Brook close to the Anchor Church caves. The structures in proximity to
the Site are shown on Drawing 1.

2.2

Site Operation and Restoration

2.2.1)

Tarmac Ltd propose to extract 2.5 million tonnes of sand and gravel over a period of 7 to 8 years,
followed by a 2 year restoration period. The mineral will be transferred by dump trucks to the plant site
via a Bailey bridge crossing located at the south-eastern corner of the Site. The mineral will be
processed at the plant site located on the site of the existing Swarkestone Quarry, situated
approximately 650 m northeast of the Site on the opposite bank of the River Trent.
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2.2.2)

The sand and gravel deposits will generally be worked dry. During mineral extraction and restoration
the void will be dewatered to facilitate dry working of the sand and gravel deposits and the placement
of inert restoration materials. The Site will be developed in a phased approach. The proposed working
scheme drawings are contained in the Environmental Statement. During the operational period, it is
anticipated that at each stage of the development, one phase will be active and one phase will be in the
process of restoration, and a third phase may be under preparation depending of on the stage of the
works (e.g. stripping overburden). Dewatering may therefore be undertaken from up to two active
phases at any point during the works.

2.2.3)

Phases 1 to 5 be undertaken in sequence, with the works focusing on the east side of the extension
before moving anti-clockwise to the west side for Phases 4 and 5.

2.2.4)

Topsoil removed during preparatory works for Phase 1 will be used to form a temporary bund south of
Phase 2 and restore the existing quarry area.

2.25)

Topsoil and subsoils removed during works will be stored in adjacent phases, as part of the soil handling
scheme. The soil handling scheme and phasing is shown in the Flood Risk Assessment in Appendix C.

2.2.6)

The working phase will not be used for water storage or management and as a consequence pumped
water from the working phases will be pumped to the existing lakes and discharged from there to the
River Trent, under the current Environment Agency discharge consent.

2.2 .5)

Restoration of the Site will be achieved through the importation of inert materials and the creation of
floodplain habitats. Current restoration proposals are shown in the Environmental Statement.
Restoration is proposed to be achieved through filling of parts of all phases with inert materials, and
restoration of the central part of the Site to open water and wetland habitat.

3.0
3. 1

GEOLOGY
Regional Geology

3.1.1)

The regional geological setting (BGS, 2015) is shown on Drawings 3A and 38. The Site is underlain
by Quaternary drift deposits. In close proximity to the River Trent, these deposits comprise Alluvium
(predominantly silty clay). Further south and west, the Site is underlain by sand, gravel and silts of
the Hemington Member. The Hemington Member comprises Quaternary river terrace deposits,
described as typically a lower unit of planar cross-bedded gravel up to 5 m in thickness and an upper
unit of overbank silt up to 2 m in thickness.

3. 1.2)

In the northern portion of the Site, the Quaternary drift deposits are underlain by mudstones of the
Gunthorpe Member of the Triassic Mercia Mudstone Group. The Site is dissected by th e east-west
trending Barrow Fault north of the centre of the Site. The Barrow Fault is downthrown to the north,
such that in the southern part of th e Site, the drift overlies older interbedded sandstones and
conglomerates of the Kidderminster Formation of the Sherwood Sandstone Group. To the west, the
drift is underlain by the Moira Breccia, which marks the base of the Sherwood Sandstone Group,
suggesting th at the Sherwood Sandstone dips west or north-west in this area.

3. 1.3)

The base of the Sherwood Sandstone Group is not proven by boreholes local to the Site held by British
Geological Survey records. The majority of boreholes in proximity to the Site are to shallow depths in
the river terrace deposits, or underlying sandstone/conglomerates. The deepest well in proximity to
the Site is well SK32NW331 at Milton, which is 61 m deep and extends into th e Sherwood Sandstone.
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3.2

Local Geology

3.2.1)

Locally, ground conditions at the Site are defined by 95 exploration boreholes drilled at the Site, and
2 further boreholes from previous investigations held in British Geological Survey records.

3.2.2)

The Site will be excavated into Quaternary drift deposits comprising river terrace deposits of the
Hemington Member, described above, and alluvium in the northern part of the Site. Of the
95 exploration boreholes drilled, 69 were drilled in the area underlain sandstone of the Sherwood
Sandstone Group, and 26 were drilled in the area underlain by mudstone (marl) of Mercia Mudstone
Group. The exploratory boreholes encountered overburden comprising predominantly clay, sandy
clay or silty clay; silt was encountered in some areas and also peat in a small number of boreholes.
The overburden ranges in thickness between 0.7 m and 4.9 m with an average thickness of 2.1 m.
Underlying these deposits, the mineral at the Site ranges in thickness between 0.5 m and 6.9 m in
thickness with an average thickness of 3. 76 m, and is predominantly described as occasionally slightly
silty, very sandy gravel. The thickness of the drift deposits or mineral component does not vary with
underlying lithology.

3.2.4)

Bedrock was encountered at between 4.2 m bgl (below ground level) and 8.3 m bgl, with an average
depth of 5.8 m bgl. The bedrock is described to comprise either hard light brown to brown-green
sandstone, or green to mottled red-brown and green stiff to weathered marl.

3.2.5)

An abrupt break in slope occurs along the margin of the river plain to the south of the Site, and outcrop
of the Sherwood Sandstone is visible to the south of the Site around Anchor Church. Based on the
topography, observed outcrop and published mapping, the drift deposits are assumed to terminate at
the margin of the river plain between 50 m and 200 m south of the Site.

4.0
4.1

HYDROGEOLOGY
Groundwater Reg ime

4.1.1)

The drift deposits and the sandstones at the Site are water bearing . It is considered likely that, where
the Site is underlain by sandstones, groundwater in the drift deposits and the sandstone is in hydraulic
continuity. Where the drift is underlain by th e Mercia Mudstone, groundwater in th e drift deposits is
likely to be perched on the underlying low permeability bedrock.

4.1.2)

Regionally, groundwater flow in the Sherwood Sandstone is likely to be north or northeast toward the
River Trent. The presence of the Barrow Fault and the associated down throw of the Mercia Mudstone
to the north of the fault may inhibit groundwater flow north in the sandstones in the immediate vicinity
of th e Site. As a consequence, locally, a proportion of groundwater flowing north in the sandstone will
discharg e via the spring line, or to streams on the Sandstone escarpment, in to Milton Brook. A
proportion is also likely to be driven upward into the drift deposits, or diverted westward toward th e
adjacent reach where the river passes over the sandstone unit.

4.1 .3)

Locally, the permeable river terrace deposits which underlie the Site are likely to be in hydraulic
continuity with the River Trent. Groundwater flow across the Site is likely to be to the northeast toward
the river, and groundwater levels are likely to be similar to and controlled by levels in the river.
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4.1.4)

Four piezometers, WM1 and WM3 to WMS, have been installed in the superficial deposits surrounding
the Site and baseline groundwater monitoring in these wells is planned to commence shortly. In
addition, installation and monitoring of three further wells, WM6, WM7A (drift) and WM?B (Sandstone)
is proposed. However, no monitoring data is yet available for these wells . Groundwater levels are
monitored in 10 wells (SW1 to SW13, excluding SW3, SW? and SW8) surrounding the existing
Swarkestone Quarry by Tarmac. Wh ilst the monitored area is located on the opposing bank of the River
Trent, the underlying geology is extremely similar to the Site, and groundwater levels are similarl y
controlled by water levels in the river. Groundwater elevation and seasonal fluctuation is likely to be
similar to conditions at the Site. Groundwater levels and groundwater hydrographs for the Swarkestone
Quarry wells over the period 2007 to present are presented in Appendix A.

4.1.5)

Depth to groundwater was recorded during exploratory drilling, and groundwater level monitoring is also
undertaken surrounding the currently operational quarry, north of the River Trent. Rest groundwater
levels have also been recorded at 2 wells in the vicinity of the Site, the level and date of recording is
indicated on Drawing 2. Groundwater can be inferred to be at ground level at the spring adjacent to
Anchor Church. Groundwater contours across the Swarkestone Quarry site in November 2011 are
shown on Drawing 2; this is the period in recent history when the influence of dewaterin g of the quarry
was most prevalent in the groundwater record. The Environment Agency has been contacted regarding
any additional groundwater level data within 2 km of the Site, but indicated that they do not hold any
additional records.

4.1.6)

Groundwater contours surrounding Swarkestone Quarry are influenced by quarry dewatering, leading
to a groundwater minimum in the vicinity of well SW4b and local flow north from the river and south from
the A5132 road toward the centre of the Site. However, at a wider scale local groundwater flow is to
the south and east, toward the River Trent. Groundwater levels (where not influenced by dewatering)
range between approximately 36.5 m AOD and 38.8 m AOD across the Site. Away from areas
influenced by flooding or dewatering, the annual seasonal range in groundwater level is between 0.5 m
and 1 m.

4.1 .7)

At the Site, three phases of exploratory investigations were undertaken in October 1999, October 2003
and September 2004 ; the latter two investigations were completed by the same driller. The method of
recording depth to groundwater differed slightly between the two drilling contractors. In the 1999
investigation (generally in the north of the Site on the Mercia Mudstone), groundwater strikes were
recorded (typically occurring on encountering the sand and gravel horizon), and the groundwater rise
was recorded for a period of 30 minutes. The rate of groundwater inflow was described as 'slow' or
'very slow' and in general minimal rise was observed. The reported groundwater level is therefore
typically coincident with the top of the sand and gravel horizon. This investigation is not considered to
yield a particularly reliable rest groundwater level, and depth to groundwater was approximately 0.6 m
greater, on average, than in the 2003 and 2004 investigations.

4.1.8)

In the 2003 and 2004 investigations, groundwater strikes were not necessarily recorded, though again
where recorded groundwater was encountered at the top of the sand and gravel. However, in the
southern area, groundwater rise was recorded as 'fast' and a rest level up to 2 m above the initial strike
level was typically recorded. In these investigations, the rest groundwater level reported was recorded
after removal of the casing from the hole, before relocation to the next position. This resulted in a higher
groundwater level that is likely to be more representative of the true rest level, but may still be below
the true rest level. In these investigations the rest groundwater level was generally between
1 m bgl and 2 m bgl, with an average of 1.5 m bgl, equivalent to an elevation of between 36.5 m AOD
and 37.5 m AOD and similar to levels recorded to the north of the river.
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In January 1983, groundwater was recorded at 39.4 m AOD and 39.2 m AOD in the area to the west
and south-west of the Site. The spring at Anchor Church is situated in the sandstone escarpment
slightly above the river plain level at approximately 42 m AOD. Combined with the inferred groundwater
levels above, this data supports the interpretation that groundwater flow across the Site is to the north
or north-east and is controlled by the river level.

4.1.1O) In the area of the existing Swarkestone Quarry, permeability tests (Golder Associates, 1991) indicated
that the sand and gravel unit is highly permeable with all but one of 8 boreholes returning hydraulic
conductivities in the range 1.8 x 10-3 mis to 6.1 x 10-3 mis. Based upon an average hydraulic conductivity
of 1 x 10-3 mis and mean saturated aquifer thickness of 4.5 m, the transmissivity of the sand and gravel
aquifer has previously been estimated at approximately 400 m 2l day (Golder, 2005). This high
permeability indicates that the sands and gravels will respond rapidly to changes in the groundwater
system and will not be able to maintain steep hydraulic gradients in a natural (unmanaged) flow system.
Given the similar ground conditions, and fast inflow reported in boreholes in the south of the Site,
conditions in the Southern Extension are considered likely to be similar. It is not clear why inflow rates
reported in the northern Site area were low, this is potentially due to a higher proportion of silt in the
sand and gravel deposits, or may be a function of the manner in which the inflow was recorded. The
lithology description in this area (typically slightly or very slightly silty, very sandy rounded gravel) is
consistent with highly permeable deposits.
4.1.11) The hydraulic conductivity of the Kidderminster Sandstone is described by BGS (1997) to range
between 1.6x10-6 mis and 8.0x10-4 mis with a geometric mean of 5. 7x10-5 mis.
4.1. 12) The maximum groundwater level drawdown that is apparent in monitoring data for the 2007 to 2015
period at Swarkestone Quarry is a drawdown of approximately 5 m in SW4b and SW5 in September
2007. Both groundwater hydrographs and groundwater contours indicate that dewatering in the central
site area has had no influence on groundwater level in SW9, approximately 900 m north of the working
area. A possible minor impact is present in groundwater levels in SW11, approximately 700 m from the
working area.

4.2

Groundwater Use

4.2.1)

The Drift deposits underlying the Site are classified as a Secondary A aquifer according to Environment
Agency (2015). Secondary A aquifers are defined as those with "permeable layers capable of

supporting water supplies at a local rather than strategic scale, and in some cases forming an important
source of base flow to rivers. These are generally aquifers formerly classified as minor aquifers".
4.2.2)

The Sherwood Sandstone (including the Moira Breccia) underlying the southern part of the Site is
classified by Environment Agency (2015) as a Principal aquifer. Principal aquifers "have high
intergranular and/or fracture permeability - meaning they usually provide a high level of water storage.

They may support water supply and/or river base flow on a strategic scale. In most cases, principal
aquifers are aquifers previously designated as major aquifer."
4.2.3)

The Mercia Mudstone underlying the northern part of the Site is classified as a Secondary B aquifer, a
unit which comprises "predominantly lower permeability layers which may store and yield limited
amounts of groundwater due to localised features such as fissures, thin permeable horizons and
weathering. These are generally the water-bearing parts of the former non-aquifers" (Environment
Agency, 2015).

4.2.4)

Groundwater Vulnerability Map Sheet 23 for Leicestershire indicates that where drift is present
underlying the Site, soils are classed as of intermediate leaching potential. Where no drift is present
underlying the Site, the soils are classed as of high leaching potential.

GO LD ER

5

September 2018

4.2.5)

14514240365.501

The Site is not located in a groundwater Source Protection Zone (SPZ). A source protection zone is
indicated to be present in proximity to the Site surrounding two wells located at NGR (432580, 327050)
and (432300, 325880). The Zone 3 source protection zone associated with th ese wells terminates
approximately 270 m from the Site boundary, the Zone 1 area is approximately 470 m from the Site at
its nearest point. The Environment Agency (2015) indicates that the wells near Foremark and Milton
no longer hold an abstraction licence: it is interpreted that the source protection zones indicated no
longer relates to an active source. However, written confirmation of this has not yet been received from
Severn Trent Pie, holders of the abstraction licence.
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Figure 1: Source Protection Zones within 2 km of the Site. Sources in Foremark and Milton are no longer
active

4.2.6)

Groundwater and surface water abstractions within 2 km of the Site are indicated on Drawing 4. The
Environment Agency (2015) indicates that 1 active groundwater abstraction licence exists within 2 km
of the Site, as listed in Table 1. This licence is registered to Lafarge Aggregates (now Tarm ac) at
Swarkestone Quarry. Records indicate that 9 other groundwater abstraction licences have historically
existed in proximity to the Site (Table 1). In particular licence 03/28/36/0032 for Milton Water Works,
which provided a licence for public water supply from all three wells shown on Figure 1, continues to be
active according to Environment Agency (201 5) but is shown to relate only to th e well at approximately
NGR (431100, 325110). No active abstraction licence is shown relating to the two wells at NGR
(432580, 327050) and (432300, 325880) .

4.2. 7)

There are no groundwater abstractions located between the Site and the River Trent (hydraulically
downgradient of the Site area).

