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PREFACE 

The Hazard Evaluations and Technical Assistance Branch of HIOSH conducts field 
investigations of possible he!lth hazards in the workplace. T~ese , 
investigations are conducted uncer the authority of Section-20(a)(e) of the 
Occupational Safety and Health Act of 1970, 2~ U.S.C. 66~(a)(6) which 
authorizes . the Secretary of Health anc Human Services. following a written 
request from any employer or authorized representative of employees, to 
detel"lrine .whether any substance normally found in the place.of employD'!ent has 
potentially toxic effects in such concentrations as used or found. 

The: H~an.~-:i_Evaluations and Technical Assistance Branch a1so provides·, upon 
request;taed1ca1, nursing. and 1ndustr1a1 hyg1ene~techn1ca1 and consul tative~ 
assistance, (TA) to Federal. state, and local agencies; labor; industry···an·d ··· :· 
other groups or individuals to control occupational health hazards and•··~to 
prevent related tratnta and disease. 

/ 

Mention of cornpany narr.es or products does not constitute endorsement by the 
National Institute for Occupational Safety and Health. 

http:place.of
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r. sumurx 

In August, 1981, th• National Inatitute for Occupational Safety and Health 
(NIOSH) wa, requ••t•d by the rlr• Departaent. City of Rev. York (FDIIY) to 
evaluate the noi•• level• found in the fire apparatu, of the departaent. From 
Noveaber 9, through Koveaber 18, 1982, a noi•• 1urv•J wa• conducted on ••l•ct 
fire apparatu1 during 1iaulated re1pon1e run• on tbe chauffeur'• training road 
course at Randall'• I1land. Additionally, the nol•• level, found on ahipboard 
were measured in one of the department•, fire boats. 

The noise 1urveJ reaults revealed that the noise level• emitted by 1iren1, air 
horn,, and fire engine, ranged fro• 81 dB(A) to 118 dB(A) during the simulated 
response run,. The noi•• level• found on the fir• boat ranged froa 81 dB(A) 
to 113 dB(A). IIIOSH recoaaend• 85 dB(A) for an eight-hour ti..-velghted 
average (TWA) noise exposure. The current OSRA 1tandard limita noise to 
90 dBCA) for an 8-br ?WA exposure. 

'0~ tho ~a1i1 of the aol•• 1urvey. lt la concluded• tb~t tte lr'(ttentlal tcr noi,e . 
over-expo1ure do•• exi1t for the FD11Y'1 personnel. Becau•• of tbl• potential 
for exce11 noise expo1ure, NIOSH la restating it• recoaaandatlon1 on bow to 
reduce noi•• in fire fighting operations vbich w.r• first expre11ed in th• 
Health Hazard !Valuation Report to the Newburgh, Nev Tork rlr• 
Departunt.l 

lRYlilOlll>S: SIC 9224 (Fire departments. including volunteer). fir• fighting 
operation•, noi•• levels. 
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II. Introduction 

In August, 1981, NIOSH was contacted by the FDNY to request that a noise 
survey be conducted on a select number of noise sources found at the fire 
scene or on vehicles used to get to and from a fire scene. This would include 
apparatus, pumping mechanisms, signaling and communication deVices, power 
tool•, etc •• The FDNY stated that they lacked theae objective data on noi1e 
that were e11ential to as1ea1 their need1 in this area of occupational safety 
and health. A110, previou1 work by NIOSH and otberal ha1 ahovn that fire 
fi&htar1 are likely to ezhibit an appreciable aaount of bearing 1011, more 10 
than found in the general popuhtion~· On Rove.her 9-18, 1982, NIOSH 
inve1tiaator1 traveled to Nev York City to tap• record the noi1e patteru1 
found durina liaulated re1po111e run• on a nuaber of the fire department'• 
apparatua. 

III. Bacqround 

The FDNY baa a fleet invantory of over 350 engine and ladder vehiclea which 
serve the five borough• of the city. TbaH vabiclea are manned by a uniformed 
fire fighter ro1tar of approximately 11,000 employee,. 

