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Appendix E — Noise and vibration

E.1. Regulatory/policy framework

General

Section 5(2) of the Infrastructure Act 2015 and the Highways England Licence seek to minimise the
environmental impacts of projects, protect and enhance the quality of the surrounding environment and
conform to the principles of sustainable development.

In line with this, the Department for Transport Road Investment Strategy 2015-2020 aspires to the target that
by 2040 over 90% fewer people are impacted by noise from the strategic road network. The target for the
first Road Period 2015-2020, is to mitigate at least 1,150 Noise Important Areas (NIA) expecting to reduce
the number of people severely affected by noise from the strategic road network by at least 250,000.

The legislation and policies considered in undertaking this noise assessment are detailed in Table E.1 and
E.2 for construction and operation respectively.
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Construction

Table E-1 Regulatory and policy framework for construction noise and vibration

Regutation/policy

Summary of requirements

Proposed Scheme response

NPSE
NPPF

Planning Practice Guidance -
Noise to NPPF (PPGN)
National Policy Statement for
National Networks (NPSNN)

Within the context of Government
policy in sustainable development:
i. Avoid significant adverse
effects as a result of the
schame.

ii. Mitigate and minimise
adverse effects as a
result of the scheme.

iii. Contribute to the
enhancement of the
acoustic environment.

Assessment of the effects of the
Proposed Scheme and comparison
with the aims in noise policy.

Control of Pollution Act 1974
(as amended)

Section 60 — Control of noise on
construction sites.

Section 61 — Prior consent for
work on construction sites.
Section 71 — Codes of practice for
minimising noise.

Section 72 — Best practicable
means.

Section 60 or 61 to be defined by
the contractor at a later stage.
Section 71 and 72 see The Control
of Noise (Code of Practice for
Construction and Open Sites)
(England) Order 2015 below.

Environmental Protection Act
1990 (as amended)

Section 79 (1) (g) noise that is
prejudicial to health or a nuisance
and is emitted from or caused by
a vehicle, machinery or equipment
in a street is a statutory nuisance;
(NB if s0 should be inspected by
the local authority)

Section 79 (9) interpretation of
"best praclicable means”

It may apply to some construction
activities; however, we do not
envisage its application to the
Proposed Scheme at this stage.

The Control of Noise (Code
of Practice for Construction
and Open Sites) (England)
Order 2015

Approves BS 5228:2009+A1:2014
Part 1 Noise and Part 2 Vibration
for the purpose of giving guidance
on appropriate methods for
minimising noise and vibration

Significance of effect for
construction noise and vibration
assessed against the criteria in BS
5228-1 and BS 5228-2.

Mitigation measures referred to BS
5228-1 and BS 5228-2.

Noise Insulation Regulations
1975 (as amended)

Regulation 5 provides relevant
authorities with discretionary
powers to undertake or make a
grant in respect of the cost of
undertaking noise insulation work
in or to eligible buildings with
respect to construction noise. This
is subject to meeting cerain
criteria given in the Regulation.

Consideration of criteria for noise
insulation from BS 5228-1 Annex
E.
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E.2. List of figures
Construction Noise and Vibration

Figure 8.1 Noise Constraints. Sheets 1to 6
Figure 8.5 Diversion Route

Operational noise

Figure 8.2 Short Term Noise Change With The Proposed Scheme (DS Opening Year Vs DM Opening Year).
Sheets 1 to 4.

Figure 8.3 Long Term Noise Change Without The Proposed Scheme (DM Opening Year Vs DM Future
Year). Sheets 1 to 4.

Figure 8.4 Long Term Noise Change With The Proposed Scheme (DM Opening Year Vs DM Future Year).
Sheets 1 to 4.

E.3. Basic noise levels in order to define the operational noise
calculation area

To assist the definition of the operational noise study area, and since the Proposed Scheme does not include
significant alterations to the existing road layout, the basic noise level (BNL) was compared between the
future scenarios with (Do Something, DS) and without the Proposed Scheme (Do Minimum, DM). The BNL
is the calculated noise level at reference distance of 10m from the nearside carriageway edge based on the
traffic flow, speed and composition (assuming the road is flat and zero surfacing correction in this case).

Table E-3 shows that the Proposed Scheme is predicted to have a negligible noise effect on most sections of
the M58, although there are some sections which show a perceptible increase in noise of 3 to 4dB,
principally as a result of higher traffic speeds in 2035 with the Proposed Scheme compared against 2035
without the scheme. One section shows an increase in noise of 3 to 4dB, principally as a result of lower
traffic speeds in 2035 with the Proposed Scheme (DS 2035} compared against 2035 without the Proposed
Scheme (DM 2035).

