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1 INTRODUCTION

Scarborough is a major seaside resort on tltc Nona Yorkshire coast. with a population or some StLtttln. snollcn
by thousands of visitors every day itt ttte smmtter. It is built around l\\0 wide bays but with the bull; or the

tourist facilities on the South Bay. while significant numbers of fishing boats and leisure craft operate from tlte
harbour.

let-drive powerboats tict-boatsl are used to gixe passengers the tltrill of ltigh speed manoeuvring at sea. They are
powered by aninboard engine. witlt itnpellers mounted in one or more tttnnels below tlte lutll whiclt produce a

jet of water to propel the craft < hence the name. [It tlte boats under study. theengine exhaust was mounted in
the stern board near to the waterline.

 

Personal Watercraft (PWC). commonly known by tlteir Kawasaki trade name as .lct—Sk tre liglttueight :mn.

itt either two-sealer or stand-up only versiotts d are tlte nearest waterborne cqtn . cuts to the off-road
motorcycle. Tlte propulsion system is similar to that described above forjet-boats. only on a stnaller scale.

  

Over recent years. astttall number of complaints ltave been received regarding noise from PWC and jet-boats in
the area (as nell as regarding the manner of use of PWC). The feeling expressed in these cotnplaints. attd in

informal conversations nitlt tttetubers ofthc public. is that noise frottt both types of craft cart be quite intntsivc
during outdoor letsttre actitities. possibly because of the continuotts tone generated. Similar feelings were not
expressed regardingtraffic noise; although traffic in tlte areas under study were generally fairly light. overall
noise levels frotn this source could often be greater than those front PWC or jet-boats This may be because
people are well used to traffic noise - in a recent large scale survey of noise exposure (I) traffic noise was audible
at over 90% of sites in England and Wales.

There ltas been very little published work on this area of noise complaint. so it uas the aim oftltis Slltd." I0 milk:
an initial assessment. by means or sottttd Ietel measurements and noise rating for both types of craft. or the
likelihood ofsneh complaints beingjnstiftablc and also to suggest possible procedures for ItniSe control (2).

2. METHODS

Octave band frequency spectra ncrc obtained for both types of craft by ttteans of ch measurements in the field
with and uithonl tlte craft of interest being audible. Following this. a series of sottttd lcvel measurements were

. . . .t
made front a number of locations to gtvc the follontng scts ofdnta tall values shown are 118 re 2x 10 Pa):

let-boats: Lam. L.\‘)n. Laltzsnr
PWC: Lac... Lwn. Lupstuat L:t|5lltlll7
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Measurements vtcre carried out using a Cirnts CRLZSGA precision integrating Souttd Letcl Metcr. which
records sound levels as a series of 'sltnrt qu‘ values. For all of the work reported here. a 'short Ltq‘ setting of
0.1255ec was used, tvhile tlte measurement durations were all greater tltan 255cc for-P\\'C (Le. 100 ‘short
Lee's) or 2min forjet-
boats. So” as to minimise the effects of wind speed and direction. measurements were only accepted if the
average wind speed was less thatt -lntls with gusts of less tltatt about 6-7tn/s.

3. JET BOATS

Three jet-boats tvere being operated from Scarborough Harbour. Sound Level measurements “ere tttade front
three points on the cliffs above their usual course (Figure la). Ttte distance from source to receiver varied from
~8tlflnt to ~2knL bttt all measurements were ntade at distances tip to ~12tlthn, since the sound level was ttot
measurable above background beyond this distance. Figure 2 shuns the octave bartd frequency spectrum - note
the tonal nature oftltc sound with a peak at IZSHz. Ne correction has been tttadc for ‘ ' ' Ilcnu ion or distance.

 

  

Figure 2: Octave Band Frequency Spectrum - Jet-boats
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The principal contributor to background levels at sites I and 2 was traffic noise. since these sites were less titatt
3m front tltc kerb. Site .1 was deliberately cltoseu for low traffic noise lctcls. in :nt attempt to be ntore
representative ol_rura| locations further along the coast. Although three jet-boats were being operated. no more
than ttte would be at sea at an) one till": and usuall} only one oflhesc ttas audible.

