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ABSTRACT

Thomas C. Smith, "A Performance Eval uati on of N EHS
Laboratory Fune Hoods" (under the direction of Dr.
M chael Flynn and Dr. John Denent)

The | aboratory hoods found at the National Institute
of Environmental Health Sciences were quantitatively
tested and evaluated in terns of contai nnent perfornance.
The hoods were challenged with a tracer gas. Sul fur
Hexaf | uori de, and peak concentrations | eaking fromthe
hood were neasured in the breathing zone of a mannequin.
The tests proved that | aboratory hood perfornance is
subject to baffle position, face velocity, tracer gas
chal | enge hei ght and bottom sl ot obstructions. These
factors had statistically significant effects, P <
0. 0001, on overall containnment efficiency. The results
hel ped to identify the paraneters which could be
mani pul ated by the enpl oyee, the Health and Safety Branch
and facility engineers to provide optinmm performnce and

reduction of hood | eakage to below 0.1 ppm
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I NTRODUCTI ON

Laboratory hoods are the prinmary means of protection for
| aboratory enpl oyees working with potentially hazardous
materials. Their use was intended to reduce enpl oyee exposure
by capturing and removing hazardous contam nants. Many design
modi fi cations have occurred since the original |aboratory fume
hood. However, as better techniques to neasure hood
performance are devel oped, difficulties in the design,
installation, and use becone nore evident.

Laboratory hoods are conplex in design and are subject
to a wde variety of factors which affect perfornmance.
Criteria for testing "as manufactured" hood perfornmance are
wel I docunented and advances are being made for quantitative
"as used" hood perfornmance tests (5,7,8,10,12,19,21). The
i mportance of "as used" testing cannot be underestinmated as
present nmethods are limted to face velocity nmeasurenents and
vi sual snoke tests which provide only a qualitative
nmeasur enment of hood performance and do not neasure contai nment
efficiency (21).

| nproved test procedures allow for assessnment of many
vari abl es that affect hood performance and contai nnent.
Vari abl es such as roomair supply, traffic about the hood,

and enpl oyee work practices have been adequately tested and
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reported in recent literature (3,6,9, 10,16, 18, 20,21, 23). The
results of these efforts prove the benefits of an aerodynamc

sill and good work practices such as reduci ng sash height and
reducti on of notion in and about the hood. However,

relatively little research has been attenpted to assess the
effects of baffle design and slot position on |aboratory hood
per f or mance.

| nappropriate baffle design and slot positioning can
significantly affect the performance of a |aboratory hood
(11). There are no standards for baffle and slot design and
varyi ng designs exi st anong hood manufacturers. Sone
manuf acturers provide adjustable baffles which allow for
mani pul ation of the air distribution within the hood. The
adj ustments are nade in accordance with the type of aerosol
being generated. A top slot is opened for working with
"lighter than air" vapors and conversely a bottomslot is
opened when working with "heavier than air" vapors (2,3,11).
This "heavier than air", "lighter than air" rationale,
however, bears no relevance due to the effective specific
gravity resulting fromturbulent mxing in the hood (2,3).

Adj ustabl e baffles can often lead to undesirable air flow
patterns and potentially increased | eakage fromthe hood. The
famliar roll effect or devel opment of a stable vortex above
the sash can increase the potential for |eaks fromthe hood
(10,11). Certain baffle settings are nore conducive to

formng this vortex and increase the potential for |eaks
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(10, 11).

The objective of this study was to assess the perfornance
of typical |aboratory hoods at the National Institute of
Environnmental Health Sciences (N EHS). The study was to
i nclude testing of several hoods to determne their
ef fectiveness of hazard containnment at different baffle
settings and under normal use conditions. The experinental
parameters tested were baffle settings, face velocity,
chal l enge position, and effect of bottomslot obstructions.
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LI TERATURE REVI EW

Laboratory hoods are designed to provide enpl oyee
protection fromexposure to a wde variety of hazardous
materials. It was estimated that nearly 800,000 hoods are
in operation across the nation and according to the Scientific
Appar atus Makers Association (SAMA), this figure may be
conservative (3,22). Laboratory hood performance is subject
to a wide variety of use and external factors. A great dea
of literature has been generated in attenpts to provide hood
specifications, develop effective testing nethods, evaluate
factors affecting performance and inprove aerodynam c
efficiency. However, further work needs to be done as
I nproved met hods of testing indicate hazard containnent is
often | ess than desirable and design features critical to

overal | hood perfornmance have not yet been eval uated.

