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ABSTRACT

Researchers from the National Institute for Qecupational Safety and Health (NIGSH) conducted
an evaluation of the Ventitation/Filtration Systern (VFS) developed for the Umted Siates Postal
Scrvice (USPS) mail processing equipment - the Automated Facer Canceller System (AFCS)
The ventilation control system was developed and installed by a private contractor hired by the
USPS to reduce the potential for employvee cxposure to harmful substances that could be
contamed 1n mail processed by the equipment The ventilation system for the AFCS was
designed 1o be used with a Biohazard Detechon System (BIXS) that samples and analyzes air
from the AFCS to determimne 1f a biohazard 1s present This effort 1s 1n response to terrorst
atlacks n the fall of 2001 that used the mail as a delivery system for anthrax NIQSH was asked
to assist the USPS 1n evaluating controls for this and other mail processing equipment

Evaluations were based on a vanety of tests including tracer gas expeniments, sur velooily
measuremenis, and smoke release observations The expenments showed that generally there is
good capturg by the VFS  Without the BDDS nstalled, the measured VFS capture efficiencies
exceeded 98% except in two positions Lower efficiency was measured under the flats extractor,
but following a modification by the vendor, the elliciency n this area was also greater than 98%
Another position that had lower capture cfficiency was above the first pinch peint 1n the
singulator Thus 1s the area in which the BDS would be mstalled, so 1t was not a concern

Testing conducted with the BDS mstalled showed good capture elltciencies under maost
condittons When tracer gas was released around the BDS and under the BDS hood, capture
efficiencies excccded 8% for most posittons and exceeded 9054 for all positions  Smoke release
expenments and velocity measurements were consisient with the resulis of iracer gas testing

Based on the results in this report, the following recommendations are made to further improve
the control of potential contaminants by the AFCS ventilation and filtration system

. All gaps between the BDS and the AFCS should be scaled to maximmze the capture
efficiency 1n this area

» Capture efficiency of the VFS alone in the area where the BDS 15 mstalled does not meet
capture criteria  As the VFS was designed to work with the BDS in piace, this1s nol a
concem However, should the BDS be removed for any reason, it should be noted that
capture 18 not complete mn the area of the singulator

. The temporary modification made to the VFS near the Flats Extractor should be made
permanent
s By placing the cxhaust duct 1n the center of the BDS hood or adding a tapered mamfold

to the hood, the capture efficiency of the BDS could be made more consistent along the
length of the singulator



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) 15 located 1n the Centers for
Disease Control and Prevention, within the Department of Health and Human Services NIOSH
was established 1n 1970 by the Occupational Safety and Health Act at the same time that the
Occupational Safety and Health Admmmstration (OSHA) was established mn the Department of
Labor The OSHAcH Iegislation mandated NIOSH to conduct rescarch and cducation programs
separate from the standard-setting and enforcement funchions conducted by OSHA  An
importanl arca of NIOSH research deals with methods for controlling occupationai exposure to
potential chemical and physical hazards

The Engincering and Physical Hazards Branch {EPHE) of the Division of Apphied Research and
Technology (DART) has been given the lead within NIOSH to study and develop engineenng
controls and asscss their impact on reducing occupational illness  Since 1976, EPHB (and 1ts
forcrunner, the Enginecring Conrrol and Technology Branch) has conducted a large number ol
studies 10 evaluale engmeenng control technology based upon mdustry, process, or control
lechmque The objective of each of these studies has been to develop, evaluate, and document
the performance of control techmques 1 reducing potential health hazards in an mdustry or for a
specific process

This 1s one of several reports for a project to evaluate controls that are put i place by the United
States Postal Service (USPS) to contrel the relcase of contaminants into the work area of postal
employecs This report describes the evaluation of the capture efficiencies of the
Ventilation/Filtration System (VFS) and the Biohazard Delection System (BDS) for the
Advanced Facer Canceller System (AFCS)

