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EXECUTIVE SUMMARY

On June 5-7, 19935, researchers from the National Institute for Occupational Safety and Health
(NIOSH) evaluated prototype engineenng controls designed for the control of fumtive asphalt
emissions dunng asphalt paving  The Roadtec engineermg contro] 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 mter-agency agreement with DOF’s Federal Highway Admimstrabon
Additonally, the National Asphalt Pavement Association 1s playmg a cnitical role m coordmating
the paving manufacturers’ and paving contraciors’ voluntary participation 1n the study

The study consists of two major phases Dunng the primary phase, NIOSH researchers visit
each participating manufacturer and evaluate their engineening control designs under managed
environmental conditions  The 1ndoor evaluation uses tracer gas analysis techniques to both
quantify the control’s exhaust volume and determune the capture efficiency Results from the
imdoor evaluations provided equipment manufacturers with the necessary mformation to
maximize engineering control performance pnor to the second phase of the study, performance
evaluation of the prototype engineenng controls under “real-hfe” paving conditions The scope
of this report 15 hmited to the Roadtec phase one evaluation

The Roadtec phase one evaluation stud:ed the performance of a single engineering control
design The prototype control was installed and evaluated on a Roadtec Model RP-180 asphalt
paving machine The control design consisted of a long hood mounted above the auger area and
a heavy canvas cover extending over the top of the auger area between the tractor and the screed
Two exhanst fans removed air from within the partially enclosed auger area and from the rear of
the slat conveyer tunnel The fans exhausted the air through two stacks mounted on the paver
deck The average mndoor capture efficiency was 100 percent with an exhaust volume near

2600 cubic feet per runute  The average outdoor capture efficiency vaned according to paver
arientation When the paver was outdoors with the front facing north and the wind blowing from
the north-nortirwest, evaluations revealed a capture efficiency of 96 percent on the nght side and
64 percent on the left side resulting m an average capture efficiency of 81 percent When the
paver was rotated so that the front faced to the west, evaluations revealed a capture efficiency of
66 percent on the nght side and 96 percent on the left side resulting 1n an average capture
efficiency of 81 percent  Outdoor efficiency results also showed increased vanation in caplure
efficiency as wind gusts hampered the control’s abtlity to consistently capture the surrogate
contarminant

Recommendations to Roadiec design engineers include (1) Increasing hood enclosure to
mimnnze the wind effect near the ends of the auger area, (2) Modifying the hood enclosure so
that workers 1n the screed area would be able to see mio the auger area, and (3) Increasing the
exhaust air distnibution across the full length of the exhaust hood, possibly by modifying the
hood to a slot inlet  Although these recommendations are designed to further increase the
prototype control’s performance, the unmodified contrel system, as 15, may be sufficient to
significantly reduce worker exposures
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Since the intent of the phase one evaluations was to provide eqmpment manufacturers with
engineering performance and design feedback, vanous ongmal and imaginative approaches were
developed with the knowledge that these prototypes would undergo prelumnary performance
testing to 1dentify which designs showed the most menit  Each manufacturer received design
madification recommendations specific to their prototypes’ performance during the phase one
testng Pror to finahzation of this report, each manufacturer recerved the opportumty 10 1dentify
what modifications and/or new design features were incorporated into the “‘final™ prototype
design prior to the phase two evaluations No further design information was recerved for this
report

INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a Federal agency located m
the Centers for Dusease Contrel and Prevention under the Department of Health and Human
Services, was established by the Occupational Safety and Health Act of 1970 This legislation
mandated NIOSH to conduct research and educational programs separate from the standard
sefting and enforcement functions conducted by the Qecupanonal Safety and Health
Admumstration (OSHA) 1n the Department of Labor An important area of NIOSH research
deals with methods for controlling occupational exposure to potential chermcal and physical
hazards

The Engineening Control Technology Branch (ECTB) of the Dhvision of Physical Sciences and
Engineening (DPSE), has the lead withun NIOSH to study and develop engineenng controls and
assess thewr impact on reducing occupational 1llness  Since 1976, ECTB has conducted a large
number of studies to evaluate engineering control technolegy based upon industry, process, or
control techiuque The objective of each of these studies has been to document and evaluate
control techniques and to determine their effectiveness 1n reducing potential health hazards i an
industry or at specific processes Information on effective control strategies 1s subsequently
published and distnbuted throughout the affected industry and to the occupational safety and
health community

BACKGROUND

On June 5-7, 1995, researchers from the National Institute for Occupational Safety and Health
(NIOSH) conducted an evaluation of a prototype engineerng control designed for the control of
fugitive asphalt emissions during asphalt paving The NIOSH researchers included Leroy
Mickelsen, Chenucal Engineer, Ken Mead, Mechamcal Engineer, and Ronald Kovein,
Engineenng Technician, all from the NIOSH Engineening Controls Technology Branch (ECTB),
Division of Physical Sciences and Engineening {DPSE) The DPSE researchers were assisted by
Roadtec, Inc Staff, Chns McSharry, Chnef Engineer, and Bart Harms, Enpineening Technician

The Roadtec engineenng control evaluation was completed as part of a Department of
Transportation (DOT) project to evaluaie 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) Additionally, the
National Asphalt Pavement Association (NAPA) has played a cntical role m coordinating the
paving manufacturers’ voluntary parhicipation 1n the study The study consisted of two major
phases During the pnmary phase, NIOSH researchers visited each participating manufacturer
and evaluated their engineenng control designs under managed environmental conditions
{General protocols for the mdoor evaluations are located in Appendix A Minor dewiations from
these protocols may sometimes occor depending upon available ttme, prototype design,
equpment performance, and available facilities ] Results from the phase one e¢valuations were
provided to the equipment manufacturers along with design change recommendations to
maximze énginéenng control performance prior to the phase two evaluations The phase two
evaluations, which began mn mmd-1996, included a performance evaluation of the prototype
engineenng conirols under “real-life” condimions at an actual paving site  The results from the
Roadiec phase two evaluahion wiil be pubhished m a separate report

DESIGN REQUIREMENTS

When designing a ventilation control, the designer must apportion the imtial design cntena
among three underlying consideranions, the level of enclosure, the hood design, and the available
control ventilahon When possible, an 1deal approach 1s to maxamuze the level of enclosure i
order to contam the contaminant emissions  With a total or near-total enclosure approach, hood
design 15 less cntical, and the required volume of control ventilation 1s reduced Many times,
worker access or other process requirements Itmut the amount of enclosure allowed Under these
constrainis, the designer must compronuse on the level of enclosure and expend increased
attention fo the hood design and control ventilation parameters

In the absence of a totally enclosed system, the hood design plays a cntical role in determumng a
ventilation conirol’s capture efficiency Given a specified exhaust flow rate, the hood shape and
configuration affect the ventilation control’s ability to captur¢ the contaminant, pull 1t into the
hood, and direct 1t toward the exhaust duct A well-engineered hood design stnves to achieve a
uruform velocity profile across the open hood face When good hood design 1s combined wrth
proper enclosure techniques, cross-drafts and other aurflow disturbances have less of an impact
on the ventilation control’s capture efficiency

In addition to process enclosure and hood design, a third area of consideration when designing a
ventilation control, 15 the amount of ventilation air (volumetnc flow and/or velocity) requured 1o
capture the contarminant and remove 1t from the working area For most work processes, the
contaminant must be “captured” and directed into the contammant removal system For
ventilation controls, this 1s aclneved with 2 moving air stream  The velocity of the moving air
streatn 18 often referred to as the capture velocity In order to mamtain a protected environment,
the designed capture velocity must be sufficient to overcome process-inherent contaminant
velocities, convective currents, cross-drafis, or other potential sources of airflow interference

The munimum required exhaust flow rate (Q) 1s easily calculated by mputting the desired capture
velocty and process geometry mformation mto the design equations specific to the selected hood
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design Combiung Q with the calculated pressure losses withun the exhaust system allows the
designer to appropnately select the system’s exhaust fan

For most ventilation controls, including the asphalt paving controls project, these three
fundamentals, process enclosure, hood design, and capture velocity are interdependent A design
which lacks process enclosure can overcome this shortcoming with good hood design and
increased air flow  Alternatively, lower capture velocities may be adequate 1f increased
enclosure and proper hood design techmques are followed Addihonal information on designing
ventilation controls can be found in the Amencan Conference of Governmental Industr:al
Hygiemsts’ (ACGIH) “INDUSTRIAL VENTILATION: A Manual of Recommended Practice”
[ACGIH, 6500 Glenway Avenue, Building D-7, Cincinnat, Olue 45211 ]

EVALUATION PROCEDURE

The Roadtec engineenng control design was evaluaied 1n a large bay area within the
manufactunng plant 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, which included the
engine and the ventilation control’s exhaust outlets, positioned outstde the building An
overhead door separated the two areas  The door was lowered to rest on top of the tractor and the
remaining doorway openmngs around the tractor were sealed to 1solate the front and rear halves of
the paver During each test run, the engine exhaust and the engineering control exhaust were
discharged to the outside of the bmlding This setup proved very effechive at preventing the
engine exhaust, engine coohing arr, and the captured surrogate contaminants from reentering the
testing area

A theatnical smoke penerator produced smoke as a surrogate contaminant that was subsequently
discharged through a perforated distnbution tube The tube placement traversed the widih of the
auger area between the tractor and the screed and rested on the ground under the augers