Laboratory Hood Description

The | aboratory hood is defined as a ventilated, enclosed
work space intended to capture, contain and exhaust funes,
vapors and particulate matter generated inside the enclosure
(19) . Atypical laboratory hood consists of side, back and
top enclosing panels, a floor or countertop and an access
opening cal led the face. The face area is varied by a
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nmoveabl e sash. Contani nant renoval and air flow distribution
is regul ated by an exhaust plenum equi pped with a baffle and

adj ustabl e sl ot system (19). Refer to Figure 1. for a typica

auxiliary air | aboratory hood.

A X
Auxiliary air supply

. Exhaust air
Top and side

Encl osi ng
Panel s

Sash

Baf f | es

Air Foil Sill

Figure 1. Three Dinmensional Auxiliary Air Laboratory

Hood Di agram

Laboratory hoods can be generalized into two nmain

categories, by-pass air hoods and auxiliary air hoods.
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Speci al hoods, such as perchloric acid hoods, radioactive
hoods, and wal k-i n hoods, also exist. A by-pass hood is
i ntended to exhaust room air through the face when the sash
I's open and through a diffusion grill when the sash is closed.
The rationale for the by-pass hood was to ultimately provide
user safety while enabling a somewhat constant anount of air
to be exhausted. It was designed to work in conjunction with
the rest of the ventilation systemin order to nmanage the
| aboratories air handling needs. An auxiliary air hood is
characterized by having a supply air duct in addition to an
exhaust duct. The design was intended to reduce energy costs
by reducing the amount of tenpered air exhausted by supplying
nontenpered air fromthe outdoors. The auxiliary air enters
a pl enum above the hood opening and is diffused over the hood
face. If designed and naintained properly, the auxiliary air
hood can be safer than standard by-pass hoods as a result of
the clean air purging the breathing zone of the hood user

(4,8).

St andards and Performance Gui del i nes

In an effort to provide uniformty and reliability in
| aboratory hoods, standards and recomendati ons have been
witten to establish safety requirenents and performance

gui del i nes. Several organizations including the Anerican
Conference of Governnental Industrial Hygienists (ACAH), the

American Society for Heating, Refrigeration, and Air
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Condi ti oni ng Engi neers (ASHRAE), SAMA, and the EPA have
devel oped standards and criteria for the construction, testing
and use of | aboratory hoods. All were found to contain
simlarities pertaining to | aboratory hood desi gn,
installati on and suggested work practices. A brief |ist of
simlarities consists of the follow ng:
1. Provide uni form exhaust air distribution in the
hood. There should be no nore than a 10 - 25%
variation in point-to-point face velocity with
the sash fully open and unobstruct ed.
2. Use corrosion resistant materials suitable for
expect ed work.
3. Avoid sharp corners at janbs and sill. Tapered or
round inlets are desirable; an aerodynam c sil
is desirable.
4. Hood should be | ocated away from heavy traffic aisles
and doorways.
5. Experinental procedures should be perfornmed at | east

si X inches into the hood encl osure.

6. Users should not store chenicals or apparatus in
hood.

7. Users should attenpt to | ower hood sash as | ow as
possi bl e. : :

8. Attenpts should be made to keep slots free of

obstructi ons.

These recommendati ons, however, |ack specific design criteria.


NEATPAGEINFO:id=D4626EC1-A1B7-451A-AB5E-EBA9FA990D99


9

Hood standardization is difficult as hood performance is

susceptible to ventilation systemefficiency and air
requi rements unique to each | aboratory.

