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EXECUTIVE SUMMARY

On Apnl 26-28, 1993, researchers from the National Institute for Occupational Safety and Health
(NIOSH) evaluated prototype engineering controls designed for the control of fugitive asphalt
emissions dunng asphalt paving The Cedarapids engineering controls evaluation was completed
as part of a Department of Transportation (DOT) project to evaluate the effectiveness of
engineenng controls on asphalt paving equipment NIOSH researchers are conducting the
research through an inter-agency agreement with DOT s Federal Highway Admmstration
Addiionally, the National Asphalt Paving Association 1s playmg a cnitical role in coordinating
the paving manufacturers’ and paving contractors' voluntary parficipafion in the sdy

The stady consists of two major phases  During the primary phase, NIOSH researchers visited
cach partietpating manufacturer and evaluated ther engineering control designs under managed
environmental conditions  The mndoor evaluation used tracer gas apalysis techniques to both
quantify the contrel's exhaust flow rate and determine the capture efficiency Results from the
indoor evaluations providad equipment manufacturers with the necessary information to
maximize engineermg control performance prior te the second phase of the study, performance
gvaluation of the prototype engineenng confrols under “real-life” paving conditions The scope
of this report 18 hirited to the Cedarapids phase one evaluation

The Cedarapads phase one evaluation studied the performance of three engineering control
designs The prototype designs were mstalled and evaluated, one at a time, on a Cedarapids
CR411 asphalt paving machine The best of the tested designs consisted of a fong hood mounted
above the auger area with a heavy rubber cover extending out and over the remaiung auger arca
between the paver and the screed Twao exhaust fans removed arr from the auger area and
transported the exhaust air to the tractor engime’s air-intake and exhaust systems o dispose of the
captured contaminant The average indoor capture efficiency for this design was 51 percent with
an exhaust flow rate near 255 cubic feet per mmute Outdoor evaluations revealed average
capture cfficiencies of 31 percent when the tractor was onented with the wind and 39 percent
when oniented mto the wind CQutdoor efficiency results showed increased variation in capture
efficiency as wmd gusts hampered the control’s ability o consistently capture the surrogate
contarminant

Recommendations to Cedarapids des:gn engmeers melude (1} Modifying the hood design to
improve exhaust distmbution, (2) Increasing hood enclosure to munimize the wind effect near the
ends of the auger area, and (3} Redesign and increase the volumemc handling capacity of the
exhaust system 1n order to capture and remove asphalt fume and other auger-area confamimants
before they escape into the workers’ breathing zones

Smce the intent of the phase ong evaluations was to provide equipment manufacturers with
engineering performance and design feedback, various ongmal and imaginanive approaches were
developed with the knowledge that these prototypes would undergo prelimmary performance
testing to 1dentify which designs showed the most ment  Each manufacturer received design
modification recommendations specific to their prototypes” performance dunng the phase one
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testing Pnor to finalization of this report, each manufacturer received the opportunity to 1dentify
what modifications and/or new design features were meorporated into the “final” prototype
design pnior to the phase two evaluations This design information for the Cedarapids
engineenng contrel 1s ncluded, as it was recewved, in Appendix C of this report
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INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a Federal agency located in
the Centers for Disease Control and Prevention under the Department of Health and Human
Services, was estabhished by the QOccupational Safety and Health Act of 1970 Thus legislation
mandated NIOSH to conduct research and educational programs separate from the standard
setiing and enforcement funciions conducted by the Occupaticnal Safety and Health
Adnumstration {OSHA) 1nn the Department of Labor An important area of NIOSH research
deals with methods for controiling occupaticnal exposure to potential chemical and physical
hazards

The Engineering Control Technelogy Branch (ECTB) of the Divisien of Physical Sciences and
Engimeering (DPSE), has the lead within NIOSH to study and develop engineenng controls and
assess thewrr impact on reducing occupational ilness Since 1976, ECTB has conducted a large
number of studies to evaluate engineermg control technology based upon mndustry, process, or
contro] techmgue The objective of each of these shidies has been to identify or design
engingering control techmaues and 1o evaluate their effectiveness in reducing potential health
hazards m an indusiry or at specific processes Information on effective control sirategies 15
subsequently published and distributed throvghout the affecied industry and to the occupational
safety and health commumty

BACKGROUND

On Apnl 26-28, 1995, researchers from the National Institute for Occupational Safety and Health
{N1OSH) conducted an evaluation of prototype engineering controls designed for the reduction
of fugitive asphalt emmssions during asphalt paving  The NIOSH researchers included Ken
Mead, Mechanjcal Engineer, Leroy Mickelsen, Chemical Engineer, and Dan Watkins,
Engmeering Technician, all from the NIOSH Engineering Control Technology Branch (ECTB),
Diviston of Physical Sciences and Engineening (DPSE) The DPSE researchers were assisted by
two Cedarapids, Ine engineers, David L. Sweaningen and joseph E Musil

The Cedarapids engimeenng control evaluathion was completed as part of a Depantment of
Transportation (DOT) project to evaluate the effectiveness of engineenng controls on asphalt
paving equipment NIOSH/DPSE researchers are conducting the research through an inter-
agency agreement with DOT"s Federal Highway Admumstration (FHWA)} Addumonally, the
National Asphalt Paving Association (INAPA) has played a erntical role in coordinating the
paving manufacturers’ voluntary participation 1n the study The study consisted of two major
phases During the primary phase, NIQSH researchers visited each participating manufacturer
and evaluated their engineenng control designs under managed environmental conditions
[General protocols for the indoor evaluations are located in Appendix A Minor dewiations from
these protocols sometimes occurred depending upon available time, prototype design, equipment
performance, and available facilines ] Results from the phase one evalnations are provided to the
equipment manufacturers along with design change recommendations to maximize engimeenng



contro) performance pnor to the phase two evaluations The second phase evaluations, which
began in mid-1996, include a performance evaluation of the prototype engineening controls under
“real-hfe” conditzons at an actual paving site The results from the Cedarap:d’s phase two
evaluation will be published 1 a separate report

DESIGN REQUIREMENTS

When designing a ventilation control, the designer must apportion the iratial design criterra
among three underlying considerations, the level of enclosure, the hood design, and the available
control ventitabbon When possible, an 1deal approach 1s to maxymize the level of enclosure in
order to contain the contaminant emssions With a total or near-total enclosure approach, hood
design 1s less critical, and the required volume of control ventilation 15 reduced Many times,
worker access or other process requrements limit the amount of enclosure allowed Under these
constraints, the designer must compromise on the level of enclosure and expend mcreased
attenbon to hood design and contro] ventilation,

In the absence of a totally enclosed system, the hood design plays a cnitical role m determining a
ventilation control’s capture efficiency  Given a specified exhaust flow rate, the hood shape and
configuration affect the ventilation contro!’s ability to capture the contaminant, pull it mnto the
heod, and direct it toward the exhaust duct A well-engingered hood design strives to achieve a
uniform velocity profile across the open hood face When good hood design 1s combined with
proper enclosure techniques, cross-drafts and other airflow disturbances have less of an impact
on the ventilation cantrol’s capture efficiency

In addition to process enclosure and hood design, a third area of consideration when desigung a
ventilation control, 1s the amount of ventifation air (volumetric flow and/or velocity) required (o
capture the contaminant and remove 1t from the working area  For most work processes, the
contaminant must be “captured” and directed mio the contanunant removal system For
ventilation controls, this 1s achieved with a moving air stream  The velocity of the moving ar
stream 1s often referred to as the capture velocity In order to mantain a protected environment,
the designed capture velocity must be sufficient to overcome process-inherent contaminant
velocilies, convecltive currents, cross-drafts, or other potential sources of airflow mierference
The muumum required exhaust flow rate {Q} is easily caiculated by wputting the desired capture
velocity and process geometry information inte the design equations specific to the selected hood
design Combining Q with the calculated pressure losses within the exhaust system allows the
designer to approprately select the system’s exhaust fan