BACKGROUND

Rescarchers from NIOSH were requested 1o assist the USPS 1n the evaluation of particulate
controls for vanous types of mail processing equipment These new conirols are being mstalled
to sigmficantly reduce operator exposure to any potentrally hazardous contaminants emitted from
mail during normal mail processing  This effort 1s driven by the terrorist attacks in the fall of
2001 which used the matit as a delivery system {or anthrax NIOQSH researchers have
subsequently made several irips to Waslungton, DC area postal facilihies to observe vartous mail-
processing machinery 1n operation and to study the effectiveness of the newly designed controls

The controls evaluated m this report are the VES and BDS for the Advanced Facer Canceller
System The controls were designed and installed by USPS contractors to significantly reduce
the potential for operator exposure o bacternal contaminants that ¢ould be contamned 1n mail
processed by Uns cquipment  This system was evaluated at the Dulles, Virgima Processing and



Dustribution Center (P&DC) during three field surveys that took place October 7-8, 2002,
December 12, 2002, and January 27-28, 2003

HAZARDS TO POSTAL EMPLOYEES

The bactenum bactlius anthracis 1s a spore forming bacicrium, wath spores typically in the size
range 1-5 urn  Dhsease caused by anthrax 1s manifested 1n one of three ways nhalational
disease, cutaneous disease, and gasirointestinal disease ' Recent cases resulting from terrorist
attacks in winch anthrax spores have been sent by mail to a U S Senalor and o media offices
have been both mhalational and cutancous The cutaneous form of the disease generally develops
2-5 days follewing exposure and 1s usually successfully treated with antibiotics The onset for
the inhalational form 1s typically 1-6 days after exposure and has a hugh fatahity rate even with
approprate treatment  Exposure to anthrax spores by postal employees working 1 2 mail
processing [acality that serves the U S Capitol resulted 1n inhalational disease in several of the
workers ' One potential area of exposure 15 the automated mail processing equipment used to
sort collection mail  As the mail passes through the machmery, 1t 1s agilated and compressed m a
number of places that could cause the release of substances from the mal

DESCRIPTION QF EQUIPMENT

The AFCS 15 an antomated mail-processing sysicrn thal culls, orents, cancels, scans, and sorts
standard s1ze (5 to 11 5 inches long by 3 5 to 6 125 inches high) mailpicces Mal ts delivered to
the AFCS from the 010 loose mail distribution system The AFCS culls the mail to remove flais
and overthick {greater than 0 25 1n ) mail preces  The mail 15 then properly onented so 1t may be
cancelied Optical character recogmtion technology 15 used to read the addresses on the mail
piece which 1s then sorted and distributed to numbered bins for further automated processing

An overview of the AFCS 15 shown m Figure 1

The VES for the AFCS consisted of an air handling/filtration unit that provided exhaust for
locations of possible contammant release  The air handling umt was fitted with three stages of
filtrafion composed of a pre-filter, a Mimimum Efficiency Reporting Value (MERV) 14 filter,
and a High Effictency Particulale Air (HEPA) filter The effectiveness of the VFS was enhanced
by enclosures put 1n place on the AFCS by the confractar Hoods/enclosures were fitted around
areas that have higher potential for agilating or compressing mailpieces Ths 15 the major cause
of contaminant relcase from tamnted mailpieces

The hohazard detection system was designed to draw air from an area of the AFCS that would
mast likely contamn a contamnant cmitted from an cnvelope duc to agitation or compression —
the singulator area of the AFCS  The hood of the BDS 15 shaped like a tunnel and fits over the
singulator area  In this areq, the mailmeces are hghtly compressed and abruptly accelerated m a
proccss that caused them to move as individual prieces  The hood 15 approximately 4 inches wide
by 5 5 inches high by 32 inches leng  Air 1s drawn from the hood through a flexible duct into the
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detector which then analyzes the air for potential biological agents Il a hazard 15 detected, an
alarm sounds and appropriate steps may be taken

