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1. INTRODUCTION

Scarborough is a major scaside resort on the Nonh Yorkshire coasl, with a populmion of some 50,000, swollen
by Lthousands of visitors every dav in the smmmer. I is built argund wo wide bins. but with the bulk of 1he
tourist facilitics on the South Bay, while significant nambers of fishing boats and leisure crafl operate from {he
harbaur,

Jet-drive powerboms (jet-boats) arc used to give passengers the thrill of high speed manocwvring al sca. They are
powered by an inboard cupine. with impellers mounied in one or more lunnels below the Tuill which producc a
Jet of water to propel the crafl - hence the name.  In the boals under study, the engine exhaust was mounied in
the swern board near 10 the waterling.

Personal Watereraft (PWCY. commonly known by their Kawasaki trade name as Jet-Skis. are lightweight crafi,
in cither 1wo-scater or stand-up only versians. and are ihe nearcst watcrborne equivalenis 1o the off-road
motorcyele, The propulsion system is similar 1o 1hat described nbove for jel-boats. only on i smaller scale.

Over recent vears. @ small number of complaints have been received regarding noise from PWC and jo-boats in
the arca (as well as regarding the manncr of nse of PWC). The feeling expressed in these complainis, and in
informal conversinions with members of 1he public. is that noise from both 1ypes of crafi can be quite imrusive
during ouidoor leisure activities. possibly because of the continuous tone gencemed. Similar feelings were not
expressed regarding 1raffic noisc:  although raflfic in the arens under study were generally fairly light, overall
noise levels from this source could ofien be greater than those from PWC or jot-boats.  This may be because
peaple are well used 1o traMic noise - in a recent large seale survey of noise exposare (1) traffic noisc was audiblc
at over 90% of sites in England and Wales.

There Was been vory inle published work on this arca of noisc complaint. so it was the aim of this study 10 make
an initial assessment. by means of sound level measurements and moise rating for boih 1ypes of craf. of the
likelilood of such complaints being justifiable and also 1o suggest possible procedures for noisc contral (2).

2. METHODS
Octave band frequency spectra were oblained for both types of erafl by means of Loy measurcments in the field
with and withom 1he crafi of iuierest being audible. Following 1lis. a scrics of sound level measurements were

made from 2 number of Tocations 1o give the following sets of data (bl viiles shown are dB 1¢ 2x 10 Pay:

Jet-boius: Lacy. Laow. Leyizatz
PWC: Lacy. Lage. Leg2sonz. Legsooa
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Mcasurements were carricd out using 3 Cirmus CRL236A preeision integrating Sound Level Meter, which
records sound levels as a series of “short Leq” values. For all of the work reported herc. a “shord Ly, selling of
0.125sec was used, while the measurcment duralions were all greater than 23sec forPWC (i.c. 200 “shon
Leq's) or 2min for jet-

boats. Sd as 10 minimisc the effects of wind speed and dircction. measurements were only accepied il 1he
average wind speed was less than 4nv/s with gusts of dess than about 6-7nvs,

3. JET BOATS

Three jei-boats were being operated from Scarborough Harbour. Sonnd Level measurements were made from
three points on the clifTs above their usual course (Figure 1a). The distanee lrom souree 1o recgives varied from
~BU0m to ~2km. b all mcasurements were made at distances up (o ~1200m.  since the sound level was oot
measurable above background bevond this distance. Figure 2 shows 1he octave band frequency spectrum - note
the lonal nawre of the sound with a peak at 123Hz. Ne correction has been made for air allenuation or disince.

Figure 2. Octave Band Frequency Spectrum - Jet-boats
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The principal contributor to background levels at sites 1 and 2 was irafTic noise, since these sites were Iess than
3m from the kerb.  Site 3 was deliberaely chiosen for low 1raffic noisc levels. in an aiempt 1o be mare
represciitmive of mural locations further along the coast. Although three jei-boats were being operited. no more
than twe would be at sca at any gnc time. and nsually only one of these was andible,

Table 1: Sound Pressure Level Measurements for Jei-Boals - dB(A)

Site Ly Jet-Boats Audible L ey Backgronnd Las
H 60.7 (A 57.5
2 61.% 0l.4 59.1
3 432 6.2 40,1
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Although the jei-boats are clearly audible when operating. there is no sign of any change in (he LAeq (Table 1) -
the averal) Tevel of other noises in the background seems to be sufficicnt 1o mask the contribution of the jet-boats
10 the total. At 125 Hz. however (Table 2). a difference is abvious - 12.7 dB al onc silc. and an avcrage of 5.6
dB across all readings.

Table 2 Sound Pressure Lovel Measurements for Jei-Boats - dB @' 125 Hz

Site L.q Je1-Boats Audible L.q Background Lo
1 4.6 39.6 36.8
2 576 51.5 152
3 132 305 8.1

Onc poim Lo note (cspecially as regards noise control) is that ong of the jet-boats was of a different design to, and
significantly quicter than the ether two (Table 3).

