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EXECUTIVE SUMMARY

On November 6-9, 1995, researchers from the National Institute for Occupational Safety and
Health (NIOSH) evaluated a prototype engieenng control destgned for the control of fugitive
asphalt emussions during asphalt paving The Champion engineenng control evaluation was
completed as part of a Department of Transportation (DOT) project to evaluate the effectiveness
of engineenng controls on asphalt paving equpment  NIOSIH researchers are conducting the
research through an mter-agency agreement with DOT’s Federal Highway Admimstration
Additionally, the National Asphalt Paving Association 1s playing a critical role in coordinating
the paving manufacturers’ and paving contractors’ voluntary participation 1o the study

The study consisis of two major phases Dunng the pnmary phase, NIOSH researchers wisited
each participating manufacturer and evaluated their engineening control designs under managed
environmental conditions  The indoor evaluation used tracer gas analysis techmaques to both
guantfy the control’s exhaust flow rate and determine the capture efficiency Results from the
indoor evaluations provided equipment manufacturers with the necessary information to
maximze engineenng control performance pnor to the second phase of the study, performance
evaluation of the prototype engineering controls under “real-life” paving conditions The scope
of thas report 15 lirmted to the Champion phase one evzaluation

The Champion phase one evaluation studied the performance of a single engineering control
design The prototype control was nstalled and evaluated on a Champion Model 1010W asphalt
paving machine The control design consisted of two perforated hoods, one mounted over each
anger A duct from each hood lead inte the engine compartment where they converged mio a
single exhaunst duct  The single duct passed up through the paver deck and attached to a
hydraulic exhaust fan honizontally mounted on the paver deck Test measurements indicated that
the control system’s exhaust volume was approximately 1000 cubic feet per mmute (cfm)
throughout the evaluation Dunng the mdoor testing, the average capture efficiency measured
near 90 percent  Duning the outdoor testing, which was hampered by strong wind gusts, the
average capture efficiency consistently measured below 20 percent as the prototype design was
evaluated at prescnbed stationary onentations relevant to the prevailing wind In addition to the
capture efficiency reductions, the outdoor test results showed increased vanation 1n capture
efficiency as the wind gusis hampered the control’s ability to consistently capture the surrogate
contaminant

With an outdoor capture efficiency under 20 percent, the prototype engineenng control, in the
evaluated configuration, 1s not anticipated to substanhally reduce worker exposure dunng asphalt
paving operations Recommendations provided to Champion design engineers included (1)
Increasing the hood enclosure to mimrmze wind effects within the auger area, and (2) Modifying
the hoed wnlet to provide contammnant control capability across the entire width of the auger
Since total enclosure of the auger area may not be compatible with the paving process, design
engineers should enclose the process as much as feasible and mctease the prototype’s exhaust
volume, as required, to improve the system’s performance in outdoor environments
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Smce the intent of the phase one evaluations was to provide equipment manufacturers with
engineenng performance and design feedback, vanous onginal and imagmative approaches were
developed with the knowledge that these prototypes would undergo preliminary performance
testing to 1dentify which designs showed the most merit  Each manufacturer received design
modification recommendations specific to their prototypes’ performance dunng the phase one
testing Prior to finalizanon of this report, each manufacturer received the opportumty to identify
what modifications and/or new design features were mcorporated into the “final” prototype
design prior to the phase two evaluations No further design information was provided for this

report



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a Federal agency located in
the Centers for Disease Control and Prevention under the Depariment of Health and Human
Services, was established by the Occupational Safety and Health Act of 1370 Thus legislation
mandated NIOSH to conduct research and educational programs separate from the standard
setting and enforcement fimections conducted by the Occupational Safety and Health
Admmustration (OSHA) m the Department of Labor  An important area of NIOSH research
deals with methods for controlling occupational exposure to potential chenucal and physical
hazatds

The Engineening Control Technology Branch (ECTB) of the Division of Physical Sciences and
Engineenng (DPSE), has the lead within NIOSH to study and develop engineenng controls and
assess thewr impact on reducing occupational iflness Since 1976, ECTB has conducted & large
number of studies to evaluate engineering control technelogy based upon mdustry, process, or
control technique The objective of each of these studies has been to 1dentify or design
engineenng control techmques and to evaluate their effectiveness in reducing potential health
hazards 1n an industry or at specific processes Informmation on effective controi strategies 1s
subsequently published and distributed throughout the affected industry and to the occupationat
safety and health commumty

BACKGROUND

On November 6-9, 1995, researchers from the National Institute for Occupational Safety and
Health (NIOSH) conducted an evaluation of prototype engineering controls designed for the
reductuon of fugitive asphalt enussions dunng asphalt paving  The NIOSH researchers mcluded
Ken Mead, Mechanical Engineer, Leroy Mickelsen, Chemical Engineer, and Dan Watkns,
Engmeering Techmeian, all from the NIOSH Engmeening Control Technology Branch (ECTH),
Division of Physical Sciences and Engmeenng (DPSE)} The DPSE researchers were assisted by
Champion Project Engineer, Scott Lyons

The Champion engineenng control evaluation was completed as part of a Department of
Transportahion (DOT) project to evaluate the effectiveness of engineenng controls on asphalt
paving equipment NIOSH/DPSE rescarchers are conducting the research through an
mnter-agency agreement with DOT’s Federal Highway Admimstration (FHWA) Additionally,
the Nattonal Asphalt Pavement Association {(NAPA) has played a critical role in coordinating the
paving manufacturers’ voluntary participation n the study. The study consisted of two major
phases During the pnmary phase, NIOSH researchers visited each participating manufacturer
and evaluated their enginecring contro designs under managed environmental conditions
[General protocols for the mdoor evaluations arg located in Appendix A Minor deviations from
these profocols may sometimes oceur depend:ng upon available ime, prototype design,
equipment performance, and available facthties ]| Results from the phase one evaluations are
provided to the equipment manufacturers zlong with design change recormmendations 1o



maxumize engineenng control performance prior to the phase two evaluations  The phase two
evalvations, which began 1n imd-1996, included a performance evaluation of each prototype
engingenng control under “real-life” conditions at an actual paving site  The results from the
Champion phase two evaluation will be pubhished in & separate report

DESIGN REQUIREMENTS

When desigmng a ventilation control, the designer must apportion the imtial design critenia
among three underlying considerations, the level of enclosure, the hood design, and the available
control ventilation When possible, an 1deal approach 1s to maximize the level of enclosure in
order 1o contain the contaminant emmssions  With a total or near-total enclosure approach, hood
design 1s less cntical, and the required volume of contral ventilation ts reduced Many times,
worker access or other process requirements limit the amount of enclosure allowed Under these
constramnts, the designer must compromise on the level of enclosure and expend increased
attention to hood design and control ventilation

In the absence of a totally enclosed system, the hood design plays a cntical role 1n determining a
ventilation control’s capture efficiency Given a specified exhaunst flow rate, the hood shape and
configuration affect the ventilation control’s ability to capture the contaminant, pull 1t mto the
hood, and direct 1t toward the exhaust duct A well-engineered hood design strives to achueve a
uniform velocity profile across the open hood face  When good hood design 15 combmed with
proper enclosure techmques, cross-drafis and other awrflow disturbances have less of an impact
on the ventitation control’s capture efficiency

In addition to process enclosure and hood design, a third area of consideration when desigming a
ventilation control, 1s the amount of ventilation air {volumetric flow and/or velocity) required to
capture the contammant and remove 1t from the working area For most work processes, the
contaminant must be *“captured™ and directed into the contarmnant removal system  For
ventilation controls, this 1s achueved with a moving air stream  The velocity of the moving air
stream 15 often referred to as the capture velocity In order to maintam 2 protected environment,
the designed capture velocity must be sufficient to overcome process-mherent contaminant
velocities, convective currents, cross-drafls, or other potential sources of airflow interference
The mummum required exhaust flow rate (Q) 15 easily calculated by nputting the deswed capture
velocity and process geometry information mto the design equations specific to the selected bood
design Combimng Q with the calculated pressure losses within the exhaust system allows the
designer to appropnately select the systemn’s exhaust fan

For most ventilation controls, including the asphzalt paving controls project, these three
fundamentals, process enclosure, hood design, and capture velocity are interdependent A design
which lacks process enclosure can overcome this shortcommg wath good hood design and
increased air flow  Alternatrvely, lower capture velocities may be adequate 1f increased
enclosure and proper hood design techmaques are followed Additonal information on desigming
ventilation controls can be found i the Amencan Conference of Governmental Industnal



Bygiemsts’ (ACGIH) “INDUSTRIAL VENTILATION: A Manual of Recommended Practice”
[ACGIH, 6500 Glenway Avenue, Buillding D-7, Cincinnaty, Ohuo 45211 ]

EVALUATION PROCEDURE

The Champion Road Machmery phase one evaluation occurred 1n a large bay area within the
prototype shop at the manufactunng plant The paver was parked with the screed and rear half of
the tractor positioned 1n the bay area {referred to as the testing area) and the front half of the
tractor with both the engine exhaust and the engineenng control exhaust located outside the
building An overhead door separated the two areas  The door was lowered to rest on top of the
tractor and the remaimng doorway openings around the tractor were sealed to 1solate the front
and rear halves of the paver Dunng each test run, the prototype control’s exhaust was
discharged to the outside of the bmiding This setup proved very effective at preventing the
engine exhaust, engine cooling arr, and the captured surrogate contannants from reentening the
testing area

A theatnical smoke generator produced smoke as a surrogate contaminant that was subsequently
discharged through a perforated distmbution tube The tube placement traversed the width of the
duger arca between the tractor and the screed and rested on the ground under the augers  Imtially,
the smoke was used to observe airflow patterns around the paver and to observe capture by the
control systems (The general smoke test protocol 15 1n Appendix A ) Thus test also helped to
wdentify fatlures in the integrity of the barner separating the front and rear portions of the paver
After sealing leaks within this barmer, smoke was again released to identify airflow patterns
within the test area and to visually observe the control systern’s performance

The second method of evaluation was the tracer gas method This method was designed to

{1} Calculate the total valumetnc exhaust flow of each hood design, and (2} Evaluate each
hood’s effectiveness in controllng and captunng a swrogate contaminant under the “controlled”
indoor scenano  Sulfur hexafluonde (SF,) was the selected tracer pas At the concentrations
generated for these evaluahons, SF, behaves as a non-toxic, surrogate contaminant winch follows
the air currents of the ambient air in which it 1s released Since SFy 1s not naturally found within
ambient environments, 1t 15 an excellent tracer gas for studying venttlation system charactenstics
The general protocol for the tracer gas evaluation method 1s 1n Appendix A