Figures 2 and 3 show the shingler and singulator of the AFCS  As mailpieces move through the
shingler, they are forced into an overlapping position, similar to roof shungles on a house The
mailsiream continucs to move toward the singulater  In this assembly, the mailstream 1s
separated nto inchvidual preces with a constant gap between the picces
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METHQODS
TRACER GAS

Apparatus

To quantitatively evaluate the capture efficiency of the ventilaton systen, a tracer pas method
was used When the VFS alone was tested, the following conditions applied The gas,
chemically pure sulfur hexafluoride {SFg), was released at a constant rate at various pomts to
determmne the capture efficiency of the VFS and BDS at these rclease poinis  Release points
included areas where workers typically process mail  The gas was supplied through a mass flow
controller (Madel 1359C-100005V, MK S Baratron” & Control Produets, S1x Shattuck Road,
Andover, Massachuseits, 01810) set to produce about 4 parts per mulhion {ppm) 1 the exhaust
outlet of the system The exhaust from the ventilation system was filtered for particulatcs and
then returned to the workroom near the ceiling The concentration of the SFs was measured tn
the exhaust duct, just upstream of the filters  In order to sample this air stream umformly, the
exhaust ar was drawn through a 1/4 1in diameter copper mbe having six 3/32 i dameter holes
spread uniformly across the duct drameter, inserled into and perpendicular to the exhaust duct
After exiting the copper tubg, the asr was first filtcred (HEPA Capsule Filter, Model #12127,
Gelman Sciences, Incorporated, Ann Arbor, Michigan, 48106) to remove dust, and then pulled
through a MIRAN" 203 Specific Vapor Analyzer (Thermo Environmicntal instruments, 8 West
Forge Parkway, Franklin, MA 02038), using an AirCon® ugh volume air sampler (Giltan
Tnstrument Corporation, W Caldwell, Now Jersey) at approximately 30 ipm, and ustng Tygon”~
tubing throughout the sampling system After exiting the pump, the sampled air was released
inta the workrcom  The analog output signal from the MIRAN" was routed o a PCMCLA 12-bit
analog card (Quatech Model #DAQP-12, Akron, OH) which allowed data storage and display at
one-second intervals 1n real-tume on a portable computer

To test the BDS, some changes were made to the test sctup due to the smaller size of the BDS
The tracer gas used was 1% SFe The area sampled included pomis in and around the BDS hood
Since the BDS exhausts close 1o the floor, thus exhaust was directed to a fan to hmut re-
entrasnment of the TG 1n the experiment

Procedures

For these measurcments, the output signal from the MIRAN® was recarded at 1 second intervals
Each measurement of capture efficiency was recorded for a 2 to 4 minute interval The MIRAN®
concentrabion corresponding to 100% capture was measurcd by releasing the SFg directly into a
duct supplying the exhaust intake 1n that part of the system This measurement was made
immediately before and after the rest of the capture efficiency measurements as well as between
a number of the efficiency measurements, 1o detect and correct for dnft in the 1009 level

Tracer gas measurements were made with the ventilation system blower both on and off Some
measurements werg made while the AFCS processed mail



SMOKE RELEASE
Apparatus

A smoke machine (Mim Fogger, Madel F-800, Chauvet USA, 3000 North 29 Court,
Hollywoed, Flonda, 33020} was used to visuahize air movement i and around these systems

Procedures

By releasing smoke at points in and around the sorter with the VFS operating, the path of the
smoke, and thus any airbomc material polentially relcascd at that point, could be qualstatively
determined If the smoke was captured quickly and directly by the VFS, it was a gaed mdication
of acceptable conirol design and performance Tf the smoke was slow to be captured when
released al a cortain point, or took a circurtous route to the air intake for the exhaust, the VFS
design was considered marginat at that pomnt Smoke release observalions were made al pinch
points along the mail path of the AFCS and around the area of the singulator both with and
without the BDS n place

CAPTURE VELOCITY
Apparatus

An ancmometer was used to measure air speeds at exhaust openungs on the AFCS and BDS
(Velocicale Plus Anemometer, Model 8388, TSI Incorporated, P O Box 64394, St Paul,
Minnesoia, 55164)