A large training facility for the FDNY i1 1ituated on Randall's Island. 
Located on the facility grounda 11 a chauffeur•' training road courae which ii 
uHd for training drtven. Thi• appronaauly ona.J.l• courae contain• 
several tuna, cm:va!1~ ~nt! i,:?.!ghe: hilln ~?Id, valley,. Tb• courae haa a portion· 
of it that travel• under an elevated railroad tre1tle and another aection that 
goe1 between t~o brick buildiDS•· It vaa on this road cour1e that the 
limulated raapont1e run• were conducted to evaluate the noise expoaurea. 

IV. Method• and Materials 

The noise level• emitted by several piece• of the FDNY's fire apparatus during 
simulated reaponae run1 were recorded during the two week period. The teated 
apparatua included 31 American LaFrance and Hack Pumpers, 23 Mack., Seagrave, 
and Sutphen Ladder Truck•, a Mtck Rescue vehicle, a Chevrolet Suburban 
Battalion Chief's car, and the John D. McKean, one of the department's fire 
boau. 

The procedure used to obtain the noise patterns for each vehicle was to have 
the officer and the chauffeur operate the vehicle while one of the NIOSH 
investigator• made the noise measurements. A member of the FDNY's Department 
of Safety also accompanied the group . The chauffeur was instructed to drive 
through the training course at a safe and reaeonable speed and to stop at each 
end of the course . The officer was to operate the siren, air horn, and radio 
as he would do if he were on an actual response run. The NIOSH investigator 
tape recorded the entire run from five or six different riding positions, 
depending on the make and model of the vehicle being tested. Usually, the 
positions consisted of two readit1gs in the cab, two readiDgS in the engine 
compartment, and one or two other positions. Additionally, noise recordings 
were made at the pump panel during pumping operations for the pumpers and at 
the ladder turntable for the ladder truck.a. 
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The noise patterns were measured with a General Radio Precision Sound Level 
Meter (Model 1981), ••ton the dB(A)-slov scale. The ac signal from the 1ound 
level meter was fed to Nagra Tape 2ecorder1 (Models III and D3SR) for 
permanent storage of the noi1e pattern• and later analy1i1. Calibration 
signal• froa a General Radio Ollnical Calibrator (Hodel 1986) were placed on 
the audio tape both before and after each 1laulated re1pon1e run. The later 
analy1e1 were frequency spectra plots of all of the recorded audio tape,. · 
Thi• vat accoaplitbed vltb a Nicolet Minl-Ubiquitou1 Spectrua Analyzer 
(Model•••> connected to a Tektroniz Interactive. Digital Plotter (Model 4662) 
which 1upplled bard copJ of the noi•• 1urvey re1ult1. 

v. §yaluatioq criteria 

Bxpo1ure to high levela of noise a&J cauae t ..porary or perm.anent bearing 
loaa. Th• extent of damage depend• priaarilJ upon the intentity of the nolae 
and the duration of tbe ezpo1ure. There i• abundant epid..iologlcal and 
laboratory evidence that protracted noite ezpo1ure above 90 declbela, 
A-we ighted acale (dB(A)), cau1e1 hearing 1011 in a portion of the ezpoaed 
population. 

OSHA'• eziating ,tandard for occupational e%poture to noi•• 
. (29 cm 1910.!S) 2 ~~~i!iea a ..~iaua. perai11ible aol•• ezpo1ure level cf. 
90 dB(A) for a duration of 8 hour,, vith higher level• allow.d tor aborter 
duration,. XIOSB, in it• criteria for a Rec01111111nded Standard,3 proposed a 
llalt of 85 dB(A), 5 dB l••• than th• OSHA standard. 