A photo-acoustic mfra-red mulh-gas monitor (Bruel & Kjaer Model 1302) was used to measure
concentrations of the tracer gas 1n the exhaust air stream  The multi-gas monitor was calibrated
mn the NIOSH laboratones prior to the evaluation Known amounts of reagent grade SF, were
mjected mto 12-Iiter Malar sampling bags and diluted with rutrogen to predetermined
concentrations Five concentranons ranging from 2 to 100 parts per mithon (ppm) SF/mtrogen
were generated A curve was fit to the data and used to convert the instrument response to SF;
concentrations Cahbration data are in Appendix B



To quanhify the exhaust flow rate, the tracer gas discharge tubes were placed directly into the
exhaust ducts of the engineenng control A known volumetric flow rate of SF, was released nto
the duct(s) at a constant flow rat¢  The engineering control’s exhaust fan utihzed a honzontal,
non-ducted discharge A honzontal extension of matchuing diameter was connected to the
discharge side of the fan A monitoring location was selected within the extension and the mulb-
gas monmtor measured the concentration of SE, in the control sysiem’s exhaust The exhaust flow
rate was calculated using the followmg equation

Risry

— £ )

Qoxny = =7— * 10 Equation 1
Cisryy

where Qany = flow rate of aur exhaunsted through the ventilation system (lpm or ¢fmm)

Qrs, = flow rate of SF, {Ipm or ¢fim) mtroduced mto the system

C* s = concentration of SF, (parts per mullion) detected m exhaust And the”
mndicates 100% capture of the released SF,

[To convert from liters per minute (lpm) to cubic feet per munute (¢fm), divade ipm by 28 3 ]

To quanufy capture efficiency, the SF, was released through distnbution plenums into the anger
area Each discharge hose fed from the SF, regulator, through a mass flow controtler and 1nto a
T-shaped dismbution plenem  Fach plenum was approximately 4' wade and designed to release
the SF, evenly throughout its wadth Dunng the capture efficiency test, the discharge plenums
were placed within the auger area between the paving tractor and the screed A known gquantity
of SF, slowly discharged through the plenums into the auger area Once again, the multi-gas
momtor measured the concentration of the tracer gas m the exhaust on the discharge side of the
exhaust fan The capture efficiency was caleulated using the following equation

Cisry * Qe
)
n=100 x 10 Equation 2A
(2K}
where 1} = capture efficiency

Csrq = concentration of SF, (parts per million) detected i exhaust

Qy = flow rate of air exhausted through the ventilabon system (Ipm or cfm)



Qsrs = flow rate of SF, (Ipm or c¢fm) introduced mto the system
[To convert from liters per minute (Ipm} to cubic feet per minute (cfim), divade Ipm by 28 3 |
NOTE When the flow rate of SF, [Q 4] used to determme the engineenng control’s capture

efficiency 1s the same as that used to quantify the exhaust flow rate, equation 2A may be
sunplfied to

Crsr)

n = x 100 Equation 2B

*
Cismy

where the defimtions for C* g, 1, and C gpy Temam the same as in equations 1 and 2A

Multiple flow rate and capture efficiency tests were conducted and the paver was shut down
between each trial The paver’s idle speed, which may partially affect the exhaust rate of the
control system, was maiwntained near 2000 revolutions per minute (rpm) dunng the performance
evaluations Minor fluctuations 1n exhaust volume were possible due to small fluctuations n idle
speed (estimated at 1-2 percent) However, such minor deviations would not greatly affect the
prototype's overall performance

In addition to the indoor evaluation, an cutdoor evaluation was completed wath the paver
positioned i prescnbed stationary onentations  The outdoor stationary evaluation provided
feedback on the sufficiency of the engineenng control’s haod enclosure for performance n an
outdoor environment

EQUIPMENT
(See Appendix A)
ENGINEERING CONTROL DESIGN DESCRIPTION

The exhaust systerm consisted of two hoods, positioned adjacent to each side of the auger gear
box Each hood design incorporated an exhaust plenum mounted on the end of a 6" duct Each
plenum had five circular inlets evenly spaced along the bottom surface  The hole diameters
increased from 2 5" up to 4 5" as their distance from the gear box mereased The duct from each
hood lead to the paver’s engine compartment, where a converging wye combined the exhaust
airstreams mto a single duct leading up through the paver deck and mto a hydraulic exhaust fan

Each hood measured approxirmately 30" long and 6" wide The exhaust plenum (referred to by
Champion engineers as the suction box} was designed to fit around an extension arm which
telescoped 1n and out with the paver’s side extensions Thus, the exhaust plenum design had



additronal opemngs other than the evenly spaced circular holes Since each hood measured
approximately 30" Jong, the outer thurd of each auger was not directly served by an exhaust hood
When the side extensions were extended, the percentage of unhooded area increased

DATA RESULTS
Smoke Evaluation

The mtial smoke tests revealed openmgs in the barmer between the testing and exhaust areas
Alfter resealing the separating barner, smoke was re-released to 1dentfy airflow patterns within
the test area and to visnally observe the control system’s performance Ths information assisted
the researchers in prepanng the test area for the quanntative tracer gag evaluation

Tracer Gas Evaluation

{A copy of the tracer gas evaluation data files and associated calculations are included mn
Appendrx B)

Indoor Evaluations

The prototype engmneenng control was evaluated under the semi-controtled conditions desenbed
above Exhaust flow expenments were repeated using different SF, flow rates {Q;,) to 1ncrease
accuracy Since bmilding pressure fluctiations and air currents from moving people or equipment
could momentanly disrupt the control’s airflow characteristics, the results are reported in terms
of an average and a range for each test run  Multiple tests were performed

TABLE I. INDOOR TRIALS, EXHAUST FLOW RATES
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TABLE IL. INDOOR TRIALS, CAPTURE EFFICIENCY

Qany 1 (Range) 1} (Average)
e S Lk P s ] Sl

g s T M S gt

Capture Eff Run 2 996 cim 86 - 95 % 50 %

Outdoor Evaluations

The outdoor evaluation eccurred on an open road behind the manufactuning plant The outdoor
evaluation was hampered by a rapidly moving storm front  Both wind speed and direction were
recorded by a portable weather station mounted on the paver The average wind speed was

& 5 mules per hour (mph) with wind gusts up to 32 mph  The paver was onented with the paver
front pomting toward the wind for two tests, paver sides toward the wind for three tests, and
paver rear toward the wind for two tests Each test mcluded both volumetric flow and capture
efficiency evaluations

TABLE III. OUTDOOR TRIALS
(Wind Into Front of Paver = Zero Degrees)

Orient./Run lem Qe (Range) Q) (Average) n{Range) 1(Average)
i 180°, Run 1a 096 ipm 936 - DU cfm 985 cfin 75-361% 176 %
1 180%Rm1b  200ipm = 976-985 0000 984 17-366 141
90", Run Za 096 984 - 1006 1001
48-275 12 6
30°, Run2b 200 976 - 988 984
0°, Famla 096 G84 - 995 503
974 §3-195 126
0°, Ran3b 200 97} -%7H
e e e e e e r mTTEE———— e s L e Pt re—iv— e i - _t—— ]
2707, Run 4a (96 908 - 1017 1008
35.167 67
270°, Run 4b 200 9g1 - 997 oRg
0°, RunSa 496 9R0 - 998 Qg7
. w ‘e 077 . 54-512 188
Et_m_s_b 200 971 -983 . o, ) .
20°, Run6a 095 973 - 1006 994
35-374 95
90", Run 6b 200 099G - 1004 995

Q = Exhaust rate
1| = Capture efficiency



DATA ANALYSIS AND DISCUSSION

Test resuits from the Champion Road Machinery cutdoor evaluations revealed that the Champton
prototype’s design performance was significantly hampered by the nunimal amount of enclosure
around the auger area and the hmated percentage of the auger area directly served by an exhaust
hood The lmitations of these design features were exacerbated by weather conditions that
included wind gusts up to 32 mph The result was a dramatic reduction 1n capture efficiency
Dunng the seven ocutdoor evaluations under varying onentations, the mean capture efficiency
averaged only 13 percent and 1t never exceeded 19 percent

Achieving a high average capture efficiency is only one aspect of the ventilaton control
gvaluation Another considerauon is the contrel’s ability to maintain high capture efficiencies
without performance levels fluctuating over a wide range  Each excurston into the poor capture
efficiency range represents an opportumty for contarmmant to escape mto a worker's breathmg
zone Empincally, the performance can be evaluated by comparing the sampling data’s
cocfficients of vanation (CV)

oV = Standard deviation ¥ 100

Mearn

Data sets with smaller CVs indicate the control was less mfluenced by outside interferences and
maintained a more consistent capture efficiency For example, the CVs obtained dunng the
mside capture efficiency evaluation were both less than 8 percent as compared to the CVs up to
80 percent obtatned during the outdoor capture efficiency evaluations Simular to its adverse
unpact upon capture efficiency determunations, the wind gusts are theonzed to have mcreased
varabibity and adversely affected the CV caleulations The CVs for each test un are shown with
the data in Appendix B

CONCLUSIONS AND RECOMMENDATIONS

With an average outdoor capture efficiency consistently under 20 percent, the prototype
engineenng control, m 1ts evaluated configuration, was not expected to substantially reduce
worker exposures during asphalt paving General recommendations for further improvements to
the Champion prototype design mcluded

Ventilation Exhaust Volume

The ACGH] Industnal Ventilahion Manual provides gmdance to facilitate the sclechion of
mmmum capture velocites Addionally, NIOSH can assist inl selecting a capture velociy
based upon your mtended control design At a mmimum, given the physical properties of the
asphalt fume, the vapor contamnants, and the process by which they are generated, we
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recommend a mmmum design capture velocity of 100 feet per munute (fpm)} throughout the
entire auger area  This recommendation assumes very good enclosure to mimnuze wind
mterference dunng paving operations Based upon the selected hood design and the dimensions
of the auger area, thus velocity can be incorporated into the design calculations to determime a
mimmum exhaust flow rate requurement  There 15 some concern regarding convective currents
and the generated volume of nsing air nduced above the hot paving process  However, adegquate
process enclosure plus an appropnately selected capture velocity will produce a sufficient
exhaust flow rate to control and remove this convective exhaust volume Additional information
on controlling contarmunants from hot processes may also be found 1n the ACGIH Industnal
Ventilathon Manual

