From: Mike Vitkovitch
Sent: 25 May 2016 22:35
To: Glyn Rhonwy Pumped Storage Scheme
Subject: Deadline 4 Glyn Rhonwy Pumped Storage Scheme Noise

Seffan
Please find the first part of my submission and attachments on Low Frequency Noise. The Ground
Borne Vibration and Noise part should already be with you. I attach with this part a reference for
Rebecca Williams which connects to the GBVN part 2, but in truth both parts are the same
submission in two halves.
Kind Regards
Mike

Glyn Rhonwy Pumped Storage (EN010072)
My PINS Reference: 10031993
Deadline 4 Submission – Mike Vitkovitch
I do not have any issues with the production of hydro-electricity. However I do believe that this
application is inappropriate in its location as it will be too large, too close to residencies and
residential businesses. The full effects on these properties have not been properly identified nor
the mitigation measures adequately demonstrated. The Applicant has also sought to distance
himself from the matter through the DCO by requesting an indemnity against claims of noise
during construction, maintenance and operation of the plant. Yet by omission, misleading
discussion, particularly on issues around BS 4142, and sweeping statements has produced what
appears to be a comprehensive report on the effects of noise and vibration. It is far from it.
This is not an acceptable way forward.
1) SPH are saying that they cannot predict what the low frequency noise and ground borne
vibration/noise levels will be. Granted there is little information to help in the prediction of
LFN levels because one of the key components in the creation of LFN is the structure and
dimensions of the many different properties that can be affected. It is of note that this topic
has not been addressed until after the Consultation where it was raised by 8 persons. It was
mentioned in passing in only three sentences in the 2012 submission. In SPH’s response to
consultation Page 13-2 SPH note “‘we are aware of the issues with LFN from Dinorwig from
the comments received at the s42 stage.” Page 13-3 “ As set out in the Statement of
Statutory Nuisance (Doc 5.02) the Applicant does not accept that nuisance will be created
during operation.” However as no evidence has been provided on outputs from any of the
potential sources of LFN there is no evidence to support this assertion. Were it to be indeed
the case that the Applicant was correct, then the Applicant would have no concerns or take
issue if the Article 9 defence against nuisance were to be withheld.
It appears inequitable that the Applicant can provide no evidence to support his statements
but we are asked to provide evidence that show that his views are wrong.
Furthermore the ES which includes low frequency monitoring (April 2015) and references to
LFN appears to assess the matter of LFN in an incorrect manner.
Firstly SPH are erroneously basing their noise limits for the operational equipment using
BS4142 without recognising several reference documents that make it clear that background
noise levels are not relevant. For example in respect of LFN SPH state:
SPH ES Vol 2B Noise 13.9.45 “Noise control and mitigation measures will be finalised during
detailed design in order to ensure that airborne noise emissions from operational plant will
achieve suitable operational limits following guidance from BS 4142 The rating levels of
the noise emissions will be determined following guidance from BS 4142, and
will include consideration for any acoustic features such as tonality, impulsivity
and intermittency. ”
.

In the April 2015 measurements taken presumably to address the question raised on LFN,
the monitoring has been carried out on an ‘A’ scale where Defra reports clearly state that
the C weighting should be used.
Extract from Defra Report ‘A Review of Published Research on Low Frequency Noise and its
Effects ‘2003 (Benton)
Introduction: “ When prominent low frequency components are present, noise measures
based on A-weighting are inappropriate"
"Since A-weighting underestimates the sound pressure level of noise with low frequency
components, a better assessment of health effects would be to use C-weighting"
8.2.4 “Annoyance and the dBA. A comparison of a band of noise peaking at 250Hz
with a band peaking at 100Hz, whilst both were adjusted to the same Aweighted
level, showed that the annoyance from the low frequency noise was
greater than that from the higher frequency noise at the same A-weighted level
(Persson et al., 1985). This work was subsequently extended (Persson and
Bjorkman, 1988; Persson et al., 1990) using a wider range of noises, for
example, peaking at 80Hz, 250Hz. 500Hz and 1000Hz, leading to the following
conclusions: There is a large variability between subjects.
The dBA underestimates annoyance for frequencies below about 200Hz.”
Furthermore as LFN is a sound experienced inside the properties and BS4142 refers to
airborne noise on exterior facades nor can the use of BS 4142 cannot be considered
appropriate when setting limits as has been suggested by SPH.
ES Vol 2B Noise 13.4.6 Gwynedd Council recommended that operational noise from the
Development would need to be assessed in accordance with BS 4142:1997.
It was communicated that as specific information on the power generating
plant to be used for the Development would be unavailable, that an
operational noise assessment of the Development would be excluded from
this assessment. However, as requested by Gwynedd Council, operational
noise limits would be established and noise emissions from underground
power generating plant would incur a 5 dB penalty due to low frequency
noise. Accordingly, an allowance for this 5 dB low frequency penalty has
been included when determining the noise limits for the Development.
In any case the acceptable level is considered to be the ‘threshold of hearing’ which
statistically is given in BS 28961 extracted below.

In the Defra Report NANR45 revision in 2011 a criteria curve has been given which though
generalising the available data concurs largely with these figures which were derived for 18 to 25
year olds only. This is shown below.

Extract from Defra Report A Review of Published Research on
Low Frequency Noise and its Effects 2003 (Benton)

“The World Health Organization is one of the bodies which recognizes the
special place of low frequency noise as an environmental problem. Its
publication on Community Noise (Berglund et al., 2000) makes a number of
references to low frequency noise, some of which are as follows:
" It should be noted that low frequency noise, for example, from
ventilation systems can disturb rest and sleep even at low sound levels"
"For noise with a large proportion of low frequency sounds a still lower
guideline (than 30dBA) is recommended"
There is much discussion regarding acceptable criteria for LFN in the Defra
Report “ Review of Published Research on Low Frequency Noise and its Effects 2003
(Benton) “ and an example of researched and proposed levels is set out below~:
15.4 Low frequency A-weighting. Another approach to low frequency limits
(Vercammen, 1989; Vercammen, 1992) uses a reference curve related to the
average threshold minus two standard deviations. Vercammen also suggests
using the G-weighting for infrasound, an A-weighting of the range 10Hz to
160Hz (LFA) for low frequencies and the normal A-weighting for higher
frequencies. The following are proposed as typical interior criterion levels.
Measurement Day Evening Night
LA
35
30
25 dBA
LG
86
86
86 dBG
LFA
30
25
20 dBA
In the response to my Deadline 2 submission Page 13-2 SPH correctly states
“A method to determine if there is a significant element of LFN as stated in NANR45 is to
compare the A weighted noise levels with the C weighted noise levels.”
This is because the A weighting does not recognise the change in sensitivity of individuals to
the lower frequencies and severely underestimates the sound levels. Below is a chart taken from
Defra Report ‘A Review of Published Research on Low Frequency Noise and its Effects’ 2003 (Benton)
to illustrate this very point.

In the response to my Deadline 2 submission Page 13-2 SPH correctly states
“it should be noted that the (dBC-dBA) noise level difference cannot be used as an annoyance
predictor” However SPH try to use this discussion as a means of linking BS4142 to the concept of
setting limits for LFN a wholly invalid approach but helps to explain why the correct and accepted
method is set levels that ensure they are kept below the threshold of hearing where annoyance
begins.
NANR45 2011 4.3 “In forming a decision it should be borne in mind that low frequency noise only
slightly above threshold of audibility can cause considerable disturbance and appears to be more
difficult to shut out or get used to than other types of noise.”
It is therefore clear from the DEFRA research on LFN alone that the level at which the LFN
should be set is the threshold of hearing and not one based on background levels and in the case of
this development should be set as low as 30dB. The SPH proposed LFN levels are for too high, ill
founded and as explained below may well in any case have been based on incorrect background
levels.
I have been unable to find in the submitted documents where the location of 2012
monitoring in relation to property facades is presented. If monitoring was taken on the roadside of
the properties then invariably this will be facing away from the development site. The monitoring
should have been carried out on the significantly quieter rear facades which will however receive the
highest impact from the development. In the absence of this information one must assume that the
readings are all taken from the facades nearest the road and therefore over-estimate the
background noise on the façade facing the development.
It is also unclear to me whether the analysis of the data recognises that all of the accommodation
based businesses are also fully occupied and are therefore considered to be a High Sensitivity for
assessment purposes using the DMRB criteria.
Both these factors are vitally important when it comes to setting acceptable Construction Noise
Levels. These aspect needs to be re-visited in order that the Hearing and the public can have some
confidence in the presented figures.

In addition since the last monitoring was carried out, in fact whilst it was being carried out,
the surface of the A4086 has been planed and resurfaced with ‘TuffPave’. This surfacing produces a
lower surface noise than conventional surfacing and background levels which were affected by road
noise will be lower both now and in the future. I attach the relevant HAPAS certificate to illustrate
the noise reduction properties of the surfacing material.
It is also unclear to me whether the analysis of the data recognises that all of the accommodation
based businesses are also fully occupied and are therefore considered to be a High Sensitivity for
assessment purposes using the DMRB criteria.
Both these factors are crucial requirements when it comes to setting Construction Noise Levels.
These aspect needs to be re-visited in order that the Hearing and the public can have some
confidence in the presented background figures.
Example of LFN - Transformers
It is a well recognised fact that the predominant frequency of noise from the transformers will be
100Hz. This is central within the LFN band of 20 to 200 Hz. In the 2012 report, which is partly
mirrored in the 2015 application but without as much detail:2012 Submission Noise and Vibration ES Ch 12 “12.8.17 The assessment of potential transformer
noise at NSRs has been completed assuming that the three transformers can be considered point
sources with a combined sound power level of 85dB(A), which is considered typical. The resultant
noise level at a distance of 400 m due to distance attenuation only, would be 25dB(A). Applying a
character correction of +5dB(A) to account for any tonal annoyance, a BS 4142 rating level of
30dB(A) would is predicted.
However the 2015 submission provides considerably less information which is interesting
considering there will be a doubling of transformer size to handle the doubling of output from the
two turbines.:
13.9.42 The noise emission of the transformers will be confirmed during detailed design.
Should the combined noise emission of the transformers be higher than a
sound power level of 85dB(A), appropriate mitigation in the form of an
enclosure, attenuators, and ventilation outlets will be required so that the rating
sound level of the transformer noise at NSR locations does not exceed the
background sound level at NSRs.
Maybe this may be because the levels will certainly exceed 85dB(A), the LFN element which at
100HZ will be considerably higher than the (A) weighting suggests and that the author has
appreciated that the ‘distance attenuation’ referred to in 2012 takes no account of the fact that
lower frequencies do not attenuate with distance in anything like the same rate as higher
frequencies.
This extract is from NANR45, 2011
2.7.1 Propagation. Similar factors influence the propagation of low frequency noise to those which
influence infrasound. However, because of the higher frequencies, air and other attenuations are
greater for low frequency noise than for infrasound and more is known about them. Typical air
attenuations at 20C and 70% relative humidity are:
63Hz - 0.1dB/km
125Hz - 0.35dB/km
250Hz - 1.1dB/km
which shows very low attenuation at 63Hz. In addition to these there is reduction of 6dB per doubling
of distance due to spreading out of the wave and any reduction which might occur due to absorption
over the ground or by shielding. It is seen that air attenuations are a small contributor to losses at

low frequencies but, since attenuation increase rapidly as frequency rises, air attenuation can be a
main contributor at much higher frequencies in the kilohertz range. As a result, noise which has
travelled over long distances is normally biased towards the low frequencies.
This is clearly another area that should have been addressed by this stage of the process. The size of
the transformers for a station of this size required should be well known to the Applicant at this time
as it forms the backbone of the supply/demand electrical system. For delivery and costing purposes
he will have already contacted transformer manufacturers and a specification will already be
available. Given the available research and data on transformers of different manufacturers a
rigorous assessment at this time is quite feasible. I remain sceptical about why this 2015 ES contains
less information than in 2012.
I attach a 2012 paper titled ASPECTS OF DESIGN OF POWER TRANSFORMERS FOR NOISE REDUCTION.
Not only is it clear that LFN is produced at 100Hz from transformers but also that noise levels of up
to 85dB are expected. In addition similar noise levels may be produced by the cooling fans for the
transformers and these are also a known source of LFN in themselves. The same process can be
used to make reasonable predictions for the Power House ventilation fans where the volume and
rate of extraction are all known requirements for the Applicant. I believe considerably more
information could be made available by the Applicant than has been forthcoming in the ES. As such
the submission fails to support the EU Directive requirements for an ES.

Since 2012 a caravan park now located in Glyn Rhonwy is a significant receptor for LFN and is
particularly sensitive to frequencies around 100Hz. A 100Hz sound has a wave length of 3.4m
(Defra2003 Benton Table 1 p7). This equates almost exactly with the internal width of a conventional
‘metal box’ caravan. It is therefore highly likely that these thin structures will resonate from a 100Hz
LFN with large increases in sound levels, leading to classic LFN disturbance and potentially severely
affect future business. Such LFN cannot easily be mitigated at source or receptor and can still cause
annoyance kilometres away.

ES Ch13 “13.10.3 The NSRs that are likely to be most exposed to construction noise effects are those
located along the A4086, those above Ffordd Clegir, and those across Llyn Padarn (in Fachwen)”
.
As is demonstrated by SPH’s own conservative figures Construction Noise will have a ‘major’ effect
on properties on Fach Wen across the lake. This will therefore be the case for any LFN produced by
the operation of the power station, but this is wholly unaddressed by the SHP submission.
Extract from Defra Report A Review of Published Research on Low Frequency Noise and its Effects
2003 (Benton)
2.7.2 Control. Low frequency noise and infrasound are steps along the same physical process of wave
propagation, so that similar considerations apply to their control, although the shorter wavelengths
of low frequency noise make control easier. Thus, a massive single partition, or a complex multiple
partition, is needed to stop low frequency noise, with results which improve as the frequency
increases. But most walls in buildings are deficient in the low frequency region, so that noise
transmission between rooms, and from outside to inside, is a problem. Absorption of low frequency
noise requires thick material, such that most sound absorbing linings, typically a few centimetre
thick, are ineffective at the low frequencies.
2.7.3 Resonance effects. Resonances in a normal sized domestic room occur in the low frequency
region. For example, a room of dimensions 4m by 5m by 2.5m has low frequency resonances from 34
Hz upwards. Resonances increase the sound level in parts of the room whilst decreasing it in others.
Figure 3 illustrates the standing wave of a lowest room resonance, in which the room dimension is
one half wavelength of the sound. The level is highest at the end walls and lowest in the centre of the
room. It is often possible to detect the differences in level, at different room locations, within a room
which has been driven into resonance by low frequency noise.
However one clear and certain way of mitigating the noise from the transformers is to locate them
underground. As at Dinorwig this is a quite feasible engineering solution, albeit at extra cost to the
project. This could be a condition of any DCO granted for construction of the works.
A further condition could be included to require all ventilation, cooling and extraction fans to face to
the south west, away from residences. This has already proposed as a mitigation measure by the
Applicant .
Concentration and absorption of all of the sound (except GBVN) can also be carried out with slate
bunds. It is of note that despite being over 400m from the nearest solitary farm house, Pentir
substation is surrounded by earth bunds considerably higher than the substation transformers.
Audio and visual screening of this type is straight forward, provides increased security and must also
be a condition of any DCO.
The proposed location for this power station, so close to residents and businesses needs to be
carefully balanced with its potential effects. This application and its supporting data falls short of
satisfactorily demonstrating how significant the long term effects on the affected communities will
be. The development is not appropriate in its proposed location.
It is also of great concern that in the discussions between SPH and Gwynedd Council
ES Vol 2B Noise 13.4.6 “Gwynedd Council recommended that operational noise from the
Development would need to be assessed in accordance with BS 4142:1997.”

This statement demonstrates a complete lack of understanding and consideration of the
technical issues surrounding the acoustics of LFN, and current recognised practice in this
area by Gwynedd Council. A predominant source of operational noise from the
development will be LFN which could impact greatly on the community. I urge that the
Inspector sets levels for LFN at the threshold of hearing or 30dB in accordance with
Defra’s research and not to include “9. Defence to proceedings in respect of statutory
nuisance” as powers granted to the Applicant under the DCO.

Impact of noise and vibration from Dinorwig Power Station
I have owned my property since 2002 but have only lived in it for the last 8
years. During that time, as I have been renovating the house, I have slept in most
of the rooms in the house and experienced varying levels of noise and vibration
at night, from Dinorwig Power Station.

The noise/ vibration is worst downstairs in the house at can be felt from around
11pm till about 5am in the morning, making late nights spent quietly downstairs
impossible. Dinorwig is a very quiet hamlet and there is little or no background
noise to mask any sounds. The noise/ vibration can be heard and felt in the
bedroom and is worst/ most apparent on still nights and between 1 am and 5 am
in the morning. It can sound like a diesel engine idling outside the house, and
feels a little like the beginning of a small earth tremor such as we have from time
to time in this area. During a storm we slept downstairs as branches were falling
on the house; the noise/ vibration could be felt and heard above the noise of the
storm downstairs.
The impact is to prevent sleep, or if awakened, to stop me going back to sleep
easily. Once heard/ felt, it is impossible to ignore the noise, and in bed it is
possible to sense the bed vibrating. Last year I found the noise intolerable as I
had a new baby, and sleep became even more precious, and contacted First
Hydro about the noise/ vibration, which they are currently investigating. I am
aware of the noise/ vibration most nights, but its impact is worst during very
still nights eg in the summer months.
Rebecca Williams
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1. INTRODUCTION
Power transformers belong to the category of capital electric
power equipment for each power system. There are several
types of power transformers that determines their application:
single phase and three phase power transformers,
transformers with and without regulation, start up
transformers and distribution transformers, transformers for
voltage levels of 110 kV, 220 kV, 400 kV and higher voltage
levels of above 1000 kV, transformers with power of 8
MVA, 12 MVA up to 725 MVA and 1000 MVA. Start up
power transformers are mounted on hydro and thermal power
plants and are directly associated with the generating
aggregate, while distribution power transformers are installed
in high voltage transformer substations like those of 400
kV/110 kV or 110 kV/35 kV.
The beginning of development of power transformers starts
with the 80-ies of XIX century and is directly related to the
transmission of alternating current from the production site to
the end user. The pioneering contribution to development of
power transformers was made by:
- P.N. Jablochkoff (П.Н. Яблочков),
- L. Goulard and J.D. Gibbs,
- S.Z. de Ferrari,

- W. Stanley,
- O.T. Blathy, M. Dery and K. Zipernowsky.
Engineers from Hungarian GANZ-a (Bláthy, Dery and
Zipernowsky) got three patents in 1885 for distribution of
electrical power using shielded transformer with magnetic
core. Since then, transformer as a term is being used and
industrial production of alternating current transformers
begins.
Although the construction of power transformers in its basis
hasn’t been changed notably since 1885 until today, some of
the significant development results have been achieved in
recent decades (Figure 1) in the area of application of new
materials, reduction of losses, increment of power and
voltage levels, regulation, production technology, testing and
maintenance of transformers. All that influenced on the fact
that power transformer as we know it today is a modern
product whose service life often exceeds 40 years of usage.