Table E-3 Comparison of the basic noise level between the DM and DS scenarios future year
Carriageway Approx BNL DM 2035 BNL DS 2035 Difference
Chainage (dB La1o,1en) (dB La1o,18n) (dB)
M56 Eastbound 3700-4450 79.4 79.5 0.1
MS6 Eastbound 4450-4700 77.5 81.2 37
M56 Eastbound 4700-5050 82.5 794 -3.1
-| M56 Eastbound 5050-9125 79.2 827 35
M56 Eastbound 9125-9675 81.9 B2.2 0.3
M56 Eastbound 9675-9700 79.2 79.3 0.1
M56 Westbound 3700-4550 79.0 79.2 0.2
M56 Westbound 4550-4750 76.8 77.0 0.2
M56 Westbound 4750-5800 78.6 78.8 0.2
M56 Westbound 5800-9075 82.0 82.3 0.3
M56 Westbound 9075-9275 78.6 82.3 a7
M56 Westbound 9275-9600 78.0 817 37
M56 Westbound 9600-9700 78.7 78.8 0.1
JACOBS NTKINS -
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E.5. Noise calculation assumptions

Construction noise calculations

The construction noise levels used for this assessment were predicted in accordance with BS 5228-1 Annex
F. Table E-5 details the typical construction road activities and machinery used in the construction noise
calculations. The assessment uses hard ground for distances less than 25m and soft ground for distances of
at least 25m. To convert the hourly construction noise levels to the assessment periods (7am to 7pm for
daytime and 11pm to 7am for night-time), it was considered that a typical daytime shift will last for 10 hours
over the 12 hour assessment period, whereas a night-time shift will last for 6 hours over the 8 hour assessment
period. Percentage on-times are based on data used across a number of previous similar assessments.

Table E-5 Typicat construction road activities and machinery used in the construction noise
model
Activity
Noise Source Worst case
Phase Activity Equipment Level Number | on-time, %
BS5228-1
dB Laeq per hour
at 10m
Dozer 82 C.5-13 1 20
Central reserve phase
RCB/lane 4 Rgmpvai of Wheeled 73 C.5-11 1 20
a closure of existing lane 3 existing excavator
b 50mph lanes including hard | Structures and | Hand-held
shoulder running installation of | circular saw 87 C.5-36 1 5
¢. construction of RCB at RCB {petrol)
night
Whagled 79 C.2-26 1 20
loader
Road planer a2 C.5-7 2 B0
R 73 C5-11 4 20
excavator
Removal of
Resurfacing works existing
all lanes resurfacing at night. | surface Hand-held
Note 1: Does not include for circular saw 87 C.5-36 2 15
installation of barriers. (petrol)
Note 2: MIDAS loop
installation assumed to be oy 80 C2-34 4 10
included.
Road roller 80 C.5-18 2 10
Laying new Vibratory 82 C.5-29 1 10
b compacter
surface
Asghalt paver 75 C 5.33 5 60
(+ tipper lorry)
Petro! driven
chain saw
. 2-14 1
Verge phase Demolition and | {sawing = D:2 10
Vegetation clearance clearance timber)
Stripping out of noise barrier (undertaken at | Tracked
Demolitions night or with excavator 80 €518 4 50
Gantry Foundations full weekend
Lor 80 C.2-34 4 10
ERA Construction ciosures) 4/
Wheeled 73 C.5-11 4 20
excavator
37s
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Acthvity
Noise e Worst case
Phase Activity Equipment tevel Number | on-time, %
BS5228-1
dB Laeq per hour
at 10m
Gantry Concrete
installation mixer truck +
(assume f|-6 truck mounted 78 C 4-32 2 10
week period concrate
where noise pump + boom
barriers may arm
need removal
to permit .
foundation Hydrau"cl 89 C.3-1 1 10
construction) hammer rig
{unless a good
environmental | \imeeled
reason ?"iSts- mobile crane 70 €.3-30 2 50
percussive
piling is the Gas cutter
cheapest and (cutting top of 68 C.3-34 1 20
preferred pile)
method for any
structure Lorry 80 C 2-34 2 20
above 1.8m)
Hydraulic
ERA hammer rig 89 5ol 1 e
nonstruct|102n . Gas culter
dsstme, (cutlingtop of | 68 C.3-34 1 20
week period .
; ) pile)
without noise
LY Dozer 77 C.5-12 1 20
{assume 15m
distance per | Loy 80 C.2-34 2 10
iaht for bili
night for piking) 1o ad roller 80 C5-19 2 10
(150m ERA _
would require | Vibratory 82 €.5-29 1 10
2-3 weeks of compacter
iling activit
piling y) Asphalt paver 5o c.5.33 2 60
{+ tipper lorry)
Tracked 80 C.5-18 2 50
; Drainage excavator
Drainage works works T
g 70 C.3-30 1 50
mobile crane
Road Marking Works Road marking Lorry 80 C.2-34 2 20
works
Hydraulic. 89 C.3-1 1 10
hammer rig
YWheeled 70 €.3-30 1 50
mobile crane
Signage works Signage works
Gas cutter
(cutting top of 68 C.3-34 1 20
pile)
Lorry 80 C.2-34 2 20
Compound Site clearance | Dozer 75 cz241 30
a76
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Activity
Noise s Worst case
Phase Activity Equipment Level Number | on-time, %
BS5228-1
dB Laeq per hour
at 10m
assumed to be daytime
( ytime}) Tracked o 5.2 e
excavator 2
Wheeled 79 C.2:26 30
loader 4
Articulated
dump truck 74 C.2-32 30
(tipping fill} 2
e 84 C.1-15 2 40
crusher
Compoljnd Dozer 81 C.2-12 2 40
construction i
ML) 74 C.2-39 1 40
roller
Lorry 8O C.2-34 1 50

