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the Channel Tunnel project as a whole. The views expressed In this paper are his own. and do not

necessarily reflect those of any of the clients concerned.

1. INTRODUCTION

Railway noise is one of the oldest examples oi the Impact of transportation noise on the environment. and

yet It Is a field In which methods 0! assessment are still in their formative stages. Major new railway

schemes are a comparatively recent phenomenon.

When the tlrst major proposal tor a new railway was published In the early 19705. namely the previous

scheme tor a crannel Tunnel Rail Unk. noise assessment experts had an almost clean sheet 01 paper on

which to begin their task. A number of opposition groups approached the task by going bacho basics,

predicting noise levels and than attempting to Interpret the results In the way that other noise sources

were assessed: looking at railway noise In the context oi the non-rail background: looking at the effects or

absolute levels on task pertonnance. sleep disturbance and annoyance: and making judgements about

the impacts. This approach produced conclusions about impact which may or my not have been valid.

and in order to seek to calibrate a sale oI railway noise Impact. the British Railways Board commissioned

the well known work oi Fields and Walker‘.

2. BRIEF SUMMARY OF UK RAILWAY NOISE IMPACT WORK

The original Fields and Walker results (Relerence 1) concluded that the best measure of railway noise

Impact was LN (24-hour), and tlnt adverse response to railway noise was little dependent on noise level

below about 55 dB(A) (24-hour); that there was a small Increase In annoyance between 55 and 60

dB(A) Ll,“ (24-hour); and there was a progressive Increase In annoyance aslevels Increase above 85

dam) Lm (24-hour).

An Important lindan oi the study was that it was estimated that railway noise was less annoying than road

tralIIc noise by between 4 and 15 dB(A) L“ (24-hour). it noted national d'rtterences. however. and

observed that Japanese studies Indicated that the noise item the (then nevi) high speed Shlnkansen

routes was as annoying or more annoying than road traliic noise of the some noise level. The Fields and

Walker study dealt only with railways established tor rmny years.

Fields and Walker round that a higher proponlon ot trelth trailic increased the amount at annoyance tor

the same noise level.
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in a more recent papera Walker proposes acceptable levels ol railway noise which Include 7o dew LA,“(abhour) as 'Tolerable: when 20% at the exposed population are highly annoyed" and 80-65 dew LA,q(24-hour) as "Clearly Acceptable: when 10% of the exposed population are highly annoyed". He addsanother “Clearly acceptable" criterion lar night-time. "It circumstances require specialconsideration" olca 11300 LAN coupled with a maximum noise level oi as dB(A)l These figures were derived lrorn worit onsleep disturbance.

2. THE PHILOSOPHY OF A NOISE ASSESSMENT METHOD
Because several quite difiereni methods of assessing noise lrorn new railway lines are in use. and theysometimes produce conflicting results. it is helpful to pause and reconsider the lundamentai facts at thetask they seek to perform.

2.1 The Influence of background noise
In this paper. the term background ls used to describe all aspects oi the noise environment without therailway and is not limited to the background LA90.
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2.1.1 Environmental expectations. 0t the three inlluencas oi background noise its function In

determining people‘s expectations oi their environment Is the most dilllcuit to quantity. Where there Is no

road traIIIc. people lind newly Introduced road trailic Intrusive: where It Is quiet except tor the existence of

intermittent bursts of noise people may take relatively little notice of the intermittent noise It It is infrequent

and still consider It a quiet area because of the low noise level between the noise events Early work3 on

public response to road traiilc noise concluded that the range of the noise climate (e.g. LAm-iw») was

significant.

2A.: The masking attest ol background noise. Masking Is an acoustical phenomenon which is the

eliect caused by one signal on the audibiilty oi another. it Is lrequency dependent and quite complex In its

action. While background noise can have a masking eilect In its true iorm. and reduce the audiblilty ol 3

source. In a looser sense. background noise can render specliic noise sources less obtrusive

even it it does not strictly mask them. it they are noise events of the same kind that already exist in the

environment, In which case no single noise event may be separately identifiable and the impact Is

primrily a iunction ot the number at times the event occurs. as much as oi the noise level or duration.

2.1.: The contribution of background noise to total nolaa Impact. It is standard practice In the

assessment of noise irom road schemes to look not only at predicted absolute levels of noise from a

proposed new road. but also at the margin of increase In the total noise caused by the new proposal. In

the great malorlty of cases the background LA“, or LAN is predominantly caused by existing road traliic

noise. and the etiect oi introducing noise from a new road scheme B to Increase the numerical value of

the index. Conventions have arisen which attach labels to Increases in tohour LA”. to tha ellect tl'iat

changes of 3 dB are not normally noticeable: 5 dB Is a significant change. and so on.