1885. Blathy, Dery & Zipernowitsky
(Patents)

Abstract - Power transformers are in the category of capital
equipment of power plants and high voltage electricity
distribution networks. Factory ABS Minel Transformers in
Ripanj designs and produces (manufactures) power
transformers with power up to 400 MVA and voltage level up to
400 kV, by using modern methods of calculation and design.
Producers (manufactures) of power transformers perform
certification of characteristic types of their products in
accredited laboratories and by doing that they gain significant
advantage in international tenders. Moreover, international
standards prescribe functional characteristics which must be
laboratory tested (before delivering each transformer to the
customer) at delivery moment of each transformer to the user
(customer). Lately, the customers increasingly insist on
requirements in respect to noise level of transformers, which are
sometimes more strict than those requirements prescribed by
the standard, in order to protect working and living
environment.
This paper analyzes the influencing factors and points out the
engineering solutions that are applied in design phase (in
order) to reduce the noise of power transformers.

1831. Michael Faraday
(electromagnetic induction)
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Time the development of power transformers

Fig.1 Development hystory of power transformer’s
construction
Today, in addition to functional requirements, very high
standards related to protection of human environment are
being posed to transformer’s constructors. The biggest
problems are mineral oils used as dielectric in transformers,
which are flammable and eco unfriendly. That’s why, in the
last ten years, new environmentally better and harder
flammable silicone oils, synthetically and natural esters have
been developed. Transformer’s noise is very important
exploitation characteristic of power transformers, which is
measured in any final test with methods prescribed by the
standards IEC 60076-10 (2001) and IEEE Std C57.12.90
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(2006), and at the same time the recommended values of the
permitted noise levels by NEMA - National Electrical
Manufacturers Association Standards TR1 (1998) must be
met. Recommended values of the permitted noise levels of
power transformers are defined depending on the power of
the particular transformer, test voltage and cooling method
(Table 1). With the increase of power of power transformer
also increases the permitted noise level (Table 2).
Table 1 Permissible noise level for 100 MVA transformer
with ODWF cooling
Test voltage
kV
Permissible
noise dB

350

450

750

900

1175

1300

78

80

81

82

83

84

Power transformers of 112 MVA for hydro power plant
„Bajina Bašta“ have been examined by Electrical
Engineering Institute „Nikola Tesla“ from Belgrade, together
with representatives from several accredited European
institutions for high voltage tests, during which functional
characteristics have been verified according to the standards
as well as noise level which power transformers produce
during operational time.
2. NOISE OF POWER TRANSFORMERS
The noise that power transformers produce is defined by IEC
60076-10 (2001) standard and is determined by three basic
parameters:




Table 2 Permissible noise level for 300 MVA transformer
with ODWF cooling
Test voltage
kV
Permissible
noise dB

350

450

750

900

1175

1300

83

85

86

87

88

89

Revitalization of hydropower plants, thermal power plants
and transmission distribution networks and high voltage
transformer substations is usually based on installation of
new power transformers with modern construction, which
meets all the requirements of international standards. The
only Serbian factory of power transformers – ABS Minel
Transformatori in Ripanj manufactures power transformers
with power of up to 400 MVA and voltage level of up to 400
kV based on its own construction solutions, for EPS (Electric
Power Industry of Serbia), EMS (Electric power networks of
Serbia), and as well for markets in the region, the European
Union, Russia and countries of the former republics of the
Soviet Union and countries of north Africa [1]. Currently in
the realisation phase is the largest project in the field of
electric power in Serbia, the revitalization of HE „Bajina
Bašta“ project, which is executed by the Austrian company
Andritz Hydro. Within revitalization of all four aggregates of
hydro power plant, already two power transformers of power
112 MVA, voltage level of 242/15.65 kV, have been
installed. These transformers were designed and
manufactured in ABS Minel Transformatori factory in
Ripanj, while remaining two power transformers are in
production phase (Figure 2).

Sound pressure level method (Lp),
Sound power level method (LW) and,
Sound intensity method (LI).

Sound pressure level is calculated according to:
p
p
Lp = 10 lg ( p )2 = 20 lg ( p ) [dB],
0
0
(1)
where: p – is the sound pressure [Pa] and p0 – is reference
sound pressure p0 = 20 • 10-6 [Pa].
The sound power level LW is calculated according to:
LW = 10 lg (W ) [dB],
(2)
W0
where: W – represents the sound power [W] and W0 – is
reference sound power W0 = 10-12 [W].
Sound intensity level LI is calculated according to:
LI = 10 lg ( I ) [dB],
(3)
I0
where: I – is sound intensity [W/m2] and I0 – is reference
value of sound intensity I0 = 10-12 [W/m2].
The sound level A (LpA, LWA, LIA) is frequency adjusted
value of calculated sound level that takes into account
nonlinear sensitivity of the human ear to different sound
frequencies. Human ear is the most sensitive to frequencies
around 1000 [Hz], and is less sensitive to lower and higher
frequencies. For a particular frequency of sound level A
stands:
(4)
LpAf = Lpf + ΔLf ,
where: Lpf - is not adjusted linear value of sound level and
ΔLf – is correction to be taken on the basis of empirical
values per octave.
The total noise level in the case of multiple sound sources
(LWA1, LWA2, LWA3, ...) can be calculated according to the
following formula:
0,1LWAi .
(5)
LWA = 10 lg Σ10
For n equal noise sources of level the total noise level is
LWA = LWA0 + 10 lg n .

Fig. 2 Step-up transformer 112 MVA on H2 unit of HE
“Bajina Basta” manufactured by ABS Minel Transformatori
Ripanj

(6)

Measurements of power transformer’s noise are performed
according to IEC 60076-10 (2001) standard, which describes
the measurement procedure in great detail. Measurements are
performed during tests for short circuit at nominal current at
a distance of 300 [mm], 1000 [mm] or 2000 [mm] from
contour – the main radiation plane of transformer’s trunk.
During tests, mainly sound pressure level LpA and sound
power intensity LIA are being measured. The main plane of
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radiation is imaginary surface that surrounds the
transformer’s tank and passes through vertical projection of
the line around transformer at defined distance (Figure 3).
For transformers with natural cooling the measurement points
are at a distance of 300 [mm] from the main plane of
radiation. For dry transformers, for security reasons, the
distance should be 1000 [mm].
A = 5860 mm

2U
2V
2W

3.

Aerodynamic and hydraulic noise of the cooler –
which is generated by the operation of pump units
for water cooling or fans for air cooling.
Magnetostriction is a phenomenon that results in a change of
dimensions of material being in the magnetic field, and in the
case of transformers it results in changes of dimensions of
transformer’s sheet of magnetic core. The changes are in few
μm/m for typical transformer’s sheet. The value of
magnetostriction depends on magnetic induction (Figure 4),
type of transformer’s sheet and mechanical strains that arise
due to the effect of electromagnetic forces. Magnetic forces
are generated within the joints of pillars and yokes of
magnetic core.
Magnetostriction, μm/m
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0.5
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Magnetic induction, T
Magnetostriction, μm/m

H = 4640 mm

Time, s

B = 3710 mm

Fig. 4 Correlation of magnetic induction and
magnetostriction

Fig. 3 Area for noise measurements and placement of
measuring points for 112 MVA power transformers
For transformers with forced cooling measurement points are
at a distance of 2000 [mm] from the main plane of radiation.
Measurement points are approximately evenly spaced along
the edge of the transformer (with step up of 1000 [mm])
provided that there must be no less than 6 measuring points,
regardless of the size of the transformer. For transformers
with a height of transformer’s tank less than 2500 [mm]
measuring points are at the half height. For power
transformers of greater height measurement positions are at
two heights (one at 1/3 and the other at 2/3 of the total
height).
3. SOURCES OF POWER TRANSFORMER'S NOISE
Power transformers as fundamental systems for
transformation of electricity from one voltage level to
another, in the phase of transmission or electricity generation
they have several sources of noise, of which the most
important are:
1. Magnetic core – where vibrations occur due to the
effect of magnetic forces (magnetostriction)
2. Windings – where vibrations of the conductors
occur due to electrodynamics magnetic forces and

The frequency of the first harmonic in vibrations of magnetic
core’ sheets is twice the value of frequency of electrical
distribution network, i.e. 100 [Hz] for network of 50 [Hz].
Besides the first harmonic, there are significant amounts of
higher order harmonics which resulted as multiplication of
pitch frequencies with even numbers of frequencies of
distribution network (200, 300, 400 [Hz]).
Noise level of magnetic core is calculated using the
following empirical expression:
(7)
LWA(core) = k1 lg GFe + k2 B + k3
where: GFe - is the mass of magnetic core, B – is induction
inside the core, k1, k2 – are empirical coefficients, k3 – is
empirical coefficient that takes into account the type of
transformer’s sheet, type and construction of the core,
frequency, design of transformer’s tank.
Electromagnetic forces inside winding conductors, produce
axial and radial winding vibrations with pitch frequency
twice the frequency of electrical distribution network (i.e.
100 [Hz] for network of 50 [Hz]). Higher order harmonics
are insignificant. That noise inside the windings is called load
noise, in contrast to the magnetic core noise called the noload noise. Additional noise is produced by vibrations of
terminals from the windings.
Winding noise level for certain load can be calculated using
empirical expression:
(8)
LWA(windings) = k1 + k2 lg Sr + 40 lg α
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where: Sr - is nominal power of transformer, k1 and k2 – are
empirical coefficients, α – represents relative load (load
current / nominal current).
Aerodynamic noise of the fan significantly contributes to the
total noise level of the transformer. The level of fan noise
depends on: the speed of fan blades rotation, blade size,
construction and number of blades, the ways of setting the
fan on the cooler. The frequency spectrum of fan noise is
considerably wider than the one belonging to magnetic core.
Frequency of the first harmonic is calculated according to the
formula:
(9)
f1 = n Nb
where: n - is the number of revolutions per second, Nb - is the
number of fan blades.
Transformer’s noise level resulting from the fan noise can be
calculated according to the formula:
LWA(fan) = LWA,0 + 10 lg n
(10)
where: LWA,0 – is the noise level of one fan (determined under
real operating conditions - the fan on the cooler) while and n
- is the number of fans.
The total transformer’s noise level is calculated by adding the
noise from all sources (magnetic core, windings, fans) with
the assumption that all noise sources are independent.

Tightening of yokes with screw connection of the side metal
profiles leads to fixing the transformer’s sheets in yoke,
while tightening of pillars is done by polymer tapes (Figure
7). Half-polymerized poliglas tape is used for tightening the
magnetic core, because later while heating the magnetic core
it gets fully polymerized and shortened, which leads to very
strong tightening of transformer’s sheets in pillars of
magnetic core. Heating at 140 0C for 120 minutes polarizes
the half-polymerized tape.

4. DESIGNING THE MAGNETIC CORE IN ORDER TO
REDUCE NOISE
There is a multifunction correlation between electrical values
and acoustics indicators when designing and calculating the
magnetic core of power transformer. While estimating the
design parameters of power transformers, various solutions
are possible with different values of induction, where
increased induction means smaller dimensions of magnetic
core, and thus the smaller dimensions of transformer itself.
Decreased induction, lower magnetic flux requires a larger
amount of material needed and thus the higher transformer’s
price for smaller nominal power. But also, by reducing
induction for every 0.1 [T] magnetostriction and noise of
transformer’s core reduces for 3 - 4 [dB]. By reducing the
induction, noise reduces as well, but at the same time the
price of the transformer increases, so designers must find the
optimal value of induction from the aspect of
competitiveness in the market.
Nowadays, transformer’s sheets of 0.23 [mm], 0.27 [mm]
and 0.30 [mm] thickness are mainly used when
manufacturing a transformer. When applying high quality
types of transformer’s sheets (HiB-superoriented or ZDKH
sheets) with increased price of magnetic core, it is possible to
reduce transformer’s noise for approximately 3 [dB]. In order
to minimize magnetization and idle current losses, and also
the noise level, today as a standard solution is used step-lap
mode of angular overlap of transformer’s pillars and yokes
while stacking the magnetic core (Figure 5).
Step-lap lap has several steps unlike the classic lap in one
step, which reduces the noise of the magnetic core for up to 6
[dB]. At lower inductions (1.3 - 1.5 [T]) with step-lap lap
even greater noise reduction can be achieved (Figure 6).
Vibrations of transformer’s sheet, which creates noise of
magnetic core when magnetic flux passes through it, can be
reduced by tightening the magnetic core.
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Fig. 5 Classic and step-lap method for stacking
transformer’s sheets a) classic method – 1 step, b) step-lap
method – 6 steps

a

b

Fig. 6 Magnetic forces in the area around the overlap of
transformer’s sheets between the components of pillars and
yokes of magnetic core:
a) classic method, b) step-lap method

Fig. 7 Tighten pillars of magnetic core with yoke being taken
off in the assembly process

By tightening the yokes of the magnetic core with screws
made of anti-magnetic material (Figure 8) there is one part of
transformer’s sheet on the upper surface that remains not
tighten because of the yoke’s circular cross section (Figure
9). The flat surfaces of the lower yoke are coated with epoxy
or wood glue, in order to reduce vibrations of the sheet’s
ends which are not tighten. The upper yoke must be
dismantled because of repair, thus the flat surfaces of the
upper yoke are not coated with glue [2].

modelling, and especially through simulations and 3D FEM
modelling of electrical, electromagnetic and thermal
phenomena in transformer’s windings, and in different
working conditions (Figure 10).

Fig. 10 CAD project of active part of power transformer
Windings placed on magnetic core together with the terminal
part of the conductors represent the active part of
transformer, that is placed in the transformer’s tank, which
performs drying in vacuum and pouring the transformer’s oil.
Electrodynamics forces in the windings are with very high
intensity, and they create vibrations of conductors in
windings that are spaced apart from each other due to oil
flow and more intensive cooling. Moreover the terminals are
also exposed to vibrations, therefore they firm especially
within the active part of the transformer (Figure 11).

Fig. 8 Tighten magnetic core
Surfaces coated
with epoxy glue

Screw connections from
non ferromagnetic materials

Fig. 9 The intersection of tighten yoke of magnetic core
In order to reduce the noise of magnetic core, sometimes the
peaks in angles’ overhang of magnetic core are being cut,
since they are free and they have vibrations due to the flow
of magnetic flux. To perform tightening over complete cross
section of magnetic core more easily, instead of circular,
transformers with rectangular cross-section of magnetic core
are rather designed, as one of the solutions to reduce noise.
When completed active part of the power transformer is
placed in the transformer’s tank, it gets further secured with
anti-vibration elements that are placed between the magnetic
core and the transformer’s tank. Besides the fact that
reinforcement provides stability of the active part during
transport, it also reduces the transformer’s noise for about
2 [dB].
5. DESIGN OF WINDINGS FROM THE ASPECT OF
TRANSFORMER'S NOISE REDUCTION
With the development of modern methods of CAD design,
significant improvements in the design and construction of
the transformer’s windings are accomplished, using 3D

Fig. 11 The active part of power transformer
By applying modern methods of CAD design, the analysis of
electrodynamics forces in windings are carried out, which are
correlated with the voltage level of current flow.
Electrodynamics forces are particularly intense at shortcircuit voltage when they can completely deform windings of
the transformer (Figure 12). Modal analysis provides the
definition of modal parameters of windings as a mechanical
structure, and those are the resonant frequencies, suppression
and modal shapes [3].
Resonant frequency is the frequency at which the dynamic
excitation creates a critical reaction of windings structure. It
is important to identify the resonant frequency because the
excitation that is even close to the structural resonance
frequency, also produces an adverse effect for the windings.
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In most cases, the dynamic excitation generates vibrations of
the windings that have high amplitude and can cause damage
to the isolation, or in extreme cases - short-circuit voltage, till
breaking the conductor and total damage of the windings
(Figure 13).

Parts of windings are loaded like a beam with continuous
load that makes the deflection.
Insert
Pad
Mount

Fig. 14 Isolation elements that provide rigidity and vibration
resistance of conductor in winding

Fig. 12 Making the windings for 112 MVA power
transformer on horizontal winding machine

a

b

Fig. 15 Dispersion magnetic field in the space
between the windings:
a) due to harmonics in the phase,
b) due to harmonics in anti-phase

Fig. 13 Deformation of windings due to short circuit
As the resonant frequencies are associated with the stiffness
of the windings, dynamic parameters can be compared with
the analytically calculated stiffness and thus they can correct
the analytical model of the windings. Winding technique also
achieves the suppression effect that allows rapid energy
dissipation of vibrations, i.e. windings quickly return to its
original condition upon termination of action of dynamic
load (Figure 14). Modal shapes represent a way of
deforming, moving windings that vibrate at a resonant
frequency and make noise (Figure 15).
Transformer’s windings are exposed to the radial and axial
component of the electrodynamics force. Radial component
burden the inner winding on pressure, and external winding
on strain. In order to increase the conductor’s resistance to
pressure, the isolation mounts are being set – lattices that rely
on the isolating cylinder, while inside the cooling axial
channels at the appropriate distance inserts are being placed.

The required number of mounts and inserts is determined by
dimensioning of the windings, along with the choice of their
size from a series of standardized dimensions, which will
provide tightening of conductors that will be less than it is
allowed (Figure 16). Mounts causes the local deformation of
conductors, which should be also taken into account in the
calculation process. Axial forces tend to compress and shift
the winding from the current focus (Figure 17). To ensure the
durability of the winding’s isolation, due to the axial forces,
in cooling radial channels of the windings an appropriate
number of isolation pads of adequate dimensions are being
placed. Dimensioning comes down to determining the
required number of pads and the selection of their width from
the range of standardized sizes. Specific winding’s straining
reduction is achieved by increasing the conductor’s size, or
increasing the transformer’s impedance, which increases the
amount of used material, and thus the price of the
transformer.

260

Coupled field analysis
Electromagnetics
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Fig. 18 Engineering analyzes of windings noise

Fig. 16 Solid model of transformer’s winding

Fig. 19 Transposed conductors for making windings
There are still a lot of phenomenological events that are not
fully explored in the field of noise generation in the power
transformer’s windings, so they are still the subject of
ongoing researches [4].
6. FAN'S NOISE REDUCTION
Fans are used as an additional transformer’s cooling system
meaning that they increase the capacity of the cooling system
for transformers (Figure 20).

Fig. 17 Analysis of strainings by MFE method
Although industrial production of transformers exists already
one century, there is still not enough theoretical and practical
knowledge about effective measures that can be used to
reduce the noise of power transformer’s windings. Reducing
the noise in transformer’s windings is the subject of many
scientific research projects, which are carried out in the
development laboratories of large companies - manufacturers
of power transformers (Siemens, ABB), through researches
based on sophisticated numerical methods of modelling
(Figure 18).
For large power transformers special kind of transposed
conductors for making windings are being made in order to
reduce losses in the windings and winding’s noise reduction
(Figure 19). Transposed conductor consists of several
individual specially twisted conductors that provide the same
length of the conductor, regardless of the different diameters
on windings.

