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ABSTRACT

Researchers from the National Insutute for Occupauonal Safety and Health (INICSH)
conducted an evaluation of the Ventdauon/Filtrauon System {VES) developed for the
United States Postal Service (USPS) mad processing equipment-the 010 Culling System.
The VFS was developed and mstalled by a pnvate coniractor hured by the USPS to reduce
the potental for employee exposure to harmful substances that could be contaed m mail
peces processed by the equpment  This effort 1s 10 response to the 2001 terronst attacks
that used the mail as a deltvery system for anthrax NIOSH was asked to assist the USPS i
evaluating contrels for thus and other mail processing equipment

Evaluations were based on a varety of tests including tracer gas (T(G) expenments, air
velocity measurements and smeke release observations to evaluate contanunant capture
efficiency; and sumultaneous partcle count expenments upstream and downstream of the
VFS filtration to evaluate system fikration efficiency The expenments showed that, with
few cxceptions, the system meets or exceeds mummum contanunant capture requirements
and that contammunant filtratton capabulities meet or exceed 99 97% However, tesung did
reveal poor contaminant capture efficiency at Flats Ejectar # 1 {about 28%)

Based on these results as discussed i thes reporr, the following recommendatons are made
10 furthet improve the control of potennal contaminants by this mail soring system.

» Both Flats Ejectors should be permanently modified to maximize smoke capture
and TG caprure efficlency

»  Although smoke release observanons suggest adequate contarmnant capture at
the Left- Hand Loose Mail Distnbution System (LMDS) Hamper Dump, it 1s
recommended that the gap to the side of the slotted intake be sealed This acuon
may also mcrease contanunant capture velocmies at the face of the curtam

« USPS Engineening should consider elimunation of the exhaust at the LL-10 and
LL-6 areas Since these areas are enclosed, workers should be adequately
protected as long as the chute underneath 15 controlled by the Advanced Facer
Canceller System {AFCS) VES

»  Although T'G expenments suggest adequate capture effiriencies at the Dual Pass
Rough Cull (XPRC) waterfall area, there are several open knock-outs in walls in
this area that should be sealed 10 mazmize VFS effectiveness

+ The USPS and 1ts vendors should consider rediection of the exhaust plumes
from the air handhing unuts as they may interfere with proper contaminant
capture of the 010 Culling System VFS, DPRC VFS and AFCS VFS wiuch are in
the plumes

» Proper balance of the Left-Hand side of the IMDS System wath the Right-Hand
side could alleviate disparies in Hamper Dump contaminant caprure velocines
and Hand Culling $tation TG capture efficiencies

o 'The skirt added by the vendor dunng testing to the SG-2 bypass chute should be
made permanent, and simlar modifications should be made to the SC-1 bypass
chute

» To ensure optimal filtranon system performance, the USPS and s vendors
should take steps to guarantee that fulters are changed often enough 10 be



operating within prescribed parameters and that filters are protected from
physical damage Moreaver, such steps should be taken prior to further testng
of filtrauon system efhciency

Proper and regular maintenance of the filtration eomponent of the VFS unir s
essential for effective filiranon  Work procedures for mamtenance should be
designed wath this n mund and should be closely followed

Further testng to investigate why computations for some areas indicate capture
efficiency greater than 100% 15 warranted  Therefore, future NIOSH testing
should inchide making indenidual TG expenments longer 1n length
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INTRODUCTION

The Nauonal Institute for Occupatonal Safery and Health (NIOSH) 15 located m the
Centers for Disease Control and Prevention {CDC), within the Department of Health and
Human Services NIOSH was established 1n 1970 by the Occupational Safety and Health
Act at the same tume that the Occupational Safety and Health Administration (OSHA) was
established i the Department of Laber (DOL)  The OSHAct legislation mandated NIOSH
to conduct research and education programs separate from the standard-setting and
enforcement funcuons conducted by OSHA. An important area of NIOSH research deals

with methods for controlling occupational exposure to potential chemical and physical
hazards

'The Engineenng and Physical Hazards Branch {(EPHB) of the Division of Appled Rescarch
and Technology (DART) has been given the lead wathin NIOSH to study and develop
engmeenng controls and assess thewr impact on reducing occupattonal dlness  Since 1976,
EPHB {and its forerunner, the Engineenng Control and Technology Branch} has conducted
a large number of studies to evaluate engineening control technology based upon industry,
precess, ot contro] technique  The objective of each of these studies has been to evaluate
and document control techmques and to determune the effectrveness of the control
techmiques 1n reducing potential health hazards i an industry or for a specific process

