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the Channal Tunnel project as a whole. Tha views expressed In this paper are his own, and do not
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1. INTRODUCTION

Railway noisa Is one of the oldest examples of the impact of transportation noiss on the environment, and
yet it is a figld in which methods of assessment are sl in thelr formative stages. Major new raflway
schemes are a comparatively recent phenomenon.

When the first major proposal for a new ralilway was published In the early 1970s, namely the previous
scheme for a Channel Tunnel Rall Link, noise assessment experts had an almost clean sheet of papert on
which 1o begin their task. A number of opposition groups approached the task by going back to basics,
predicting nolse fevels and then attempting to Interpret the results in the way that other nolse sources
ware assessad: looking at raltway nalse In the context of the non-rall backgrotind: looking at the effects of
absolute levels on task parformance, sleep disturbance and annoyance: and making judgements about
the impacts. This approach produced conclusions about impact which may or may not have been valld,
_and In order to seek to calibrate a scale of railway nolse Impact, the British Railways Board commissioned
the well known work of Flelds and Walkart.

2. BRIEF SUMMARY QF UK RAILWAY NOISE IMPACT WORK

The original Fisids and Walker results (Reference 1) concluded that the best measure of railway noise
Impact was L,q (24-hour), and that edverse responsa 10 rallway nolse was litle dependent on noise leve!
below about 55 dB(A) (24-hour); that there was a small increase In annoyance between 55 and 60
dB(A) Lpgq (24-hour); and there was a progressive Increase in annoyance as levels Increase above 65
dB(A) Laq (24-hour).

An important finding of the study was that 1 was estimated that fallway nolse was less annoying than road
traffic nolse by between 4 and 15 dB{A) Lgaq {24-hour). It noted natlonal differences, hawever, and
observed that Japanssa studies Indicaled that the nolse from the (then new) high speed Shinkangen
routes was as annoying of more annaying than road traffic noise of the same nolse level. The Fields and
Walker study dealt only with railways established for many years.

Flekds and Walker found that a higher proportion of frelght traffic increased the amount of annoyance for
the same nolse level.
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Ina more recant papar? Walker propases acceptable levels of rallway nolse which Include 70 dB{A) Lang
{24-hour) as “Tolerable: when 20% aof tha exposed population are highly annoyed” arnd 60-65 dB{A) L,

{24-hour) as “Clearly Acceplable: when 10% of the exposed population are highly annayed”. He adds
another “Clearly acceptablg” criterion for night-time, “# circumstances require speclal consideration” of

60 dB(A) Lasq Coupled with a maximum noisa lovel of 85 dB(A). These figures were derlved from work on
sleap disturbance,

If Figids and Walker had carrled out their work after the opening of a major new rallway llne, thare
probably would be littie doubt that the callbrated soclal survey resulls obtained, and the nolsa index used

to calibrate the scale of response would, as a means for assassing the noige Impact of new ralway

2. THE PHILOSOPHY OF A NOISE ASSESSMENT METHOD

Becauss savera| quite different methods of assessing nolse from new rallway lines arg in use, and they
sometimes produce conflicting resuts, it Is helptul to pause and reconsider the fundamental facts of the
task they seek to perform,

and audiblity Is

y of the physical
nt. The psychological effects are functions of these

physical attributes, Precanditioning and ha

2.1 The influvence of background noise

in this paper, the term background is used to describe all aspects of the nolse environment without the
railway and is not limited to the background LAg0

- Inthe general fleld of noise assessment, the nolse ba

Firstly it has an infigence on people’s expectations; In an area of very low background peopla feal entlled
1e peace and quiet and aggrisved at the Intrusion of allan nolse events. Secondly, background noisa may
partlally or completely mask the nolsa of potentially Intrusive events; i It masks them completely and tha
event Is thereby Inaudible then background nolse may reduce nolsa Impact. Thirdly, if the background

» then # addional noisa Is added to It the
dditional noise alona. It is worth examining these three

ckground can be ralevant for three main reasons.

whole noisa impact cannot be attributed to the a
Impacts in soma detail.
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2.1.1 Environmental expeciations. Of the three Influences of background noisa its functlon in
datermining people’s expeciations of their environment s the most difficult 1o quantity. Where there Is no
road traffic, paople find newly introduced road traffic Intrushve; where 1t Is quiet except for the existence of
Intermittent bursts of notse people may takae refatively littfe notice of the intermittent nolse if it Is Infrequent
and stil consider it a qulet area because of the low noise level between 1he noise events. Eady work? on
public response to road traffic noise concluded that the range of the nolse climata (e.g. Lajo-Llagy! WaS
significant.