Procedures

To measure the velocities achieved by the control at ¢ntical points, the anemometer was held

perpendicular Lo the air flow direction at those points  Velocity measurement poiats included
typical warker positions duning mail processing and pomts 1n the system where a contaminant
could escape nta the workroom

RESULTS

Tracer gas

The mass flow controller was sct to produce a 4 ppm concentratton of SF 1n the ventilation
system exhaust when 100% of the gas was captured  The relalive concentration in the exhaust as
a result of tracer dosing at any poant along the VFS 1s then caleulated from the measured
concentrations  The relative concentration 1s cquivalent to the capture efficiency of the cxhaust
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system at that particular point  The cfficiencies arc shown for cach case from the three surveys
These results are found 1n Tables 1-4

AFCS without BDS
Survey 1

‘When the BDS was not installed, the tracer results showed lower levels of capture efficiency at
the smgulator (the position where the BDS would be mnstalled) Results of tracer gas
measurements also showed reduced capture efficiency below the Flats Extracior  The hood
added to the Cull Drum area did not scem to impact the capture cfficiencies of the system Some
of the capture efficicncies were higher than 100% This 1s likely due to dnft of baseline during
the relatively short measurement periods and represents complete capture of the tracer gas In
the tables, all capture efficiencies higher than 98% arc shown as >98% The tracer results for
th1s condition are presentied in Table |

AFCS with BDS
Survey !

During this survey, with the BDS nstalled, measurements were taken under two conditions 1)
BDS exhausted into ambient air and 2} BDS exhausted ito the VFS exhaust  The purpose of
this companson was to cvaluate how much tracer gas was captured by the BDS and how much
was captured by the VFS

The capture efficiencies measured for all experiments with the BDS nstalled were
approximately 100% when tracer gas was released at the BDS hood faces The praportion of
{racer gas caplured by the BDS was about 70% as measured at the upstream side of the BDS
hood with the mail anning  Sinularly, the BDS hood captured about 60% of the total as
measured at the first pick off point of the singulator inside the BDS At the downstream side of
the BDS, capturc percentage by the BDS was approximately 88%6 1o 93% of the total wath the
AFCS on and no mail renming  The resulis of the tracer testing with the BDS installed are shown
n Table 2

Survey 2

Duning this survey, measurements were taken wilh the BDS and VFS running simultaneously
When the BDS and VFS were both operating, fracer gas capture efficiency of 1he combined
systcm was approximately 95% to >08% Measurements were also taken with only the BDS
runtung  These results showed capiure efliciencies inside the BDS hood of >98% The caplurc
efficiency of the BDS alone was also measured with the VFS on  Table 3 presents thesc results
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Survey 3

When the BDS and VFS were operating together, fracer gas capturc of the BDS was measured fo
be 82% to >98% Under the BDS hood, average capture efficiency was measured to be 95%
The BDS showcd adequate capture of tracer gas when 1t was operating alone, without the VFS
When both the BDS and VFS were working together, the total combined capturc ¢ificicncy
ranged [rom 91% to 99% These resulis are presented in Table 4

L1



Smoke

Smoke release expenments were conducted 1o visually determine how effective the exhaust
ventilatton control 1s at various potnts around the AFCS  Smoke was well contrelled in most
arcas

Survey !

Without the BDS 1nstalled, smoke was releascd i the arca of the hopper, walerfall and transport
upsiream of the {lats extractor Smoke was wcll contained dunng the cloarance tests and results
indicate that an aperator would be at little nsk of exposure to a recently released contaminant 1f 1t
Was necessary to open covers to clear a jam

Smoke generated inside the BDS hood was well captured by the BD'S exhaust with mail running
and the VTS off  Smoke release near the hood faces was also well controlled under these
conditions ‘When smoke was rclcascd ong to two inches from the faces of the BDS hood, not all
smoke was controlled by the total system More than two inches away from the BDS hood face,
the VFS exhaust conirolled the released smoke

