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ABSTRACT

Researchers from the National Institute for Occupanonal Safety and HFealth {NIOSH)
conducted an evaluanon of the Venulanon/Fiirauon System (VFS) developed for the
United States Postal Service (USPS) mail processing equipment - the 010 Culling System
The VFS was developed and mstalled by a private contractor hired by the USPS to reduce
the potential for employee exposure to harmful substances that could be contained m mail
pteces processed by the equipment  This effort 15 1 response to the 2001 terronst attacks
that used the mail as a delvery system for anthrax  NIOSH was asked to assist the USPS 1n
evaluating controks for this and other mail processing equipment

Evalations were based on a variety of tests tncluding tracer gas (TG) cxpenments, air
velocity measurements and smoke release observauons to evaluate contammant caprure
efficiency, as well as simultaneous particle count experiments upstream and downstream of
the VFS filtration to evaluate system filtration efficiency  The expenments showed that the
system met or exceeded mummum contarmmant capture velocimes (100 feer per mumue),
except at the Waterfall areas Lower capture velociues at the Waterfall areas, however, were
mutigated by the fact that these areas are largely enclosed, tracer gas capture at these areas
met acceptance cntena and, smoke release obscrvations indicated good contamunant capture
[t should also be moted that “dirty filter” tesung showed that capture velocities were
relatrvely unchanged at several key locations when the ar bandling unuts operated at lower
capactties {in order to sumulate loaded/”duty” filers) Addmonally, contamnant fileration
capabiliies met or cxceeded the 997% filtranon efficiency requirement at Arr Handling
Umnts 2 and 3 Moreover, test rmsults at A Handling Unit 1 showed that the fdiation
efficiency was at least 99 97% after vendor modifications were made to the system

Based on the results as discussed m this report, the followaing comments summanze the
effectveness of the Ventlaton and Filtrauon System

Capture Capabrliizes

o  Owerall, resung showed that contaminant capure capabilities mer or exceeded USPS
requirenIents

» The high volumes of air being entramed into the VFS exhaust at the flats extractors
and at the conveyor immediately leading to the AFCS oceasionally resulted in partial
clogging of the VFS exhaust air intakes

o This conditton dhd not pecessanly lead to madequate performance of the VES,
however VFS performance would be optumized f an engineenng solution were
developed to prevent the blockage of VFS exhaust mntakes

» The vendor of the VFS 15 awarc of this situaton and 15 cnhancing the system to
elimunate such blockage

e “Dirty filter” tesnng, in which capture velocity measurements were made at several
locauons at reduced VFS aw flows m order to sumulate loaded/dirty filters, showed
that capture velocities were relatvely unchanged under these condihions



Lower capture velociues at the Waterfall areas were mitigated by the fact that
o thesc arcas are largely enclosed,
© tracer gas capture at these arcas met acceptance cntena and,
o smwoke release observations indcated good contammant caprure

Fultration Capabiines

The modifications made to 010 VFS Unut # 1 prior to meeung the 99 97% efficiency
requiremient should be made a permanent change to the manufactunng process of
that umt The vendor has acknowledged this situanon and has made the necessary
enhancements

Tests conducted with AAF HEPA filters and Donaldson HEPA filters in 010 VES
Unut # 1 show hilters are interchangeable

Extremc care should be taken when performing any mamntenance on any VFS,
particularly any operauon that could disturh the seal of the fillers mside the VFS
housing

Real-time total system witegnty testing (s the only rehable test method for evaluaung
total systemn filtration performance

It 1s recommended that the USPS should implement a system to routinely test the
system filtranon efficiency of all umits  As was demonstrated 1n this research, small
leaks and perforawons m the filter medu can easly breach system ntegnty