Table [2 Sound Pressure Level Measurements {or Jet-Boats - dBiA)
Site Lu... let-Boats Audible L m, Background Lnou

I 60.7 6(- l 57.5
1 61.8 (t | .4 5‘).|
3 45.2 40.2 Jill

Proc.l.O.A. Vol 17 Part 4 (1995) 329 



   

Proceedings of the Institute of Acoustics

lNSHORE LEISURE CRAFT

Alrhough lllc ch-boais are clearly audible when opcraling. [here is no sign or any change in lllc La“, (Table l) -

the overall level or olhcr noises in lllC background seems lo be sufficient lo mask the conlribulion oflhejCI-boals

Io lhc Iolal. A1 l25 Hz. however (Table 2). a difference is obvious - l2.‘l dB at one silt. and an average of 5.6

dB across all readings.

Table 2 Sound Prcssurc Lcrel Mcasurcmcnls for lei-Boats - dB in 125 H7.

Sire qu Jcl-Boals Audible L-q Background L90

1 44,6 39.6 36.3

2 57.6 5| .5 45-2

3 43.2 30.5 2“

One point lo norc (especially as regards noise conlrol) is lhai one arm: jar-boars was of a different design In, and

significantly quieter lllnll the oiher l\\0 (Table 3).

Table 3, Colnparalivc Sound Levels ofDiil'crcm Jcl-bnals

SPL dBlA) dB’erZS Hz

Boar A 6| .7 56.7

Boar B 62.1 56.2

Boal C 60.9 50. I

3. PERSONAL WATERCRAFT

PWC were being opernled in lno areas: nloslly in [he North Bay. bul there was also some IISc ofl’ Sandscnd. a

small village aboul 35km up [he coast. Sound level incasnrcnicnls were made from Ike sea Wall al Sandsend

(Figure lb) and from Ilirce poinls on Ilie slopes above Nonli Bay (Figure lc) \\‘l|ilc cran were williin abour

Rlllnn from shore (i.e. Ion-400m from llle measurcrnenl poinis). Beyond Iliis dislanec. allllougll llicy wch

audiblc‘ noise from PWC “as indislinguisliablc from background.

Traffic and wave noise were approxilualely equal conrribulors 10 background noise levels al all sires. cxccpl

Sandscnd wlicre traffic was much less significanl. Varying numbers of PWC would be opcraling and audible

during each measuremenl period. :illliougli no more lhan lllrcc Icndcd l0 audible ill Ilic sanlc lime. Al Sandscnd.

onlyonc cran waso crnlin durin the whole rind.

       

  

Figure 3: Cum Band Frequency Spectmrn - PWC
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Figure 3 shows the octave band frequenq‘ spectrum for PWC. Note the broad peak compared to background
around 250-500Hz. It is difficult to be more precise than this because measurements ucrc made in the field.
with moving sources and a variable background. The engine sound from these craft is tonal. but is not the ottly
source of noise. Again. as u1'th jet-boats (Figure 2) no correction has been made for air attenuation or distance.

Tables 4.5 and 6 show the results of sound level measurements carried out from the various sites for A-
u-cightcd SFL (La). and 250 Hz and 500 Hz octave bands respectively.

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

Site LA“. PWC Audible Lu.| Background LAW
4 60.7 56.9 53.7

5 56. 3 54.7 50.6
6 58.8 57.5 54.4

Sandsend 58.8 56.6 J51

Table 5: Sound Pressure Level Measurements for PWC - dB rrj: 250 H7.
Site Ls, PWC Audible 1.4., Background Lou

.t 51.7 50,9 44.2

5 48.0 J I .7 38.6

6 hr nr ttr
Sandscnd nr m nr

in = no result

Table 6: Sound Pressure Level Measurements for PWC - dB(A) (q: 500 H/.

Site L“. PWC Audible La Background L00
4 55.7 Sl.5 45.5
5 49.1 4.1.6 40.4

6 nr nr tIr
Sandscnd nr nr nr

nr = no result

 

Unlike the situation for tltejet-boats. an increase in Leq above that or background levels I be seen for all three
sets of measurements - LA, 250 Hz and 500 Hz - although these still lend to be mi 3’ small. The actual
dichrcnccs depend in great pan on the numbers of PWC operating. and hotv close inshore they came - the
et‘l‘cetivc measurement distance could varyfour-fold from ~lttthn to ~30tl-ttttnn.