Hood Design

Depending upon the level of enclosure around the auger area 1n the final design, Champion
engineers should consider extending the capturc hood to cover the entire length of cach auger
Additionally, sealing all unnecessary opemings within each hood’s plenum (suction box) will
allow increased air distnbution and improved capture performance along the full length of the
bood Proportional decreases in hood perforation diameters may also be required to achieve this
effect If the hood’s length 1s extended, the inlet hole diameters should be further reduced or the
inlet(s) should be reconfigured to a slot design to allow for airflow distnbution across the length
of the hood

Enclosure

Other than the coincidental enclosure provided by the tractor and screed, the Champion prototype
engineering control provided no additional enclosure for the auger area  The NIOSH engineers
are aware of the operational preference for screed and paver operators to have a lme-of-sight into
the auger area dunng paving operations Selective placement of a visual access point(s) could
stll allow this requirement 1o exist while enclosing the remander of the open auger area
Increased enclosure will reduce the exhaust volume and capture velocity requirements for an
effective enpineenng control  In addition, enclosure of the open area directly over the augers has
been found to dramatically reduce the radhant and convective heat felt by paver and screed
operators dunng paving operations While not the cnginal focus of this project, a reduction
heat exposures during summer paving 1s a significant occupational health benefit which could
evolve into a major selling pomnt for the engineenng control package
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APPENDIX A
ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

PHASE ONE (LABORATORY) EVALUATION PROTOCOL
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PURPOSE To evaluate the efficiency of ventilation engtneering controls used on hughway-
class hot mix asphalt (HMA) pavers 1n an mdoor stationary environment

SCOPE OF USE This test procedure was developed to a1d the HMA industry in the
development and evaluation of prototype ventilation engineering controls with an ultimate goal
of reducing worker exposures to asphalt fumes This test procedure 1s a first step in evaluating
the capture efficiency of paver ventilation systems and 15 conducted in a controlled environment
The test 1s not meant to sumulate actual paving conditions The data generated usmg this test
procedure have not been correlated to exposure reductions dunng actual paving operations

For the laboratory evaluation, we will conduct a two-part expenument where the surrogate
"contarmnant” 18 1mected mto the auger region behind the tractor and 1n front of the screed For
part A of the evaluation, smoke from a smoke generator 1s the surrogate contaminant  For part B,
the surrogate contaminant 1s sulfur hexafluoride, an nert and relatively safe (when properly used)
gas, commonly nsed 1n tracer gas studieg

SAFETY In addition to following the safety procedures established by the host facility, the
following concemns should be addressed at each testing site

1 The discharge of the smoke generating equipment can be hot and shoutd not be
handled with unproiected hands

2 The host may want to contact binlding and local fire officials in order that the smoke
generators do not set off fire sprinklers or create a false alarm

3 Inlgher concentrabions, smoke generated from the smoke generators may act as an
imtant Direct inhalation of smoke from the smoke generators should he avoided

4 All compressed gas cylinders should be transported, handled, and stored 1n accordance
with the safety recommendations of the Compressed Gas Association

5 The Threshold Limt Value for sulfur hexafluonde 15 1000 ppm  While the generated
concentrations will be below this level, the concentration in the eylinder 18 near
100 percent For this reason, the compressed cylinder will be maintained outdoors
whenever possible  Should a regulator malfunction or some other major accidental
release occur, observers should stand back and let the tank pressure come to equilibrium
with the ambient environment

Laboratory Setup The following laboratory setup description 1s based on our understanding of
the facilities avatlable at the asphalt paving manufactuning facilines participating in the study
The laboratory evaluation protocel may vary shightly from location to locathion depending upon
the available facilitics

Paver Position The paving tractor, with screed attached, will be parked underneath an overhead

garage door such that both the tractor exhaust and the exhaust from the engineering controls exits
mto the ambient 2ir  The garage door willt be lowered to rest on top of the tractor and plastic or

Al



an alternaive bamer will be applied around the penmeter of the tractor to seal the remainder of
the garage door opening

Laboratory Ventilation Exhaust For this evaluation, smoke generated from Rosco Smoke
Generators (Rosco, Port Chester, NY) 1s released mto a perforated plenum: and dispersed n a
quasi-uniform distnbution along the length of the augers Due to wterferences created by the
auger's gear box, this evaluation may require a separate smoke generator and distnbution plenum
on ¢ach side of the auger region  Releasing theatnical smoke as a surrogate contaminant within
the auger regon provides excellent qualitative informahon conceming the engimeenng control's
performance Areas of dummshed control performance are easily determined and minor
modifications can be incorporated into the design prior to quant:fying the control performance
Additionally, the theatnical smoke helps to venfy the barner integnty separating the front and
rear halves of the asphalt paver A video camera will be used to record the evaluatien The
sequence from a typical test run 15 outhned below

Paosition paving equipment within door opening and lower overhead door
Seal the remaiming door operung arcund the tractor

Place the smoke distnibution tube(s) directly underneath the auger

Comnect the smoke generator(s) to the distraibution tube(s)

Activate videco camera, the engineenng controls, and the smoke generator(s)
Inspect the separating bamer for integnty fallures and correct as requred
Inspect the engineerng control and exhaust system for umntended leaks
Deactivate the engineenng controls for companson purposes

Deactivate smoke generators and wait for smoke levels (o subside

End the smoke test evaluation

gl T I RN S R N VU N

Evaluation Part B (Tracer Gas) The tracer gas test1s designed to (1) Calculate the total
exhaust flow rate of the paver ventilation conirol system, and (2) Evaluate the effectiveness 1n
captunng and controlling a surrogate contaminant under a "controlled” indoor condiions  SF,
will be vsed as the surrogate contamuinant

OQuannhfy Exhaust Volume: To determune the total exhaust flow rate of the engineering control,
a known quantity of sulfur hexafluonde (SF) 15 released directly into the engineering control’s
exhaust hood, thus creatmg a 100 percent capture condition The SF, release 1s controlled by two
Tylan Mass Flow controllers (Tylan, Inc , San Diego, CA) Tmhially, the test will be performed
using a single flow controller calibrated at 0 35 Ipm A hole dnlled into the engineermg control's
exhaust duct allows access for a multi-point momtoring wand inte the exhaust stream  The
monitorning wand 1s onented such that the perforations are perpendicular 1o the moving air
stream A sample tube connects the wand to a Bruel & Kjaer (B&K) Model 1302 Photo acoustic
Infra-red Multi-gas Momtor (Califormia Analytical Instruments, Inc , Orange, CA) positioned on
the exterior s:de of the overhead door The gas monitor analyzes the air sample and records the
concentration of SF; within the exhaust stream  The B&K 1302 wall be programmed to repeat
this analysis approximately once every 30 seconds Monitoring will continue unti] approximate
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steady-state conditions are aclieved The mean concentration of SF measured tn the exhaust
stream will be used to calculate the total exhaust flow rate of the ¢ngneenng control The
equation for determining the exhaust flow rate 15

~ Qsry

6
Qiexm = x 10

. Eguation 1
Ciar,) 1

where Q. = flow rate of air exhausted through the ventilation system (Ipm or cfin)
Qisrey = flow rate of SF,, (Ipm or cfm) mtroduced mto the system
C* srs = concentration of SF, (parts per milhon) detected in exhaust

fTo convert from hters per munute (Ipm) to cubic feet per munute (¢fm), divide Ipm by 28 3 ]

In order to mcrease accuracy, the exhaust flow rate will be calculated a second tune using two
mass flow controllers, each cahbrated at approximately 0 35 Ipm of SF, Sufficient ime will be
allowed between all test runs to allow area concentrations to decay below O 1 ppm before starting
subsequent test runs

Quantitative Capture Ffficiency: The test procedure to determine capture efficiency 15 shghtly
drfferent than the exhaust volume procedure The mass flow controllers will each be calibrated

for a flow rate approximating 0 35 hiters per munute (lpm) of 99 & percent SF, The discharge
tubes from the mass flow contrellers will each feed a separate distnbution plenum, one per side,
within the paver's auger area The distribution plenums are designed to distnbute the SF,1n a
uniform patiem along the length of the auger area (See Figure 1 } The B&K multi-gas monitor
analyzes the air sample and records the concentration of SF, within the exhaust stream unii]
approximate steady-state conditions develop Once this occurs, the SF, source wall be
discontinued and the decay concentration of SF; wathun the exhaust stream wall be momtored to
indhcate the extent 1n which general area concentrations of non-captured SF, contnbuted to the
concentration measured i the exhaust stream
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FIGURE 1

|LEGEND

A—Trocer Gos Cylnder wih regulotor

E—Tylon Hess Flow Comtroliers sath Contrpl Bow
C—PL Dstrbuton Tuoes

D—Tracer Gos Estr@ution Pleruns

A capture efficiency can be calculated for the control using the following equation

where

Cisry * Qiewm
10% Equation 2A

n=1400 x
chré)

1 = capture efficiency
Csrg = concentration of SF, (parts per million) detected in exhaust

Qe = flow rate of air exhausted through the ventilation system (lpm or cfim)

Q.spqy = flow rate of SF, (Ipm or cfm) introduced into the system

[To convert from hiters per minute (ipm) to cubic feet per runute (cfin), divide Ipm by 28 3 ]

NOTE When the flow rate of SF, {Q,gp] used to determine the engineening control’s capture
efficiency 15 the same as that used to quantfy the exhaust flow rate, equation 2A may be

simplified to
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C(S’FEJ

. x 100 Equation 2B
Cisr,

where the definitions for C* grg, 1, and Cigr,, remain the same as m equations 1 and 2A

The sequence from a typical test run ts outlined below

1
2
3

11
12

13
14
15
16
17

18
19

Position paving equipment and seal opemngs as outhined above

Calibrate (outdoors) both mass flow meters at approximately 0 35 lpm of SF,

Dnll an access hole 1n the engineering control's exhaust duct on the outdoor side of the
overhead door, and pesition the sampling wand 1nto the hole

While mamntaining the SF, tanks outdoors, run the discharge hoses from the mass flow
meters to well-within the exhaust hood(s) to create 100 percent capture conditions
With the engineenng contrals activated, begin monitoring with the B&K 1302 to
determine background interference levels

Imtiate flow of SF; through a single mass flow meter

Continue morutoring with the B&K for five minutes or nntil three repetitive readings
are recorded

Deactivate flow of the SF; and calculate exhaust flow rate using the calculanon
identified above

Repeat steps #2 through #8 using both mass flow controllers

Allow engineermg control exhaust system to eontinue runnmg until SF, has ceased
leaking from the discharge hoses then remove the hoses from the hoods

End the exhaust flow rate test

Locate an SF; disinbution plenum on each side of the auger area, and connect each
plenum to the discharge hose of a mass flow meter