Fig. 20 Fans on the power transformer
Fan’s noise reduction is achieved with fewer numbers of
rotor’s revolutions of the fan, but at the same time it reduces
the cooling capacity, thus the commonly used fans are with
greater number or with larger dimensions blades, in order to
compensate the reduced cooling capacity (Figure 21).
Reducing fan’s noise can be determined according to the
empirical formula:
(11)
ΔLWA = 70 lg(D/D0) + 50 lg(n/n0),
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where: D – is a diameter of the fan, n - number of revolutions
per second, p - the number of motor poles.
14
Number of motor poles
p=6

Air flow, Q, m3/s

12

D = 1000 mm
D = 800 mm
D = 600 mm

10
8

p=6

6
p = 16

4

p = 16

2

Fig. 22 Example of a part of the Certificate for noise
measurements of 112 MVA power transformer for HE
„Bajina Basta“

p=6

p = 16
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Fig. 21 Noise level depending on the diameter of the rotor,
the number of poles and the cooling capacity of the fan
In addition to this, reducing fan’s noise can be achieved
through balancing the rotating masses, quality bearing and
stable structure for binding the fan with housing of the
radiator for cooling.
7. CONCLUSION
Around thirty years ago, as part of the then known Institute
for Machine Tools and tooling (IAMA) in the framework of
scientific research program VIBEX - Protection against noise
and vibration, within living and working environment, one of
direction for the research was the protection of the
transformer’s noise in urban areas. These surveys also
included the distribution transformers that are installed in
transformer substations 10/04 kV in inhabited areas. Usually
the solution for reducing the noise and vibrations was sought
through elastic reliance of the transformer’s active part, also
with complete transformer substation’s isolation techniques
with special anti-acoustical materials. Termination of
existence of the Institute IAMA and its orientation to the
study program of industrial production of machine tools and
computer control systems, the research program for
protection against noise and vibration has entered into
stagnation.
At that time, the noise and vibration studies haven’t been
focused in the area of large power transformers, which are
designed at the factory Minel Transformers in Ripanj
according to Westinghouse license. Today in the
development of power transformers standards in the field of
noise are imposed by major companies from most developed
countries in the world, that’s why the designers from Minel
Transformers factory have developed original methods for
calculation and design solutions that fully provide the
permissible level of noise and all other functional
characteristics required by international standards (Figure
22).

Modelling of the magnetic core, windings and solutions for
increasing the stiffness of the transformer’s active part is a
constant challenge to the designers, who are looking for an
optimal solution between functional performances, cost of
materials and production costs, bearing in mind that in recent
times the world market price for power transformers has been
significantly reduced compared to the period of 4-5 years
ago, despite the fact that all manufacturers are installing the
transformer’s sheet of the same characteristics, that the
copper price is the same for all producers, that we all use
Weidmann isolation materials, Nynas transformer’s oil and
Reinhausen regulators.
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1. INTRODUCTION AND SCOPE
Low frequency noise (LFN) is now a recognised problem in many countries in the
world. Experience of LFN complaints from the last 30 years has built up a good
picture of the typical situations in which disturbance arises. While only a relatively
small number of people are affected, those who are tend to suffer severe distress. It is
not unusual for sufferers to sleep in a car or shed to avoid the sound, and they may
suffer various symptoms such as depression or even feel suicidal. In some cases a
source of LFN is found and can be dealt with. However, in many cases (typically 50%
to 80% of cases), no environmental sound that could account for the sufferer‟s
reaction can be found, and the cause of the disturbance remains a mystery.
This guidance leads on from previous reports published by Defra: [Le03] and [Mo11].
Most Local Authorities will receive complaints about LFN at some point, and usually
find them particularly difficult to deal with for several reasons. Firstly, existing noise
criteria are not appropriate for evaluating LFN; in almost all other situations the
established noise descriptors are based on the A weighted sound level (dB(A)) which
effectively filters out low frequency sounds.
Secondly, LFN cannot be reliably evaluated on the basis of the investigator‟s
experience; indeed, officers investigating a case of LFN may not even be able to hear
the LFN themselves. This is possible because disturbance by LFN is known to occur
at levels only slightly higher than hearing threshold, which varies from one individual
to the next. Also, the rate of growth of perceived loudness with level is more rapid at
low frequencies so that a sound could appear loud to one person whilst still inaudible
to another. An additional factor is that „sensitisation‟ to low frequency sound appears
to occur over time, and therefore a brief visit may not give an accurate impression of
what it is like to live with the sound.
Thus, the investigator is left with no suitable criteria and without even personal
experience to guide them. Thirdly, the measurement of low frequency sound can be
technically difficult. Against this background, criteria for determining acceptable
levels of LFN have been introduced in Germany, Denmark, Sweden, Poland and the
Netherlands since 1997; the guidance presented in this document has been requested
and funded by Defra with the aim of developing a method for the assessment of low
frequency noise suitable for use by Environmental Health practitioners in the UK.
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1.1. Objective
The objective of this document is to assist Environmental Health practitioners1 to
handle complaints of low frequency noise as efficiently and correctly as possible. In
particular, it aims to assist them to distinguish cases where an environmental sound
that could account for the disturbance is present, in which case some remedial action
may be possible within their remit, from those where no such action is feasible. Thus,
this guidance provides a procedure to determine whether low frequency sound that
might be expected to cause disturbance is present in a complainant‟s premises.
The guidance given applies to low frequency noise, excluding traffic noise and
entertainment noise. It is not appropriate to include traffic noise because this is not
specifically a low frequency issue and in any case is not generally actionable by local
authorities. Low frequency noise from entertainment was not considered in the
development of the method and is outside the scope of this document.
This document does not specifically provide guidance in locating the source of the
LFN. However, it is usually found that the most difficult part of the assessment is to
determine the existence or otherwise of a sound that correlates with the disturbance,
and if this can be established then the source can usually be found. Thus, it is
expected that, whilst not a specific aim, the analysis outlined here will form a
significant step in the diagnosis of cases requiring treatment.
The procedure is intended to assist in the evaluation of existing problems. It is not
intended as a means of predicting when disturbance might occur, for example in a
planning situation, and would not be reliable to use as such. This is because
disturbance by LFN depends on a number of factors, such as the character of the
sound, whose effects are neither well understood, nor readily predictable. Levels of
sound above criteria based on the average threshold of hearing are frequently found to
be acceptable and levels falling marginally below can occasionally cause disturbance,
so no generic approach to prediction of disturbance appears to be possible.

1

Environmental Health practitioners is taken to include Environmental Health Officers and
Environmental Health Technicians etc.
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2. INTERVIEWS
Before undertaking measurements the complainant should be interviewed in order:
 to determine whether the complaint should be classed as a low frequency noise
complaint
 to collect data on the times when, and places where the noise occurs to assist
in planning measurements
 to gather descriptions of the noise in order to assist with the analysis of
recorded data
 to provide other background information to assist the analysis.

2.1 Personal details
The complainant‟s gender and age should be determined as this may give some
indication as to whether the complaint is consistent with other LFN complaints.
Typically complainants tend to be female and over 55 years of age. However, caution
must be taken as falling outside these categories does not rule out a LFN problem.

2.2. Current and previous occupation
The complainants should be asked their current and previous occupations to determine
whether they may have been exposed to LFN in the past. There are theories that
people who have been exposed to LFN may have become sensitised to it, although
further research in this area is necessary. Also, it is important to establish whether
they may have been at risk of noise induced hearing damage which is often associated
with hearing problems such as tinnitus, recruitment etc. Always prompt for further
details if the person‟s job title itself doesn‟t give enough information.

2.3. Terms of residence
The complainant should be asked how long they have lived at the current residence
and how long they have heard the LFN. This may give an indication of what may be
causing the LFN.

2.4. Daily routine
The complainant should be asked about their daily routine. Knowledge of what time
they get up and go to bed may be useful in determining good quality recording
periods. Knowledge of what wakes them up and at what times will help determine if
there are good night time recording periods. Knowledge of what they do when they
get up will give an indication of the effects of the problem and their ability to find
successful coping strategies.
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2.5. Health
The complainant should be asked to describe their general health and the way in
which suffering from a LFN has affected their health. They should also be asked
whether they have had a recent hearing test and the outcome of that test. This will
help determine whether it is advisable to recommend a further hearing test if no
solution can be found. However, recommendations of further hearing tests should not
be used at the initial stages of an investigation and should be approached sensitively.

2.6. When the noise is heard
The times when the sound is typically heard or absent should be determined. The
questioner should try to determine if there are times of the day, times of the week or
year when the noise is absent or is worse than usual in order to determine the best
periods for recording.

2.7. Others who hear the noise
The complainant should be asked whether anyone else hears the noise. This may be
used as an opportunity to reassure the complainant that it is a common experience for
some people to hear the noise while others cannot hear it at all.

2.8. Where the noise is heard
The complainant should be asked to indicate a position where they can hear the noise,
preferably where they can actually hear it at the time of the interview. This
information will be required to assist in choosing a position for the microphone. A
suitable position should be determined precisely (within a few centimetres) since
sound levels in a room can vary strongly with position.

2.9. General description of the noise
The complainant should be asked to give a general description of the noise. The
descriptions given in low frequency noise cases tend to be fairly consistent, common
descriptions including variations on the following:
 “Like a diesel engine idling in the distance”
 “A low throbbing, beating, rumbling …”
 “Pressure on the ears”
Any form of wording reminiscent of the above is likely to indicate a low frequency
noise case. However, it is increasingly possible that the complainant may have picked
up these descriptions from written material on the subject and the interviewer should
try to ascertain as far as possible if this is the case.
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2.10. Suspected source
The complainant should be asked if they have an idea as to the source of the noise.
This may be helpful, but should not necessarily be taken as an accurate indication. If
they do not know the source they should be asked if they suspect a particular source.
Clarification should be sought as to what measures, if any, had already been taken to
approach those responsible for the suspected source, and to the outcome.
The most common sources of LFN disturbance are rotating machinery of one sort or
another. This may range from large industrial equipment, at distances up to several
kilometres away (low frequency sounds travel with far less attenuation than higher
frequency sounds), to small domestic items (fridges, fish tank pumps, central heating
pumps), perhaps in a neighbouring property.

2.11. Ambient noise levels
The complainants should be asked to describe the ambient noise level in their home.
Typical descriptions include „quiet‟ and „very quiet‟ (apart from the LFN). Asking
about how the complainant responds to other environmental noises may be
instructive. In many cases the complainant feels frustrated that the noise is beyond
their control and that they don‟t know exactly when to expect it.

2.12. Strategies to relieve the effects of the noise
It is useful to know what strategies, if any, the complainant has adopted to avoid the
noise or relieve its effects. This may give a more accurate impression of the
seriousness of the problem than relying on a description of symptoms. In many cases
they may go to extreme lengths to avoid the noise such as sleeping in a garage or
garden shed. In less extreme cases they may have moved rooms or changed the
position of the bed, which may give information about the direction in which the
sound arrives. It is useful to know which relief strategies were most successful, if
any. These questions will help determine whether the complainant will be open to
further suggestions about relief strategies.

2.13. Other locations
It should be ascertained if the sound is heard at other locations. If it is heard
elsewhere, particularly at locations well away from any likely source, this raises the
possibility that the complainant is responding to an „internal‟ sound (not necessarily
tinnitus). If there are locations where the sound is not heard this could be because the
sound is absent, but it may also be due to higher levels of masking noise at that
location. For this reason the complainant should be asked to describe the background
noise at the other locations. The investigator should be careful about concluding that
tinnitus is causing the complaint since, when tested, only a minority of complainants
are found to suffer from tinnitus, and the suggestion can cause offence if not handled
sensitively.
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Some sufferers may have tried earplugs or muffs at some point. This may have made
the sound more or less prominent, which could provide useful information regarding
the source. Questions about earplugs should be handled carefully to avoid any
inference that earplugs are being suggested as a solution.
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3. MEASUREMENT
3.1. Instrumentation
A sound level meter kit is required consisting of:
 a sound level meter
 a field calibrator or pistonphone.
It is preferable that the sound level meter has third octave filters from 10Hz to 160Hz,
i.e. over the range covered by the criterion curve. If the filters do not extend down to
10Hz then the instrument will be adequate provided it can be demonstrated that the
sound pressure in the „missing‟ bands is not significant with respect to the criterion
curve. This will be the case if the overall „C‟ weighted levels (LC) given in Table 1 are
not exceeded. For example, on many meters the lowest band is 20Hz; if LC<66dB(C)
(which will usually be the case) then we can discount any significant contribution in
the 10Hz, 12.5Hz or 16Hz bands and the meter will be adequate.
Table 1: Overall ‘C’ weighted levels (LC) below which the given 1/3 octave band is not required

Maximum LC
1/3 octave band
not required

76dB(C)
10 Hz

71dB(C)
12.5 Hz

66dB(C)
16 Hz

60dB(C)
20 Hz

54dB(C)
25 Hz

In almost all cases it will be necessary to log measurements with the meter unattended
in which case a logging function will be needed.
The ability to record audio samples is not essential, but it is a distinct advantage when
it comes to the analysis so should be considered highly desirable (there could be an
issue with confidentiality here). An ability to produce narrow band frequency plots is
also an advantage.

3.2. Calibration
Both the meter and calibrator should have a UKAS calibration certificate, preferably
issued within the two years preceding the measurements2.

2

LFN is often at the extreme of the usable frequency range of the instrumentation, and so special care
is required to ensure the reliability of the results. If the meter has a UKAS calibration certificate this
usually means that it underwent the „verification‟ procedure for sound level meters according to
BS7580 Part 1 (1997) on the date of the certificate. In the verification test the lowest frequency for a
full acoustic check is 125Hz: third octaves down to 31.5Hz are checked electrically but not
acoustically. This is sufficient for the majority of sound measurements, and is also probably
satisfactory for LFN in most cases. However, there is no guarantee of accuracy without an acoustic
check at the frequency being measured, which in the case of LFN is often around 40Hz, and could
extend down to 10Hz. An acoustic check at lower frequencies than is normally carried out during
verification is therefore advisable if possible. This could be achieved for example using a calibrator
such as a multi-frequency calibrator which itself has a traceable calibration at low frequency, or by
making a special request to a calibration laboratory.
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Field calibration should be carried out before and after each test and the results
recorded.
A suitable calibration signal should be recorded on tape recordings (if used) at the
beginning and end of each recording.

3.3. Measurement location
Measurement should be taken inside at a position where the complainant says the
noise is present. The measurement position should be located precisely (within a few
centimetres), since low frequency sound levels can vary significantly with position in
a room.
Preferably an unoccupied room should be used since there will be less interference
from internal sounds.

3.4. Measurement times
In rare cases, where the low frequency noise is obvious and constant it will be
possible to carry out an assessment on the spot.
In most cases a period of unattended monitoring will be required. If possible,
recordings should be made continuously for a minimum of three days since the
complainant‟s response can be affected by the presence of the equipment and is often
untypical immediately after it is installed. If data storage capacity is limited then
choose a period when the noise is typically at its most disturbing (usually this is night
time). Recordings made during the night are usually considerably easier to analyse.
This is because there is minimum interference from other sources. For example,
movements within the building always produce elevated levels of low frequency noise
that can be difficult to distinguish from „true‟ low frequency noise. Therefore, night
time recordings are preferred. However, the overriding consideration is that the
recordings are made at a time when the complainant says the sound is present.

3.5. Measured parameters
The Leq,T, should be recorded in the third octave bands between 10Hz and 160Hz for
comparison with the criterion curve. An averaging time, T, of 5 minutes is usually
appropriate, although there may be good reasons to use a different value in other
situations. It is also advisable to record L10 and L90 in the same bands since these
provide information about the character of the sound and how it fluctuates which can
be useful in analysis. Many modern meters allow continuous logging of short term
Leq, in which case a sample time of 1 second will be sufficient to allow the variation
of sound with time to be examined. If a short term Leq facility is not available then a
longer averaging time may be used provided it allows 5 minute values to be derived.
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3.6. Domestic equipment
Domestic equipment may produce low frequency noise that will appear on the
recordings. In particular fridges produce a tone, typically at between 49 and 50 Hz
and cycling in and out with a period of between 5 and 60 minutes. It is not generally
possible to switch fridges off for the measurement period. In any case, it has been
found that the sound from fridges may interact with low frequency noise from an
external source to produce a more disturbing effect. Therefore, to turn off domestic
equipment may produce untypical conditions that could make it more difficult to
identify the cause of the disturbance.
The recommended approach is to leave domestic equipment running which is
normally left on. A set of preliminary recordings should be taken with all such
equipment on and off in turn for a few minutes. This will identify the level and
character of the sound produced by each at the measurement location so that these
sources can be identified on unattended recordings. The best time to conduct these
tests is immediately after the instrumentation is installed, but prior to the measurement
run.
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4. ASSESSMENT
In this section guidance is given to help determine if there is an environmental sound
that could be responsible for the disturbance. There are two aspects to the guidance:


comparison of the level of recorded sound with a third octave band criterion
curve
evaluation of the correlation between the recorded sound and the
complainant‟s log.



It is common for officers to use their own subjective judgement to help them decide
whether a sound should be classed as a nuisance. However, this approach should be
used with caution for low frequency sound because differences in personal hearing
thresholds can be significant and because loudness varies rapidly with level.

4.1. The criterion curve
The criterion curve is given in Table 2 and Figure 1.
If the noise occurs only during the day then 5dB relaxation may be applied to all third
octave bands.
Table 2 Proposed reference curve
Hz
dB, Leq

10 12.5
92
87

16
83

20
74

25 31.5
64
56

40
49

50
43

63
42

80
40

100
38

125
36

160
34

100

Sound pressure level, dB

90
80
70
60
50
40
30
20
10
0
10

12.5

16

20

25

31.5

40

50

63

80

100 125 160

Third octave band centre frequency, Hz

Figure 1 Criterion curve for assessment of low frequency noise
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4.2. Step-by-step guide to assessment
The following provides a step-by-step guide to analysis.
i. Consult the complainant‟s log to find times when the sound was considered to
be most disturbing.
ii. If possible, check the character of the sound at these times by audio playback.
iii. If the sound is predominantly due to traffic or movement within the building
then reject this sample.
iv. For the chosen time obtain the third octave band spectrum of Leq,T samples
v. Compare the Leq,T spectrum to the criterion curve to find any third octave
bands for which the criterion curve is exceeded.
vi. For the third octave band which exceeds the curve by the greatest margin plot
the time variation of the Leq,T for the 24 hour period in which the event
occurred.
vii. Compare the complainant‟s log with the time history to see whether there is
correlation between the two.
Notes
In order to listen to recordings an appropriate low frequency loudspeaker, such as a
subwoofer is required. The lower limiting frequency needed will depend on the sound
being investigated. Recordings can be played back at elevated level to assist
identification.
If the Leq in the 50Hz third octave band exceeds the curve this may be due to a
domestic fridge. Almost all fridges produce a tone at 49.5Hz and cycle on and off on a
fairly regular cycle, typically with a period of 5-60 minutes which can usually be
recognised from the time history plots.
If the 80, 100, 125, or 160Hz bands exceed the curve, this may be due to traffic
(occasionally this may apply to the 63Hz band). Traffic noise may be recognised by
listening to audio recordings. Also, traffic noise levels tend to show time patterns that
are recognisable with peaks at rush hour and a „trough‟ in the small hours of the
morning between 2 and 4am.
Plots of the Leq,5 minute over 24 hours will reveal patterns that are useful in identifying
environmental sounds. In particular, it is usually obvious from the shape of the plot
when people are moving around in the building, and when traffic noise is present.
In cases where no low frequency environmental noise can be found it is fairly
common that the sound is reported by the complainant to have disappeared during the
measurement period, or to be much less prominent than usual. Sometimes this is taken
as evidence of collusion between the authorities and those thought to be responsible
for causing the noise.
The criterion curve below 31.5Hz is based on average threshold of audibility for
steady sounds. However, individual thresholds vary considerably. Also, unsteady
sounds with an Leq lower than the threshold curve may be audible. Therefore, if a
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sound is recorded as up to say 5dB below the criterion curve this does not necessarily
mean it is inaudible to the complainant.
Fluctuating sounds are known to be more disturbing than steady sounds by an
equivalent of about 5dB. The criterion curve should be relaxed by 5dB for steady
sounds to take account of this. If the sound is audible then a subjective judgement
may be made as to whether it should be considered fluctuating. If not, the sound can
be amplified on playback, or the fluctuation of measured sound level can be used as a
guide. More specific guidance on the evaluation of fluctuations is given in [Mo11].