Sound levels also tended to be influenced by the type of PWC and tltc tnanncr of use. All except one ol'thc sit-
datvn types obscn'od were operated for hire. tending to be ridden by inexperienced users, who would drive
sotnetvltal less aggressively and keep further olTsltore. When driven hard and close inshore. they are quite

capable of generating significant noise Inels. Han-ever. one major source or higher noise levels front PWC is
caused by 'n'ave-hoppiug'. as the craft partially leaves tltc water and the engine races. This is more pronounced
for stand-up types, since these are lighter craft than the sit-down. Indications that sil-dmvn types could be more
quiet than others would bear out thefindings of a study by Lanpheer(3). which int Icatcd a dill'ercncc of
approximately] dB on a standardised pattern test.
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5. RATING AND ASSESSMENT OF NOISE LEVELS

5.| Selection of Rating Method

Several methods of noise assessntent ttcre cortsidcred for tltis data. including 35414111990 (4). Noise Rating

attd Noise Criterion curves. general Environmental Noise Measurement (3574451991) (5). and the use of

narrotv band (e.g. IZSHz octave band) assessrttent. Of these. Only the last mentioned is likely to be of value. and

then only in conjunction tvitlt another tttcthod such as BS4l42:1990.

Although BS7445: l‘)‘)l docs describe sttitablc methods for carrying ottt environmental noise ttteasurements. the

assesstttettt levels descrtbed itt Pan 1 oftlte standard are itttettded for getteral land ttse requirements and so are

designed to take accottnt of all ttoise sources rather tltan an) otte itt particular (unless that is a very dotttittant

source). For Noise Rating (NR) or Noise Criterion curves. the tttittitttttttt requirement is tlt t he obtained as

at least octave band spectra for each assessment. Tltis (unless a Real Time Analvscr is a lo) would be very

difficult to achieve givett llte variable nature of the sottttd sources and tire background noise. Also. tvltett tltc

octave band spectra S|l0\\'ll itt Figs. 2 and 3 are ploued on NR cttn'cs (not shotvn). it tvould appear that any

dtft‘crencc bettveeu NR Ictcls for measurement and background is liker to be due to variations itt background

noise levels in the 4-SkH7. octave battds. rather than dtte to dichreuces itt sottttd levels from the crafl ttttder

studv.

  

351 I42: l‘)‘)lt is itttettdcd for planning purposes itt connection tvitlt ittdttstrial noise. but it is designed for use in

assessing single noise sources or groups of similar sources. The principal methods oftltis standard are commonly

used in complaints investigation by Environmental Health depanmettts. and it does require only a precision

integrating Sound Level Meter. it could also be appropriate to ittclttde an assessment of single ottave battd

levels alongside the assesstttettt level from BS4I42' l')‘)0. itt tltc ferut ofa difference bettvcen I...u values with and

without the craft itt question being audible (denoted D125. DzsrL etc.).

5,! Assessment of Jet-Boats and PWC
Tables 7 attd tt sltotv tlte assessment letels dcrncd front BSllJllU‘ML attd also L_.ll difference values at the

various sites for Jet-Boats attd PWC respectively.

Table 7. Assessment of let-boats to B§4I4221990
Site I 2 3

Specific Noise Measurement (L,\et|) 60.7 (i t .x 45.2

Specific Noise Level 37.7 5N3 41.2

Tonal Correction +5 +5 +5

Rating Level (Lit) 62.7 6.1.x 48.2

Background Level (Lava) 57.5 59] 40.};

Assessment Level (Lt: - LA‘ID) 5.2 4,7 7.4

ths 5.0 (..I t2.7

it should be noted tltat the assessment let cls derived for let boats b_t BS4I42:|')9tt are due largely to the tonal

correction. which may often be suspect. Overall. the assessment levels reflect background noise levels attd

distance front source. For example. at Sandsend attd site i. background levels (LApu)\\'CYC significantly loner

titan at the other sites. \vhereas site 4 was somewhat closer to tlte shore. and tlttts to the PWC operating area.

tltatt tvere sites 5 attd 6. attd has a higher assessment level tltatt eitlter. The highest assessment lctcl. lJ.6

obtained at Sandscnd. ttould tettd to correlate to the known degree of annoyance in this area. although fen-

formal cotttplainls ltavc been received. In BEN-121990. an assessntettl level >10 indicates iI strong likelihood of

complaints arising. Gitctt the litttited number ofactual complaints. it is ttot possible at l||iS 51:th “3 fully assess

the value of single battd ratittg itt this context.
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Table 8. Assessntcnt ofPWC to BS: [42:1990
Site 4 5 6 Sandsend
Specific Noise Measurement (Lam) 60.7 56,3 58.8 58.8

Specific Noise Level . 59.7 54,3 56.8 58.8

Tonal Correction 0 0 t) 0
Rating Level (LR) 59.7 54.3 56.8 sax

Background Level (Laan) 51.3 50.6 5 5 45,2
Assessmcnl Level (Lit - L.-\')D) 8.4 3.7 2.3 I16

Dzsu V 0.8 6.3 nr ur

0500 4.2 5.x ur nr
ttr = Ito result

Since the tnain source of tlte tonal cotnpouent is engine exhaust noise. it may be appropriate to seek absolute
lintits for thi in tltese types of trail. Although tto recommendation of a suitable level can be made at present.
such a lintit should include reference both to the tonal content and to broad band noise.