Imtiate B&K monitonng to establish background interference levels until levels reach
0 1 ppm or below

Imtiate SF, flow through the mass flow meters and momtor with the B&K unti]
approximate steady state conditions appear

Once steady state 1s achieved, discontinue SF, flow and quickly remove the
distnbution plenums and discharge hoses from the auger area

Contmue momtonng with the B&K to determne the general area concentration of SF,
whtch escaped auger area into the laboratory area

Discontinue B&K monitoring when concentration decay 1s complete

Calculate the capture efficiency

Repeat steps 11 - 18 as ime permits
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APPENDIX B

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

TRACER GAS EVALUATION RESULTS

B&K DATA FILES AND CALCULATION RESULTS



CHAMPION ROAD MACHINERY

INDODR EVALUATIONS
INDOORTEST#1: SUMMARYINFO [~ | |RANGE . CV_|
FLOWCALC #1 Q= 1017 _CrM 1013] 1O | 1028 CFM 052%
FLOWCALC #2 Q= 898 CFM gez| TO 1000 CFM 0 30%
INDQOR TEST #2: SUMMARY INFO: — |[BANGE ____ Y
FLOWCALC #1 Q= 893! CFM ©BE] TO 6a7| CFM 052%
FLOWGALC #2 Q= §78| CFM g73[ 10 965! CFM 036%
INDOOR CAPTURE EFF = 88 % — 74| 10 100] % 7 84%
INDOOR TEST #3: SUMMARY INFOQ., I RANGE _____ _ -~ LV |
FLOWCALC #1 Q= BO0[CFM ga3| 10O 1021 [CFM 0 46%
FLOWCALC #2 Q= 873[CFM B71, 10 976[CFM 016%
INDOOR CAPTURE EFF = 801% 86 10 85(% 302%
FLOWGALC #3 Q= BTG |CFM #6868 10 G711GFM 0 19%
Etevated Idle Q= o84 ICFM 955 TO 866 [CFM 033%
Lowered Idle Q= g4 -CFM 800 TO Bo7CFM 031%




CHAMPION ROAD MACHINERY

DUTDOOR EVALUATIONS
I I I i .
IOUTDOOR TEST £ 1; SUMMARY INFO —_____|RANGE — GV |
(WIND INTO REAR OF PAVER) IR
FLOWCALC #1 Q= B85 /CFM B56| 10 998 CFM 150%
FLOWCALC #2 Q= 884 [CFM 876] 10 8B5|CFM 0 36%
I
OUTDOCR CAPTURE EFF #1 16|% 7 10 36% B7 41%
OUTDOCR CAPTURE EFF #2 14[% 21 10 37% 80 12%
OUTDOOR TEST # 2. SUMMARY INFO L _[(BANGE .
[(WIND INTO RHS OF PAVER]
FLOWCALC #1 Q= +001|CFM 884| 10O 1006|CFM 0 34%
FLOWCALC #2 Q= B84 |CFM g76| 10 BEB|CFM 044%
[
OUTDOCR CAPTURE EFF = 13|% 5 TO 281% 5302%
I
QUTDOOR TEST ¥ 3: SUMMARY INFQ RANGE cY
(WIND INTO FRONT OF PAVER)
FLOW CALC #1 Q= BO3ICFM o84 10 BE5/CFM 0 36%
FLOWCALC #2 Q= 874|CFM 871| 10O 976[CFM 0 15%
OUTDOOR CAPTURE EFF = 13% Bl 10 201% 26 20%
| |
QUTDOCR TEST # 4, SUMMARY INFO . (RANGE N
{WIND INTO LHS OF PAVER)
FLOWCALC #t Q= 1008|CFM 98] 10 T017|CFM 064%
FLOWCALC %2 Q= D89|CFM gg1| 710 BG7 [CFM 062%
[OUTDOOR CAPTURE EFF = 71% 4 710 17|% 57 35%
[OUTDOOR TEST # 5. SUMMARY INFO RANGE
(WIND INTO ERONT OF PAVER)
FLOWGALC #1 Q= B87|CFM 880] 710 088|CFM 054%
FLOWGALC #2 Q= G77|CFM 871, 10 853 |GFM 040%
]
OUTDOOR CAPTURE EFF = 19% 5 10 511% 68 46%
OUTDOOR TEST # 6: SUMMARY INFO RANGE _ ___Cy |
[WIND INTO RHS OF PAVER) [
IFLOWCALC #1 Q= 986 |CFM 873 710 1008 |CFM 105%
FLOWCALC #2 Q= D05 |CFM e30| 710 1004|CFM 042%
DUTDOOR CAPTURE EFF = 10)% P ) 371% 73 16%




B-n-K Calibraton Champlon Lab Eval

BLK CALIBRATION DATA, CHAMPIDON ROAD MACHINERY LAB EVALUAT

Samples Measured From 1895-10-31 1054 |

i

Nptg  BE&K wae eel for Normalzation Temperature squal. to 43 deg F dunng Me download so all data points wene altered sccordingly

Tima

Maasured

Normalize to

Astual

hh.om.gs

SFif) pom

Average

I=Tideg¥

Concentistion

User

Event 1

——

44 44 14

5 6YE-02

#4.23E-03

4 45E-03

[

14 44 50

4 80E-D3

14 45 25

2 12E-03

Lis&t

Event 5

14 52 14

8 7EHD

£ B2EHX

1D 34

1073

14 k2 52

8 E3E+00D

145327

B B3E+00

14 54 03

8 B2E+0D

User

Eveni s

T4 57 38

1 B6E+HD

187EHX

207

213

14 5816

1 8TE+DO

1458 51

1 67E+DD

14 50 27

1 BEE+DD

User

Event 8

1501 27

2 395+

2 37EHN

24 92

15 02 07

2 36E+1

15 02 42

2 35E+1

150316

2 36E+1

Usar

|Event 11

15 05 05

(4 55601

# 57E+N

48 10

53 70

1505 50

i 457E+01

15 08 25

4 57E+01

1507 0D

4 57E+01

User

Event 13

15 09 27

& 43E+D

8 ATE+1

£9 25

107 30

151038

8 S0E+DY

1511 14

8 ABE+DY

1611 4%

B A7E+0%

1512 258

8 47EH

Usar

Event 14

1513 00

3 49E-01

147801

016

1513 40

101E-1

1514 16

7 S4E-D2

15 14 51

€ 36E-02

[F1

4 45E-03

000

207

215

10 34

1073

24 92

26 80

4810

53 70

8045

107 30

BAK Calibration Chart




Champion Road Machinery indoor Test #1

- 1302 Measurement Data 1804892/2803 - 1895-11-07 18 13 - Page 1 -
1302 Settings [ | i
Compensate for Water Vap Interference NG
Compensate for Cross Interferencs NO
Sampie Conbnuously YES
Pre-set Monttoring Penod NO
Measure
Gas A Formaldehyde NO
Gas B Carbon dioxide NOQ
Gas C Carbon monoxide NO |,
Gas D TOC as Propane ND .
Gas E Sulfur hexafluonde YES
Water Vapour NO
I I |
Sampling Tuba Length 160n
Air Pressure 760 0 mmHy
Narmalhzation Temperature G635 F
I
General [nformation
Start Time 1895-11-07 13 34
Stop Time 1995-11-07 14 &5
Results Not Averaged | |
Numbar of Event Marks 8
Number of Recordad Samples 133
| I I — L
Alarm Limnt Max Mean Mmn  Std Dev
Gas E BOSE+D3 62 3E+00 6 93E+00 1D BE-03 17 SE+QD
Samples Measured (From 11/7/85 1334
Event Time SF(6) SF(8)
No, hh:mm:ss |measured [Corrected Comment
L
Event 1 13 52 36 ____ _|Beginindoor
1400 12| 224E-01 F -D118024
140047 19BE-D1 ¥ - DO0ODO4E
140122] 208E-01 |  D0BBESE
140158 201E-01 F -00B3A7G
140253] 161E-00 | 0D50236 0 00D6221451|(Averape)
140326] 150E-01 _ [..-- 00384 _ 0 06DB20085(Std Dev)
140403 185E-D1 | DO7606
1404 39 18B9E-DT L 0 080364
140514| 180E-01 | 008944
140550 181E-01 ¢ 0071756
14 06 25| 1 82E-01 ' 0 072832




Champion Road Machmery indoor Test #1

1407 01| 175E-01 0 D653

14 07 36| 1 &8BE-01 - V055616

140811) 142801 | -DD25792

140847) 13ED1 | - DO17856

140922 112BE-01 § -D.0D2488

140958 B5SE-DZ2 |- -0.031002

- 141033] 761E-02 F 00411164

1411 08| D62E-D2 § -D0O184886

141144 754E02° (- D 0418505

1412 98] 7 27E-02 -1 0447748

1413 06] Ga2E-02 | -0 0540068

141341] B64E-02 | -DO0515538

1414 16] 486E-02 | 00707064

1414 52| 5 56E-02 -D DB31744

14 15 27| 8 D4E-02 -0 0384888

14 16 03| & 83E-02 - = 0269132

1416 38| B8 BBE-02 | DO156012

1417 13| BB1E-02 | ~DD174444

14 1749] 6 O6E-02 } 0025622

141824 BGS5E-D2 3 -D0265004

1412 00| €642E-02 | -DOS30208

141935] B7EE-02Z |  -DD1B0D

142011 3 39E-D2 § -D 0865238

142046| 283E0Z |} -D.0925492

Event 2 14 20 46 Wand moved cutdoors

14 2122 2 35E-D2 -0 097714

1421 58] 199E-02 -t 1015876

14 23 04| 2 64E-02 -0 0945936

Event 3 142304 Start paver & fan (put wand in duct)
142340 2 22E-02 -0 0981128
14 24 15| 107E-D1 =0 007868
1424 51| 9 30E-02 -0 022832
1425 26| 105E-D1 <0 01002
14 26 02| 1 25E-00 00115
4426 37 1 03E-01 0012172

14 27 12 8 16E-02 =0 0244384

1427 48| B 62E-02 -0 0184888

142823 101E-01 =0 014324
14 28 58| B 5BE-D2 -0 0188116
Event 4 1428 59 Start SF(6) on RHS @ 100% capture
14 29 35| 1 D3E-D1 -0 012172[SF(6) flow = C BB77 ipm
1430 10| 314E+01 [~ 340618
143050] 313E+01 [ -7 33vasd
14 3126| 316E+01 F- 343132 34 2713 {Average)
143201 345E+01 } - ~341876 0 177766645((Std Dev)
143256) 316E+01 }F 343132 052% Cv
143332 317E+01 | 34 4389