2.1.4 The oitect on sleep. The great majority oi research work on the alias! of noise on sleep reaches

conclusions which take no direct account oi background noise. In almost all cases‘ sleep disturbance Is

iound to be dependent on either maximum noise level or L . Background noise would be an Influence

only to the extent that It determined the total value at the L,“ evel. but the L,“ Index is primarily used to

Improve upon a simple measure oi maximum noise level and take account of the ‘ottenness' (to avoid the

double meaning oi the word 'trequency') oi the maximum noise events. The level oi the background Lm

appears to play no significant role

7.1.5 The psychological attests. To the extent that a noise may be annoying In the 'dripping tap' sense.

Le. It is the characteristics of the noise which cause annoyance rather than the sound level. the

background would be influential only as regards Its masking eitect.

2.2 The Influence oi background noise on the impact at railway noise.

In considering the relevance of background noise In raiiway noise assessment it Is necessary to take

account of several leatures of railway noise which It does not share with highway noise. Firstly. a raiiway

noise event has spectral and temporal characteristics which are not shared by other background noise

events. Thus. as long as a rail noise event Is audible It will be distinguishable trom all other environmental

noise events. Secondly. tor the same Ln. level. a ranay noise environment has much higher maximum

noise levels than a highway noise environment. Thirdly. railway noise has a relatively small etiect on the

LA” level: this Is relevant to the extent that the Lm sets a people's frames oi relevance. and lnlluances

thelrludgement as to whether their environment is baslwlly quiet or noisy.

In environments Which do not already experience rstay noise. background noise is relevant II it Is high

enough in level to mask noise irom the railway and thereby reduce its audmiiity. The degree to which a
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ralway noise event causas physical ei‘iects such as reduced speech Intelligibillty Is not dependent on thelevel of the background. except that It the background is already high enough to cause speechinterference. then the additional speech Interlerence oi the railway noise event may constitute a smallerImpact than would be the case if the background were low. It is also possible that a speaker may use ahigher voice level. or windows are more likely to be closed In a high background noise.
The conventions of environmental impact assessment require that as a Iirst step In assessing the Impactoi a proposed development, the baseline environment should be quantified. following which any changein the baseline caused by the development Is then predicted. Because LA“ and the other noise Indices

noise Irom dilterent sources. and to noise irom dliierent modes oi transport in particular. have Indicatedthat whfle as index such as Lm can be used to measure the quantity of noise energy emitted In eachcase. people's responsss depend not only on the L,” level but also on the nature of the source. It followsthat the traffic noise background (and with rare exceptions the noise background of most non-rail

The question must be asked whether train noise oi 65 L,“I mixed with traffic noise at 60 LA”. to give atotal oi 66 LA”. ceusss more of an impact than would be the case with train noise at 55 Lsuperimposed on baseline traiiic noise at 45 L . to give a total at 55 LA”. The difference between theMocases is that in the first. the overall LAN Iev is increased by 6dB. and in the second by 10 dB. butthere is no evidence In the research results to support the view that In these circumstances train noise at55 Lm muses significantly more impact than train noise at 55 LA”: in tact the evidence points to the

A system which equates an increase of 5 units up to a total LA“ oi 55 with an increase at 5 units up to atotal LA“ at 75 Ignores the fact that at 75 LA" the physical eitects of the railway noise (such as speechInterference and sleep disturbance) may be significant. while at 55 L,“ they are likely to be insignificant.Furthermore. a system which causes equal at greater resources to be expended on reducing railwaynoise to 55 L," in a baseline oi so LA“ as on reducing noise to 65 Luq In a baseline oi 60 LA.q Isoperating Inequitabiy in terms oi pounds per person highly annoyed.

2.1! The analogy with aircrelt noise, Aircraft noise is assessed by the use oi absolute lndices Whetherthe Index be NNI. NEF or even LA“, no attempt Is made to take account of background noise (althoughectors to the expansion of Stansted Airport to have it otherwise).Because alrcrait noise Is a major long s1ahdlng noise problem. there exists a substantial body oi socialsurvey data which have beenused to calibrate the noise and number indices. When a new alrpon Isproposed. its Impact Is assessed by considering the populations living within contours oi equal noiseindex value and the likely responses of percentiles oi those populations.
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Only in cases where an existing airport operation is being intensified. or there already artists aircraft noise

from another source. Is the margin oi Increase in the value oi the Index considered. One of the problems

which will accompany the adoption of Lm tor the measurement of airport noise will be that people will be

tempted to 'compare apples with pears' and combine background LM levels with airport LA.“ levels.