Survey 2

When the BDS was on and the VFS was off, smoke capture was gencrally good although some
smoke escaped from gaps between the BDS and the VES  Following thus discovery, the vender
scaled these gaps In subsequent trials, smoke generated under the BDS hood did not escape the
BDS hood or was immediately entrained by the systcerm When the BDS and VES were both
operaling, all smoke generated at the hood faces or within the BDS was captured by one or both
of the systems Smoke released at the first and second pmch ponts downstream of the BDS
hood was not definitively captured when both syslems were running

Survey 3

Smake tests conducted dunng this survey showed that the smoke released at the AFCS operator
position was well controlled ‘Without the BDS present, the smoke was marginally controlled m
tlus arca  However, the VFS was designed to work with the BDS in this area

Velocity
Aur velocity measurements were taken n areas that require operator access durnng mail sorting
Survey 1

Aar veloetities were taken around the AFCS without the BDS mstalled The measured velocities
indicate adequate control around the VES As shown in Table 5, the area where the BDS was to
be installed had generally low velocities However, the BDS was designed to not interfere with
the VFS, so this 1s not a concem  Other areas that had low velocities pose a minimal potential
for contamnant release because they are well enclosed
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Air velocitics collected when the BDS was installed are shown 1n Table 6 These results are
consistent with other findings m this survey Although the velocitics are rather low, the BDS
was designed not to interfere with the VFS

Survey 2

Table 7 shows arr velocity measurements taken around the BDS during the second survey The
low measured velocities do not contradict other results from this survey

Survey 3

There were no sigmficant velocity measurements taken durmyg this survey

DISCUSSION

Three surveys were conducted to evaluate the ventilation and filtration system for the AFCS 1n
conjunclion with the biohazard detection system The VFS was designed to work with the BDS
which s 2 hood placed over a porlion of the AFCS transport channel  Qverall, the VFS/BDS
combination provided good control as shown by the expeniments camed out m these three
SUTVCYS

First, resulls of the tracer gas testing showed that when the BDS was nol mstalled, the capture
efficiencies were lower 10 the area that the BDS would be placed This was not surprising as the
systems were designed Lo work together Without the BDS, smoke was released around the
hopper, waterfall, and transport upstream of the flats extractor Smoke was well contained
indicating little risk to the operator of being exposed to potennial contanunants  Arr velocity
measurements taken around the VES without the BDS mstalled showed adequate capture
velocities (greater than 100 fpm) in cnhical arcas  The velocihes measured around the area
where the BDS would be ustalled showed rather low velocities, but this was expected due to the
design of the VFS

Latcr, thc BDS was installed for further testing Some tracer (ests were carried out to deternune
about how much of the tracer gas was captured by the BDS, and how much was captured by the
VFS when tracer was released in the area of the BDS It was deternuned that approximately 60-
70% of the total tracer gas capturcd was captured by the BDS [The total capture efficiency was
generally >98% ] Testing penerally showed adequate capture efficiencies when the BDS was
mstalled

Smoke release tests were also conducted when the BDS was installed These tests showed

adequate control ol smoeke released around and under the BDS hood  Velocity measurements
taken 11 this area were consistent with these results
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All of the tests indicated that contammant ¢ontrol was marginal in the area of the BDS when the
BDS was not mstalled  Therefore, 1t 18 important to account for this should the BDS be removed
from the AFCS

RECOMMENDATIONS

Based on the results of the measurements and observations from these surveys, the [ollowing
reccommendations are made to further improve the control of potential contamnants by this mail
sorting system

Ensure that all gaps between the BDS and AFCS/VFES are sealed to assure optimum
sysiem performance

Since the VFS was designed io be used with the BDS 1nstalled, the system should not be
operated withoul the BDS

In the event that the BDS hood 1s removed, 1t should be kept in mind that the area around
the BDS does not expenence complete capiure efficiency  Thas 1s particularly important
1f 1t 15 decided to sample for biocontamimation from the VES duct and not use the BDS