Construction vibration calculations

The assessment in this report assumes the use of percussive piling. The vibration levels have been estimated
from formulae for percussive piling in Table E.1 of BS 5228 Part 2 using a nominal hammer energy of 60kJ, a
scaling factor, kp = 1.5 and a pile toe depth of zero.

Operational road traffic noise calculations

The operational noise levels used in this chapter were predicted in accordance with the Calculation of Road
Traffic (CRTN) 1988 together with updated advice in DMRB HD 213/11 Annex 4 {(November 2011). Table E-6
summarises the data and assumptions used in the noise model.

Table E-6: Data and assumptions for operational read traffic noise modelling
Parameter CRTN Source
paragraph
Calculation method nfa CRTN 1988 and additional advice from DMRB HD 213/11 Annex 4
Night-time noise calculation based on TRL Method 3.
Calculation engine nfa NoiseMap 5 software
Roads layout 11 and 12 DM scenario:
e OS Mastermap 2015 (licenced to Highways England).
«  5m Digital Terrain Model (licenced to Highways England)
¢ LiDAR survey for the M56 corridor.
DS scenarios:
+ 3D file scheme design 08 November 16.
¢  General Arrangement Drawings 13 December 2016
Traffic data 13 and 14 Traffic model data by ARUP as set out in spreadsheets:

«  “AQ Noise Assessment Traffic Data
DM_DSMBEMBE2M56MBE0_2020_280617”

¢« “AQ Noise Assessment Traffic Data
DM_DSM6M62MS56ME0_2035_280617".

« “AQ Noise Assessment Traffic Data
DM_DSM56_2020_280617"

+ “AQ Noise Assessment Traffic Data
DM_DSMS56_2035_280617".
Data included: S
AAWT 18h; %HGVs and IAN 185/15 speed band.
AAWT night; %HGVs and IAN 185/15 speed band.

JACOBS ATKINS
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Parameter

CRTN
paragraph

Scurce

Note: HGVs include all HDVs = 3.5t gross vehicle mass in line with
DMRB HD 213/11 Annex 4.
For the following scenarios:

« DM opening year 2020.

¢ DM future year 2035.

+ DS opening year 2020.

o DS future year 2035.

The assessment is based on the traffic data from the "DM
DSMEMG2MS6MB0” spreadsheets.

Pavement

CRTN Para
16 and DMRB
HD213/M11
Annex 4

Non-motorway roads:
e Impervious, bituminous 1.8mm.

Motorways (DM and DS opening year assessments):
e -2 5dB correction for existing low-noise surface;
+ -3.5dB correction for proposed low-noise surface;
¢ -0.2dB correction for existing HRA {1.8mm bitumen)

Motorways within the Proposed Scheme (DS and DM future year
assessments).

+ -3.5dB correction:

Where the average traffic speed is below 75km/hr a correction of -
1dB is used for all road surfaces.

On the motorways the correction is assessed for each individual
lane, it is assumed that lanes 1 and 4 of the motarway would be
resurfaced with a low noise surface as part of the Proposed
Scheme. Lanes 2 and 3 would be retained with the current surface.

Where a section of motorway has mixed surfacing in different lanes,
the following equation has been used to calculate a single surface
correction to be used in the operational noise modelling

i}, +RS}
T, 10w

RSl = 1Mog,, W

where nl is the number of lanes and RSl is the RSl in the i* lane
{the nearside running lane of the carriageway being i = 1). This
equation is based on one presented at the Institute of Acoustics’
meeting “Sound Transport Studies” in 2017. Assessment limited by
process and assumptions described in the DMRB.