For most venuilation controls, meluding the asphalt paving controls project, these three
fundamentals, process enclosure, hood design, and capture velocity are interdependent A design
whuch lacks process enclosure can evercome this shortcomung with good hood design and
mcreased air flow  Alternatively, lower capture velocihes may be adequate 1f ncreased
enciesure and proper hood design techniques are followed Additional information on desigmng
ventilation controls can be found n the Amencan Conference of Governmental Industrial



Hygienists’ (ACGTH) “INDUSTRIAL VENTILATION: A Manual of Recommended Practice”
[ACGIH, 6500 Glenway Avenue, Buliding D-7, Cincinnati, Oluo 45211 ]

EVALUATION PROCEDURE

For the Cedarapids phase one evaluation, three engineernmg control designs were sdentified for
mdividual assessment These are referred to as, Design A Long hood w/cover, Design B Long
hood w/o cover, and Design C Short hood  All three designs differed only 1n their hood design
and thus utilized the same duct, plenum, and fan systems The three control designs were
evaluated m a large bay area witton the mamnufacturing plant Adjacent to the bay area was a
pamting area which included a large pamt booth An overhead door separated the two arcas

The paver was parked with the screed and rear half of the tractor positioned in the bay area
(referred to as the testing area) and the front half of the tractor pesitioned 1n the painting area
The overhead door was lowered to 1est 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 engine exhaust and the engineering control exhaust were discharged into the painting
arca where the paint booth’s fan exhausted them to the outdcors Thas setup proved very
effective at preventing the engine exhaust and the captured surrogate contaminants from
reentering the testing arca

Two smoke generators produced theatrical smoke as a surrogate contanunant and discharged the
smoke through a pair of perforated distribution tubes  The tube placement traversed the width of
the auger area between the tractor and the screed The augers were not insialled dunng the test
Ininially, the smoke was used to observe arflow patiemns around the paver and to observe capture
by the contre syslems (The general smoke test protocol 15 1 Appendix A ) This test also
helped to identify farlures in the mntegnity of the barmer separating the front and rear portions of
the paver The Cedarapids evaluation was the first evaluation under the phase one protocol In
accordance with the ongimal smoke test protocol, aerosol monitors were to quantify the smoke
concentrations escaping from the auger area for companson of the control-on vs control-cff test
SCCNATLOS

The second method of evaluation was the tracer gas evalnation This evaluation was designed 1o
(1) Calculate the total volumetinic exhaust flow of each hood design, (2) Evaluate each hood’s
effectiveness in controlling and capturing a surrogate contaminant under the “controiled” indoor
scenarta  Sulfur hexafhioride (SF;) was the selected tracer gas At the concentrations generated
for these evaluations, SF, behaves as a non-toxic, surrogate contarminant which follows the air
currents of the ambient arr 11 which 1t 15 released  Since SF 15 not naturally found wathin
ambient environments, 1t 1s an excellent tracer gas for studying ventilation system charactenstics
The general protocol for the tracer gas evaluation 1s in Appendix A Since Cedarapids had more
than one prospective design, the most effective engineenng control design, as determned by the
mdoor evaluation, was selected for further evaluation outdoors with the paver posttioned mn
prescribed stationary onentations The outdoor stahonary evaluation provided feedback on the
sufficiency of the engieering control’s hood enclosure for performance 10 an outdoor
ENVITOTment



To quantify exhaust flow rate, the tracer gas discharge tubes were placed directly 1nto the exhaust
ducts of the engineering control We released a known flow rate of SF, into the ducts and used a
direct-readsng analytical mstrument on the discharge side of the control to measure the
concentration of the contamiant in the exhaust The exhaust flow rate was calculated using the
following equation

Crsr,

_ s 6

Otery=—,— * 10 Equation 1
(5Fg

where Q. = flow rate of air exhansted through the venhlation system (lpm or cfim)
Q556 = flow rate of SF; (Ipm or cfm) ntreduced mto the system

C*srey = concentration of SF, (parts per mudlion) detected 1n exhaust And the
ndicates 100% capture of the released SF

[To convert from liters per minute (Ipm) to cubic feet per munute (cfim), divide lpm by 28 3 ]

To quantify capture efficiency, we released the 8F, through distribution plenums Each
discharge hose fed from the SF, regulator, through a mass flow controller and into a T-shaped
distnbubion plenum Each plenum was approximately 4’ wide and designed to releasc the SF;
evenly throughout 1ts width During the capture efficiency test, we placed the discharge plenums
within the auger area between the paving tractor and the screed A known quanhty of SF, slowly
discharged through the plenums into the anger area A direct-reading analytical istrument
measured the concentration of the tracer gas in the exhaust on the discharge side of the control
The capture efficiency was calculated using the following equation

C(SF,) * Oy

=100 x 10° Equation 2A

Q(sps}

where 1= caplure efficiency
Csry = concentration of SF; (parts per mulhon) detected in exhaust
Quexry = flow rate of air exhausted through the ventilation system (Ipm or cfim)

Qsrs = flow rate of SF, (Ipm or cfim) introduced mto the system



[To convert from liters per nunute (Ipm) to cubic feet per minute (cfin), divide dpm by 28 3 ]

NOTE When the flow rale of SF; [Qgps] used to determine the engineering control’s capture
efficiency 1s the same as that used to quantify the exhaust flow rate, equation 2A may be
simplified to

where the definitions for C* g, 1, and Cgg,, remain the same as m equations | and 2A

Ccsx,,) N

Cosr, )

100 Equation 2B

EQUIPMENT
(S¢e Appendmx A)

ENGINEERING CONTROI- DESIGN DESCRIPTION

Cedarapds engineers had developed three individual hood designs, each using the same exhaust
fans and duct systemn  Each hood design consisted of two half-hoeds, onie mounted on each side
of the augers” dnive gear A centnfugal exhaust fan was attached to each half~hood The fan
specifications were unavailahle, however, the fans were ongmally acquired for use as blowers for
the screed heating system Two 4" diameter flexible ducts carred the exhaust streams from the
fans The flexable ducts attached to a convergmg tee whach fed through a flexible connection
mnto a common plenum  Axr from the plenum provided all the intake-air for the tractor’s engine
By design, plenum air volume 1n excess of the engine’s requirements would exit the plenum
through an eductor exhaust system Ths system utilized a ventun attachment on the engme’s
exhaust to create a negahve pressure and thus pull the excess plenum air into the engine’s
exhaust stream

Both Design A (Long hood w/cover) and Design B (Long hood w/o cover} used the same long
hood systemm  Each half-hood measured approximately 53" long and 10" wide and was mounted
ta the back of the {racior, on each side of the auger dnve gear assembly The exhaust fans
mounted directly to the top of each half-hood Each of the half-hoods had a tapered top such that
the inner portion of the haif-hood had a recerving depth approximately 2-3 tumes that of the ocuter
portion  On design A, a single rubber cover, similar in appearance to a wide mud flap, was
bolted to the rear honzontal edge of both half-hoods The cover extended away from the hood
and over the remaming area hetween the tractor and the screed to enclose the top of the anger
arca The rubber cover measured approximately 110" long, 21" wide, and 4" thack and incinded
a center notch to accornmodate the auger dnive gear assembly



Hood Design C {Short hood) consisted of two half-hoods, shorter than the hoeds used in designs
AorB Each half-hpod measured approxamately 31" long x 16 %" wide and was mounted above
the auger arca on cach side of the auger gear assembly The short half-hoods were tapered with a
recerving depth varying from approximately 5 47 to 147 as the hood extended away from the
fractor As 1n the previous designs, the exhaust fans were mounted directly to the top of the short
half-hoods