4.3.8)

South Derbyshire Council has indicated that four active unlicensed (private) water supplies are present
within 2 km of the Site based. The locations of the unlicensed abstractions are shown on Drawing 4
and the details are presented at Table 2. The nearest unlicensed abstraction is located approximately
860 m from the Site at Twyford, on the opposite bank of the River Trent.
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Given that the public water supply at Milton is no longer active, the Site is not considered to be in a
vulnerable location with regard to groundwater abstractions. The nearest groundwater abstraction to
the Site is located 670 m to the northeast, on the opposite side of the River Trent. The river will act as
a hydraulic boundary, preventing dewatering from the Site from influencing groundwater levels to the
north of the river. The public water supply south of Repton indicated in Figure 1 remains active, but this
supply is located at a distance of more than 3 km and hydraulically upgradient of the Site: it is not
considered sensitive to the proposed activities.

4.3

Other Groundwater- Influenced Receptors

4.3.1

Structures

4.3.1)

Buildings founded on unconsolidated materials, particularly clays and silts, may be influenced by
dewatering due consolidation of the underlying deposits in response to groundwater level change.

4.3.2)

It is considered that buildings located to the north of the River Trent are not potentially at risk from
dewatering activities at the Site, as the River Trent will act as a hydraulic boundary to any groundwater
level change. Buildings to the south of the Site are located outside the river plain in the area where drift
deposits are absent. These buildings are founded on bedrock and therefore are not vulnerable to
movement in response to groundwater level change.

4.3.3)

Two potentially sensitive structures exist within 2 km of the Site: buildings at the The Old Water Works,
approximately 750 m west of the Site, and a second building accessed via track located approximately
1.5 km west of the Site.

4.3.2
4.3.4)

Archaeological Remains
Sub-surface archaeological remains preserved through anoxic or low oxygen conditions in sub-water
table environments may be sensitive to changes in geochemical conditions associated with
groundwater level change. An archaeological desk study has been completed for the proposed
development area (Archaeologica, 2015).
This study did not identify any known potentially
sub-water table archaeological remains on the southern side of the River Trent w ithin 2 km of the Site.
A number of archaeological sites are located within 2 km; however, these sites are located on higher
ground to the south of the Site (and include the Anchor Church, which is above ground), and are
therefore concluded not to be sub-water table features. The report identifies that the river terraces are
of high archaeological potential, particularly areas associated with medieval palaeochannels through
the centre of the Site and in the south-east of the Site.

5.0
5.1

HYDROLOGY
Climate

5. 1.1)

The long-term average annual rainfall (1961 to 1990) for the Environment Agency gauging station on
the River Trent at Shardlow (approximately 10 km east of the Site) is 752 mm/yr (National River Flow
Archive, 2015). The nearest published Met Office climate station is at Sutton Bennington, approximately
17 km from the Site, the average rainfall (1981 to 2010) at this station was 620 mm/yr. The potential
transpiration for the area is 474 mm/year (Ministry of Agriculture, Fisheries and Food, 1976). Given
that the Site has little surface gradient, runoff is anticipated to be minimal in the immediate vicinity of
the Site. Based on the monthly average precipitation and evaporation in these two records, soil
moisture balance calculations indicate a first order estimate of recharge of 180 mm/yr.
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Surface Water Features

5.2.1)

The Site is located within a meander of the River Trent which, in the vicinity of the Site, flows eastward.
The River Trent is between 30 m and 70 m north and east of the Site (Drawing 1). Flow in the River
Trent is recorded at Shard low gauging station, approximately 1O km east, and downstream, of the Site.
The mean river flow recorded at Shardlow is 52.25 m 3/s; the low flow (i.e. the flow which is exceeded
95% of the time) at this location is 17.4 m3/s.

5.2.2)

Milton Brook flows north through the village of Milton before turning east, passing along the southern
site perimeter, and continuing east and discharging to the River Trent approximately 40 m east of the
Site. A strong flow was observed in Milton Brook during the November 2014 site visit, both where the
brook flows north along Meadow Lane approximately 750 m east of the Site, and adjacent to the Site.
Three tributaries join Milton Brook in the vicinity of the Site:
An un-named tributary flows from the south-west and joins Milton Brook at the south-west corner
of the Site;
•

A second un-named tributary flows north toward the Site, flowing off the sandstone escarpment to
the west of Foremark Reservoir, and turns east before joining Milton Brook along the southern
boundary of the Site; and

11

An unnamed tributary joins Milton Brook from the west on Meadow Lane where the brook
commences its flow east.

Land to the west of the Site was observed to be water logged and poorly drained during the site visit
undertaken on 28 November 2014. This area drains to the River Trent via two ditches which flow north
and north-east approximately 250 m and 600 m to the west of the Site. These ditches do not connect
to the Milton Brook.
5.2.3)

The Ordnance Survey 1:10,000 scale map indicates that a stream originates within the Site area and
flows south joining Milton Brook close to Mill Plantation: no water course was observed to be present in
this area during the Site visit undertaken on 28 November 2014. No other flowing ditches or streams
were observed within or immediately adjacent to the Site during the site visit. A small pond is shown
within the Site area on the OS 1:10,000 map. This pond is not present in recent aerial imagery of the
Site; it is assumed that this pond is an ephemeral surface water pond.

5.2.4)

The only water body within 2 km of the Site on the southern side of the River Trent is Foremark Reservoir
The reservoir is located approximately 300 m south of the Site and lies at an elevation above 45 m
AOD, more than 5 m above the Site. The reservoir is therefore unlikely to have any influence upon or
interaction with groundwater levels on Site.

5.2.6)

The Environment Agency (2015) indicate that the Site is entirely situated in the 1% (1 in 100) design
flood extent of the River Trent (i.e. 1% chance of flooding annually), defined as flood Zone 3 in the
National Planning Policy Framework, 2012 (NPPF). The Environment Agency flood modelling data
indicates that the Site is located within the 20% (1 in 5) design flood extent and is therefore situated
within the functional floodplain.

5.2.7)

The Site is in a vu lnerable location with regard to surface water flooding. The majority of this area lies
at an elevation of approximately 39 m AOD, below the maximum levels of the adjacent river. A flood
risk assessment for the proposed development is presented in Section 7.0.
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Surface Water Quality

5.3.1)

The River Trent passes adjacent to the northern boundary of the Site. The water quality of the River
Trent in this area was classified as having moderate physio-chemical quality by the Environment Agency
in 2009 (Environment Agency, 2015). Quality with regard to specific pollutants including ammonia is
described as 'high'. In 2000, between the confluences of Hell Brook 2 km upstream to the Site and the
River Derwent, 12 km downstream to the Site, the River Trent was classified by the Environment Agency
as Grade C (fairly good) chemical quality. More recently the water quality of the River Trent at
Shard low, approximately 10 km downstream of the Site, was classified by the Environment Agency as
Grade A (very good) chemical quality in 2007.

5.3.2)

Milton Brook was reported by the Environment Agency to have good water quality in 2000 (GQA Grade
A). The brook was classified by the Environment Agency as having good biological status in 2009
(Environment Agency, 2015), but is not assessed with regards to chemical status.

5.4

Surface Water Abstractions

5.4.1)

Active and historical licensed surface water abstractions are listed in Table 3 and indicated on
Drawing 1. There are 2 active surface water abstraction licenses within 2 km of the Site: these licences
take water from the River Trent. One of the licences takes water for spray irrigation, the second is a
transfer licence associated with the existing Swarkestone Quarry. Neither activity is particularly
sensitive with regard to surface water quality.

5.4.2) The Site is not considered to be in a vu lnerable location with regard to surface water abstractions.

5.5

Surface Water Discharges

5.5. 1)

There are 13 active and historical consented discharge locations within 2 km of the Site. Two active
discharge consents potentially affect Milton Brook. Two active consents discharge to the River Trent
within 2 km of the Site (a further two consents are in close proximity to the River Trent, but relate to
farm soakaways).

5.5.2)

Milton Water Reclamation Works is located approximately 940 m west of th e Site. The works has
consent to discharge treated effluent and storm water to the River Trent under consent T/36/12059/R
approximately 30 m from the north-western corner of the Site. No watercourse connects this discharge
location to th e Works. The November 2014 Site visit confirmed that whilst a ditch is present from
Meadow Lane north of Milton Brook to the watercourse flowing from The Old Water Works to the River
Trent, the ditch is not a significant water feature and minimal water/flow was observed in it. It is assumed
that the discharge from the Milton W ater Reclamation Works occurs via a pipeline to the consented
location . The water reclamation works also has a consent, T/36/45730/R, to discharge stormwater to
surface water immediately adjacent to the works site. It is assumed that this consent, if utilised would
discharge to the tributary on Meadow Lane and subsequently to Milton Brook.

5.5.3)

Historically, a discharge consent existed at The Old Post Office in Milton, potentially discharging to a
tributary of Milton Brook. This consent has been revoked.

5.5.4)

Water from the existing Swarkestone Quarry discharges via a culvert to Manor Farm Lake under
discharge consent T/36/40261/T. The existing quarry site also holds consents to discharge to the River
Trent (T/36/460734/T) and a ditch adjacent to the plant area (T/36/46046/T). It is anticipated that water
from the Southern Extension will discharge to the River Trent.

5.5.5)

The second active consent discharging to the River Trent is a treated sewage effluent discharge form
a domestic property in Twyford.
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HYDROGEOLOGICAL AND HYDROLOGICAL IMPACT
ASSESSMENT

6.0.1)

The sand and gravel at the Site will be worked dry. Dewatering in the active phase(s) will take place to
an elevation equivalent to the base of the drift deposits. Dewatering may affect the level of the
groundwater table within the drift deposits in the vicinity of the Site. Where groundwater within the drift
deposits acts as a source of base flow to nearby surface water courses, this has the potential to also
impact surface water flow. The purpose of this assessment is determine potential impacts of dewatering
of Swarkestone Quarry Southern Extension on groundwater levels in the drift in the vicinity of the Site,
and upon nearby groundwater and surface water receptors. This assessment also aims to address
potential effects upon groundwater quality and flow arising from restoration of the quarry void with
imported inert fill materials.

6.0.2)

Water pumped from the sump of the working phase will be initially discharged into a settlement lagoon
located in the Phase 1 working area. Water will then be discharged to the Milton Brook or directly to
the River Trent.

6.1
6.1 .1)

6.1.1

Hydrogeological Impact during Operation
Dewatering associated w ith quarrying operations has the potential to affect groundwater levels
surrounding the Site, and therefore base flow to watercourses and stability of structures within the radius
of influence of the abstraction. Calcu lations have been undertaken to assess the radius of influence
and potential impacts on potentially sensitive receptors of groundwater drawdown. Water discharged
to soakaway from the Site during the operational phase will comprise groundwater pumped from the
working area and is anticipated to be of a quality indistinguishable from the receiving aquifer. It is
therefore considered that th ere will be no significant groundwater quality impacts during the operational
phase and this has not been evaluated further.

Calcu lation of Radius of Influence and Estimated Flow Volumes

6.1 .2)

A calculation of a first order estimate of the radius of influence and estimated flow volume associated
with dewatering activities at the Site is presented in Appendix B, based upon the analytical solution
proposed by Marinelli and Niccoli (2000) and presented in the Environment Agency published Tier 1
Groundwater Analytical Equation Tool (EA, 2007). Key input parameters are summarised in Table 4.

6.1.3)

The assessment considers the influence of dewatering associated with simultaneous operation of
Phases 3 and 4 which cover th e largest footprint parallel to the River Trent. Dewatering will occur to
the base of the excavation; dewatering will not extend deeper th an the excavation. As the majority of
the Site is underlain by sandstone, and the smaller area underlain by mudstones is in the north of the
Site in close proximity to the River Trent, the calculation has considered the entire Site to be underlain
by permeable sandstones.

6. 1.4)

The assessment indicates a radius of influence under steady state conditions of approximately 1,500 m
from the quarry void, with an estimated inflow of approximately 11,630 m 3/d.

6.1.5)

This calculation is considered likely to overestimate th e radius of influence of the abstraction because
it does not consider the effect of inflow from the River Trent, from Milton Brook, or
short-circuiting recharge if water is discharged to Milton Brook, which is likely to act to mitigate the
impact of dewatering. The impact of existing dewatering in Swarkestone Quarry has extended less than
1 km based on monitoring data at the northern boundary of the quarry site. In addition, the drift deposits
are bounded by the sandstone escarpment which outcrops 70 m to 200 m south of the excavation area
and are intersected by the River Trent to th e north. Whil st groundwater is likely to be in continuity
between the drift and underlying sandstone aquifer, this may affect the behaviour of flow around th e
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void. The potential for mounding of groundwater up hydraulic gradient of the restored void has been
considered further below.

6.1.2

Impact of Dewatering on Potential Groundwater Receptors

6.1.2.1

Groundwater Users

6.1.6)

No active groundwater abstraction licenses have been identified within the calculated theoretical worstcase radius of influence of the quarry excavation on the southern side of the River Trent. One licensed
groundwater abstraction exists within the radius of influence associated with the existing quarry
operation at Swarkestone Quarry. The presence of the River Trent will prevent propagation of any
influence north of the river to this location. One private abstraction is located within 1,500 m of the Site,
approximately 1,300 m south of the boundary of Phase 1. As noted above, it is considered likely that
the calculation over-estimates the radius of influence of quarrying activities. In addition, the location of
the well is such that it must obtain water from the Sandstones, as no drift deposits are present at this
location. The position is also at an elevation more than 50 m above the Site where the water table is
likely to be considerably above the elevation on' Site, furthermore the elevation of groundwater is likely
to be influenced more by Milton Brook and the spring line at the foot of the escarpment than the
dewatering of the downgradient drift deposits. It is considered highly unlikely that any observable impact
will occur at this well as a result of the dewatering activities. The proposed dewatering is not considered
likely to affect any groundwater users in the vicinity of the Site.

6.1.7)

The spring at the Anchor Church caves is fed by flow in the Sherwood Sandstone from higher ground
to the south on the sandstone escarpment. Groundwater discharge at this location is likely to be driven
by the local steep topographic gradient, and lower permeability horizons in the sandstone locally
inhibiting vertical flow. As the recharge area supporting the spring is to the south of the Site, the spring
lies at an elevation a number of metres ground level at the Site, and the spring is separated from the
Site area by Milton Brook, it is considered unlikely that flow to the spring will be adversely affected by
dewatering activities.

6.1 .2.2

Structures

6.1.8)

Lowering of the water table within the al luvial drift deposits outside of the background range of variation
has the potential to affect the stability of buildings within the radius of influence where buildings are
founded on silt and clay deposits within the drift which may be subject to consolidation resulting in
differential settlement. The closest residential properties to the limit of extraction that are founded on
unconsolidated deposits are those at The Old Water Works, 750 m west of the Site.

6.1.9)

The maximum drawdown of the water table within the quarry site is calculated to be an average of
4 .3 m. The nearest building is at a distance of at least 50% of the total radius of influence of the
dewatering and the influence of the dewatering will decline exponentially with distance. Based on the
relationship between proportion of drawdown with proportion of distance from the point of origin of the
cone of depression presented in CIRIA Report 113 (CIRIA, 1986), drawdown at 50% of the total radius
of influence will be 20% of the total drawdown, equivalent to 0.9 m. In addition, comparison to the
respon se to dewatering in the existing Swarkestone Quarry suggests that in actuality, the radius of
influence is unlikely to exceed 1,000 m, further reducing the likelihood of a greater than 1 m change in
groundwater level in the vicinity of The Old Water Works.