Ground mode!

15, 18, 19, 21

For the area outside the Proposed Scheme boundaries:
e« OS Terrain 5 (5m digital terrain model)

For the area within the boundaries of the Proposed Scheme:
¢ Scheme LiDAR survey data.

Ground cover

20

Intervening ground between any road and a receiver is acoustically
'soft’ as the majority of the Proposed Scheme corridor passes
through rural areas.

Buildings {and other
receptors}

24

Buildings are modelled at a height of 6m (although it is
acknowledged that this does not represent all different types of
building, it was not considered proportionate to the potential effects
of the Proposed Scheme to go into further detail). The positions of
the buildings were obtained from:

+ OS Mastermap {Highways England Geostore).

Noise sensitive receptors have been identified from based on their
land classification.

e 0S5 Addressbase data {Highways England Geostore).

JACOBS NATKINS
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Parameter CRTN Source
paragraph

Residential receptors were modelled at 1.5m and 4m height above
local ground level in front of the most exposed fagade to the
Proposed Scheme. Non-fagade receptors were modelled at a
height of 1.5m above local ground level

Existing environmental barrier 22 Details cbtained from ‘Advanced Environmental Desk Study and

associated plans.’ inspection from on-line street view indicates
uncertainty on length and height of the barrier, and this has not
been included in the noise model.

It is assumed that works will not affect the existing barrier

JACOBS ATKINS
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E.6. Analysis of noise mitigation, rectification and enhancement
measures

Background

The valuation of benefits has used the economic methodology to value noise described in the report
Environmental Noise: Valuing impact on: sleep disturbance, annoyance, hypertension, productivity and quiet
by Defra (November 2014). The report values the impacts of noise on both health and amenity. The valuation
for effects on amenity is divided between annoyance and sleep disturbance. The valuation for effects on health
is divided between direct acute myocardial infarctions (AMI), stroke and dementia.

For the Smart Motorways programme, the benefit of a decrease in noise levels in relation to annoyance, AMI,
stroke and dementia is calculated from the predicted daytime noise levels in Laio,1en free-field. The benefit of a
decrease in noise levels in relation to sleep disturbance is calculated from the predicted night-time noise levels
in Lnightousise free-field. The benefit does not account for the economic effects on productivity and the value of
quiet areas, since the Defra report considers that further evidence is necessary in these two fields, However,
the importance of tranquil open space is recognised as providing health benefits to local residents.

The graph below shows the road traffic noise marginal value in £ per dB change per household in 2014 prices
in relation to Laio.1en Noise levels considering an average of 2.3 persons per household (this section used
Laight cutsicze 10 value sleep disturbance, and therefore, unlike the figure below, in some cases the benefit may be
higher for sleep disturbance than for amenity). A reduction in noise provides a benefit from the difference
between the higher noise levels in the base scenario and the lower noise levels expected in the scenario with
the proposed mitigation.

Road Traffic Noise Marginal Values
£ per dB change per household

Fin0m

i | Amrnity
g FAD + lRnnayame |
8 Sheep Datushaaie
£150.0 4 .
= Dernentia
T
a |
& | @ 5lokes
é’ L1000 |
8 | monectam
i 1 |Acite Myorarewal infraction) |
- £40.0 |
-
LoD -+

- - -] s &
FEFTFIFTETITILE

s 9 ° o 5
FEFTs TS

Change in nolse metric by dB LIA1D,18h)
Source. Defra, Transport noise modelling tool (MS Excel Spreadsheet), November 2014

The valuation of benefits has considered a 60 year appraisal period after scheme opening to be in line with
the whole-life cost approach for the costs (see below). In line with the guidance from the Department for
Transport in WebTAG, the impacts of the Proposed Scheme were based on the differences in both the opening
year (2020) and the future year (2035) between the DS without mitigation and the DS with either the existing,
or further mitigation.

The benefits for the years between the opening year and the future year were linearly interpolated from the
values for 2020 and 2035. The values for the years after 2035 until the end of the appraisal period were
extrapolated considering no variance in noise levels from the 2035 values.

The valuation of costs has also used a whole-life cost approach. The whole-life cost approach considered a
60 year appraisal period after Proposed Scheme opening. In this period, it is considered that a noise barrier
will have a 20 year renewal period. During the whole period the barrier will need maintenance. However, the
costs do not account for traffic management. The table below provides the whole-life cost values used for this
assessment. The values were provided by Highways England.