Ininally, the smoke was used to observe awrflow patterns around the paver and to observe capture
by the control systems (The general smoke test protocol is 1n Appendix A )} Ths test also
helped to 1dentify fanlures 1n the integrity of the barner separating the front and rear portions of
the paver Afier sealing leaks within this barmer, smoke was again released to idenhfy airflow
paiterns within the test area and to visually observe the control system’s performances

The second method of evaluation was the tracer gas evaluation This evaluation was designed to
(1) Calculate the total volumetric exhanst flow of each hood design, (2) Evaluate each hood’s
effectiveness in controlling and captunng a surrogate contarnmant under the “controlled” indoor
scenario Sulfur hexafluonde (SF;) was the selected tracer gas At the concentrations generated
for these evaluations, SF; behaves as a non-toxic, surrogate contanunant which follows the air
currents of the ambient ajr in whach 1t 1s released  Since SF, 1s not naturally found wathin
ambient environments, it 18 an excellent tracer gas for studying ventilation system charactenstics
The general protocol for the tracer gas evaluation 15 1n Appendix A




A phote-acoustic infra-red detector (Bruel & Kjaer Model 1302) was calibrated in the NIOSH
laboratones pnor to the evaluahon Known amounts of reagent grade SF, were mjected into
12-liter Matar sampling bags and diluted with mtrogen to predeternuned concentrations  Five
concentrations ranging from 2 to 160 parts per nultion {ppm) SF/mtrogen were gencrated A
curve was fit to the data and used to convert detector response to SF, concentrations Calibration
data are 1n Appendix B

To quantify exhaust flow rate, the tracer gas discharge tubes were placed darectly mto the exhaust
ducts of the engineenng control A known volumetnic flow rate of SFg was released mnto the
duct(s) and the analytical instrument measured the concentration of SF 1n the control system’s
exhaust Measurements were taken downstream of the exhaust fan to allow for thorough mixing
of the exhaust air stream The exhaust flow rate was calculated using the followmg equation

Q[.'}'F‘} % 10°

Qo = Equation 1
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where
Qem; = flow rate of air exhausted through the venulaton system {lpm or c¢fim)

Qysey = flow rate of SF, (Ipm or cfm) introduced into the system

C* sr,, = concentration of SF, (parts per million) detected m exhaust And the *
indicates 100% capiure of the released SF

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

To quantify capture efficiency, we released the SF, through distnbution plenums Each
discharge hose fed from the SF, regulator, through a mass flow controller and into a T-shaped
distnbution plenum  Each plenum was approximately 4’ wide and designed to release the SF,;
evehly 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 quantity of SF, slowly
discharged through the plenums into the auger area A dwect-reading analytical instrument
measured the concentration of the fracer gas m the exhaust on the discharge side of the control
The capture efficiency was calculated using the following equation

Cisrp * Liany
10° Bquation 2A
Q{.S‘F‘]
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where
1 = capture efficiency

Csry = concentration of SF (parts per milhion) detected in exhaust

Qe = flow rate of air exhausted through the ventilation system (Ipm or cfm)

Qsrg = flow rate of SF, (lpm or cfm) introduced mto the system
[To convert from liters per minute (Ipm) to cubic feet per minute (cfm), divide Ipm by 28 3 ]
NOTE When the flow rate of SF; [Q/gp,] used to deterrmne the engineenng control’s capture
efficiency 1s the same as that used to quantify the exhaust flow rate, equation 2A may be

simpl:fied to
where the definmions for C* g, 7, and C g, Teéman the same as i equations 1 and 2A

Cisry

— X 100 Equation 2B
Cesra

Exhaust flow rate expenments were conducted for both sides of the control systemm  Each
exhaust sampling point for concentrations of SF, was located within the exhaust stack,
downstream from the fan, to ensure sufficient mixing of the SF, within the air stream Once the
exhaust flow 1ates (Q,.;, ) for each fan was known, the 8F; was distributed 1nto the auger region
for the capture efficiency {1n) evaluations A capture efficiency was determined for each side of
the control, and the two results averaged into a single efficiency for the overzll engmeenng
control performance Both flow rate and capture efficiency tests were repeated The paver was
shut down between tnals  The asrflow rate of the control system was partially govemed by the
paver 1dle speed which may have changed shghtly between mals

In addition to the mndoor evaluation, an outdoor evaluahon was completed with the paver
positioned 1n prescribed stationary onentations The outdoor stahonary evaluation provided
feedback on the sufficiency of the engineering control’s hood enclosure for performance 1n an
outdoor environment




EQUIPMENT

{See Appendix A}

ENGINEERING CONTROL DESIGN DESCRIPTION

The Roadtec engineering control prototype incorporated two 1dentical exhaust hoods Each hood
measured approximately 48" long and 8" wide and was mounted to the back of the tractor The
hoods were centered above the augers on each side of the anger dnive gear assembly An opaque
canvas material connected the trailing edge of the two hoods to the front of the screed, totally
enclosing the top of the auger area The sides of the auger area were not covered Two
hydraulically driven exhaust fans were mounted under the tractor deck, one on each side of the
engine The specifications for these fans were unavalable Each fan pulled air from its own
exhaust plenum, located under the rear paver deck Three, four-inch flexable ducts fed mto each
exhaust plenum  Two of the ducts connected to the exhaust hood and the third duct connected to
the top of the slat conveyor tunnel for the respective side of the tractor  The outlet of each fan
fed mto 1ts own exhaust stack, each extendmg about ¢' above the tractor’s paver deck Tlus
control dessgn allowed the exhaust from each side of the control system to be momtored
separately

DATA RESULTS

Smoke Evaluations

The mitial smoke tests revealed openings in the barner between the testing and exhaust areas
After resealing the separating barmer, smoke was re-released to identify airflow paiterns withm
the test area and to visually observe the control system’s performance Thus mformation assisted
the researchers in preparing the test area for the quantitative tracer gas evaluation

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

Indoor Evaluations

The prototype hood configuration was evaluated under the semi-controlled conditions described
above Exhaust flow expenments were repeated using different SF flow rates (Qgp,,) to merease
accuracy Smce butlding pressure fluctuations and air currents from moving people or
equipment could momentanly disrupt the control’s arflow charactenstics, the results are
reported in terms of an average and a range of the 6 to 14 measurements




TABLE 1. INDOOR TRIAL ONE

Querg Q.o (Range) Qpeyy (Average)
Exhaust Right Side 103 Ipm 1250 - 1290 cfin 1270 cfmn
Exhanst Lef Sude 1 04 Ipm 1370 - 1400 cfm 1380 cfm
Both Combined 207 ipm 2630 - 2690 cfm 2650 cfin
Q(exh) 1 (Range) n{Average)
Capture Eff Raght 1270 cfin 95-123% 107 %
Capture Eff Left 1380 ¢fim 102 - 105 % 103 %
Both Combined 2650 ¢fm 97-114% 105 %
TABLE H. INDOOR TRIAL TWO
Qsra Qpeyy (Range) Qi (Average)
Exhaust Right Side I 03 Ipm 1260 - 1270 cfim 126G cfim
Exhaust Left Side 1 04 Ipm 1310 - 1380 cfin 1350 cfm
Both Combined 207 lpm 2570 - 2650 cfm 2610 cfin
Qexh) n(Range) n(Average)
Capture Eff’ Rught 1260 cfm 103 - 128 % 115 %
Capture Eff Left 1350 cfin 92-109 % 98 %
Both Combined 2610 cfm 98 -119% 107 %

Qutdoor Evaluations

The outdoor evaluation ccourred 1n an open parking arca  Two paver onéentations were

evaluated The wind was from the northwest at 8 mules per hour (mph) as reported at the local
arrpori  Wind gusts were esnmated between 5-15 mph The paver was onented with the front
ponting north for one tnal and pointing west for the other tnal




TABLE IT1. OUTDOOR TRIAL ONE: Paver Oriented North

Qrn Qs (Range) Quun (Average}
Exhaust Raght Side 1 07 Ipm 1360 - 1380 cfin 1370 ¢fm
Exhaust Left Side 1 07 Ipm 1490 - 1510 cfin 1500 cfin
Both Combmed 2 14 Ipm 2860 - 2890 cfim 2880 cfm

Qe 1 (Range) 1 (Average)
Capture Eff Right 1370 ¢fm 76-117 % 96 %
Capture Eff Left 1500 ¢fim 34-109% 64 Yo
Both Combined 2880 cfin 56-113% g1 %

TABLE IV. OUTDQOR TRIAL TWO: Paver Oriented West

Qcra Qpp (Range} Qe (A"erggﬂ
Exhaust Right Side 1 07 Ipm 1360 - 1380 cfm 1370 cfn
Exhaust Left Side 107 lpm 1470 - 1490 cfm 1480 cfm
Both Combimed 2 14 Ipm 2810 - 2870 cfm 2840 cfin
Qe 1 {Range) 1 (Average)
Capture Eff Raght 1370 cfin 29-96% 66 %
Caprure Eff Left 1480 cfin 52-135% 96 %
Both Combined 2840 cfm 40-115% 81 %