The answer they get may well be a blood orange. As with railway noise. public response to elrcralt noise
Is not the some as public response to traflic noise tor the same value at LA“.

2.: Baclqround noise - conclusions
A review of the fundamental considerations of noise Impact provides an understanding of the reasons

why research results conclude that an absolute measure of railway noise is the best descriptor. and that
the Inlluence of background noise Is small. Background L may be relevant ii the events it describes
have a masking ellect on railway noise. or II It is high enough to have a significant noise Impact In Its own
right. There are arguments In support of a View tint the background Lu, may be relevant. but It Is likely
that in residential areas where main line railway noise courts values oi Lm tend to be of the same order
and that lor this reason It has not emerged as a significant variable. There Is as yet no research support
for a system which takes either background LAN or background LAm Into account

3. ABSOLUTE CRITERIA AND NOISE INSULATION THRESHOLDS

5.1 The position regarding road traffic noise
in the late 1960s It became apparent that the noise Impact oi new roads on residential property was In
some cases great enough to warrant action to mitigate the impact Following studies by government
research laboratories“. the government announced In 1971 by way of a written reply to a Parliamentary
question" that It accepted the advice of the Noise ArMsory Council. that a level of tralilc noise of 70 dB(A)
on the LA“, (ishoui) scale constituted the limit at the acceptable. At the time. the method oi
measurement of LA", was by eiectro-medranical mean. and It was considered that the accuracy of
measurement or predidlon was :2 dBtA). Thus. when In 1973 the Noise insulation Regulationsa were

made. the qualifying noise level was set at 68 dBiA) LA“, (ta-hour). Opinions are to be lound that the
figure of 88 dB(A) was chosen as a compromise because some lobbyists wanted to see the limit set at 65
dBtA): this does not accord with Department at the Environment minutes of committee meetings of the
period.

The figure one dB(A) (rather than 68) appeared in the Department at the Environment circular. No 10/73.
"Planning and Noise". which quoted the Noise Advisory Council‘s Advice. Hewever. the statmory
position oi the qualllylng limit at 68 deg» has had the elfect that It has become established as an

important benchmark For example. local authorities In decuing whether to grant planning permission lor

new housing pay particular regard to the 68 dB(A) LA", (18-hour) contour, and some adopt a lower figure
such as 65dB(A). although refusals based on exposure to noise of more than 55 dB(A) tend not to be
upheld on appeal.

While the statutory position Is that highway authorities are obliged to pay the cost oi noise Insulation to
the standard specified In the Noise Insulation Regulations. where existing housing Is exposed to noise
from new or improved roads ol 68 dB(A) LA“, (13-hour) or more (sublect to a number oi subsidiary

qualifications). the ellect is more widespread. Most highway authorities. In designing new roads. assess

the noise Impact: and where It Is the best approach Include noise reducing features such as noise barriers
or bunds to reduce. or eliminate. the number of houses eligible ior noise Insulation.
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Highway authorities also have discretionary powers to institute noise insulation schemes in certaincircumstances.

predicted to exceed 65 LA" (24 hour) within ts years.

3.3 Comparison: between noise lndlcee
The noise Insulation Regulations. for road traffic noise, express their standards in terms of the indexknown as LA", (la-hour): following Fields and Walker It has become general practice to express railwaynoise In terms of LAN (24-hour).

The principal reason lor the use of these two different indioes Is historical. L was originally a measureof occupational noise exposure. and in the UK it was not until the late 13%; that Its usefulness forenvironmemal noise was recognised. Where variable noise levels are more or less random as is the

same with and without the raliwe . LA“, cannot therefore be used for measuring railway noise Impact(whereas L," can perfectly wail be used Ior measuring road traffic noise).

The 18 hour time period used In traffic noise measurement was introduced for reasons of economy. Inthe early days, noise measurement was an important part of the traffic noise assessment process. and
hours were a stifliclem surrogate for full 24-hour noise measurements. and the LA“, (18-hour) index wasintroduced. This problem does not arise in the case of railways. since train movements occur at knowntimes and LM levels can be calculated tram measurements at the passage of each class of train.regardless of the time at which the measurement is made. coupled with knowtedge of the number of trainmovements which are likely to occur.