INTRODUCTION

The Nauonal Insticute for Occupatonal Safery and Health {(NIOSH) s located i the
Centers for Ihsease Control and Prevennen (CDC), wathin the Department of Health and
Human Services NIOSH was established 1n 1970 by the Occupational Safety and Health
Acrt at the same tme thar the Occupational Safety and Health Admimistranion (OSHA) was
established in the Department of Labor (DOL) The OSHAct legislatien mandated NIOSH
to conduct rescarch and educabon programs separate from the standard-setung and
enforcement functions conducted by OSHA.  An wmportant area of NIOSH research deals
with methods for controllng occupauonal exposure to potenual chemical and physical

hazards

The Engmeenng and Physical Hazards Branch (EPHB) of the Drvision of Appled Research
and Technology (DART) has been given the lead wittun NIOSH to study and develop
engineering controls and assess thewr impact on reducing occupational illness  Since 1976,
EPHB (and uts forerunner, the Engineenng Control and Technology Branch} has conducted
a large number of studres to evaluate engimeenng control technology based upon industry,
process, or contral techmque The objective of each of these studies has been to evaluate
and document contro] techmgques and to determune the effectiveness of the conuol
techruques n reducing potental health hazards in an industry or for a specific process

Researchers from NIOSH were requested to assist the USPS m the evaluauon of
contanunant controls for various mad processing equpment These new controls are being
installed ta significantly reduce operator exposure ta any potentially hazardous contammants
emutted from mail preces durmg normal mail processing  Thus effort 15 drven by the 2001
terrorist attacks which used the mail as a delvery systemn for anthrax NIOSH researchers
have subsequently made scveral tps to Washington, DC area pastal facilities to observe
maill-processing equipment 1n operation and to study the effectiveness of the newly designed
controls

The control evaluated m this report 15 a fust article venulanon/fultrauon system (VES) for
the 010 Culling System. This control was designed and installed by a2 TSPS contractor to
significantly reduce the potenual for operator exposure to bacteral contammants that eould
be contamed in mal pieces processed by this equipment  This system was evaluated at the
Cleveland, Ohuo Processing and Distribution Center (P&DC) during 2 field survey that took
place March 11-14 and 25-28, 2003

DESCRIPTION OF EQUIPMENT

The USPS 010 Culling Systern i1s compnsed of 2 conveyor systerns that size the collection
mail brought to the P&DC into letters, flats {magazme size), and parcels The first system 1s
called the Dual Pass Rough Cull (DPRC and the second 15 the Loose Mal Distnbution
Systern (LMDS) 'The hampers of raw mail are loaded nto the DPRC. Flats and parcels are
separaled from the letter mail and sent to the appropnate areas of the facility for processing
The output of the IMDS sends letter mail to the next stage m 15 processing which 15 the
cancellation equipment



At the time of evaluation, the VFS for the 010 Culling System consisted of 3 separate aur-
handling/ filtration units that provided exhaust for vatious locanons of possible comtammant
releasc  Air-handling Unut # 1 processed about 8,000 cubic feet per mmute (cfm)  Aur
Handhng Unsts # 2 and 3 processed about 18,000 cfm. Each of these air-handling units was
fitted with three stages of filtration composed of a pre-filter, a MERV 14 filter and a High
Efficiency Particulate Aw (HEPA) fiker  Furthermore, several areas of potenual
contanunant release were enclosed or partally enciosed by the manufacturer so that the VFS
could mare effectrvely protect the worker from exposurc

