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INTRODOCPION

The main commercial airpor’ eerving the Yorkshire region is strategloally
located cloee to the large urban conurbatione of Leeds and Bradford, Whilst
thie geographical convemience mcte as & bonus in terma of accemsibility, it
incurs the penalty of having reeldential dwellings in close proximity to the
source of airoraf{ noles. The main Tunway ie orientated north-west/south-sast
and at 1600 metres In length, offers the shortest available take—off distance
of any commercial airport in the United Kingdom. At the present time the
average number of commerecial aircraft movements per twelve~hour day is about
26 (13 landings, 13 departures) of which lems than ome in five are jet air-
craft. Towarda the end of 1979 a publioc inguiry was held to examine the
merits of a planning application by the Airport Authority to extend the main
runway by €00 metres, A previons inquiry, held in 1969, had refuped a simjlar
application, mainly on the grounds of additional noise disturbange. This
paper outlines the woric involved during the preparation of supporting evidence
on alrcraft nolge for the recent inquiry.

HOISE FREDICTION

There wan little serious doubt that the Nolse and Bumbsr Index should be
used ae  bapis for evaluating mircraft noise disturbance at lLeeds/Bradford.
There was some doubt, however, regarding the validity of applying the same
decse-Teaponse relationship, aa developed at Heathrow, to an airport with
relatively fewer airoraft movements. The trade-off in the ENI formula
botween the disturbing effeots of the mumber of amiroraft flyovers and the
average louwdnese of these events means that for any level of disturbance, the
average peak nolse level at Leeds/Bradford could be more than 10 PNAB higher
than at Heathrow. On the other hand, since the original NNI responees had
been based on reaction to alrcraft operations throughout a full day, the
abeence of night-flying at Leeds could result in some degree of exaggeration
of the disturbance.

The Civil Aviation Authority were commissioned to prepare NNI contours
for the existing mituation based on actual movements during 1977 and, for the
oxtended mmway situation, uaing traffic forecasts for 19687, In line with
normal practice, contours were firat produced on the basis of agguming flat
ground relative to the runway level. During eubsequent manual checking of
the contours it wag found that, at the south-east and of the runway, the uae
of actual source to receiver distances resulted in corrections to peak lawvels
of up to 7 FNdB. In this ares the land falls from the end of the runway
towarda the city centre at an average gradient of sbout 1 in 20, Furthermore,
the effect of the topography correction is moat pronounced in the case of
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1anding aircraft, due to the mhallow angle of the glide-glope and, in this
area, 89% of future movements womld be landinge. The neti effect of incerpor-
ating ground level information into the prediction process in this case was to
reduce the area of the future 35 NRI contour from 18 sq.km. to 14 sq.lkm. and,
mors dramatically the mumber of residential dwellings within the contour
reduced from 7,500 to 3,000

In addition to the ptandard plotted contours, WNI data was aleo requeated
in the form of computer listings of NNI spot levels for the intersection
pointe of & 200 metre x 100 metre grid aligned with the main runway. This
data enabled more precise values to be quoted for epecific locations ewch am
schools and hoepitals and was also uesed to conetruct contours showing the
change of NNI from 1977 to 1987.

Individual sireraft nolee profiles, were also supplied in the form of
co-ordinates of distance from start of roll and height, together with noise
referemce levels for esch segment of the departure and landing profiles.

These proved particularly useful in ensbling the County Council to write a
basio veraion of the prediction program designed to test the sensitivity of
forecaat WNI to possible changes in the dependent variables such ae mircraft
type or nmway ussge. Using thie technigue it was later fownd that, by basing
the future aircraft mix on the "busiest summer day", rather than the conven-
tional "average summer day", NNI levels were exaggerated by approximately

4 NNI.

MEASUHEMENT

Although the bulk of evidence in respect of noise was to be based on the
predicted NNI levele it wap considered essemtial to verify the mocuracy of the
prediction methodology by undertaking a programme of site measurement. The
plon was gimply to select a number of represemtative pites at different levelp
of NNI and to obtain, at each location, measured values of the appropriate
peak nolse levels, Using the etandard 1977 frequencies for esch aircraft mode
it would therefors be poseible to derive a “measured” NRI value for each site
which aould then be compared with the theoretical value. In addition it was
felt that measured results could provide lese tangible benefit by edding
gubstance and underatanding to the bare NNI contours.