48
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3.3.1 LMO (18-hour) and Lu (24-hour) - numerical conversions. An Important dltlerence between the
LA“, (18-hour) Index and the L (24-hour) Index is that the former Is always measured or predicted ior a
microphone position 1 metre In tot a building lecade. A correction oi +2.5 dB(A) ls Included In the
statutory method of calculation of road traffic noise” to allow for this effect (In general acoustical
practice. the eflect at a reflecting plane Is to Increase noise levels by 3dB(A)). The noise measurement
made by Fields and Walker. though not entirely remote from buildings. were In general not made at the
fitted position 01 tm In iront or alacade. in comparing the two indlcee. this must beborne In mind.

it a qualifying noise level for a railway noise insulation scheme were to come about, tor practical purposes
It would be necessary to make measurements in front of building facades. and a standard correction
made to allow for this. It might be expedient to tree the same correction at +2.5 dB(A). although, In the
Docldands Ught Rallway‘s noise policy. the more generally applicable correction or +3 dB(A) Is assumed.

It is then necessary to make two corrections to LA“, (18-hour) to convert it to LA“. The first Is to convert
from LA“, to L and road treltlc noise of 68 dB(A) LA", (ta—hour) typically measures about 85 dB(A) 1.2

(18-hour) . Then the conversion from LA,“ (18»hour) to LAN (2+hour) [or most traflic flow
distributions ls about -1 dB(A). On this basis. therelore. the ligure of 68 dB(A) LMo (ta-hour) oi the Noise
Insulation Regulations ls numericain equivalent to 64 dB(A) LMI (24—hour) measured in front at a building
lacede or about at dB(A) In free field.

This figure or takes no account of the attest found by Fields and Walker, namely that In the UK people
found railway noise less annoying than read tlaliic noise ol the same noise level, nor of the possibility that
the Impact of noise from a new railway rney not be the same as the Impact of noise from a long
established railway. The (road traffic) Noise insulation Regmatlons require that the noise of a new road
which'shouio be used In determining eligibility for noise Insulatlon should be that predicted to occur 15
years after the opening date of the road. It an analogous requirement were made In respect of railway
noise. any doubt as to whether the finding that railway noise In the UK ls less annoying tlutn trafllc noise
should apply In the case of new railways would not arise. Thus, the current practice 0! adding 5 dB(A) to
road traffic noise levels before comparing them with railway noise levels. would be reasonable at least In
respect of predominantly passenger railway lines.

Based on the foregoing arguments. the conclusion may be reached that a schema for providing noise
insulation against railway noise which was numerically in line with the Noise Insulation Regulations for
road traific noise would be based on a qualitylng noise level of 69 dB(A) L (24-hour). A figure derived
directly from the original Noise Advisory Council Recommendation that 7MB“) LN, (ts-hour) was the
Ilrnlt ol the acceptable (leaving aside the 2 dB Instrumental-accuracy tolerance which gave rise to the

subsequent figure area). would be 71 dB(A), Given that the conversion from LMO to LM ls sublect Itself
to an accuracy or about12 as, it may be concluded that any iigure around 69-71 measured 1 metre in
lront oi a building lacade. and based on lorecast rail traffic for a date 15 years alter the opening of the
railway, would be technically supponable.

4. CONCLUSIONS

There are clear dangers In applying Intuitive methods to the complex and sensitive matter of assessing
the impact of railway noise.
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Railway noise shares with aircraft noise the distinction that it is not a unwersal feature of the noiseenvironment In resldential areas. This is In contrast to road tralllc noise Mtlch. to a greater or lesser

dlfierant kinda of noise source of the same i...“ value depends on the source. There is thus. as yet. nojustification for assessing railway noise by comparing predicted levels of railway noise wlth proanlevels of traffic nolsa.

There is. however. strong evidence to suggest that railway noise. like alrcralt noise. should be assessedby means of an absolute measure. Indeed, even In the case or tralllc noise. the limit or the acceptabis‘which is used as a basis for noise insulation ls determined by reference to an absolute measure. Onlywhere railway noise already exists is it appropriate to compute the margin or increase in the value of theIndex as a result of the introduction or a new source of runway noise. Clearly. where the norHaIIbackground is at a level which causes it to mask the railway noise. the re! impact may be reduced oreven eliminated. But to seek to achieve such masking. by lowering the level of railway noise to within a setmargin above the non-rail background. when the railway noise Indexperse indicates a low level at publicresponse. would lead to a mlsappllcatlon ol funds lor the mitigation of noise impact.
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