METHODS

TRACER GAS
A pparats

To quantitattvely evaluate the capture cfficiency of the ventlation system, a tracer gas
method was used 'The gas, CP sullur hexafluonde (SF), was released at a constant rate at
powts 1 and near the sonter to determune the caprure efficiency of the VFS at these release
points The gas was suppled through a mass (low controller (Model 1359 100008V, MK S
Baratron”™ & Control Products, Six Shattuck Road, Andover, Massachusetts, 01810) set 1o
produce about 4 parts per nuion {ppm) n the exhaust outlet of the system. The exhaust
from the ventilation system was filtered and then returned to the workroom near the celing
The concenraton of the SF, was measured i the exhaust duct, just upstream of the fiters
In order to sample this air stream uruformly, the exhaust air was drawn through a 1/4 1n
diameter copper tube having six 3/32 in diameter holes spread uniformly across the duct
diameter, serted mto and perpendicular to the exhaust duct  After exiung the copper tube,
the arr was fist filtered (HEPA Capsule Falter, Model #12127, Gelman Sctences,
Incarporated, Ann Arbor, Michigan, 48106} to remove dust, and then pulled through a
MIRAN" 203 Specific Vapor Analyzer (Thermo Environmental Instruments, 8 West Forge
Parkway, Frankhn, MA 02038}, using an AwCon” high volume aw sampler (Gihan
Instrument Corporanon, W Caldwell, New Jemey) set for approximately 30 lwers per
munute, and using Tygon™ tubing throughout the sampling system, After exiting the pump,
the sampled ar was released into the wotkroom, The analogue output signal from the

was routed to a PCMCIA 12-brt analog card {Quatech Madel # DAGP-12, Akron,
OH) which allowed data storage and display at one-second wtervals m real-tune on a
portable computer

Procderes

For these measurements, the output signal from the MIRAN' was recorded at 1 second
imtervals Each measurement of capture efficiency was recorded for a 2 to 4 nunute interval
The MIRAN' concentration corresponding to 100% capture was measured by releasmg the
SF, directly mro a duct supplying the exhaust mrake in that part of the system. Thas
measurement was made immediately before and after the rest of the capuure efficiency
measurements as well as between a number of the efficiency measurements, to detect and
correct for drft i the 100% level All of the tracer gas measurements were made wth the
venulation system blower turned on A lst of the samplng sites 15 given in Table 1



SMOKE RELEASE

Apparans
A smoke machine (Miu Fogger, Model F-8C0, Chauvet USA, 3000 North 29% Courr,
Hollywood, Flonda, 33020} was used to visualize atr movernent m and around these systerms

Progrhores

By releasing smoke at pomts in and around the sorter wath the VES operating, the path of
the smoke, and thus any airtborne material released at that pomt, could be determined  If the
smoke was captured quickly and directly by the VFS, it was a good indicaucn of acceptable
control design and performance 1f the smoke was slow to be captured when released at a
certain pomt, or toak a circuttous route to the air intake for the exhaust, the VS design was
considered marginal at that pount A list of the sampling sttes 15 given m Table 2

CAPTURE VELOCITY
Apparans

An anemometer was used to measure aic speeds at exhaust openmngs on the LMDS and

DPRC (Velocicale” Plus Anemometer, Model 8388, ‘TSI Incorporated, P O Box 64394, St
Paul, Minnesorta, 55164)

Procedheres

To measure the velocites achieved by the control at crineal points, the anemometer was held
perpendicular to the flow direction at those pomts  Velociues were recorded at the hamper
dumnper and at exhaust operungs around the systemn. To check capture velocites at the
furthest pont from the air intake, the anemomerer was held at the edge of the equipment
where a worker would be posimioned A list of the sampling sites 15 grven in Table 3

“DIRTY FILTER TESTING”

It was advantageous to the USPS to also make some hnuted testing simulatung “dirty” filers
This tesuing was bome out of concern that fully loaded filter media would have a
performance hirmung effect on the caprure efficiency of the VFS  “Durty Filter” simulation
was accomplished by restnicung the airflow of the VFS  The pressure alarm, which activates
when filter media needs 1o be replaced, was activated Under these conditions, air velocity
measurements were made at a representative samphng of locations {see Table 5 for specific
locatons) The procedure for making these measurements murrors that of all other air
velocity measurements n this report

FILTRATION EFFICIENCY
A pparatus

Testng of the VFS was intended to determune whether the filtranon efficiency of the overall
[ter bank housing met cntical perfformance cnterta  Specifically, the entre VFS had to
provide 99 97% efficiency or better agamnst particles in the size range of 03 ymto 30 gm
durimg normal operanon The testing method employed two GRIMM Model 1 108 Portable
Dust Monrtors (GRIMM Technologies, Amnng, Germany) These optical parucle counters