JACOBS ATKINS
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Tabie E-7 Indicative whole-life costs of timber barrier in £ per linear metre
Barrier height Whole-life cost in £ per linear m
Absorptive timber barrier 2m high £422
Absorptive timber barrier 3m high £530
Absorptive timber barrier 4m high £853
Absorptive timber barrier 5m high £1,175

Source: Highways England

Both the benefits and the costs have been converted to present day values using the methodology in WebTAG
Unit A1.1 "Cost-Benefit Analysis’. This conversion accounts for the future inflation and future GDP growth and
is adjusted by discounting (i.e. the economic element that considers the preference of having money now
rather than in the future).

The cost-benefit analysis of noise barriers only considered residential receptors that experienced a noise
reduction of at least 1dB.

Assessment and Design Evolution

Table E-8 sets out the schedule of noise barriers identified at the start of the design process with a log of
decisions that have been made in reaching the end of DF3. This has included testing each barrier's 'value for
money’ following the procedure as set out in EnvTN10%. A value for money score of less than one indicates
that the barrier does not represent a sustainable solution as per Government's policy on sustainable
development. Where it was clear that a barrier would not provide value for money (usually due to a low number
or residential properties within 300m), the barrier was discounted and no further analysis was undertaken.
Some barriers were also shortened/extended or broken into smaller pieces as an alternative test to establish
if that impacted the value for money score. For barriers achieving a value for money score of greater than one,
further analysis was undertaken to establish the optimum height and, in some cases, length of the barrier to
achieve a balance between value for money and perceivable noise benefits,

Retained/new proposed barriers are highlighted in green. Barriers which have been discounted at previous
stages of assessment are highlighted in red.

Table E-8 Noise barrier schedule

Barrier | Directi| Start End |[LengthyPropos|Finish |Noise Justificatien for removal or retention|
ID on Chainag | Chaina | (m) ed Important | of barriers throughout the design

e ge height* Areas process
INV. | NB | 9550 | 9750 | 90 | - | Refective = [Retain ———

Proposed barriers were discounted if the value for money (VFM) ratio was <1 or if there were too few
properties within 300m that were benefitting from the barrier. Some barriers were discounted during the
scoping stage while others were discounted in DF3. Some barriers were tested at a sample height (normally
3m) to inform a decision to scope out. The barriers that are being retained or proposed as new were
assessed in greater detail to determine optimum height and length for the greatest value for money ratio
combined with perceivable benefits.

The value for money ratios listed in Table E-9 consider the following:

50 Smart Motorways Programme — EnvTN10 Cost-benefit analysis of noise barriers. September 2016 (Draft).

JACOBS ATKINS
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1. A comparison against a scenario with no barriers.

2. The cost of the existing barrier includes maintenance and replacement after 40 year life period but
not initial installation.

3. The cost of new barriers does not discount the costs of the existing barriers which will not need

maintenance anymore for the 60 year appraisal period. They do not account for stripping out the
existing barrier either.

All of the noise barriers considered at the scoping stage have been ruled out as not providing VFM, in each
case, the VFM ratio is significantly smaller than 1.

JACOBS ATKINS
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E.7. Full Assessment Results

Table E-10 provides the full assessment results at each of the noise sensitive receptors in the assessment.
The list of receptors is sorted by street name, and shows the predicted La1o 1encur NOise level for the four
scenatios, for the years 2020 and 2035 with and without the Proposed Scheme. The opening impact column
shows the magnitude of change from Table 8.6 for the change in noise on the opening of the Proposed
Scheme. The Proposed Scheme impact column shows the magnitude of change from Table 8.7 for the
change in noise from the Proposed Scheme, taking the design period into account — the difference between
Noise level 2035 with scheme and Noise level 2020 without scheme. The impact without the Proposed
Scheme column shows the magnitude of change from Table 8.7 for the change in noise which would occur
by the design year if the scheme were not built.
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E.7. Full Assessment Results

Table E-10 provides the full assessment results at each of the noise sensitive receptors in the assessment.
The list of receptors is sorted by street name, and shows the predicled Lao 1snew noise leve! for the four
scenarios, for the years 2020 and 2035 with and without the Proposed Scheme. The opening impact column
shows the magnitude of change from Table 8.6 for the change in noise on the opening of the Proposed
Scheme. The Proposed Scheme impact column shows the magnitude of change from Table 8.7 for the
change in noise from the Proposed Scheme, taking the design period into account — the difference between
Noise leve! 2035 with scheme and Noise level 2020 without scheme. The impact without the Proposed
Scheme column shows the magnitude of change from Table 8.7 for the change in noise which would oceur
by the design year if the scheme were not built.
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