DATA RESULTS

Smoke Evaluations

The Cedarapids evaluation was the first evaluation under the phase one protocol Under the
ongmal protocol, the smoke test evaluation was to provide two levels of assistance First, the
theatrical smoke was to assist in venfying the integniy of the separatton barrier between ihe
testing and exhaust areas Second, through the addition of handheld aerosol momitors, the
theatrical smoke would help to quantify the capture performance of the prototype engineering
conirol

The 1nit1al smoke tests revealed openings in the barrier between the testing and exhaust arcas
After resealing the separating barnier, smoke was re-released to identify arflow patterns within
the tesl area and to visually observe the control system’s performance Durnng this stage of the
evaluation, we 1dentified positive pressure leais out of the duct system which were repaired prior
to the tracer gas evaluation Next, we attempted to use the acrosol momtors to quantify the
smoke which escaped from the auger area Concentratrons of escaped smoke with the
engineenng controls on were to be compared with the concentrations measured when the
sngneering controls were off However, once the protocel was put 1atoe practice, it was clear that
the lmutations of single point samplimg, and the smoke generators’ mability to sustain a
consistent flow rate, collectively proved this method to be of Iittle value m quantifying the
engmeenng control performance At thns point, the smoke test protocol was revised to only a
setup vertfication and gualitative performance evaluatton tool This informanon assisted the
researchers n performung the quantitative tracer gas evaluation of the engineermg confrol
designs [The protocol in Appendix A 15 the revised protocol |

Tracer Gas Evaluation
{A copy of the tracer gas evaluation data files and associated calculations are imciuded in
Appendix B)

Indoor Evaluations

All three hood configuranons were evaluated under the indoor conditions desenbed zbove
Exhaust flow expenments were repeated using different SF, flow rates (Qgp,) to increase
accuracy Once an engineerng control exhaust flow rate (Q,, ) was determined, the SF, was
disenbuted mto the auger region for the capture efficiency () evaluation Following thig
determination, 1f changes were made to the paver’s engine speed, the exhaust flow rate was again
determined for companson purposes



The evaluations were conducted indoors under semu-controlled conditions  Since buldmg
pressure fluctuahons and arr currents from moving people or equipment could momentanily
distupt the control’s airflow charactenstics, the results are reported 1o terms of an average and a

range
DESIGN A: LONG HOOD W/COVER

Qi Qe (Range) Qi (Average)
Exhaust Test #1 0 34 lpm 250 -258 cfm 253 cfin
Exhaust Test #2 2 64 lpim 249 - 254 cfm 251 cfm

({exh) 1 {Range) n{Average)
Capture Efficiency 251 cfim 47-55% 51 %

DESIGN B: LONG HOOD W/O COVER

Qre Q. (Range) Qean (AWIEEB)
Exhaust Test #1 0 34 lpm 244 - 246 cfm 245 cfm
Exhaust Test #2 0 64 lpm 245 - 249 cfm 246 cfm
Exhaust Test #3 0 64 lpm 246 - 251 c¢fim 248 ¢fim

Q(exh) n{Range) 1n(Average)
Capture Efficiency 246 cim 01-32% 07 %

DESIGN €: SHORT HOOD

Quses Qg (Range) Qg (Averape)
Exhaust Test #1 034 lpm 253 - 254 ¢fm 253 cfm
Exhaust Test #2 (G 64 Ipm 251 - 255 ¢fm 252 cfm
Exhaust Test #3 0 64 Ipm 234 - 248 ¢fm 242 cfm

Qe T {Range) 1 {(Average)
Capture Efficiency 252 cfm 19-48 % 3%

Qutdoor Evaluations

Sice Design A {Long Hood W/Cover) performed best under the laboratory testing scenano, thas
design was selected for the outdoor evaluation The outdoor evaluahion occurred 1n an open
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parkng arca  Two paver onentations, one pomnted with the wind and another pointed mto the
wind were evaluated Wind gusts were esumated between 5-15 nmules per hour

LONG HOOD W/COVER, OUTDOOR EVALUATION ORIENTED WITH THE WIND

Qsre Qpx (Range) Q. (Average)
Exhavst Test #1 035 lpm 261 - 269 cfm 264 cfm
Exhaust Test #2 (69 lpm 277 -279 cfim 278 cfm
Qe 1 (Range) 1 (Average)
Capture Efficiency 278 cfm 14-57% 31%
LONG HOOD W/COVER, OUTDOOR EVALUATION QRIENTED INTQ THE WIND
Q* 1 (Range) 1 (Average)
Capture Efficiency 278 cfm 25-55% 39 %

* Note The Q. used for this set of efficiency calculations 1s the same as that measured during
the “with the wind” calculations  Since the engine 1dle speed rmay have changed afier reornentng
the paver and thus affected the control’s exhaust flow rate, the 1deal approach would have been to
re-determine the Q,,,y, under the new onentatton Due to an oversight, this was not done

DATA ANALYSIS

Test results from the Cedarapids engineenng control evaluations confirm the fundamental
ventilation control design theories previously described  All of the controls used the same
exhaust system over the same process However, the resuiting capture efficiencies were quite
different A comparison of Designs B (long hood w/o cover) and C (short hood) reveals that
while both hoods cover ronghly the same amount of area above the auger (when looked at from
above, as 1n a plan view), much of the hood 1 Design B had hittle or no receiving depth and there
was no cvidence of a capture velocity near the outer edges of Design B's hood face A
comparison of capture efficiencies shows that Design C was much more efficient (31% vs 07%)
at controlling the surrogate contamuinant (SF;) durning the controlled evaluation However,
Design A (long haod w/cover), which uses the Design B hood plus the addihonal process
enclosure, sufficiently increased the capture efficiency to outperform Design C (51% vs 31%)

Achieving a lugh average capture efficiency 1s only part of the ventilation control design
approach Another consideration 1s the control’s abihity fo maintain mgh capture efficiencies
without performance fevels fluctuating over a wide range  Each excursion into the poor capture
efficiency range represents an opportunuty for contaminant to escape into a worker’s brealhung
zone Empincally, the performance can be evaluated by comparmg the sampling data
coefficients of vanauon (CV=100 x (standard deviation divided by the mean}) m addition to the
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mean capture efficiency Caontrols with smaller CV's were less subject to outside wnterferences
and mamtained more consistent capture efficiencies  The calculated CV’s for both exhaust flow
rate and capture efficiency evaluations are shown in Appendix B

Dala analysis and comparison reveal that Design A, Long Hood w/Cover, outperformed Designs
B and C in terms of both mean capture efficiency and consistent performance However, when
evalyated m {he outdoor environment, Design A’s average capture efficiency dropped by as
much as 20 percent (from 51 percent-indoors to 31 percent-outdoors oniented with the wmd) and
the CV mncreased from 6 percent up to 45 percent

CONCLUSIONS AND RECOMMENDATIONS

Based on the evaluation resulis companng the three prototype designs, we recommend Design A
as your starting design from which to improve performance General recommendations for
further improvement of Design A include

Enclosure

In general, Design A matniains fairly good enclosure over the width of the auger Any additional
enclosure techniques, especially above the ends of the auger and the screed extension areas,
could greatly tncrease the ventilation control’s resistance to cross-draft disturbances Hinged
cover plates manufactured from clear or partially-perforated material may allow for increased
enclosure without elirmnating the screed operators hne aof gight into the anger area

Hood Design

The current Design A hood functions more as an extended flange as opposed to a large hood An
alternative design which evenly distnbutes exhaust airflow across the hood’s face area will
merease protection across the full length of the auger area mstead of just below the two exhanst
fans This can be acliteved through the use of a slot hood or similar plenum-type exhaust
configuration or through the use of additional exhaust sources above the hood