Time-w.lghted average (TWA) noise limita a, a function of ezpo1ure duration 
are 1hovn belov: 

R:!!rttlog of Bx201ure 
(bra/day) 
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oise above 140 dB peak sound 

When worker, are exposed to sound levels exceeding the OSHA standard, feasible 
engineering or adainistrative controls must be implemented to reduce the 
lavel1 to peraiaaible limits. 
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VI. R91ult1 

Th• data collected during the 1iaulated re1pon1e run, are presented both a1 
dB(A) and dB Sound Pre11ure Levels CSPL) in all of the analyses . The dB(A) 
level, ver• taken directly froa both the 1ound level mater and from th• Fait 
Fourier Tran1fora CPFT) analyzer. B•cau1• the data were 1tored on th• audio 
tape, ln a dB(A) foraat, the conver1ion to dB(SPL) wa1 done m.atbematlcally 
rather tban by a aeparat• rPT analy1i1 . .. specltlcallJ, the A-veightlng 
correction value,• for eacb of th• octa•• band• analyzed were added to the 
recorded dB(A) value 10 that the SPL value, could be approziaated. 
Additionally, each of the SPL octave band• were coablned according to the 
corr•ct aath...tlcal foraula• to deterain• the overall SPL of the sound. 

Generally, a total of 64 1aaple1 were u1ed ln each of the FP'T analyse,. Tbl1 
repr•1•nt1 1ound 1aapllng over a 48-••c tlme period. Therefore, the 1ound 
level• report•d here are average ioten1itle1, rather than peak lnten1lty 
l•v•l1. Tb• value, read-out to the peraon froa the Safety Divialon following 
each run down the chauffeur•, training road courae are aore repre1entatlv• of 
peak lnten1itle1 ~a,ured during the run. There were a few in1tance1 where 
le11 than f4 1aaple1 were u1cd in th• analy1i1. Th• tl.., a11ociated with 
th••• fewer nuaber of 1aaple1 are given lo Table 1. 

Tbe 1pectral data are contained ln a ~ath~~~l~r&Q Qp~~u~l. •ul~h .ccompaole1 
tbl1 report. Th• flgur•• repre1eot the uncorrected 1ound level, lo dB(A) tor 
the octave band1 31.5 Hz through 16 kH&. Th• octave band 1ound level• were 
corrected by taking the difference between the recorded calibration ton•• at 
the b•floolng and end of each tep• and th• 1taodard dB(A) relative weighting 
value, and adding thi1 difference to each octave band 1ound level. Th• 
table• which are included for each figure give the vehicle being teated, the 
riding po1ition, and the corrected aound level, lo both dB(A) and dB(SPL), as 
well a1 other relevant inforaation. 

Th• overall sound level• foU'l\d for the puaper1 and ladder truck, in both dB(A) 
and dB(SPL) are shown in Table• 2-5. Inspection of th••• table• reveal• that 
there va1 little difference in the overall dB(A) value, mea1ured for the 
pumper, and for the ladder truck, . All of the riding po1ition1 had a mean 
dB(A) value in the middle 90's with the exception of the "2 Left" riding 
po1ition on the ladder truck,. Thia exception can be explained by the fact 
that the "2 Left" position is an open riding po1ition, u1ually ju1t behind the 
air horns mounted on the cab's roof. One additional point concerning the 
dB(A) value, found for ladder truck1 should be pointed out. The two Sutphen 
Ladder Truck• teated during the simulated re1pon1e run, were usually the moat 
inten1e vehicle• measured at all of the riding po1ition1. 

Th• sound levels found during the noise surveJ on the fire boat are included 
in th• spectral data appendix. The dB(A) value• mea1ured above deck ranged 
from 81 dB(A) {pilot house) to 113 dB(A) (born) . The noi1e measured in the 
engine room was quite consistent and wa1 more inten1e . Tb• dB(A) values for 
the engine room ranged from 102 dB(A) to 111 dB(A). 
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VII, Di1cu11iog agd Conclu1ion1 

The mea1ured dB(A) value• obtained from this noise survey show that the 
potential tor noi1e overexposure does exist for the FDNY personnel. Most of 
the ex&11ined riding po1ition1 on the vehicles tested exceeded a 90 dB(A) 
level. A110, only a few of the routine fire fighting operations 
(e.g., pumping, ladder operations, chain saw usage) v.re surveyed ln thla 
study. Th• fact that the po11ibility for intense, impulsive-type noises 
(e.g., explo1ion1, crashing tiaber1, chopping) exist at th• actual fir• 1cene 
point• out that fir• fighter• are 1101t likely overexposed to noi1e. 