6.1.10) Based on the predicted total drawdown, radius of influence and proximity of the nearest structures
founded on alluvium to the Site, it is not considered that the proposed dewatering activity poses any
significant risk to structures in proximity to the Site. The maximum chahge in groundwater level at the
location of the nearest sensitive structure is calculated to be less than 1 m which is in a similar range of
fluctuation to the seasonal background variation.
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Archaeological Remains

6.1.11) No known archaeological remains exist within the Site area or in the river terrace deposits potentially
affected by the proposed dewatering activities (Archaeologica, 2015). However, the river terrace
deposits are identified to be of high archaeological potential. In the event that significant sub-water
table archaeological remains are identified during the quarry workings that must be preserved in a
saturated state, an appropriate action plan should be put in place regarding groundwater levels at this
point.

6.2
6.2.1

Hydrogeological Impact Following Restoration
Groundwater Flow

6.2.1)

Restoration of the Site is planned to comprise restoration of approximately two thirds of the Site area to
pre-development ground levels with inert fill material, and creation of a sinuous lake feature through the
centre of the restored area, retaining the created void. Inert fill materials are likely to comprise soil-type
materials
with
a
moderate
to
low permeability
(estimated
to
range
between
1x10-7 mis and 1x1 o-8 m/s ). Restoration with inert fill therefore has the potential to cause local mounding
of groundwater levels in the vicinity of the Site and hydraulically upgradient to the west.

6.2.2)

Existing groundwater levels at the Site are approximately 1.5 m below ground level. The maximum
groundwater mounding that could occur in the immediate vicinity of the Site before groundwater
seepage occurred at ground surface around the Site perimeter (inhibiting further rise) is a rise of 1.5 m.
Both the River Trent in proximity to the northern and eastern Site boundary, and Milton Brook in
proximity to the Southern boundary, will receive groundwater discharge under current conditions. These
water courses will act to control groundwater levels on three sides of the Site following restoration ,
providing a conduit for groundwater discharge and inhibiting propagation of elevated groundwater levels
beyond these hydraulic boundaries. Due to the presence of these boundaries, groundwater levels in
the vicinity of the Site are considered to be comparatively well constrained. Current groundwater levels
are also likely to be controlled by surface water levels in these water courses.

6.2.3)

The proposed restoration at the Site has the potential to result in a localised increase in groundwater
baseflow to Milton Brook as groundwater flow beneath the brook and northward in drift deposits may be
reduced. Given the magnitude of flow in the River Trent, localised change in groundwater discharge
patterns will not result in any discernible change in river flow. No structures are located in sufficient
proximity to the Site to be affected by localised groundwater level rise following restoration, particularly
given the constraint on groundwater levels imposed by the proximal water courses.

6.2.2

Groundwater Quality

6.2.4)

The Site will partially be restored through the importation of inert restoration materials. Inert materials
are defined as materials which are not reactive, do not dissolve, do not biodegrade, have insignificant
leachability and total pollutant content, produce leachate with an ecotoxicity which is insignificant, and
will not give rise to environmental pollution or harm to human health . The use of suitable inert materials
for restoration and filling-in work is exempt from the Landfill Regulations (2002) and is a waste recovery
operation. Off-site materials that may be accepted under this process without chemical testing are
restricted to a small range of natural materials (European Council Decision 2003/33/EC on Wa ste
Acceptance). Other materials require testing against Waste Acceptance Criteria for inert waste defined
under th e Landfill Directive (1999).

6.2.5)

In th e vicinity of the Site, groundwater flow is to the north and northeast, toward the River Trent. Based
upon the geometry of the drift deposits, observed groundwater flow direction and local topography, it is
considered likely that all groundwater pass ing beneath the Site will be discharged to the River Trent

~

GOLDER

12

September 2018

14514240365.501

within 70 m of the Site. The River Trent is considered to act as a point of groundwater discharge, such
that no groundwater flow will occur across the River Trent.
6.2.6)

No groundwater abstractions are present in the area between the downgradient boundary of the Site
and the River Trent. The proximity of the River Trent (within 70 m of the Site) is such that there are
effectively no receiving groundwater bodies hydraulically downgradient of the Site. Controls on the
acceptance of restoration materials described above should ensure that restoration materials do not
have significant ecotoxicity. However, in the event of the accidental acceptance of unsuitable materials,
the lack of groundwater receptors downgradient the Site, and large dilution capacity of the River Trent
are considered sufficient to mitigate the risk of adverse impacts on groundwater or surface water
resources. On the basis of the inert nature of the restoration materials and Site setting, it is therefore
considered that no significant risk is posed to groundwater users as a result of infilling of the quarry void
with inert restoration materials.

6.2. 7)

There is a potential risk to the quality of the groundwater from the use and storage of fuel and chemical
in the mineral extraction areas. During the operation of the mineral workings fuel and chemicals will be
stored in bunded areas to contain spillage. Any refuelling on-site will be undertaken with company
environmental procedures.

6.3

Surface Water Impacts

6.3.1
6.3.1)

Surface Water Quantity
The nearest surface water courses to the proposed mineral extraction are the River Trent and Milton
Brook. Groundwater in the drift deposits may provide base flow to both water courses. Capture of
groundwater during dewatering of the Site, and reduction in groundwater levels , has the potential to
influence surface water baseflow.

6.3.2)

The total volume of water pred icted to be captured in the quarry void (11,630 m3/d, or 0.13 m3/s) is
negligible in the context of flow in the River Trent (17.4 m 3/s at low flow). There is little possibility that
the proposed dewatering activity could measurably reduce flow in the River Trent. Groundwater
pumped from the excavation will be transferred back to the River Trent slightly downstream of the Site.
The returned volume is considered to be insignificant in terms of total flow in the River Trent, and will
be balanced by the reduction in groundwater baseflow associated with the dewatering activities. As
such, discharge of abstracted groundwater to the River Trent is considered unlikely to result in any
measurable augmentation in flow. Mineral processing will be undertaken in the plant area associated
with the existing Swarkestone Quarry, no new groundwater or surface water abstractions, or discharge
will be required to permit this activity.

6.3.3)

Milton Brook flows through the Site within the radius of influence of quarry dewatering. It is considered
probable that baseflow to Milton Brook is largely supplied by groundwater discharge from the Sherwood
Sandstone to th e south of the brook therefore it is unlikely that the water levels in Milton Brook will be
reduced by the dewatering activity. However, it may also locally receive baseflow from the river terrace
deposits in the Site area. If water levels were to fall below baseline levels as a result of quarrying
activities, mitigation measures will be put in place to augment flow in Milton Brook through discharge
(following settlement) of water removed from the quarry void.

6.3.4)

The closest licensed abstraction not related to the operation of the site is from the River Trent at Twyford
approximately 200 m west and up-stream of the Site and is used for spray irrigation. Other than
abstractions related to site operations there are no down-stream abstractions on the River Trent with 2
km of the Site. The proposed operation is therefore not considered to have the potential to adversely
affect existing surface water users.
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The mineral extraction is located in the floodplain of the Trent Valley river catchment. Topsoil and
subsoil are stockpiled temporarily in the floodplain at the south boundary of the Site and within the site
as above ground piles or in void storage. The restoration of the Site will not result in raising ground
levels. The Site restoration proposals include restoration of the excavated area to pre-development
levels . The ground elevation of these areas will be at the same level as previously and hence will result
in no net loss of the flood storage capacity at the Site. Changes in land use nonetheless have the
potential to influence flood risk in th e vicinity of the Site. A flood risk assessment is presented in
Section 7.0.

Surface Water Quality

6.3.6)

There is a potential risk to the quality of the surface water from the use and storage of fuel and chemical
in the mineral extraction areas. During the operation of the mineral workings fuel and chemicals will be
stored in bunded areas to contain spillage. Any refuelling on-site will be undertaken with company
environmental procedures. Suspended solids wi ll be removed from the pumped groundwater by
settlement in designated silt settlement ponds prior to consented discharge off-Site.

6.3.7)

The restoration of the Site will be completed through restoration with inert materials. As described
above, inert materials are defined as materials with insignificant leachability or those which produce
leachate with insignificant toxicity. Groundwater flow beneath the Site following restoration is
anticipated to be to the north toward the River Trent, as under current conditions. The total groundwater
recharge across the current 47 ha Site area is estimated at 84,600 m3/year
(0.003 m3/s). The River Trent therefore provides an estimated 6500 times dilution for recharge to the
Site area. Given the inert nature of the restoration materials and the dilution capacity available in the
River Trent, the proposed restoration is considered to pose a negligible risk to surface water quality.

7.0

FLOOD RISK ASSESSMENT

7.0.1)

A detailed Flood Risk Assessment has been carried out in accordance with the National Planning Policy
Framework (NPPF).

7.0.2)

In Table 2 of the Technical Guidance to the NPPF, the proposed development is categorised as 'water
compatible development', and is therefore appropriate in areas that are susceptible to relatively frequent
flooding. It is essential however to ensure that the risk of flooding, both to the operation itself, and to
the surrounding area as a result of the proposed development, is managed effectively and sustainably.

7.1

Existing and Historical Information

7.1.1)

The Environment Agency has carried out detailed modelling of the River Trent, establishing a thorough
appreciation of the predicted flooding regime within the proposed development site. The entirety of the
Site is susceptible to flooding in the 20% (1 in 5) design event due to flooding from the River Trent, and
for this reason the Site is categorised as Zone 3b (functional floodplain) in the NPPF planning terms.
The Environment Agency has undertaken detailed flood modelling for the Site associated with the River
Trent and the extent of the 1% (1 in 100) design flood event is shown on Drawing 5.

7.1.2)

Historical flood maps indicate that the Site (and much of the surrounding area) was entirely flooded
during flood events in 1947, 1982, 2000 and 2012. This indicates that the area is prone to relatively
frequent flooding.

7. 1.3)

The South Derbyshire Strategic Flood Risk Assessment (SFRA) indicates th e Site lies within th e
functional floodplain of the River Trent. The Site is not within an area of reported groundwater flooding,
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The Environment Agency surface water map published on the Environment Agency website indicates
that the Site may be prone to isolated non-fluvial surface water flooding during periods of heavy rainfal l.
7. 1.4)

Topographic information indicates that the Site is relatively flat and low lying with elevations ranging
from 37.9 m AOD in the south to 39.5 m AOD in the north . The River Trent to the north and east of the
Site and Milton Brook to the south of the Site flow west to east locally. Topography and river flow
direction suggest that flood flow will occur west to east across the Site.

7. 1.5)

Existing and historical information indicates th at the Site is located in a vu lnerable location with respect
to flooding.

7.2

Detailed Assessment of Flood Risk

7.2. 1) A detailed Flood Risk Assessment (FRA) has been carried out, in accordance with the NPPF. The
dominant flood mechanism at the Site is fluvial flooding from the River Trent and the Milton Brook. Flood
water at the Site is dissipated principally by overland flow rather than by infiltration, meaning that the
import of inert fill material will not significantly alter the flood characteristics of the Site. Mitigation
measures have been included in th e design of the quarry extension works to ensure that the ri sk of
flooding off Site is not increased compared to pre-development levels . The detailed FRA is included as
Appendix C. An overview of the key findings and recommendations of the FRA is provided below:

7.2.1
7.2.2)

Managing the Risk of Fluvial Flooding
The Site is situated in close proximity to the River Trent and Milton Brook. Flood mapping from the
Environment Agency website indicates that the Site is susceptible to flooding in the 1% (1 in 100) River
Trent design event.

7.2.3)

All existing plant infrastructure and ancillary facilities for mineral processing associated with the current
Swarkestone Quarry will be retained for use with th e proposed extension. There is no additional
processing infrastructure or buildings proposed as part of the proposed extens ion and therefore no
increase in flood risk associated with plant infrastructure.

7.2.1.1

Loss of Floodplain Storage

7.2.4)

The existing bund/stockpile footprint area will not increase from the current situation within th e
Swarkestone Quarry plant site (Drawing 1) due to the development. The period of time th at bunds w ill
be located within the existing plant site (and the floodplain) will be extended until such time as the plant
site is restored (approximately an additional 10 years). Proposed final restoration ground levels within
the plant site through placement of topsoil from the bunds will be to pre-development ground levels.

7.2.5)

The proposed workings will alter th e natural topography of the floodplain. Any potential loss offloodplain
storage may result in an increase in th e frequency and/or severity of flooding to surrounding property.
This must be considered for each phase of the development (i.e. throughout the operational lifetime of
the sand and gravel extraction) , and post closure. An assessment of the net (total) change in floodplain
storage associated w ith soil movements and the quarry void during Site operations has been carried
out1 . As part of the proposed Site restoration plan the Site will be returned to pre-development Site
levels for agricultural purposes.

7.2.6)

In summary, it has been determined that the net available floodplain storage at each phase of th e
proposed development is substantially greater th an the existing situation.

' Refer to Section 5 .2.5 of the detailed FRA (Appendix C)
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Impacts to Overland Flow Paths due to Bunds

7.2.7)

The entire Site is affected by flooding during the 20% (1 in 5) design flood event and therefore there is
no opportunity to place proposed screening bunds within the Site outside of areas at risk of flooding.

7.2.8)

A bund within the Site will be constructed to minimise the effect on overland flood flow routes. The bund
will be orientated west to east within the Site (parallel to the overland flow direction associated with out
of bank flows from the River Trent).

7.2. 1.3
7.2.9)

Flood Risk from Proposed Access and Haul Roads

The proposed access and haul roads linking to the existing quarry will be constructed at grade along its
length, ensuring no potential obstruction to overland flow paths. Where possible, haul roads will be
constructed by exposing the underlying sand and gravel and therefore will not increase hardstanding
within the Site.

7.2.1.4

Obstructions to Flow from Proposed Bridge

7.2.10) It is proposed a Bailey bridge will be constructed across the River Trent in the south-east corner of the
Site for access purposes . The bridge deck will be approximately 83.3 m in length and incorporate three
separate spans requiring two (approximately 2.0 m wide) concrete piers constructed within the river
(Appendix A). The bridge deck will be of steel construction and incorporate an open steel truss system
above the level of the deck. The piers will be constructed from reinforced concrete and abutments will
include reinforced concrete foundations with earth approach ramps.
7.2.11) To mitigate potential obstruction to channel flow at this location a bridge crossing will be provided to
satisfy the following design criteria:
•

Bridge deck soffit situated above 41 .2 m AOD which is equal to the 1% (1 in 100) flood level
(40.6 m AOD)2, plus 600 mm, as per 2D HECRAS modelling in the FRA (Appendix C); and

•

Abutments situated 1 m behind top of bank.

This will ensure that any potential afflux at the bridge crossing is kept to an absolute minimum in all but
the most extreme flooding events.
7.2.12) The 2 km length of river directly upstream of the bridge comprises agricultural land and the functional
floodplain exceeds 2 km in width at this location and therefore any localised increase in flooding directly
upstream of the bridge construction will not lead to an increase in flood risk to existing development and
infrastructure in the village of Twyford 2 km upstream .