(OPCs) were each equipped with a GRIMM Model 1 152 Isokinenc Samphng Probe that
sampled parallel to the awr stream at a rate of 12 L/min - The OPCs measure concentration
of particles per umt volume by means of hght-scattenng technology where a semiconductor-
laser serves as the hight-source The OPCs determune parucle size based upon the amount of
hght scattered by mdividual particles which enter the detector volume The scattered signal 15
collected at approxmately 90 degrecs by a murror and transferred to a recipient-diode  The
signal passes 1o a mulu-channel size classifier and finally to a pulse height analyzer tha
classifies the signal in channels according (o size and then logs the samphng results on a data
storage card Particles m 15 different size channels are counted as follows 030-040 pm,
Q40-050 pm, 050-065 yum, 0 65-08C pm, 080-1 0 pm, 1 016 um, 1620 pm, 2 0-30 pm,
3C-40 pm, 40-50 g, 50-75 pm, 75-10 pm, 1015 pmy 1520 um, and 320 pm. The
instrunient operates from 4-45°C with a parncle concentratnon range of 1-2,000,000 parucle
counts per hter The sensitivity 15 1 particle per ter and the mstruments reproducibdity 15
quoted as +2 percent '

Procedures

Pror to use, the GRIMM optical particle counters were selected as a muatched pawr  Since
two OPC mstruments were employed, several identical units were tested in the laboratary
and the two units that produced the most comparable results were selected as a paw for
tesung This companson was necessary even with all the nstruments having been calibrated
together in order to avoid bias 1 results stemmng from instrument-to-mstrument

vanabiliry

To conduct the tesung of the filtraton component of the VFS, the access panels to the
knockdown screen chamber and the motor chamber of the VFS were removed or opened
(see Figure 1 for a schematc of filoeatton system)  Then, one GRIMM Portahle Dust
Menitor was placed upstream of the filters to measure particle concentrauon data wath an
sokmetic sampling probe at the center of the filter bank. The probe was placed facing the
arr stream and as close to the mam nrake-duct as pessible  The second GRIMM Porrable
Dust Monior was placed downstream of the HEPA filters to measure parucle count data
with an sokinetic samphng probe at the center of the filter bank. Here the probe was
posioned facing the HEPA filters as close to the fan mler as possible By ensunng that the
GRIMMSs’ probes were placed mn front of the fan, no aerosol generated by the motor would
be able 10 bias the measured downstream particle concentration  In this way only particles
that penctrated the system by 1) filter penetravon, 2) leakage around the filters, and/or 3)
leakage 1n the filter housing wself would be considered registered by the particle counters
Once the OPCs were 1n place, they were turned on and data collection began ‘The access
pancls on the VFS housing were replaced taking care 1o make certamn no leakage through the
panel seals could take place

The ambient particles or dust that entered the VFS at the air inlet were used as the challenge
This arrangement was appropnate for the USPS P&DC environment where mechanical
agrration of letters produced consistently high levels of background particulate  The OPGs
recorded data every minute on a data storage card The matched OPCs were operated under

1 GRIMM Technolegies, ine - GRIMM Dust Motutor Scres 1 100 Operator’s Manual (2003)




normal operaung condiwons for a ume mterval of at least 45 munutes, of which the first 15
munutes of data were gnored n order to allow ume for the units to stabihize At the end of
the tesung period, the data for both OPCs were downloaded to a portable computer and
placed in a spread sheet for analysis

The OPCs used i this investigation measure aercsol particle concentration m 15 differem
particle size ranges from 030-040 pm to >20 pum, but only parucle sizes of <3 um were
evaluated m ths study since the acceptance cntena called for a nununum filter efficiency of
99 97% at the 95% confidence level for particle size ranges from 0 3um to 3 Oum. Further,
since ambient aemsol was the challenge agent, the only staustcally valid size ranges were
those that were <3 ym 'These were the only size ranges that contamned sufficient data (ie,
the particle counts were lugh enough) for stanstically sigificant caleulations