14 34 071 317E+D1 34 4389

143442] 317E+01 1 - 344389




Champion Road Machinery Indoor Test #1

143518] S16E+01 § 343132 i ]
Event 5 1435 18 "[Start SF6 on both srdes @ 100% capiure
143553} 6 18E+01 |~ — 722746 SF(6) flow = 2 (45 Ipm
143620) 624E+01 F - 726517
14 37 04| 6 15E+01 T 724003 72 50086|(Avarage)
1437 40| G1BE+01 |- .7 '722746  0220124592|(Std Dev)
| 1438 15[ 620E+01 ) - . 72.526 030% cv
1438 51| € 1BE+D1 [- - 722746
1439 26] €1BE+01 | .~ 724003
144002 620E+01 | - -72528
144037 623E+07 | - .-728031
144113 8226+01 |} _ 727774
14 4148| 5 62E-01 0481712
Event6 144148 Wand passed to inside
144228| 2 15E-01 010834
Event?7 44220 Begn indoor bg
144315 175E-01 |~ ~ DO0653
144351 178201 | D 088S04
1444261 115601 | + 000074  000060012({Average)
144502] 125E01 } ~ . OO116 0 036642421|(Std Dev)
144537] 110E01 F —-DD0454
144613] B54E-02 | -D0311086
144648 7BSED2 | --D038534
144723 768E-D2 | -D 0402556
144755 B79E-02 ! -00284196
144834 116E-01 |- DODDIS1E
Event 8 14 48 34 |SFE disabled, fans shll on
1445 10| CE7E-D2 [ - -0 0542308
144845 8E96ED2 |- -0 0265004
145020] 68SE-02 © -0.0488536 -D 055515236 |(Average}
145066 705E-02 ; -0047142 0 012186461((51d Dev)
145131 565E-D2 ¢ -D.DSBO7S
145207 S15ED2 | DD6E7586
145313 €62E-02 -0 0517688
145340 S5SBE02 | -0 0620592
1454 24| 5 28E-D2 | -0D0661872
145450 §59E-02 [ -0082B516
14 86 35| &5 28E-02 |- __ -0 D6B51
INDOOR TEST # 1: SUMMARY INFO —_ |RANGE(CFM}
FLOWCALC #1 Q= 1017 13[CFM 1013 42 1026 43
FLOWCALC #2 Q= 098 57 CFM 85168 1000 31




CHAMPION ROAD MACHINERY incoor Test #2

1302 Settings | |
I I
Compensate for Water Viap Interference NO
Compensate for Cross interference NO
Sample Continuously : YES
Pra-set Monitenng Penod NO
Measure
| _Gas A Formaldehyde NO
Gas B Carbon dioxide NO
Gas C Carbon monoxide NO .
Gas D TOC as Propana NO -
Gas E Sulfur hexafluonde YES
Water Vapour NO
I I I
Sampiing Tubs Length 1501t
Air Pressure 760 0 mmHg
Nommalizabon Temperature B35 F
|
General Information
Start Time 1895-11-07 1612
Stop Time $985-11-07 16 51
Results Not Averaged | 1
Numbet of Event Marks - 5
Number of Recorded Samples : B4
I I
Alarm Limit Max Mean Min 5id Dev
I
GasE 89BE+03 GZ1E+00 27 0E+00 284E03 27 1E+00
| I |
Event Time SF(6) SF(6)
No. ht.mm:ss |measured |Corrected Comment
Event 0 ) |Begmn indoor BG Readings
161248 &S54E-021 . -*_'_"‘-"50533596
16 1331] 4 87E-02}. " -~ 00705988
161406 463E02}- . - -D.OTIBI2__ -0 07542735((Average)
161442] SO1E-02; - 7 --D0690824 0 008445266](Std Dav)
161517 4 14E-02}.- -- - D 0784536
161553 3052E-02F... -~ - -00B51248
1616 28] A4 82ED2|:--. ;;;ab.ﬂ?i'l&ﬁ&
B 1617 03] 284E-02 i 100924416
Event 1 161703 iWand mic Duct Fan & paver are on
16 17 39| S5 E8eE-021% T D597312
161814 607E-02: --- - 00576368 -0 D5985926 |(Average)
16 18 50 5 53E-02° -0 0534972 0 002544006 {({5td Dav)|




CHAMPION ROAD MACHINERY Indoor Test #2

161025] 668E02, _-0 0586552 ] |
Event 2 161925 Start 100% Capture on RHS
162000] 527e-02 -0 0662848 [SF(8} Flow = 0 9671 Ipm
162036 317E+09} ~ T -7 --34 4388
1621 18] 3 T4E+01" . -84 0818 34 1875{{Average)
162151 8 14E+01]. == o B4 0618 0 177765645 {51d Dev)
i 162268 315E+D1p .5, o0 - 34.1878  052% cv
Event 3 16 22 58 Start 100% Capture Both sides
1622 33] 3 14E+01 34 0B18[SF(6) Flow = 2 000 Ipm
1624 09] 6 14E+01}. : TITLITIE
162444 G1BE+D1p~ - -7 - 722746 72 243175|(Average)
162520} 6 16E+01 ; <. --'72D232° D 25804508)(5td Dev)
1625 55] 6 19E+01}- E_ L 724003 0 3% cv
162630] 6 21E+01;; 2 LT ST28517
162706 61BE+01}" 7 e - 722748
1627 41| 6 1BE+DT; *™ "= - 722748
162817 G1BE+01,. - . . 722745
Event4 162817 " " "|Swrchto dist plenums
16 28 53| 3 45E+01 37 9585
162028] 4 6BE+011 77 534196
163003] B37E+01;.. =~ °~B20820 63 23081570 |(Average)
163039] 5§20E+01% = - 53856  5019520865|(Std Dev)
163114] bGBIE+01,. - ~B58539  704% CV
16 3150] 5 15E+01, - 593275
16 32 44] 5 14E+D1; - - 59,2018
163320] 6 11E*D1: _ 71,3047
16 3355] b 52E+01; - T B3 0784
1634 31] BB4E+DT] - | 554888
163506] 640E+071¢ - . - 8247
16 3542] 502E+D1) - -~ 575834
1636 17| SBOE+Di.. - £7.408
163652 5B89E+01} ... 523443
1637 28] S91E+D1; . -6BBBO7
1638 03] S15E+01; ~ ~ ' - T1.BETS
1638 30| B7V4E+D1;.- .~ - 667438
163914] 48BE+01} . - _ 558338
16 3050 S56BE+D1L - . . /85989
164025] 5S0E+01F  ~ = . §1.213
Event & 16 40 25 Kill SF(5), bnng wand indoors
16 4100 128E+00 1 25428
164141 7 B5EQ2 - 038534
1642 16| 65 UBE-D1 0421456
164303 1 73E-01}-- -2 777 D063148
164338] 1BIED1F —» ~ 0071758
1644 13| 1 96E-01 | =- = = ..0087898
1644 48] 178E . ;::—- - «DDBBBM 0 040552 | {Average}
164524) 1G4E-D1} — <~ 0053464 0 039268546|(5td Dev)
164600 207E-01,° .-  DOBI7a2
164835] 1560E-D1;. “_ - T {10384
1647 10] 14101 -~ 0028718




CHAMPION ROAD MACHINERY Indoor Test#2

1647 46] 1 39E-01, | 0 026564
164821 149ED1, - ~-0037324
1648 57 135601, - . - DU2226
1€4932] 105E-0%; . . _.. -001002
16 5007] 1 82ED1; ‘0072832
165043 S24E-02f -=--. -D0235776
1651 18] 8 66E-D2; . .- +0.0298184

INDQORTEST #2, SUMMARY INFO: — BANGE

FLOWCALC #1 Q= €43 38,CFM - B8613{ TO 857 04| CFM
FLOWCALC #2 Q= 978 24|CiFM - pr2val TO B84 67| CFM
INDOOR CAPTURE EFF = &7 52|% 7384 TO 0o 52 %




CHAMPICN ROAD MACHINERY  Indoor Test #3

1302 Setings | | I
|
Compensate for Waler Vap Interference NO
Compenszate for Crose Interferanca ND
Sample ConbinuoLishy YES
Pre-set Monronng Pennd NO
I
Measure
Gas A Formaldehyde NO
Gas B Carbon dicxide ND
Gas C Carbon manoxade RO
Gas D TOC as Fropans NO
Ges E Sulfur hexafluonde YES B
Walef Vapour ND "
|
Samplng Tube Length 180
A Prassire 760 D mmHg
Nomahzation Temperatura 635 F
I
Genersl Information
Start Trma 1995-11-07 16 52
Stap Tune 10951107 17 59
Resutts Not Aversged [
Number of Event Marke 8
Number of Recorded Samples 1?‘9
Alarm Limi Max Mean Min  Std Dev
} GasE ' SOEE+D3 $7 3E+00 SO OE+D0 27503 20 OE+D
Samples Measured From 1895-11-07 16 53
Event Time SF(g) EF{5)
Mo hh mm s |[mezasured Correctad Commant
Eventd [ 165300 2 15E-01 0 10834 |indoor BG
16 853 44 2 88E-01 0108724
Evant 1 1€ 54 19 285E-01F © 0V IB442 8G Induct
16 54 54 25561; - 015138
16556 30 265E01 &~ -- D16214
1€ 56 05 2 TOE01 k. - D 176128
16 55 41 25BE-01F 0152456
1657 15 265E-D1 .~ "D18214 0 162626815 |(Average)
16 57 51 250E01y .. 0146 0 02315849 (Standard Dev )
168 58 27 316E-01 - 0217018
1€ 50 02 273ED1F  DATO748
16 56 37 240E017  D1a524
17 0013 2 35E01L T 0134164
17 0D 4B 265801 418214
170124 2 54E-01.- 1150304
Event2 17 (1 58 2 18E+01 PRTaR 00 Stant 100% SF(E) on RHS
1702569 3 15E+01 PR SF{E] Flow = 0 9611 fpm
1703 34 3 15E+01 P 34 26806 {(Average)
17 04 08 J16E+01 0 163892748 |(Standard Dav )
17 04 45 3 15E+01 0 45% Ccv [




CHAMPION ROAD MACHINERY indoor Test #3

Event3 [ 170520]  B2JE+01 727774 Slan 100% SF{6] thru both sidos
17 05 66 6 1BE+01,-, 724003 §F(@E) Flow = 2 000 tpm