DATA ANALYSIS AND DISCUSSION

Test results from the Roadtec engineenng contrel evaloations confirm that a significant portion
of the ermssions released 1n the auger area can be effectively captured and removed from the

working area The hypothesis 15 that the control wall result 1n & reduction 1n worker exposure to
asphalt fume Indoor evaluations showed capture efficienctes near 100 percent , while outdoor
efficiencies reduced to near 80 percent

Achieving a high average capture efficiency 1s only part of the venttiation control design
approach Another consideration 1s the control’s abihity to maintain high capture efficiencies
without performance levels fluctuating over a wide range Each excursion mnto the poor capture
efficiency range represents an opportumty for contammant to escape into a worker’s breathing




zone Empirically, the performance can be evaluated by comparing the sampling data
coefficients of variation (CV)

_ Standard deviation
Meun

vV A 100

Controls with smaller CV's were less subject to outside interferences and maintamed morée
consistent capture efficiencies For exarple, the CV obtained dunng the inside evaluation was
less than 10 percent as compared to the CV's of 30 percent obtained outside The calculated
CV's for both exhaust flow rate and capture efficiency evaluations are shown m Append:x B

Sorne of the performance variation between trial rans may result from munor deviations of the
engine 1dle speed Operation of the hydraulic pump 1s affected by the paver 1dle speed and could
possibly affect the rotation speed of the hydraulic exhaust fans  Since a hydraulic pressure
regulator attempts to0 maintamn a near-constant flimd pressure, any resulting vanation m fan
performange is not expected to be substantial

The Roadter control design allowed each side of the paver to be evaluated independently
Dunng the outside evaluation, the side of the paver facing the wind had lower capture
efficiencies than the side of the paver that was down wimd 1t 15 hypothesized that the wind
carned part of the tracer gas from the upwind side of the auger to the downwind side where 1t
was partially captured In turn, part of the tracer gas release on the downwind side of the auger
was believed to be lost outside of the auger arca

CONCLUSIONS AND RECOMMENDATIONS

Based con the evaluation results, the evaluated Roadtec prototype engineering control has a
reasonable potential to sigmificantly reduce worker exposures during asphalt paving  The wind
speed, asphalt fume emission rate, work habits of indrviduals, and other factors will effect the
actual reductions 1 worker exposure General recormmendations for further improvements to the
Roadtec prototype design include

Enclosure

In general, the prototype control mantained good enclosure over the wadth of the auger Any
additional enclosure techmaques, especially above the ends of the auger and the screed extension
arcas, could greatly increase the vennlation control’s resistance to ¢ross draft disturbances
Additional enclosure matenals, as well as, the ¢urrent enclosure could be manufactured from
clear or perforated matenal, thus muurmzing any reduced visibihity mto the auger area



Hood Design

Each of the evaluated hoods (one per side} functions more like two hoods with a commen flange
as opposed to a single large hood This design will continue to work well as long as the
enclosure around the auger area remains intact or 1s increased as recommended above An
alternative design that evenly distnbutes exhaust awrflow across the full length of each hood
would 1mprove the vrnformuty of the exhaust flow and increase the protection across the full
length of the auger area  If the enclosure of the evaluated design 1s sufficiently compronmused,
each hood will remove emissions from pnimanly two positions corresponding to the two exhaust
duct entry points  An evenly distnbuted mntake can be achieved through the use of a slot hood or
sirmlar plenum-type exhaust hood configuration
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APPENDIX A

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

PHASE ONE (LABORATORY) EVALUATION PROTOCOL



PURPOSE To evaluate the efficiency of ventilation engin¢enng contrels used on nghway-
¢lass hot mix asphalt (HMA) pavers m an indoor stattonary énvironment

SCOPE OF USE Thus test procedure was developed to aid the HMA industry in the
development and evaluation of prototype ventilation engineering controls with an ultimate goal
of reducing worker exposures to asphalt fumes Thus test procedure 15 a first step m evaluating
the capture efficiency of paver ventilation systems and 1s conducted in a controlled envuronment
The test 1s not meant to simulate actual paving conditions  The data generated using this test
procedure have not been correlated to exposure reductions during actual paving aperations

For the laboratory evaluation, we will conduct a two-part expermment where the surrogate
"contaminant" 15 mjected 1nto 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 contammnant 1s sulfur hexafluonde, an men and relaavely safe (when properly
used) gas, commonly used in tracer gas stucies

SAFETY Inaddihon to following the safety procedures established by the host facility, the
following concerns should be addressed at each testing site

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

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

3 In higher concentrations, smoke generated from the smoke generators may act as an
ymitant  Darect inhalation of smoke from the smoke generators shouid be avoided

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

5 The Threshold Lirmt Value for sulfur hexafluonide 1s 1000 ppm  While the generated
concentrations will be below ths level, the concentration in the cylinder 15 near
100 percent  For this reason, the compressed cylinder will be mamtamed 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

Lahoratary Setup The following laboratory setup description 1s based ort our understanding of
the facilitics available at the asphalt paving manufactuning facilities participating in the study
The laboratory evaluation protocol may vary shghtly from location to location depending upon
the available facilities

Paver Position The paving tractor, with screed attached, will be parked undemeath an overhead
garage door such that both the tractor exhaust and the exhaust from the engineering controls exits
mto the ambient air  The garage door will be lowered to rest on top of the tractor and plastic or
an altemative bamer wiil be apphed around the penmester of the tractor to seal the remainder of
the garage door opening
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Laboratory Yentilation Exhanst For this evaiuation, smoke generated from Rosco Smoke
Generators (Rosco, Port Chester, NY) 15 released mto a perforated plenum and dispersed in a
quasi-umform distribution along the length of the eugers Due to interferences created by the
auger's gear box, this evaluation may require a separate smoke generator and distribution plenum
on each side of the auger region Releasing theatrical smoke as a surrogate contarmnant within
the auger region provides excelient qualitative information concermung the engineening control’s
performance  Areas of dumimshed control performance are easily determuned and minor
modifications can be incorporated mto the design prior to quantifymg the control performance
Addrtionally, the theatrical 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 outhined below

Position paving equipment within door opemng and lower overhead door
Seal the remamung door opeming around the tractor

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

Connect the smoke generator(s) to the distnbution tube(s)

Activate video camera, the engineenng controls and the smoke generator(s)
Inspect the separating barner for integnty failures and correct as required
Inspect the engineenng control and exhaust system for umntended leaks
De-activate the engineermng controls for companson purposes

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

End the smoke test evaluation

DM 00 w1 O B W R

Evaluatign Part B (Tracer Gas) The tracer gas test1s desipned to (1) calculate the total
exhaust flow rate of the paver ventilation control system, and (2} evaluate the effectivéness i
capturing and controlling a surrogate contaminani under a "controtled” indoor condrions Sk
wil] be used as the surrogate contanunant

Quantify Exhanst Volume: To deterrmine the total exhaust flow rate of the engineermg control,
& known quantity of sulfur hexafluende (SF,) 1s released directly into the engineering control’s
exhaust hood, thus creating a 100 percent capture conditien The SF, release 1s controlled by two
Tylan Mass Flow controllers (Tylan, Inc , San Diego, CA) Imbally, the test will be performed
using a single flow controller calibrated at 0 35 Ipm A hole dnlled mto the engineering control's
exhaust duct allows access for a multi-pomi monitoning wand inio the exhaust stream  The
monitoring wand 15 onented 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 Momtor {Califormia Analyhical Instruments, Inc , Orange, CA)
positioned on the exterior side of the overhead door The gas monitor analyzes the air sample
and records the concentration of SF, withun the exhaunst stream  The B&K 1302 will be
programmed to repeat this analysis approximately once every 30 seconds Momtonng will
continue unti] approximate steady-state conditions are achieved The mean concentration of SF,
measured 1n the exhaust stream will be used to calculate the total exhaust flow rate of the
engineenng contrel The equation for determiming the exhaust flow rate 15
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Qe . Equation 1

(SFp)

where Q. = flow rate of awr exhansted through the ventilaton system (Ipm or cfin)
Qisrs; = flow rate of SF, (Ipm or cfim) mtroduced mto the system
C* cr5y = concentration of SF; (parts per million) detected 1n exhaust

[To convert from liters per minute (Ipm) to cubic feet per mumite (cfm), divaide Ipm by 28 3 ]

In order to increase accuracy, the exhaust flow rate wall be calculated a second tme using two
mass flow controllers, each calibrated at approximately 0 35 ipm of SF, Sufficient ime will be
allowed between all test runs to allow area concentrations to decay below (0.1 ppm before stariing
subsequent test runs

Quantitative Capture Efficiency: The test procedure to determmune capture efficiency 1s shghtly
different than the exhaust volume procedure The mass flow controliers will each be calibrated
for a flow rate approximating 0 35 hters per minute (lpm) of 92 8 percent SF, The discharge
tubes from the mass flow controllers will each feed a separate distribution plenum, one per side,
within the paver's auger area The distnbution plenums are designed to distnbute the SF, 1n a
umiform pattern along the length of the auger area (See Figure 1 ) The B&K mulfi-gas momtor
angalyzes the air sample and records the concentration of SF, witlun the exhaust stream untl
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 fo
indicate the extent in which general area concentrations of nen-captured SF, contributed to the
concentration measured 10 the exhaust stream