Ventilation Exhaust Flow Rate

The ACGIH Industnal Ventilanon Manual provides gmidance to facilitate the selection of
mmum capture velociies  Additronally, we can assist in selecting a capture velocity based
upon your intended control design At a minimum, given the physical properties of the asphalt
fume, the vapor contaminants, and the process by which they are generated, we recommend a
mimmum design eapture velocity of 100" per minute throughout the entire auger area This
recommendation assumes very good enclosure to mimimize wind mterference during paving
operations Based upon the selected hood design and the dimensions of the anger area, this
velocity will be incorporated into the design caleulahions to determuine a mimmimum exhaust flow
rate requirement There 1s some concem regarding convective currents and the generated volume
of nsing air mduced above the hot paving process However, adeguate process enclosure plus an
appropnately selected capture velocity wall produce a sufficient exhaust flow rate to control and



remiove this convective exhaust volume Additional information on controlling contammants
from hot processes may also be found in the ACGIH Ventilation Manual

Exhaust System Design

The existing exhaust system (exhaust fans, engine intake, and exhaust eductor system) 1n Design
A was incompatible wath the exhaust requirements of a properly operating ventilation control
Once the exhaust fans are correctly sized and selected, there must be an exhaust path designed
withm the performance capacity of the selected fans If you still want to use the engine’s air-
mntake to process some of the ventilation control’s exhaust ar, you should determine 1ts capacity
requirements at typical operating leads and supply exhaust arr to meet that requurement. I the
educlor systen 1s shill desired, you may consider refocahing the mntake to this system so that 1t
does not have to compete with the engine air intake Possible alternatives include ducting one or
both of the exhaust streams directly to the atrnosphere or perhaps letting one exhaust fan serve
the eductor while the other serves the engine’s air intake (bypass options may be required
depending vpon the paired volumetric handling capacities) Regardless of the selected exhanst
route, 1t shonld be compatible with the volume and static pressure hnmtations of the exhaust fans
and the exhaust should exat the system away from the workers' breathing zones
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APPENDIX A

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

PHASE ONE (LABORATORY) EVALUATION PROTOCOL



PURPOSE To evaluate the efficiency of ventilation engmneerng controls used on ghway-
class hot mix asphalt (HHIMA) pavers in an idoor statiopary environment !;

SCOPE OF USE Ths test procedure was developed to aid the HMA industry 1n the
development and evaluation of prototype ventilatron engineering controls with an nltimate 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 1n a controlled environment
The test 15 not meant to sumulate actual paving conditions The data generated using this test
procedure have not been correlated to exposure reductions duning actual paving operations

For the laboratory evaluation, we will conduct a two-part expenment where the surrogate
"contarmunant” 1s injected nto the auger region beluind the tractor and 1n front of the screed  For
part A of the evaluation, smoke from a smoke generator 18 the surrogate contarminant  For part B,
the surrogate contamimant 15 sulfur hexafivende, an inert and relatvely safe (when properly
used) gas, comunonly used 1n tracer gas studies

SAFETY In addition to following the safiety procedures established by the host facility the
following concems should be addressed at each testing site

1 The discharge of the smoke generating egaupment c¢an be hot and should not be
handied with unprotected hands

2 The host may want to contact building and local fire officials 1n order that the smoke
generators do not sel off fire spninklers or create a false alarm

3 In lugher concentrations, smoke generated from the smoke generators may act as an
uritant  Direct inhalation of smoke from the smoke generators should be avairded

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 Limit Value for sulfur hexafluonde 1s 1000 ppm Whale the
generated concentrations will be below this level, the concentration n the cyhinder 13
near 100 percent For this reason, the compressed cyhinder will be mamntained ourdoors
whenever possible  Should a regulator malfunction or some other major accidental
release occur, observers should stand back and let the tank pressure come to equilibnium
with the ambient environment

Laboratory Setup The following iaboratory setup description 1s based on our understanding of
the facilities available at the asphalt paving manufacturing facilities parheipating n the study
The laboratory evaluation protocol may vary shightly from location to locahon depending upon
the available facilities

Paver Position The paving tractor, with screed attached, will be parked undemneath an overhead
garage door such that both the tractor exhaust and the exhaust from the engineenng controls exits
nto the ambient asr  The garage door will be lowered to rest on top of the tractor and plastic or
an alternative barmer will be apphed around the permmeter of the tractor to seal the remamder of
the garage door opemng
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Laboratory Ventilation Exhaust For this evaluation, smoke generated from Rosco Smoke
Generators (Rosco, Port Chester, NY) 15 released into a perforated plenum and dispersed i a
quasi-uniform distmbution along the length of the augers Due to mterferences created by the
auger's gear box, this evaluahon may require a separate smoke generator and distnbution plenum
on each s1de of the auger region  Releasing theatrical smoke as a swrogate contarmnant withan
the auger region provides excellent qualitative mformation concerning the engmeering control’s
performance Areas of dimimshed ¢ontrol performance are easily determined and minor
modifications can be incorporated into the design prior to quantifying the control performance
Addmonally, the theatncal smoke helps to venfy the barrier integnty separating the front and
rear halves of the asphalt paver A video camera will be used to record the evaluation The
sequence from a typical test run 15 outlined below

Position paving equipment withun door opening and lower overhead door
Seal the remarning door opening around the tractor

Place the smoke distribution tube(s) darectly undemeath the auger

Connect the smoke generator(s) to the distnbution tubeis})

Activate wideo camera, the engmeering controls and the smoke gencrator(s)
Tnspect the separating bamer for integrity failares and correct as reqmired
Inspect the engineering control and exhaust system for unintended ieaks
De-activate the engineenng controls for companson purposes

De-activate smoke generators and wait for smoke levels to subside

End the smoke test evaluation
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Evaluation Part B (Tracer Gas) The tracer gas test 15 designed to (1) calculate the total
exhavst flow rate of the paver venhlahon contro] system, and (2) evaluae the effectiveness 1n
capturing and controlling a surrogate contaminant under a "controlled" indoor conditions  SF,
will be used as the smrogate contaminant

Quantify Exhaust Volume: To determine the total exhaust flow rate of the engineering control,
a known quantity of sulfur hexafluonde (8F,) is released direcily mto the engineermg contzel’s
exhaust hood, thus creating a 100 percent capture condition  The SF, release 15 contrplled by two
Tylan Mass Flow controllers (Tylan, Inc , San Dhego, CA) Initally, the test wall be performed
with using a single flow controller calibrated at 0 35 lpm A hole dnlled nto the engineenng
control's exhaust duct allows access for a multi-point monitoring wand inta the exhaust stream
The momtorng wand 15 oriented such that the perforations are perpendicular to the moving air
stream A sample tube connects the wand to a Bruel & Kjaer (B&K) Model 1302 Photo
acoustic Infra-red Multi-gas Monitor {Cahformia Analytical Instiments, Inc , Orange, CA)
positioned on the exterior side of the overhead door The gas momtor analyzes the air sample
and records the concentration of SF, within the exhaust strearn The B&K 1302 wall be
programmed to repeat this analysis approximately once every 30 seconds Momnitoring will
contnue until we approximate steady-siate conditions are achieved The mean concentration of
SF, measured i the exhaust stream will be used to calculate the total exhaust flow rate of the
engmeenng control  The equation for determiming the exhaust flow rate 15
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Q(SFJ