Tablc 3. Comparative Sound Levels of Different Jei-boats

SPL dB(A) dB71.125 Hz
Boal A 61.7 56.7
Bom B 622 36.2
Boin C G609 RN}

3. PERSONAL WATERCRAFT

PWC were being operated in two arcas: mosily in the North Bay_ but there was also some use ofT Sandscnd, a
small village about 35km up the coast. Sound lovel measurcments were made from the sca wall al Sandsend
(Fignre Ib) and from threc points on the slopes above Nonh Bay (Figure ic) while ¢raflt were within about
300m from shore (ic. 100-400m from the measurement poims). Beyond this distance. although they were
audible. noise from PWC was indistinguishable from background.

Traffic and wive noise were approximaiely equal contribwiors to background noise levels i all sites. except
Sandsend where traflic was much Iess significam,  Varving numbers of PWC would be operating and audible
during cach measurement peried. although no more than ihiree 1ended to andible at the same tite. At Sandscrd,
anly onc crafl was operating during the whele period.

Figure 3: Octave Band Frequency Spectrum - PWC
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Figure 3 shows the octave band frequency spectrum for PWC. Note the broad peak compared (6 background
around 250-500Hz. It is difficult to be more precise than this because mecasurements were made in the ficld,
with moving sources and a variable background. The engine sound from these crali is tanal. but is not the only
source of noisc. Again, as with jet-boais (Figure 2) no correction has been made for air aicnuation or distance.

Tables 4.5 and 6 show the resulls of saund Tevel mcasurements  carricd out from the various silcs for A-
weighted SPL (La). and 250 Hz and 500 Hz octave bands respectively.

Table 4: Sound Pressure Level Measurements for PWC - dB(A)

Site Lasy PWC Audible  Lave, Background Lis

4 60.7 56.9 517

5 56.3 547 50.6

[ 588 515 344
Sandsend 588 56.6 452

Tabie 3: Sound Pressure Level Measurements for PWC - dB fei; 251 Hr,

Site Ly PWC Audible L.y Background Lo

1 517 30,9 44.2

5 8.0 1.7 8.6
6 nr nr wr
Sandscnd ne nr nr

nr = no resull

Tablc 6: Sound Pressure Level Measurements for PWC - dB(A) @) 5040 Hz

Site Lyq PWC Audible L.y Background Loo

] 557 513 45.5

5 194 416 0.4

6 nr nr ny
Sandscnd nr nr nr

nr = no resull

Unlike the situation for the jet-boats. an increase in Leq abave that of background fovels can be scen for all three
seis of measurciments - La, 250 Hz and 500 Hz - alibough thesc still iend to be fairly small.  The actual
differences depend in great pant on the numbers of PWC operating, and how close inshore they came - the
effective measuremend distance could vary four-fold from ~1ith 1o ~300<400m.

Sound levels also tended to be influcneed by the type of PWC and the manner of use. All except ong of the sit-
down t(ypes observed were operaled for bire. tending to be ridden by inexperienced nsers. who would drive
somewhat lcss aggressively and keep funther offshore.  When driven hard and clesc inshore. they arc quile
capable of gencrating significant noise levels. However. anc major source of higher noise levels from PWC is
caused by 'wave-hopping'. as the eraft partially leaves the water and the enging races. This is more pronounced
for stand-up types. since Ihese are lighter craft than the sit-down. ludications that sit-down Iypes could be more
quict than others would bear aut the findings of a study by Lanpheer (1), which indicated a difference of
approximatcly 3 dB on a standardiscd pattern test.
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5. RATING AND ASSESSMENT OF NOISE LEVELS

3.1 Sclection of Rating Mcthod

Several methods of naise assessment were considered for this data, including BS$142:1990 (4). Naise Raling
and Noisc Criterion cunes. gencral Environmenial Noisc Measurement (B57445:1991) (5). and the use of
narrow band (c.g. 125Hz octave band) assessment. OF these, only the last mentioned is likely 1o be of value. and
then anly in conjunction with anether method such as BS4142:1990. ‘

Although B$7443:1991 does describe suitable methods [or carrving ol envitommental noisc measurements, the
assessmei bevels described in Part 2 of the standard are intended for general land usc requircments, and so are
designed 1o 1ake account of all noise sources rather than any onc in panicular {unlcss that is a very dominant
source). Far Noise Rating (NR) or Noise Criterion curves. the minimum requirement is thit datii be obtaincd as
a1 least octave band spectea for cach assessment. This (unless a Real Time Analvser is available) would be very
dilficull 1o achicve given the variable nawre of the sound sources and the background naisc. Also. when the
octave band speetra shown in Figs. 2 and 3 arc plotied on MR cunves (nol shown). it would appear that any
difference between NR Ievels for measurement and backgronnd is likely (o be duc to variations in background
aoise levels in the 4-8kHz octave bands. riher thin due 1o differcnces in sound levels from the crafl under
study.