Therefore, for particle sizes up to 3 pm, the overall iltranen efficiency of the VES for each
particle size was then calculated

% Efficency = [1 - [E—DH %100

L

where C; 15 the downstream aerosol particle concentration and G; the upstream aerosol
particle concentraton  Thus efficiency calculation was performed on each munute of data for
each indwviduval particle size  Then, an overall average efficiency and the associated 95
percent confidence mterval for each particle s1ze range was calculated

RESULTS

Tracer gas

The mass flow controller was set to produce a 4 ppm concentration of SF, mn the ventlation
system exhaust when 100% of the gas was being captured The refative concentration in the
exhaust as a result of tracer dosmg at any pomt, which 1s equivalent to the capture efficiency
at that pont, 15 given 1 Table 1 Pomnt esumates for measured capture efficiencies were at
least 98% at all locanons tested

Snke

All smoke release observanons made when the VIS exhaust wlets were clear mdicate that
the VF5 clears generated smoke quickly and effectively However, the VES exhaust nlets
wete partially covered wath mail at times at the flats extractors and LL-conveyors that
deposit mail to the Advanced Facer Canccller System.  The end result 1s that capture
efficiency could have been even better unproved if all exhaust wnlets could be kept free of

madl

Aw Veoaty

Contamunant capture velocities met or exceeded USPS requirerent of 100 feet per nunute
(fpm), except at the waterfall areas (see Table 3) However, smoke release observations and
tracer gas expenmentahon, which offer a mere direct mndicanon of contammant caprure



efficiency, mdicated that the VFS capture velocities at waterfall areas are sufhicient 10 protect
USPS workers m a manner consistent with other areas under VFS control

Filtranon E fficency

Total system filtranon efficiency met ot exceeded USPS requirement of 99 97 percent for
010 VFS Utnnts #2 and #3 dunng fust test 010 VFS Unit #1 did not meer USPS
requirement of 9997 percent dunng uunal tesung, but did exceed requurement after system
modifications were made by mamufacturer Tests conducted with AAF HEPA filters and
Dionaldson HEPA filters 1n 010 VES Unut # 1 show {ilters are interchangeable Please refer
to tables 5-9 for details of filtranon cfficiency testng

“Doty Fidter” Testng

“Dirty filter” testing, i which capture velocity measurements were made at several locations
at reduced VFS air flows i order to sumulate loaded/dirty fdiers, showed that capiure
velocities were relatvely unchanged at several locauons  Lower capture velocines at the
Waterfall areas were mungated by the fact that these areas are largely enclosed, tracer gas
capture at these areas met acceptance crtena, and smoke release observations indicated good

contammant capture

DISCUSSION

As was conveyed in the Results secuon of tus report, tesung showed thar contanmant
capture capabilities met or exceeded USPS requirements, with a few excepuions  Furst, VFS
exhaust slots at the flats extractors and at the conveyor immediately leading to the AFCS
were occasionally found to be partially blocked At the time of the survey, 1t was behieved
that this condiion was caused by lugh volumes of air bemng entramed o the VES thar
would draw and hold mail over the slats It should be noted, however, that the capiure
capability of the VES stll met USPS requurements at these locations, in large part due to the
high volumes of ar being moved mio the system. The vendor and USPS Engineenng were
made aware of this problem and are looking mto possible solutions m order ro optumze VES
performance Second, results mndicate that capture velocities ar the warerfall areas did not
meet the nuurmum USPS requirement of 100 fpm. However, this circumstance 1s mutigated
by the fact that these areas are largely enclosed and that tracer gas experimentauon and
smoke release observations indicate adequate capture efficiency In pomt of fact, smoke
release observations and tracer gas expenmentation tend ta provide a more direct ndication
of system caprure performance