Researchers from NIOSH were reguested 1o assist the USPS 1n the evaluauon of
contamunant controls for various mail processing equpment  These new controls are being
mstalled to sigmficantly reduce operator exposure to any potentially hazardous contannants
erutted from mad pieces dunng normal mail processing  Thus effort 15 driven by the 2001
terrorist attacks whuch used the maif as a delivery system for anthrax  INIOSH researchers
have subsequenty made several trps o Washington, DC area postal facties to observe
math-processing equipitent 10 operanion and to study the effectiveness of the newly designed
controls

The control evaluated mn this report 15 a pre-producuon model venulavon/filtranon system
(VES) for the 010 Culhng System. Ths control was designed and installed by a USPS
contractor o significantly reduce the potenual for operator exposure 10 bactenal
contarmnants that could be contamned 1n mail pleces processed by this equipment  Thus
system was evaluated at the Mernfield, Virginia Processing and Dhstribution Center (P&D0)
dunng z field survey that took place October 9-10, 15 and 17, 2002

DESCRIPTION OF EQUIPMENT

The USES 010 Culling System 1s comprised of 2 conveyor systems that size the collection
mal brought to the P&DC o lewers, {las (magazine size), and parcels The fust system s
called the Dual Pass Rough Cull (DPRQ) and the second 1s the Loose Mad Distnbuuon
System (LMDS) The hampers of raw mail are loaded mto the DPRC. Flats and parcels are
separated from the letter mail and sent to the appropnate areas of the faciiy for processing
The output of the IMDS sends letter mail to the next stage 1n its processing which 15 the
cancellavon equpment



Ar the time of evahiation, the VFS for the 012 Gulling System consisted of 2 separate aur-
handling/ filtratron uruts that provided exhaust for vanous locatons of possible contarmnant
release Amr-handhng Unit # 1 processed about 19,000 cubic feex per munute {cfra} and could
be swatched to service vanous areas depending upon USPS processing needs, mcluding the
LMDS area and conveyors that send mail to equpment downstream of the 010 Culling
System. Aur-Handling Ut # 2 processed about 18,000 ofm and serviced the pnmary areas
of the DPRC. Fach of these air-handhng units was fitted with three stages of filiration
compnsed of a pre-filter, a MERV 14 filter and a High Efficiency Parnculate Aar (HEPA)
filter Furthermore, several areas of potential contarunant release were enclosed or parually
enclosed by the manufacturer so that the VFS could more effectively protect the worker
from exposure

METHODS
TRACER GAS

A pparatus

To quantitatrvely evahuate the capture efficiency of the vennlaton system, a tracer gas
method was used The gas, CP sulfur hexafluonde (SF,), was released at a constant rate at
points 11 and near the sorter fo determune the capture efficiency of the VFS at these release
ponts The gas was supphed through a mass flow controller (Model 1359C- 100005V, MKS
Baratron® 8 Control Products, Six Shattuck Road, Andover, Massachuserts, 01810) set to
produce about 4 parts per mihon (ppmy) 1n the exhaust outlet of the system. The exhaust
from the ventlation system was filtered and then returned to the workroom near the celing
The concentranon of the SE, was measured n the exhaust duct, just upsiream of the filers
In order to sample this air stream umformly, the exhaust air was drawn theough a 1/4 1
diameter copper tube having six 3/32 in diameter holes spread uniformly across the duct
diameter, inserted into and perpendicular to the exhaust duct  After exating the copper tube,
the wr was first filtered (HEPA Capsule Filter, Madel # 12127, Gelman Sciences,
Incorporated, Ansi Arbor, Michugan, 48106) to remove dust, and then pulled through a
MIRAN" 203 Specific Vapor Analyzer (Thermo Environmental Instruments, 8 West Forge
Parkway, Franklin, MA 02038), using an AuCon” hugh volume air sampler (Gilan
Instrument Corporation, W Caldwell, New Jersey} set for approximately 30 liters per
runute, and using Tygon® mbmg throughout the sampling system. After exiting the pump,
the sampled a1 was released mto the workroom. 'The analogue output signal from the
MIRAN' was routed ro a PCMCIA 12-bit analog card (Quatech Model # DAQP-12, Akron,
OH) wiuch allowed data storage and display at one-second mtervals in real-time on a
portable computer