4.3. Comments on the assessment of nuisance
This document is intended to provide a procedure to help determine whether a low
frequency environmental noise exists that could be the cause of complaints. It is not
intended to provide a prescriptive indicator of nuisance since there are other factors
that may need to be considered in reaching this decision. However, the results may be
used by Local Authorities to support their decisions.
In forming a decision it should be borne in mind that low frequency noise only
slightly above threshold of audibility can cause considerable disturbance and appears
to be more difficult to shut out or get used to than other types of noise. This may be
counter intuitive when compared with the annoyance caused in other (not low
frequency) situations where the level needs to be significantly higher than threshold
before the noise could be considered a nuisance. The guidelines presented here are
broadly consistent with National criteria in Germany, Sweden, Denmark, Poland and
the Netherlands.

REFERENCES
[Le03] Leventhall G. A review of published research on low frequency noise and its
effects. Report for Defra, London 2003.
[Mo11] Moorhouse A T, Waddington D C, Adams M D. Proposed criteria for the
assessment of low frequency noise disturbance. Report for Defra, NANR45 Revision
1, London 2011.
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APPENDIX A: REPORT PRO-FORMA
A1. Checklist for when equipment is set up
Interview
1.
Personal details
Gender
Date of Birth / Age
2.
Current and previous occupations
What is your current occupation?
(prompt if further details required)

How long have you worked there?
What was your previous occupation?
(prompt if further details required)

How long did you work there?
(Establish any current or previous exposure to noise or LFN at work)
3.
Terms of residence
How long in current property?
How long have you heard the noise?
(Establish whether noise predates occupancy)
4.
Daily routine
What time do you go to bed?
What time do you get up?
Do you wake up in the night?
What wakes you up?
What do you do when you wake up?
(Establish quality recording periods and whether complainant has found any
successful coping strategies)
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5.
Health
Describe your general health

Has the LFN affected your health? In
what way?

Have you had a recent hearing test?
When? What was the outcome?
(Establish whether health has deteriorated as a result of LFN exposure. Also
establish whether hearing problems have been ruled out).
6.
When the noise is heard
When is the noise worst? Times of
day and night.
Are there any particularly noisy or
quiet periods?
Has the noise ever stopped
completely?
(Establish quality recording periods, especially good night time recording periods.
Also establish if the noise may be related to local industry by establishing annual
shutdown periods).
7.
Others who hear LFN
Do other people hear the noise? Who?
Does the noise annoy them?
(Establish the difference in ability to detect LFN. Presents case for reassuring
complainant about the nature of LFN – it‟s normal that some people hear it and
others don‟t)
8.
Where the noise is heard
Which rooms do you hear the noise in
most?
What positions in the room do you
hear it most?
(Establish best recording position. Also helps establish possible direction from
which noise might be coming and whether noise is internal or external to the
dwelling).
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9.
General description of the noise
How would you describe the noise
you hear?
How have other people described the
noise?
(Establish whether description consistent with „typical‟ descriptions of LFN).
10. Suspected source
Do you know the source of the LFN?
Please describe.
Do you suspect a source of the LFN?
Please describe.
Have you been in contact with the
source / suspected source? What was
the outcome?
(Establish the history of the problem and the relationship between complainant
and suspected source).
11. Ambient noise levels
How would you describe the ambient
noise level in your home excluding the
LFN?
How do you feel about other noises
outside your home? (eg traffic,
neighbour noise etc)
(Establish levels of noise in home; most low frequency noise sufferers describe
their dwelling as quiet or very quiet apart from the LFN. Also establish
expectations of noise levels and whether being able to control the noise is
important.)
12. Strategies to relieve the effects of the noise
What activities does the noise prevent
you undertaking, if any?
What measures have you taken to
avoid the noise?
(prompt one at a time – slept in different
positions or rooms?, gone on holiday?, slept at
another house?, earplugs?, produced other
background noises?, other?

What strategies have you used to
relieve the effects of the noise?
(Establish the measures complainant has already taken to avoid the noise and the
effect on their life. Also establish whether any relief strategies have worked and
whether the complainant may be open to new ideas about relief strategies).
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13. Other locations
Have you heard the noise in other
locations? Where?
How would you describe the ambient
noise level at these locations
excluding the LFN?
Have you found places that are free
from the noise? Where?
How would you describe the ambient
noise level at these locations?
Some people in this situation have
tried earplugs or muffs. If you have
tried earplugs did this make the sound
more or less prominent?
(Establish whether the noise is always present, or always present when masking
noise levels are low).
14. Log sheets
The complainant should be asked to complete a log sheet (attached as Appendix B).
Stress that it is important to record times to the nearest minute as accurately as
possible. Consider leaving a clock with the equipment and ask the complainant to
take the time from it.
How will the complainant know the time?
Living room
Bedroom
Other position
Synchronise watches and clocks with the logging device before starting measurements
and decide whether to use 12 or 24 hour clock.
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Measurements
1.
Measurement location
Which room is the microphone to be
set up?
What position in the room (sketch)?

Does the complainant say they can
hear the noise at this position?
2.
Instrumentation
Meter type
Serial number
Last UKAS calibration
1/3 octaves available
Date/time
Battery check
Field calibration level before test
Is audio to be recorded?
If so has a calibration tone been
recorded?
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3.
Measurement times
What time(s) of day are to be monitored?
Does this accord with the times the
complainant hears the sound?
4.
Domestic equipment
Record a spectrum with domestic equipment on and off
Fridge on
Fridge off
Other equipment (central
heating pump, central heating
fan, fish tanks) on
Off
Other equipment (central
heating pump, central heating
fan, fish tanks) on
Off
Other equipment (central
heating pump, central heating
fan, fish tanks) on
Off
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A2. Checklist when equipment is collected
1.
Calibration check
Date/time
Battery check
Field calibration after tests
Field calibration before tests
(from page 16)
Difference

2.
Timing devices
Record the time on any clocks or watches used for the log sheet
Time on logging device
Living room
Bedroom
Other position
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A3. Checklist for assessment
1.
Description
Is the description consistent with other
descriptions of LFN? (“Low throbbing”,
“idling diesel engine” etc.)
Are the times when and locations where
the sound is heard consistent with an
environmental LFN?
(Establish whether this LFN procedure is appropriate to evaluate the complaint. Give
an indication whether an environmental sound is present)
2.
Worst case events
From the log sheets, identify times when the noise was most significant
Date
Time

3.
Comparison with criterion curve
For each time, record by how much the 1/3 octave band Leq,5 minute exceeds the
criterion curve
Hz
Criterion
curve, night dB
Criterion
curve, day dB

10 12.5

16

20

25 31.5

40

50

63

80

100

125

160

92

87

83

74

64

56

49

43

42

40

38

36

34

97

92

88

79

69

61

54

48

47

45

43

41

39

Leq,5 minute at
time:
Exceeds curve
by, dB

Leq,5 minute at
time:
Exceeds curve
by, dB

Leq,5 minute at
time:
Exceeds curve
by, dB

Leq,5 minute at
time:
Exceeds curve
by, dB
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4.
Audio check on the event
Time
Nature
of
sound
Times for which the sound was traffic noise or movement in the building may be
rejected.
5.
Is the sound fluctuating or steady?
If the sound is steady then the criterion curve should be relaxed (increased) by 5dB
Fluctuating or steady?
6.
Correlation of log with recorded sound levels
For the 1/3 octave band which exceeds the curve by the greatest margin plot the Leq
versus time for the 24 hour period containing the event
Does the sound show a time
pattern typical of traffic noise?
Is there a cyclic, on-off variation?
Could this be due to a fridge or
other domestic equipment (refer to
preliminary measurements)?
Is there correlation between the
complainant‟s log and the 1/3
octave band sound level profile?
7.

Concluding remarks
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APPENDIX B: LOG SHEET
Name:
Please complete the following log sheet filling in the date and time (to the nearest minute) when you hear the noise being studied, rating
the noise along the scale from „Not at all disturbing‟ to „Intolerable‟ and adding any other comment you feel may be important. It is
useful to us to have information about when you are not disturbed as well as when you are. Please add any other comments that may help
us. Please use as many sheets as necessary.
Date
and
Time

Rating (please place a tick along the line)

Not
at all
disturbing

Comments (e.g. whether it interfered with your activities, whether it woke you up,
whether other people heard it, whether it suddenly got worse etc.)

Intolerable

|----|-----|-----|-----|-----|-----|-----|-----|
Not
at all
disturbing

Intolerable

|----|-----|-----|-----|-----|-----|-----|-----|
Not
at all
disturbing

Intolerable

|----|-----|-----|-----|-----|-----|-----|-----|
Not
at all
disturbing

Intolerable

|----|-----|-----|-----|-----|-----|-----|-----|

Acoustics Research Centre, University of Salford

Page 23 of 25

Glyn Rhonwy Environmental Statement

Chapter 12
This chapter presents the Noise Impact Assessment undertaken following guidelines set out in the IEMA
and planning
guidance. The chapter sets out the baseline conditions including an appraisal of the background noise levels of
the site and surrounding area, noise sensitive receptors and existing vibration levels. Potential effects during
construction include noise and vibration from construction and construction. During operation potential
effects include operation of turbines and generators, electrical equipment, the workshop and pumping station.
With implementation of mitigation measures, residual effects during construction are predicted to range from
moderate/major adverse to negligible, and during operation, from minor adverse to negligible.

12.1 Introduction
12.1.1

This chapter will set out the potential noise effect during both the
construction, operational and decommissioning phases of the
Development. The proposed scope of effect has been discussed and
agreed with the local Environmental Health Department.

12.1.2

A full description of the environment and the Development is
outlined in Chapter 3 - Project Description.

12.1.3

The potential noise effect will be assessed during the construction,
operational and decommissioning phases.

12.1.4

The different components of the site and the likely construction
phases for the Development are outlined in this chapter. Activities
which may produce noise effects include blasting, drilling, tunnel
boring, crushing, and general surface plant operation.

12.2 Scope of assessment
12.2.1

The baseline study includes an appraisal of background noise levels,
identifying the acoustic character of the surrounding area.

12.2.2

An acoustic assessment will be made as to how the development will
affect noise sensitive receptors as well as the wider area.

12.2.3

Baseline studies will be used to inform the acoustic assessment.
Mitigation measures will be developed to minimise potential adverse
noise effects.

12.2.4

Decommissioning will involve the drainage of water through the
reservoirs to Llyn Padarn and the removal of above ground
structures. No blasting or crushing will be required and it is
considered that the effects will be negligible. Therefore it is not
considered further.

12.3 Legislation and Policy Framework
Planning Policy Wales
12.3.1

Section 13.13 within Planning Policy Wales (PPW) (Edition 4, February
2011) identifies that:
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"Noise levels provide an indicator of local environment quality. The

objective of a policy for noise is to minimise emissions and reduce
ambient noise levels to an acceptable standard."
12.3.2

PPW suggests that development plan policies:

"...should also be designed to ensure, as far as possible, that
potentially noisy developments are located in areas where noise will
not be such an important consideration or where its effect can be
minimised. Local planning authorities should adopt policies to
prevent potentially noisy developments in areas which have
remained relatively undisturbed by noise."
12.3.3

Noise Action Plans that aim to protect specific areas within Wales do
not extend to the Development site.

Technical Advice Note (TAN) 11: Noise (1997)
12.3.4

TAN11 offers guidance to local authorities on the assessment of noise
and its potential effect on noise-sensitive dwellings. TAN 11 also
"provides advice on how the planning system can be used to

minimise the adverse effect of noise without placing unreasonable
restrictions on development or adding unduly to the costs and
administrative burdens of business." Relevant sections within TAN 11
that are applicable to this development are reproduced below.
12.3.5

Local planning authorities must ensure that noise generating
development does not cause an unacceptable degree of disturbance.
(Paragraph 8)

12.3.6

Noise characteristics and levels can vary substantially according to
their source and the type of activity involved.

12.3.7

The likelihood of complaints about noise from industrial development
can be assessed, where the Standard is appropriate, using guidance
in BS 4142: 1990. Tonal or impulsive characteristics of the noise are
likely to increase the scope for complaints and this is taken into
account by the "rating level" defined in BS 4142.

12.3.8

Detailed guidance on assessing noise from construction sites can be
found in BS 5228, parts 1-4. In particular, Part 1: 1984, "Code of
practice for basic information and procedures for noise control"
describes a method for predicting noise from construction sites as
well as giving general advice.

12.3.9

Where the information within TAN 11 references British Standards
that have since been superseded, the current version of these
standards will be used within this assessment. This includes BS
4142:1997, BS 5228-1:2008 and BS 5228-2:2009.
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Technical Advice Note (TAN) 8: Renewable Energy (2005)
12.3.10

TAN 8 addresses renewable energy policy within Wales, including
hydroelectric schemes. The minimal noise advice within TAN 8 that is
relevant to the development states the following: "The noise of the

turbine will generally be well contained within the turbine house and
it would rarely be an issue."
Control of Pollution Act (COPA) 1974
12.3.11

The provisions of Sections 60 and 61 of the Control of Pollution Act
1974 offer protection to those living in the vicinity of construction
sites.

12.3.12

Section 60 enables a local authority to serve a notice specifying its
noise control requirements which may cover:
• plant

or machinery that is or is not to be used;
• hours of working; and,
• levels of noise or vibration that can be emitted.
12.3.13

Section 61 relates to prior consent, and is for situations where a
contractor or developer takes the initiative and approaches the local
authority before work starts to obtain approval for the methods to be
used and any noise and vibration control techniques that may be
required.

12.3.14

The term 'Best Practicable Means' is defined in Section 72 of the
Control of Pollution Act, where 'practicable' means reasonably
practicable having regard among other things to local conditions and
circumstances, to the current state of technical knowledge and to the
financial implications.

Local Planning Policy
12.3.15

Planning policy for Gwynedd Council is contained within the
Gwynedd UDP 2001-2016. There are no noise policies to address this
specific type of Development, however Policy B33 provides general
guidance for with respect to development that has the potential to
create pollution or nuisance.

Policy B33 - Development That Creates Pollution or Nuisance
12.3.16

Proposals that will cause significant harm to the quality of public
health, safety or amenities, or to the quality of the built or natural
environment as a result of higher levels of air, water, noise, or soil
pollution will be refused unless adequate controls can be attained by
means of planning conditions and powers of regulatory bodies, and
that arrangements can be made to monitor discharges.
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Appendix 6 of the UDP provides a definition of a Noise Effect Assessment
12.3.17

A Noise Effect Assessment should be submitted with the planning
application when the Development is likely to create an unacceptable
level of noise. Planning authorities' consideration of planning
applications that raise significant noise issues will be greatly assisted
by a Noise Effect Assessment. These can be used to show whether a
noise problem is likely to occur, demonstrate its implications and help
identify measures for its effective control or mitigation. A Noise
Effect Assessment may be included within an EIA.

Chapter Specific Legislation
12.3.18

The following documents have been referred to as part of this
assessment. Further details about the documents can be found in
the assessment section.
• BS

4142:1997 Method for Rating Industrial Noise Affecting Mixed
Residential and Industrial areas;
• BS 5228: Code of practice for Noise and Vibration Control on
Construction and Open Sites (2009) Parts 1 and 2;
• BS 6472-1: 2008. 'Guide to evaluation of human exposure to
vibration in buildings. Vibration sources other than blasting';
• BS 6472-2: 2008. 'Guide to evaluation of human exposure to
vibration in buildings. Blast-induced vibration';
• BS 8233:Sound Insulation and Noise Reduction for Buildings (1999);
• Minerals Planning Guidance (MPG) 11: "The control of noise at
surface mineral workings"; and
• Design Manual for Roads and Bridges Volume 11 Section 3 Part 7 HD
213/11 (revision 1) 'Noise and Vibration'.

12.4 Consultation
12.4.1

In the Gwynedd Council response to the Scoping Report, noise issues
were raised under the heading of "Public Protection". Comments
were provided stating that the ES should identify all potential
receptors that are most vulnerable to the effects of noise, dust,
vibration and heavy haulage. The authority's Public Protection
Department would monitor the site for environmental effects and it is
advisable that a local liaison group be set up to discuss matters
relating to noise, dust and vibration with representatives of the
developers and a delegation of local councillors and residents.

12.4.2

As requested within the Scoping Response, consultation has been
conducted with Ms. Moira Duell-Parri, an Environmental Health
Officer (EHO) with Gwynedd Council regarding the noise assessment
for the development.
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12.4.3

In consultation with Ms. Duell-Parri, agreement was made on six
residential receptor locations for the monitoring of existing ambient
and background noise levels.

12.4.4

It was agreed that 24 hour monitoring would be conducted and that
additional short term attended measurements during the night
period would supplement the unattended measurements.

12.4.5

Ms. Duell-Parri recommended that operational noise from the
development would need to be assessed in accordance with BS
4142:1997.

12.4.6

It was communicated that as specific information on the power
generating plant to be used for the development would be
unavailable, that an operational noise assessment of the development
would be excluded from this assessment. However, as requested by
Ms. Duell-Parri, operational noise limits would be established and
noise emissions from underground power generating plant would
incur a 5 dB penalty due to low frequency noise. Accordingly, an
allowance for this 5 dB low frequency penalty has been included
when determining the noise limits for the development.

12.4.7

BS 5228 (Part 1 and Part 2) was agreed to be used to assess noise
and vibration effects from construction activities.

12.4.8

The preference of Ms. Duell-Parri with regard to construction noise
limits was to use the guidance provided within Minerals Planning
Guidance (MPG) 11: The Control of Noise at Surface Mineral Workings.

12.4.9

Ms. Duell-Parri emphasised that the assessment should look at ways
to minimise noise effects from construction, including but not limited
to:
• no

blasting at night, weekends or bank holidays, and
• planning noisy activities at a start of the week (so delays would not
continue into the weekend).
12.4.10

Ms. Duell-Parri indicted that if blasting, piling, or other works were to
occur outside normal construction hours, the Council would require
the work to be done under a COPA Section 61 agreement.