{SFg}

x 108

Qet = Equation 1

where Q. = flow rate of air exhausted through the ventilation system (Ipm or ¢fm)
Qg = flow rate of SF, (Ipm or ofin) mtroduced mnto the system
C* 555 = conceniration of SF (parts per milhon) detected 1 exhaust
[To convert from hters per mmute (lpm) to cubic feet per minute {cfm), divide Ipm by 28 3 ]
In order to increase accuracy, the exhaust flow rate wili be calcutated a second time using two
mass flow controllers, each calibrated at approxumately 0 35 Ipm of 8F, Sufficient ime will be

allowed between all test runs to allow area concentrations to decay below 0 1 ppm before starting
subseguent test runs

Quaphitative Capture Efficiency: The test procedure to determine capture efficiency 1s slightly
different than the exhaust volume procedure The mass flow conirollers will each be calibrated
for a flow rate approximating 0 35 hters per mnute (Ipm) of 99 8 percent SF, The discharge
tubes from the mass flow controliers will each feed a separate distnbulion plenum, one per side,
within the paver's auger area The distribution plenums are designed to distnbute the SF, m a
uniform pattern along the length of the auger area  (See Figure 1} The B&K mult-gas momtor
analyzes the air sample and records the concentration of §F, within the exhaust stream until
approximate steady-state conditions develop Once this occurs, the SF, source will be
discontinued and the decay concentration of SF, within the exhaust stream will be momtored to
mdicate the extent ;n which general area concentrations of non-captured SF, comributed ta the
concentration measured 1n the exhaust stream
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FIGURE 1

LEGEND

A—Trocer Gog Cyhnder wth reguictor

BE—=Tylon Moss Flaw Controilers wih Cordrot Bow
C—PTFE Dstrouton Tubes

D-Trocer Gos DEtrduton Plenums

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

Cory * Oexty
10¢ Equation 2A

Crrg

=100 x

where n = caphure efficiency

Cisrs = concentration of 8F, (parts per milhon) detected 1n exhaust

Q) = flow rate of air exhausted through the ventilation system (lpm or ¢fm)

Qs = flow rate of SF; (Ipm or efim) miroduced mto the system
[To convert from hiers per unuie (Ipm) to cubic feet per mmute (cfm), divide lpm by 28 3 ]
NOTE When the flow rate of 5F [Qgeq] used to determine the enginecring control’s capture

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

Cory

Cisra

100 Equation 2B
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where the defimations for C*yp,,, 1, and C g5, remain the same as m equations 1 and 2A
The sequence from a typical test run 15 outhned below

1 Position paving equipment and seal openings as outhined above
Calibrate {outdoors) both mass flow meters at approxamately 0 35 Ipm of SF,

3 Dnll an access hole in the engineering control's exhapst duct on the outdoor side of the
overhead door and position the samphng wand into the hole

4  While mamtaining the SF, tanks outdoars, run the discharge hoses from the mass flow
meters to well-within the exhaunst hood(s) to create 100 percent capture conditions

5 With the engincerig corntrols activated, begin tonitoring with the B&E 1302 to
determine background interference levels

6 Imtiate flow of SF, through a smgle mass flow meter

7 Continug momtoring with the B&K for five munutes or until three repetitive readmes
are recorded

8 Deactivate flow of the SF, and calculate exhaust flow rate using the calculation
ilentified above

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

10 Allow engineenng control exhaust system to continue running until SF, has ceased
leaking from the discharge hoses then remove the hoses from the hoods

11 End the exhaust flow rate test

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

13 Imhate B&K momtonng te establish background interference levels unul levels reach
0 1 ppm or below

14 Initiate 8F, flow through the mass flow meters and monitor with the B&K until
approximate steady state conditions appear

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

16 Contmue momtoring with the B&K to determine the general area concentration of SF;
which escaped auger area tnto the laboratory area

17 Dnscontimue B&K monitoring when conceniration decay 1s complete

18 {Calculaie the capiure efficiency

19 Repeat steps 11 - 17 as ime permuits
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Cedarapids Paver Evaluabion

. . . I I L
Calculations From Dala Sheet1: Short Hood
Camment  SF6(ppm] |SFeFlow | Qexh 1
st Q exh ave AT 44| 034 | 25325 Tefm SFE Flow 034 Ipm
_ LowRange 47 55, D34); 25268 ofm Ayeragg 47 44| ppm
HghRange |~ 4737 034’ | 25444 om Sid Dev Q4
. |. [ "ot
Znd Q exh ave 8% 64 D64 | 25183 ofm | |SFBFlow| 064 Ipm
Low Range : 89 99 0 ﬁd-l 25091, c¢im Average | BaG4| prm
Hwgh Range 8o 44| D64 | 25533 ofm | |SdDev | ©BO| |
S D A £ S cv a0
| f |
3rd U exh ave ' 93 32 0 B4 24195] ofm | GFE Flow 064 Ipm
_ LowRange ! T "me33) TDed|| 23441, e : Averaga 9332 ppm
HghRange 9110] _ 064l| 24785 ofm | = S Dev | 255 |
A___ ! ! v 003
Comment ISFGippm) |SEGFlow | |Qexh  [Capture Efficiency
Average Caplyre [~ 2805 ~  064), 26188°  31%[ _  [SF6Flow[ _ 0B8] lpm
Low Range 17 44 064 25183, 19% Ayerage 2505 ppm
High Range 43323 764 251 89| dﬂ%f Sid Dev 733
o | 1 : i cV G 28
_ ! ! ! ] !
Calculations From Data Sheet 2. Long Hood wig Cover
Comment __ !SsEilppm) |SF&Flow [Qexh | | |
tstGoxhave 1 | 034] | 24530; cm SF6Flow |  034] fpm
_[owRarge | 4922 034/ 24408 om | Average | 4B 98] ppm
High Ranga ! “45 88 0341 24577, om Std Day 013 ]
VR S A i L T e T mes |
2ndQexnave | DiG4 564 | 246 40| —_ |GFBFlow| _ 064 Ipm |
" Low Range 8233 064|244 57 Averaga G164] ppm
High Range ! 50 55 064 24937 em Std Dev 061
== s m
: R A R _ | I I
idQexhave | 9099 64| | 24813] «of | SF6 Flow 064" Ipm
LowRangs | B §64]| @4545 om | [Average | 9095 ppm ]
High Range | EE NN £123Lcm | Sid dev 059
[ - : | v 04]
Comment _ |SFhippmy ISF6Flaw ||Qesb |CaptueEfficency | L 1
Average Capture | 6 65 0G4[| 24640 %' |8F6 Flow G64)  pm
Low Range ; a74]  "O64[| 24640  1%|  Average | _ BS8E  ppm |
__HighRange ~ ;| 7944 D64| 1 245 40 33% Istd dev 7 20
. | . 105 |
__. I I |
alculations From D Ver | ?i
Comment iSFeiopm) [SF6Flew JQexh | | ] J
(EL O e:(h ave ] 47485 034 257 66 cfm {SF6 Flow 034 Ipm |
_LowRenge 1 a8 11| 034, ] 24974] em | |Average | 4755 ppm
High Range 4866) D34 25747 cfm Std Dev 063
i ey oy
| Ty |
2nd Q exh ave §996l " Ub64 | 25103] cfm |SF6Fiow!  DB4] ®m
Low Range 90 &6, 064l | 24606]  om [Average | B995]  ppm
Hgn Range gegdl 0B4)| 25373 cim 5id Dev | 0DG7|
1 A N A R A I~ 11|
Comment 'SF6(ppr) 'SFAFiow | |Qexh  |Capturs Efficiency ]
A\rer?gec_amure_ 46 13, 064 . 25103 51%] 5F6 FID'WJ_ aga lpm
LowRenge ' 4255 064] [ 26103[ 47%] Average 46 13|  ppm _|
____HaghPRange 49221 064, 25103° ~ 55% 1Sid dev 250
i ! j | | cV 006
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Cadarapiis Paver Evaluation

| ' ] | { ;