[ 17 06 &1 GZ0E+01; . 72626
17 07 06 B20E+01, - 72528 72 £045625 |(Average)
17 07 42 6 21E+D1). . T¥2 8517 @ 11515666 (Standard Dev )
17 08 17 B 2E+D1; - 726517 016% cV
17 08 53 B 2{E+01§ ;. 728517
17 0528 6 ZIE+01 }; - T2E51T
17 50 03 3 J4E+H| 36 5758 omit

Event4 | 17 10 38 5 74E+01) 7 --86 7438 Swiich fo st plenums
1711 14 SESE+01L -~ 858125
17 11 49 5 B4E+D1} .- 68 0008
17 12 36 5 5TE+D1E - -84 606D
171311 E506e+011 " ~ 63727 «
17 13 46 5 58E+01) - - B4 B583 - 6543202857 [(Average)
17 14 22 5 E5E+01 i~ - B4:3555 1 B73200078 {Standard Dev }
17 1457 B EBZETDT; - B7.7454 302% (Y
17 1532 S53E+01 541041
17 16 OB S91E+D1* B8 8807
17 16 43 550E+01 . B48583
171718 S a5E+01: | 62 3442
17 17 B4 E7TE+DY, - 874208
171830 545E+01 =~ 830885

Event5 | 17 1905 B7SE+D1| 116 8551[Back to 100% capture, both sides
17 19 41 & 24E+D1 730288
17 2018 & 24E+D1 T3p2ss 72 B7786 [{Average)
17 20 52 B 22E+D1 TRITT4 0 137687457 {Standard Dev )
17 21 27 B 2L+, - TRTAT4 0 18% cv
17 2202 6 22E+01 727774

Everl& | 17 2308 £ 22E+0" EEERTA TS, Raise idle, shil 100% capture, both sides
17 2345 & 26E+D) d
17 24 20 & 26E+01
17 24 55 6 26E+D1 73 23821536 (Average)
17 25 31 6 25E+H D 238583002 |(Standard Dev )
17 26 08 B 26E+01 033% cv
17 26 42 § 27E+01
17 27 17 6 25E+01
17 27 52 B Z5E+D1
17 28 28
17 26 03
17 29358 B Z6E+01
17 30 14 g3

|Event7 | 17 3049 € B3E+01, 77.9311 Idle fowered to 1000 rpm
17 3125 6 BBE+01: . 785598
17 32 00 666E+071 783082
17 32 55 G 6EE+D1 ~ - 783082 T8 18646667 [[Average)
17 33 30 BE7E+D1:; “TR4333 C 238866752 | {Standard Dev )
17 34 08 663E+D1;  77.9319 031% [
17 34 41 663E+01y. | Tres1
17 3617 G8dE+D1E L. 7B 0568
17 35 52 BOEE+01| 783082

|Evema |17 3627 1 O3E+00 0 98528[SF(€) disabied
17 37 08 QO0TED1| 0852832
17 37 43 4 E3E+00 4 g588H
17 38 21 Z250E-01] D 155684
17 38 59 246E-D1] 0141688
17 39 34 1 14E+00 1 10364




CHAMPION ROAD MACHINERY  Indoor Test #3

17 40 10 8 3BE-01 0885268

17 40 45 4 53E-01 0 407450

17 41 21 5 11E-01 D 426836

17 41 56 7 27E-D1 0 850252

17 42 42 8 DEE01 D 744256

17 43 18 B B7EN 0 609807

1743 53 1 26E+00 1.222

174428 3 S5E+00 36968

17 45 06 2 GSE+DO 305196

17 45 42 2 34E+00 2 39484

17 45 17 2 18E+00 2 20116

17 46 53 2 39E+DD 2 44854

17 47 28 2 G3E+00 2 59928

Eventg | 174504 2 83E+00 < 02208 [Begin BG win duct

17 45 30 2 16E+00 2 20116 =

17 4% 14 4 1ZE+00 FERIGF

17 45 50 3 15E+00 32664

17 50 25 1 BEE+00 1 B5958

17 5100 1 SEE+00 1 5448

17 51 38 2 42E+00 2 48092

17 52 1B 1 GBE+00 157708

Evenli 10 | 17 53 25 1 68E+00 1 68468 |Beg:n puling dist tubes, continus

17 54 01 1 ZBE+00 1 25426 [taking BG wAn duct

17 54 35 141E+00 138416

17 E5 12 T0IE+00 096376

17 5547 1 14E+00 130364

17 56 22 1 32E+00 1 29732

17 56 56 196E+00 1 98556 ’

17 57 35 1STE+00 1 09672

17 68 11 195E+00 2 00748

17 55 47 122E+C0 1 18972

1750 24 7 2aE01 0 656024
INDOOR TEST #3, SUMMARY INFO BRANGE
FLOWCALC %1 Q= 890 47 |CFM 882541 TO 102G A7 |CFM
FLOWCALC %2 Q= 973 37 ICFM g7108] 710 B7E 1ZICFM
INDOOR CAFTURE EFF B0 12 |% BE87| O 24 07[%
FLOW CALC #3 Q= 060 72 |CFM — 967 72| 10 871 0B|CFM
Elevated Idie Qe 063 64 |CFM 457 71O BGE DB[CFM
Lowered Idle Q= Q03 77 |GFM 89559 TO 806 B4|CFM




CHAMPION RDAD MACHINERY Outaoor Test #1

ingersol Rand Qutdoor Test Number One Wind biowing Inio hear of paver

1302 Settings 1 {
Compensate for Water Vap Interferance NO
Compensate for Cruss Interferenca NOD
Sample Centinuously YES
Pre-g8t Monitenng Panod NO
|
Measure
Gas A Formaldehyds NO
Ges B Carbon dioxide ND
Ges C Carbon monox de NO
Gas D TOC es Propane ND
Gas E Sufur hexafiuonde YES
Water Vapour NO N
_ ! I N
Sampling Tube Length 1301t
Arr Pressure 760 0 mmHg
Normalzation Temperature 430 F
I
Ganerel Information
Start Tima 1805-11-08 10 53
Siop Time 1595-11-08 11 44
Resulls Not Averaged ]
Number of Event Marks T
Number of Recorded Samples a1l .
l | [
Alarm Lwnit Max Magn Min  Std Dev i
Gas E BEAE+03 62 0E«00 2BE+QD 18 2E-03 20 iE+00
Samples Measyred From 19951508 10 54
Event  {Tima [SF(8) SF(8)
No hh mm s |measured Cormectad <omment
EventD 05413 2 82E-02| -D0E15308;08 BG |n dugd
10 54 56 Z BRE-02| 00852392
10 55 32 2 42E-02| -0 0560608
105618 4 50E-02| -0 0736146
10 56 54 2 55E-02 £ DR5562
10 57,20 2 4DE-D2 £ QI7I76
10 5B D& 3 ABE-Q2 -9_0555312
10 58 40 2 5BE-02| D 0Ehas4s
10 59 16 29102 -D0516384
0 50 51 744EQ21 ) DAZBASE
110027 4 AE-02{ -0 755484
110102 € 24E-02| -0 O55RS76
11013y € ABE-02| -0 0545684
110213 4 ME-02] -0 0T9RS24
110248 A03E-02| 00003972
1103 24 2 72E-02] -DD83ATI2B
110359 224E-02] 00988976
1104 34 B329E-D2; -DO37TEEES
1105 10 3 26E-02, 0 DR77072
110545 295E-02/ -0 0908276




CHAMPION ROAD MACHINERY Quidoor Tes! £

11 06 52 3 EEE02] -0 0846544
1707 27 3 43E-DZ| <0 0860932
31 0B 03 2 G6E-02] -0 DI11504
11 0B 38 A4BE-02] -0 OB57T04
110914 344E-D2] -D OBS0B5E
1100 40 3 B3E02| 00817882
114024 2 23E 02| -D 0980052
|Everm 1 111100 2 45E-D2| <D 096638 | Star paver & fan
411135 2 07TE-D2| -0 1007260
1112 10 235E-02] -0 D9653D4
|Event 2 119246 3 26E+01; ™ . ~35 5702 Starl 100% Capiure thru RHS
111326 ANEDT - -S4 BUT
111402 IZ0ELD1} 34815
111437 A1BEH] - . .34.5645 - 34 50873333 [{Averape)
11 1513 B1BE+0T: - - 843132 0 0 518597631 }(Stc Deviation)
111607 3 {5E+01 |-~ B4 1875 1 50% cv
111643 I14E+01: " JA0618
1717 18 3 14E+D1F = B4 0818
111754 314E401  “~34 0618
Evant 3 111823 6 20E+01 sty Starl 100% Capture thru baih sides
11 1905 6 15+ i
111940 6 16E+01 ==
112016 B 14E+01 [ ST5TH 71 8446375 {Averaga)
11 20 &1 6 15E+01 §:1 0 259681024 |(Std Deviabun)
112127 & 15E+01 JE X TI887 0 6% CcV
2202 B T3E+01 R A046%
112227 € 156401 BT A £ET5
112343 69 2578] X
Even! 4 112348 114610157 121434 Switch to dist ty
1124 26 S15E+Q0 - 54184
11 25 02 201E+D0 - 203978
1125 37 7 10E+00 761344
192626 B 18E+D0 "B 57858 12 691138 [{Avaragn)
71 27 04 102E+01:  -10B522 B 555180456 |(5td Davisticn}
1127 39 6 75E+D0 AT 67 41 % Cv
112815 2 32E+D1 24 8402
112852 2E{ES01 261427
11 29 28 206E+01, . 220426
1 30 03 1 T1E+DD 107138
Evenli 5 113044 1 28E-01 0 014728 [Stop SFE) (out of gas]
113118 B32EQ2| 00334768
113155 4 44E-O1 D 354744
113230 133ED1 0020108
11 33 05 $ 00E-01 D45
N3N J08E-01[ -0 005716
134 16 7 GSE-02| -0 Q370276
1134 52 1 S0E+01 17 093
[Evenis 1135 32 BUGE*DD - ~D51796 Restart SF(6) thru both dist tubes
113641 2 4BE+0D1,. .. 26 5648
1137 18 B B6E+00 - - "D 45038 10 13435429 |(Averape)
3137 57 1T19E+01°_ ¢ 128814 8 118816755 |(Skd Dewviatizn)
1 38 32 4 05E+00 - _B.2u%2 80 12% cV
11 36 08 1 23E+00 - - 20048
1130 46 G O03E+D0 . 636528
Event € 1140 24 8 14E-01 D 350464 (1| SFB"), mmove wand, mové paver
114102 272ED2] 0937328
114137 2 84E-020 -0 0878716
1142 13 19iE-02] -0 1024484