2.4.2 The masking etfect of background nolse. Masking Is an acousticat phenomencn which Is the
affact caused by one signal on the audibility of another. it is frequency dependent and quile complex in its
actlon. Whila background nolse can have a masking effect in its true form, and reduce the audiblity of a
specific source, In a looser sense, background nolse can render specific nolsa sources less obtrusive
avan # it does not strictly mask tham, If they are noise events of the same kind that already exist in the
anvironment, in which case no single nolse event may be separately identifiable and the Impact is
primartly a function of the numbaer of times the event occurs, as much as of the nolse level or duration.

2 1.3 Tha contribution of background noise to 1otel nolsa Impact. i Is standard practice in the
assessment of nolse from road schemes to look not only at predicted absolute levels of nolse from a
proposed new road, but also at the margin of Increase in the tota! noise caused by the new proposal. In
the great majority of cases the background Ly OF Laeg Is predominantly causad by existing road traffic
nolss, and the effect of Introducing nolse from a new road scheme [s to increase the numarical value of
ihe Index. Conventions hava arisen which attach labels 1o increases in 18-hour Lyyq, 10 the effect that
changes of 3 dB are not normally noticeable; 5 dB 1s a significant change, and so on.

2.1.4 Tha effect on sleep. The great majority of research work on tha effect of nolse on sleap reaches
conclusions which take no direct account of background noise. In almost all cases? sleep disturbance Is
found to be dependent on aithar maximum nolse level or Ly,q. Background noise would be an Influence
only lo the extent that it determined the total value of the Ly, level, but the Ly, index ls primarily used to
Improve upon a simple measure of maximum nolse level and take account of the ‘ofienness’ {to avoid the
double meaning of the word ‘frequency’) of the maximum naise events. The level of the background Lagg
appears 1o play no significant role.

2.1.5 The psychologleal effects. To the extent that a nolse may be annoying in the ‘dripping tap’ sensa,
Le. & Is the characteristics of the noise which cause annoyance rather than the sound level, the
background would be influemial only as regards its masking effect. '

2.2 The Influence of background nolse on the impact of raitway noise.

In considering the relevance of background noise In miway nolsa assessment I Is necessary to 1ake
account of several features of ralway nolse which It does not share with highway nolse. Firstly, a raflway
nolse event has spectral and temporal characteristics which are not shared by other background nolse
evenls. Thus, as long as a ral noise event Is audible it will be distingulishabla from all other environmental
nolse events, Sacondly, for the same Ly, level, a rabway nolse envirenment has much higher maximum
nolsa lovels than a highway nolse environment. Thirdly, rafiway nolse has a relatively small effect on the
Lygo level; this Is relevant to tha extent that the L,g, sets 8 people’s frames of reference, and Influences
thalr Judgement as to whether thelr environment is baslcally quiet or noisy.

In environments which do not already exparience ralway nolse, background nolse is relevant it t is high
encugh In level 1o mask noise from the raliway and thereby reduce Its audibllity. The degres to which a
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raliway nolse event causss physical eflects such as redyced speach Inteftigibility Is not dependent on the
level of the background, except that f the background is already high enough to causas speach
Interfarence, then the additional spaech Interference of the rallway nolsa event may constitute a smaller
impact than would be the case # the background wera low, It Is also possible that a speaker may use a
higher volce level, or windows are mara likely to be closed In a high background nolse.