Face Velocity Criteria
Saf e hood operation has |ong been associated with the
magni tude of the average face velocity. This face velocity
was traditionally based on the type of material being used in
the hood (19) . Cass A hoods were designated for high
toxicity materials such as tetraethyl I|ead, beryllium
conmpounds and radi oactive materials. These hoods had
characteristic face velocities on the order of 125 to 150 feet
per mnute (0.64 - 0.76 ms). Cass B hoods were designated
for general use purposes and had face velocities typically 80
to 125 feet per mnute (0.41 - 0.64 nm's). Cass C hoods were
for very lowtoxicity materials or nuisance dusts and odors.
Face velocities ranged from50 to 80 feet per mnute (0.25 -
0.41 m's). The designation of safe velocities differs among
t he standards nentioned, however, nost recommend face
velocities within a range of 50 - 150 feet per mnute
(1, 2,8, 19) .
A great deal of controversy exists over the designation
of an average face velocity as an indicator of hood safety.
Devel opment of accurate quantitative leak tests indicate that

any specific face velocity would be inappropriate due to the
interaction of external factors. Proper face velocities
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shoul d be based on the uni que conditions applying to a
speci fic hood and not necessarily on the material in use

(2,3,5,17). External factors relating to this phenonmenon wl|

be covered in detail | ater.

Labor at ory Hood Perfor mance Tests

Laboratory hood tests to determ ne safe operating
condi tions and contai nnment efficiency have undergone a great
deal of research and accurate testing nmethods are continuously
bei ng devel oped. Traditional tests involve the neasurenent
of face velocities and observation of snoke patterns within
t he hood. These tests, being based on face velocity
guidelines found in the standards, have provided only
qualitative nmeasurenents of hood efficiency (21) . The
devel opnment of technology to detect and accurately neasure
contam nant concentrations have led to nore quantitative hood
tests. Quantitative tests however, are fairly conplicated and
requi re extensive calibration and setup (21). The need to
establish safe operating environnents have dictated the
devel opment of hood testing nethods that can be quantitative
yet sinple enough to apply in a routine hood nonitoring
pr ogr am

At present, essentially three standard quantitative hood
tests exist (21). These include the ASHRAE tracer gas test,
an EPA Sul fur Hexafluoride (SF*) test, and a nodified version
of the EPA SF" test nethod (21). The ASHRAE test. Standard
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HOP "Met hod of Testing Performance of Laboratory Fune Hoods",
devel oped by Caplan and Knutson utilizes freon, R 12, or
Sul fur Hexafluoride tracer gas and infrared spectronetry for

det ecti on. The gas was diffused into the hood through a

specially designed ejector. The release rate can be
control l ed and concentrati ons of tracer gas are neasured
escaping fromthe hood face with a Mran | A Infrared Gas
Anal yzer. The EPA SF* net hod devel oped by Chanberlin and
Leahy was adopted as "Laboratory Fune Hood Specifications and
Al ternate Performance Testing Requirenents for Pre-Purchase
Testing". This method involves challenging the hood with the
SFg tracer gas through a twel ve-point discharge nanifold.
Measurenents are taken in the exhaust duct and along the face
wth an, ITI Lealcnmeter || Mdel 61, electron capture detector
The nodified version of the EPA test, devel oped by Hanpl,
utilizes an el ectron capture gas chromatograph for detection
with a nodification of the tracer gas ejector (21). The
modi fied ejector uses a tubing jet with discharge hol es that
can be expanded to create a multiple point discharge source.
Due to the conplexity of the experinmental apparatus, the
standard quantitative test methods are difficult to apply in
fieldtesting (21) . As a result they have been applied mainly
as pre-purchase tests perforned by |aboratory hood
manuf acturers (4,8, 21).

Compl i ance of "as manufactured" hoods does not
necessarily indicate a hood will performsafely after
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installation (4,8). Thus, nmethods which are relatively
unobtrusive and can simul ate actual use conditions are being
devel oped to test "in-use" hoods. These test methods provide
a means to assess enpl oyee exposure resulting fromvarious
activities such as pipetting or centrifugation (10). The
resul ts obtai ned have al so enabl ed the determ nati on of
external factors and hood design elenents affecting

performance that may be unique to each hood.

