www.jbaconsulting.com

Specification and Design of
Stone for Scour Protection

Mansfield Weir ECOSF4 (Lot4)

ENV0008076C

FOR CONSTRUCTION
Prepared for Date
Environment Agency 26t January 2026

Environment
Agency

&



Document Status

Issue date 26" January 2026

Issued to Ryan Taylor

BIM reference ENV0008076C-JBA-00-00-SP-C-0001
Revision A4 - CO1

Prepared by Samuel Liddy BEng MSc

Civil Engineer

Reviewed by Joseph Landells-Molloy MEng

Senior Engineer

Matt Smith CEng MICE

Principal Engineer

Authorised by Matt Smith CEng MICE

Principal Engineer

Carbon Footprint

The format of this report is optimised for reading digitally in pdf format. Paper consumption
produces substantial carbon emissions and other environmental impacts through the
extraction, production and transportation of paper. Printing also generates emissions and
impacts from the manufacture of printers and inks and from the energy used to power a
printer. Please consider the environment before printing.

Accessibility

JBA aims to align with governmental guidelines on accessible documents and WGAG 2.2
AA standards, so that most people can read this document without having to employ
special adaptation measures. This document is also optimised for use with assistive
technology, such as screen reading software.

ENV0008076C-JBA-00-00-SP-C-0001 i


https://www.gov.uk/guidance/publishing-accessible-documents
https://www.w3.org/WAI/standards-guidelines/wcag/new-in-22/
https://www.w3.org/WAI/standards-guidelines/wcag/new-in-22/

Contract

JBA Project Manager Samuel Liddy
Address No 1 Broughton Park, Old Lane North, SKIPTON, BD23 3FD
JBA Project Code 202551115

This report describes work commissioned by the Environment Agency, by an instruction
dated 22" July 2025. The Client’s representative for the contract was Ryan Taylor of the
Environment Agency. Samuel Liddy of JBA Consulting carried out this work.

Purpose and Disclaimer

Jeremy Benn Associates Limited (“JBA”) has prepared this Report for the sole use of the
Environment Agency (“EA”) and its appointed agents in accordance with the Agreement
under which our services were performed.

JBA has no liability for any use that is made of this Report except to the EA for the
purposes for which it was originally commissioned and prepared.

No other warranty, expressed or implied, is made as to the professional advice included in
this Report or any other services provided by JBA. This Report cannot be relied upon by
any other party without the prior and express written agreement of JBA.

JBA disclaims any undertaking or obligation to advise any person of any change in any
matter affecting the Report, which may come or be brought to JBA’s attention after the date
of the Report.

The methodology adopted and the sources of information used by JBA in providing its
services are outlined in this Report. The work described in this Report was undertaken
between 22" July 2025 and 26" January 2026 and is based on the conditions encountered
and the information available during the said period. The scope of this Report and the
services are accordingly factually limited by these circumstances.

The conclusions and recommendations contained in this Report are based upon
information provided by others and upon the assumption that all relevant information has
been provided by those parties from whom it has been requested and that such information
is accurate. Information obtained by JBA has not been independently verified by JBA,
unless otherwise stated in the Report.

Copyright
© Jeremy Benn Associates Limited 2026

ENV0008076C-JBA-00-00-SP-C-0001 i



Contents

1 Introduction 1
2 Specification 2
2.1 General 2
2.2  Gradings and Mass Distribution 2
2.3 Shape 6
2.4  Mechanical properties 6
2.5 Source of stone 7
2.6  Geotextiles 7
2.7  Excavation for rock armour 10
2.8 Placement of stone 10
2.9 Tolerances 10
List of Tables
Table 2-1 Standard Light Gradings 3
Table 2-2 Standard Heavy Gradings 3
Table 2-3 Non-Standard Light Gradings 3
Table 2-4 BS EN 13383-1: Category A Light Mass Gradings (LMA) and Heavy Mass
Gradings (HMA) Requirements 4
Table 2-5 Mechanical properties of stone 6
Table 2-6 Mechanical properties of geotextiles 8
ENV0008076C-JBA-00-00-SP-C-0001 iv



1 Introduction

This document considers the proposed rock armour revetment for the Mansfield Weir
ECOSF4 (Lot4) project. Rock armour is to be installed as per the 'For Construction'
drawings (ENV0008076C-JBA-00-00-DR-C-0001 to ENV0008076C-JBA-00-00-DR-C-
0005). The specification is provided in Section 2.