The conventions of environmental impact assessment require that as a first step In assessing the impact
of a proposed development, the baseline enviranmant should be quantified, following which any change
In the baseling caused by the development Is than predicted. Because LMI and the other noise indices
can ba used to measura any kind of noise (regardlass of how the results are interpreted), itfs tempting to
Charactarise a pro-exisling non-rail environment by measuring the baseling Laeq and perhaps Lagg. and
then ta quantify Impact by caleulating by how much the values of thesa Indicas wauld be altered following
the development,

Unfortunately, hawever, studies$ which have been carried out on the subject of peopla's reactions 1o
nolse from different sources, and 1o noise from differant modes of transport in particular, have Indicated
that while as Index such ag Lagq €an be used 1o measure the quantity of nolse energy emitted in each
casa, people’s responses depend not only on the Laaq level but also on tha nature of the source. It foflows
that the traffic nolse background {and with rare exceptions the nolse background of most non-rail
environments Is controfled by road traffic nolse) Is not necessarily a valld baseling against which to assess
the Impact of newly introduced railway noise and like Is not being compared with like. Orly in
environments already experiencing rallway nolse does there exist a true basefine for use in Impact
assessment,

The question must be asked whether train noise of 65 Lagq mixed with traffic noise of 60 Lasg- tagve a
lotal of 68 Lisg causes mora of an Impact than would be the case with train noise at 55 L
superimposed on basetine traffic notse at 45 Lasce 10 give a total of 55 Lasg- Tha difference between tha
two cases is that in the first, the overall Laaq lovel 8 increased by & dB, and In the second by 10 dB, but
there Is no evidence In the research results to support the vigw that [n thesa circumstances train nolss at
55 Lyaq causes significantly mare fmpact than train noise at 65 th; In fact the evidence points to the
feversa being more likely.

A system which equates an increase of 5 ynits up o atotal Ly, of 55 with an increase of 5 urits uptoa
tolal Ly, of 75 ignores the fact that at 75 Lagq the physical effects of the railway nolse (such as spesch
interference and sleep disturbance) may be significant, while at 5 Laeg they are likely to be insignificant.
Furtharmore, a system which causes equal of greater resources to be expended on reducing ralway
noisa 1o 55 L, in a baseline of 50 Lpaq 83 On reducing noise to 65 Lasq in @ baseline of 60 Laag is
operating inequitably In terms of pounds per person highly annoyed,

the Index be NNI, NEF or even L”q, NG attempt is made to take account of background noise (although

Proposed, its impact Is assessed by considering the populations living within cantours of equal noise
Index value and the likely responses of parcentiles of those populations.
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Only In cases whara an existing alrport operation is being Intensified, or there already exists alrcraft nolse
from another source, Is tha marglin of Increase in the value of the Index considered. One of the problems
which will accompany tha adoption of L, for the measurement of alrport noise will be that peaple will be
tempted 10 ‘compare apples with peary” end combine background L,,q levels with alrport Ly, levels,
The answer they get may well be a blood crange. As with rallway nolse, public response to alrcraR nolse
Is not the same as public response to traffic nolse for the same value of Lygq.

2.3 Background nolse - concluslons

A review of the fundamental considerations of noise Impact provides an understanding of the reasons
why resaarch results conclude that an absolute measure of railway noise Is the best descriptor, and that
the Influence of background nolse Is small. Background Ly,, may be relevant if tha events It describes
have a masking effact on rallway nolse, or f 1t Is high anough to have a significant nolse impact in its own
right. Thare are argumants in support of a view that the background L, o, may be relevant, but it is likely
that In residentlal areas where main line rallway nolse occurs values of Lyg, tend 1o be of the same order
and that for this reason it has not emerged as a significant vardabla. There Is as yet no research support
for a system which takes elther background LAnq or background Lq, Inlo account,

3. ABSOLUTE CRITERIA AND NOISE INSULATION THRESHOLDS

3.1 The position regarding roed traffic nolse

in tha late 19608 It became apparent that the noise Impact of new rocads on residentlal property was in
some cases great enough to warrant action to mitigate the impact. Following studies by government
research laboratorlesS, the government announced In 1971 by way of a written reply to a Pariamentary
question” that it accepted the advice of the Noise Advisory Councl, that a level of tralfic noise of 70 dB(A)
on tha L, (18-hour) scale constfuted the limit of the acceptable. At the time, the method of
measurement of L,,, was by eleciro-mechanical means, and It was considered that the accuracy of
measyrement or prediction was +2 dB(A), Thus, when In 1973 the Nolse [nsulation Regulations® wers
made, the qualifying noise level was set at 68 dB(A) L,,q (18-hour). Opinions are to be found that the
figure of 68 dB{A) was chosen as a compromisa because some lobbylsts wanted to see the imit set at 65
dB(A); this doss not accord with Department of the Envircnment minutes of commiitee meetings of the
period.