Procadre

For these measurements, the output signal from the MIRAN® was recorded at 1 second
mtervals Each measuremnent of captore efficiency was recorded for a 7 10 4 mumate interval
The MIRAN" concentration corresponding to 100% capture was measured by releasing the
SF, directly mro a duct supplying the exhaust intake in that part of the system. Thus
measurement was made immediately before and after the rest of the capture efficiency
measurements as well as between a number of the efficiency measurements, to detect and
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correct for drift m the 100% level Al of the tracer gas measurements were made with the
ventlation system blower turned on A list of the samphing sites 1s given i Table 1

SMOEK. LEASE

A pranatus

A smole machune (M Fogger, Model F-800, Chauvet USA, 3000 Nerth 29* Court,
Hollywood, Flonda, 33020) was used to visualize arr movement in and around these systems

Proediores

By releasing smoke at pomts 1n and around the sorter with the VFS operanng, the path of
the smoke, and thus any airbome matenal released at that point, could be deternuned  If the
smoke was captured quickly and directly by the VFS, 1t was a good mdication of acceprable
control design and performance If the smoke was slow to be captured when released at a
certain pount, or took a circuitous route 1o the aw ntake {or the exhaust, the VES design was
considered marginal at that pomt A list of the samphing sites 15 given i1 Table 2

CAPTURE VELOCITY

Aptarates

An anemometer was used to measure air speeds at exhaust operungs on the LMDS and
DPRC (Velocicale™ Plus Anemometer, Model 8388, TSI Incorporated, PO Box 64394, St
Paul, Minnesora, 55164)

Proadoes

To measure the velocities achreved by the control at crtical pomts, the anemometer was held
perpendicular to the flow durectton at those pomnts  Velocities were recorded at the hamper
dumper and at exhaust openings around the system. To check caprure velociues at the
furthest point from the air intake, the anemometer was held at the edge of the equpment
where a worker would be positoned A list of the sampling sites 1s grven in Table 3

FILTRATION EFFICIENCY
Apparats

The apparatus used to make measurements to calculate filtration efficiency was 4 Gnmm
Portable Dust Monstor which uses optical scattenng technology to measure particle
concentranon and estimate parucle size (Medel 1 108, Grimm Technolopes, Incomotated,
Douglasville, GA} The Gnmm 1 108 provides conunuous momtoring of aerosol particles
and measures number (count) concentration per umt volume (typically licers) For
expenments conducted, data concermmy cancentranons of the follawing partcle sizes were
collected 03 pm, 04 pm, 05 pm, 065 pum, 08 pm, 10 g, 16 i, 20 e, 3 O um, 4 0
pm, 5 0 um, 7 5 um, 100 pm, 15 © pm, and 20 0 um.



Prowdures

The challenge z2erosol used for measurements was the ambient aerosol that enters the HVAC
system from air mmkes  One Gamm Portable Dust Monitor was placed upstream of the
filters to count parucles with an isokinetic sampling probe facing the ar stream.
Sinultanecusly, another GRIMM Portable Dust Momtor was placed downstream of the
filters with an isolunetic samphng probe facing the HEPA filters The partcular Gnmm’s
used were a matched pasr to mumimize msirument-to mstrunent vanabiiy  Fulter
penetraton [T was calculated by talang the rano of the downstream parncle counts G,
to the upstream particle counts [G,] (x 100 gives percent penetraton) Filter efficiency 15
then determuned as 100 munus the caleulated value for?  Fulter efficiencies were made both
before and during penods of mail processing on the 010 System.

RESULTS
Tracer gas

The mass flow controller was set 1o produce a 4 ppm concentration of SF, in the ventlanion
system exhaust when 100% of the gas was being captured The relative concentration in the
exhaust as a result of tracer dosing at any point, which 15 equivalent to the capture efficiency
at that point, 15 given in Table I This data is shown graphically in Figure 1 The measured
capture efficiencies ranged from 028 to 1 06

Snoke

Smoke release expenments were conducted to viually determuine how effective the exhaust
ventlation control 15 at vanous powmnts around the mail distnbution system. Smioke was well
controlled i most arcas and was found to be effectively captured by the exhaust system (see
Table 2} Special note should be made that at Right-Hand [LMDS Hand Culhing Stations A,
B and C, smoke was captured quickly and efticiently into the VEFS exhaust, an observation
made several umes