7.2.2

Managing the Risk of Surface Water Flooding

7.2.13) The Site is currently agricultural and there are no known issues with surface water flooding within the
Site or the surrounding area. The surface water flood risk mapping published by the EA (2015) predicts
minor isolated areas of the Site are liable to be at risk from surface water flooding during periods of
heavy rainfall. However the underlying ground (sand and gravels) are highly permeable and the existing
risk of surface water flooding is considered to be minimal. Surface water runoff from the Site currently
sheet flows to the River Trent and Milton Brook.

' Unea~y interpolated fro m design 1% (1 in 100) flood levels on Drawing 5.
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7.2.14) During the operational period surface water runoff within extraction areas will be captured within the
quarry void and therefore will not contribute to runoff from the Site. Surface water runoff captured within
the void will either infiltrate to groundwater or be captured in sumps and transferred to the settlement
lagoon. Therefore it is anticipated there will be a reduction in surface water runoff from the Site during
the operational period.
7.2.15) At restoration the Site will be returned to agricultural use (as per existing) and a series of lakes and
ponds will be formed which will capture and attenuate surface water runoff from a majority of the Site.
Therefore it is anticipated there may be a net benefit in terms of a reduction of surface water ru naff from
the Site due to the lakes and ponds. No surface water mitigation is proposed for the development at
closure.

7.2.3

Managing the Risk of Groundwater Flooding

7.2.16) The Site is currently an agricultural area, and there are no known issues of groundwater flooding within
the Site (and/or the surrounding area). The detailed hydrogeological impact assessment set out in
Section 6.0 confirms that the risk of groundwater flooding within the Site will be effectively managed
throughout both the operational and post closure phases of the proposed development.
7.2.17) During operations groundwater will be pumped from each extraction phase to the River Trent or the
Milton Brook (which discharges to the River Trent south-east of the Site). The point of discharge will be
downstream of extraction operations. Discharge of abstracted groundwater to the River Trent is
considered unlikely to result in any measurable augmentation in flow and therefore no increase in flood
risk.

8.0
8. 1)

CONCLUSIONS
An assessment of the hydrogeological and hydrological impact of the proposed quarry development at
Swarkestone Quarry Southern Extension. The assessment has considered potential impacts upon
groundwater and surface water quantity and quality, upon the potential for settlement of buildings in the
vicinity of the Site and upon flood risk on and off the Site.

8.2)

An assessment of the potential radius of influence and pumping volume associated with dewatering of
the working area of the quarry indicates the radius of influence to be approximately 1,500 m from the
quarry void, with an estimated inflow of approximately 11,630 m 3 /d. However, the methodology used
to undertake this calculation is likely to overestimate the radius of influence of the abstraction because
the calculation does not consider the presence of the River Trent, which will act as a hydraulic boundary
preventing propagation of drawdown to the north , the potential effect of short-circuiting recharge via the
Milton Brook in the event that the brook is used for discharge and the influence of Milton Brook and the
spring li ne at the foot of sandstone escarpm ent on groundwater levels.

8.3)

One licensed and three unlicensed grou ndwater abstractions exist within the calculated radius of
influence of the Site. However, three of these abstractions are located on the opposite side of the River
Trent, where the River Trent will inhibit propagation of drawdown from the Site. One abstraction, at
Stanton Farm, lngleby, is potentially sensitive to dewatering at the Site. Given the location of this well
(at 1,300 m distance and 50 m higher th an the Site), the probable influence of Milton Brook on drawdown
in th e proximity of the Site, and th at the abstraction is sourced from the Sandstones and not from drift
deposits, it is considered highly unlikely that any detectable change will occur at this location as a result
of dewatering activities. It is considered the groundwater users will not be affected by dewatering
activities at the Site.
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8.4)

An assessment of the potential settlement beneath structures situated on the unconsolidated drift within
the calculated radius of influence of the dewatering operations indicates that drawdown will be less than
1 m at the nearest structure. It is considered there is no significant risk to structures associated with
the proposed dewatering activities.

8.5)

No known archaeological remains exist within the Site area or in the river terrace deposits potentially
affected by the proposed dewatering activities. However, the river terrace deposits are identified to be
of high archaeological potential. In the event that significant sub-water table archaeological remains
are identified during the quarry workings that must be preserved in a saturated state, an appropriate
action plan should be put in place regarding groundwater levels at this point.

8.6)

The restoration of part of the Site area with inert restoration material has the potential to affect
groundwater levels and groundwater quality, and surface water quality downgradient of the Site. The
Site setting is such that the extent of any groundwater mounding associated with restoration of the Site
will be controlled by surface water courses to the north, east and south of the Site. Given these
constraints, no structures are located in sufficient proximity to the Site to be affected by localised
groundwater level rise following restoration . Restoration has the potential to result in a slight increase
in groundwater baseflow to Milton Brook. This is not considered to be an adverse impact in this Site
setting. The Site will be restored with inert materials which, by definition, do not pose a significant risk
to groundwater or surface water quality. In the event that any potentially ecotoxic material is imported
accidentally to the Site, the available 6500 fold dilution in the River Trent is considered sufficient to
mitigate any risk to downstream surface water quality. Due to the proximity of the River Trent there are
effectively no groundwater bodies downgradient of the Site to receive groundwater flow from the
restored area.

8.7)

The assessment has considered the potential impact of the development upon flows in surface water
courses in the vicinity of the Site. The proposed volume of groundwater abstraction is not of sufficient
quantity to measurably influence baseflow to the River Trent, and abstracted water will be returned to
the river. Mineral processing will be undertaken in the pl ant area associated with the existing
Swarkestone Quarry, no new groundwater or surface water abstractions, or discharge will be required
to permit this activity. The proposed activities are therefore not considered to have th e potential to
measurably augment or reduce flows in the River Trent.

8.8)

Dewatering has th e potential to influence baseflow to Milton Brook. In the event water levels in the
brook fall below baseline levels, flow in the brook will be augmented through discharge from the Site.

8.9)

The proposed water compatible sand and gravel workings, located in Flood Zone 3b, are considered
appropriate in accordance with the NPPF. A number of measures have been established and
incorporated into the phased development of the Site to ensure that the potential impact upon the
existing fluvial and surface water flooding regime is appropriately mitigated. These will also ensure that
the risks of flooding to the proposed operations (and operators) will be managed safely throughout th e
lifetime of the development. There will be no impact on flood risk due to the use of inert restoration
materials as flood dissipation is principally by overland flow rather than infiltration. The proposed
restoration is similar to the pre-existing ground levels so there will be no change in the available
floodplain storage volume for the region in the long-term.

GOLDER

18

September 2018

9.0

14514240365.501

REFERENCES

1)

Archaeologica Ltd, 2015. Archaeological Desktop at Swarkestone Quarry Extension , Twyford and
Foremark Derbyshire SK 33091 27451 . June 2015.

2)

British Geological Survey, 1997. The Physical Properties of Major Aquifers in England and Wales.
Hydrogeology Group Technical Report WD/97/34, Environment Agency R&D Publication 8.

3)

CIRIA, 1986. CIRIA Report 113. Control of Groundwater for Temporary Works.

4)

Environment Agency, 2015. http://apps.environment-agency.gov.uk/wiyby/default.aspx. Accessed July
2015.

5)

Environment Agency, 2007. Assessing the Impacts of Dewatering on Water Resources. Science Project
sc040020. Tier 1 Analytical Tools, Version 1.6.

6)

Golder Associates (1991) Proposed Sand and Gravel Extraction/Waste Disposal Site at Swarkestone,
Derbyshire. Phase 2. Hydrogeological Desk Study and Preliminary Groundwater Modelling Resu lts. May
1991. Project 9152011.

7)

Golder Associates (2005) Hydrogeological Implications of Revised Restoration Proposals for Swarkestone
Sand and Gravel Extraction Site, Derbyshire. September 2005, Project 05529378.

8)

Ministry of Agriculture, Fisheries and Food, 1976. The Agricultural Climate of England and Wales: Areal
Averages 1941-70.

9)

National River Flow Archive, 2015. http://nrfa.ceh.ac.uk/data/station/spatial/28007. Accessed July 2015.

10) Department for Communities and Local Government, 2012. Technical Guidance to the National Planning
Policy Framework. March 20 12.

GOLDER

19

September 2018

14514240365.501

Signature Page

Golder Associates (UK) Ltd

Hydrogeo/ogist

Reviewer

-

12 September 2018

Company Registered in England No. 1125149
At Attenborough House, Browns Lane Business Park, Stanton-on-the-Wolds, Nottinghamshire NG12 5BL
VAT No. 209 0084 92
Golder and the G logo are trademarks of Golder Associates Corporation

G OLDER

20

TABLES
Table 1: Licensed Groundwater Abstractions withi n a 2 km Radius of the Site
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No

Public Water Supply Potable

2

03/28/36/0094

432200

326500

No

General Farming and
Domestic

3

03/28/36/0096

434830

325570

No

General Farming and
Domestic

4

03/28/36/0098

432800

328800

No

General Farming and
Domestic

5

03/28/36/0099

433700

329700

No

General Farming and
Domestic

6

03/28/36/0101

432800

328400

No

General Farming and
Domestic

7

03/28/36/0109

433600

329400

No

General Farming and
Domestic

8

03/28/36/0110

432600

328500

No

General Farming and
Domestic

9

03/28/36/0112

433600

328600

No

General Farming and
Domestic

10

03/28/36/0172

434350

328350

Yes

1,000,000

Extractive: Mineral
Washing

Table 2: Unlicensed Abstractio ns (Private Supplies) within a 2 km Radius of the Site

The Grange, Twyford Road, Barrow on Trent

1300

434900

328628

Springfield House Cottage, Milton Road

1900

431311

326681

Grange Farm, Ferry Road, Twyford*

860

432687

328513

lngelby Supply (Stanton Farm)

1300

434466

326043

*Th is abstraction is duplicated by a licensed abstraction to the Farm at almost the same location, the private supply is therefore not shown
on Drawing 1.

Table 3: Lice nsed Surface Water Abstractions within a 2 km Radi us of the Site
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03/28/36/01301

434670

329370

No

2

03/28/36/0154

435720

327430

Yes

3

03/28/36/01581

435500

329000

No

Spray Irrigation

4

03/28/36/0159

433400

329700

No

General Farming
and Domestic

5

03/28/36/0163

433000

328000

No

432950

General Agriculture
- Spray Irrigation

328 100

433600

328090

Spray Irrigation
250,000

Other Industrial:
Transfer

6

03/28/36/0 169

433000

328050

No

General Agriculture
- Spray Irrigation

7

03/28/36/0185

432360

329320

No

Aquaculture: Fish
Farm, Cress Pond

8

03/28/36/0188

433480

328040

No

433920

General Agriculture
- Spray Irrigation

327710

433770

328070

433850

328020

432995

328050

433482

328045

433925

327710

433767

328075

433855

328025

9

Md/028/0036/005

Yes

10,000

General Agriculture
- Spray Irrigation

Table 4: Dewatering Impact Assessment Parameters
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Height of water table above base
of pit at radius of influence (H)

4.3 m

Ground investigation data indicates that the average
depth to groundwater on Site is 1.5 m, and the average
thickness of the drift deposits is 5.8 m. Dewatering is
assumed to occur to the base of the drift.

Layer 1 Conductivity (Kh1)

1x10-3 mis

Hydraulic conductivity testing of gravels at Swarkestone
Quarry on the north side of the River Trent reported a
range between 1.8 x 10-3 m/s to 6.1 x 10-3 mis.

Layer 2 Conductivity (Kh2,Kv2)

5.7x10-5 mis

Geometric mean from pumping tests in the
Kidderminster Sandstone (BGS, 1997)

Thickness of Seepage Face (hs)

0.3m

Estimated

Depth of Ponded Area (d)

Om

Estimated assuming pit is continuously drained as far as
practicable during working.

Recharge (P)

180 mm/yr

Calculated, Section 5.1

Radius of quarry (rw)

21 7 m

Based upon area of Phases 1 and 2 (295720 m 2),
approx imated to circular geometry.
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DRAWINGS

Drawing 1 - Site Location Plan
Drawing 2 - Groundwater Levels and Flow
Drawing 3A - Regional Bedrock Geology
Drawing 38 - Regional Drift Geology
Drawing 4 - Existing and Proposed Groundwater and Surface
Water Monitoring Locations
Drawing 5 - Flood Plain Extent
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Hydrographs

Appendix A
Groundwater Level Data and Hydrographs
BH No

SW1

SW2

SW4b

10/0 1/2007

37.98

37.77

15/02/2007

37.95

38.11

14/03/2007

37.96

38.04

38.5

35.91

SW5

SW6b

SW9

14514240365.501
September 2018
SW10

SW11

38.21

38.19

37.34

37.7

37.93

38.24

38.12

37.66

37.74

38.4

37.65

38.14

38

38.64

37.68

37.44

37.77

37.25

37.4

37.14

36.96

37.34

37.11
36.97

34.78

37.22

SW12 SW13

11/04/2007

37.8

37.42

38.18

36.5

37.91

14/05/2007

37.83

37.08

38.18

36.39

37.83

12/06/2007

37.8

36.92

38.18

33.99

37.8

37.46

37.01

37.04

16/07/2007

38.1

38.21

38.2

38.3

37.86

38.83

37.92

38.38

16/08/2007

37.93

37.52

38.18

36.76

38.06

37.61

37.36

37.57

37.28

17/09/2007

37.81

37.09

33.53

34.36

38.14

37.67

38.07

37.23

36.96

16/1 0/2007

37.79

37.02

33.93

34

38.1

37.64

15/11/2007

36.4

36.9

33.63

33.51

37.39

28/12/2007

37.45

37.23

34.2

35.81

38.31

37.8

22/01/2008

38.29

38.52

38.6

38.61

38.09

18/02/2008

38.05

37.83

37.23

37.01

38.36

21/03/2008

38.05

37.58

36.43

36.9

23/04/2008

37.7

37.1 8

36.23

09/05/2008

37.44

37.03

35.79

18/06/2008

37.6

20/07/2008

38

37.17

36.91

36.96

37.12

36.76

38.2

37.32

37.26

37.87

37.51

37.57

37.95

38.21

37.55

37.38

37.37

37.87

33.91

38.02

37.55

37.01

36.44

37.12

33.41

37.94

37.45

36.66

36.07

37.67

36.98

33.81

37.86

37.39

36.52

35.92

37.32

37.73

36.93

33.81

37.71

37.2

36.66

36.68

36.97

16/08/2008

37.5

36.85

35.81

37.61

37.13

37.1 6

36.62

36.92

38.37

17/09/2008

37.85

38.18

37.66

38. 16

37.65

38.46

37.77

37.22

10/10/2008

37.85

37.63

37.53

37.11

38.06

37.55

38.21

37.57

37.07

24/11/2008

38.05

37.68

36.73

35.74

38.11

37.59

38.11

36.86

37.41

26/12/2008

38.05

37.73

36.01

38.16

3 7.65

38.36

36.86

37.41

27/01/2009

37.9

37.83

37.2

35.91

38.26

3 7.65

38.1 1

37.36

37.37

17/02/2009

38

37.83

36.98

36.1 6

38.01

37.36

38.1 6

37.37

37.12

19/03/2009

37.86

37.73

36.83

36.01

37.91

37.28

37.61

37.32

37.12

21/04/2009

37.68

37.25

36.83

35.12

37.85

37.71

37.11

37.32

37.07

14/05/2009

37.65

37.21

36.29

35.08

37.54

37.65

37.63

37.04

37.26

37.04

30/06/2009

37.63

37.18

36.26

34.89

37.39

37.56

37.44

36.98

37.09

36.9

29/07/2009

37.81

37.26

36.18

35.83

37.42

37.62

37.17

37.35

37.07

21/08/2009

37.75

37.2

36.1

34.91

37.19

37.65

37.6

37.13

36.32

37.05

23/09/2009

37.87

37.53

36.4

35.16

37.67

37.71

37.81

37.29

36.42

36.82

22/10/2009

37.98

37.61

36.48

35.28

38.13

37.8

37.84

37.08

36.46

36.89

24/11/2009

37.91

37.47

36.66

35.36

38.06

37.84

37.9

36.96

36.38

36.73

21/12/2009

37.85

37.45

36.94

35.6

38.16

37.86

38.02

37.47

36.86

37.1

26/01 /2010

38

38.34

37.91

39.1

38.44

38.4

37.86

38.13

37.49

26/02/2010

37.97

37.76

37.3

39.1

38.44

38.43

37.84

38.04

37.39

30/03/20 10

37.97

37.76

36.38

35.52

37.87

38.38

38.43

37.66

37.88

37.39

23/04/2010

37.82

37.5 4

36.34

35.36

37.6

38.06

38.06

37.42

37.6

37.18

25/05/20 10

37.68

37.35

36.2

35.02

37.47

37.93

28/06/2010

37.51

37.24

36.16

34.88

37.47

37.61

37.63

37.11

37.23

36.88

27/07/2010

37.62

37.24

36.1

34.88

37.44

37.51

37.07

37.19

36.85

26/08/2010

37.72

37.36

36.12

34.89

37.53

37.6

37.8

37.14

37.38

36.98

08/10/201 0

37.86

37.73

36.26

35.31

37.61

37.78

38.01

37.27

37.66

37.17

19/10/2010

37.75

37.48

36.07

35.05

37.44

37.76

37.9

37.18

37.44

37.08

13/01/2011

37.94

37.95

36.16

35.65

38.23

38.25

38.44

37.52

37.8

37.31

02/02/2011

37.85

37.72

36.25

35.57

38.1

38.15

37.43

37.65

37.22

08/03/201 1

37.89

37.53

36.35

35.7

38.24

38.22

37.52

37.72

37.32

38.09
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Appendix A
Groundwater Level Data and Hydrographs
BH No