culatio H nd)
Commant 15F&.ippm) _[§EE_EIM [ﬂ_nxh ) 1 : i
T8t Q exh ave 4648 035 | 26362, cm | SFE Flow 035 fom
~ LowRange 47004 D35} 26091 cfm ~ |Average 4544 ppm
ngh Range | 45 55 035 269 18 cfm Sid Dev 051
I i T ov | oot
ndQexhave | B 069 | 27784l ofm |  SF6Flow| D69 lpm
_lowRange | BY¥/  DEB) | ZVREO]  ofm Average B201| ppm
High Range 28 20 D6y’ 2IT 24 ofm Std Dey 015 ]
B L. . __1_ _ cv 200
Average Capture 2765] 069 ] 27784 M% ,SF§ Flow 069] lpm
. lowRange | 1244 [}69—[_ 27754 14% |Average 24765 ppm
High Ranga 50 44 D68 | 27784 57% _ Sd Dev | 1245
— e — g — ] [ v 045
— [ S S S,
Comnent __ (SFGippm) [SF&Flow [|Qexh | l I |
Note {We probebly should have re-measured the & axhaust flow aftar recrienting tha paver
due to pessibiity of rasetting paver's rpm and thus affecting the e: axhau-s! flow Use Q exh calculated
from 1 previous test yus test ri run'p ] , . 1 ) ]
Somument IoFeipam)_|SaFiow | |aeh |Gaptum Effcany |
Puerage Caplure 3443, 069 277 84 9%’ SF6Flow| O 69 _lpm 3
_ __Low Range 22 11 089, 277 84 25%)  |Average | M 344 ppm
___High Range | 48 44 09l | 277 84 55% ] TR 7 22
| ! ! I '. =Y 0 21]
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Cedarapids Paver Evaluation

. . Sho od Evaluation !
1302 00 Measurement |Data [E— 1TRRBT 12803 Cessoaz a4l ' ]
130200 Setungs R SR | |
; | _
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Campersate [for Cragsa Intarference : 7 o S S —
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_ . .
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j I
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1 I | .
Serersl”  Womster 1— — L T ! ] R
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Tamel T T T[T tvaisa 4 55E-02 ] 0 05/ '
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Spmples Mgasurad |[From  119383-04 2 1511 L1 1
_Samp i Time Gas A -Calbraton| | |Cemmeris
No | | b mih 52 _Ppm loﬂ L _
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800 L 151760 { 934Ee01] 10265 [ugnone il flaw surge)
Cdtear  TTsiven) 453E+01]  Agza[ ! b
100 T T 151818 450E+01 4B 83 I
FI) : 151851 14 450E+c|1' __ 4BBE
13000 151327 | 4 51E+Dd] 49 00| !SF& Flow 034, Ilpm
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- - 15 24 10! Evants Place SF8 outlels into distibution tubing
27700, | 153517 T aa4lEson] 34 :
2390 | 15 25 55 | 230E+D0] 730 !
24 0f 15 36 30 [ 1 0Bk 122 P
2500 152706 | _ hgeE+h1| _ i95b -
28 0] 15 27 41 N 389 ! .
— z7ag, 1528 17 __T16E+G1] 11 78] | T
2B 00 1523 52 2 7OE+00 270 ) I
2000 I 269E+DD F1 ]
T 3880 1353003 7 12E +01 133 T T




Cedaraptds Paver Evaluation

31 0o |_15 30 28] 2 75E+01 20 44
3200 531 18- ZAIE+D0| 241 . i
3300 ERE 372E+00 372 T v
3410 ‘15325, 2 B5E+00 265 |
00, 15 33 05 1 14E+01 1155
3 00| 1533 400 —_318E+D0 318 | ~ ]
3700 0 T 153418, 113E+00 EEELN
38 60 | 153813 4 18E+00 418 . 1
35 00] " 153550] _ 7 35E-01 0 74| |5F5 Flow | 0&4]  Ipm |
}  apod' 153628 |~ B20E+on! T 620 [Averegs | 686 ppm
T a0 " 1537 06| 1 47E+00 247, Sid dev 720, o
| ;
T C T s ns: Event 4 |Placa 5F8 @ 0629 black e hoods
T T4z o0 |15 3T 42) 5 30E+ 57 77, ‘(ignore transiton maasurement)]
43 00 p 158820 | e 3BE+D1] Bleg| | ] I
4400 1 153858 | T8 32E+01! 8132 |SFaFlow | ~ 084 lom
e 00 IREECED 8 27E+01 5077} |Average #i88[ pom |
4600, | 1540 06] 8 19E+D1 85 58] .5id dev o8 i
- . 15 40 08! Evenl § Stop 5F6 and allow 1o bleed off system
j I _ ] B " | Detector inlet in ecraed area | ]
F 6T | a0 @| T [ ssEBi| 08| [gnore blestom | .
4800 | 154122 & 23E-02 08 i
" 4660, 1544 57 5 POE-02, 0488 o |
5000 i sazaz] & ODE-07] 006 :
5100 154308, | SHEOY 045 |
5200 154343 4 61E 02 005 _
_Sa0o | 154418 4 18E-0Z] ooal | 1
5400 T 154505 3 4EE-0Z' 003
Cosseol T 154540 364E02, and ]
T seoo | 154618! I17EC2] 003 . ]
57 00| C 1586 61 3 S6E-Q2’ L) Screed area
800 154726  a53Eb?; 00 " Background readings
TTsged | [ 154802, 3 31E02] FLE T _
gooo i {5aed7] 3 THE-02 04 I N
6100 1629 12| 3 SEE-02, 004
5200 154948 3 53E-02] [T : |
B3 00 |15 50 23] 395E02 004 I
B4 00 75 50 59| " | 3siEgz, ama laverage | boal
65 00 R 35554:2! 004 iStd dev T oot}
] —_ ] |
Comn;er‘.:_i.;)ng hood wio flap | ] | | |