Smoke release observations dhd, however, indicare margmal or poor contamnant capture
capabilines at the Flats Ejectors, where much smoke escaped the mfluence of the VFS
exhaust When the vendor made sumple, temporary modifications at Flats Ejector 2, thus
situation changed and most of the smoke was then entramned into the VFS At the ume of
the survey the vendor agreed to make future modificanons to both Flats Ejectors to rectfy
this situation

Three smoke release observanons that did not mdicate poor VFS performance did, however,
reveal opportumites for improvement of the system. For nstance, at the Lefe-Hand IMDS
Hamper Dump, & was noted that some smoke was escaping through a small operung 1x the
hood to the lefr of the VES exhaust  Also the SC-2 bypass hood showed acceprable smoke
capture only when a temporary skirt was added, a modification that the vendor prormsed to
make permanent at both the SG-1 and $C-2 bypass hoods  Lastly, at the bottom of the drop
for the DPRC Waterfall area, some smoke could escape through knockowts in the
equpment with a large blast of sroke



Ao Veogty

Air velocity measurements were taken at vanous locattons  Most measurements met or
exceeded the USPS nunimurn standard of 100 feet per munute {see Table 3) The exception
to thus was at the Left-Hand LMDS Hamper Dump, where measurements were consistently
lower than 100 feet per runute

Fudtranon E fficency

Both Mernfield Air Handhng Unies showed system efficiencies greater than 99 97%, which
is the mmmum HEPA filter efficiency level {See Table 4)

DISCUSSION

While air velocity measurements at the Left-Hand LMDS Hamper Dump were consistently
lower than 100 feet per munute (USPS mumumum requirement), the VES met or exceeded
overall expectanons for TG expenimentation (99% capmure efficiency) and for smoke release
observauons {very goad, except for the potential for some smoke to escape a comer of the
hood) These good results can be explamed by the large awr mass that s being moved into
the VFS in this area  Thus, 1t 1s the NIOSH position that the VFS prowides good protection
for the worker at this location, even though air velocity measurements did not meet USPS
mnmmum requurements at the nme of westmg Dunng the survey, however, 11 was discussed
with the vendor that small adjustments could be made o elevate caprure velocites at this
locaion  For mnstance, closing a small gap at the side of the slotred VFS mrake of the LMDS
Left-Hand Hamper Dump can inctease capture velocities at that point

At the SG-2 bypass some smoke did escape at the top of the cart However this condion
was adequately modified when the vendor mstalled 2 temporary skt around the cart - Ar the
ume of the survey the vendor indicated thar they would make this modification permanent at
both the SC-1 and $C-2 locauons

Even though the LL-10 and LI-6 areas wete fitted with hooded exhausts, they were
cempletely enclosed It should also be noted that at the bottom of the chutes under L1-10
and LL-6 the mail processing equipment was not enclosed by the 010 Culling System VFS,
but these areas would be protected by AFCS VFS when both systems are nstalled 1n
tandem.

Two areas exasted that enjoyed good protection by the VES bur that could also be easily
unproved by shght modifications to the system. Furst, at the bottom of the DPRC waterfall
areas, some smoke could escape through knock-outs i the side of the DPRC with the
mtroduction of large amounts of smoke (a conditton that did not affect the overall good
performance of the LEV) Also, a small gap existed in the VFS hood at the side of the
slotted intake at the IMDS Left-Hand Hamper Dump  VFS performance could be
improved here by closing this gap

The results of 2 tests showed poor performance of the LEV underneath the Flars Ejeciors (1
and 2) Fust, smoke escaped from underneath the Flats Ejectors prior to any modifications
made by the vendor Also, the area underneath Flats Ejector 1 showed poor TG capture



(about 28%) However, immediate and temporary modifications by the vendor greatly
improved the performance of the VFS at the Flats Ejectors, and the vendor agreed to rectfy
the situation for the next survey

TG caprure efficiencies of 80% to 94% were measured at the Righe-Hand 010 Hand Culling
Stations, however smoke release observauons at these stanons showed very good capture
effectrveness  Ttis believed that these relatvely low TG capture efficiencies can be improved
by balance of the exhaust system by the vendor