Factors Affecting Hood Perfornmance

Room air supply, traffic about the hood and work
practices such as sash height, contam nant |ocation and
storage of materials in the hood are external factors
denonstrated in recent literature to have a dramatic effect
on | aboratory hood contai nment and performance (6, 7,10, 13, 18)
Roomair currents can significantly affect hood performnce
by disrupting flowin the hood. Potential to reentrain
contam nants into the roomair is possible if substantial air
currents exist near the hood face. Caplan and Knutson
recommend | aboratory air replacenment systens have supply
vel ocities of no nore than one half to two thirds the face
vel ocity of the hood (6) . Further recomrendations include use
of perforated ceiling panels and careful |ocation of hoods
with respect to this supply (6). The location of the hood in
the | aboratory has been shown to be of inportance as well.
Cross drafts devel oped by opening and cl osing doors and
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to flowtoward the top slot (11). The upward novenent of air
conbined with the horizontal flow of air through the face
produces the rolling effect or vortex. Air and thus,
contam nants are forced into this vortex (18).

The rationale for adjustable slots was to provide uniform
air distribution within the hood corresponding to a variety
of use conditions. Adjustnments to the slots are nade in
accordance with the type of materials or processes in the hood
(11). The top slot is to be opened when using "lighter than
air" gases and the bottomslot is to be opened when using
"heavi er than air" gases. The ampunt of turbul ence within the
hood, however, results in a relatively uniformconcentration
of air and contam nant (10,13). Even with vapors that have
densities nmuch different than air, resulting changes in
effective specific gravity are found to be negligible (2,11).

Adj ustabl e slots may be inportant, however, in the case
of unusual processes or extraordinary conditions. Processes
i nvol ving extrene thermal effects or lead to a significant
alteration of the | ocal densities nmay require sl ot
adj ustnents. The | aboratory hood, however, may not be the
proper control device for these types of activities (11).

Based on the literature reviewed, |aboratory hoods are
subject to a wide variety of use and external factors which
affect performance. Devel opnent of quantitative hood tests
have indi cated hood efficiency is often |ess than desirable.

Testing has shown the effect of laboratory conditions, design
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modi fi cati ons and the need for good work practices. Further
work i s required, however, to devel op noni ntrusive
quantitative test nethods and eval uate and nodi fy hood design
el enents, such as baffle design and slot configuration, that

are critical to aerodynam c performance and cont ai nnent

ef ficiency.
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NMETHODOL OGY

The objective of this study was to test the performance
of typical |aboratory hoods found at the National Institute
of Environnental Health Sciences. The followi ng factors were
eval uated for possible effects on hood perfornance:

1.) Baffle Settings;

2.) Contam nant Chall enge Position

3.) Exhaust Flow, Face Vel ocity;

4.) Bottom Sl ot Obstructions.

The project was designed to provide a nmethod for reducing
possi bl e exposure by evaluating the el enents affecting
perfornance that are within the control of the worker. Health
and Safety Branch and facility engi neers. The proj ect
consi sted of a survey of hood users, devel opnent of a system
that could be used as part of a routine hood nonitoring
program and evaluation of the factors of hood desi gn and

typi cal use conditions which influence hood perfornance.

Hood Use Questi onnaire

A survey was performed to assess enpl oyee work practices
and general know edge of hood functions. The survey was
adnmi ni stered to 50 | aboratory hood users selected at random
t hroughout NI EHS. Results were obtained through personal

interviews. All enployees were asked the sane questions
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regarding the length of tinme spent using the hood, type of
mat eri al s and processes used in the hood, know edge of hood

accessories and functions, and conplaints. Refer to Appendi x

I. for a copy of the guestionnaire.

Laborat ory Hood Descri ption

Three Hami lton Industries Auxiliary Supply, Vectaire Fune
Hoods were tested. Al three hoods were 4 ft. in wdth and
had t he di nensi ons shown in Figure 2. The Vectaire hood
includes a three way adjustable baffle (Figure 3.), vertical

sash, air foil sill and is equipped with a flow nonitoring

al arm system

The hoods were located in three separate roons of simlar
size and | ayout. The hoods were well positioned in the roons
with respect to walls, doors, and replacenent air supply
(Figure 4.). The hoods in roons Cl158 and Cl148 shared the sane
exhaust and auxiliary supply ducts, however the third room
D315, was part of separate system