The necessary requirements to ensure accurate resulte are ee® out in
terms of the site conditions, memsuring equipment and methodology, in the IS0
document 3591 "Procedure for desoribing aircraft noise heard on the growmd",

In respect of site conditions the standard ppecifies a hard reflenting surface
with an unobetructed cone of vieion defined by the half-engle of 80° to the per-
pendicular. In 8 built-up ares only a flat-roof location would normally meet
this criterion. DBeceume of the relative infrequency of some airoraft move-
ments at Leeda/Bradford it had been decided to measure continuously for long
periods using sutomatic equipment. This raised the further problem of the
pocurity of unmanned and rather expensive equipment, To discourage the
acoustically-mindted vandal, the miorophene needed to be located beyond easy
olimbing height and out of aight of casual passers-by. Finally, to minimise
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the possible gignificance of variation in wind direotion, sites neaded to be
located ae cloee to the flight-patha as poeaibls. In practice very few sites
met all the requirements, Of the thirteen sites ueed all but two complied
with the acoustic criteria and correctione had to be made to the resulte
obtained st eites 2 and 4 to allow for additional reflection from nearby
facades,

The equipment used comprised of two NOMAL 24 instrumenta uaing " conden-
ser misrophones, A-weighting and slow response, The sampling rate used
throughout was two samples per pecond to minimise the risk of miseing a peak
level. In the ROMAL the analognue sownd signal is digltised and ptored on 8
magnetio tape cassette for later processing by a programmable caloulator such
as the WANG 2200B. At each site the miorophone was orientated for grazing
incidence and calibration xeference levels were recorded at the begimning and
end of each tape. During the processing of the data,levela below 67 d.B(A) are
ignored and the presence of an airoraft event ie recognised only when the
signal remaine above the threshold level for greater than 4 seconds, The time
of the event is printed, followed by the & second FHNAP leveln, Each nolse
event is subseguently matched sgainst the alrport records to identify the air-
oraft and mode of operation. The most common problem experienced with the
equipment was oaused by the peramistent intrusion of rain-water into the con-
nectioma of the microphone pre-amplifier cable. As this iiem carries a polar-
igation voltage of 200 volte the repult ie fairly impreseive and alwaye expen-
give, The application of self-amalgamating tape to all exposed Jointe event-
uslly solved the problem, To reduce the incidence of demp microphonea the
windshield was normally ehrouded in a nylon stocking and eprayed with a water-
repellant solution.

RESULTS

Over a nett meapursment period of 120 days, some 1300 individual air- B
eraft nolse events were recorded at thirteen sites. In respect of each site a ¥
mesn peak PHAB velue was obtalned for each aircraft mode, together with the
-agappiated etandard deviation of the pample levels, At most Bites some of
the posaible eventa wers not recorded and eatimates were made by comparison
with other data. Although individual standard deviatioms ranged from zero to
16 P the majority fell in the ramge from 1.5 to 3.5 PHAB.

Measured NNI values have been calculated for eleven of the thirteen sites,
where sufficient data was available, and these are shown in the table below
together with the relevant predicted wvaluea. The sites are lieted in descend-
ing order of NNI and their location relative to the runway is shown, together
with the nusber of measured pamples obtalned.

DISCUSSION

The tabulated results represent the end-product of a conaiderable expendi-
ture of time and effort and there ip an obvious temptation to extract from
them clear and unambignous conclusions to validate the original hypothesis.
However, the reality is somewhat leps poeitive, At the detailed stage of peak
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PHAB levele of individual aircraft the comparison of measured and predicted
values showed 1ittle consimtent agreement either in terms of sltes or aircraft.
in terma of the degree of soattexr in the reeults it was found that the highest
ptandard deviations occurred at those sites either close to, or far removed
from, the runway. This aspect wes Tre-affirmed in the context of the good
agreement found between measured and predicted NI values at those sites
located in the 35 to 45 KRI sone. ‘The sizesble difference in values found at
gite 1 1s probably due to the proximity of this location to the runway, with
the result that miner weriations in operational procedure will have aignificant
effecta in terms of measured noige levels.

TABLE 1: COMPARISON OF MEASURED AND PREDICTED VALUES OF NNI

B L

BITE FO. 1|0 21 3| 4| s| s] 1] 8] 91 110 M} 12| 13

LOCATION | e—— gE———Pl - GE | WV |- e re———
wo. of savpres| 270] 95| 216 61| 74| s4| 97| 104 65| 39| s2| 10|
MEASURED NNI {49.9|42.9|40.9(28.9]36.9| 35.1| 33.9] 32.5] 32.5| 29.2|28.0| - | -

PREDICTED RNI |52.2]43.1|41.0[39.5]|37.9] 56,11 33.0{ 29.2] 29,2 26.2|25.7|15.6|15.4
DIFFERENCE -2,3|-0,2}-0,1]|-0.6|-0.9] =1.0] +0.9] +3. 3} +3.3|+3.0|+2.3| =~ -

CONCLUSIONS

Because of the large number of uncontrolled variables which influence the
measurement of airoraft neies 1% will not normally be posaible to guerantee &
high level of preoisicn partiocularly in terms of individual siroraft. The
only practical method, therefore, for assessing the levele of noise disturbance
in the vioinity of airports must continue to be by modelling the eituwation and
using standard airoraft profiles to construct WNI contours, The results of
the comparative study at leede/Bradford suggeat that NNI is a relatively stable
index and the accuracy of predictiona is likely to be amoceptable outeide the
immediate vieinity of the mmwmy area.
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