Al




FIGURE 1

LEGEND

A=Trocer Gos Cylnder with reguloior

B—Tvlor Moss Flow Cortroilers etk Control Box
C—=FPTFL dEtrouton Tubss

D=Trocer Gos LEtrbution Plenups

A capture efficiency can be caleulated for the control usmg the following equation

Cesey * Craany

n=100 x 10% Equation 2A

Q(SF:,)

where 1 = capture efficrency
Cars = concentration of SF, (parts per mulhon) detected 1n exhaust
Q .y = flow rate of ar exhausted through the ventilation system (lpm or cfm)
Qsrs; = flow rate of SF (lpm or cfin) introduced mnto the system

[To convert from liters per minute (Ipm) to cubic feet per minute (cfm), divide Ipm by 28 3 |

NOTE When the flow rate of SF [Qgrs;] used to deterrnine the engineenng control’s capture
efficiency 1s the same as that used to guantify the exhaust flow rate, equation 2A may be

stmplhified to

C
i5F)
n = —— x 100 Equation 2B

Cesey
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where the defimtions for C* g, M, and C g, remain the same as mn equations 1 and 2A
The sequence from a typical test run 15 outhined below

1 Position paving equmpment and seal operungs as outlined above
Calibrate (outdoors) both mass flow meters at approxamately 0 35 Ipm of SF,
3 Dmnll an access hole in the engineenng control's exhanst duct on the outdoor side of the
overhead door and position the sampling wand into the hole
4  While mamtaumng 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
5 With the engineering controls activated, begin momtoring with the B&K 1302 to
determune background interference levels
6 Inihate flow of SF, through a single mass flow meter
7 Continue momtenng with the B&K for five munutes or unhl three repetitive readings
are recorded
8 Deactivate flow of the SF, and calculate exhaust flow rate using the calculation
identified above
9 Repeat steps #2 through #8 using both mass flow controllers
10 Allow engineening control exhaust system to continee runmng untl SF, has ceased
leaking fram the discharge hoses then remove the hoses from the hoods
11 End the exhaust flow rate test
12 Locate an SF, distnbution plenum on each side of the auger area and connect each
plenum 1o the discharge hose of a mass flow meter
13 Inunate B&K monitonng to establish background mterference levels untl levels reach
0 1 ppm or beiow
14 Imnate SF, flow through the mass flow meters and monitor with the B&K uanti!
approximate steady state conditrons appear
15 Once steady state 1s achieved, discontinue SF, flow and quickly remove the
distnbution plenums and discharge hoses from the auger area
16 Connnue momtoring with the B&K to determuine the general area concentration of SF,
which escaped auger area mto the laboratory area
17 Discontinue B&K momitoring when concentration decay 1s complete
18 Caiculate the capture efficiency
19 Repeat steps 11 - 18 as ime permits

AS




APPENDIX B

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

TRACER GAS EVALUATION RESULTS

B&K DATA FILES AND CALCULATION RESULTS




Bummary

Ris:ide #2 Venlfation fiow rate Caplure efficiency 1

.Summary Calculations From Data Sheets i
~'Roadtec, June 1985 ] :
i i i
{inside garage "no wind”, nun 1 of 2 i nsi arage “no "
Rt side. #2 Venldation flow rate (Capture eff (Rt side, #2 |Ventiiation flow rate |Capture eff
Mean i270cim_ 1 107 % | _ Mean 1260{cim 115(%
Man 1250 ¢fm H B5'% Min 1260 |cfm 103 1%
Max 12801cfm 123'% ! Max! 1270 cfm 128%
. CcV BE % | cVv 847%
Lefi side #3 i H Left side #3
Mean! 1380 cfm i 103 % Mean 1350 ctm Q8%
Min 1370 ofm 1020% Min; __ 1310/cim 92[%
Max 1400 ofm 1051% « Max 1380 cfin 109:%
- cV, 120% " &Y B7|%
Overall, both sides ' I QOverall, both sides
Mean 2650 ofm N 105 % Mean 2610|¢fm 107 1%
_Min 2630 cfm 87!% Mini_ 2570;cfm 98:%
B Max 2680 ¢fm 114 % Max! 2650 ¢fm ! 119%
' : 1 ‘ ¢
aver outsige facing North, wind 5-10 mph fro i ; !
Ri side, #2 Ventlation flow rate Capiure efficienty ' i ]
Mean 1370 cfm BE % ' ' :
Min 1360 ¢fm 75 % ' . i :
Max 1380 cfm 117 % t ! ! I
1 CV 125 % t | L i
'[Cett side #3 I ' - i ] ' I
Mean 1500 cfm ' 64 % ' i '
Min 1490 ¢fm f 34 % | : H
|- Max 1510 ofm 109 % ; | :
] cv 71'%
Dverail bolh sides i
Mean 2880 cfm B1 % X ! '
Min 2860 cfm 56 %
Max 2880'cim M3% ! )
i [ ' ' i
Paver putside facing West, wind 5-18 mph from : E !

—

Mean 1370:cfm ! &5,5% §
Min 1360 ¢fm - 0%
Max 1380 ¢fm g% . Y
: CV B35% ' I
Left side #3 ; . ; i
Mean 1470icfm P56 % i ' i
Min 1470 ofm 52 % - I
Max 1490 ¢fm L 135 % : i |
. I CV__ b % H ! . |
Dverall both sides N . 1
Mean 2830.,cim 8% 1 .
MR 2810 cfm ' 40 % I : ]
Max 2870 ¢im T 115 % ! ' ’ |

Pape §




inside

'Inside Garage Measurements

1302 Measurem Roadleg

1302 Settings

" Compensste for Water vap Inierference

NO
Compensate for Cross Interference NO
Semple Contmuously YES |
Pre-sel Monitonng Penod NO *
i I 3 ‘
Measure ; 1 ) ‘
Gas A Sulfur hexafluonda YES .
| _Water Vapour ND .
[] I : T
Sampimg Tube Lenpth 150 fi 1
Air Pressure 756 0 mmHg ]
Normalization Temperalure - 760 F l
] i ]
General Information i o ]
A i
Stant Time 1995-06-06 10 05 | i !
Stop Time L 1995-06-05 41 40 . 1
Results Not JAveraged ; ‘
Number of Event  -Marks 18, !
S : 1
[ ; E ) B__Fi‘ Flow [
Inside garage measurements Data from | 1.03;
' I icalipration | ; Ipm
; ‘kine . '
I ! Ventilation
Samp __ Time Gas Comeciad * Fiow I
No ~_hhmmss ppm Ppm cfm '
I ]
| "1 100528 §&62E-02 Outside on tractord D 068837, : and
_._2 100612 &25E-D2 0 082813’ i I !
3 1006547 &6&5E-D2 : D 0506838, % Capture
4 100723 € 22E-02 0 052711
5 100758 6 04E-02 I D Oe0TES
€ 100833 €.23E-02 ' . 0062711
7, 100800 £48E-02 Ave 6 20E-02, D DE50268 Ave | & 33E-02
g 100844 B25E-02 S1d Dev; 0002521, O 062613(Std Dev. O 002538
¢ 1013019 5 B88E-02 0 0591B8[CV 4 01%
1011 06 User |Event
10 10 1108 5 8EE-D2]inside by screed 0 058987
17101141 6 2¢E-02 ' | D 053315 1
12 101216 € €1E-D2 . D 0656536
13 101252 &DME-D2 ] | D O6E556 y .
14 101327 G60E-02 Ave 6 6DE-0Z 0 DE6438 Ave ; 6 64E-02
15 10 14 02 © 5BE-D2 Sid Dev_ 0 002185 0 066234 'Sid Dev | 0002208
16 1014 38 8 83E-O2 + 0 DAERED CV 3 33%:
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inside