14/04/2011
11/05/2011
06/06/2 011

SW1

37.78

37.51

37.77
37.61

37.3

SW10

SW11

SW12 SW13

35.73

37.41

37.94

3 7.99

37.33

37.49

37.07

35.8

35.68

37.31

37.79

37.87

37.21

37.36

36.97

37.65

37.73

37.16

37.29

36.92
36.72

35.65

37. 19

sws

35.9

SW4b

SW2

SW9

SW6b

35.88

37.19

28/0 7/2011

37.58

37. 12

35.36

35.95

37.1

37.45

37.51

37

37. 1

08/08/2011

37.44

37.11

35.32

35.81

36.66

37.42

37.52

36.96

37.1 2

36.7

08/09/ 2011

37.65

37.1 5

36.14

36.71

37.5

37.6

37.01

36.96

36.83

36.14

3 6.73

37.52

37.62

37

36.94

3 6.79

36.27

36.86

37.64

37.18

37.2

37.14

36.96

36.81

37.81

37.22

37.24

37.2

37.04
37.21

37.16

13/10/2011
08/11 /2011
20/12/2011

37.74
37.79

37.26
37.22

26/01/2012

37.9

37.68

21/02/2012

37.88

37.56

20/03/2012

37.87

37.43

17/04/2012
22/05/2012

37.87
37.87

35.12

37.47
37.65

35.38
35.42
35.41
35.68
35.71
35.72
36.03

36.06
36.59

36.96

38.13

38.23

37.43

37.46

36.48

36.94

38 .05

38.21

37.39

37.39

37.13

36.37

36.89

38 .05

38.11

37.35

37.31

37.06

36.45

37.27

38.14

38.16

37.44

37.45

37.21

36.76

37.29

38.22

38.2

37.5

37.51

37.23

37.33

38.25

38.28

37.49

37.58

37.32

38.46

38.38

38.17

37.95

37.82

36.8

27/06/2012

37.88

37.71

19/07/20 12

38 .1

38.52

08/08/201 2

37.93

38.12

37.22

38.43

38.14

38.09

37.75

37.3 3

17/09/2012

37.81

37.6

36.54

36.54

37.89

37.98

38.05

37.84

37.13

37.97

38.05

37.08

37.08

38.29

38.09

38.1 5

37.84

37.42

36.63

36.63

38.53

38.63

37.78

38.02

37.47

38.53

3 8.54

38

38.06

37.64
37.56

24/10/2012
21/11 /2012
19/12/2012

38.22
38.1 2

38.13

37.66

38.51

15/01 /2013

38.05

38.29

38.48

38.48

37.89

38

28/02/2013

37.65

37. 12

38.28

38.2

37.75

37.86

37.48

26/03/2013

37.76

38.22

37.03

37.03

38.41

38.1 1

37.7

37.82

37.56

08/04/2013

37.6

37.88

36.7

36.68

38.33

38.1 2

37.59

37.75

37.41

36.4

36.72

37.99

38.05

37.47

37.53

37.28

37.92

37.91

37.38

37.47

37.18

37.45

36.91
37.14

16/05/2013
06/06/2013

37.74
37.62

37.78
37.73

36.67

37.54

36.24

36.53

37.47

37.61

37.79

37.33

36.38

36.86

37.51

37.66

37.83

37.39

37.38

38.55

38.39

38.41

37.88

38.05

38.1

38 .62

38.7

38.51

38.64

38.15

38.37

37.87

38.46

38.37

38.14

38.46

37.77

37.47

38.2

37.99

37.69

37.64

37.39
37.24

16/0 7/20 13

37.54

13/08/2013

37.61

22/01 /2014

37.91

38.55

13/02/2014
05/03/2014
09/04/2014

36.33

38.04

37.88

27/05/2014

37.68

25/06/2014

37.72

22/07/2014

37.68

38

37.34

37.13

37.39

37.99

37.97

37.83

3 7.58

37.52

37.22

37.8

37.86

37.31

37.29

37.07

36.1 6

37.9 5

37.21

37.03

37.27

37.04

36.62

36.67

37.56

37.62

36.39

36.59

37.76

37.05

36.27

flooded
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Radius of Influence of Calculations

Assessing the impacts of dewatering on water resou rces

ENVIRONMENT
AGENCY

•

Science Project Sc040020
Tier 1 analytical tools, Version 1.6

.'/ff-T E.1R
1

1M i Tl!JrEl/lEl rI
.) Gl TSULTJ 1 ITS

11

j

T IER 1 TOOLS

This spreadsheet was produced as part of an Environment Agency science project (Sc040020) to develop a methododology for assessing
the hydrogeological impact of dewatering abstractions. The reg ulatory context for the project was the introduction of new legislation (The
Water Act 2003) which, among other things, removed the exemption from licensing previously enjoyed by dewatering abstractions. The
assessment methodology has become known as Hydrogeological Impact Appraisal (HIA}, and it is intended that similar methodologies will
be used for consumptive groundwater abstractions and for groundwater-dependent features such as wetlands.
The HIA methodology, which is fully described in a Science Report (Boak et al 2006), takes a tiered approach, in line with Government
recommendations on environmental risk assessment. The level of effort in any given appraisal is matched to the risks associated with the
decision being made. Various tools are available to help those undertaking HIA, ranging from simple analytical equations (at Tier 1),
through more sophisticated analytical models (Tier 2), to fully time-variant numerical groundwater modelling (Tier 3). T his spreadsheet
contains a selection of simple analytical equations. intended for use during Tier 1 of HIA.
Most of the equations in this spreadsheet will already be familiar to hydrogeologists, as they are standard equations presented in
hydrogeological textbooks, guidance documents, and other publications. They are assembled here for convenience, to make it easy to try
out different calcu lations when undertaking HIA. Professional j udgement is still requ ired, to decide on which equation to use when , and to
take into account all the assumptions that are built into each equation. Notes on using the equations are given on the Index sheet.
Water Management Consultants Ltd, Shrewsbury, UK(www.watermc.com)
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Appendix B
Radlus ol Influence ol Calculallons

Environment Agency, Water Resources Science Pro)ect Sc040020
Assessing the Impacts of dewaterlng on wate r resources
Soreadsheet of Tler 1 analvtlcal tools

Page

N1me

Confined/
Unconfined

Notes on using these worksheets
WorksheeLS are self contained, each sheet must be updated
lndlv!!ruallv.

.

lnere are several types of data box on each sheet:

Descrlpllon

Oata must be entered !or equation to operate
!Essen11a11nput j

Abstraction equations

,

Thiem

Confined

Steady stale flow to a ~ I In a confined aquifer

t9.P!~~ 1.~l}?.l!t..:

2

Dupuit· Thiem

Unconfined

Steady state llow to a well in an unconfined aquifer

jCalculatad

3

Theis (Time Variant)

Confined

4

Cooper Jacob (Time Variant)

Confined

5

Cooper Jacob (Tin,e Variant)

Unconfined

For assessing drawdown al a distance, r, from a pumping wen
at a time, 1from the start of pumping
For assessing drawdo'M"l at a dtstance, r, from a pumping wen
at a time, t from the start of pumping
For asses.sing dra'Ndown at a d!stance, r, from a pumping well
at a time, I rrom the start of pumping
Steady flow in an unconfined aquifer, used to determine
seepage, q- flow per uni! width
Steady stale flow IO to a well v.ilh leakage flow across an
aqultard

Optional additional data 1f user has a range of input values

6

Dupuit Forcheimer (q)

Unconfined

7

Leaky AQuifer • De Glee

Leaky

YJOrksheets.
These allow a range of input values to be tested and rhe sensitivity of
the

system 10 !he particular parameter can be determined

equaltons

Trench with flow from one side

9

Trench ....;th flow from one side

10

Trench with flow lrom two sides

Unconlinod
Confined
Unconfinec:1

Partial penetration by a single row of wel[polnts of an
unconfined aqui!er fed from a slngle line source
Partlal penetration by a single row of 1Ne1lpoints of a coriflnOd
aquifer fed lrom a slngle line source
Partial peneuation by a single row of wellpoints of an
unconfined aquifer midway between two equidistant and
parallel line sources

11

Trench W\!h flow from two sides

COnflned

Partial penetration by a single row of wellpoinls of a confined
aquifer midway between two equidistant and parallel line
sources

12

Wcllpoints • Par!ial penetration by a
double row ol YJe!lpofnts

Unconrined

Partial penetration by a double row of weltpoints of an
unconfined aquifer midway between two equidistant and
pa,anel 11n~ sources

13

Wellpolnts ~ Partial penetration by a
double r(IN of wellpolnts

Confined

14

Single well ,,.,.;(h image well

Unconfined

15

Single welf INith image well

Con!tned

1
~~ ~~ssre:~~ : b~~~~~!t:~ ~:p~;:!~rii~~~~~:l
appear different 10 lhe original source material.

was

Construction dewaterlng aq uatJons

8

.

Calculated value, user cannot aller these boxes

bossible min I max boxes have been added to the

In

.
.

therefore

and
be

Each worksheet contains a sec1lon ror the user 10 record Where data
obtained. This helps to ma!nlaln an audit tratl tor future reference.
A.ss.umptions relating lo each equation are given on each worksheet
reality none ol the ass!Jmptions are likety lo be fully satisfied,
the equations can only give approximate values fordraYv'down, yield,
radius of Influence. A detailed concep1ual model of the site should
compared to the values obtained to see If they are realistlc.

Partial penetration by a dOuble row of v.ellpolnts of a confined
aquifer midw'ay between !WO equidistant and parallel fine
sources
Full penetration by single well of unconfined aquifer fed by
slngte line source
Fuil penetration by slnglc well of confined aquifer fed by
single Jlno source

Rechar ge equations

16

Recharge rate (Driscoll)

Unconfined

17

River•aquilet leakage

Unconfined

18

River·aquifer leakage

Unconfined

Other useful equations
Radius or influence (Niccon et al.
19
1998)
Flow to a pit (Marinelli and Nlccoli,
20
1998)

Unconfined
Unconfined

Injection well recharge rate to an unconfined aquifer
Vertical flow ct water through a low permeability layer at lhe
bottom of a water channel (Based on Darcy's Law)
Flow between an aquifer and a river based on reach
transmissivtty and aquifer propen.les
Method to estimate radius of Influence ii other parameters can
be estimated with reasonable accuracy.
Flow Into a pit using separate solutions tor the sides anc the
base.

21

Radius of influence (Sichardl)

Unconlined

Empirical equation based on drallldown and permeabil ity

22

Radius cl Influence (Bear)

Confined

Radius of Influence for a pumping weJI In an lnflnlte
eonflned aquifer

23

Effective radius of we!lfield

-

Used to convert a rectangular pit to a circular one

24

Darcy Weisbach

Unconlinod

Hoad loss In a pipe due to friction

25

Wat er Balance

Use this tool to account ror waler transfer and consumptjort in the quarry

26

References
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Radius of Influence of Calculations

Disclaimer
The Tier 1 groundwater analytical equation spreadsheet is Environment Agency copyright but the formulae
used within it (although it is our belief that they are already in wide public use) are third party intellectual
property and as far as possible the sources are identified. This means that we cannot grant you any licence for
its usage and you should take such steps as you think are appropriate to avoid any infringement of third party
intellectual orooertv.
Foot note 1 :
The Environment Agency gives no promises or warranties whatsoever about the quality, fitness for purpose, performance
or freedom from errors in the Software which is supplied 'as is'. We cannot promise to supply any support, assistance or
'bug fixes' for users of the Software. We cannot promise whether the Software will be compatible with your hardware or
software and accept no responsibility for any effects of using the Software as to any conflict with or damage to any of your
hardware or software. You are entirely responsible for the consequences of any use of the spreadsheet. We cannot
guarantee that the spreadsheet is free of viruses, trojan horses, software locks, spyware or other similar defects and you
should do the appropriate checks. We would also recommend that the user maintain a Master Copy of this spreadsheet
at all times.
Foot note 2:
This spreadsheet has been developed to support hydrogeologists in undertaking Hydrogeological Impact Assessment
(HIA). It does not replace the need for training and experience as the person undertaking the HIA will need to be familiar
with the assumptions and limitations of each of the analytical solutions used.
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19) Radius of influence (Niccoli et al, 1998) Method to estimate radius of influence if
other parameters can be estimated with
reasonable accuracy

Height of water table at radius of influence H
Saturated thickness to seepage face
h5
Drawdown = (H-hp)
s
Layer 1 horizontal hydraulic conductivity

Kh1

Recharge

p

Radius of quarry

rw

Effective radius

Ra

§

·········--········J····..··········••\

m
m

!........... 2.2!.......... J

m

L...........