It 15 beheved that TG capture efficiencies m excess of 100% represent complete TG capture
and that these values would level off to 100% if test runs were extended or of further testing
to investigate this phenomenon were made

RECOMMENDATIONS

Based on the results of the measurements and observations from the survey, the following
recornmendations are made to further improve the control of potential contarmnants by thus
VES

» Both Flats Ejectors should be permanenty modified to maximize smoke capture
and TG capture efficiency

»  Although smoke release observanons suggest adequate contaminant capture at
the Left-Hand 010 Culling System Hamper Dump, 1t 1s recommended that the
gap to the side of the slotted mntake be sealed This action may also mcrease
contaminant capture velocities at the face of the currain

» USPS Engineenng should consider ehmunation of the exhaust at the LL-10 and
LL-6 areas Since these areas are enclosed, workers should be adequarety
protected as long as the chute undemeath 1s controlled by the AFCS VES

» Although TG expennments suggest adequate capture efficiencies at the DPRC
waterfall area, there are several open knock-outs i walls in this area that should
be sealed to maxurmze VFS effectrveness

» The USPS and s vendors should conssder redirection of the exhaust plumes
from the air handling urits as they may interfere with proper contarmnant
capture of the 010 Cullng System VES, DPRC VFS and AFCS VES winch are m

plumes

+ Proper balance of the Left-Hand side of the LMDS System wath the Right-Hand
side could allewiate dispannes in Hamper Dump contarminant capture velocines
and Hand Culling Staton TG capuure efficiencies

+ The skart added by the vendor dunng testing to the SG-2 bypass chute should be
l'l}'llade permanent, and simlar modidicauons should be made to the SG-1 bypass
chute

+ To ensure optimal filtration system performance, the USPS and its vendors
should take steps to guarantee that filters are changed often encugh 1o be
operating wathin prescnbed parameters and that filters are protected from
physical damage Moreover, such steps should be tzken prior to further testing
of filtration system efficiency

10



Proper and regular mantenance of the filtrauon component of the VFS unit 15
essential for effective filtration  Work procedures for mantenance should be
designed with this ;n mmd and should be closely followed

Further testing to mvesugate why computations for some areas indicate capture
efficiency greater than 100% 15 warranted Therefore, future NIOSH testng
should include makang mdividual TG expenments longer m length

11
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Table 1 Postmions for Tracer Gas Release and Measured Efficiencies

Description of Measurement, Location Efficiency
LEFT HAND LMDS HAND CULLING STATION A {CLOSEST TC 104%
[HAMPER DUMP)
LEFT HAND LMDS HAND CULLING STATION B 166%
LEFT HAND LMDS HAND CULLING STATION 106%
LEFT HAND LMDS HAMPER DUMP 9%
RIGHT HAND 1 MDS HAND COLLING STATION A (CLOSEST TO 446, 92%
HAMPER DUMD)
RIGHT HAND LMDS FAND CULLING STATION B 85%, 50%
RIGHT HAND LMDS HAND CULLING STATION C 80%, 80%
RIGHT HAND LTMDS HAMIPER DUMDP 959%,100%
L EFT-HAND DPRC HAMPER DUMP 101%
RIGHT-HAND DPRC HAMPER M 100%
.EFT-HAND DPRC WATERFALL AREA (BOTTOM OF LETTER DDROP) 103%
RIGHT-HAND DPRC WATERFALL AREA (BOTTOM CF LETTER 101%
DROT)
-2 BYPASS AT BOTTOM OF CART 100%
52 FEED HOOD 97 2%
UNDERNFEATH FLATS EJECTYOR # 1 (UNIT WITH NO CAPTURE 29%
ENHANCEMENTS)
[UNDERNEATH FLATS EJECTOR # 2 {(UNIT WI'TH $OME ROUGEH! 103%
CAPTURE ENHANCEMENTS MADE BY USPS PERSONNEL)