12.4.11

The changes to the methodology are outlined in the Scoping
Addendum (Appendix 2.3). Full details of this consultation can be
found in the Consultation Matrix in Appendix 2.4.

12.5 Methodology
BS 5228-1:2009 Code of practice for noise and vibration control on
construction and open sites. Part 1: Noise
12.5.1

Noise levels generated by demolition and construction activities are
subject to Local Authority control under the Control of Pollution Act.
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Supplementary advice is provided by British Standard BS 52281:2009 'Code of Practice for Noise and Vibration Control on
Construction and Open Sites' with respect to noise assessment and
mitigation.
12.5.2

BS 5228-1:2009 contains a noise emission database for individual
construction plant, their associated activities, and methods of
working. Unless noise level data is available from manufacturers, the
BS 5228-1:2009 database is used when predicting noise levels
associated with various construction activities.

12.5.3

Construction noise levels are considered to result in an adverse effect
when the adopted criterion is exceeded. Where noise levels fall
below the adopted criterion a negligible noise effect would be
concluded.

12.5.4

For the purposes of the construction assessment, the equipment,
locations and timings have been modelled based on our best
knowledge to date.

12.5.5

The outcome of the construction assessment will be to inform the
use of Best Practicable Means to mitigate noise during construction,
as recommended by the Control of Pollution Act.

BS 5228-2:2009 Code of practice for noise and vibration control on
construction and open sites. Part 1: Vibration
12.5.6

BS 5228-2:2009 addresses the need for the protection against
vibration for persons living near vicinity of construction sites and
recommends procedures for vibration control. BS 5228-2:2009
recommends that:'.... it is considered more appropriate to provide

guidance in terms of the PPV (Peak Particle Velocity), since this
parameter is likely to be more routinely measured based upon the
more usual concern over potential building damage'.
12.5.7

BS 5228-2:2009 provides empirical formulae relating resultant PPV
for vibratory compaction, percussive and vibratory piling, dynamic
compaction, the vibration of stone columns and tunnel boring
operations.

12.5.8

Table 12-1 is taken from BS 5228-2:2009, and provides guidance on
the effects of vibration in relation to human perception and
disturbance.
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Table 12-1 Guidance on Effects of Vibration Levels
PPV (mm/s)

Effect

0.14

Vibration might be just perceptible in the most sensitive situations for most
vibration frequencies associated with construction. At lower frequencies, people
are less sensitive to vibration.

0.3

Vibration might be just perceptible in residential environments.

1.0

It is likely that vibration of this level in residential environments will cause
complaint, but can be tolerated if prior warning and explanation is given to
residents.

10

Vibration is unlikely to be tolerable for any more than a very brief exposure to
this level.

BS 6472-2: 2008. 'Guide to evaluation of human exposure to vibration in
buildings. Part 2: Blast-induced vibration
12.5.9

BS 6472-2 provides guidance on human exposure in buildings to
blast-induced vibration and air overblasts. It is primarily applicable to
blasting associated with mineral extraction but can also be applicable
to explosives used within civil engineering and demolition.

12.5.10

BS 6472-2 advises that in order to predict the likely vibration
magnitude from a controlled blast, a series of measurements at
several locations should be taken from one or more trial blasts. Using
the formula provided in BS 6472-2 and extrapolation of the trial blast
results, the likely vibration magnitudes at a given distance (for a
given maximum instantaneous charge) can be predicted.

12.5.11

The standard suggests that accredited blasting contractors will
appropriately design blasts to minimise effects at Noise Sensitive
Receptors (NSRs).

12.5.12

For blast vibration occurring up to three times per day the generally
accepted maximum satisfactory magnitude for residential premises is
a peak particle velocity (PPV) of between 6.0 mm/s· and 10.0 mm/s.

12.5.13

Should more than three blasts be required per day, BS 6472-2
provides information on the acceptable vibration limits.

12.5.14

BS 6472-2 states that "Accurate prediction of air overpressure (from

blasting) is almost impossible due to the variable effects of the
prevailing weather conditions and the large distances often
involved."
12.5.15

Whilst not providing any specific air overblast limit, BS 6472-2
provides the following information on acceptable overblast
pressures: Windows are generally the weakest parts of a structure
exposed to air overpressure. Research by the United States Bureau
of Mines has shown that a poorly mounted window that is pre-
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stressed can crack at around 150 dB(lin), with most windows
cracking at around 170 dB(lin). Structural damage would not be
expected at air overpre
12.5.16

The air overpressure levels measured at properties near quarries in
the United Kingdom are generally around 120 dB(lin), which is 30
dB(lin) below, or only 3% of, the limit for cracking pre-stressed poorly
mounted windows.

BS 7385: Part 2: 1993 "Evaluation and measurement for vibration in buildings.
Part 2 Guide to damage levels from groundborne vibration"
12.5.17

British Standard BS 7385-2:1993 provides guidance on the levels of
groundborne vibration above which the building structures could be
damaged. This is particularly relevant for the development due to the
use of a tunnel boring machine (TMB) to construct the penstock/s.

12.5.18

For the purposes of BS 7385-2:1993, damage is classified as cosmetic
(formation of hairline cracks), minor (formation of large cracks) or
major (damage to structural elements). Guide values given in BS
7385-2:1993 are associated with the threshold of cosmetic damage
only, usually in wall and/or ceiling lining materials.

12.5.19

BS 7385 provides a frequency-based vibration criterion for transient
vibration induced cosmetic damage, which is reproduced in Table 122.

Table 12-2 Transient vibration guide values for cosmetic damage

Type of building

Peak component particle velocity in frequency
range of predominant pulse

4 Hz to 15 Hz
1

Reinforced or framed structures.
Industrial and heavy commercial
buildings

2

Un-reinforced or light framed structures 15 mms-1 at 4 Hz
-1
increasing to 20 mms
Residential or light commercial type
at 15 Hz
buildings

15 Hz and above

-1

50 mms at 4 Hz and above
-1

20 mms at 15 Hz
-1
increasing to 50 mms at
40 Hz and above

NOTE 1. Values referred to are at the base of the building
NOTE 2. For line 2, at frequencies below 4 Hz, a maximum displacement of 0.6mm (zero to peak)
should not be exceeded.

12.5.20

When considering continuous vibrations, even taking the
precautionary approach of halving the guideline vibration values for
transient vibration induced minor cosmetic damage to buildings
(from BS 7385), the resulting guidelines are still orders of magnitude
above the threshold of perception and substantially higher than
equivalent values likely to provoke complaint.
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12.5.21

The guidance on acceptable vibration levels in structures provided in
BS 5228 2: 2009 recommends adopting the building damage
vibration guidelines from BS 7385.

Minerals Planning Guidance (MPG) 11: The control of noise at surface mineral
workings
12.5.22

Although the Development does not involve the extraction of
minerals, the preference of Gwynedd Council EHO Ms. Duell-Parri
was to use the guidance provided within MPG 11 with regard to NSRs
construction noise limits due to the similar nature of construction
activity.

12.5.23

Paragraphs 31-43 of MPG 11 describe a recommended method for
setting noise limit values. The recommendation is that daytime freefield noise limits should not be higher than LAeq,1h 55 dB, and night
time limits shall be set at LAeq,1h 42 dB.

12.5.24

In quieter rural areas a lower daytime limit may be appropriate when
a limit of LAeq,1h 55 dB would exceed the existing background noise
levels by more than 10 dB. In this case we propose a LAeq,1h noise
limit of background noise + 10 dB.

12.5.25

Where the daytime background noise level is below LA90 35 dB(A),
MPG 11 proposes a fixed lower criterion limit of LAeq,1h 45 dB, to
avoid "unduly restrictive" noise criteria being placed on the operator.

12.5.26

Within MPG 11, daytime working is defined as 0700-1900 hours and
night-time as 1900-0700 hours.

12.5.27

Paragraph 61 of MPG 11 suggests that it may be necessary to increase
the noise limit for an 8 week period (per year) that would allow
potentially noisy activities to occur up to a level of LAeq,1h 70 dB.
This period may be required during the development, at the start and
end of the penstock and tailrace tunnel construction, or for other
noisy activities such as the construction of earth/spoil bunds to
provide noise screening.

BS 4142:1997 - Method for rating industrial noise affecting mixed residential
and industrial areas
12.5.28

In order to assess the likelihood of noise effect at the nearest
residential properties following the introduction of the development,
an operational noise effect assessment has been undertaken in
accordance with BS 4142: 1997 "Method for rating industrial noise
affecting mixed residential and industrial areas".

12.5.29

This British Standard provides assessment guidance on the
assessment of the likelihood of complaints relating to industrial noise
when a new industrial noise source is introduced into the vicinity of
residential properties.
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12.5.30

The principal terms used in BS 4142 are broadly defined as follows:
• ambient

noise - the totally encompassing sound in a given situation
at a given time usually composed of sound from many sources near
and far;
• specific noise LAeq,T - the noise source under consideration;
• rating level - LArTr is the specific noise level corrected to allow for
certain distinctive acoustic features;
• residual noise LAeq - the ambient noise remaining when the specific
noise is sufficiently suppressed so as not to contribute to the
ambient noise level; and,
• background noise LA90,T - the measured LA90,T level of the
residual noise.
12.5.31

BS 4142 presents a method of rating noise levels by comparing the
noise level of the new industrial noise source (i.e., the Rating Level),
with the existing background noise level (i.e., the LA90,T of the
residual noise level).

12.5.32

The standard states that the appropriate reference time interval for
daytime and night-time periods is 1 hour and 5 minutes, respectively.

12.5.33

The rating method accounts for unusual acoustic features such as a
whine, hiss, impulsive or irregular noise by the addition of a single 5
dB correction to the actual Specific Noise Level of the source. The
character corrected Specific Noise Level is the Rating Level.

12.5.34

The BS 4142 rating is determined by arithmetically subtracting the
Background Noise Level from the Rating Level. In accordance with
BS 4142, the likelihood of complaint is as summarised in Table 12-3.

Table 12-3 BS 4142 - The Likelihood of Complaint
Difference Between Rating
and Background Noise
Levels

BS 4142 Likelihood of Compliant

-10

If the rating level is more than 10 dB below the measured
background noise level, then this is a positive indication that
complaints are unlikely.

+5

A difference of around +5 dB is of marginal significance.

+10

A difference of around +10 dB or more indicates complaints are
likely.

12.5.35

Background noise typically varies throughout the day and night. For
plant that may operate on a 24-hour basis, it is appropriate to
measure the representative lowest background noise level (which
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would normally occur in the early hours of the morning) at the
nearest residential property and to use this value for comparison
against the predicted Rating Level from the new plant. If it can be
shown that the rating level from the power station is not likely to give
rise to complaints for the quietest period of the night, then it follows
that the noise effect will be lower at all other times throughout a 24hour period.
12.5.36

It should be noted that the BS 4142 standard is not suitable for use as
both the background noise level and the rating level are very low.
The standard defines 'very low' as background noise levels below
LA90,T 30 dB and rating levels below about LA90,T 35 dB.

12.5.37

Where this is the case, alternative assessment methods are required;
typically BS 8233 is used to achieve suitable indoor ambient noise
levels.

BS 8233:1999 - Sound insulation and noise reduction for buildings - Code of
practice
12.5.38

BS 8233:1999 provides recommendations for indoor ambient noise
levels in spaces when they are unoccupied. For reasonable
resting/sleeping conditions in a bedroom, the 'good' design level is
LAeq,T 30 dB, and the 'reasonable' design level is LAeq,T 35 dB.

12.5.39

Typically, with a partially open window, the sound reduction offered
by the composite façade is 10 - 15 dB. Accordingly, if as a
conservative assessment it was assumed that the composite façade
for an open window provides 10 dB of a sound reduction into a
bedroom, then the night time noise level limit to provide 'good'
internal sleeping conditions is LAeq,T 40 dB at the facade.

Design Manual for Roads and Bridges (DMRB)
12.5.40

The DMRB sets out the requirements for undertaking noise and
vibration assessments, as well as providing guidance on the
methodology to be used when assessing the noise and vibration
effects arising from all road projects.

12.5.41

The guidance provides advice on how a percentage change in
vehicle movements relates to a decibel change in road traffic noise:
A change in noise level of 1 dB LA10,18h is equivalent to a 25%
increase or a 20% decrease in traffic flow, assuming other factors
remain unchanged and a change in noise level of 3 dB LA10,18h is
equivalent to a 100% increase or a 50% decreas

12.5.42

DMRB defines classifications of 'magnitude of noise effects' from
road traffic. Construction traffic noise would typically be described as
a short term effect (less than 15 years). The magnitude of effect
tables from DMRB are reproduced in Table 12-4.
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Table 12-4 Classification of Magnitude of Noise Effects in the Short Term
Noise Change LA10,18h

Magnitude of Effect

0

No change

0.1 - 0.9

Negligible

1 - 2.9

Minor

3 - 4.9

Moderate

5+

Major

Criteria for significance of effects
12.5.43

The adopted assessment of noise effects is based on the sensitivity
of the noise receptor and the magnitude of the noise level
exceedance of the relevant noise and vibration criteria.

12.5.44

The BS 4142, MPG 11, and BS 5228 noise & vibration guidelines will be
applied to the level exceedance during the operation and
construction phases.

12.5.45

The sensitivity of receptors to noise and vibration is based on their
usage as defined in Table 12-5.

Table 12-5 Criteria Used to Define Sensitive Receptors
Sensitivity Description

Examples of receptor usage

High

Receptors where
people or operations
are particularly
susceptible to noise or
vibration.

Residential.
Quiet outdoor areas used for recreation.
Conference facilities.
Auditoria/studios.
Schools in daytime.
Hospitals/residential care homes.

Medium

Receptors moderately
sensitive to noise or
vibration, where it may
cause some distraction
or disturbance

Offices.
Restaurants.
Sports grounds when spectator noise is not a normal part of
the event and where quiet conditions are necessary (e.g.
tennis, golf).

Low

Receptors where
distraction or
disturbance from noise
or vibration is minimal

Residences and other buildings not occupied during working
hours.
Factories and working environments with existing high noise
levels.
Sports grounds when spectator noise is a normal part of the
event.
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12.5.46

The magnitude of noise or vibration effects at sensitive receptors is
equal to the level difference between the measured or predicted
level and the criteria.

12.5.47

Table 12-6 is based upon the advice of BS 4142 on the likelihood of
complaints during the operational phase by subtracting the
measured background noise level from the rating level.

Table 12-6 Classification of Magnitude of Effect - Operational Phase
Difference Between Rating and Background Noise
Magnitude of Effect
Levels
≤-10

Neutral

-9 to 0

Negligible

1 to +4

Minor

+5 to +9

Moderate

≥ +10

Major

12.5.48

Construction noise limits at the nearest sensitive receptors have been
derived from MPG 11 for this assessment. Judgement of the
magnitude of construction noise level effects has been made to
define the significance of construction noise effects as shown in
Table 12-7.

Table 12-7 Classification of Magnitude - Construction Noise
Magnitude of
Effect

Criteria

Negligible

Generation of LAeq,1hr daytime facade noise levels that are equal to or below
the daytime criterion limit*.
Generation of night time facade noise levels that are equal to or below LAeq,1hr
42 dB

Minor

Generation of LAeq,1hr daytime facade noise levels that are +1 to +4 dB above
the criterion limit*
Generation of night facade noise levels that are +1 to +4 dB above LAeq,1hr 42
dB

Moderate

Generation of LAeq,1hr daytime facade noise levels that are +5 to +9 dB above
the criterion limit*
Generation of night facade noise levels that are +5 to +9 dB above LAeq,1hr 42
dB

Major

Generation of LAeq,1hr daytime facade noise levels that equal to or are more
than 10 dB above the criterion limit*
Generation of night facade noise levels that are equal to or are more than
10 dB aboveLAeq,1hr 42 dB

*The daytime LAeq,1hr criterion limit is defined as the background noise level + 10 dB, or LAeq,1hr 45 dB,
whichever is the greater.
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12.5.49

Construction vibration limits at the nearest sensitive receptors have
been derived from BS 5228-2:2009 for this assessment. Judgement
of the magnitude of construction vibration effects has been made to
define the significance of construction vibration effects as shown in
Table 12-8.

Table 12-8 Classification of Magnitude - Construction Vibration
Magnitude of
Effect

PPV
(mm/s)

Effect

Negligible

0.14

Vibration might be just perceptible in the most sensitive
situations for most vibration frequencies associated with
construction. At lower frequencies, people are less sensitive to
vibration.

Minor

0.3

Vibration might be just perceptible in residential environments.

Moderate

1.0

It is likely that vibration of this level in residential environments
will cause complaint, but can be tolerated if prior warning and
explanation is given to residents.

Major

10

Vibration is unlikely to be tolerable for any more than a very brief
exposure to this level.

Significance of Effects
12.5.50

Therefore, the significance of noise effects, based on the sensitivity of
the receptor to noise and the magnitude of the noise effects, are as
shown in Table 12-9.

Table 12-9 Significance of Effects
Magnitude
of Effect

Sensitivity
Low

Medium

High

Major

Minor/Moderate

Moderate/Major

Major

Moderate

Minor

Moderate

Moderate/Major

Minor

Negligible/Minor

Minor

Minor/Moderate

Negligible

Negligible/Minor

Negligible/Minor

Minor

Neutral

Neutral

Neutral

Neutral

12.5.51

Any significance levels above moderate and major are defined as
significant effect.
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12.6 Baseline Conditions
12.6.1

The baseline assessment includes an appraisal of the background
noise levels of the site and surrounding area where potentially
adverse effects may occur. The study identifies the character of the
surrounding area and provides a base for how the development will
affect individual receptors as well as the wider area.

12.6.2

Twenty-four hour unattended noise surveys have been carried out at
locations surrounding the development site. As agreed in
consultation with the Gwynedd Council EHO Ms. Moira Duell-Parri,
these surveys were undertaken at a representative sample of NSRs
surrounding the Development.

12.6.3

Supplementary attended noise monitoring was conducted during
night periods at the locations where unattended noise monitoring
was conducted, as well as location 4 (day and night), and location 7
(night only), as shown on Figure 12.1.

12.6.4

The noise surveys measured a number of noise parameters including:
• LA90,

an indicator of background noise;
• LA10 the UK's adopted index for quantifying road traffic noise;
• LAmax, an indicator of maximum noise levels; and,
• LAeq, the equivalent continuous noise level.
12.6.5

Measurements have been conducted in accordance with the
principles and guidance contained within relevant British and
International Standards such as BS 7445 Description and
measurement of environmental noise and BS 4142: Method for Rating
Industrial Noise Affecting Mixed Residential and Industrial areas
(1997).

Noise Sensitive Receptors
12.6.6

There are numerous NSRs surrounding the development site. Due to
the size of the project, residential properties are located at a large
range of distances from various components of the scheme.

12.6.7

Prior to the noise surveys being conducted, six representative NSR
locations were agreed with the EHO at Gwynedd Council. It was also
agreed that additional short term measurements would be
conducted to supplement the 24 hour unattended noise surveys.

12.6.8

For the six representative noise survey locations nominated,
permission was sought from residents and owners to install noise
equipment on their properties.