86.4!mld

8.64/
518.4\m/d
.•••• • ••.•••• • •• • ••. , •.• • .••••• •••••••• t

, Disk sink
\
1

'

l._
!#######!mid

I
I

-=
\ \ \:..-

J_Jdi·.''/ \-,.·. .,,. '.:·.,.~. '.

f. 0.00036! ..0.00063)m/d

\

\., . ,

!.......................................
509.36! 4209.97(

o,

~~~ry

'

·zoNE1

K,

ZONE2

' K:-

o,

'·
217 1m
1499.29 !

' .

' ,.\

~-- --- ----- ----H

!

p·

Cantre
of pit

.3!m
!
0.2!
0.4!m
!··················-;.................. ~
1_.8L......... 7.1.]m

Radlal dl5tance from
centre of pit (r)

The following assumptions apply to this equation
- steady-state, unconfined, horizontal radial flow
- uniformly distributed recharge at the water table
- pit walls are approximated as a right circular cylinder
- the static water table is horizontal
- groundwater flow is horizontal
• groundwater flow to the pit is axially symmetric
(Niccoli et al, 1998)

Data sources (to complete an audit trail)
Height of water table at radius of influence H
Saturated thickness to seepage face
hs

Layer 1 horizontal hydraulic conductivity
Recharge
Radius of quarry

Kh 1
P
rw

.See. report. text,. Table.4 .......................................................................
.see. report.text,. Table .4 .......................................................................
See report text, Table 4
.See. report. text,. Table.4 .......................................................................
See report text, Table 4
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20) Flow to a pit (Marinelli and Niccoli, 1998)
Flow into a pit using separate solutions for the sides and the base.
Centre
of Pt

(Follow on from ROI spreadsheet 19. To find Radius of influence for this procedure)
Head
exoected
min
max
Height of wt at radius of influence
H
4.3 m
j
2.21
7.3lm
Depth of Ponded Area
d
a.Ol m
j ••.•••••••••• 01 ••.•...............oJm
Layer 2

5.70E-05 mis

Horizontal Conductivity

Kh2 -

Vertical Conductivity

L-- 4.9E+OO mid
Kv2
1.14E-05 mis
2.2

Anistropy
Distributed recharge

P L__

I

l1.00E-05l_.•.. 1.00E-04jmls
0.864

Oi$kslnk

---

! ~ \---->~::', J1~.T-.-· ; "
_L_1di ..'····_.'':· ~

H

'

\ \
\

8.64 mid

\ '-~

,·

o,

l. 2.00E-06 /.....2.00E-05\mls
l .......... 0.7: •.•...•...•..•. 7.1 ;

r.

ZDNc1

K,

ZONE2

K,

Radlal disLance from
centreofpl(r)

5.70E-09 mis : 4.10E-09: 7.30E-09: m/s The following assumptions apply to this equation
4.9E-04 m3/d 0.00035 '···o.0006307, mi d - There is no groundwater flow between zones 1 and 2

Radius of quarry

rw

217.0 m

Radius of influence

R0

1500.0 m

Can be taken from ROI worksheet or other sources

L----------- --- 1

Zone1

L........~.)g_j

4200\m

- steady-state, unconfined, horizontal radial flow
- uniformly distributed recharge at the water table

_ _ _I

1------------------------------------1· pit walls are approximat ed as a right ci rcular cylinder
• initial static water table and groundwater flow are both horizontal

Inflow

Inflow through Seepage Face

a,

! 3.94E-02!m"/s j 2.74E-03l..... 4.03E-01 \ m"/s
( 3408.3 m3/d ... ...237.055
34859.743 m 3J/d
... . ......... ... . ..... ... ... .... . .
9.51E-02 m"/s \ 2.70E-03l__... 8.96E-o( m /s

Inflow through Mine base

- groundwater flow to the pit is axially symmetric
Zone 2
• steady state flow to one side of a circular disk sink
ct constant and uniform drawdown

233.3
77423.2 m 3/d - hydraulic head is initially uniform throughout Zone 2.
3
0.1 35 m /s i ....•.0.005i ............1_.300l m3/s - initial head is equal to the elevation of the initial watertable in Zone 1
( 11628.7 m3/d
470.4
ll2283.0 m 3/ d • disk sink has a constant hydraulic head equal to the elevation
( 8220.4 m3/d

Total Inflow

Qt

of the pit lake water surtace
- flow to the disk sink is three-dimensional and axially symmetric
• materials are anisotropic, prinicipal directions f or
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . i .K
_ ;;
ar;..,
e;..,h.;.
or;..,iz;;;
o;..,
nta
.;.1;..,an
;....;.
d .;.
ve,;,,;rt,;,,;ic;;;
a;..,I--,

Data sources (to complete an audit trail)
Height of wt at radius of influence
H

See report text, Table 4

Depth of Ponded Area
Layer 2 Horizontal Conductivity

d

_See.report text,.Table 4 .................................................................................
See report text, Table 4.........................................................................................
.........................................

Layer 2 Vertical Conductivity
Distributed recharge
Radius of quarry

Kv2

See report text, Table 4

P
rw

_See.report text,.Table4 .................................................................................
See report text, Table 4

Radius of influence

Ro

Kh2

·········-···································································-···········································
See Sheet 19. Radius of Influence
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INTRODUCTION
Background

Golder Associates (UK) Ltd (Golder) has been commissioned by David L Walker Ltd. on behalf of Tarmac to
provide an updated Flood Risk Assessment (FRA) for the proposed Swarkestone Quarry Southern Extension,
(the "Site"), Derbyshire to address Environment Agency comments.
The original FRA (Golder document 14514240365_502_82) was submitted to Derbyshire County Council in
December 2015 as part of planning application reference CM9/1215/122. The Environment Agency (EA)
formally objected to this planning application in a letter dated 23 March 2016 (EA reference LT/2016/120660/01L01) and specified required flood modelling work and additional information to be provided to overcome this
objection.
This Flood Risk Assessment document has been updated further in September 2018 to reflect new phasing
plans for the southern extension.

1.2

Objective

The objective of this report is to produce an update to the site-based FRA in accordance with the National
Planning Policy (NPPF, March 2012), and the associated Flood Risk Guidance (April 2015) to address
comments in the Environment Agency objection to the development of the Site. The update is to include
provision for 2D hydraulic modelling of the proposed development.
The primary items to be added to this update are:
•

Model resu lts and flood mapping of "existing" and "proposed' scenarios. The later which will include the
proposed Bailey bridge adopting the 1 in 100 yr and the 1 in 100 +CC yr (plus climate change) flood levels;
and

•

Model results and flood mapping of "existing" and "proposed" scenarios, which will include drawings of the
screening bunds showing the design flood levels and any changes to flood levels.

For the September 2018 update, the modelling undertaken as FRA updates in 2016 are not revisited as the
relevant parts of the development modelled remain valid or are conservative compared to the new phasing plan.
The main objective of the September 2018 update is to assess that a net gain in flood storage still occurs on
the basis of there being a significant void volume during operation.

2.0
2.1

SITE DETAILS
Site Location

The Site lies to the south-west of the existing Swarkestone Quarry and is located approximately 500 m north of
the village of Foremark, South Derbyshire. Swarkestone Quarry is an operational sand and gravel mineral
working located approximately 500 m southwest of Barrow-upon-Trent and 1 km northeast of the village of
Foremark, South Derbyshire (and adjacent Foremark Reservoir). The Site location and existing quarry
operations are provided on Drawing 1 (Appendix A).

2.2

Site Description

The application area (the Site) comprises approximately 61 hectares of agricultural land within a rural setting,
of which the proposed extraction area is 48 hectares. It is bounded to the west by agricultural land and to the
south by the Milton Brook, beyond which lies more agricultural land. The River Trent flows in an easterly
direction along the north and east boundaries of the Site. Existing access to the Site is via agricultural tracks
originating from public roads to the south of the Site boundary.
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The Milton Brook flows in an easterly direction along the southern boundary of the Site and discharges into the
River Trent at the southeast corner of the Site.

2.3

Topography

The Site is in an area of flat low lying ground forming part of the River Trent flood plain. Ground surface elevation
at the Site varies from approximately 39.5 m above Ordnance Datum (m AOD) in the north to 37.9 m AOD in
the south. Surveyed ground levels are provided on Drawing 2 (Appendix A).

2.4

Proposed Development

The Site contains an estimated 2.5 million tonnes of sand and gravel for extraction, which is proposed to be
recovered over a period of 7 to 8 years, with a further 2 year restoration period (approximately 10 years total).
The proposed mineral extraction areas are identified on Drawing S346.00053a (Appendix A).

2.4.1

Site Infrastructure

The Site will be connected to the existing Swarkestone Quarry, located to the northeast on the opposing bank
of the River Trent via a proposed Bailey bridge crossing located at the south-eastern corner of the Site. Access
to the Site will be a long haul roads through the existing Swarkestone Quarry, which itself is accessed from the
A5132 directly west of Barrow-upon-Trent. Further haul roads will be constructed within the Site to access the
sand and gravel extraction areas.
The sand and gravel extracted from the Site will be tran sferred by dump trucks and processed at the existing
plant site established within the northern extent of the existing Swarkestone Quarry (Drawing 1). There are no
proposed buildings or processing infrastructure to be located within the Site.
The location of the proposed Bailey bridge crossing of the River Trent is provided on Figure 1 (Section 2.9).
The bridge deck structure will be approximately 83.3 m in overall length, 9.1 m in overall width and the bridge
will include two concrete piers constructed within the river (Drawings 17547-15787-P-100A and 17547-1 587-P200A, Appendix A).

2.4.2

Site Operation - Development Phasing

The sand and gravel deposits will generally be worked dry. During mineral extraction and restoration the void
will be dewatered to facilitate dry working of the sand and gravel deposits and th e placement of inert restoration
materials. The Site will be developed in a phased approach. The proposed working scheme phases are
provided on Drawing S346.00053a (Appendix A).
During the operational period, it is anticipated that one phase wil l be active, the previously worked phase will be
in the process of restoration, and a third phase may be under preparation depending on the staging of the works
(e.g. stripping overburden). Dewatering may therefore be undertaken from up to two active phases at any point
during the works.
Phases 1 to 5 be undertaken in sequence, with the works focusing on the east side of the extension before
moving anti-clockwise to the west side for Phases 4 and 5.
Topsoil removed during preparatory works for Phase 1 will be used to form a temporary bund south of Phase 2
and restore th e existing quarry area.
Topsoil and subsoils removed during works will be stored in adjacent phases, as part of the soil handling
scheme. The soil handling scheme and phasing is shown in Appendix B..
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Restoration and Closure

The Site will be progressively restored to agricultural use with the importation of inert material. Following
restoration of the Site, ground levels will be at or below original ground elevation. The current proposed site
restoration at closure is provided on the scheme drawings within the Environmental Statement.

2.5

Soils, Geology and Hydrogeology

The published soil geology of the Site is shown on the British Geological Survey 1 :50,000 sheet (Geology of
Britain Geolndex Onshore Viewer: www.bgs.ac.uklGeolndex/) as being underlain by Quaternary drift deposits.
In close proximity to the River Trent, these deposits comprise Alluvium (predominantly silty clay). Further south
and west, the Site is underlain by sand, gravel and silts of the Hemington Member. The Hemington Member
comprises Quaternary river terrace deposits, described as typically a lower unit of planar
cross-bedded gravel up to 5 m in thickness and an upper unit of overbank silt up to 2 m in thickness.
The underlying bedrock consists of red-brown mudstone (Gunthorpe Member of the Triassic Mercia Mudstone
Group), breccia (Moira Formation) and interbedded sandstone and conglomerate (Kidderminster Formation of
the Sherwood Sandstone Group). Site investigations have identified the presence of a continuous deposit of
river terrace gravels, which is supplemented with alluvium in the northern part of the Site. These investigations
have identified that the mineral deposit ranges in thickness between 0.5 m and 6.9 m, with an average thickness
of approximately 3.8 m. The mineral is overlain predominantly by clay, sandy clay or silty clay deposits ranging
in thickness between 0.7 m and 4.9 m, with an average thickness of 2.1 m.
The Drift deposits underlying the Site have been classified by the EA as a Secondary A Aquifer (2015).
Secondary A aquifers are defined as those with "permeable layers capable of supporting water supplies at a
local rather than strategic scale, and in some cases forming an important source of base flow to rivers. These

are generally aquifers formerly classified as minor aquifers".
The underlying bedrock formations of Sherwood Sandstone (including the Moira Breccia) and Mercia Mudstone
are defined as Principal and Secondary B Aquifers respectively. Principal Aquifers "have high intergranular
and/or fracture permeability - meaning they usually provide a high level of water storage. They may support
water supply and/or river base flow on a strategic scale. In most cases, principal aquifers are aquifers previously
designated as major aquifer." (EA, 2015), and Secondary B Aquifers comprise "predominantly lower
permeability layers which may store and yield limited amounts of groundwater due to localised features such as
fissures, thin permeable horizons and weathering. These are generally the water-bearing parts of the former

non-aquifers." (EA, 2015).
The Site is not located in a groundwater Source Protection Zone (SPZ) as defined by the EA (2015).
Groundwater Vulnerability Map Sheet 23 for Leicestershire indicates that where drift is present underlying the
Site, soils are classed as of intermediate leaching potential. Where no drift is present underlying the Site, the
soils are classed as of high leaching potential.

2.6

Hydrology and Drainage

The Site is located in the catchment and on the floodplain of the River Trent, which flows eastwards within
30 m to 70 m north and east of the Site (Drawing 1). The Milton Brook flows east along the southern site
boundary and discharges into the River Trent approximately 40 m from the south-east corner of the Site.
Surface water runoff from the Site discharges by sheet flow to the River Trent and Milton Brook. A site visit
undertaken by Golder on 28 November 2014 did not reveal the presence of any drainage ditches or streams
within the Site. Recent Ordnance Survey 1:10,000 scale mapping indicates a surface water pond may be
present within the south-east extent of the Site, however, this was not observed during the site visit and is
therefore likely to be ephemeral.
GOLDER

3

September 2018

2.7

1656599.B1

Flood Defences

The Site does not benefit from flood defences.

2.8

Historical Flooding

Historically the Site has flooded on several occasions including flood events recorded during 1947, 1982, 2000
and more recently in 2012. EA historic flood mapping (Appendix C) indicate the flooding during these events
occurred across the entire extent of the Site.

2.9

Flood Zone Classification for Planning Purposes

The current EA flood mapping (2015) is presented in Figure 1 and indicates that the Site is completely situated
within Flood Zone 3 (1% (1 in 100) or greater annual probability of flooding) for planning purposes.

Flood Zone 3
Flood Zone 2

[I]

Flood defences
(Not all may be sllown ' )
Areas benefiting rrom
flood defences
(Not all may be slim\ n ·)

/

r.1 a111 rivers

Site Boundary

Proposed Bridge location

,,

,.

' ', \ 'lr11dm II Hill '

,!

_.,\~

Figure 1: EA Flood Zone Mapping and indicative Site boundary for comparison purposes.

Further to this, the South Derbyshire SFRA 1 indicates that the Site is located wholly within Flood Zone 3b, which
is defined as a section of the floodplain with a 4% (1 in 25) or greater annual probability of flooding .

2.10

Vulnerability Classification

The EA flood zone mapping indicates that the Site is located within FZ3 (Table 2 in the Technical Guidance to
the NPPF) and classifies the proposed sand and gravel workings as a 'water compatible development'. Table 3
of the Technical Guidance document illustrates that a water compatible development is appropriate within Flood

1

Scott WIison November 2008. South Derbyshire District Council, Level 1 Strategic Flood Risk Assessment. Final Report
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Zone 3b (functional floodplain). Notwithstanding, however, the Sequential Test has been considered, and this
is presented in Section 3.

3.0

SEQUENTIAL TEST

The proposed quarrying activity is designated 'water compatible development' in accordance with the NPPF,
and is therefore considered appropriate development within Zone 3b (functional floodplain), which describes
the entire site. Notwithstanding, however, there is a requirement to consider the Sequential Test as an integral
part of the planning process, providing justification for the development to be situated within an area that is at
risk of flooding.
The sequential test requires that development is only considered in the Flood Zone 3 area when there are no
reasonably available sites in Flood Zones 1 and 2, taking into account the flood risk vulnerability of the land
uses. Notwithstanding this, the Derby and Derbyshire Minerals Local Plan (November 2002) (DDMLP) states
that proposals for extensions to established mineral working sites will be permitted in preference to new sites