BY




Cedarepds Pavar Evaluabcn

| _Long hood wi rubber ﬂap |
—_— ——
- 11302 0t fleasurern [Data 1733&1 172503 { 1505082 16 48| -
130200|Setings | '
] _
Compensale for I'c';l‘a'ter _ __VBD . |Interferance no
Compensale for [Cross Interterence | no - - ]
Sample " [Confnunusly ) I L
| ! o
Measura | ) i ]
Gas A ;Sulfur hexafiuonde i - yes
. . - ] —_—— —
‘Waler apour ! no
Sempling~ [Tubae Legth 15 0f|#t T _
Ay Fressure 780 00 mmHg B
Nermahzauan | Temparature 7200.F
: : S
. | |
Genaral Hinfarmabon | ! - ] [
Stant Time [1285-04 27, 1600 - |~ ~ B
Stop {Time 11695-04-27 16 36 ! [ .
Reslts  [Not' _ “[Averaged | N ! . ;
et _ i T .
Gag A 1 f — J _‘
1302 g0 Mgasurement {Dala 11788511/2803 16495-04-27 |
Samples IMeasured  |From  1995-04-27 | 16 00 i | . .
Sampla , Time i Gas A JCalbrawen i _(
Moo L __fnmmes T fopm  Toorrecton . [
—100] 16 80 27 3 66E-D2 aoa !
200, 16 01 09! 2 BYE-0Z 003 } |
3 ool 16 01 45 3 3£ Q2 oea I ] - _
4 00 16 02 20 3 78E-D2 Q04 ’ . a
500} 16 02 55 sost-o2[ aed[| _+ I
___8on; _ 8oz _ psseo| T oew| o T 1
700 | 16 G4 08 7 69E-01 977 ! ;
500 | 160442 1 BQE-01 FRL |
8o ] 1&0s 7 121E-01 __ 0132 [ | ]
1000 16 05 52 1 6ZE-01 o1& | —
a0~ "V iEoess| [ 1AIE-0 014 ' I
ooy ) 18QF03| 0 | TEEL02] 000 0 007 -ﬁverage _BOErD1 ’> I R B
13 1o 1607 33 5 B9E-02 004/ [Sid Dev 0 35 ]
— . 180738 Event 1 MEET 5Fs@qm|pm
i S R . _ Qutlet of S8 in n exhausi hond
14 00 | 160814 4 30E+ 45 66 :
15 0O | 150854 44EHQ] 47 83 |SFB Flow EE N _ -
16 00 16 08 29 4 3RE+04 47 55| [Averaga 4755 ppm
1700 15 10 05 4 43E+1 48 11} |Std Dev L]
' I
16 10 05 Evert 2 ISterl SFE @ 0838 1pm ]
|Outiets of SFE ara bolh tn haods |
B ed 18 10 61 8 2BE+OT t0 B
19.00] 1811 26 szzefal{ IR Fi] | R R e
2000t 16 12 02 8 23E+01 80 32| |SF6 Flaw 064 Ipm
=700t 18 12 57 : 8 18E+01, B9 55! jAverage |  BSSS| ppm | —
200 {1813 13] T8 TiE+0i] Ba 55| |51 Dav 67
T T I !
- T EECE-EETI [Event3 | Tum off 5F6
VR MR B T T T T T [ Pasce SFe putiets v crstabution Wbing
2300 16 12 48; I 5 F9E.01; B
24 00 I 1814 28] | 9B5E-07] b 10
o0l . 11504l | &27E-02] o0s R P
26 00| | 18533 5 40E-02 005 [
o 1615381 _ _|Event 4 i Starl 3PS @ 0639 fhrough dlslnbu‘tlcn tubing
37 00 1E'16 15 [2 TOE+01] 2% 391 I[lgnore trans/tion measurement) |

BB




Cedarapids Paver Evaluehan

Commenta  Labaraory sludy

'Lonp heod wi rubber flap_

P800, T 18 16 55 4 DEE+D1 24 33 | .
_ AW . 16 17 30 4 BSE+01 50 66 T
50 og! | _Teisog| 1 15E+01 44 B8 _}_ N N
—_atoq| 16 18 41 4 S3E+01 43 22 ,
- T CE L R L F =5 45 €8 _ o ] ]
_ o 3omo ;18198521 L403E.01) 4366 S_FE_’“_'G‘L_._..__Q_Ei'__'Em__.._. _ )
34 00 T iE2027 4 JAE+01 47 55 |Awverage 46 137 ppm
_ 35 0| 15 21 34 3 GIE+H 42 55| (S dev 290, -
—_ e e ] S — _—
| | i I
] . 12208 Evert 5 I‘Stup 5F& and allow to bleed off system
35 go 1522 49 1 BEE+D1 18 33 [ o
T 162247 B =1 A 4 N N D S B
34 60 15 23 23  |360EY00 sea[ i L '
3900, 16 23 58- 1 26E-01 IRE |
i |
. T 1 S Event & Flaca geteclor Bt in scread area |
. R ta foliow SFE decay m the room | I
—_  Aomp -y ds2d28l A 7eE-02 oes; | | S
41 00 1525 11 4 51E-02 oos) | [
4200 15 25 47| 4 15E-02 ood] | :
400 N oweer, 0 j3%E02 oWy L L ]
4400 T OIsI/ST 1 343E02] L] 1 S A S N
45 o0 " igaray ' 1 3 B1E-02 ‘o4 ' i ' '
4B a0 | 162808 3 51E-02 oo I
T 47en 162844, 3 70E-02 oodf | :
_dEIT 16 28 19] 3 BAE-2 Q04 ] 1
i d4g 00’ 16 29 54 3 20E-02 003 =
. ®eo o tesosei | seeead o oo i .
" E100] BEEE B T TR ' | ] ]
5200 15 32 00 2 BIE-G2 03 . N _
- 5300, 13238 0 28002 2000 o0y _ __[___1_ ]
&4 00, [EEERTE 3 14E-02 003 -
8500, 15 33 45, 3 15E-02 RS ;
5600 | 1634 21| 2 68E-02 LETN [ |
) 4 tazaET [a55g-02] oedj|
3 o0, I 153532; 3 25E-02 0 03] [Average 004] T
Y ' 15 36 05 3 03E-02 _ooilistddev | pot o ]__
I I ,f |

B&



Cedarapida Paver Evaluation

[ i ] | ;
I | LONGHOODW/RUBBERFLAP | | | |
_ L I : OUTSIDE EVALUATION
1 ! | {Paver gnented with wind) [
| | | . r ) A Y S ]
_ 1302 DO|Measurement |Dala 1788611/2803, 198504 28] 1150 J !
~ 1302 00 Setiings I | i
| | I
C-ompensate Har ___:?i.'aier \.ﬂ_;p - _?n_ter-ferencé 7 N "N [ I
Compenzate [far Cross [interference | | NO ) |
Sample Continuousty i : YES 1 1 1
Pre-set  |Monulomng  |Perod | ND ! ;
4 ! J . _ -
Measure ! | ) "_ _
Gas A |Sufur " hesafludda | __T¥Es ; I
Watar Vapgur i I NO ! !
Samplng___ | Tubs Lengih 15 00 N D R )
A _|Fressung i 750 00 [mmHp 1 )
Namnalizaton | Temperature ! 54 00 (F i L
o SR SN L
Genersl S O | f
ST o e | i ]
Start 1995 04 28 B ) [
Stop_ —_|1995-04-28 1118
Results _ [Wot _  lAvereged _% _%__ S
Gas A ! N _ RN T ]
1302 60 Measuremers [Dala ;978461172803 1995-04 28 11 50
) (U ! —_ ]
[Somptee |Massured  |From (1995-04-28 40 52 ! I P _
Semple T Tme T "7 "Gag  |Cotbraton | c-::-MMENTs 1
No | } hhmm ss porm comecten | ]
i 700 [ idsis3 2 ABE-0Z] G2 |Beckgrowng] [ T T |
200! i s 1 214ED2 02, |Pstactor ngar equipment
T Eee et _ 2 30E-02 g o2 !
T @e6 T T | 16sa4a: 2 75E 02 003l | v 1 ] |
5 00 ~ 106522 3 21E-02 603 [Average | 2B3E-02|
E00 LI —+ 292F-02| Goa sigoey 1 OO
il I 1
o | 108632 Eveni 1 " [ "Detector miet nduct o 5F6
7 o0, o865 32 4 24E-02 LLL] S e
B0 1057 0] T nos|’ f |
200, 1057 42 4 01E-DZ Dod[; | i o T ]
~ ipogr 1D 5B 18 405E-02| Ood4f] | | i
1100 | 105854 —{ sesFo0z] oo4) | L
_t2on [ 1iogoo| 3 97E-02 U 04 |Average 004, P
1300 110035 [ S TOED2 004] TS1g Dov_ | ouaf !
. i = .
— T ¥ 110036 "Event 2 ! Start ¢ 347 lpm purs’ SFG il l ]
' | | SFGoutiatie mhoodopening | ]
14 08, L nvniiz _J_ 4 32E01[ 4E 88
15 00l L 110152 433E+01 47 00 _ N ]
" eoe, 1 1iozar T aZeEv0l] TN _f_
1? ao' . 110303 S 27E+u‘_l 2833 |SFEFlow 035 Ipm
R | iossal ] 4 35E+01 | 46 44| [Average | 4645 ppm |
(] 1104 i4] . 4JDE+01! 45 58] |Swd Dev EL . - _
T | ! . . .
N ) 1104 14, TEvents | I Slert 0692 pm pure 8F6 |
I 1 I | |5F5 outiets are nhood opening_ |
30 00] +1 D4 49 8 B1E+0Y BT 88
21 00, B 1105347 B8 DAE+01) 8777
o gaoq i1 0607 A 02E+01| 87 99 I R A |
L] 1 110835 1T BpaE+oT: 88 27| T
200, T meriel [ Boag«nd; 58 10! |SFE Flow 068, lpm | ;
2500 | 110748 | 802E+07 57 99| [Average 8801 ppm T ] -
26 60 T 11062 — B 03E+01] Ba 10| }5d Dav Cis. i
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Cadarapds Paver Evalughon