The re1ult1 froa this study, while being quite extensive, are really only 
informational to the FDNY. The data vere collected from a representative 
sample of the department's motor vehicle inventory. However, th••• data only 
show the noise level• found during a very sbort-tera aiaulated fire fighting 
condition. Additionally, long-tera aoi•• information froa actual fire 
fighting operations is needed before definitive 1tat...nt1 concerning the 
amount of fire fighter•' noi•• overexposure can be aade. A110, the 
environaental ..a,ur...nt1 au,t eventually be correlated with the medical 
bearing 1011 data before th• iapact of this noise exposure can be a11es1ed. 

VIII. Ree9!111gdation1 

The high noise inten1ity value• ..a,ured during th• 1iaulated r:un, lead, lfIOSB 
to m&ke the following rec01111endation1. 

1. Licit the u1e of warning device, as much a1 legally and practically 
po11ible. It i• known that people are more perceptually aware of changes 
in stimuli rather than con1tant stimuli. Tbu1, intet'11littent tap, of an 
air born would be more effective in moving traffic than a constant 
sounding of the horn. 

2. Warning devices should be moved away from and isolated from the fire 
personnel on the vehicle. Sirens can be moved to the front bumper or the 
running board where the vehicle itself act1 as a shield from the siren 
noi1e. Warning devices on the back of vehicle• near the rear step should 
be located el1evhere or even removed. 

3. Exi1ting warning devices should be reduced in intensity to the loveat 
level at vbich they are still effective at alerting traffic. aemember 
louder is not better. 

4. Existing narrow band, high frequency warning devices, particularly 
mechanical sirens, should be replaced with broader band, lover frequency 
warning devices. An ex&JDple of this latter device is an electronic 
European-type t1110--tone siren. The narrow band, high frequency devices are 
both more daaaging to the fire fighter's hearing and a less effective 
warning device. The sirens' high frequency sound will hit a vehicle in 
front of the fire apparatus and be reflected rather than penetrate the 
vehicle. Lower frequencies have much less reflection. Also, the 
two-toned device is a constantly changing stimulus which is, as mentioned 
previously, more percep-ually arousing to people. 



H!TA 81-459 NIOSH INVESTIGATOR - Page 6 
July, 1985 Randy L. Tubb1, Ph . D. 

5 . Sound ab1orption material can be added to existing fire apparatu1 to 
i1olate the fire fighter• from the noi•• source. Sound-ab1orbing material 
packed into the wall of a cab of a re1cue vehicle have bean reported to 
reduce the noi1• inten1ity in1ide the cab by 3 dB. Similar application of 
1ound-ab1orbing around the engine compartment will reduce the nose level, 
to which fir• fighter, riding in th• juap1eat are exposed . Finally. 
1iran1 and air born, mounted on the top of vehicles thould u1e itolatioo 
110anting deYice1 rather than th~ thin, rubber or pla1tic wa1bar1 which ar• 
noraallJ used. 

6. Specitication1 for new apparatu, should take into con1ideration both the 
frequencie1 and inten1itie1 ot th• noise that the vehicle emit1. Th• 
input of a qualified acou1tical con1ultant during the de1igning of 
apparatu1 would b• very beneficial . 

7. The u1e of per1onal protective deYice1 1hould be u1ed a, an interl• 
1olution until tb• noi1e level• of the webicle are or can be reduced. lar 
auff1, the protective device of choice for th• fir• fighter,, should. be 
worn d~ring the re1pon1e to a call. lar plugs are not warranted for tire 
fighter• 1inc• their affectivane11 i1 blgblJ dependent on proper flt and 
proper ln1ertion. Becau1e of the ver, . 1ialted ti.. tire fighters are 
given to prepare to re1pond to a call, the chance, th•t •~~ pl~i• ii10~ld be r · 

pr~~~tJ in1•~t•d is reaote. 