The hoods are connected to the ventilation system by 10"
rectangul ar duct with the exhaust passing through a bag-in
bag-out HEPA filtration unit. The exhaust duct contains no
| ess than 4-90 degree bends with 90 degree branch entries
to the main. The flows are controll ed and regul at ed by
pneumat i cal | y operated danpers. The control system attenpts
to regulate auxiliary supply and exhaust vol xones through total

and static pressure differentials.
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Figure 2. Laboratory hood di nensions
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Figure 3. Baffle and slot configuration.
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Figure 4. Location of |aboratory hood in room D315
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Experi nment al Appar at us
The test nethod was designed to provide a quantitative
measur enent of hood perfornance yet be flexible, nobile, easy

to setup and use. The system was capabl e of providi ng

reasonabl e si nul ati on of actual use conditions. To sone
extent, the nmethod was devel oped by adaptati on and synt hesis
of the nethods currently avail able and outlined in the
literature review (1,10,21). See Figure 5. for a di agram of

t he experi nental apparatus.

LABDRATDRY HDDD

«PM
MANNI QUI N
LEAK
METER
PERSDNAL
CUMPUTER
£ DI FFUSER

Nn—d

UTI LI TY CART

SFG CYLI NDER
AND ROTAMETER

Figure 5. The Modbile, Quantitative Hood Testing System

The hood was chall enged with a tracer gas. Sul fur

Hexaf | uoride (SF*) , discharged through a rectangul ar diffusing
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mani fol d. The mani fold was constructed of 1/2 inch |I.D.
copper tubing bent to forma rectangle 6" x |'-6" with

di ffusion holes of 0.025" dianeter spaced 1" apart around the

perineter (Figure 6.).

-1,0

TUBI NG CRGCSS
SECTI ON

Figure 6. Sul fur Hexafluoride D ffusion Mnifold

The diffuser is attached to a ring stand which allows variable
hei ght, positioning, and virtually any orientation for
di spersal. A discharge flow of SF* was maintained at 4
liters/mn as neasured by a calibrated Air Products Rotaneter,
however, this flow could be changed depending on the need to
simul ate other contam nant generation rates. A flow of 1
liter/mn sinulates normal evaporation while 8 [iter/mn would
be a generation rate due to rapid boiling (5,10,19). The

tracer gas was dispersed at heights of two and eight inches
fromthe bottomof the inside surface of the hood. The
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adj ust abl e hei ght di ffuser was positioned ei ght inches from

t he hood face and ten i nches fromthe side walls.

The rotaneter, E29-R-150 MW, regul ating tracer gas flow
was cali brated against a 133.2 cc/mmWarren E. Collins Chain
Conpensat ed Gasoneter. The rotaneter was calibrated with air
and corrected for the density of SF*, assum ng pressure and
velocity differences were negligible. The snmall rotaneter,
#210, used to neasure the | eakneter inlet flow, was calibrated
wth a Glian Mnibuck Calibrator. Refer to Appendix IV for
rotameter calibration data.

A stationary mannequi n, Resusci Anne, was used to
sinmul ate a worker at the hood face. She was positioned with
her nose 1" outside the plane of the hood opening with her
arns projecting into the hood. The mannequi n was positioned
in the m ddl e of the hood opening with the top of her head
neasuri ng 26 i nches fromthe bottom of the hood. The
mannequi Nn' s presence at the hood face resulted in
approxi mately 36% bl ockage of the hood opening.

Leakage fromthe hood was neasured in the breathing zone
of the mannequin with an I TI Leakneter Mdel 120 el ectron
capture detector. The Leakneter was cali brated before each
hood test with known concentrations of SF" injected into a
well mxed 3.69 liter dilution flask. The | eakneter was
operated with a medium sensitivity probe having a O | ppm
detection limt. The | eakneter provided consistent and |inear

response over a range of 0.1 ppmto 100 ppm Refer to
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Appendix |11l for calibration data and pl ots.