At the request of the USPS, linuted testing was completed with somewhart reduced arflows
throughout the VFS system. This was done to sumulate condiuons resulung from a fully
toaded or “duty” filter Although the system was designed to provide optimal protection to
workers, even with loaded filters, USPS Engineermng was mrerested in tesung this “worst
case” scenano Locations were chosen for “duty fiter” testing because they expenenced
relauvely low capture velocities in testing with unresincted arflow  Results indscate that the
restricted aurflow dunng this testing did not sigruficancly nfluence VFS performance

The fiftration component of the VES met mummum requrements of 9997% filtration
cffictency at all locanons after munor adjustments were made ro Unit 1 Obviously, these
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changes should be made permanent and introduced to all subsequent production models
Most importantly, nvestigation of possible air Jeaks m Unie 1 showed that small leaks and
perforations m the filter mecha can easily breach system mtegnty Therefore, the USPS
should be wiglant in systematically testing these systems and performung adequate
preventative maintenance

CONCLUSIONS
Based on the previous results, the following comments summanze the effectiveness of the

Venulanon and Filtranon System.

Cézptme Capalnlities
Ovenll, testing showed that contamunant capture capabihties met or excecded USPS
requirements
» The high volumes of air being entramned mnto the VFS exhaust art the flats extractors
and at the conveyor immeduately leading to the AFCS sometimes resulted 1 partial
cloggng of the VFS exhaust atr intakes
» This conditon did not necessanly lead to inadequate performance of the VFS,
however VFS performance would be opumized ff an engineenng solunon were
developed 1o prevent the blockage of VFS exhaust mtakes
» The vendor of the VFS s aware of thus situation and 15 enhancing the system 1o
eliminate such blockage
e  “Durty filter” testing, in which capture velocity measurements were made at several
locauons at reduced VES awr flows m order to simulate loaded/ durty falters, showed
that capture velocitzes were relatvely unchanged at several locatons
s Lower capture velocities at the Waterfall areas were mtigated by the fact that
o these areas are largely enclosed,
© tracer gas capture at these areas met acceptance cntena and,
o smoke release abservations indicated good contamnant capture

Filtration Capabiities
The modifications made to 310 VFS Unit # 1 pror to meeting the 99 97% efficiency

requrement should be made 2 permanent change to the manufactunng process of
that umit  The vendor has acknowledged this srvation and has made the necessary
enhancements

o Tests conducted with AAF HEPA filters and Donaldson HEPA filters m 010 VFS
Unit # 1 shaw filters are interchangeable

¢ Extreme care should be taken when performing any mamntenance on any VFS,
parmicularly any operation that could disturb the seal of the filters inside the VFS
housing

» Real-ume tomal system imtegnity testng s the only rehable test method for cvaluatng
total system filtravon peformance

¢ It 1s recommended that the USPS should implement a system to routnely test the
system filtranon efficiency of all units  As was demonstrated i this rescarch, small
leaks and perforanons in the filter media can easily breach system mtegriry
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Table 1 Positions for Tracer Gas Release and Measured Efficiencies

Description of Measurement Location E fficiency
LEFT-HAND LMDS HAND CULLING STATION A (CLOSEST TO ~RO
HAMPER DUMP) °
LEFT-HAND LMIDS HAND CULLING STATION B P8%
LEFT-HAND LMIDS HAND CULLING STATION C =350
LEEFT- HAND LMDS HAMPER DUNMP 8%

RIGHI_HAND LMDS HAND CULLING STAILION A (CLOSEST TO)
HAMPER DUMP)

D&%

RIGH [-IAND LMDS HAND CULLING STATION B >H8%
RIGHT-HAND LMDS HAND CULLING STATIOM G 8%
RIGHT-HANL LMDS HAMPER DUMP 98 %
[EET-LIAND DPRC HAMPER DUMP 8%
RIGHT HAND DFRC HAMPER DUMP >88%

LEFT- HANID DPRC WATERFALL AREA (BOTIOM OF LETTER DROT)

8%

RIGHT-HAND DPRC WATERFALL AREA (ROTIOM OF LETIER]
DROP)