10 15 13 User {Event ] 2 N ] H i
17 101513 & B4E-02 in duct #2, no 516 D DEGS3B]
18 1015 48 & 46E.-02 | 0 085026 ]
10 101624 F.20E-02 | D 072475] ;
20 10 16.50 7.13E-02 L ; DOTITT )
21 104735 BALE-D2Ave | © 75E-DZ. D 0G4825[Ave 6.8CE-D2’
22 1038 10 € $0E-D2 Sid Dev: 0003212 D 0GB455|5id Devi D.003234,
T 23 101846 £ S1E-02 l « 0 D6553iCV & T6%.
1019 21 Liser [Evem T L)
101921 4 58E-D1:In duct #3,no SF6 | O 160040
25 1018 57, 7 ABE-D1. 0.722738
26 102032, 7.35E-01; 0 736851
27. 102139 7.25E.02 0072078
28 102214 B72E.02 Ave_ € B3E-0Z, 00657644(Ave | 6 BEE-DZ]
20 102249 € S2E-02 8id Dev i Q00308 006563[SidDev, 000311
N 30 102325 £ B3E.02 "DOEETSIICY . 4 51%)
10 24 00 User iEvent | 4 { —] ! i
31 102400 7.27E-D2 in duct #3, 100% SF,_ 0 07318, T i
32 102436 244E+D4 28 944741 1 B
33 1D 25 16 2 48E+D1 1 26 28318 I
384 102551 Z2456+0% . 26 Db435, i
35 1026 27 2 4BE+D1 X 26 38218 ]
36 1027 02 2 48E+D Ave 2 47E+D1 26 3H318|Ave 2 BIE+DT 1383 862 (Mean
37 1027 37 24%E+D1 Std Dev. (182574 26 4R276[51d Dev! 0200127 1372 411{Min
38 102813 Z24A7E+M 26 27357|CV | 076% 1401 402[Max
10 28 48 User IEvent v 5 : ___ ; '
39 102848 2 16E+D1 In duci #2, 100% SF 22 B7566; R
40 102026 2 64E+D1 28 136594 '
41 103004 266E+01 28 35616 ! '
42 103040 269E+D7 __ P 28 68493, A 1
43 1031 34 2 72401 Ave 265E+01 2001382 Ave |2 BGE+DY 1271 576'Mean
44 102210 2 60E+01 SidDey D 278687 25 68458/Std Dev, D I0D5460 1253 161'Min
45 103245 268E+D1 , 28 684B3'CY I 107% 1292 2161Max
10 23 21 User ‘Event 3 : T [ o |
46 1033 21, 2 3pE-01!Inside by Screed 0 240577 1 [Overall |
47 103401 B T75E-02 G161 off 1 0088144, b | 2558 43B!Mean
48 10 34 37 B 4DE-02 L - {0 DB4554 i 2625 675 [Min
49 1035192 789E-02 D O78421; 1 2592 §17(Max
50 403547 7.90E-02 0078521 1
§1 103622 B DSE-O2 0 0BRSS
§2 103655 704E-02 - < 0 070563 ‘_
£3 1037 34 & PBE-02 Ave 7 81E-02 0 070261 .Ave 7 B8E-D2,
54 J03B00 6493E.02°5idDev, 0011088 0 081705 Std Dev] 0 011181,
55 103844 7V.2BE-02 i , 0 D?sza'cv 14.20%
10 30 20:User IEvent i 7.
€6 103020 7.55E-02 Tnduci¥#3,no6FE ' D u?seaa
57 1D 3055 6 B2E-02 g * D DGBIET T
58 104031 #£.B5E.02 - . 0068852 1 {
£§5 104117 & BAaE.02 / n OBB751 T
80 104152 7.58E.02 . DD763 )
81 104228 7E-02 0 0735872 !
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Inside

62 104303 & BBE-D2 1 [ 069053, = !
63 104338 7O3E-02 1 10070764 i
64 1044 14 & 7BE-D2 1 0 058046 |
65 1044 50 & 64E-02 I 0.066838 {
66 104525 6 B4E-D2 j 0.066838
67 104600 & T2E-02 Ave 6 §1E-02} 0.067644 Ave 8 B6E-02
€8 104635 @ 58E-D2 Sid Dev ! 0.003375 0 066335/Std Dev| 0 002352
69 1047 11 € S5E-02 0.086033[CV £.B5%
1047 4? User {Event | B, i
70 1047 47 &45E-02 Insiie by screed | 0 085026 _
71, i04B22 SA1E.D2 Ave & 31E-02 D 064523 |Ave € 36E-02,
72 104858 &O07E-02 Std Dev: D DD2122 0 061101 ,5id Dev, 0 002136,
1049 33 'User |Event j @' ] cV 3 35%!
73 1048 33 6 B4E-02 In duct #3, 5F6 disir, u 066838
74 105008 7 DBE-02 i b 0071267
75 1D 5115 2 32E+D1, | 24 82842 i
76 105153 2.81E+01 . 28 71201 |
77 1052 2B 2 S7E+01 27 38867, 1
78 105306 2S53E+D1 Ave 2 55E+01. 26 93123 Ave 2 T1E+01, 103 25%(Mean
78 105341 255E+D1 Std Dev - D.2BE3EG 27 15045:81d Devi 0 313875° 101 &7% IMin
80 105417 2 5BE+M i | 27 47828 CV 116% 104 50% Max
10 54 52 User Evet 10 | t
81 1054 52 6 B4E+00 In duct #2, SF6 l:l:str 6 BB5144, ,
82 105530 292E+01 ! 1 31.20602 : fOverall
83 105608 2 54E+01 P 27 04084, j i 105 D5% {Mean
__ 24 1D5643 286E+01 i 31 54446 . ' B7.87% Min
85 105718 3 Q1E+D1 1 32 18281, i 114 15% IMax
86 1057 54 2 B4E+0D1 ' A0 32814, I ?
87, 1058 28 2 63E+Dt + 2B 02733 4
BE: D59 D05 2E7E+D1 Ave 2 BEE+01 28 45577 1Ave '3 O5E+G1 108 69% Mean
BS 105540 3 28E+D1 Std Dev 2402037 13515108 Sid Dev 2 633656 @4 §7%Min
90 110016 3 OSE-DY 0 311038:CV POAE3% 122 94% Max
51 0115 User [Ewvent 11
g1 110115 1.21E-01 Inside by screed are O 121799 ]
€2 110151 4106E-D1 SF6 sulion 0 1067 . \
g3 110226 & 71E-L2 D DaYT41 _ .
94110302 914E-D2 Ave B BAE-02 0052003 Ave 1| 8 B1E-0Z.
€5 110337 8 56E-02 SidDev' 0013148 D D26155,51d Dev: 0013232,
95 110432 894E-D2 . oogepslCv 13 36%,
110448 User  IEvent 1 12 1 | i
B7 110448 B O7VE-D2 Insige by screed | 0 081233! N
B8 110523 842E.02 AFS is off 1 ODBATSE '
$8 110558 WBESE.-D2 { 0 0E7474 ! !
100 310634 £.80E-02 | | D 08858 3 i
101 1107:080 & 8SE-02 Ave 8 57E-02 Q0880B4Ave | BEB2E-D2
102 110745 B 57E-02 Std Dev| 0002882 0 GB6256,Std Dev’ 0002931
103 130820 &0EE-O02 ! 0081 |CV 1 3 3B%, i
11 0856 User 'Event 13 : 1 i -t
104 110856 & 34E-D2 Background on pav @ 0 083818, ' i
105 1109 31 6 56E-02 Ouiside on paver de 0 D6B033; | [
106 113007 & DBE-02 " t 051201, . \ L
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nside

107 111053 5 BZE-07 Ave 6356-02 CD58591Ave  : 6.39E.02,
108111125 7 09E-02 51d Dev 6004255 D 071368 St Dev' 0 004333"
109 111204 © DBE-02 i * D 0E1201ICV ! 6.77%
11 12 40 User iEven| 14 i
110 111240 2 20E+01 In duci #2, SF6 distr 23 3141
111 11 1318 3 ¢4E+Dy f . 36 90574
112 11 132 56 3.24E+M1 T 34.71354
113 11 14 37 3 32E+01 H 35 50042
11411 1507 303E+D1 ! a2 41173
115 11 1542 2 B4E+D1 N a0,32014
116 1118 17 2.97E+D1 31 75407
117 1116 53 277E+D1 Ave 3 DBE+01( 20 56187 |Ave 3 3DE+01, 114 74%[Mean
118 111728 243E+D1:Std Dev! 251907 25 8351351 Dev’ 2 761953, 102 66% |Min
116 111806 2 33E-D1° - ‘ o.zaasaa;cv ,  B36% 128 17%{Max
11 18 44 User ‘Event 15 1
120 111844 2 35E+01 In duct #3, 6F6 disir 24 95835, Overall
T 421 711922 2 62E+01 ; 1 27 61772 106 62% IMean
122 1118 57 2 77E+D1 . 29 56187 87 67% Min
123 112035 2 TME+D1 28 0421 110 D8% [Max
124 112142 2 1E+D ! 23 423711 :
125 112218 237E+D1 Ave ' 24BE+D1 2517747 Ave 2 65E+01, D7 57% Mean
126 112255 239E+p1 Std Dev 2 105887 25 39669 S1d Dev, 2 308263 B2 35% Min
__ .27 112330 4 05E+00 4 078730V i @72% 109 39% Max
11 24 O User Event 16 : ! H
128 1124 06 8 B1E+01 In duct #3_ 10D% SF 106 7273 ' !
120 11 24 44 2 80E+D4 27 6985 :
130 112519 2 58E+D1 27 41828° .
131 112554 2 S1E+D1 26 71201 ' I
132 112630 24BE+01 _ | 28 38318, ' u i
[ 133 112705 253E+D1 Ave Z54E+D1 2593123 Ave 2 TOE+D1 1345 375'Mean
134_ 1127 42 2 53E+D1 Std Dev_ 0 405808, 26 93123'5td Dev' 0444017 131267 Min
135 1128 15 2 S4E+01 ) {27 D40B4'CV 1 185% 1378 113 Max
11 2854 LUrer |Event 17 I : =
136 1128 54 2 T1E+D1 In duct ¥2, 100% SF 28 90421,
137 112028 2 T1E+DY . 28 90421
138 112005 2 TOE+01 , 2B 7946 '
138 11 30 40 2 EPE+01 . 28 68409 ; |
140 113135 2 7DE+D1 Ave 2 70E+01 28 7046 Ave | 2 BBE+D1: 1262 702'Mean
141 113290 269E+01 Std Dev. DDBR44Y. 2868405 5id Devy O DOBD381 1257 014 Mm
142, 113246 1 95E.01, . - 0186267 1CV 1 0 34%' 1267.527 Max
1133 23 User Event 18 _ | N i
$43. 11.33 23'_8 11E-0zZ Inside by screed 0 081701, Overaht
144 11 335D B 42E-02/5F6 off 0 DB4TEE 2808 077[Mean
145 113434 9232E-02, + 0 DU3B15! 2570 584 [Man
146 193508 & 14E-0Z, = LR 2645 64 IMax
t47° 113545 Z77E02 . "D 078213, '
148 113620 7 BEE.D2 0078119 S T i
145 113658 7.35E.02 0073825 :
150 113731 818E.02 D DB2441
151 113807 775E-02 0078012 - '
152 113842 767E-D2 0 077206 !
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inside