Although the combined capture efficiency of the BDS/VES 15 near 100%, there are
several gaps between the BDS hood and the AFCS that should be sealed to maintan
opumum capture efficiency

A simple redesign of the BDS hood, placing the exhaust duct at the center of the hood or

nstalling 4 tapered mamfold, could increase the umforrmiy of capture across the
smgulator arca
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Table I Tracer Gas Capture Efficiencies for the AFCS without the BDS wstalled (Survey 1)

Position of Tracer Release

Contaminant Capture Efficiency

Center of hopper about 8" from bottom =08%
Center of cull dram #1 before 1nstallation of larger hood >98%
Culi drum #1 afier installation of larger hood >08%

Undemeath (lats extractor 2"above conveyor before
vendor modification

92%, 92%

Undemeath flats extractor 2" shove conveyor after >08%
vendor modification

Above pinch point upsiream of shingulator (6" upstream >98%
of flap)

Above first pinch point in singulator (BDS not nstalied) 81%
Above last pinch pomnt in singulator (BDS not installed) 9%
Above last pinch point 1n transport before feeder =98%
Left fceder - top mner cnvelope corner >98%
Lefl feeder - top outer envelope corner >98%
Left [eeder - bottom outer envelope comer >98%
Middle feeder - top inner envelope comer >98%
Middle feeder - lop outer envelope corner =98%
Middle feeder - boitom auter envelope comer =>98%
Right feeder - top inner envelope comer >08%
Right feeder - top outer envelope corner >98%
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Right feeder - bottom outer envelope cormer >98%
Stacker 1 {to left of paddle) >98%
Stacker 2 (to left of paddle) >98%
Stacker 3 (to left of paddle) >08%
Stacker 4 (to left of paddle) >Q8%
Stacker 5 (to left of paddle) =08%
Stacker 6 (to left of paddle) >98%
Stacker 7 (to left of paddle) >98%
Center of opening for ejector betwecn stackers and >98%

sensor thod
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Table 2 Tracer Gas Capture Elficiencies for the AFCS with the BDS tnstalled (Survey 1)

Pasition of Tracer Release

Total Contaminant Capture
Efficiency Measured at YFS
Exhanst

BDS Exkaust out 1o Ambrent dir

Upstream of singulator 1n center of BD'S hood face 61%
(AFCS off)
First pickoff point of singulator inside hood {(AFCS off) 89%
Downsireamn ol singulator in cenler of BDS hood face 34%
(AFCS off)
At exhaust of BDS (AFCS off) 39%
Upstrearn of singulator in center of BDS hood face 48%,37%
{(AFCS on/no mail)
Fust pickeff point of singulator inside heod (AFCS 62%
on/no mail}
Downstream of singulator in center of BDS hood face 11%, 7%
{AFCS on/no mail)
First pickoff point of sigulator inside of hood (AFCS 40%
on/mail runmng)
Upstreamn of singulator in center of BDS hood face 30%
(AFCS on/mail running)

BDN Exhaust out to VFS
Upstream of singulator i cenier of BDS hood face =Q8%
(VFS off)
First picko T pomt of singulator inside hood (VFS off) >98%
Downstream of singulator in cenier of BDS hood face
(VFS off) >98%
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Table 3 Tracer Gas Capture Efficiencies for AFCS with BDS Installed to determine percentage
caplurcd by BDS (Survcy 2)

Release Capture of BDS Capture of Capture of BDS Total
Position alone, measured BDS alone, alone, measuared combined

at BDS with VEFS | measured at | at VFS with VFS | capture

off BDS with on

VFS on

Upstrcam BDS | >98% 1% 64% >R
face

>98%
Inlet 1 8% 87% >98%
Inlet2 >08% 85% 85% >98%
Inlel 3 >08% 96% 2% >98%
Inlet 4 >08% 91% 94% >08%
Downstrearn >98% 61% 88% >98%
BDS face
Downstream 1% 0% -1% 7%
pinch point 1
Downstream 0% 0% ~2% 5%
pinch point 2