SR

SC 2 BYPASS AT BOLTOM OF CART T
SC 1 BYPASS AT BOTTOM OF CART 58%
UNDERNEATH FLATS EXTRACTOR # 1 ~08%
UNDERNEATH FLATS EXTRACTOR # 2 >98%
UNDER LH DPRC CULL DRUM 98%
UNDER RKH DPRC CULL DRUM ~B5%




Table 2 Posmons for Smoke Release Observations and Comments

AREA OF RELEASE COMMENTS
FACING CONTROLS "RAPID CAPTURE OF SMOKE
HAMPER DLIMP 1IN RAPID CAPTURE OF SMOKE
BAND CULL A IN RAPID CAPTURE, OF SMOKE
HAND CULL B IN RAPID CAPTURE OF SMOKE
HAND GULL CIN RAPID CAPTURE OF SMOKE
FACING CONTROLS RAPID CAPTURE OF SMOKE
HAMPER DUME QUT RAPID CAPTURE, OF SMOKE
HAND CULL A QUT RAPID CAPTURE OF SMOKE
HAND CULL COUT RAPID CAPTLRE OF SMOKE
FACING CONTROLS RAPID CAPTURE OF SMOKE
HAMPER DUMP IN RAPID CAPTURE, OF SMOKE
HAND CULL A IN RADPID CAPTURE OF SMOKE
HAND CULL BIN RAPID CAPTURE OF SMOKE
HAND CULL CIN RAPID CAPTURE OF SMOKE
FACING CONTROLS RAPID CAPTURE OF SMOKE
HAMPER DUMP OUT RAPID CAPTURE OF SMOKE
HAND CULL A QUT RAPID CAPTURE OF SMOKE
I 12 RAPID CAPTURE OF SMOKE
LL 13 RAPID CAPTURE OF SMOKE
LL 14 RAPID CAPTURE OF SMOKE
BYPASS RIGHT _ RAPLD CAPTURE OF SMOKE _
HAMPER DUME QUL RAPID CAPTURE OF SMORE
UPDRAFT HOOD OUT RADID CADTURE OF SMOKE
METERING CONVE YOR OUT RAPID CAPTURE OF SMOKE
CULL DEUM OQUT RAPID CAPTURE OF SMOKE
WATERFALL OUT RADI? CAFTURE OF SMOEE
1L 17 RAPID CAPTURE OF SMOKE
AE RAPID CAPTURE OF SMOKE
114 RAPID CAPTURE OF SMOKE
BYPASS RIGHT RAPID CAPTURE OF SMOKE
HAMPER DUMF OUT RAPI]} CAPTURE OF SMOKE
UPDRAFT HOOD QUT RADID CAPTURE OF SMOKE
METERING CONVE YOR OUT RAPID CAPTURE OF SMOKE
CULL DRUM OUT RAPID CAPTURE OF SMOKE
METERING CONVE YOR IN RAPID CAPTURE OF SMOKE
CULL DRUM IN RAPID CAPTURE OF SMOKE
WATERFALL 1IN RAPIL} CAPTURE OF SMORE

FLATS EXTRACTOR IN

RAPID CAPTURE OF SMOKE

LETTER DISCHARGE IN

RAPID CAPTURE OF SMOKE
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Table 3 Pasmons far Ar Velocity Measurements and Recorded Values

AREA

AVERAGE
CONTAMINANT
CAPTURE VELOCITY
(VALUES OF TRIALS
IN FEET PER
MINUTE)

LEFT-HANTD 010 HAND CULLING STATION A (AT FACE OF PLASTIC
CURTAIN AT VARIOUS LOCATIONS)

133

LEFT-HAND 010 HAND CULLING STATION B (AT FACE OF PLASTIC
CURTAIN AT VARIOUS LOCATIONS)

144

LEFT-HAND 010 HAND CULLING STATION C (AT FACE OF PLASTIC
CURTAIN AT VARIOUS LOCATIONS)

151

RIGHT-HAND 010 HAND CULLING STATICN A (AT FACE OF
PLASTIC CURTAIN AT VARIQUS LOCATIONS)