The rock armour extents have been determined through assessment of the existing
structures, hydraulic modelling outputs, and consideration of the likely geomorphological
and flow regimes in the channel.

Calculation of the required rock armour size has been undertaken using the following
calculations as per the CIRIA C683 'The Rock Manual' guide:

e Escarameia & May (1992)

e Pilarczyk (1990)

e Maynord (1993)
The outputs of hydraulic modelling considering in these calculations include the following
scenarios:

e 1in2year flow
e 1in 20 years flows
e 1in 100 year flows.
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2 Specification

The specification for Scour Protection Stone Protection shall be the Clauses listed below.

2.1 General

1. Specification and testing of Stone for Scour Protection shall be in accordance
with BS EN 13383-1, unless identified otherwise.

2. The stone to be used shall be a natural stone of suitable angular shape,
dimension and weight. It shall be hard, durable and sound, free from laminations,
weak cleavage planes, and undesirable weathering and shall be of such a
character that it will not disintegrate or erode from the action of air, water, salts,
wetting and drying, freezing and thawing, or impact due to wave or water flow
action. It shall also be capable of being handled and placed without undue
fracture or damage.

3. The selected grading to be used in ALL AREAS of the Site is:
a. Non-Standard Light Grading: Class 200 - 650 (LMA:200/650)

2.2 Gradings and Mass Distribution

1. The average mass and mass distribution for stone to be used in scour protection
works shall be as shown in:

a. Standard Light Gradings: Table 2-1
b. Standard Heavy Gradings: Table 2-2
c. Non-Standard Light Gradings: Table 2-3
d. Grading Requirements: Table 2-4

2. The nominal stone size(s) (Dso) for the project shall be in each case as indicated
on the drawings and the weight of rock specified above for that nominal size shall
be the critical criterion and shall be adhered to. The Principal Contractor shall be
responsible for ensuring that all the stone delivered to site complies with the
relevant grading(s) above by sampling and testing for particle size in accordance
with the requirements of BSEN13383-2, before any stone is delivered to site and
on a monthly basis or at changes of source or face, whichever is the sooner.
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Table 2-1 Standard Light Gradings

Nominal Min. Rock

Stone Class Size, Dn0

Size, D50

(mm)

150 5-40 1.5 80 130 | 140 160 | 200 |220 |280
200 10 - 60 2 90 160 | 180 |200 |240 |250 | 320
300 40 - 200 15 180 (250 | 280 |310 |350 |380 |450
350 60 - 300 30 220 (290 |320 |350 |[410 |[430 | 530
Wlde. 15-300 3 100 (190 | 220 |280 |350 (410 |530
Grading

Table 2-2 Standard Heavy Gradings
Nominal Min. Rock
Stone Class Size, Dno
Size, Dso
(mm)

300 - 1000 | 200

Table 2-3 Non-Standard Light Gradings

Nominal Min. Rock

Stone Size, Dno

Size, Dso

(mm)

250 30-120 10 160 [ 230 | 250 |270 |310 |[330 |390
400 80 - 450 40 250 (320 | 350 |400 |450 |500 |590
450 120 - 450 80 300 | 380 |400 |450 |500 |540 |640
500 200 - 650 120 [ 350 (430 |460 |500 |550 |580 |680
550 300 - 650 200 (420 [490 |510 |540 |600 |600 |690
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Table 2-4 BS EN 13383-1: Category A Light Mass Gradings (LMA) and Heavy Mass Gradings (HMA) Requirements
LMA120450 | LMA200/6s0  LMA300/650
(declared) | (declared) (declared)

HMA300/1000
(declared)

Category/ LMAs/40 | LMA1ois0  LMA30120  LMA4o200 | LMAeo/zo0 | LMAso/aso
Mass (kg) (declared) (declared)

1500

97-100

1000

97-100

97-100

70-100

650

97-100

97-100

70-100

60-100

450

97-100

70-100

70-100

300

97-100

70-100

0-10

0-10

200

97-100

70-100

0-10

0-5

0-5

120

97-100

70-100

0-10

0-5

80

97-100

0-10

60

70-100

0-10

0-2

40

70-100

0-10

0-2

30

0-10

0-2

15

0-2

10

0-10

0-2

5

0-10

3

2

0-2

1.5

0-2
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Category/ LMAs/40 | LMA1ois0  LMAs0120 LMA4o200 | LMAeozoo | LMAsoaso  LMA1201450 | LMA20oss0 LMAsooeso  HMAS300/1000
Mass (kg) (declared) (declared) (declared) (declared) (declared) (declared)
Average 10-20 | 20-35 55-80 80-120 120-190 | 170-250 220-300 330-460 420-580 500-700
Mass (kg)