153 193917 762E-D2 Ave 7 72E-02 0075703 Ave | 7 T7E-02"
154 113033 T66E-02StdDev 000225 D077106,5tc Dev D DD2265,
155 114028 7 63E-D2 : | 0076804'CV 291%|

Fage &




COurtside North

Paver outside facing North, wand 5-10 mph from NW |
T

1302 Measure Data !Rosadiec !
| 1302 Setlings |
Compensate for Watel Vap inlerferente - NO
Compensale for Cross Interrenence NG
Sample Continuously YES' 1
Pre-sel Monitonng Penod NO, {
i I -
Measure i .
Gas A Sulfur he:aﬂuonde YES
WWaler Vapour NOD .
‘ ] | i .
Sampling Tube Lengih 1508 ) ' 1
Air Prassure 7560 mmljg__ 1 i
Normalizghion Temperalure 830 F i , '
' : ' : i ! ! :
Geners! 'Information : . . : 1 |
: i i
Stat Time B/8/85 1344 , o H
Sicp  Tume 6/6/85 1438 i T
Resuls ‘Noi iAveraged ' ’
Mumber of JEvem Marks B ,
— T 1 18F6 flow
_ . 1.07)
! i ! ; ilpm
Paver outside facing North, wind 5-10 mph from NW : |
! . i Ventilation
! [flow rates.
ICoirected ] i {
Samp  Time 'Gas iconcentration ) and .
No hh mm Ss_ppm ‘ ippm ’ i 1
. % Capture
[1X 13 45 09 € 21E-D2 Background, top of p_0 06251 ' ! I
F3 134552 Q47E-02 0 0BS33 |
ax 13 45 27 S EBE-02 . ¢ 00T,
4X 13 47 03 1 44E-01 1 i muas
5X L 134738 1EBE-M1 \ 617012,
BX 1 134814 4 S1E-04 ’ 1 000045
X L 434849 561E-D2 2 005647, !
BX | 134924 ¥ 20E-01 ] 12885 I
[ " 1350 00 2 BOE-M 0.261'@:_ '
10X | 935035 S08E-02 4 ' DO5124; i
11X + 13 5% 11 4 30E-D2 Ave D OSE-02. 0 04228iAve # 11E-02'
12%__ | 135146 1.27E-02 SfdDev 0070862; D01278:51dDev | 007143
13X - §3 8221 QB3E-02 "0 09885 CV TE AT
13 51 28 User |[Event  INumber 1 . K =
14X ;135228 € 45E 02 Induct®#3, no 5F6 © DDG4ABI : i
15X 75 84 04 7 23E-02 However, SFEwast_ 007278 . ]
16X 13 54 39 6 20E+01 at start of this event 88 1446 ] ' ‘
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Outside hNorth

138510 1

17X 16E+01 | 4118147 I F |
18X 135557 1 BAE-01: | L 0 19427 | H
19X 1355 35 B.72E-02 i 0 08784 i !
20% 138710 7.24E-D2 ! 0 072EB! i
21X 1357 48 7.53E-02 i 0 0758, i
22X 13 58 21 7.88E-02 } 0 078421 k
23X 13 5B 56 Z.28E-D1 1 0.2355" {
24X 135032 B3BE-D2 . L 006422 !
25X 1 1400 07 B.26E-D2 1 "0 08315 |
26X 1 14 0D 43 S 4BE-D2 "0 D5516! i
27X : 140118 2.Y9E-D2 | < 0 OTBEY: i
28X TL 54 € TOE-02 1 D 06744, )
20X i 14 02 29 7.67E-02 " 0,07729,
30 14 03 24 6 79E-D2 " 0.06835 .
~ 31. 14 03 59 7.82E-02 : " 007872, :
32 14 04 3¢ £ BYE-D2 Ave . B 26E-02 006835 'Ave 8 32E-02,
33 140510 591E-02 Sid Dev | 0 040013, 0 05848 5id Dev | 0,040277,
34 14 0545 7 32E-D2 " OD735B CV 48 43%
14 D6 20 User IEvent  iNumber 3 ! ! :
35 1406 20 2 T1E+D1 Induci #3_100% SF_ 28 8042, . .
356 14 DB 58 2 37E+01 257978, .
_7_37_1407 34 2 35E+D1 | 24 9583 ' i
38 14 08 09 2 36E+O1 . 256678 i )
30 14 DB 44 2 3BE+01 Ave 12 ATE+Q1 25 0678 iAve 12 §1E+01' 1503 483 'Mean

40 540820 2 A7E+01 StaDev ' D 104881, 251775 81d Dev ., D 11486 1483 688IMin
| 41 440955 2 38E+D1 ! 1 25.2871iCV i 045% 1513 367 Max
14 10 31 User ‘Event  Number 3 ! \ 1
42 14 10 31 2 36E+D1 Inducl #2, 100% SF 25 D679 ‘ i |
43 141106 2 57E+01 . 27 3667 1 | |
44 141141 2 58E+D1 27 4793 ; 'Overall |
| 45 141217 257E+01 27 3697 i 2876 772 Mean
T 4B 141303 2 59E+01 27 5888 ! 2857 336 Min
T A7 1413 3D 2 SBE+DY 27 4793 ) 2893 389 Max
|~ &8 1414 14 2 SDE+DY 27.58B3 :
T T 49 1474 48 2 57E+D __gg.asa?, N
S0 14 1525 2 6DE+D1 - 27,8985, !
51 141600 2 53E+D1 Ave 2 56E+01 27.5880 Ave 12 75E+D1 1373 308 |Mean
52 14 16 36:1 D2E+DO'SId Dev 0710243 102674510 Dev | D 199793, 1363 648 Min
. §3 1417 13;1 55E+01! - 18 1895'CV € 44% 1280 031 /Max
14 17.51 User IEvenl INumber 4 t :
54 1417 51,3 10E+01 In duct #2, EF6 distin__ 33 178, {
55 14 18 28 2 B1E+D1 : 1 30 0003
56 1419 05 2 28E+Di ) ; 23 9718, :
57 141843 2 33E+D1 : 24 739 i
58 142018 2 ADE+01 ' 2% 5063, ]
55 14 20 54 2 36E+01 i 25 0679 . .
€D 14 2128 1BBE+01 t 209027 [ 1
61 1422 05 239E+D1 K | 25 3867, : . i
62 14 22 40 3 DDE+DY 32 DE2D ' : i
63 1423 49 2 64E+01 Ave 2 4DE+01_ 28 1350 Ave 2656401 66 43% Mean
64 142427 287E+01 SidDev 3024927 _ 30 658 Sid Dev ' 3315622 76 00% M

Fage 8




Outslde Norlh

65 142502 2 ALE+0%

14 25 38 User

1Event

66 14 25 38 1.13E+01 In duci #3, 556 gisin_ 11,5655

7 14 26 13 1.84E+D1

68 14 26 48 2 2BE+D1

B9, 14 27 24 1.23E+D1

70 14 27 50 1.53E+01

71, 14 28 35 1.089E+D1
7214 2910 8 SEA00

73 14 2046 2 STE+D1

74 4 30 21 105E+D1

T5 14 30 56 1.87E+MH

76, 14 31 32 1.97E+D1
7714 3207 9.63E+Q0

25 2B7T1,CV [ 92 50%, 116 B5% Max
jNumber 5 1
T 19 3681
24 161! Overall Caplure
12 6818 $1.02%Mean
15 8702 56 13% [Min
11 1474 112.87% {Max
B 63663
[ 27,3697
l 1 o708 1
' | 20 7031 !
Ave  1154E+01 @0 7031(Ave 1 1.61E+D1! _64.15% :Mesn

SidDev | 5457063 © 75534 B1d Dev ' $570112; 34 38%{Min
76 14 3302 1.58E+M i 16 5163°CV 37 10% 108 84% |Max
14 33 37 User ‘Event  'Wumber 6 1 :
78 14 3337, 1 31E-D1[Background, top of p 0 13185] K
BO 14 34 15 7 80E-D2 | 00765 i
B1. 1434 51 &78E-02 l 1 0 08825, 1 ]
B2 143526 741E-D2 0 07458 : 1
B3 143602 667E-02 006714 | 1
B4 14 3637 6DSE-DZ Ave € 62E-02 0 0608.Ave | € 67E-02, i
85 1437 12 655E.02 StdDev 0 DD7809 0 08583 StdDev | 0 00786
B5 1437 48 531E-02 0 05345 CV 1Y T8%
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Oulside West