A fttrtlter point to note is that the values for Duo and Dsoo for PWC do ttot correlate to the octave band spectra
in Figure 3. wltielt suggests that additional ittvcsligattnn is required itt tltis area.

6. NOISE CONTROL

6.1 Jet-Boats
lndividual craft can be readily identified and noise levels l'airly easily monitored. since tltere are usttally times
wltcn only one boat will be operating close enough to be audible above background. Enforcement of any
requirements should also be relatively straightfonvard - the ttuisance provisions or still of tire Environmental
Protection Act I990 can be applied to vessels of all sizes. and these craft also usually reqttire licensing by
harbour authorities.

As can be seett frottt Table 3. one of the erafl operating front Scarborough was noticeably quieter than the other

tno; this craft uas newer. witlt a smaller engine. but still carried the same passenger load, Therefore. this would

suggest that there are possibilities for noise control measures in the design and constmetiou of such cran.

6.2 Personal Watererafl
The sitttation for these is much more complex than that for Jet-Boats, Apan front arms with very low
background noise levels. it would seem that it is more the manner in which PWC are used than their basic noise
level that causes ntosl ofthe measurable problems (6). Also there is a cumulative cn‘ect. uta g it ntuclt harder

to assign noise problems to any oneerafl. and added to this the problems of identifying individual eran attd
enforcing any reqttirentents nithout an effective registration scheme. There was a registration scheme in place
at the time of this study, but it was not enforced - none of the P\VC obsen'ed carried any forttt of visible
identification. This problem also applies to the situplest expedient. which is to require all PWC to operate more
than e.g. 400m ofl'sltore (except for lattnching and landing) . how can eran which infrittge this lttttit be

positively identified?

 

6. CONCLUSION

Noise levels from PWC attd let-Boats net'e measured. along with octave band Frequency spectra showing the

tonal nature of the sound. panicularly front Jet-Boats. The principal reason for noise levels being above
background itt tnost circtttttstattees arises from that tonal nature. Sonte possibilities for controlling noise levels
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from both t_vpcs of cran have been suggested but the difficulties facing enforcement on PWC are also

recognised. Houcver. funlter work is necessary to build up a database of complaints which can then be

correlated to the various rating methods. so as to suggest a suitable system for consistent enforcement.

7. REFERENCES

(I) J \V SARGENT. A Noise Incidence Survey of England and Wales. Proc. IOA IS (1993) plel-lss

(2) C. A. KIRKBY, 'lnshore Leisure Cran', Project report touards the requirements of the Diploma in Acoustics

and Noise Control. (I993)

(3) R A, LANPHEER. ‘Rccrcatioual Motorboat Sound Level Test Report'. ICOMIA Marine Environment

Committee. IMEC I7F/tll. International Council of Marine Industry Associations. e/o Britislt Marine Industry

Federation. Wet-bridge. Surrey. (1993)

(4) 3541421900. Method for Rating Industrial Noise Affecting Mixed Rcsidentit

Britislt Standards Institution. Milton Keynes.

(5) BS7445:|‘)91. Description and Measurement ofEnt-ironmental Noise. Britislt Standards Institution. Milton

Kcvncs.

(6) D. 1, JAMES. 'Perscnal Watercraft - A Working Paper of the Association or District Councils and the

British Resorts Association'. Department ol'Tourism and Amenities. Scarborough Borough Council. (I992)

and Industrial Areas,

 

ll. ACKNOWLEDGEMENTS

This work was carried out as pan of a project in fulfilment of the requirements ofthe Diploma in Acoustics and

Noise Control.

Thanks are due lo Scarborough Borough Council attd to the stafl'of Leeds School of the Environment at Leeds

Metropolitan University for practical support and the use ofcquipmcnt.

Proc.l.0.A. Vol 17 Pan 4 (1995)

 