Extreme 1580 |2-120 |10-200 | 15-300 |30-450 |40-650 | 60-650 | 120-1000 | 2201909 | 500.1500
Limits (kg)

Nominal

Equivalent 150 200 250 300 350 400 450 500 550 600

Dnso (mm)

Nominal

equivalent | g, 90 160 180 220 250 280 350 420 420
min. stone

size (mm)
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Shape
1.

Stone for Scour Protection shall, unless otherwise stated, have a length to
thickness ratio (LT) generally not greater than 3 (the maximum dimension of an
individual rock as measured in any direction shall not exceed three times the
minimum dimension, where the minimum dimension is taken as the smallest gap
between two parallel lines through which the rock could pass).

For all gradings except those detailed below, not more than 5% of rocks as
specified in BSEN 13383-2, clause 7 shall exceed this figure.

Testing of rock for compliance with this clause, as detailed in BSEN 13383-2
shall be carried out and the results approved by the Site Supervisor or Site
Engineer for each source proposed before any stone is delivered to site.

For gradings LMA1060 & LMAs40, this figure shall be increased to 10% and 20%
respectively.

Mechanical properties
1.

The material properties of stone to be used shall be tested in accordance with
methods indicated in the relevant European Standard, where specified, and shall
meet requirements in Table 2-5.

Table 2-5 Mechanical properties of stone

Test Description Reference Unit  Value

Oven Dry Particle Density (min) BS EN 13383-2 t/m3 | 2.65
Water Absorption (max) BS EN 13383-2 % 25
Compressive Strength Category EN 1926 - CSso

Resistance to wear:

Micro Deval Co-efficient (MDE) (max) BS EN 1097 Part 1 | - 20

Resistance to fragmentation:

(o)
Los Angeles test (LA) (max) S EN B [Pens 2 | G e

Magnesium Sulphate Soundness (max) | BS EN 1367-2 % 12

Drop test CIRIA Special

o)
Publication 83 % 2
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2. The drop test as described in the “Rock Manual” (CIRIA Special Publication 83)

2.5

2.6

shall be adopted for assessment of block integrity. The drop test breakage index
based on sampling and testing in Appendix A2.11 of the manual shall be less
than 5%.

Test information as described above shall be provided for all sources of stone.
One series of tests shall be provided for each source where only one face or
working area of the quarry is to be used to provide stone. A full series of tests
shall be carried out on material from each face or working area. Stone from
different sources shall only be permitted where the stone is of a similar type,
colour and shape.

Source of stone
1.

Proposed sources of each type of stone shall be inspected and a trial load set
aside at the source to be tested and fully described in terms of grading and
shape. All batches of stone shall conform in properties to the relevant trial load
gradings to within 10% of the determined trial load parameters. The trial load
parameters shall be the grading and the block shape as defined above. Prior to
the approval of a source of stone, the quarry and proposed working face(s) shall
be inspected by the Site Supervisor or Site Engineer. The face(s) shall be
inspected in relation to variations in quality, particularly weathered zones,
discontinuities and impurities. The quarry and production face(s) shall also be
assessed for the ability to provide the required quantity of stone. The proposed
methods of handling, sorting and transporting stone shall be approved by the Site
Supervisor or Site Engineer. In all cases the stone shall be loaded at the quarry
by a grab. Attention is drawn to Clause above, with regard to testing at the stone
source.

Geotextiles
1.

The geotextile(s) to be used in the Works as a filter/separator beneath the rock
armour and below the seeded topsoil shall be a non-woven fabric manufactured
by needle punching virgin, staple fibres of polypropylene incorporating a minimum
of 1% by weight active carbon black. Geotextiles manufactured from fibres of
more than one polymer will not be permitted. The geotextiles to be used in the
Works shall have the properties as detailed in Table 2-6.
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Table 2-6 Mechanical properties of geotextiles