Paver outside, Facing West Wind 5-10 from NW
1302 Measure iRopdies l—r
1302 Settings : i :
| _Compensate for Waier Vap_Interierence NO ! |
Compenssie fof Cross interference  : NO
Eample Contunuously : YES .
Pre-s&1 Monitonng Penad . NO
] ! ! i i i
Measure ' ' \ ., ;
Gas A Sulfur hexaﬂuoride . YES
Waler Vapour : ND 5
| 1 ] -
Sampling Tube Lengih YRR i I
Air Pressure 756 0 mmHy '
Normalization Temperature BEO F
] ! | i
Geaneral _nformation | .
[ :
Start ‘Time &/8/B5 14 48 : ; {
Stop 1 Tine ' . 6/68/95 1524 o |
{Resuls  "Naot Averaged f : -
[Number of Everl Marks ! T i
[Number _ of Recorded ,Samples 52 ) '
s | i i
I EF6 1 !
L : [ 3 Oow ;
Paver outside, Facing Wast, Wind 5-10 from NW__- i ' : 1.07
. ! » :lpm !
I ' 1
Correded i WVentilation
Samp Time  |Gsas . “iconcentration : flow rates:
No hh mm 58 ppm I ppm : : !
- iand
1 144900 717E-02 Backgroundontop ' 0072173 L I
2 144D 4% 7 3I2E-02 of paver 0 073683 ' % Capture
3 145028 6 84E-02 N 1 D 0S8785,
4 145105 5 MED2 Ave 6 DAE-02 O DSBTRS:Ave & DBE-D2
5 14 51 4D & O5E-D2 Bid Dev 0 D131BE 0 040757|5td Dev DE13274,
14 52 18:User |Event iNumber . = 21 82%
€' 14 52 18, € 66E-02 In duct #3, 100% captT DDBETO4! i
7 14 5256 2 IBE+DM 23 20708. ]
& 145334 244E+D1 25 B“_Il H
P 14 54 09 2 44E+01 25 94474 B
10 V4 54 4d 2 43E+DY 25 | 2583513 -
11 14 5520 242E+01 Ave "2 A2E+D1, 25 72552 Ave ' 2 SBE+DY| 1466 148 [Mean
12 145555 243E+D1 Std Dey « D 225003 25 33513'Std Dev 0 246724 1455 B25IMm
13 145630 17 B5E-M i 0 186221 ICV D 6% 1403 688 Max
14 57 0BiUser _ iEvent  [WNumber 2, , '
14 14 57 08 2 SBE+«01 In guct #2, 100% capl 27 47923 ; ) ]
15" 14 57 46 2 58E+D1 £7 SERBO ’ ; :
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Cutside West

16_14 58 22 2 BOE+D1 — 27 6065, ! |

17 14 58 57 2 BOE+D{ Ave 260E+DY 27,6085 |Ave 1 2 TIE+01] 1365 448 [Mean

18 145932 280E+01 51dDev 010328, 27 6955(Ssd Dev_, 0313205 1358 273|Min

18 350038 2 61E+M 1 127 80811ICV 1 041%, 1374 527(Max
150114 User  |Event  [Number 3 !

20 1501 14, 2 60E+D1!In duc{ #2. SFE distnb’ 27 6955 IQverall

2% 150150 2 42€-01 i 0 243587 2831 587 [Mean

22 150278 8E€6E-DZ ' D DE7474 ] 2814 088 [Min

23 150303 145E+D] i 15 D335, | 2868.214 Max

24 150347 1BOE+D 18 91618, I

25 1504 16 8 10E«00 B 07831,

26 1504 52 1.70E+D1 18 82000

27 350527 $47E+0 15 31257] I

28 1506 03 2 49E+D1 ) 26 4D279, [

29 1506 38 2 14E+D1 ; | 22 65644

30 150713 107E+01 Ave ' 1 73E+01, 10 92837 Ave | 1.82E+D1 €5 82% [Mean

31, 150749 Y 74E+D7 Std Dev 5558217 1B 27204{SwdDev : 6002362 29 20%IMin

32 1508 24 2 4DE+01 25 45278'CV " 3346%  B5 77% MbX
15 OB 59 User {Event  {Number 4 ' I {

33 150855 595E-01 In ouci #3, SF6 oisind D 518365 ) I

34 1500 37 1 10E+D1 11 257, ! ’ |

35 1510 34 142E+01 14 76452 ) 1Overall Caplure

38 151110 1 20E+01 13 33958’ ' B0 52%|Mean

37 157145 233E+01 » 24 13803 : 40 08% [Min

38 151220 1B7E«Di T 1080887 i "4 57% Max

39 151256 273E+01 28 12343 | !

4D 151331 1 77E+01 18 80087 } ]

41 1514 07 2 18E+D1 Ave 2 34E+01° 34 16545 Ave Z 4BE+01 BB 31% Mean

42 151444 3.24E+01 StdDev 7 B27675 3471354 StdDev ; 8579915. &1 76% Min

43 151520 3 48E+M ___3418545.CV 34'58% 134 75% Max
15 15 85 User Event Nomber - 5 J H

44 151555 2 SBE+D1 Induci#3, SF6 off 27 47928

45 1516 33 4 3A7E+Q0 SFE bleeding cut of 5 4 30BEAZ

46 1514709 1 BBE-O1 - D 1852414

47 151747 1 41E-01 D 141921

48 151822 1 44E-M 0 14485 )

49 151E £7 7 88E.02 00763, '

50 151933 7 4DE-02 - ' Q74488' '

51’ 1520 18 4 72E+00 ) { 4 751152 [

£2 152057 3.72E+00 « 3 744552

£3 152133 2 T4E+00 2 758084

54 152210 2 28E+D0 - 2 265048

§L 152246 1.38E+D0 1.380108 J

56 152321 1.57E+D0 Ave 2 TIE+DD, 1 580362 Ave 2 T6E+D0;

7 152357 106E+01 StdDev  3.762530 1D BI85E!SWdDev | 1774172

S& 1524 35 1,31E.0% ! "D 131365'CV C B4 24%
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Callbration

‘Calibration data.

-

-—

- , 130z MeasuremDala | S—

[: 1302 Sellings S i y

b -

Compenlsate for Water Vap lniarferen::e : NO

Compensate for Cross interference : ND

Bampie Continuausly : YES

| Pre-sal Moniloring P&nod : ND
: T

™ Measure '

Gas A Sulfur hexalluonde YES

Water Vapour : ND !

. ; i
| Sampling Tube Length . 150

Alr Pressure 760 O mmHg

] e G

—

| Normalzalon Temperature - 730 F

! !

General 'information_ . '

L3

Stan Time £/30/85 1412

Slap  Time « §ad/ms 15 48

I N U O N

Results  Nof Averages

[Number ~af Event  'Marks .

' '
o e —— = — -

e —— - - —

e I A

a — —— A E— S —

]

Calibration data

|Data for chart

B&K Resp PPM In bag

, 4 01E-D2 0
Samp Time IGas A iGas | 1.35E+00 135
No ihth mm 58 ppm ppm {PpPm T'B.02E+00 &1,

213E+D1! Fr ]

1 144289 ED1E-02 Aiminiab 4.55E+01, 517,
2 141342 S02E-D2 | 7.45E+1 788"
3 141417 4 73E-02 ; B8 4BE+01, 101 8,
4 14 14 53 4 BOE-D2 \ :
§ 141528 4 42E-02 ! !
& 141604 4.70E-02 : !
7, 141710 4.28E-02 : i i
B 1417 46 437E-D2 R
g 14 16.21 & ME02 E

10 14 1856 & 14E-02Z Ave 4 DAE.D2,

11, 141832 o« $2E-02 Bid Dev 001476

12 142007 1 33E.02 H

142043 User___ 'Event  [Number 1; 7

43 142043 5 &7E-03 Nrirogen i bap

14 142112 & DOE-DS 0 '

15 142153 2 4BE-03

16 142229 .3 42E-04

17 142304 3 12E-03
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Calibration

18

14 23 40 7 SBE-03

18

1424 15 4. 88E.02

20

14 24 51 -1 SDE-03

21

142526 1.70E-03

22

1426 01 5 82E-02

23

14 26 56 6 69E.02

24

14 27.32 1.34E-04

25

14 28 07 & 82E-03

26

14 20 42 ~1.30E-04

27

142918 ST75E-03

28

14.26 53 & O4E-D3

28

14 30 29 3 BEE.03

[ 14 3104 ' User

[Event

| -i-4-4 -

Ave

" 4 C1E-D3

Sid Dey

D 003128,

|Number

_i':

20 442104 5 1BE-D3 Airinlab

21

14 31 40 3 B2E.02°

2

14 3215 4 04E-02:

33

14 32 51

4 S0E-02°

34

14 31 26, 4 20E-02

I

14 34 D1 4 S4E.D2

36

14 34 37 4 DEE-D2

ot —f e e L— [ "

37

1435812 3 BIE-D2

e

14 35 48 4 82E-02

14 36 34 4 DAE-D2

14 37 09 4 27E.02

14 37 45 4 26E-02

14 38 20 3 B5E-O2

14 38 531 4 40E-02

14 39 31 A 45E-02

14 40 06' 3 67E-02

14 4042 & 26E-02

14 4117 3 97E-02

14 41 53 3 57E-02

144228 4 16E-02

14 43 03 4 3BE-02

14 4338 3 83E-02

RS

£§2 144414

4.16E-02

53 1444 50

4 43E-02

54 144525

3 B5E-02

£5 144800

3 5BE-02

56 14 47 07

3 86E-02 Ave

57 14 47 42

i
4 ODE-02

4 22E-02 511 Dav

D 002014

58 14 4818

. 1 35E+00:

£

-

14 45 53 User

[Event INumbes

3

-.....L..I,....L...1......--

§9

14 48 53 1.36E+00

1 35 in bag

&0

14 458 20 1 35E+D0

-

61

14 5C 04 1. 35E+00

€2

14 50 39 4.35E+00

€3

14 51 15 125E+00

84

14 £1 50 1 36E+00

€5

14 52 26 1.ME+DD

B6

14 53 01 1 J3IE+DO

-l
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Calibration

67 14 5336 135E+00

.