8 . NIOSH ha1 1ean one in1tanc• where a ...11 1peater baa been placed on the 
in1lde of one of tbe cup1 ot a pair of ear auff1 and connected to a jack 
which it wired into the vehicle'• co..unicatlon 1y1tea. Thi• arrang...nt 
11 higblJ recommended !or all fire fighter• who au1t hear c011111Unication1 
during the re1pon1e a1 well a, for the fir• fighter who is re1ponaibl• for 
operating and monitoring the puap panel at the fire scene. Kach tet of 
11W!f1 1bould have it• own volume control 1iailar to the kind found on 
1tero headpbona1 . ~ 

9. A hearing con1ervation program should be impleaented for fire fighter,. 
Included in this program 1bould be pre-eaploJ119nt, baseline audiograa1 and 
annual audiograms for active duty personnel. Th••• audiogram, should be 
taken under approved standard condition, (AIISI). The program should also 
include periodic monitoring of the noi•• levels ot the apparatus to be 
sure that the intensity of th• noise does not increa1a with wear and tear 
on the apparatu1. Finally, fire fighters should be aade more aware of 
noi1e and it1 effects on bearing. Ca1e1 of tinnitu1 (ringing or buzzing 
in the earl} following a response should be reported. Reduction of 
off-the-job noise expo1ure1 should also be ampba1ized . 
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Table 1 

Nuab•r ot sug,l•• Analnh Time 

4 

8 
16 
32 
6.\ 

4 
6 

12 
24 
•8 

HC 

HC 

HC 

HC 

HC 
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PUMPERS - A-WEIGHTED dB LEVELS 

Vehicle 
Pump Panel 

150 psi 
Pump Panel Chauffeur's Officer's 

200 psi Position Position 1 Right 1 Left Backstep 

AP 8003 88.8 97.0 107.8 103.6 100.8 101.0 99.2 
AP 8020 91.4 93.0 108.0 100.9 102.8 103.6 98.6 
AP 8024 91.& 97.5 91.8 93.0 92.6 92.7 90.4 
AP 8058 91.6 93.7 97 .1 95.9 94.1 96.6 86.6 
AP 8069 91.6 98.7 102.6 101.7 96.8 100.7 97.1 
AP 8074 92.6 98.1 101.6 97.8 99.1 100.6 101.2 
AP 8080 
MP 7201 
MP 7202 

92.6 
87.8 

94.1 99.4 95.2 
93.S 100.6 99.7 

94.3 97.7 

92. 9 93. 4 . 87.9 
97.2 97. 2 l 94.3 
95.9 94 .o i 99.2 

HP 7231 91.0 93.8 93.9 92.0 95.6 95 .0 I 88.2 
HP 7528 93.8 102.5 97.0 97.3 96.5 97. 3 : 93.4 
HP 7530 92.6 98.2 99.4 99.1 ' 93.8 
MP 7810 90.0 91.2 95.4 94.3 91. 2 95.1 87.3 
HP 7812 
MP 7815 