provided they can be accommodated in an environmentally acceptable way. The DDMLP identifies the
Swarkestone area including the area of the existing quarry southwest of Barrow-on-Trent as existing sand and
gravel operations. Therefore preference should be provided to this proposed extension ahead of new quarry
locations if the flood risk associated with the development is acceptable in accordance with NPPF. It is not
considered possible to relocate the proposed development within Flood Zones 1 or 2 as the proposed location
is constrained by the identified mineral resource, which has been proven though ground investigation to be
present at the Site. Sand and gravel workings are classified as 'water compatible' development and as such
the proposed development is an appropriate land use for the area affected. The existing plant infrastructure will
be used for processing of the mineral and therefore no additional processing infrastructure is required to be
constructed or situated within the floodplain at the site.
Therefore it is considered that the proposed quarry extension development satisfies the Sequential Test.

4.0

FLOOD MODELLING

In order to address the Environment Agency's specific comments regarding impacts of the proposed
development on fluvial flooding in the vicinity of th e Site, a 2-dimensional flood model has been constructed
using the HECRAS 2 modelling software. This will allow a quantitative assessment of "existing" and "proposed"
development flooding and identify the impacts of the proposed Bailey bridge and bund construction on flood
extents in the vicinity of the Site.
HECRAS's 2D functionality makes it a powerful hydrodynamic computational engine that can simulate
hydrodynamic behaviour in rivers, floodplains, and urban and coastal drainage environments. HECRAS
interfaces with ESRI ArcGIS software, which is widely used in the industry.
In order to construct the model, the following tasks were carried out;
•

100 year return period stage and flow hydrographs extracted from the River Trent 1D model were obtained
from the Environment Agency;

•

2

A 2D model of the local reach of the River Trent and the immediate floodplain in the vicinity of the site
(upstream and downstream) was constructed using freely available LIDAR data sets (1 m resolution);

The U.S. Army Corps of Engineers (USAGE) Hydrologlc Engineering Center River Analysts System (HECRAS)
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•

A modified version of the LI DAR data combined with culvert elements was used to model the Bailey bridge
and proposed bunds; and

a

A 10% increase in flood flow was incorporated in the flood discharge hydrographs applied in the model as
a climate change allowance in line with recent guidance on assessing 'water compatible' developments
proposed in Flood Zone 3b for the '2020s' and as specified in the EA letter to Derbyshire County Council
(LT/2016/120660/01 -L01 ).

This modelling approach allows generation of outputs for the 1 in 100 yr and 1 in 1OO+CC yr flow events for
both pre and post development scenarios, including:
•

Water surface level (m);

•

Water depth (m); and

•

Depth integrated flow velocity (m/s).

Details of the results obtained are set out in Section 5.2

5.0
5.1

FLOOD RISKS
Potential Sources of Flooding

Table 1 presents a summary of the potential flood risks on Site.
Table 1: Potential Sources of Flood Risk

Fluvial

Yes

The Site is subject to flooding from the River Trent and is classified
by the EA to be located within Flood Zone 3b (functional floodplain)
for planning purposes.

Tidal

No

Site not located near any tidal influences.

Surface Water Runoff

No

The published EA surface water flood risk maps indicate that the
Site may have minor localised areas at risk of surface water
flooding. Notwithstanding this, however, proposed access/haul
roads may increase the extent of hardstanding areas within the
Site. There is a need to ensure that any potential increase in runoff
from the Site is mitigated.

Groundwater

No

The South Derbyshire SFRA does not report a risk of groundwater
flooding for the Site. Dewatering of the excavations during periods
of high river levels will be required; however this will cease in
advance of flooding conditions.

5.2

Fluvial Flood Risks

5.2.1

Model Development

The EA has provided design flood extents and levels from their detailed hydraulic modelling for the River Trent
within the vicinity of the Site (Appendix C). The Site is identified to lie within the extent of the 20% (1 in 5) design
event and is within the functional floodplain of the River Trent. The predicted peak design flood level during
GOLDER
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the 1 in 100 yr design event for the Site ranges from 40. 78 m AOD in the north-west to 40.32 m AOD in the
south-east (Drawing 3, Appendix A).
As described previously, in undertaking the flood modelling a hydraulic model was developed within the
HECRAS platform based on current topographic conditions and existing developments within the area. The
modelled area extends from the Swarkestone Bridge crossing the River Trent approximately 3 km to the east
of the Site to some 1.6 km upstream of the site and across the entire floodplain area (Refer Figure 2). The 2D
grid is generally rectilinear apart from the river reach and local areas surrounding the proposed bunds, bridge
and mining areas. Cell sizes typically averaged around 400 m 2 .
In undertaking the study the hydraulic model was applied to derive flood levels under "existing" conditions and
then under "proposed" conditions with the Project in place. Simulations were undertaken based on the 1 in 100
yr design flood and the 1 in 1OO+CC yr design flood , the late of which is applicable in the 2020's; this was based
on factoring up the 1 in 100 yr design flood by 10%.
The key input parameters to all models included:
•

The design flood (extending over a duration of approximately 6 days at a 5 minute time-step) defining
inflow at the upstream end of the modelled area;

•
•

Estimates of water levels over a range of flows defining the downstream boundary condition; and
Manning's n roughness parameter reflecting the resistance to flow both within th e river channel and across
the overbank floodplain areas.
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Figure 2: Schematic showing modelled area and locations of proposed bunds, quarry areas and bridge.

5.2.2

Flood Risks under "Existing" Conditions

Based on the 1-dimensional flood modelling for this reach of the River Trent undertaken by the EA to develop
flood mapping, estimated flood levels and flow hydrographs based on the 1 in 100 yr design flood were available
for three locations (modelling nodes) within the near vicinity of the Site (see Error! Reference source not f
ound.).
In the current study, using the 20 HECRAS model, key input parameters were adjusted until close agreement
with the maximum estimated flood levels at these nodes was achieved. This involved modifying the
stage-discharge relationship defining the downstream boundary condition at the Swarkestone Bridge and
adjusting the Manning's n coefficient.
A comparison of the estimated maximum water levels for each location based on the current HEC-RAS 20
model and the modelling used to develop the current EA flood mapping are presented in Table 2.
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Table 2: EA Model vs Golder HEC-RAS Modelled Flood Levels at selected modelling nodes

4050220100

40.777

40.828

4050219540

40.642

40.606

4050218350

40.321

40.361

Based on the above results and good comparison of the flood extents derived in the two studies for the 1 in 100
yr design flood , the HECRAS 2D model is considered to provide an accurate simulation tool of flood condition s
and risks around the Site under "proposed" conditions.

5.2.3

Flood Risks under "Proposed" Conditions

Two cases were considered, namely:
•

Extent of changes as a result of proposed conditions (that is, project impact); and

•

Extent of changes following increased flood discharges as a result of climate change.

During the proposed project life, changes in the local site topography will occur as well as the construction of a
Bailey bridge across the River Trent (as outlined in Section 2.4.1 ). The locations of the quarry areas are shown
in Drawing 1 (Append ix A) while the bunds are shown in Appendix B. The sloping spans of the Bailey bridge
were assumed to grade to the adjacent floodplain over a length of approximately 15 m.
Modelling was undertaken based on the 1 in 100 yr design flood and th en the comparable flood associated with
predicted future climate change (+10%). The key outputs from this modelling used in subsequent evaluation of
project impacts related primarily to changes in extent of flooding and maximum su rface water levels across the
floodplain area.

5.2.3.1

1 in 100 yr Flood Risk Impacts

Maximum flood levels across the modelled area were extracted from the model outputs for all scenarios.
The results and magnitudes of the impact for each of the cases above are outlined in following sections.
The analyses indicate:
•

Water surface levels are only likely to increase by approximately 0.02 m immediately upstream of the
proposed Bailey bridge as a result of its installation and which also includes the development of the quarry
area and the temporary bunds;

•

Water surface levels may reduce marginally in the vicinity of the bunds to be constructed along the western
boundary of the Site, although the changes in water levels over the Site more generally reduce in an
easterly direction. The lower water levels near the bunds probably reflect the impact of reductions from the
current levels of sheet flow entering the Site across the floodplain from the west when the bunds are in
place; and

•

Maximum flow velocities with the quarry in operation remain comparable to those estimated for existing
conditions - that is a maximum of around 1 mis within the river channel with lower velocities on th e
floodplain .

Figure 4 illustrates the predicated change in water surface level under "proposed" conditions for the 1 in 100 yr
flood event.
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Figure 3: Schematic showing change in maximum water surface level due to project (1 in 100 yr flood).

5.2.3.2

1 in 100+CC yr Flood Risk Impacts

Maximum flood levels across the modelled area were extracted from the model outputs for all scenarios for the
1 in 1OOyr+CC flood event. The results and magnitudes of the impact for each of the cases above are outlined
in following sections.
The analyses indicate:
•

As expected, there will be a larger increase in maximum water surface levels as a result of increased flood
discharges under the climate change scenario as compared to the 1 in 100 yr event. This will therefore
result in a marginal, although limited, increase in the extent of flooding as shown in Figure 4;

•

Water surface levels will also increase as a result of the higher flood discharges if the forecasted changes
due to climate change occur. The increases across the Site are estimated to be around 0.12 m to 0.14 m.
The increase in the vicinity of the proposed Bailey bridge is estimated to be around 0.16 m as shown in
Figure 5; and

•

The maximum water surface level in the vicinity of the proposed Bailey bridge with the quarry operational
is estimated to be approximately 40.6 m AOD.
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Figure 4: Schematic showing change in extent of inundated area due to increased flood discharge under future
climate change.
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Figure 5: Schematic showing change in maximum water surface level due to increased flood discharge under future
climate change (with project).
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It should be noted that although the 100 yr flood discharges are estimated to increase as a result of climate
change, the river reach downstream of the Site is hydraulically controlled to a significant extent by Swarkestone
Bridge and the natural weir immediately downstream. As a result, although water levels upstream from this
bridge to the Site will increase under future climate change predictions, flow velocities in the modelled area may
remain essentially unchanged from those predicted under existing 100 yr flood discharges.

5.2.4

Plant Infrastructure

All existing plant infrastructure and ancillary facilities for sand and gravel processing associated with the current
Swarkestone Quarry will be retained for use with the proposed extension. There is no additional processing
infrastructure or buildings proposed as part of the proposed extension and therefore no increase in flood risk
associated with plant infrastructure.

5.2.5

Floodplain Storage

The proposed workings will alter the natural topography of the floodplain. Any potential Joss of floodplain storage
may result in an increase in the frequency and/or severity of flooding to surrounding areas. This has been
considered for the phased development (i.e. throughout the operational lifetime of the sand and gravel
extraction), and post closure.

5.2.5.1

Operational Period

There is no opportunity to provide level for level floodplain compensation storage within the Site to mitigate for
loss of flood storage as the entire Site is below the 20% (1 in 5) design flood event. However, there will be a
significant increase in net (total) floodplain storage for the Site during the operational period due to formation of
a quarry void.
During operations the quarry void will be progressively worked form Phase 1 to Phase 5. As each phase is
completed and the next is progressed, it is anticipated that the previously worked phase will be in the process
of restoration i.e. infill with inert material. Therefore, during the operational period there will be a net increase in
floodplain storage (albeit below the 20% (1 in 5) flood level).
At the commencement of development, it is proposed that part of the topsoil removed during preparatory works
for Phase 1 will be used to form a temporary bund along the south boundary of the site. The bund will have a
length of approximately 325 m with a maximum width of 30 m and a height of approximately 3.0 m above ground
level. Part of the overburden from Phase 1 will be used to form a temporary store in the east part of the phase.
The store will have a 190 m x 80 m base with an approximate height of 4.0 m above ground level. The temporary
bund and store will reduce the floodplain storage above existing ground during this phase by approximately
21,500 m 3 and 28,000 m3 respectively. This is offset by the void of the quarry excavation.
Planned soil movements were provided in the soil handling scheme drawings (Appendix B). Based on the
drawings for every different phase, void volumes were estimated from plan areas and depths. The estimated
total void volumes in Table 3 accounted for the storage of soil volumes (both in-excavation and above ground
level storage) using th e volumes provided in the drawing. The total void volume is the net volume available
below existing ground level and so provides the estimated increase in floodplain storage (compared to the
existing undeveloped state) associated with the overall quarry development at the southern extension for each
of the phasing times represented in th e drawing set for the handling scheme.
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Table 3: Estimated Increase in Floodplain Storage associated with Quarry Void

Phase 1a Excavation

33 to 34

120,000

Phase 1b Excavation

32 to 33

230,000

Phase 2 Excavation

32 to 33

510,000

Phase 3a Excavation

33 to 34

590,000

Phase 3b Excavation

33 to 34

610,000
570,000

Phase 2 Restoration
Phase 4a Excavation

32 to 33

520,000

Phase 4b Excavation

34

620,000

Phase 5a Excavation

34

560,000

Phase 5b Excavation

33 to 34

500,000

Phase 5b Restoration
Phase 1 Fill

200,000
29,000

No mitigation for the proposed loss of floodplain storage (associated with temporary bund and storage) is
proposed for the following reasons:
•

The net (total) available floodplain storage volume for the 1 in 100 yr design event will be substantially
greater than the existing situation during operation;

•

Both bund and storage are temporary (i.e. will remain for less than 10 years) and will be removed during
Site restoration; and

•

There is a precedent for the placement of bunds within the 20% (1 in 5) design flood extent of the River
Trent associated with the existing Swarkestone Quarry, where level for level floodplain compensation has
not been specifically provided.

5.2.6

Site Closure

As part of the proposed site restoration plan the Site will be returned to pre-development site levels for
agricultural purposes, with some areas formed with small lakes and ponds. Therefore following restoration as
proposed ground levels will be at existing ground levels there will be no net change in floodplain storage for the
Site.

5.2.7

Storage within the Existing Plant Site

The existing bund/stockpile footprint area will not increase from the current situation within the Swarkestone
Quarry plant site (Drawing 1) due to the development. There will be no loss of floodplain storage up to the 1 in
100 yr design flood level from the current quarry operational scenario. Proposed final restoration ground levels
within the plant site through placement of topsoil from the bunds will be to pre-development ground levels.
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Access and Haul Roads

The proposed access and haul roads linking to the existing quarry will be constructed at grade along its length,
ensuring no potential obstruction to overland flow paths. Where possible, haul roads will be constructed by
exposing the underlying sand and gravel and th erefore will not increase hardstanding within the Site.

5.2.9

Overland Flow Routes

Given the existing Site topography and flow direction of the River Trent and Milton Brook flood water will flow
from west to east through the Site. Any potential blockage to overland flow paths may alter the existing flow