12



Table 2 Posmons for Smoke Release Observauons and Comments

AREA OF RELEASE

COMMENTS

LEF[-HAND LMDS HAMPER. DUMP AT BOTTOM OF CONVEYOR

VERY GOOD EVACUATION OF SMOKE T4
GEMERAL SMOKE CAN ESCAPE THROUGH
SMALL GAP IN THE HOOD TO 'THE LEFT OF

THE SLOTTED VFs INTAKE

RIGHT- HAND LMDS HAMPER DUMP AT BOTTOM OF CONVE YOR

VERY GOOD EVACUATICN OF SMOKE

LEFT HAND IMDS HAND {XLLING STATIONS 4, B, C

VERY GOOD EVACUATION OF SMOKE

GHT-BAND LMDS HAND CULLING STATIONS &, B, C

VERY GOOD EVACUATION OF SMOKE

EFT HAND LMDS INCLINE/OC 3 TRANSITION

VERY GOOD EVACQUJATION OF SMOKE

LEFT-HAND LMDS INCLINE/QOG 3 TRANSITION

VERY GOOD EVACQUATION OF SMOKE

OG2/L1-1 IDOD AREA

VERY GCOD EVACUATION OF SMOKE

M2 TO MX-3 HOOD AREA

VERY GOOD EVACUATION OF SMOKE

VERY GOOD EVACUATION OF SMOKE

-3 TO ST 2 HOOD AREA
2TOLL-3 HOOD AREA VERY GOCD EVACUATION OF SMOKE
1 TOLL-3 HOOD AREA VERY GOOL EVACUATICN OF SMOKE
[FL-4 TO FL 5 HOOD AREA VERY GOXOD EVACUATION OF SMOKE
FL-2 TO) F1-5 HOOD AREA VERY GOOD EVACUATION OF SMOEE
F1-6& TO LEFT HAND DISCHARGLE HOOD AREA VERY GOOD EVACUATION OF SMOKE
EL-S TO IL-6 HOUOL AREA VERY GOOD EVACUATION OF SMOKLE
‘L6 TO RIGHT HAND DISCIIARS-E HOOD AREA VERY GOOD EVACUATION OF SMOKE
[*-2 DISCITARGE HOOD AREA YERY GOOD EVACUATION OF SMOKE

[SCG-2 BYPASS (INMTO CART) BEFORE ADDITION OF SKIRT TO
[FKOO0

SOME SMOKE ESCAPES AT THE TOD

502 BYPASS (I 1O CART) AFTER ADDITION OF SKIRT T HOOD

VERY GOOD EVACUATION OF SMOEE

17 BOOD AREA

ENCLOSED AT TIOP/NO SMOKE TEST MADE

LL-6 HOOD AREA

ENCLOSED AT TOP/NO SMOKE TEST MADE

11 9 HOOD AREA

VERY GOOD EVACUATION OF SMOKE

LL-8 HOOD AREA

VERY GOOD EVACUATION QF SMOEE

[LL-7 HOOD AREA

VERY GOOD EVACUATION OF SMOKE

LL 5 ITOOD AREA

VERY GOOD EVACUATION OF SMOKE

KC 275G 1 FEED HOOD

VERY GOOD EVACUATION OF SMOKE

[RICHT HAND DPRC HAMPER DUME AT BOTIOM OF CONVE YOR

VERY GOOD EVACUATION OF SMOKE

RIGHT-HAND DPRCMETERING OONVEYOR

VERY GOOL EVACUATION OF SMOEE

RIGHT- HAND DPRC WATERFALL AREA (TOP OF CONVEYOR)

VERY GOOD EVACTIATION OF SMOKE

[BIGHT-HAND DPRC WATERFALL AREA (BOTTOM OF LETTER
DROP)

SMALL AMOUNT OF SMOKE ESCAPES WITIT
LARGE BLAST OF SMOKE

L EFT-HAND DPRC HAMPER DUMP AT BOGTTOM OF CONVEYOR

VERY GOOD EVACUATION OF SMOEE

HLEFT-HAND DPRC METERING CONVEYOR

VERY GOOD EVACUATION OF SMOKE

{LEFT-HAND DPRC WATERFALL AREA {TOP OF QONVEYOR)

VERY GOOD EVACUALION OF SMOKE.