CHAMPION ROAD MACHINERY Dutdoor Tas! #1

11 42 48 1 H2E-0Z] -0 1023408

14323 182E-G2] 0 1034168

11 23 58 1 B9E-0z[ -D 1026636
MMAEZL'ELEQ._ RANGE
FLOWCALC #1 Q= 985 48]CFM @5E 05 TO GGE 30| CFM
FLOWCALC #Z G+ ©84.27|CFM 76 38| TO B&4 01| CFM
OUTDOOR CAPTURE EFF # “17 64|% 747| 10 606 %
OUTDOOR CAPTLRE EFF # 14 00|% 186] TO 67| %




CHAMPION RODAD MACHINERY Qutdoor Test #2

ingersol Rand_Ouidoor Test Number 2 Wind Diowing Inte RHS of pavar_RPM=2000

T(duct) = 62 § deg
i
1302 Sﬂm
Compensate far Water Vap interfarance NOD
Compansate for Crozs interference NO
Sample Continuously YEE
Pre-sot Monionng Fenod NO
|
Mensure
Gas A Formaldehyde ND
Gas B Carbon gioxide NO
Gas C_Carbon monowde NO .
Gas D TOC as Propana NO N
Gas E Sulfur hexafluornde YES
Water Vapour NO
1
EBampling Tubs Length ! 1501
Air Pressurg 760 0 mmHp
Norrnatllzaﬂr:m Temperature 430 F
General Infarn'latml
Start Time 1095-11-08 11 47
Sloo Time 1995-11-06 12 10
Resuits Not Averaged ] L
Number of Event Marks 4 .
Number of Recorded Samples a5
I { | I
Alarm Limit Max Mean Min  Sid Dev
GasE 863E+03 E628+00 250E+00 352E-03 23 2E+00
Samples Measured From 18951108 11 47 |
[Event |Time SF(6) ppm EF(6) ppm
No hh mm ss measuréd Corracted Comment
EventD | 1147 22 7 83E-02] -0 038748]B5 in duct
114805 A 15E-D2| Q078348
1148 4D £ 15£.02} 0057586
114916 4 30E-02| -00OTETA2
17 48 51 3 52E-02) L 085125
Event 1 11 80 27 SE_E*EH 34 5645 | Start SF (6) thry RHS & 100% caphure
115107 313E+D1" T 3B
1151 42 3 13E+D1]. - B3 9361
115218 3 14E+01; .34 0616 33 8022375, (Averape)
5152 53 3 13E+D1: - 33 9381 0 115156596 | (Standard Dewiation)
115325 3 14E+07; - 340818 034% oV
115404 3 15E+01}~ .34 1875
1154 29 3 13E+D1} -8308361
1155 15 312E-01T 338104 _
|Event 2 1156 01 BE2E+01| 77 8054 [Start §7(5) in both sides @ 100% capture
11 58 A7 620E+D1_ -~ 72626
11567 12 B 14E+01, F17T18 —
116747 E 13E+01  71.5481 71 83341428 |{Average)
115823 E17E+01 T2 1488 0 313050572 [{Standard Devighon)




CHAMPION ROAD MACHINERY Outdoor Test #2

11 BB 58 G 15E+01, . 718975 0 44% Y]
11 50 33 6 13E+01; 71 6481
12 00 08 6 15E+01; . 718075
Eveni 3 120044 5 SEE+D1| 64 4812{Switch o dist clenums
1206120 7 4BE+0, 7.50305
12015671  B7bE+DD 714
120233 333E+DD,.- 345008
12 03 08 7 3IE+H00 -  7.74256
12 03 44 5 17TE+DO| - -5 43992 8 0B5804815 |{Average)
9204 19 6 G2E+D0  7.21532 4 B17228153]Standard Deviabon
1204 54 B 88E+D0D, - 943188 53 02% cv
120530 §31E+D0, - 550058
1206 36 6 52E+00, . -6 BH252 .
12 07 12 B21E+00 - € B5EHE A
12 07 47 1576+D1F 187702
12 0B 23 133E+01} - 141879
1208 56 1B5E+D1 - 19783
Evert 4 12 09 36 1 31E+00] 1 28556(Kill SF(£), ramove wand, move paver
121016 1B7E-D1| DOBES72
SUMMARY INFOQ, RANGE
FLOW cau.lc # Q= 1000 70|CFM 883 a7l TO 1005 82 |[CFM
FLOWCALC #2 Q= 684 42|CFM 87638 10 D58 37 [CFM
ournoon' CAPTURE EFF 1283% 481 10 27 501%




CAMPION

ROAD MACHINERY Cutdoor Test #3

Ingersol Rand Outdeor Test Numbar 3 (Wind blowing inlo Fron! of paver)

Temp OA=38 deg pm=2100

- 1302 Measurement Dala ~=— 1504652/2803 - 1895-11-08 14 49 - Page 1 -

[ 1302 Settings | | |
Compensate for Water Vap Inlerference . NO
Compensate for Cross Imerference NOQ
Sample Continuousty YES
Pre-g2t Monitoning Panod . NO
Measure
Gas A Formaldehyde . NO
Gas B Carbon dioxids NG
Gas C Carbon monoxde . NO
Gas D TOO as Propane . NO
Gas £ Sulfur hexefluonde YES
Yaler Vapour NO

I

Sampling Tube Length 150H
Air Pressure 760 0 mmHg
Normalization Temperalure 430 F
General Information
Start Time 1995-11-D8 12 16
Stop Tima 1605-11-08 12 44
Results Not Averaged | ]
Number of Event Marks ]
Number of Recorded Samples 45

! I

Alarm Lirmit Max Mean tMin  Eid Dev

Gas E S63E+02 BI4E+D0 24 3E+00 64 2E-03 24.2E+00

- 1302 Measurement Data —— 1804B52/2803 - 1995-11-08 14 49 - Pape 2 -

|

[ Samples Measured From 1985-11-08 1216

Event Time 8F(6} ppm [SF(E) ppm
Neo, hh:mm:s3 measured [Corrected Commant
Event 0 1216 66] 1 T5E+00 178 BG In duct
1217 38 1 76E+00 177076
121812 984E«DO| 185584
1218 47 7.26E-02| -0 044802
1219 25 18BE-D1| 0O 08D04B
122001 117E-01| 0002802
12 20 36 8 4DE-0Z| -0 032616
12 21 11 78502 D OA17E2
12 21 47 6 42E-02| 0053621
122222 6 35E-D2{ -D 022304
Event 1 122267 315E+01 341875 Begin 100% Capture in RHS




CAMPION ROAD MACHINERY Outdoor Test 83

1223 38] 3 1BE+01, 34 5645
122413 J1SE+017- 341875
1224 48] 3 15E+01, 341875
122524] 3 1BE+DY: 343132 34.25035 [ (Average)
| 122610] 3 16E+D1F “34 3122 D 122158442 (Standard Dev )
12 26 46] 3 1BE+D1,; . 24 1875 0 36% Y
12 27 21| 3 15E+01}.. 84 1875
122758] 3 15E+01;. - 34 1875
1228 32| 3 15E+D1. 34 1875
Event 2 1226 07| 8 34E+D1] 90 4258[Start 100% CApture in both sides
122043 622Es0V; T2TTI4
123018] 6€.22E+01. "T27774
12 30 54| 6.20E+01; - 72528,
1231 25] 6 21E+01. T26517, 72 7355 [(Averaga)
123204 B22EH0t| TRV {0 108855393 |(Standard Dav )
123240] €27E+DY,- T2 7774 0 15% oV
1233151 B2iE+D1 728517
123351] 6.22E+01 - 727774
1234 26| 6 23E+01" 728031
Event 3 123501] 171E+01] 18.2766] Swrch to distnbution fubes
123537; ©62E+00 '10.22812
1236456] 1 24E+D1; 132184
e 123721] 572E4D0. &03172
12 37 57| B 77E+00 -9 31352
1235 32] GB3E+00. Y22608
123808 ATIEADD 502098 9 155430765 (Averaps)
123043] 1 33E+D1* 441878 2 398358445 |(Standard Dev )
1240 18| B 33E+00 £ 84008 26 20% oV
724054 786E+00 -B.33438
124128 B45E+DD. B @602
124204 753EH0 797028
1247 40| ©023E+00 "BBDS4S
124315] BAaSE+00- B.BEI6
Event 4 124351 2 GOE-01] 0183216 End of {est
SUMMARY INFO. BANGE
FLOW CALC #1 |c| = 992 60;CFM OB3 87| 10 £i54 72|CFM
FLOWCALC #2 Q= 573 568|CFM 897133 10 876 38|CFM
OUTDOOR GAPTURE EFF = 12 %0% 828] 1O 18 51]%




CHAMPION ROAD MACHINERY Qutdoor Test #4

Ingersol Rand QOutdoor Test #4  (Wind biowing into LHS of paver)

tpm=2100] ]

Temnp OA=38 deg Temp duct= 65 deg

; I
= 1302 Measurement Dala —— 180480272803 - 1885-11-08 14 52 - Page 1-
1302 Setings | | ;
Compensate for Water Vep interfarence - NO
Compensate for Cross interferanca : ND
Sample Continuously . YES
Pre-get Monidonng Penod : NO

I h
Maasura -
Gas A Formaldahyde : NO
Gas B Carbon dioxide . NO
Gas € Carbon monoxde NO
Gas D TOC as Propana NO
Gas £ Sulfur hexafluonde YES
VWater Vapour . NO

I

Sempling Tube Length 150f
Aur Pressure 760 D mmHg|
Mormahzatieh Temperature 430 F

I I
General Inforrmation
Start Time 1995-41-068 12 52
Stop Time 1885-11-08 13 13
Resutts Not Averaged |
Number of Event Marks . 4
Number of Recorded Samples 34

Alarm Limit Max Mean Min  Std Dev

Gas E 863E+D3 B1T7E+DC Z00E+00 353E03 234E+00
I | I
Soamples Measured From 1895-11-08 12 §2
Event  [Time SF(6) ppm SF{(8) ppm
No. hh mm's |measured Corrected Commant
Event 0 125258 & 7502 -0 D6113BG
12 53 42 4 33E-02| -0 0764092
12 54 17 3 S6E-D2| -0 08465944
12 54 53 6 23E-02| -0 0EET252
125528 3 53E-02 § :0 [!3501'{2
Event1 | 1256 03 310E+01, 33559 Sient 100% capture @ RHS
1256 44 312E+01F - 338104
12 5718 314E+D1 - - . 340818 33 73857143 |{Average)
12 57 55 3 11E+01"° "33 6847 0 215983545 |(Standard Dev }