88.2 
88.9 

97.2 103.0 98.9 
91.9 90.1 94.0 

92.4 93.6 
93.8 95 .1 I 

94.2 
91.8 

HP 7816 91.7 98.5 93.6 95.9 97.6 95.9 
HP 7834 92.2 95.2 94.5 97.0 97.6 100.6 
MP 7838 88.8 90.0 92.0 94.) 93.0 93.6 92.1 
HP 7840 91.1 92.8 96.1 97.2 98.0 97.4 98.3 
HP 7905 85.0 90.8 92.2 93.6 92.8 92.1 
HP 7907 87.2 88.9 97.3 98.6 93.9 93.5 97.8 
MP 7914 88.9 100.3 96.9 95.1 94.4 98.0 
HP 7918 88.1 93.5 91. 5 93.8 93.6 87.0 
HP 7927 86.4 94.2 93.7 93.6 94.0 93.0 
MP 7928 92.0 94.3 98.6 99.8 95.4 95.9 94.3 
MP 7946 87.2 88.0 93.7 96.0 93.9 88.9 
MP 7955 85.4 88.8 91.1 90.7 92.1 90.6 86.7 
HP 7966 88.7 90.3 94.2 93.9 101.8 97.7 93.4 
MP 7973 87.1 101.6 101.6 98.2 99.6 103. 9 
MP 7976 84.8 88.8 93.8 94.3 93.2 94.8 90.3 
HP 8106 86.0 87. 6 90.3 89.8 90.2 89.7 89.9 

Mean 89.2 93.4 96.5 96.0 95.5 95.9 93.7 
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PUMPERS - dB SOUND PRESSURE LEVELS 

Pump Panel Pump Panel Chauffeur's Officer's 
Position 1 Right l Left Backstep Vehicle 150 pd 200 psi Position---
106.1 105.2 104.7 102.7 AP 8003 101.3 103.0 109.0 

1;)8 .8 103.5 104.8 105.0 101.6 AP 8020 99.7 101.0 
rno.4 100.8 101. 3 101.5 99.1 AP 8024 100. l 102.0 
l<Jl. 9 101.8 102 .5 102.6 99.3 AP 8058 100.2 101.8 

103,9 102.6 103.9 101.2 AP 6069 99.9 104.9 104.6 
104.8 106.3 106.6 104.2 AP 8074 101.3 103.3 106.6 
100.9 102.1 102.1 98.5 AP 8080 100.4 101.0 102.6 

105.2 107.0 103.6 103.6 104 .5 MP 7201 101.6 102.6 
102.7 103,9 103.8 103.1 111. 4 MP 7202 
101.4 102.1 108.9 105.4 105.6 MP 7231 100.l 104.3 

106.4 104.5 104.0 112.0 106.2 105.2 MP 7528 104.2 
103.4 104.2 108.2 107.9 106.3 MP 7530 
101.0 100.9 102. 0 103.2 99.1 MP 7810 100.l 100.J 
104.8 102.5 106. 6 102.6 100.3 MP 7812 99.5 102.3 
101. 7 102.1 ,, 102.5 102.4 101.1 HP 7815 101.2 103.2 
103. 7 103.0 103. 9 104.6 107 .2 MP 7816 102.1 

106.1 107 .o 105.8 105.7 MP 7834 102.8 105.5 
100.6 101.1 103.8 102.7 100.0 MP 7838 99,4 100.3 

103.8 103.7 104.3 104 .1 104.4 103.4 MP 7840 101.7 
100.0 100.6 105.1 104.7 100.1 MP 7905 99.0 

101 ·.2 102. 3 103.2 103,6 103.6 103.8 103.3 MP 7907 
104. 7 103.5 103.3 103.1 102.9 MP 7914 101.4 
103.2 103.5 103.2 103.4 101. 5 MP 7918 101.4 
100.8 100.9 103.3 103.2 100.1 HP 7927 99.3 
103.2 103.0 104.J 103.2 100.8 MP 7928 101.0 100.9 
105.6 102.6 104.3 103.8 101.2 MP 7946 100.8 
101.0 104.8 103.8 103.l 99.6 MP 7955 99.4 100.6 
102.8 103.3 106. 7 104.0 101.2 HP 7966 100.2 101.2 

105.8 104.5 105.4 106 .3 MP 7973 100.5 105.6 
102.0 · 102.3 102. 9 103.0 101.4 MP 7976 101.0 101.2 
100.8 101.1 104.8 104.4 100.9 MP 8106 101.8 102.9 

103.4 103.2 104.6 104.0 102.4 Mean 100. 7 102 • .3 
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LADDERS - A-WEIGHTED dB LEVELS 