The figure of 70 dB{A) (rather than 68) appeared in the Department of the Environment circular, No 10/73,
"Planning and Noise”, which quoted the Noise Advisory Councli's Advice. However, the slatutory
position of the qualifylng limit of 68 dB(A) has had the eltect that i has become eslablished as an
important benchmark. For example, local authorities In deciding whether to grant planning permission for
new housing pay particular regard to the 63 dB(A) L,,q (18-hour) contour, and some adopt a lower figure
such as 65 dB(A), although refusals based on exposure 10 nolse of more than 65 dB(A) tend not to be
upheld on appeal.

Whila the statutory position [s that highway authorities are obilged to pay the cost of noise Insulation to
the standard specified in the Noise Insulation Regulations, where existing housing s exposed to noise
from new or improved roads of 68 dB(A) L,,q (19-hour) or more (subject to & number of subsidiary
qualifications), the effect is more widespread. Most highway authorities, In designing new roads, assess
the noise impact; and whara it Is the best approach include nolse reducing features such as nolse barriers
or bunds to reduce, or efiminate, the number of houses eligible for noise insulation.
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Highway authorities also have discrationary powers to Institute nolse Insulation schemes in certain
clreumstances.

3.2 The position regarding railway nolse

In contrast to the road construction posttion, no major new maln line raways have been canstructed In
the Unlted Kingdom in thig century. A number of urban rallways have been constructed, many nvolving
conversion of existing rights of way; British Rall have carried out a small number of re-alignments of main
lines, of which the Selby diversion, In which tha East Coast Maln Line was diverted at the tima of the
development of the Selby coalfleld, is ona of the lengest. In Isolated cases rallway Bl promoters have
given Parlamentary undertakings 10 canry aut nolsa Insulation. This occurred In 1he case of the Selby
diversion but was not formally finked 10 a valve on a noise index. During the passage of the London
Dockdands Rallway (Beckton) Bill, an undertaking® was given by London Reglonat Transport to provide
nolse insulation 10 the standard of the 1975 Nolse Insulation Reguiations i the facade nolse level was
predicted 1o exceed 65 Lisq (24 hour) within 15 years,

3.3 Comparlsons between nolse indices
The nolse Insulation Regutations, for road traffic nolse, express thelr standards in tarms of the Index

known as Ly, (18-hour); following Flelds and Walker it has become general practice to express rallway
nolse In terms of qu (24-hour),

Tha principal reason for the use of thesa two different indices is hstorical. L,,. was arginally a measure
of occupational nolse exposure, and in the UK It was not untd the late I??Os that its usefulness for

The 18 hour time period used in iraffic nolse measuremant was introduced for reasons of economy. In
the early days, nolse Mmaasurement was an important part of the trafiic nolse assessment process, and

hours wera a sufficlent surrogate for full 24-hour noisa maasuremants, and the Ls10 {18-hour) index was
introduced. This problem does not arlse In the case of ralfways, since train movemenis occur al known
times and L, levels can be calculated from measurements of the passage of each class of train,
regardless of the tima al which the Mmeasurement is made, coupled with knowledge of the number of traln
mavements which are likely o oceur,
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3.3.1 Lpyq (18-hour) and Lpaq (24-haur) - numerical converaions. An imporntant difference batween tha
La1g {18-hour) index and the L, {24-haur) Index Is that the former Is always measured or predicted for a
microphona position 1 metra In fromt of a bullding facade. A cormection of +2.5 dB{A) is Included In the
statutory method of calculation of road traffic nolse' 1o allow for this effect (In general acoustical
practice, the eHect of a reflecting plane Is to increase noise levels by 3 dB{A}). The noise measurament
made by Figlds and Walker, though not entirely remote from buildings, were in general not mada at the
fixed position of 1m in front of a facade. tn comparing the two Indices, this must be borne in mind.