CHAMPION ROAD MACHINERY Outdoor Tast #4

1258 30 30DE+D1'. 334333 064% cv
125906 3 13E+D1§ - © 33 6361
1259 41 3 15E+01; - - 3386847
EventZ2 | 130016 6 17E+01 2, Start 100% Capture on beth sides
13 00 52 6 14E+01
13 01 27 6 126+01
1302 02 € 0BE+01 I T35 D 71 58222857 (Averape)
1302 38 6 08E+01 JR- 27340176, 0 446527867 |(Standard Dev )
130324 6 13E+01 @57 §16451 062% cv
13 04 00 6 16E+01
Event3 | 130435 5B5E+00, . . 6.2792 Swiich b drst tubes
130513 4 O7E+00}- <. - 4.25632
130548 2 DOE+D0 1, -3.00429
1306 24 3 14E+00) - B.25584
1307 00 2 55E+00, -5 -2 6208
1307 35 7 O7E+0D. °. 748432 4 782701429 |(Average)
13 08 10 112E+D1,  -11.8282 Z 743236254 (Standard Dev )
1308 46 F21E+00. 333096 57 36% Vv
130824 255E+00° | . 26208
13 10 07 3TIE+00, - .3 865%
131037 7 89E+00, - _B 15144
13 11 12 245E400 - 25132
13 1148 29BE+0D  :30B348
131223 4 27TE+00, - 44T152
Event4 | 131268 163E-01] 0052388
aummamlf_mﬁn._ BANGE
FLOWCALC #1 @ 1007 66|CFM 65636 10 1077 16|CFM
FLOWCALC #2 © 9B 11 [CFM g8148] TO 897 12|CFM
OUTDOOR CAPTUR 668/% 351 TO 16 66%




CHAMPION ROAD MACHINERY Outdoor Tast Mediay

lingersol Rand  Final Dutdoor Tast Medle

JEvenis 0-5 Wind into front of paver [ T{OA)=47 geg RPM=2100
|Events 6-10_Wind into RHS of paver | T{uet) = 70 deg pm=2100
[Events 11-14 Wind 1nlo rear of paver | T(ducij=B4 7 deg tpm=2100

{Tee! aborted after running out of SF{G)

+ 1302 Measureman! Datg s—w— 180&892/2803 - 185-11-08 14 55 - Page 1~

1302 Settings | | I
Compensate for Water Vap Interferance ND
Compensate for Cross irterfzrance NO
Sampls Continuously ] YES
Pre—set Monitoring Penod T NO
|
Measure =
Gas A Formaldehyde - ND *
Gag B Carbon dioxade ND
Gas C Carbdn mondxide NO
Gas D TOC es Propane NO
Gas E Sulhur hexafivonds YES
Water Vapbur NG
[
Sampling Tube Length 1508
Arr Pressre 760 B mmHp
Normalzetion Temperature 430 F
1
Gensral information .
Start Tirme 1885-11-08 13 19 '
Stap Time 1995-11-08 14 28
Results Not Averaged |
Number of Event Marks 14
Number of Racordad Samplas 11%
I I !
Alarm Lumit Max Mean #in  Sid Dav
GasE B53E«D3 DG SE+D0 25 0E+DQ 21 4E-03 24 BE+DD
| i |
Samples Measored From 18851108 13 20
[Event [Time  [5F{6} ppm SF(6) ppm
No hh mm:s imeasured Corrected Comment
Start w/ wand blowing into front of paver
Even { 132017 5 GTE-02 -0 D5A7626|BGE In duct
132100 1 47E-01 D 035172
132136 1 44E-D1 0 031544
132211 7 E-D2 ___m_-l:ll:l-l23
Event 1 1372 48 318EH01| 346903 St 100% Cepture in RHS
132345 A1BE+01} + D4 5848
1324 22 S1BE+01 ) - 1 T4 5645
1324 57 31BE4D1; = Be5sed 34 4389| [Averags)
132532 3 18EHD1 34 31422 Q 487382497 | tandarg Dev )
1326 0A 216EHT]. _° 243932 0 54% Cv
132643 IITEHO1' . __' 34 4380
1327 18 S14E4DTF - . B40618
1327 54 316E+1; _ Ba32
1328 259 24BE+D1 - 345845




o

CHAMPION ROAD MACHINERY Outdoar Test Medley

' [Event 2

132905 8 §5E+01 115 8825|5tart 100% Cature in both sxies
13 28 40 § 7BE+01 €7 2466 Steky Flow Controfler
13 30 15 & B6E+Q1 __ 80B222] Sucky Flow Cantrofier
Eventd | 13 30 57 € 17E+D1; . "2 1480 Relry 100% in both wides
1331 26 6 23E+01T - 720031
133202 B18E+01}  — 722746
133297 6 20E+01 | - 72526
1333 24 S22E+01 T2TIIA 72 45058] (Average)
133350 G19E+DT i - 1724003 0 20140B755) tandard Dev )
1334 34 6 16E+0t . 2232 0 40% Cv
133508 8 18E+011.- <'72.2746
133545 822014~ , T2TT74
13 35 20) G19E+Q1; | ., 724003
Eventd | 133656 3 39E+00 3 52464 Switch Yo dist. Tubes
1337 34 9 DBE+D0 7T 85784 =
13 38 08 7 E3E+D0. ¢ 7.07928
13 36 45 GO4E+00. T “TO21B4
1338 20 B50E+D0, 105204
1339 55 3 38E+D1 ! 37.0786
1340 23 133E401,~ _ 41878 13 63222333[ (Avernge)
13 4114 135E+017 - .34 403 ® 332836239 | tandard Dev )
13 4147 4 BIE+DO £ 07408 B8 46% cv
134222 107E+01,  ~7113902
14 42 58 S74E+00° © 390124
13 44 04 168E+01, 18 0614
13 44 42 2 27E+01 24 3022
Event§ | 134517 2 24E-01 D 118024 [Kill SF(E), mave paver 80
134558 325E02 -0 0BE03 [that wind blows mip
154633 3 06E-02] -0 0800744 IRHS of paver
13 47 09 2 83ED1 0 181508
1347 44 9 4UE-D2 0 021856
134619 323E-02] 00882452
13 48 55 4 0BE-02] -DO780652
13 48 30 335602 -0 DBEB54
135005 € 90E-02] 00477876
13 50 41 G65E02] 00510158
Event6é | 135117 E33E-02] D 0556462 [Begin BG in duct
155152 8A7E-02] 0329388
[Event? [ 135227 3 Z1E4D1, 84 G417 Start 100% Capture in RHS
135308 316E+01 - - 343132
135402 3 15E+D1 .- ~ 341875
13 54 3B 31SE+01L- . “B4 1075 34 156075] (Average)
1355 13 313E+01}- -~ B3 H361 0 36026343 | tandard Dev )
135549 313E+0%} --- 839261 105% cv
13 56 24 312401} B
13 57 00 J13E+01; .. 339361
Events | 135735 6 97E+01] B2 2048 [Start 100% in both sxles
1356 10 BOBE+D1” . T710178
13 56 45 6 I0EHDT} " ° T TIZE9
13501 6 12E+01} - -~ 715204
135257 6 12E+01} ° 0 T1E204 71 1852] (Averags)
1400 32 6 0PE+0% |+, -F11433 0 301418011] tendard Dev )
14 0107 6 10E+01 -7~ "71.269 D42% vV
140143 610E+01!-- 71269
14 02 18 G 09E+01 - -T791433
14 02 54 § O4E+01 705148
|Events | 140240 1 19E+07 T I s, Swiich to dist tubes




a
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14 04 18 1 Y5E+D7
14 04 56 B 3EE+DD ZRBTE:
14 0533 7 EEE+01 e
14 06 11 3 26E+00 ¢80
14 06 49 4 33E+00 MRG0
14 07 28 1 DDE+D1 R 52 10 47543] (Average)
1408 00 3 41E+00 =55 5IEY) 7 662810134| tandard Dav )
14 08 35 ] = T3 16% v
1408 11 9 1AE+00 I
14 0948 4 61E+00 W T3 37306
1022 2 TOE+00 2 e
14 10 57 6 14E+O) lCs
1411 32 2 256401 [kag
Evant 10 { 14 12 10 1 11E-07 0} 003584 | Kill SF(E), move paver
121251 A 5LE-D2] 0 DB447H2{sc that wand blows into
14 1357 2712802 00937328 rear of paver
14 14 32 25BEDZ| -0 0857307
141508 2 37E-D2T D 0874568
141543 2 15E-02 -0 095866
14 16 19 2 15E-02 0 02341
14 1€ 54 214E-D2| 00899736
14 17 30 9 31E-DZ2| -0 0228244
141805 Z 34E-02] Q097BAE
14 18 4D 578ED2| -0 OSDG586
Evant 19 | 14 19 16 3BOE-D2| -0 DBI2058|BG In ducd (1 reading)
14 19 52 2 B7E-01 0 185812
Everl 12 | 142027 A 14E+01+ T 734 0518 Bagin 100% capture n RHS
142107 ZOBE+DIT" 330562 .
14 21 43 A00E+01; - -334333
142218 310E+01} "~ ~BIE5H 33 553] (Avarage)
142253 A00E+D1, - - 9334333 0 316338063| tandard Dav )
1423 48 3 12E+D1 - 338104 0 84% CV
14 24 24 FA0E+0T:__ _Ba&so
14 24 59 4 20E+D1} A7 386 |
Eveni i3 | 142534 & 12E+01; 715204 Begin 100% capturs mn bolh sides
142810 6 DSE+D1} TO 8405 71 3108] (Average)
14 26 45 & 14E+D1’ - -T17748 0 554035024 tandard Dev }
14 27 20 5 B1E+D1 B8 6507 0 B3% cv This data point was omitted
Evenl 14 | 14 27 56 3 41E+D1 37 4557 |Runming out of SF(E)
SLUMMARY INFQ, IWind blowlng Ints frons of paver) RANGE
i
FLOWCALC #1 Q 987 45|CFM 80 30 TO Bop 3% Q_FM
FLOWCALC #2 Q §77 39 |CFEM 971 33 T0 B8 15|CFM
OUTDOOR CAPTUR 18 82[% 538 51 48[%
mm&l‘_mﬁﬂ..ﬂinﬂ.hlnﬂnﬂmn.ﬂﬂs of paver) RANGE
FLOWCALC #1 Q RS B4 [TFM 973 25 TO 1005 BZ|CFM
FLOW CALC #2 O pa 77{CFM g0 1 70 1004 22|CFM
OUTDOOR CAPTUR R 52{% CY TO a7 43l%
1
NCTE Test aboried due to lack of SF(6)
| | }