18
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Table 4 Tracer Gas Capture Efficicncy for BDS Installed (Survey 3)

Releuse Capture of Capture of Capture of Total combined
Position BI}S alone, BDS alone, BDS alone, capiure

measured at measured at measured at

BDS with VFS§ | BDS with VFS | VFS with VFS

off on on
Upstream pinch 34% 10% 31% 92%
poimni
Upstream BDS >98% 93% TT% 9%
face
Inlet i D6 02% 82% 07%
Inlet 2 =084 >08% 85% 944
Inlet 3 9a% =0RLG 6% =0R%
Inlet 4 =98% >0R% Q8% 97%%
Downsircam 96% 33% >08% 8%
BDS face
Downstream 2% -49%;, 2785 96,
pinch point
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Table 5 AFCS Awr Veloaity Data (Survey 1)

Area of Measurement

Average Contaminant

Capture Velocity (FFM)

Center of vertical openiag between 010 system and hepper 45
Center of hopper 43
Center of opermung between hopper and mcline 106
Inside center of cull drum 1 26
Inside center of cull drum 2 2,8
Directly above waterlall 176
Above simgulator upstream of first pinch pont 20
Ahove singulator a1 first pinch point 4

Above singulator downstream of first pinch point 36
Pinch pomt at pre-fecdcer transport 245

Left feeder - top mner corner

114,110, 102

Left feeder - top outer corner

139,137,138

Left feeder - bottom outer corner

164, 160, 165

Middle feeder - top uicr corner

247,251,245

Muddle feeder - wop outer comer

125, 118, 108

Middle fecder - bottom outer corner

189, 187, 186

Rught feeder - top immer comer

304,323,318
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Right feeder - top outer corner

120, 119, 107

Right feeder - bottom outer corner

230, 218, 217

_Fceder pilckup powmit 162, 164, 158
Stacker 1 (to lelt of paddle} 124
Stacker 2 (to left of paddle) 101
Stacker 3 (1o left of paddle) 109
Stacker 4 (to left of paddle) 115
Stacker 5 {to left of paddle) 126
Stacker 6 (1o left of paddle) 121
Stacker 7 (to left of paddle) 140
Instde AFCS belween stackers and scanner modules 115

At opening 1 ejeclor between stacker mods and scanner mod

201,202, 146
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Table 6 Aar Velocity Measurements with BDS Installed (Survey 1)

(AFCS on/mail on)

Area of Measnrement Average Contarmnant
Capture Velocity
(FPM)

Upstream of singulator 1in top-center of BDS hood face (AFCS off) 23
Upstream of singulator in ¢enter of BDS hood face (AFCS off) 39
Upstream of singulator 1n bottom-center of BDS hood face (AFCS 45
off)

Downsiream of singulator n top-center of BDS hood face (AFCS 71
off)

Downstream of singulator 1n center of BDS hood face {AFCS off) 65
Downsiream of sigulator in bottom-center of BDS haod face 46
(AFCS off)

Upstream of smgulator 1n top-center of BDS hood face (AFCS 37
on‘mail on)

Upstream of singulator 1n ¢enter of BDS hood face (AFCS on/mail 42
o)

Upstream of singulator 1n bottom-center of BDS hoad face (AFCS 27
on/mail on)

Downstream of singulator in top-cenier of BDS hood face (AFCS 61
on/mail on)

Downstream of singulator in ¢enter of BDS hood face (AFCS 34
on/mail on)

Downstream of singulator 1n bottom-center of BDS hood face 49
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Table 7 Air Veloaity Measurement with BDS Installed (Survey 2)

Measurement Position Upper Face Lower Face
(FPM) (FPM)
Upstream BDS hood face (VES on) 23 39
Downstream BDS hood face {VFS on) 52 80
Upstream BDS hood face (VFS off) 4 1
Downstrcam BDS hood face (VFS off) 82 57
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Figure | Overview of Automaled Facer Canceller System
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Figure 2 Shingler Area of the AFCS
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Figure 3 Singulater Area of the AFCS
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