Ladder Chauffeur' e Officer's 
Vehicle Maneuvers Position Position 1 Right 1 Left 2 Left Tiller 

MI' 7301 94.3 92.0 92.3 97.3 98.4 
Mr 7315 85.6 101.9 96.1 98.6 102.4
Mr 7409 84.8 92.J 94.4 98.5 101.8
Mr 7411 87.3 101.1 98. 7 102.0 109.5 
MT 7902 81.3 96.0 93.9 101.4 101. 2 
MI' 7909 82.2 91.1 89.1 95.6 100.8
HT 8003 85.1 95.1 95.6 101. l 101.5 
Mr 8019 86.1 91.3 90.8 94.4 102.7
MT 8101 83.7 98.2 96.0 106.4 106.4 
SL 7101 88.0 97.8 102.6 100.2 97.1 
SL 7210 92.2 96.3 97.4 98.5 98.1 
SL 7424 88.6 100.6 100.2 100.2 100.4 
SL 7802 87.2 93.9 96.4 101.1 94.8 
SL 7803 87.6 96.8 95.9 99.3 101.1 
SL 7813 92 : s 92.1 93.5 92.4 92.0 76.2 
SL 7906 87 .o 95.9 95.9 99.0 * 
SL 7907 ~3.0 97.5 96.4 96.4 97.2 
SL 8032 
SL 8038 

92.2 
87 .8 

91.1 

* 
92.2 
93.7 

95.1 
92.5 

, 92.4 
91.4 

77 .I
77.0

SL 8101 84.6 103.1 100.8 95.2 94.0 
SL 8203 95.$ 101.8 103.7 94.6 96.0 
ST 8001 90. 7 103.0 104.4 111.1 110.4 
ST 8101 

Hean 88.0 

.. . 

• 
.. 

98.6 

96.7 

103.4 

96.7 

102.3 

98.8 97.1 

117 .8

105.0 76.8 

* Tape Recorder Mtµfunction 

~ 
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LADDERS - dB SOUND PRESSURE LEVELS 

Ladder Chauffeur's Officer's 
Vehicle Maneuvers Position Posit.too 1 Right --·-

101.8 107.l 

1 Left 2 Left Tiller 

104.8 MT 7301 99.8 101.8 
Ml' 7315 98.8 106.2 104. 8 106.3 103.5 
MT 7409 98.7 101.9 102.0 105 .6 105.l 
HT 7411 103.9 104.6 103.0 109.2 111.8 
HT 7902 98.2 101.6 101.4 104.3 104.2 

HT 7909 100.7 100.2 100.0 102.9 105.4 

Ml' 8003 97.8 100.7 100.2 104.1 105.3 
Ml' 8019 102.0 99.6 99.3 102.8 107.8 
MT 6101 103.5 101. 7 100.2 107.4 107.8 
SL 7101 100.8 102.8 106.7 106.4 104.0 
SL 7210 101.0 104.1 103.8 107.l 105.4 
SL 7424 102 .4· 104.6 104.6 109.3 105.8 
SL 7802 99.4 101.l 101.9 104.1 103.4 
SL 7803 99.4 103.7 102.s 103.8 105.1 
SL 7813 99.9 
SL 7906 99.8 

101. l 
102.0 

102.0 104.2 
101.4 104.8 

, , 103.3 99.6 

* 
SL 7907 99.7 103.0 102.7 104.2 103.7 
SL 8032 101.2 100.2 101.4 104.0 104.2 99.1 

SL 8038 101.0 * 101.3 103.3 102.4 98.5 

SL 8101 100.8 104.3 102.9 101.8 102.6 
SL 8203 101.4 104.2 105.3 103.5 104.3 
ST 8001 102.1 105.6 106.S 112.8 112.3 
ST 8101 102.9 106.2 108.0 119.1 

Hean 100.6 102.6 102. 7 105.5 104.4 108.2 99.1 

* Tape Recorder Malfunction 
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