iEvent 4

I
T e, ! Stop 5F6 arlld altach bﬂilets 1o distnbution tubing
i T :
27 00 "{i08 5T 'J " azEO1 o5 '
L) T 110958 T T N A _
! : |
R |Evants .Starl GF6 hraugh both distbulion (Ubes 0 692 lpm
28 b} 111032 P 122E+01 12 44 ] B T
soopl 111110 . 1676401 17 44
31.00] 11 11 45 3 S2E109 284q|" ,
3700, 111223 4 64E+0 5044
__ o3xgoy [ nzse 13 E+01 1344 ; L ]
SR SR T 1 T 1 -] O ] R Y
a50al 111414 j 3 DZE+D1 3z 44" ! | -
26 0o/ ‘ 1114 50 226E+01 2422 | : i
L PO 111525 L2A8E+01] 2655 | _J o .
- 111800 | 147E+D3 1522 'SF6 Flow | DEI.  Ipm
T _wepny 11 16 38 I~ z39E+m 25 44| Avarage 765  ppm
___domo [ mmas i 425E401[ .._4'3_1.‘._Jﬂ'3_“\‘_1._‘2_4.5{ —_ -
| !
) | 1117 18 |Evanl B Siop 8F6 i
) 111752 P 1Z1E+0 12 33| j{gnore wansilion data). i
Seg notas for avenl markers Long hood wi rubber flap ‘Quiside ! ]
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Cadarapids Paver Evaluatian

N —_ J— - T/ -
. i OUTSIDE EVALUJATION ] N
{Paver orented nto winkd} ]
' ; |
_130Z (CiNleasurement [Dala__ | T78EE1 12808 | _ |19s5-04-2] — 1148[ 1
_ 1302 00_Beatlings i I
S - I r 1
Compensate Ifar Watar Yap Interference | ' i) |
Gompensatelfor __ ~__ [Crose _ Pnteterence | 4. IR TR DR
Sample [Cartinucusly | I yas [
Pre sat Manmtonny Feriod . i no
o i I N I | N .
Mzasure !
Gas 1A |Sulfor  |hexafluonde | I yes
\Waler Vapour
Samping  Tube
Aat ' Présslrg

Narmalzabo Temperature ;

|
'i-H

Gas A

Samples  Measured  [From |1995 0428 | 11 28l : |
Samp ' jTime | iGas [Calbmation [l [Comments 1
Na 'hi mim g5 | 'ppim |comection ! i [
- - T — T T/ T T __f__ T ~ TeegnéFEnaugererea | |
' ] . l|oes2ipmsFs 1 | ]
e T iieso0s r TT3EEDE 007 [Ugnore lensiion measementy
2 08| - 1128 46° 2OBE+M| 72 11
Y- . 112955, | 448E+01| e84 | 1
460 1113033 - N
_ s@e T Hiatoes. 1 3AIERM| 3BT '
6 00. I 11 3144] ] 3 85E+01 41 66; I DY I
7 00! . 113212 : 3 13E+(1 3385 R
_ o._8R0 o jonEesy | 2STEsON (27 a4
9 05} ' 1123 20! ; 3 BBE+| 30 89|
10 00 11 34 05, 2 TOE+01! 2855 |SF6 Flow 068 lpm
AL T -_'_“m'Z'r".j' _SO4Exbiy "szek[Average [ 3443 gpm | |
T THzee T T iEm s i a3BE+0] 3622 1S Dev ?EI_
] | | ! i
. umis " T User  [Evemii " TISFADeactvated | _
1300, i 1135 52] 1 GHE-O1, 020} : :
T faon T 77 misaz T saseng| 005 | |
—_ R i . ] R S — b — . — —— —_— - ]
> Catdaor taetd w paver arnenfad into the wend at a 250 deg azmuth ! ! [
Oty gvent marker ingicates when 56 was tumed off and wand pulled i | ', o
First reacing rmay be low dua lo start-up ransnion of SF6 | I | )

Nele (We probably should have re-measured the Q exhaust Nlow aftar Feanenting the pavar |

_T

dua fp poss bility of resmlrlg_pavefa rpm m and thus affe a.ffm:tmg the exhaual‘. flow Use { axh calculeted

from provices fest n) ! ; |
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APPENDIX C

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

CEDARAFPIDS PROTOTYPE DESIGN MOIMFICATIONS PRIOR TO

PHASE TWO FIELD EVALUATIONS



Cedarapxls. Inc
o1§ Sixteenth 5t NE
Cedar Rapids |4 52402 USA

Gedarapids
A Raymeon Company

December 29, 1995

Mr Kenneth R Mead

engineering Control Technology Branch,

Dwision of Physical Sciences and Engingering

National Institute for Qccupational Safety and Health
4676 Columbia Parkway

Mail Stop R-5

Cineinnatl, OH 45226

Dear Ken
SUBJECT: Configuration of engineering controls for Cedarapids pavers.

The engineering control systam tested duning your visit in Apnl consisted of hoods
located over the augers, hood mounted blowers, and an eductor In the engme exhaust
piumbing The purpose of the eductor was to allow the low static pressure blowers to
feed into the higher pressure engine exhaust Capture ratios for this version varied
from 13% to 50% mndoors, depending on which type ducts used Capture ratios
averaged about 35% when outdoors

After measuring airflow i drferent parts of the system, we discovered the combination
of the eductor and the blowers used were Incapable of ovarcoming the engine exhaust
pressure This resulted in lower than expected flow rates Therefore, we repiaced the
blowers with high pressure models capable of delivering 500 ¢fm at 3 1n static pressure
minmum', These blowers wil allow us to forego the eductor and feed the fumes
directly into the engine exhaust Fig 1 15 a block diagram of the system as modified
This is the configuration of the engineenng controls installed on Milestone’s CR411 and
Rea Construction's CR451 pavers

' See fan performance curve atlached

951226_2 doc



Contiguration of engineering controls for Cedarapids pavers
page 2

exhaust to
atmosphare

large volume muffler

sngine exhaust

L far unit fan urut
LH auger hood EH auger hood
(lacated ovar LH tunnal) {located ovar HH tunne!}
Fig 1

In testing at the factory, we measured flow rates of 400 to 500 cfm per side (800 to
1,000 cfm total)



Configuration of enginesnng controls for Cedarapids pavers
hage 3

Below are photographs to documant the actuat installation

LH duct wiscreed installed



Configuration of engineenng controls for Cedarapuds pavers"
page 4

RH duct w/screed installed



Contiguration of engineering controis for Cedarapids pavers ~
page »

Side view of Milestone’s CR411 w/system instalied



-

Configuration of engineenng controls for Cedarapids pavers
page 6

Side view of Rea Construction’s CR451 w/system mnstalled

Based on subjective feedback from the end users, the system does make a noticeable
difference in collecting furnas from the hat mix asphalt We are very interasted in the
NIOSH fisld testing to guantify the system effactiveness

Please don't hesttate to contact me if you need additional information

Sinceraly,
Cedarapids, Inc.

David Swearinge
Chief Enginasr,
Mabile Equipment

Enclosure
copy PJ Schlarmann

JL Richmond
TE Brumagin - NAPA
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