BS4142: 1990 is intended for planning purposes in conncetion with industrial neise. but 11 is designed for usc in
assessing single noise sources or groups of similar sources. The principal methods of this standard are commonly
used in complainis investigation by Environmental Health departments. and il docs require only a precision
incgrating Sound Level Meier. It could also be appropriate Lo include an asscssment of single octive band
levels alongside the asscssment level from BS4142: 1490, in the form ol a difference between L,q values with and
without the craft in quecstion being audible (denoted Dhas, Dasp, c1c).

3.2 Asscssment of Jet-Boats and PWC
Tables 7 and K show the assessment fevels derived from BS4142:1990, and also L, difference vitlues at 1he
various sitcs for Jei-Boits and PWC respectively.

Table 7. Asscssment of Jet-boaus 10 BS4542: 1990

Site i 2 3

Specific Noise Mcasurement (L) 60.7 6Ly 452
Specific Noise Level 317 RLE 432
Tanal Corrcction +5 +5 +5

Rating Level (Lw) 62.7 63K 48.2
Background Level (L.asa) 575 LA e
Assessiment Level (L - Lagn) 32 1.7 74
Dhas 3.0 0.1 12.7

11 should be noted (hat the assessment Jevels derived for Jet beats by BS4142:1990 ase duc Lirgely 1o the 1onal
correction. which may oficn be suspeer. Overall, the assessmem levels reflect backgrotnd noisc levels and
distance from source. For example, al Sandsend and site 3. background levels (Lasohwere significantly lower
than at the other silcs. whercas sile 4 was somewhat closer (o the shere. and thns to the PWC opcrating arca.
than were sites 5 and 6. and has a higher assessmenl fcvel than cither. The highest asscssment tevel. 13.6
obtiincd At Sandsend. wonld tend 10 correlale o e known degree of annovance in this arca. although few
formal complaints have been reccived. In BS4142:1990, an assessment level >10 indicatcs o strong likelihood of
complaims arising. Given the limited number of acial complaints. it 1S not possible at this stage Lo Tully asscss
the value of single band rating in 1his context.
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Tablc 8. Assessment of PWC to BS4142:1990

Site 3 5 1] Sandsend
Specific Noise Mcasurement (Lacg) 0.7 56.3 I8 58.8
Speeific Noise Level . 59.7 54.3 56.8 588
Tonal Correction 0 0 ()] 0
Raling Level (Lr} 597 543 568 588
Background Level (L asp) 313 506 548 452
Assessmenl Level (Lu - Laso) 84 37 23 13.6
Disu o 0R 6.3 nr ne
Dsoo 42 38 nr nr

nr = no result

Since (he main source of the tonal component is engine cxhaust noisc. it may be appropriate 10 seck absobute
limits for this in these types of crafl. Although no recommendation of a suitable level can be made a1 prosent,
such a limit should include reference both to the tonal content and 10 broad band noise.

A further point 1o note is that (he values for D2sg and Dieo for PWC do not corrclatc 10 the ociave band specira
in Figure 3. which suggests that additional investigation is required in this area.

6. NOISE CONTROL

6.1 Je1-Boats :

Individual craft can be readily identificd and noise levels fuirly casily monitored. singe there are usually times
when only onc boat will be operating close enough 1o be andible above background. Enforcement of any
requirements should also be rclatively straightforward - the nuisance provisions of s80 of 1the Envirenmental
Prolection Act 1990 can be applied to vessels of all sizes. and these craft also nsually require licensing by
harbour authoritics.

As can be seen from Table 3. onc of the craft operaling from Scarbarough was soliceably quicter than the other
two; this crafi was newer. with a smvilier engine, but still carried the same passeager load. Therelare. this would
suiggest Lthat there arc possibilities for noisc control measures in the desipn and construction of such crafl.

6.2 Personal Watercral

The situation for these is much more complex than thit for Jei-Boals.  Apari from areas with very law
background noise levels. it would scem that it is more the manner in which PWC arc used 1han their basic noise
level that causes most of the measurable problems (6). Alse there s a cumulative effect. making it much harder
10 assign ungise problems to any one craft. and added 10 this the problems of idemifving individual cralt and
enforcing any requirements without an effective registration scheme.  There was a registiration scheme in place
al the time of this swudy. but it was not cnforced - none of the PWC observed carricd any form of visible
identification. This problem also applics to the simplest expedicat. which is to require all PWC 1o operate more
than c.g. 400m offshore {except for Jaunching and landing) - how can erifl which infringe this limit be
positively identificd?

6. CONCLUSION

Noise levels from PWC and Joi-Boats were measured. along with octave band lrequency speetra showing the
1onal nature of the sound, panicularly from Jel-Boas. The principal reason for noise levels being above
background in most circumstances ariscs froin that tonal nature, Some possibilities for controlling noise levels
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from both types of crafl have been supgested but the  difficultics facing enforcement ot PWC arc also
recognised. However, funbher work is necessary to build up a dalabase of complaints which can then be
corvelated 10 the various rating methods. so as Lo suggest a suitable system for consisten! enforcement.
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