It a qualifying noise lave! for a ralway noise Insulation scheme ware to coma about, for pragtical purposes
it would be necassary to make measurements In frent of bullding facades, and a standard corraction
made to allow for this. It might be expedient to Use the same correction of +2.5 dB(A), although, in the
Dockands Light Raflway's noise policy, the more generally applicable correction of +3 dB(A) Is assumed.

It is then necessary 1o make two corrections to L,y (18-hour) to convert it 1o Lo, The first is to convert
from Lyyq to Ly, and road traffic nolse of 68 dB(A) L, (18-hour) typically measures about 65 dB(A) +2

(18-hour}*'. Then the corversion from Lieq (18-hour) 10 Ly, (24-hour} for most trafiic flow
distributions ts about -1 dB(A). On this basis, therefore, the figure of 68 dB(A} L, g (18-hour) of the Noise
Insulation Regulations s numerically equivalent to 64 dB(A) Lasq (24-hour) measured in front of a bullding
facade or about 81 dB(A) In free field.

This figure of takes no account of the effect found by Fields and Walker, namety that in the UK people
found railway nolse less annoying than road traffic noise of the same nolse lavel, nor of the possibility that
the Impact of nolse from a new ralway may not be the sama as the impact of noisa from a long
established raliway. The (road traffic) Noise insulation Regulations require that the noise of a new road
which should be used In datermining eligiblity for ncise insulation should be that predicted to occur 15
years after the opaning date of the road. If an analogous requirement wera mada In respect of railway
noise, any doubt as to whether the finding that rallway nolse in the UK Is less annoying than trafflc noise
should apply In the case of new rallways would not arise. Thus, the current practice of adding § dB{A) to
road wraffic nolse levels before comparing them with railway nolse levels, would be reascnatle at least in
rospect of predominantly passenger ralway lines.

Based on the foregoing arguments, the conclusion may be reached that a scheme for providing noise
Insulation against railway noisa which was numerically In line with the Noise Insulation Regulations for
road traffic noisa would be based ona qualifying nolse level of 69 dB{A) L, (24-hour). A fgure derived
directty from the criginal Noise Advisory Council Recommendation that 76333(A) Laig (18-hour) was the
limit of the acceptable (leaving asida the 2 ¢B instrumental -accuracy tolerance which gave rise to the
subsequent figure of 68), would ba 71 dB(A). Given that the conversion from Ly, 10 Ly, Is subject hself
1o an acecuracy of about +2 dB, it may be concluded that any figure around 69-7t measured 1 metre in
frent ol a bullding facade, and based on forecast ral traffic for a date 15 years after the opening of the
railway, would be technically supportable.

4. CONCLUSIONS

There are clear dangers in applying intuitive methads to the complex and sensitive matter of assessing
the impact of railway roise.
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Ralway nolse shares with akrcraft nolse the distinction that &t Is not a universal feature of the nolse
ervronment in residentlal areas. This is In contrast 10 road traffic nolse which, to a greater or lesser
extent controls the background nolse environment In most argas. Desphe the tachity with which the same

There is, however, strong evidence to suggest that rallway noise, llke alrcraft nolse, should be assessed
by means of an absolute measure, Indeed, even In the case of iraffic nolse, the imit of the accaptable’
which Is used as a basls for nolse Insutation is determined by reference 1o an absolute measura. Onty
where rallway nolse already exists fs it apprepriate to compute the margin of increass in the valye of the
Index as a result of the Intraduction of a new source of railway nolse. Clearly, where the non-ral
background |s at a level which causes It to magk the ralway naoise, the ral impact may be reduced of
even efiminated. Bu2 to seek to achieve such masking, by lowaring the fevef of ralway noise 1o within a set
margin above the non-rall background, when the rallway noise Index per sa Indicates a low level of public
response, would lead to a misapplication of funds for the mitigation of noise impact.
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