LEFT-HAND DPRC WATERFALL AREA (BOTTOM OF LETIER

SMALL AMOUNT OF SMOK L ESCAPES WITH

DROP} LARGE BLAST OF SMOKE
UNDERNEATH FLATS EJECTOR # | (UNIT WI'TH MO CAPTURE TARGE AMOUNT OF SMOKE ESCAPES VES
ENHANCEMENTS) EXHALST

[UNEERMEATH FLATS EfECTOR # 2 (UMIT WI'TH SOME ROUGH
CAPTURE ENHANCEMENTS MADE BY LEPS PERSONNEL)

SOME SMOKE ESCAPES VFS EXHALST

ERINEATH FLA'TS EJECIOR# 1 (UNI'T WI TH CAPTURE
NHANCEMENTS MADE BY VENDOR

SOME SMOEE ESCAPES VFS EXHAIXT

ROP ONTO CONVEYOR BETWEEN DERC CULL DRUMS

VERY :OOD EVACUATHON OF SMOKE

INDERMNEATH DI'RC RIGHT-HAND CULL DRUM

VERY GOOD EVACUATION OF SMOLE

[UNDERMEATH DFRC LEFT-HAND CULT DRUM

VERY GOOD EVACUATION OF SMOLE

14




Table 3 Positons for Awr Veloory Measurements and Recorded Values

CONTAMINANT
CAPTURE VELOCITY
AREA (VALUES OF TRIALS
IN FEET PER
MINUTE)
FT-HAND LMDS HAND CULLING STATION A (AT FACE OF 131, 145. 123
PLASTIC CURTAIN AT VARIOUS LOCATIONS) _ e
LEFT-FAND LMDS HAND CULLING STATION B (AT FACE OF 145, 160, 113
PLASTIC CURTAIN AT VARIOUS LOCATIONS) T
LEFT-HAND LMDS HAND CULLING STATION C (AT FACE OF 143, 127. 163
LASTIC CURTAIN AT VARIOUS LOCATIONS) L
GHI-HAND LMDS HAND CULLING STATION A (AT FACE OF 122, 183, 139
PLASTIC CURTAIN AT VARIOUS LOCATIONS) — e
GHIHAND LMD$ HAND CULLING §TATION B (AT FACE OF 167 167. 141
LASTIC CURTAIN AT VARIOUS LOCATIONS) b
GHI-HAND LMDS HAND CULLING STATION C{AT FACE OF 160, 148, 144

LASTIC CURTAIN AT VARIOQUS LOCATICNS)

LEFT-HAND LMDS HAND COULLING STATION A (AT FACE QF
FLASTIC CURTAIN AT VARIOUS LOCATIONS)

131, 145, 123

L EFT-HAND DPRC HAMPER DUMP (AT FACE OF PLASTIC CURTAIN

TRIAL 1 121, 166, 138
TRIAL 2 84, 151, 124

AT VARIQUS LOCATIONS __ _
GHT-HAND DPRC HAMPER DUMP (AT FACE OF PLASTIC

CURTAIN AT VARIOUS LOCATIONS)

TRIALL 153, 115
TRIAL 2 102,152, 115

[EFT-HAND LMDS HAMPER DUMP (AT FACE OF PLASTIC CURTAIN
AT VARIOUS LOCATIONS)

TRIAL 1 74, 87, 68
TRIAL 2 61, 88, 83

RIGHT-HANT) LMDS HAMPER DUMP (AT FACE OF PLASTIC
CURTAIN AT VARIOUS LOCATIONS)

TRIAL 1102, 92, 100
TRIAL 2 74%,99,57
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Table 3 Filtratuon Efficiencies at Aw Handhng Unus 1 &2

Ventilanon
Unat

Particle Size Range

0.3-0.4 | 0.4-0.5
#m i

0.5-0.65
Him

06508 | 0.3-1.0
pm i

L0-16

1.6-2.0
pm

2.0-3.0
Hm

Memfeld # 1
Beforz Processimng
10715

33993 D% 954

=23999

29999 | H9999

=59 999

79953

9993

Membeld # 1
Diuring Processng
10/15

93 997 99 995

99994

999 | 59999

9995

9955

9999

Merrifield # 2
Before Processmg
10715

99 %94 95 992

99998

949689 [ 259939

=99 999

#9999

=19 599

Mermiield # 2
Duning Processing
19/15

99995 99 989

09 959

9999 | 269999

=9 599

=09 999

=% 999

Mernfeld # 1
Before Processing
10717

99999 9% 999

94996

0990 | 54999

9 oG

95955

hR 599

Merridield # 1
Dunng Processing
10/17

99 598 05 935

99 995

/54899 [ 89999

SH9 999

9 539

39 9%9

Memtfield # 2
Before Processing
16/ 17

99 599 99939

=23 0999

9990 [ 2459999

=3 995

=05 995

>33 599

Membeld # 2
During Processing

10717

=90 999 =59 999

=09 909

>H9999 | 529993

RG99

5 99%

=% 9%