12.6.9

Once on site, it was established that the owners of one of the
locations (Warden Street) was on holiday, preventing the installation
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of noise equipment. Consequently, only attended noise
measurements could be conducted at this location (Location 4).
Existing Ambient and Background Noise Levels
12.6.10

The environmental noise survey for the development was undertaken
to characterise and quantify the existing baseline ambient and
background noise levels within the area.

12.6.11

Attended and unattended noise surveys were conducted at a total of
seven locations as shown in Figure 12.1. Table 12-10 describes the
noise measurement locations in more detail.

Table 12-10 Noise Measurement Locations
NSR Name /
Address

Description

Tan Hafotty

A single story 19th Century slate cottage located in a remote
position at the end of a single track road off Ffordd Clegir to the
north west of the former Glyn Rhonwy slate quarry.
Grid Co-ordinates: X 256179, Y 361031

2

Ty Newydd, Clegir

A two story stone farm house located in a remote position on a
single track road just off Ffordd Clegir to the north west of the
former Glyn Rhonwy slate quarry.
Grid Co-ordinates: X 256061, Y 360946

3

Glan Llyn

A two story residential dwelling fronting the A4086 to the east
of former Glyn Rhonwy slate quarry.
Grid Co-ordinates: X 257117, Y 360933

4

4 Warden Street

A two story end terrace located on Warden Street to the south
east of the former Glyn Rhonwy slate quarry.
Grid Co-ordinates: X 257528, Y 360431

5

Ty-Du

A derelict 17 Century stone cottage just off Ffordd Clegir to the
south east of the former Glyn Rhonwy slate quarry.
Grid Co-ordinates: X 256964, Y 360307

6

Lake View Hotel

A two story hotel and restaurant fronting the A4086 to the north
of the former Glyn Rhonwy slate quarry.
Grid Co-ordinates: X 256594, Y 361215

7

At the entrance to
the private road to
Loc. 1 & 2

At the gated entrance to measurement positions 1 and 2 used
instead of measurement positions 1 and 2 during the night time
to prevent disturbance of residents within those properties.
Grid Co-ordinates: X 256174, Y 361109

Location

1

th

12.6.12

The Location 7 attended survey position was chosen to be
representative of Locations 1 and 2 (unattended noise monitoring).
As attended monitoring was conducted during the night period,
Location 7 provided a representative location which did not disturb
residents during unsociable night time hours.

12.6.13

The calibration of the equipment was checked before and after each
set of measurements and found to be within specified limits. All staff
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involved with noise measurements were competent Members of the
Institute of Acoustics.
12.6.14

At each measurement location the microphone was mounted on a
tripod or pole, 1.5 metres above the ground in free-field conditions.
The following equipment packages were used at each noise
measurement location:

Equipment Package 1:
• Rion

NL-32 Class 1 sound level meter
• Rion NC-74 acoustic calibrator
• Rion Enhanced outdoor kit

s/n 00840885
s/n 34672983

Equipment Package 2:
• Norsonic

140 Class 1 sound level meter
• Norsonic 1251 acoustic calibrator
• GRAS Weatherproof microphone set

s/n 8182225
s/n 27485
s/n 55090

Equipment Package 3:
• Rion

NL-52 Class 1 sound level meter
• Rion NC-74 acoustic calibrator
• Rion Enhanced outdoor kit

s/n 00410086
s/n 34672983

Equipment Package 4:
• Norsonic

118
• Norsonic 1251 acoustic calibrator
12.6.15

s/n 31509
s/n 27485

A number of details are provided within Tables 12-11 and 12-12 for
each of the attended and unattended noise monitoring locations
including:
• the

equipment package used;
• climatic conditions during the survey; and,
• measurement times & durations.
12.6.16

Weather conditions during the unattended monitoring periods were
variable, ranging from heavy rain to dry conditions. Where rain has
affected the unattended noise measurements, the data has been
excluded from the assessment.
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Table 12-11 Unattended Noise Measurement Details

Location

1

2

3

5

6

Equipment
Package

2

3

2

1

1

Time and Weather
Measurement Start

Measurement End

05/07/2012 11:10

06/07/2012 11:10

Warm, approx. 16°C. No
noticeable wind

Raining. Forecast was for rain from
04:00. Approximately 16°C and no
noticeable wind.

04/07/2012 13:52

05/07/2012 13:52

Fairly warm, approx. 16°C. Very
lightly raining with some puddles
forming on the roads.

Warm, approx. 16°C. Rain stopped
the previous afternoon and had
remained dry for the remainder of
the measurement period.

04/07/2012 10:20

05/07/2012 10:30

Fairly warm, approx. 16°C. Very
lightly raining with some puddles
forming on the roads.

Warm, approx. 16°C. Rain stopped
the previous afternoon and
remained dry for the remainder of
the measurement period.

05/07/2012 09:52

06:07/2012 10:26

Warm, approx. 16°C. Rain stopped
the previous afternoon and
remained dry for the remainder of
the measurement period.

Raining. Forecast was for rain from
04:00. Approximately 16°C

04/07/2012 09:30

05/07/2012 09:32

Fairly warm, approx. 16°C. Very
lightly raining with some puddles
forming on the roads.

Warm, approx. 16°C. Rain stopped
the previous afternoon and
remained dry for the remainder of
the measurement period.

Table 12-12 Attended Noise Measurement Details
Location

Equipment
Package

3

Time and Weather
Measurement Start

Measurement End

4

06/07/2012 01:15
Dry. Approximately 12°C

06/07/2012 01:30
Dry. Approximately 12°C

4

4

06/07/2012 00:55
Dry. Approximately 12°C

06/07/2012 01:10
Dry. Approximately 12°C

5

4

06/07/2012 00:35
Dry. Approximately 12°C

06/07/2012 00:50
Dry. Approximately 12°C

6

4

06/07/2012 01:35
Dry. Approximately 12°C

06/07/2012 01:50
Dry. Approximately 12°C

7

4

06/07/2012 00:15
Dry. Approximately 12°C

06/07/2012 00:30
Dry. Approximately 12°C
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12.6.17

Wind speed data recorded at the Capel Curig Saws weather station
(12.7 km from Llanberis) averaged 2.7 m/s during the unattended
measurement periods; wind speeds ranged from 0.5 m/s to 7 m/s.
Wind speeds observed during attended measurements were
negligible and were well below the 5 m/s recommended within BS
4142 (when using a windshield to minimise turbulence noise at the
microphone). No data has been excluded due to excessive wind
speeds.

12.6.18

The temperatures during the noise measurements were mild, ranging
between 12oC and 16oC.

12.6.19

The most significant noise sources at each location during the day
and night are listed in Table 12-13.

Table 12-13 Attended Noise Measurement Details
Location

1

2

Day
Night

Noise Sources During Measurements

Day

Maintenance work to the residential property was audible during the
period of equipment installation. At no point during the installation of the
equipment was road traffic noise from Ffordd Clegir audible. Bird song
and noise due to wind passing through trees contributed to the overall
noise level.
Analysis of the data gathered by the unattended monitoring equipment
shows an increase in the background noise level on 06/07/12 from 04:25
to 08:25, and then again from 09:15 to 11:10. This increase in noise level
was due to persistent rainfall and has been excluded from the assessment.

Day

Noise due to infrequent traffic movements on Ffordd Clegir was audible
at Location 2. Sources of noise included bird song and wind passing
through trees. Noise from a nearby stream was audible throughout,
however it was not dominant.

Day

Traffic on the A4086 was the most dominant noise source contributing to
the ambient noise level. Other sources of noise include work processes
taking place at the DMM factory, 100m south west from Location 3. A five
minute traffic count of the A4086 was undertaken at approximately 10:30
when 0 HGVs, 35 cars and 1 coach was counted.

Night

Noise from the DMM factory contributed to noise levels measured at this
position. The noises included intermittent, impulsive, and broadband
noises with duration between 5 and 10 seconds. Intermittent vehicle
movements on the A4086 also contributed to the overall noise levels.
Noise from a small water feature in the garden of Glan Llyn was audible
throughout, but was not dominant. Noise from a nearby fan to the east
was audible but not dominant; however this noise source controlled the
night time background noise levels

Day

Distant road traffic noise was the most dominant noise source
contributing to the ambient noise level. Traffic movements on Warden
Road were infrequent and contributed to the LAeq noise level. Other
sources of noise included children playing in the nearby playing fields, a
helicopter flyover and the movements of pedestrians.

3

4

/
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Location

Day
Night

Noise Sources During Measurements

Night

Noise from water flowing through nearby drains was constant and
dominated the ambient noise level. In the absence of noise from nearby
drains, mechanical plant noise from Siemens factory (~400 m west) was
audible.

Day

Noise from the Siemens factory was constant and was the single largest
contributor to the ambient and background noise levels. Noise sources at
the Siemens factory included vehicle movements, fan noise, and the
loading & unloading of vehicles. Other sources of noise included vehicles
movements on Ffordd Clegir, bird song, and wind passing through trees.

Night

Fan noise from the Siemens factory was audible throughout the
measurement period and was the single largest contributor to the
ambient and background noise levels.

Day

Vehicle movements on the A4086 were the dominant source of noise in
the area. Other less dominant sources of noise included dogs barking and
deliveries to the hotel. The hotel kitchen extraction fan was barely audible
at the measurement location. A five minute traffic count was undertaken
at approximately 09:45 when 1 HGV, 38 cars and 2 coaches were counted.

Night

Infrequent vehicle pass-bys contributed to the ambient noise level. Other
sources of noise included wind passing through trees. An extract fan from
either the hotel kitchen or one of the bedrooms was barely audible
throughout.

Night

Distant road traffic noise and noise from mechanical plant at the Siemens
factory were the largest contributing factors to the ambient noise levels at
this location

5

6

7

/

12.6.20

Daytime noise levels at each measurement location are presented in
Table 12-13 for two time periods; 07:00-19:00 and 07:00-23:00. The
LA90 noise levels for 07:00-23:00 will be used to determine the BS
4142 limits for operational noise from the development. The LA90
noise levels for 07:00-19:00 will be used to determine the daytime
MPG 11 limits for construction noise from the development.

12.6.21

Representative noise levels provided for Location 4 are from over
three hours of attended measurements on 5th July, 2012, between
12:10 and 17:00, as shown on Table 12-14.
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Table 12-14 Daytime Measured Noise Levels
Daytime (07:00-19:00)

Daytime (07:00-23:00)

Location

LAeq

LAF90

LAFmax

LAeq

LAF90

LAFmax

1

47

29*

78

46

29*

78

2

52

36

67

50

36

66

3

58

44*

66

58

42*

66

4

50

29*

81

50

29*

81

5

49

47

80

48

45

80

6

51

44

91

51

40

91

All values are in dB re 20µPa, Free-field, fast time-weighting.
*The daytime LA90 has been calculated using the lowest 10th percentile of the LA90,5min noise levels during
the respective time periods.

12.6.22

The lowest five minute night time background noise levels at each
measurement location are presented in Table 12-15. The LA90 noise
levels will be used to determine the BS 4142 limits for operational
noise from the development.

Table 12.15 Night Time Measured Noise Levels
Location

Start Time

LAeq,5min

LAF90,5min

LAF10,5min

LAFmax,5min

1

03:50

31

30

32

46

2

03:55

34

33

34

35

3

02:05

42

42

42

43

4

01:00

26

24

27

39

5

00:35

43

43

44

45

6

02:55

34

33

35

40

All values are in dB re 20µPa, Free-field, fast time-weighting

12.6.23

Graphical summaries of the noise levels measured at the five
unattended locations are presented in Appendix 12.1.

Existing Vibration Levels
12.6.24

There are currently no significant sources of vibration in the area.
Consequently, ambient vibration monitoring has not been
undertaken. It should be noted that annoyance due to vibration is not
related to the comparison of pre and post-development vibration
levels, and pre-development vibration levels are not usually
necessary to assess the likelihood of vibration damage or annoyance
from any new vibration sources likely to be introduced into the area.
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12.7 Potential Effects
12.7.1

The project has a number of noise sources which have the potential
to effect nearby NSRs.

Potential Construction Noise Sources
12.7.2

Construction work of any type that involves heavy plant activity will
generate noise, which may result in complaints if appropriate
scheduling and control of works is not exercised. Noise levels
generated by construction activities and experienced by NSRs,
depends upon a number of variables, the most significant of which
are:
• the

level of noise generated by plant or equipment used on site,
generally expressed as the sound power level (SWL);
• the periods of operation of the plant on the site, known as its 'ontime';
• the distance between the noise source and the NSR; and,
• the attenuation of sound due to ground absorption, air absorption
and barrier effects.
12.7.3

In order to evaluate noise effects during the construction phases it is
necessary to have knowledge of the variables listed above.
Construction contractors may use different working methods and
plant to achieve the same ends. An accurate construction noise and
vibration effect assessment is not possible until after the
appointment of an approved contractor with knowledge of the exact
working routine and plant schedule to be implemented.

12.7.4

Until this is the case, assumptions on the required construction
phases and durations are outlined in Chapter 3 Project Description
and Table 12-16.

12.7.5

It must be emphasised that the information used within the
assessment is unlikely to be adopted exactly by any contractor and
therefore the outcomes of the construction assessment should be
viewed in this context.

12.7.6

The use of construction plant and the likely noise effect from its use
is determined using the guidance detailed in BS 5228. Where
necessary, mitigation methods may be required to attenuate noise to
acceptable levels at NSRs. Should complaints be received from local
residents, the Local Authority would determine whether Best
Practicable Means is being applied. Should this not be the case,
action under the Control of Pollution Act 1974 may be taken.

12.7.7

Worst case noise levels will be assessed using the full schedule of
plant working throughout the entire phase duration. In reality, the
noise levels at receptors are likely to be lower as different activities
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with different plant/equipment will take place at different times,
periods, combinations and sequences at different parts of the
construction site.
12.7.8

Construction noise will occur throughout the predicted 3.5 - 4 years
to complete the works. Table 12-16 shows indicative construction
phases and their proposed duration. An indicative construction
programme is shown in Chapter 3 Project Description.

Table 12-16 Proposed Construction Schedule
Construction Activity

Duration

Q1 Headpond

18 Months

Q6 Powerhouse

36 months

Q6 Tailpond

15 months

Q6 Penstock

18 months

Q6 Pumping Station / spillway / scour pipe

6 months

12.7.9

Construction compounds are proposed to the south of both Q1 and
Q6. The proposed hours for construction are Monday to Saturday
07:00 to 19:00, although construction of the penstock and tailrace
tunnel is likely to be a continuous 24 hour operation.

12.7.10

During construction, it is expected that the noisiest activities will be
the drilling, blasting and grouting of Q1 and Q6, as well as the
crushing of spoil and surface plant operation.

12.7.11

The penstock will be constructed using a TBM launched from the Q6
Tailpond towards the Q1 Headpond. A TBM is a cylindrical machine
with a circular rotating cutter head that uses discs to excavate a
circular profile through rock as the machine advances. The proposed
diameter of the TBM is 4m.

12.7.12

Material excavated by the TBM is will be conveyed from the cutter
head back to the Q6 Tailpond to be processed and utilised into the
dam construction.

12.7.13

At distances within close proximity to TBM, airborne noise from this
equipment is likely to be high. However for the majority of this task,
the TBM will be underground and will therefore be screened from
NSRs. Noise effects from ancillary plant to the TBM (exhaust fans and
generators) have been considered within this assessment.

12.7.14

The generation of groundborne noise emission due to the TBM will
need to be considered. Groundborne noise is audible noise which
occurs within buildings when vibration transmitted into the building
causes the oscillation of floors, ceilings, or walls which radiate sound.
Tunnel boring effects are discussed later in this chapter.
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12.7.15

Construction noise will largely be controlled using various Best
Practicable Means (mitigation measures), as would the vibration
effects due to the TBM or blasting.

12.7.16

Stabilisation works at Q1, and re-profiling at Q6 is likely to involve
blasting which will be scheduled for daytime periods only. Blasting
effects are discussed later in this chapter.

12.7.17

Representative assessment locations have been assigned
construction noise limits based on the measured daytime
background noise levels at the six locations, or provided with the
lower noise criterion limit (of LAeq,1h 45 dB) as suggested within
TAN 11.

12.7.18

Where two noise survey location were close to each other (1 & 2, 3 &
6), and experienced similar noise sources, the lowest daytime LA90
level has been used.

Table 12-17 Representative Assessment Location Daytime Construction Criteria

Location

Daytime LAF90
(07:00-19:00) dB

Daytime LAF90
+ 10 dB

Daytime
Construction
Criteria Used dB

Night time
Construction
Criteria Used dB

1

29*

39

45

42

2

36

46

See Location 1

3

44*

54

See Location 6

4

29*

39

45

42

5

47

57

57

42

6

44

54

54

42

All values are in dB re 20µPa, Free-field, fast time-weighting
*The daytime LA90 has been calculated using the lowest 10th percentile of the LA90,5min noise levels during
the respective time period.

12.7.19

As shown in Table 12-17, all NSRs apart from those fronting the
A4086 to the north west of Llanberis (including Locations 3 & 6), and
Location 5 (Ty-Du), have the lower limit criterion of LAeq,1h 45 dB
applied. This lower limit criterion has been applied for representative
assessment locations in areas where noise surveys were not carried
out.

12.7.20

The assessment of the construction noise effects has been
undertaken at 30 representative NSR locations around the
Development site as shown in Appendix 12.1. The closest NSRs to Q1
are approximately 1500m to the west or 1000m to the north east.
The closest NSRs to Q6 are approximately 200m to the north east.
During the construction of the spillway between Q6 and Llyn Padarn,
NSRs will be approximately 50m from construction areas.
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12.7.21

Noise levels have been predicted using a 12 hour construction
working day, based on 07:00 - 19:00. For assessment purposes, it is
assumed that all the equipment listed for each activity would be
operating during the same working day. Therefore based upon the
proposed working hours, LAeq,1h noise levels have predicted for a
theoretical 'worst-case day' of works.

12.7.22

Noise levels have been predicted 1m in front of the facade of each
representative NSR; however no façade correction has been added
to the predicted noise levels. These predicted noise levels can then
be easily compared with the noise limits used within TAN 11 which are
free-field noise limits.

12.7.23

Appendix 12.1 provides a summary of the predicted LAeq,1h noise
levels at the representative NSRs based upon the above
methodology and assumptions for separate works phases as well as
a combined works scenario with all phases operating simultaneously.

12.7.24

Figures 12.2 to 12.7 graphically show the extent of the predicted noise
level propagation the preliminary assessment of the individual
construction phases.

12.7.25

The assessment outcome of the separate work phases shows that the
construction noise limit is predicted to be exceeded by up to 8 dB
due to either tailpond or power station construction phases at a
number of representative NSRs.

12.7.26

For the period where all phases of work may occur simultaneously,
the construction noise limit is predicted to be exceeded:
• by

10 dB or more at four representative NSR locations;
• by between 5 dB and 9 dB at seven representative NSR locations;
and,
• by between 0 and 4 dB at two representative NSR locations.
12.7.27

For the night time penstock construction, the night time noise limit is
predicted to be exceeded by between 0 and 5 dB at two
representative locations.

12.7.28

As only representative NSRs have been assessed, the number of
actual NSRs with the potential to be adversely affected by
construction noise will be more than the number identified above.