regime, resulting in localised increases in flood levels. The entire Site is affected by flooding during the 20% (1
in 5) design flood event and therefore there is no opportunity to place proposed screening bunds to avoid areas
at risk of flooding.
The predicted peak design flood extent as a result of flooding from the River Trent under existing conditions is
presented in Appendix C and the 1 in 100 yr flood extent provided on Drawing 3 (Appendix A).
The proposed bund locations are presented in Appendix B. A bund along the southern boundary will be
orientated west to east within the Site (parallel to the overland flow direction) to minimise obstruction to flood
flows.
The Site does not contain any drainage ditches to convey overland flow through the Site.

5.3
5.3.1

Surface Water Flood Risk
Extraction Area

The Site is currently agricultural and there are no known issues with surface water flooding within the Site or
the surrounding area. The surface water flood risk mapping published by the EA (2015) predicts minor isolated
areas of the Site are liable to be at risk from surface water flood ing during periods of heavy rainfall. However
the underlying ground (sand and gravels) are highly permeable and the existing risk of surface water flooding
is considered to be minimal. Surface water runoff from the Site currently reports to the River Trent and Milton
Brook.
The proposed access and haul roads during operation will be constructed by exposing the underlying sand and
gravel and will not increase the extent of hardstanding within the Site and therefore will not lead to an increase
in surface water runoff during Site operation.
During the operational period, surface water runoff within extraction areas will be captured within the quarry void
and therefore will not contribute to runoff from the Site. Surface water runoff captured within the void will either
infiltrate to groundwater or be captured in sumps and transferred to the settlement lagoon. Therefore it is
anticipated there w ill be a reduction in surface water runoff from the Site during the operational period.
At restoration, the Site will be returned to agricultural use (as per existing) with a series of small lakes and
ponds. Therefore it is anticipated there will be a net benefit in terms of a reduction of surface water runoff off
the Site due to the construction of the lakes and ponds. No surface water mitigation is proposed for the
development.

5.3.2

Existing Plant Site

The existing plant site is currently developed and no further areas of hard standing are proposed as part of the
Site development. Therefore there will be no increase in surface water runoff from the existing situation and no
mitigation is proposed.
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Groundwater Flood Risk

A detailed Hydrogeological Impact Assessment (HIA) 3 of the proposed development has been carried out as
part of the planning application process. Groundwater ingress is expected to occur into the open pits as
excavation progresses across the Site and dewatering will therefore be required. The following key conclusions
of the HIA are provided for reference purposes. It is highlighted however that the HIA will be reviewed as a
whole by the Council and the EA during the planning process.

The sand and gravel at the Site will be worked dry. Dewatering in the active phase(s) will take place to an
elevation equivalent to the base of the drift deposits. It is therefore expected that dewatering will affect the level
of the groundwater table within the drift deposits in the vicinity of the Site. Where groundwater within the drift
deposits acts as a source of base flow to nearby surface water courses, this has the potential to also impact
surface water flow.
Water pumped from the sump of the working phase will be initially discharged into a settlement lagoon located
in the Phase 1 working area. Water will then be discharged to the Milton Brook or directly to the River Trent.
A calculation of a first order estimate of the radius of influence and estimated flow volume associated with
dewatering activities at the Site ... considers the influence of dewatering associated with simultaneous operation
of Phases 3 and 4 which cover the largest footprint parallel to the River Trent. Dewatering will occur to the base
of the drift deposits, but will not extend into the underlying bedrock.
The assessment indicates a radius of influence under steady state conditions of approximately 1500 m from the
quarry void, with an estimated inflow of approximately 11,630 m3/d. This calculation is considered likely to
overestimate the radius of influence of the abstraction because it does not consider the effect of inflow from the
River Trent, or short-circuiting recharge if water is discharged to Milton Brook, which is likely to act to mitigate
the impact of dewatering.
One private abstractions is located within 1500 m of the Site, 1,300 m south of the boundary of Phase 1. As
noted above, it is considered likely that the calculation over-estimates the radius of influence of quarrying
activities. In particular, propagation of drawdown to the east of the Site will be inhibited by the River Trent. The
proposed dewatering is not considered likely to affect any groundwater users in the vicinity of the Site.
Lowering of the water table within the alluvial drift deposits has the potential to affect the stability of buildings
within the radius of influence where buildings are founded on silt and clay deposits within the drift which may be
subject to consolidation resulting in differential settlement. The closest residential properties to the limit of
extraction that are founded on unconsolidated deposits are those at The Old Water Works, 750 m west of the
Site.
Based on the predicted total drawdown, radius of influence and proximity of the nearest structures founded on
alluvium to the Site, it is not considered that the proposed dewatering activity poses any significant risk to
structures in proximity to the Site. The maximum change in groundwater level at the location of the nearest
sensitive structure is calculated to be less than 1 m.
The proposed restoration at the Site has the potential to result in a localised increase in groundwater baseflow
to Milton Brook as groundwater flow beneath the brook and northward in drift deposits may be reduced. Given
the magnitude of flow in the River Trent, localised change in groundwater discharge patterns will not result in
any discernible change in river flow. No structures are located in sufficient proximity to the Site to be affected

Golder Associates Ltd, September 2018. Swarkestone Quarry Southern Extension Hydrogeological Impact Assessment and Flood Risk
Assessment for Proposed Extraction of Sand and Gravel, Ref: 14514240365.501/B.3
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by localised groundwater level rise following restoration, particularly given the constraint on groundwater levels
imposed by the proximal water courses.

5.4.1

Groundwater Discharge

During operations groundwater will be pumped from each extraction phase to the River Trent or the Milton Brook
(which discharges to the River Trent to the south-east of the Site). The point of discharge will be downstream
of extraction operations and the discharge structure will be designed to ensure the bed and bank at this location
are protected to prevent excessive erosion. Prior to discharge, pumped groundwater will enter a settlement
lagoon within the Phase 1 working area of the Site.
The total volume of water predicted to be captured in the quarry void (11,630 m 3 /d, or 0.13 m3/s) as stated in
the HIA is negligible in the context of flow in the River Trent (17.4 m3/s at low flow). The returned volume is
considered to be insignificant in terms of total flow in the River Trent, and will be balanced by the reduction in
groundwater baseflow associated with the dewatering activities. As such, discharge of abstracted groundwater
to the River Trent is considered unlikely to result in any measurable augmentation in flow and therefore no
increase in flood risk.
Mineral processing will be undertaken in the plant area associated with the existing Swarkestone Quarry, no
new groundwater or surface water abstractions, or discharges, will be required to permit this activity.

6.0

KEY MITIGATION MEASURES

The additional 20 modelling undertaken in this updated FRA has enabled a number of mitigation measures to
be applied, these are outlined in the following sections.

6.1

Fluvial Flood Risk Mitigation

Given the type of development proposed, it is likely that there will be a change to the existing flooding regime,
and it will be necessary to incorporate design measures that will mitigate any associated increases in fluvial
flood risk. The design of the Site will therefore take into consideration the following key recommendations.

6.1.1

Overland Flow Routes

Temporary bunds within the Site will be constructed to minimise the effect on overland flood flow routes. TBunds
will be orientated west to east within the Site (parallel to the overland flow direction associated with out of bank
flows from the River Trent) where possible, with a maximum width of 30 m to reduce impedance to overland
flows. It is considered that this mitigation will minimise the obstruction to flood flow routes within the Site.

6.1.2

Bailey bridge

The bridge deck will be approximately 83.3 m in overall length and incorporate three separate spans requiring
two (approximately 2.0 m wide) concrete piers constructed within the river (Appendix A). The bridge deck will
be of steel construction and incorporate an open steel truss system above the level of the deck. The piers w ill
be constructed from reinforced concrete and abutments will include reinforced concrete foundations with earth
approach ramps.
Nevertheless, proposed mitigation measure to prevent any impacts arising from the development of the
proposed Bailey bridge will include th e specification of a minimum proposed bridge soffit level.
Therefore a bridge crossing will be provided to satisfy th e following design criteria:
•

Bridge deck soffit situated above 41.2 m AOD which is equal to the 1 in 100 +CC yr (40.6 m AOD), plus
600 mm (freeboard) as per the 20 HEC RAS modelling predictions carried out as part of this study; and

GOLDER

16

September 2018

•

1656599.B1

Abutments situated 1 m behind top of bank.

The provision of these measures has been demonstrated through the 20 flood modelling work carried out for
this study to minimise any potential afflux at the bridge crossing. A sketch of the bridge levels is provided in
Drawing 7, Appendix A.

6.1 .3

Access and Egress

During a 1 in 100 yr event, dry access and egress will not be possible. Flood depths within the Site will be at
least 1.0 m, and up to 2.5 m (not including any mined-out void depths) in the lowest lying areas (due to flooding
from the River Trent).
However, flooding from the River Trent will have a long lead time, providing the Site operators with an
opportunity to safely evacuate and shut down the Site prior to the flood waters arriving.
Nevertheless Golder recommends Tarmac develop an emergency flood plan for the Site. The plan should
identify, as a minimum:
•

The member of staff responsible for enacting the plan;

•

Not to use the Bridge under flooding conditions;

•

The triggers (River Trent and Milton Brook) for action within the Site, including:

•

•

The safe shut down of machinery within the Site;

•

The safe storage of machinery within the Site (i.e. to avoid this being washed downstream); and

•

The safe evacuation of staff from the Site.

The safe (elevated) areas of the Site that are suitable for temporary storage of machinery during flooding
conditions; and

•

The evacuation route(s) and procedures for site personnel.

Evacuation routes should be clearly sign posted on site, and should be kept clear at all times.

7.0

CONCLUSIONS

The proposed water compatible sand and gravel workings, located in Flood Zone 3b are considered appropriate
in accordance with the NPPF.
The results of the 20 hydraulic modelling which includes the Bailey bridge and temporary bunds as "proposed"
conditions indicates that:
•

Under the 1 in 100 yr event scenario, water surface levels are only likely to increa se by around 0.02 m
immediately upstream of the proposed Bailey bridge as a result of its installation and the development of
the quarry area; and

•

As expected, water surface levels will increase to a greater extent as a result of the higher flood discharges
associated with clim ate change predictions. The increases across the Site are estimated to be around
0.12 m to 0.14 m. The increase in the vicinity of the proposed Bailey bridge is estimated to be around

0.16 m.
A number of mitigation measures have been carefully established and should be incorporated into th e phased
development of the Site to ensure that the potential increase in flood risk to and from the Site is appropriately
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mitigated. These will also ensure that the risks of flooding to nearby properties and the proposed operations
(and operators) will be managed safely throughout the lifetime of the proposed development.
The proposed restoration of the Site will provide not only potential long term environmental benefits, but will
also deliver a net increase in the available floodplain storage volume for the region.
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APPENDIX A

Drawings
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APPENDIX B

Phasing and Soil Handling
Scheme
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APPENDIX C

Environment Agency - Product 4
Flood Data
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Detailed FRA/FCA Map centred on Swarkestone Quarry, Twyford- created 23 October 2014 Ref: [E9196]
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A Strategic Flood Risk Assessment may be
available, providing further information for
this site. Please contact your Local Planning
Authority to access this information as it will
need to be considered within any Flood Risk
Assessment submission.
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Modelled Extents Map centred on Swarkestone Quarry, Twyford- created 23 October 2014 Ref: [E9196]
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Assessment submission.
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Historic Flood Events Map centred on Swarkestone Quarry, Twyford- created 23 October 2014 Ref: [E9196]
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E9196
The following information, including the modelled extents mapping, has been produced including the effect of any local
defences.
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50% (1 i n 2 year)
modelled level
(mAOD)

Location

4050220100 SK 33219 27878
4050219

50% (1 in 2 year)
modelled flow
(m 3/s)

39.97

40.25

28075

405021

20% (1 in 5 year)
modelled level
mAOD

40. 03

9 27267

39.01

39.38

Source: Fluvial Trent Strategy Model 3, Black and Veatch, July 2005
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Node point reference

20% (1 in 5 year)
modelled flow
(m 3/s)

10% (1 in 10 year)
modelled level
(mAOD)

10% (1 in 10 year)
modelled flow
(m 3 /s)

::;3219 27878
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4050219540 SK 33703 28075

364.08
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40.21
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39.66
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Source: Fluvial Trent Strategy Model 3, Black and Veatch, July 2005

Node point reference

Location

4% (1 in 25 year)
modelled level
(mAOD)

4% (1 in 25 year)
modelled flow
(m 3 /s)

2% (1 in 50 year)
modelled level
(mAOD)

4050220100 ~r( 33219 27878

40.52

515.00

4050219540

.)3703 28075

40.35

514.63

40.53

4050218350 SK 34299 27267

39.86
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Source: Fluvial Trent Strategy Model 3, Black and Veatch, July 2005

Node point reference

I

Location

2% (1 in 50 year)
modelled flow
(m 3/s)

1.33% (1 in 75 year)
modelled level
(mAOD)

1.33% (1 in 75 year)
modelled f low
(m 3/s)

4050220100 I SK 33219 27878

619.81 II

40.74

655.65

4050219540 SK 33703 28075

619.21

40.60

654.87

4050218350 SK 34299 27267

617.42

40.25

652. 83

Source: Fluvial Trent Strategy Model 3, Black and Veatch, July 2005

Node point reference

I

Location

1% (1 in 100 year)
modelled level
(mAOD)

0.67% (1 in 150
year) modelled
level (mAOD)

4050220100 SK 33219 27878

40.78

680.20

4050219540 SK 33703 28075

40.64

679.43

~I

40.32

677.18 II

40 .42

4050218350 I SK 34299 27267
Source: Fluvial Trent Strategy Model 3, Black and Veatch, July 2005

Node point reference

1% (1 in 100 year)
modelled flow
(m 3/s)

I

Location

; 0.67% (1 in 150
year) modelled
flow (m 3/s)

0.5% (1 in 200 year)
modelled level
(mAOD)

0.5% (1 in 200 year)
modelled flow
(m 3/s)

4050220100 SK 33219 27878

71 6.1 4

4050219540 SK 33703 28075

715 .1 7

40.~l= = = = =
7=43=·=29~1
40.77 II
742 .23

4050218350 SK 34299 27267

712.77

40.50

Source: Fluvial Trent Strategy Model 3, Black and Veatch, July 2005

739.15

E9196 Historic Information
Map
Flood Event Code
Reference
1947
EA034- FEG- 4035- MAR1947- 1
EA034- FEG- 4035- MAR1947- 2
EA034 FEG 4035 MAR1947 3
1982
EA034_FEG_4050_ 1981_ 1982

2000

2012

Name

I

Start Date

End Date

Fluvial Trent
March 1947

01/03/1947

31 /03/1947

Source of
Flooding
main river

Fluvial Trent
Winter 1981-82

30/12/1981

02/01 /1 982

main river

EA034- FEG- 4050- 8TH - NOV- 2000- 1 Lower Trent 8
EA034- FEG- 4050- 8TH - NOV- 2000- 2 Nov 2000
EA034 FEG 4050 8TH NOV 2000 3
n/a
River Trent
November 2012

08/11/2000

08/11/2000

main river

November
2012

November
2012

main river

E9196 Defence Information
There are no Environment Agency maintained raised defences in this area.

Cause of
Flooding
channel
capacity
exceeded
channel
capacity
exceeded
channel
capacity
exceeded
channel
capacity
exceeded

GOLDER
golder.com

Appendix D
Dewatering calculations worksheet
[electronic appendix]

Appendix E
Existing permits