Test Description Reference Unit  Value

Static puncture strength (CBR) EN ISO 12236 kN 14
Push-through displacement EN ISO 12236 mm 65
Tensile strength EN ISO 10319 kN 74
Tensile extension EN ISO 10319 % 104
Cone drop perforation hole diameter EN 918 mm 0.1
Thickness @Z2kPa BS EN ISO 9863-1 | mm 6.8
Apparent pore size - 90% finer (090) EN ISO 12956 Mm <69
Water flow normal to the plane of the EN ISO 11058 Vs/m? 22
geotextile @50mm head

Min. coefficient of permeability EN ISO 11058 m/s 3.8

(10°%)

2. Geotextiles shall be delivered to site in packaging, which will protect the rolls from
ultra-violet light degradation. Labelling shall be in accordance with BS EN ISO
10320:1999. Geotextiles shall be protected at all times against physical or
chemical damage. Geotextiles shall be kept in the wrappings provided by the
manufacturer until required for use in the works.

3. The geotextile manufacturer shall provide at a set of production certificates for
the geotextile delivered to site at each location. Test methods employed on the
geotextiles shall be in accordance with the requirements of BS EN or ISO and be
accredited by UKAS to carry out the required tests. Certificates relevant to a
batch of geotextile shall be furnished to the Site Supervisor or Site Engineer prior
to that batch of Geotextile being incorporated in the works.

4. The rolls of geotextile shall be stored on level ground and stacked not more than
five rolls high and no other materials shall be stacked on top of the geotextiles.

5. The geotextile shall not be exposed to direct sunlight for longer than thirty days.
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6. Prior to incorporation in the works, samples of the geotextile shall be taken in
accordance with the requirements of ISO 9862, 1990 at the rate of one set per 20
number of rolls. The Contractor shall retain half the samples and half shall be
furnished to the Site Supervisor or Site Engineer's Representative. Both sets of
samples shall be stored in light tight bags at ambient temperature until required
for testing or disposal at the direction of the Site Supervisor or Site Engineer's
Representative.

7. The following definitions shall apply when considering test results:
a. A set of test results shall be those results derived from specimens cut from
one sample.
b. The mean value for any set of test results shall be the arithmetic mean of
that set of results.

8. The characteristic value is the value below which not more than 5% of the test
results may be expected to fall. This represents the value at 1.64 standard
deviations below the mean value.

9. No filling with stone or geotextile placing shall take place until the foundation or
the previous layer of filling has been inspected and approved by the Site
Supervisor or Site Engineer's Representative.

10.The geotextile shall be laid and installed in the positions and to the line and levels
described on the drawings. Where the geotextile is placed on an excavated
surface the formation shall be drained. Where the geotextile is placed on an
existing surface it shall be adequately held in position using suitable fixings where
appropriate to ensure that it remains in the placed position when the rock has
been placed

11.All formation surfaces in contact with the geotextile, shall not have protrusions
which are likely to damage the geotextile during installation or in service. The
method of installation shall not impose stresses or strains likely to cause damage
to the Geotextile and shall ensure that the Geotextile is in continuous contact with
the surface on which it is placed without stretching or bridging over humps or
hollows. Construction plant must not operate directly on the geotextile.

12.Joints/laps between pieces of geotextile shall be formed by overlapping by a
minimum of 1000mm.
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2.7 Excavation for rock armour

1. A MAXIMUM length as stated on the drawings, or otherwise of 2 metres, of
excavation to complete the protection works, will be restricted within a single
span between support elements at any one time. No excavation shall be left
open overnight. In the case of piers and trestles, excavation shall not take place
on both sides of the structure elements simultaneously. Under NO circumstances
shall excavation at the base of the piers and trestles, to facilitate the placement of
the rock armour, extend beneath the foundation level without the consent of the
Site Supervisor or Site Engineer.

2.8 Placement of stone

1. Stone shall not be dropped into position but placed carefully by hand where a risk
assessment has determined that it is safe to do so or machine, unless other
methods proposed by the Contractor are given specific written approval by the
Site Supervisor or Site Engineer. Stones shall not be placed so that they can
rock or obtain their stability, on any plane, by frictional resistance alone. If
placing is to take place from a barge or pontoon, stone must be lowered to the
bed before release.

2. Any voids below the finished profile level in excess of the stone Dno size given
above shall be stemmed with suitable material. The material shall not be less
than the Dno size and shall be placed in such a way that it is held by adjacent
stones.

2.9 Tolerances

1. The finished surfaces in the final works shall not vary to an extent observable by
eye. In any case they shall not vary by more than £300mm in level.
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