12.7.29

Table 12-18 shows the significance of effects for the daytime
construction noise effects when all works phases occur
simultaneously, based upon the predicted noise levels provided
within Appendix 12.1 and the sensitivity of the NSRs (high).
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Table 12-18 Combined Construction - Significance of Effects

Representative NSR

Predicted Noise Limit
Exceedance LAeq,1h
(dB)

Magnitude of
Effect

Significance of
Effects

10 Coed y Glyn, Llanberis

9

Moderate

Moderate/Major

1-2 Llwyn Dyrus, Llanberis

10

Major

Major

1-6 Olgra Terrace, Llanberis

10

Major

Major

2-4 Frin Deg Terrace, Llanberis

8

Moderate

Moderate/Major

Cae Grolan, Waunfawr

-10

Negligible

Minor

Cae'r Fran, Llanberis

-6

Negligible

Minor

Fuches Isaf, Fachwen

8

Moderate

Moderate/Major

Gallt-y-glyn, Llanberis

-1

Negligible

Minor

Glan Llyn, Llanberis

-5

Negligible

Minor

Glyn Padarn, Llanberis

3

Minor

Minor/Moderate

Glyn Peris, Llanberis

-1

Negligible

Minor

Glyn Perris Cottage, Llanberis

4

Minor

Minor/Moderate

Hafod Oleu Uchaf, Waunfawr

-11

Negligible

Minor

Lake View Tan y Pant, Llanberis

-8

Negligible

Minor

Llys Elen, Llanberis

-6

Negligible

Minor

Muriau Gwynion, Fachwen

7

Moderate

Moderate/Major

Pen y Bryn, Fachwen

10

Major

Major

Pendas Eithin, Waunfawr

-11

Negligible

Minor

Pendraw, Llanberis

-6

Negligible

Minor

Tan Hafotty, Llanberis

-3

Negligible

Minor

Tan y Bryn, Fachwen

9

Moderate

Moderate/Major

Tan y Graig, Fachwen

11

Major

Major

Ty Mawr, Llanberis

-6

Negligible

Minor

Ty Newydd Clegir, Llanberis

-1

Negligible

Minor

Ty Newydd, Llanberis

9

Moderate

Moderate/Major

-18

Negligible

Minor

Ty Uchaf, Ceunant
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Representative NSR

Predicted Noise Limit
Exceedance LAeq,1h
(dB)

Tyddyn Isaf, Fachwen

8

Moderate

Moderate/Major

Ty'n y Ceunant, Waunfawr

-11

Negligible

Minor

Tyn y Mynydd, Groeslon

-16

Negligible

Minor

Ynys Wen, Llanberis

-2

Negligible

Minor

Magnitude of
Effect

Significance of
Effects

Construction Vibration
12.7.30

Buildings are reasonably resilient to ground-borne vibration and
vibration-induced damage is rare; although persons in a building
subject to relatively low levels of perceptible vibration often worry
about the effect on the structure. However, vibration levels that
cause very minor cosmetic damage are of at least an order of
magnitude higher than perceptible vibration levels.

12.7.31

Vibration-induced damage can arise in different ways, making it
difficult to arrive at universal criteria that will adequately and simply
indicate damage risk.

Surface Plant
12.7.32

General surface plant, such as cranes, compressors and generators,
are not recognised as sources of high levels of environmental
vibration. Reference to Figure C2 of 'Control of Vibration and Noise
During Piling' (British Steel, 1998) confirms that peak particle
velocities (PPVs) significantly less than 5mm/s are generated by such
machinery, even at close distances of 10m.

12.7.33

For example, the indication is that a bulldozer would generate a PPV
of approximately 0.6mm/s at a distance of 10m. This value is well
below the level at which cosmetic building damage could occur.

12.7.34

It is unlikely that surface plant would generate levels of vibration at
NSRs above which cosmetic damage would be expected to occur.
This is especially true at distances of 200m or more, which is the case
for Q6 activities, or 50m for construction of the spillway. It is
anticipated that the significance of vibration effects for surface plant
would be negligible at the closest NSRs. The significance of effects is
minor adverse.

12.7.35

Hydraulic hammers and breakers that are mounted on excavators will
cause groundborne vibration from their impulsive percussive action.
Typical safe working distances from this type of equipment are
shown in Table 12-19. This table has been taken from the Australian
document "Construction Noise Strategy (Rail Projects)" (NSW
Transport Construction Authority) as indicative advice for safe
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working distance to comply with the vibration criterion levels
published within BS 6472:1 and BS 7385.
Table 12-19 Recommended safe working distances for Hydraulic Hammers
Safe Working Distance
Plant

Rating/Description

Small Hydraulic Hammer

(300kg

Medium Hydraulic
Hammer

(900kg

Large Hydraulic Hammer

(1,600kg

12.7.36

Cosmetic
Damage

Human
Response

5-12t excavator)

2m

7m

12-18t excavator)

7m

23m

22m

73m

18-34t excavator)

NSRs are more than 200 m from the Q1 and Q6 quarries where
hydraulic hammer rock breaking will occur. As such, the values
provided within Table 12-19, demonstrate that NSRs are unlikely to
sustain cosmetic damage to their buildings or perceive the vibration
from hydraulic hammer rock breaking. The magnitude of effect is
negligible. The significance of effects is minor adverse.

Blasting
12.7.37

It has been proposed that blasting will be required during
stabilisation works at Q1, and re-profiling at Q6. Pre-split blasting
would be used to maximise the quarry face stability, with bulk
blasting to fragment the main rock mass. Excavated rock material
from blasting would then be processed (crushed and screened) and
then used as rockfill for the adjacent dam.

12.7.38

Blasting activities would be scheduled for daytime periods only,
07:00 - 19:00 Monday to Friday. It is inevitable that air overblast and
vibration effects will be produced from any controlled blasting.

12.7.39

The Welsh "Mineral Technical Note 2: Coal" (2009) provides the
following information regarding the difference between human
exposure vibration levels and those that cause structural damage to
buildings: Blasting is perceived at much lower levels, and people
express concern over nuisance and possible damage. Although
damage or the fear of damage is people's major concern, vibration
levels rarely approach the levels that would induce hairline cracks.
People are very sensitive to vibration and some people become
aware of vibration as low as 0.5mm/s, but the human body is not
capable of accurately quantifying its magnitude. Best practice is
needed to minimise effects, maximise efficiency and to establish and
maintain good public relations. Once the threshold of perception is
exceeded, the likelihood of complaints is largely independent of
vibration magnitude but greatly influenced by the relationship
between an operator and the local community. It is important to have
a consistent approach to management, regulation and enforcement
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and to use monitoring and recording of vibration-levels from blasting,
to ensure an operator's compliance with blasting conditions.
12.7.40

At this stage of the project, the detail of blasting (mass of charge,
frequency of blasts, site location, hole spacing, detonation delay, etc.)
is currently unknown.

12.7.41

BS 5228 provides guidance on calculating first estimates of potential
vibration levels from blasting (Annex E.2). Using Figure E.1 and the
distances to the closest NSRs at Q1 and Q6 (approximately 1000m
and 200m respectively), a maximum instantaneous charge can be
calculated for a 95% confidence PPV limit to be achieved.

12.7.42

For example, if a PPV of 6mm/s was targeted to achieve 95%
confidence levels, then the maximum instantaneous charge that
could be used for Q1 and Q6 is 2500kg and 100kg respectively. This
is a first estimate of possible maximum instantaneous charges and
purely demonstrates that through appropriate design, blasting can
achieve imposed limits.

12.7.43

With appropriate design by suitably qualified blasting contractors,
the magnitude of effects due to blasting is expected to be negligible.

Tunnel Boring Machine
12.7.44

BS 5228 provides guidance on calculating first estimates of potential
groundborne vibration and noise levels from tunnel boring (Annex
E.1). The empirical formulae within Table E.1 used calculate
groundborne vibration & noise from tunnelling are limited to the
distance range of 10m to 100m. The closest NSR to the penstock
route is approximately 200m at Q6 entry/exit pit with a second NSR
approximately 300m from the penstock length.

12.7.45

The formulae have been employed to gain an indication of the
groundborne vibration & noise at a nominal distance of 100m. For an
NSR at this distance, the groundborne vibration due to a TBM is
predicted to be PPV 0.45mm/s and the room octave band sound
pressure level is predicted to be 19dB.

12.7.46

These results indicate that for distances of 100m from penstock
construction, that groundborne vibration & noise effects are
expected to be negligible. For NSRs at distances greater than 100m,
as is the case here, it would be expected that groundborne vibration
and noise effects would decrease with increasing distance.

12.7.47

While this may be true, the authors of the original document cited by
BS 5228 "Groundborne vibration caused by mechanised construction
works" (Traffic and Transport Research Laboratory) warn that due to
the formulae being derived from TBM activities over a limited range
of materials, it is possible that formulae may underestimate predicted
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values for tunnelling in stronger rock. They also caution against the
extrapolation of the formulae for distance greater than 100m.
12.7.48

Despite these caveats, it is expected that groundborne vibration and
noise due to the operation of the TBM will be negligible at NSRs.

Construction Traffic Noise
12.7.49

Preliminary estimated data for construction related traffic
movements has been compiled and presented within Chapter 11 Traffic and Transport by the transportation team within AECOM.
Given the phasing of the construction activities and the duration of
the programme, site related construction vehicles and HGV
movements will be spread across entire construction programme of
3.5 4 years.

12.7.50

The construction traffic route to the Q1 Headpond is proposed to be
via the A4085, through an unnamed road priority junction to the
north of Croesywaun. The route would then pass through priority
crossroads within the settlement of Groeslon before continuing on
east to the Q1 access road.

12.7.51

The construction traffic route to the Q6 Tailpond is proposed to be
via A4086, with a right turn onto Glyn Rhonwy Road and a short
distance to Q6 through existing Industrial Estate roads.

12.7.52

Tables 12-20 to 12-24 present the estimated additional traffic volume
increases on affected roads due to construction vehicles.

Table 12-20 Waunfawr crossroads

Months 1 and 18

2017 Daily Two-Way Flow

Development

HGVs

Cars / Vans

HGVs

Cars / Vans

Development
% Effect

Glyn Rhonwy

7

362

4

38

11

Western arm
(A4086)

2

198

4

38

21

Road Section

Table 12-21 Waunfawr crossroads

Months 2 to 17

2017 Daily Two-Way Flow

Development

HGVs

Cars / Vans

HGVs

Cars / Vans

Development
% Effect

Glyn Rhonwy

7

362

2

38

11

Western arm
(A4086)

2

198

2

38

21

Road Section
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Table 12-22 Waunfawr Junction with the A4085

Months 1 and 18

2017 Daily Two-Way Flow

Development

HGVs

Cars / Vans

HGVs

Cars / Vans

Development
% Effect

Glyn Rhonwy

5

546

4

38

7

Western arm
(A4086)

37

2,801

4

38

1

Road Section

Table 12-23 Waunfawr Junction with the A4085

Months 2 to 17

2017 Daily Two-Way Flow

Development

HGVs

Cars / Vans

HGVs

Cars / Vans

Development
% Effect

Glyn Rhonwy

5

546

2

38

7

Western arm
(A4086)

37

2,801

2

38

1

Road Section

Table 12-24 Glyn Rhonwy / A4086 junction Month 1
2017 Daily Two-Way Flow

Development

HGVs

Cars / Vans

HGVs

Cars / Vans

Development
% Effect

Glyn Rhonwy

8

664

28

114

21

Western arm
(A4086)

79

6,185

28

57

1

Eastern arm
(Llanberis)

76

5,791

0

57

1

Road Section

12.7.53

Given the existing level of traffic flows on the A4085 and A4086, it is
considered that the percentage increase in traffic volumes due to the
development construction vehicles will be relatively small on these
roads when compared with the existing level of traffic. As shown in
Tables 12.22 and 12.24, the percentage increase in vehicle movements
due to construction traffic on these roads is 1%.

12.7.54

Given the very small percentage change in traffic flows for the
A4085 and A4086, coupled with the low amount of expected
construction HGVs in comparison to existing HGV volumes, the
LA10,18h noise level is predicted to increase by much less than 1dB
which is a negligible magnitude of effect.

12.7.55

For the other roads potentially affected by construction traffic, the
predicted construction vehicle flows provide a percentage increase
on existing traffic volumes of between 7% and 21%. This percentage
change would be equivalent to an increase of less than a 1dB change
in the LA10,18h noise level due to increases in traffic volumes.

12.7.56

However, of the predicted increase in construction vehicle
movements on these roads, HGV vehicles represent a higher
percentage than the existing traffic volumes. For example, the daily
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vehicle movements on Glyn Rhonwy Road during Month 1 are
predicted to increase by 21%, with a quarter of those movements
attributed to HGVs. This is a substantial increase on the 1% of HGVs
that exist currently.
12.7.57

DMRB suggests that "changes in traffic speed or proportion of heavy

vehicles on the existing roads or new routes may cause a change in
noise level of 1 dB LA10,18h in the short-term."
12.7.58

Considering the possible noise level increase due to a greater
proportion of HGVs in addition to the expected increase in traffic
movements, the LA10,18h noise parameter would likely increase by
more than 1dB (but less than 2dB) which equates to a minor
magnitude of effect. The significance of effects is minor/moderate
adverse for high sensitive NSRs.

Construction Traffic Vibration
12.7.59

Vibration is a low frequency disturbance that can produce physical
movement in buildings and their occupants. Vibration can be
transmitted through the air or through the ground. Airborne vibration
from traffic can be produced by the engines or exhausts of road
vehicles with dominant frequencies in the 50-100Hz range. Groundborne vibration is more often in the 8-20Hz range and is produced by
the interaction between rolling wheels and the road surface. Groundborne vibration is usually measured in terms of PPV (mm/s).

12.7.60

Advice on vibration effects and annoyance cited within DMRB is
referenced to the Transport and Road Research Laboratory
document "Traffic Induced Vibrations in Buildings" (1990). A
summary of findings from the document includes:
• Groundborne

vibration levels depend on many factors and are
difficult to predict.
• Research has shown that traffic induced ground borne vibrations do
not cause significant damage to buildings.
12.7.61

The highest levels of traffic induced groundborne vibration are
generated by irregularities in the road surface which can be avoided
with appropriate maintenance.

12.7.62

Airborne vibration is more likely to cause disturbance than groundborne vibration, but both sources of vibration will cause less
disturbance than noise.

12.7.63

DMRB relates changes in traffic vibration annoyance to the change in
the LA10,18h noise levels at NSRs. However, this method is based on
survey data and noise level changes where road traffic was the
dominant noise source of the area. Given the relatively small number
of traffic volumes on roads other than the A4085 and A4086, this
method may not necessarily be valid for these roads.
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12.7.64

HGV construction vehicles have the potential to pass within 2m of
existing residential properties within Groeslon when travelling along
the access route to Q1. The existing width of the roads would likely
require HGVs to manoeuvre at a lower speed than standard vehicles.

12.7.65

Given the expected increase in construction traffic volumes on Glyn
Rhonwy Road, and also along the access roads to Q1, it is likely that
NSRs fronting these roads/routes will be affected by groundborne
vibration and/or airborne vibration caused by construction vehicles.

12.7.66

DMRB advises that if the level of vibration at a receptor is predicted
to rise to above a level of 0.3mm/s, or an existing level above
0.3mm/s is predicted to increase, then this should be classed as an
adverse effect from vibration.

12.7.67

As there is no accurate method of predicting a magnitude of effect
of construction traffic vibration a level of minor effect has been
assigned to construction traffic induced vibration. The significance of
effects is minor/moderate adverse for high sensitive NSRs.

12.8 Potential Operational Noise Sources
12.8.1

Potential operational noise sources are limited to the power station
site and include:
• Turbines

& Generators
• Transformers & Switchgear
• Workshop
12.8.2

The proposed location of the power station is south of the tail pond.
The power station comprises a main plant hall building at surface
level, and a deep shaft to house the pump/turbines.

Operational Noise Limits
12.8.3

Operational noise limits have been determined using the BS 4142
assessment methodology, based on the measured night time
background noise level at the representative NSRs. As a conservative
approach, the lowest of the measured LA90,5min levels have been
used for the night-time period as shown in Table 12-14.

12.8.4

Demonstration that development's operational noise can achieve a
zero rating level at night, will conclude that noise in the daytime will
also cause a less than negligible effect at NSRs, when ambient noise
levels are higher.

12.8.5

A zero rating level has been set to achieve a magnitude of effect of
less than negligible (i.e. Rating Level equals the background noise
level).
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12.8.6

In order to present the worst case scenario, a 5dB rating penalty has
been added to potential noise levels at NSRs, when determining BS
4142 noise limits.

12.8.7

A summary of the night time rating levels determined in accordance
with BS 4142 for the representative NSR locations are shown in Table
12-25.

Table 12-25 Night Time BS 4142 Noise Limits

LAF90,5min

Specific Noise Level dB

Rating Level dB

1

30

25

30

2

33

28

33

3

42

37

42

4*

24*

19*

24*

5

43

38

43

6

33

27

33

Location

All values are in dB re 20µPa, Free-field, fast time-weighting
*See paragraph 12.6.21 regarding the operational noise limits for Location 4.

12.8.8

The background noise level and the nominated Rating Level for
Location 4, are considered to be 'very low' according to BS 4142 and
are therefore the Rating Level of LAr 24 dB will not apply at this
location. Instead, the noise due to power station noise sources should
be no greater than LAeq,T 40 dB at the facade of NSRs in this area,
to achieve 'good' internal sleeping conditions in accordance with BS
8233.

Turbines & Generators
12.8.9

The nominal turbine size used in the preliminary design of the
development is below 50MW and the design allows for a maximum
of two units to be installed in parallel.

12.8.10

The turbine will be partially encased in a concrete jacket cast into the
shaft for structural support and to help absorb operational vibration.

12.8.11

The turbines and generators will be approximately 70m below the
existing ground surface, housed within the shaft, enclosed and
insulated within their own level, and separated from the main plant
hall building on the surface.

12.8.12

It is currently unknown what sound power levels will be emitted by
turbines, generators and associated equipment, although such
industrial type machinery would be likely to have sound power levels
in excess of 100dB.

12.8.13

Despite the potential for the machinery to have sound power levels in
excess of 100dB, the magnitude of noise effect from turbines,
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generators and associated equipment is expected to be negligible.
This is due to the separation and substantial construction that will
exist between the machinery and NSRs. The significance of effect on
residential high sensitive NSRs is minor adverse.
Transformers & Switchgear
12.8.14

To the front of the power station main hall, an internal switchgear
annex is proposed. External transformer compounds are proposed
for three main power transformers, located immediately in front of
the power station main hall.

12.8.15

Modern gas insulated switchgear equipment emits very low noise
levels during operation. As such, the noise levels emitted by the
switchgear are expected to be easily mitigated by the building fabric
and mechanical ventilation design. Consequently, the magnitude and
effect of noise effect from switchgear is expected to be neutral.

12.8.16

Transformers are proposed to be located externally to the building.
The sound power level of the transformers is currently unknown at
this early stage of the project. Given the proposed location of the
transformer enclosure, the nearest NSRs (fronting the A4086) are at
least 400m away (Location 3 and Location 6).