€8 1435412 4 B83E-02

!
I
!
L

B8 14 54 47 3 TTE.02 Ave 1 AEE+00 .
70 145523 3 BOE-02 Std Dev 0 00B28' i
71 14 5558 3 82E-02 i '
14 56 53 User JEveri  INumber | 4
72 14 56 53 B 17E+DD &1inbag |
13

1

73 1457 30 7.93E+D0 1

74 14 SR 06 B 0E+DD ! '

75 14 58 41 T.97E+00

76 14 59 17 B OME+DD

77 14 5652 8 04E+DD i v

78 150027 BO4E+DD !

-]
78 1507 03 7.80E+00 Ave B OZE+OD

B0 1507 30 7.0BE+00 SidDev 0 OG7@05

81 150293 116E-01,

15 02 51 User IEvent {Number 5,

R W g

B2 1502 51] 1485+01; 225 nbag |

B3 150325 2 13E+01 !

—~t— -1 -1

B4 150405 2 12E+M

85 1504 40 2 13E+D !

4 1.1

- o —

B6 150516 2 12E+D1 '

B7 150551 2 13E+D1

B U U R

88 150637 213E+M .

B9 1507 13 2 14E<01 '

- -

BC 1507 48 2 14E+D} '

|-

T 81 150823 11BE-D1Ave T Z13E+01

B2 150907 4 55E+01.51d Dev 0075503
63 150042 4 S6E+01 . ”

151017 User Event {Number &

94 151017 4 S54E+M 517 in bag

85 151083 4 56E+01

26 151128 4 B4E+M

B7 151204 4 50E+D1 Ave 4 55E+01

88 151239 455E+D1 Sld Dev D 0B3IESE

B9 151314 2 3B6E-D%

15 13 55 User |Event INumber 7 N
100 15 1355 7.43E+D1 78 8 in bap N i
101 1514 35 7.51E+01 i !
102 1515 10 7.43E+0 . ] —

103' 151546 7 43E+01

104 1516 52 7 44E+D

105 15 17,28 7.40E+01

106 1518 02 7 44E+D1

167 151838 742E+D1

Y e =

108 1519 14 7 45E+D1

108 151948 7 44E+D1

- —fp— an

i

110 152024 7 S3E+01

—

111 152100 3 45E.D01

U R U N oy o B

112 52140 8 89E-02 Ave 7 45E+01°

113 152216 € 49E-02 SidDev D 384944
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Calibration

1714 152289

5 81E-D2

15 23 27 -User

Event  INumber ' B

115 152327 1.04E+D2

101 5.in bag

116 15 24 07 1 DAE+02 Datla was outiier J

117, 15 24 42 1.04E+D2 and not usad in cabh -

118 352518 1.04E+02

118 1525 53 1.04E+D2

120 95 26 48 1 USE+D2

g

121 152723 B.28E-01,

122 1528 04 1.12E-D¥:

123 15.28 39, B OTE-D2,

124 1520 14, 6 88E-02!

125 152950 & BAE.02 Ave

11 04E+02

126

1530 25 & 86E-D2.5td Dev

0 4DB248 [

127 153101

£ ASE.02

15 31 36 User

‘Eveni

'NUmber

128 153136

1261532 11

a3 12E-02 Nuﬂen in bag H

2 52E-02

130 153247

131 153322

132 153357

133 1534 33

134 153508

135 153544

136 1535 30

137 153705

138 1537 41

132 153816

140 15 36 51

141 15 3@ 27

-

2 5TE-02

1 BRE-L2

2 §0E-02

2 95E-02

7 93E-02

2 DSE-02

4 81E-02

—l

4 G3E-02

4 T5E-C2

4 SPE-02

i 98E-02 Ave

. B 40E-02

4 04E-02 Sid Dev

142 154002

£ BEE-02

0011713

il

e R b 4~

f

15 40 38 User

Event :Number

143 15 40 38

144 154118

145 4E41 53

146 1542 29

[ 10

® S0E+01

101 8 1n bag

9 54E+01

8 44E+01

B 4B8E+D

147 1543 04

9 45E+D1

148 15453 35

B 45E+D1

148 15 44 15

"~

9 49E«0Y

150 1544 &0

1

—_1 =3 =)

£ 49E+01 Ave

151 154526

. @ 4BE+0Y

 47E+01 Std Dev

"0 310018

hrnsf mfpurefem k4 .

152" 154601, 557E-01;

154 1547 48 7 SOE-02

1551546 24 6 70E-DZ

156 154858 £.25E-02

] S e

.
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Calibration

SUMMARY OUTPUT

Re

ssion Statistics

Muliple R D DDS457

- a e e

R Square

D DoBRgs '

Adjusted

0 Bo5784 ]

Standard

a3

1406517 i .

Observat)

7 . ;

-
-

}

ANOVA

¥

—

o ' 85 MS

F

_gnificance F

1, 6833 618 BE33 D18 4068 002; 1 09E-08,

5 857077 1976415

L]

Regressio
. Residual
Tota!

& 0843815 ’

C

peflicent andard Err 1 Siai

~P-valug . ower P5%
inlercepl ' 0 073723 0 755088 D 0977760 P25807' -1 85445

r 5% wer @5 00 i Lo #5%

2011807, -1 86446 2011807

BaK Resp 1074642 0015246 70 48488 1 DOSE-08)

103545

1 113834

1035451 1113834

Y

R —

RESIDUAL OUTPUT

-
H]
T
|
1

beervain fted PPM 1 Resiguals '

D 078028 -0 07802

1523295 -0 1733

B 6335848 -D 59355

22 8536 -0 4636

48 94844 2 751558

B0 10524 -1 30524

=J) | o] Bu ] ¥ W] =

101 9378 -0 13784

J—

! : i
ITwn siraight hine cahbration from Stan Sholman

: T
: i0 - 8 ppm 'vel BB34 x { H
' "§- 100 pp y=D D123 " {x-0) + 0.6834* 9 )
H l )
1 ] :
! . :
i * | !
1 i 1 :_
E i 1 ;
] & ' .
4 i i .
i _I _:_ 1
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Calibration

N .

120

BAK Response Lins Fit Plot

201

0"

i PRFT
- L ,,a? : .{R}xuu\. UI
- P N L o
- PR A (g-t- r.:x,k...a,u F ¥
. vy LA LA ¢
o ¢ fme e g 50 0 L2 v.'o'{":
. ~ .
“ ¥ - ™ oo
P . gowmme e W s tEey -
. . £ e e
£¢ T ow - »g . - -~
- Ao ~,
# B T L
- P A I
- ¥ e e A . e
- u'f;: L - LR P .
. ¥ e gl -
. . - - -
. - . R AT SV o
1 " b - b
. ! . " Vaged Ty i v %
AL L1, 2T
p . Err ¥ #ET3
" - L T =
P - e ¥ . N }:..— oW e
L e P ekt e
«
. .
Y s T
. -
- - 50T Tl es
w
’
.
- v

D OOE+CO

2 O0E+D1

A DOE +01 £ DOE+D1
BAY Response

BOOE+M 1.00E «02

& PPMinbag
» Privchcted PPM In bap

T ——
I
. j i
1 ' 1
i !
1 [l .
- l
. +
] L
1 ! N
1 ] i
_ 1 I b
. . . ‘ 1
T 1
. 1 1
H
! |
: 3 V
S P .
! '
; p : i
- ¥
L
i
T ¥
'l .
[ ! -
1 Fl
L -’
i ' J
, ! {
1, i It
f ! : . 1
' ] i ;
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Calbration

SUMMARY OQUTPUT

Regression Stetishcs i ;
Muliple R D SBB4GE I ] H

R Square 0 BBBDS3 ) N
Adjusted | 0 832326 7 ' {
Btandard ; 1 285561’ 1 . A 1
Observet ! T X i 1 {
! []
ANOVA ? I ' ] }
i ar_ . S5 MS F__gnificance F_
Regressio 11 9833 800 G833 809 S9L0 321, 6 GAE-DO.
Residual | B: 9 916001, 16526671 i
Total : 71 9843 815 i T
1 i I - 1 t i

Coefficient andard Err {1 Stal . P-vaiue ower 5% r 5% wer 9500  Up 85%
intercept | 0, ¥N/A * ¥N/A 1 BNIA Wh/A #NAA | WNIA ) ENFA
B&K Resp 1075689, 0 009625 1084818 3 91E-19. 1 051657: 4 O0R741’ 1 D51667 1 089744

]
i
1
I

.

1
r
-
»

P
|

S T 0 2 G I S

[ R S §

L]

-
anfe e

e - |.n--’-

-
-
-
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Calibration
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