164

RIGHT-HAND 010 HAND CULLING STATION B (AT FACE OF
PLASTIC CURTAIN AT VARIOLE LOCATIONS)

139

RIGHT-HAND 010 HAND CULLING STATION C{ATFACE OF
PLASTIC CURTAIN AT VARIOUS LOCATIONS)

LEFT-HANL: DPRC HAMPER DUMP (AT FACE CF PLASTIC CURTAIN
AT VARIOUS LOCATIONS)

RIGIITHAND DPRC HAMPER DUMP (AT FACE OF TLASTIC
CURTAIN AT VARIGUS LOCATIONS)

LEFT-HAND 010 HAMPER DUMP (AT FACE OF PLASTIC (URTAIN
AT VARIOUS LOCATICINS)

126

RIGHT-HANL €10 HAMPER DUMP (AT FACE OF PLASTIC CURTAIN
AT VARIOUS LOCATICNS)

157

WATERFALL §

63

WATERFALL 2

8

FLATS EXTRACTOR1

100

FLATS EXTRACTOR 2

144




Table 4 Aur Velociues for “Duty Filter” Testing

Tnall | Tnal2 | Tonal 3 | Average

LEFI-HAND DPRC
WATERFALL AREA
(BOTTOM OF LETTER
DROT)

61 52 63 59

RIGITT-HAND DPEC

WATERFALL AREA
{EOTTOM OF LETTER 62 71 57 63
DROP)

Flats Extractor 1 141 150 141 144

Flats Extractor 2 102 101 9G 101
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Table 5 010 VFS Unnt 1 with AAF HEPA Filters Installed, Thursday, March 13, 2003

Particle Size Range Measured
03-04um 99 714% {99 579 99 749)
04-05pum 99 669% (95 &0 9% 734)
05-C 65um 99 107% {98 921 99 294}
OA50 8um 97 941% {97 491 98 391)
0 8-10pm 97 436% (96 795-98 118)
101 6m 96 342% (45 165-97 520)
16-20pm 946 156% (94 708 97 #37)
2C-30um 9% 02655 (98 473 99 579)
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Table & 010 VFS Unut 1 wath AAF HEPA Filters Installed, Monday, March 24, 2003

Parucle Size Range Measured
03-0 4um 99 989% (59 985 98 932}
04-05um 99 901%, {99 Y87 99 996)
05-0 65um 9% 995% (99 %87 100 00)
065-0 8um 299 999%,
0810pm =09 999%
10-16pm 209 9999,
162 0pm =09 9%
20-30um =09 094%




Table 7 010 VFS Unut 1 with Donaldson HEPA Falters Installed, Fnday, March 28, 2003

Pariicle Sire Range Measured
03-04pum 99 991% (99 988 99 995)
04-05um 99 DRIV, (9¢ 981 90 497)
0 5-065um 99 9909
C 63-0 §pm 09 99499,
08-10um 09 9999%
10-1 bum 99 9999,
162 Dum 99 9999,
20-3 04m 59 499,
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Table 8 010 VFS Unit 2 wich AAF HEPA Filters Installed, Tuesday, March 11, 2003

Particle Size Range Measured
0 3-04um 949 998% (99 997 99 999}
0 4-05¢m 99 996% {4y 492 107 00}
05-063Um 99 926% 9y 98y 100 L)
0 65-0 Bum 259 995%
C&10um =% 999%
10-1 6um 399 9994,
16-20pm >89 999%
20:30pum 40 9909%
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Table 9 010 VFS Unit 3 with AAF HEPA Falters Installed, Tuesday, March 11, 2003

Particle Size Range Measured
03-04um 99 990% (99 uBs 99 993)
04-05um 99 9Y91% (99 954-93 997)
0 5-Q 65um 9 9846% {99 970 100 00
0650 8am =59 999%,
D¥-10um =09 999%
13-18wm 09 999%,
18-20pm >99 999,
233 0um 09 995%,

21