12.8.17

The assessment of potential transformer noise at NSRs has been
completed assuming that the three transformers can be considered
point sources with a combined sound power level of 85dB(A), which
is considered typical. The resultant noise level at a distance of 400 m
due to distance attenuation only, would be 25dB(A). Applying a
character correction of +5dB(A) to account for any tonal annoyance,
a BS 4142 rating level of 30dB(A) would is predicted.

12.8.18

A rating level of 30dB(A) is 3dB(A) below the night time background
noise level of LA90,5min 33dB measured at Location 6. Given the
assumptions stated here, the magnitude of effect is therefore
expected to be negligible. The significance of effect would be minor.

Workshop
12.8.19

A workshop and loading area are included at one side of the main
hall. General offices and a control room are proposed for the other
side of the main hall.

12.8.20

It is currently unknown what sound power levels will be emitted by
maintenance equipment within the workshop.

12.8.21

Workshop noise is anticipated to occur infrequently, in response to
maintenance requirements. Excluding emergency situations,
workshop noise will be generated during the day only.

12.8.22

Noise levels emitted by the workshop are expected to be easily
mitigated by the building fabric and mechanical ventilation design.
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12.8.23

The magnitude and significance of noise effect from the workshop is
expected to be neutral.

Pumping Station
12.8.24

The pumping station at the end of the Q6 supply pipe (at Llyn
Padarn), will contain equipment to pump water from Llyn Padarn to
Q6 for initial filling and top up. Equipment will be located below
ground within a sealed concrete chamber.

12.8.25

Access to the underground chamber will be via access panels which
will be made from thick galvanised steel which will be suitable
attenuate noise from within the chamber.

12.8.26

It is expected that selected pumping equipment will meet the
requirements set out in the EU Machinery Directive. Typically, such
equipment is not inherently noisy.

12.8.27

The pumping station is expected to operate on an intermittent basis,
allowing for the initial filling of Q6 and subsequent 'topping up' as
required. As such, noise effects are only expected for short durations
on an operational basis. Actual noise levels are expected to be
adequately mitigated through the design of the pumping station
(chamber, access panels, etc.)

12.8.28

The closest NSR to the pumping station is more than 200m away.
Infrequent noise emitted by the pumping station is expected to be
easily mitigated by the design of the underground chamber and
distance attenuation. As such, pumping station noise effects are
expected to be neutral at NSRs.

12.9 Mitigation, Compensation and Enhancement Measures
Construction Noise and Vibration
12.9.1

With regard to construction activities, agreement on operational
hours and working methods will be sought from Gwynedd Council in
order to minimise noise effects at NSRs.

12.9.2

Moreover, during consultation with Ms. Duell-Parri at Gwynedd
Council, a Section 61 prior consent under the Control of Pollution Act
1974 was recommended for any construction works that would fall
outside of typical construction hours in the area. As TBM works are
expected to be required on a continuous 24 hour per day basis, a
Section 61 agreement will be required to limit the potential effect
from the construction works.

12.9.3

Section 61 consent places the responsibility for controlling
construction noise onto the appointed contractor via restricting
types of construction, methodologies, and timescales. These
agreements form part of the legal contract between Gwynedd
Council and the MWC.
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12.9.4

The responsibility for seeking final approval for noise control will lie
with the contractor, with final approval itself resting with the
Environmental Health Officer, to be established prior to the
commencement of works.

12.9.5

Based on the construction assumptions presented within the
assessment section, the results from the combined work phases
(where all phases of work may occur simultaneously) shows that the
construction noise limit is predicted to be exceeded by:
• by

10 dB or more at four representative NSR locations;
• by between 4 dB and 9 dB at seven representative NSR locations;
and,
• by between 1 and 4 dB at two representative NSR locations.
12.9.6

For the night time penstock construction, the night time noise limit is
predicted to be exceeded by between 0 and 4dB at two
representative locations.

12.9.7

As only representative NSRs have been assessed, the number of
NSRs with the potential to be adversely affected by construction
noise will be more than those identified above.

12.9.8

The construction noise assessment reveals that based on the sound
power levels and location placement of the individual plant items,
certain plant has greater contributions to the NSR predicted noise
levels than others.

12.9.9

Where particular plant items have been modelled at terrain heights
lower than typical surface heights (i.e. within quarries), screening
provides considerable attenuation to NSRs.

12.9.10

During the Q6 tailpond construction, a crusher unit, graders and
excavators at unscreened locations provide the greatest contribution
to the predicted NSR noise levels.

12.9.11

During the power house construction, a crusher unit, and a Drill Rig
(blast) at unscreened locations provide the greatest contribution to
the predicted NSR noise levels.

12.9.12

Subsequent to the scoping response provided by the Council
regarding noise and vibration, a local liaison group will be set up to
discuss matters relating to noise and vibration effects the
development's construction, with representatives from relevant
stakeholders.

12.9.13

Plant that is not required to be mobile (such as a crusher unit or
batching plant) should be located and oriented with a localised
barrier to provide attenuation to NSRs. Localised barriers that
effectively increase the noise path to NSRs (compared to direct line
of sight), can attenuate noise levels by 10dB or more.
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12.9.14

Mobile plant is more difficult to attenuate by one particular method
and may require a combination of methods to reduce noise levels at
NSRs.

12.9.15

As suggested by Ms. Duell-Parri, noisy construction activities will be
planned for the beginning of the week where possible so that any
delays in the construction works do not result in the particularly noise
activities being conducted on Saturdays.

12.9.16

British Standard 5228 (BSI, 2009) gives detailed advice on methods
of minimising nuisance from construction noise. This can take the
form of reducing source noise levels, control of noise spread and, in
areas of very high noise levels, insulation at receptors. It is likely to be
a requirement of any construction contract that any constructors at
the site comply with the recommendations in BS 5228.

12.9.17

Mitigation measures to achieve Best Practicable Means (as required
by the Control of Pollution Act) may include the following provisions:
• ensure

all processes are in place to minimise noise before works
begin and should ensure Best Practicable Means are being achieved
throughout the construction programme;
• the appropriate use of plant with respect to minimising noise
emissions and regular maintenance. All vehicles and mechanical
plant used for the purpose of the works would be fitted with
effective exhaust silencers and would be maintained in good
efficient working order;
• ensure that modern plant is used, complying with the latest EC noise
emission requirements;
• selection of inherently quiet plant where appropriate. Use of
electrical items of plant instead of diesel plant; especially in sensitive
locations. All major compressors should be 'sound-reduced' models
fitted with properly lined and sealed acoustic covers which would
be kept closed whenever the machines are in use and all ancillary
pneumatic percussive tools would be fitted with mufflers or
silencers of the type recommended by the manufacturers;
• machines in intermittent use would be shut down in the intervening
periods between work or throttled down to a minimum;
• all ancillary plant such as generators, compressors and pumps would
be positioned so as to cause minimum noise disturbance. If
necessary, acoustic barriers or enclosures will be provided;
• loading/unloading sites should be located away from residential
properties and shielded from those properties where practicable;
• arrange the site operations and vehicle routes to minimise the need
for reversing movements, and to take advantage of rises in natural
terrain to screen NSRs;
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• no

employees, subcontractors and persons employed on the site
should cause unnecessary noise from their activities e.g. excessive
'revving' of vehicle engines, music from radios, shouting and general
behaviour etc. All staff inductions at the site should include
information on minimising noise and reminding them to be
considerate of the nearby residents;
• where possible, the hours of noisy operations should be planned
considering the effects of noise upon nearby NSR, taking into
account the duration of work and the potential consequence of any
lengthening of periods of noisy work;
• where possible, the items of plant should be located furthest from
the nearby NSR buildings or in locations where acoustic screening is
provided by site cabins, buildings, or barriers. Plant known to emit
noise strongly in one direction should, when possible, should be
orientated so that the noise is directed away from the nearest NSR;
• materials should be lowered whenever practicable and not dropped.
Any chutes and skips should be lined with sound attenuating
material to reduce effect noise; and,
• care should be taken when loading / unloading vehicles and
dismantling scaffold.
12.9.18

Method Statements regarding construction management, traffic
management, overall site management, and resident management,
prepared in accordance with best practice and relevant British
Standards, can help to minimise effects of construction works. These
will be contained within a CEMP. This should include consideration of
the construction phasing of the development. Construction of
appropriately located earth/spoil bunds during the early phase of the
construction programme would help to increase the acoustic
screening of construction noise.

12.9.19

Consultation and communication with the local community
throughout the construction period also serves to publicise the works
schedule, giving warning to residents regarding periods when higher
levels of noise may occur during specific operations, and providing
them with lines of communication where complaints can be
addressed. Dissemination of such information is likely to encourage
the community to be more tolerant of any disturbance considering
the perceived long term benefits of the project.

12.9.20

A CEMP should also be prepared and put in place to ensure Best
Practicable Means are adopted with regards to each phase of the
proposals. This will help to ensure that the noise effects relating to
construction activities are minimised.
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Blasting
12.9.21

The air overblast and vibration effects of blasting can be reduced
through good blast design, although this may come at the expense of
higher drilling and detonator costs. Smaller, more frequent blasts
lead to smaller but more frequent effects, and the balance between
these factors will need to be discussed with Gwynedd Council.

12.9.22

Methods employed to control air overpressure and vibration from
blasting operations will need to be agreed with Gwynedd Council
prior to any blasting, as well as the frequency of blasting and a 95%
confidence limit for blast PPV values at NSRs. The PPV blasting
vibration limit should follow the guidance provided within BS 6472-2,
of between 6.0 - 10.0mm/s.

12.9.23

An air overblast limit at NSRs should follow the guidance provided
within BS 6472-2 (120 - 150 dB (LIN)) and be agreed upon with
Gwynedd Council.

12.9.24

It is recommended that a blast monitoring scheme for air
overpressure and vibration be implemented. Any scheme should
include details on the location of monitoring points & vibration
sensitive properties, and the equipment to be used.

12.9.25

All blasts at the site should be monitored and records maintained so
that the historical peak particle velocity from blasts can be produced
as required.

12.9.26

A close working relationship between the construction/blasting
operator and the local planning authority will be required for the
exchange of information regarding blasting events.

12.9.27

Blasting should be carried out using the Best Practicable Means
available to ensure that the resultant noise, vibration and air
overpressure are minimised in accordance with current British
Standards and Mineral Guidelines.

12.9.28

Fly rock requirements will be controlled through Health and Safety
legislation.

Tunnel Boring Machine
12.9.29

It is expected that groundborne vibration and noise due to the
underground operation of the TBM will be negligible at NSRs. No
mitigation is proposed.

Construction Traffic
12.9.30

Construction traffic movements will occur throughout the
construction phases. Consideration and planning of the construction
traffic routes have been provided within Chapter 11 - Traffic and
Transport, to minimise the effects related to construction traffic. A
TMP will be prepared and incorporated into the overall CEMP.
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12.9.31

Noise effects from construction traffic along roads other than the
A4085 and the A4086 are expected to be minor (< LA10,18h 1dB).
Given the small existing traffic volumes and the large percentage
increase in expected HGV movements, construction traffic noise
effects will need to be managed to minimise these effects.

12.9.32

Management methods include a limit on the allowed speed of
vehicles and the planning of deliveries throughout the day.

12.9.33

A smooth road surface is required to be maintained on access routes
to Q1 and Q6. Consultation between the applicant and Gwynedd
Council should be undertaken to facilitate a process that will ensure
that road irregularities do not exceed a 20mm change in the road
profile.

12.9.34

In general, PPVs increase with increasing speed of vehicles. Data
presented within the Transport and Road Research Laboratory
document "Traffic Induced Vibrations in Buildings", suggests that a
speed reduction from 80km/h to 48km/h can decrease PPV levels by
40%.

12.9.35

Given the close proximity of NSRs to the Q1 access route,
groundborne vibration at NSR locations has been identified as a
potential issue. Measurements of vibration at the foundations of
buildings considered to be at high risk should be taken in order to
establish whether construction traffic vibration levels would be likely
to exceed the threshold values or increase PPV levels to more than
0.3 mm/s. Vibration measurements of existing traffic along these
particular routes should also be undertaken to determine the exiting
vibration levels.

12.9.36

Structural surveys of NSR properties may be considered by the
applicant prior to any construction vehicle movements, but this
should only be seen as an option to mitigate the applicants risk
against the possibility of future legal action.

12.9.37

Given the information presented in the assessment of construction
traffic vibration, there is the potential to mitigate effects through the
appropriate maintenance of the road surfaces, the management of
construction traffic movements (speed, frequency, etc.), and the
implementation of vibration monitoring at selected NSRs. As a result,
construction traffic vibration is expected to have a negligible effect
at NSRs. The significance of effects is minor.

Power Station Operational Noise
12.9.38

Noise from the power station's turbines, generators and associated
equipment will be isolated below ground level by significant
structural components (concrete slabs, air lock doors, etc.) which
would be typical construction for a facility such as this. It is expected
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that airborne noise flanking between this equipment (at depth) and
ground level will be suitably mitigated by design to achieve a zero
rating level at NSRs. No direct ventilation is required for the turbines
and generators that would allow a direct noise flanking path to the
surface.
12.9.39

Where ventilation is required to the depth of the shaft to facilitate
safe working conditions for personnel, it is expected that appropriate
mechanical plant design can be easily implemented considering the
extent of the shaft depth. Attenuation of any turbine or generator
noise can be adequately attenuated prior to surface discharge, via
standard mechanical ventilation design (lined ducts, attenuators,
etc.).

12.9.40

The noise emission of the transformers will be confirmed during
detailed design. Should the combined noise emission of the
transformers be higher than a sound power level of 85dB(A),
appropriate mitigation in the form of an enclosure, attenuators, and
ventilation outlets will be required to be specified so that the rating
level of the transformer noise at NSR locations does not exceed the
night time background noise level at NSRs (or LAeq,T 40 dB at NSRs
in the area of Location 4).

12.9.41

Modern gas insulated switchgear equipment emits very low noise
levels during operation. Noise levels emitted by the switchgear can
be easily mitigated by the building fabric and mechanical ventilation
design, and distance attenuation to NSRs.

12.9.42

Noise levels emitted by the workshop are expected to be easily
mitigated by the building fabric and mechanical ventilation design
within the Main Hall, and distance attenuation to NSRs.

12.10 Residual Effects
Construction
12.10.1

It is anticipated that this chapter will inform the Council with regard
to appropriate planning conditions that may be imposed to
adequately control noise pollution, with regard to the Gwynedd
Unitary Development Plan 2001-2016, Policy B33.

12.10.2

Due to the large scale construction works and the proximity of NSRs,
there will be noise effects at NSRs during the construction
programme. However, construction work mitigated through Best
Practicable Means and careful management, would be anticipated to
result in short term effects (less than 5 years) that are no greater
than moderate adverse effect at the worst affected NSRs. The
significance of effects would be moderate/major.

12.10.3

The NSRs that are likely to be most exposed to construction noise
effects are those located along the A4086, those above Ffordd

Chapter 12

Page 42 of 46

Glyn Rhonwy Environmental Statement

Clegir, and those across Llyn Padarn (in Fachwen). As the Q1 and Q6
work phase's progress, and equipment moves down into the quarry,
noise from construction will reduce at many NSRs due to screening.
12.10.4

However, due to the local topography, there will be a limit to the
amount of attenuation that can be provided to some NSRs through
screening. Some NSRs in Fachwen will be higher than construction
activities at Q6, with little scope to implement screening barriers for
the majority of plant.

12.10.5

Once specific and exact construction methods are known by a
contractor, an assessment should be undertaken to determine a
more accurate noise assessment with specific mitigation which may
reduce the overall residual effect.

Blasting
12.10.6

Air overpressure and vibration effects from blasting are inevitable.
Methods to control air overpressure and vibration from blasting
operations will be agreed with Gwynedd Council prior to any
blasting. Blasting will be carried out using the Best Practicable Means
available to ensure that the resultant noise, vibration and air
overpressure are minimised in accordance with current British
Standards and Mineral Guidelines, as required by the Control of
Pollution Act. However they will be temporary in nature and a liaison
group set in the community with advance notice of works provided.
Therefore the residual is considered of minor effect.

Construction Traffic
12.10.7

Construction traffic effects mitigated through management methods,
road maintenance and ongoing monitoring, would be anticipated to
result in short term effects (less than 5 years) that are no greater
than minor adverse effect at the worst affected NSRs. The
significance of effects would be minor/moderate.

12.11 Evaluation of significance
12.11.1

A summary of the significance of effects from the various noise and
vibration effects contained within this chapter have been
summarised in Table 12-12.

12.11.2

Any significance levels above moderate and major are defined as
significant effect. Table 12-26 provides a summary of residual
effects.
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Table 12-26 Summary of Residual Effects
Significance of Effects
Effect
Without Mitigation

Residual

Construction Noise

Major

Moderate/Major

Construction Vibration

Minor

N/A

Tunnel Boring Machine

Minor

N/A

Blasting

Minor

N/A

Construction Traffic Noise

Minor/Moderate

Minor/Moderate

Construction Traffic Vibration

Minor/Moderate

Minor/Moderate

Turbines and Generators

Minor

Minor

Transformers

Minor

Minor

Switchgear

Neutral

N/A

Workshop

Neutral

N/A

Pumping Station

Neutral

N/A

Operational

12.12 Cumulative Effects
12.12.1

It has been confirmed with Gwynedd Council that in the general
context of this development, there are no external projects or
developments which will require a cumulative assessment.

12.12.2

Given the temporary nature of the development's construction noise
and vibration effects, no other large scale development have been
identified in the area which would create cumulative effects within
this temporary timeframe.

12.13 Summary and Conclusions
12.13.1

This chapter has presented the assessment of potential noise and
vibration effects from the Development's operational and
construction phases. Where necessary, possible means of mitigating
the potential adverse noise effects on NSRs have been provided.

12.13.2

A baseline environmental noise survey has been undertaken to
establish the existing noise climate at locations around the
Development.

12.13.3

With regards to operational noise effects at the power house and
pumping station, the Development is predicted to result in negligible
effects at NSRs.
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12.13.4

Based upon a preliminary assessment of potential noise during the
construction phase, it is considered that effects of up to major
adverse could arise without mitigation. Such effects should be
minimised where possible by adopting Best Practicable Means, a
CEMP, and the setup of a local liaison group, in order to specifically
identify potential effects and appropriate mitigation based upon site
specific information as the project progresses. Once specific and
exact construction methods are known by a contractor, an
assessment should be undertaken to determine a more accurate
noise assessment.

12.13.5

Construction, tunnel boring, and blasting working practices are
unlikely to generate levels of vibration at local receptors above which
cosmetic damage to structures would be expected. However, exact
effects will be dependent upon the working methods employed and
further consideration of potential vibration effects will need to be
considered once a contractor is appointed.

12.13.6

Significance of construction traffic noise and vibration effects has
been considered for representative NSRs. Construction traffic effects
can be mitigated through management methods, road maintenance
and ongoing monitoring and would be anticipated to result in short
term effects (less than 5 years). This would result in effects that are
no greater than minor adverse effect at the worst affected NSRs and
therefore is considered not significant.
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