Peak Breat hi ng zone concentrati ons were neasured and
recorded every 30 seconds for ten mnutes to arrive at an
average peak concentration | eaking fromthe hood. As opposed
to using a tine weighted average (TWA), nmeasurenent of maxi mum
concentrations | eaking fromthe hood woul d provi de the nost
appropriate indication of overall perfornmance. The primary
obj ective of the |laboratory hood is to contain contam nants,
t herefore control of peak | eakages woul d inevitably control
ti me wei ghted exposures. Furthernore, the problens associ ated
wth trying to sinulate nore than the presence of the worker
conbined with turbulent flowin the hood, would result in a
m srepresentative or conservative TWA. The breathing zone

concentration data was entered into a three di nensi onal Lot us

Spr eadsheet for data anal ysis and further anal yzed

statistically for variance.

Measur enent of Exhaust Fl ow

Hood fl ow was deterni ned by two net hods. The first was
determ nation of flow in the duct of the hood by an Ar
Moni tor Corporation Volunetric Air Flow Control System The
systemutilizes an array of Pitot tubes to neasure air flow
and has a constant vol une regul ator whi ch actuat es danper
controls in the duct. The regulators are set for a specific
air flow and pressure drop. The determ ned fl ow was then

conpared with values of flow conputed fromthe average face
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velocity nmultiplied by the area of the hood opening.

Face Vel ocity Measur enent

Val ues of hood face velocity were obtained by taking the
average of a nine point traverse across the hood face with an

Al nor Ther nbanenonet er Mbdel 8500D-11. The Al nor
Ther nrbanenoneter was calibrated in a Kurz Instrunents Model
400 Air Velocity Calibration System Calibration data was
obt ai ned by neasuring velocities in the wind tunnel downstream
of a critical orifice over a range of pressure drops. Refer
to Appendix Il for results of anenoneter calibrations.

The nine point face velocity traverse was perfornmed by
di viding the plane of the hood opening into nine equal area
grids and neasuring the velocity at a point |ocated at the
center of each grid. Refer to Figure 7. for a diagramof the
face velocity traverse grid overlaid on the hood opening.
The traverse was perforned three tines for each baffle
position (Figure 3.) with the hood unobstructed and once again
with the mannequi n present. The face velocity traverse

enabl ed the determ nation of air flow distribution across the

hood openi ng.

Determ nation of Air Flow Patterns

Air flow patterns and hood contai nment were determ ned
from observation of snoke patterns produced with MSA snoke

tubes and 60 second snoke bonbs. The observed patterns were
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conpared with patterns suggested by the manufacturer in the

hood install nent and suggested practices literature. Photos

->X

COLUWN A COLUWN B COLUWN C
RDV 1 Al Bl cl
RDV 2 A2 B2 c2 27"
RQV 3
A3 B3 c3
38"

Figure 7. Nine Point Velocity Traverse Gid

were taken at each baffle setting and at different snoke
generation |ocations. Successive photos were taken during the
time of snoke generation to enable determ nation of pattern

devel opnent. The photos were taken fromvarious angles with

and wi thout the obstruction of the nannequi n.
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Measur enent of Hood Perf or nance

Each hood test consisted of collecting data correspondi ng

to the fields on the sanpling strategy formin Appendix VIII

The tests were perforned at a fixed sash hei ght of 27 inches

and activity in the roomwas kept to a m ninum during testing.

The test

1.)

2.)
3.)

4.)

5.)
6.)

7.)

procedures were as foll ows;

Det er mi ne exhaust and auxiliary supply

vol unes,

Adj ust baffle for one of the three baffle positions,
Perform face velocity traverse, unobstructed and with
t he nmannequi n present,

Position diffuser in the hood at either the | ow or
hi gh generation heights, 2 inches and 8 inches
respecti vely,

Begi n Di scharge of SF*,

Wait for 1 minute and begin collecting the peak
breat hi ng zone concentrati on every 30 seconds for ten
m nut es,

Change baffle position, allow 1-3 m nutes for

equi li brium and repeat data acquisition.

The procedure was continued until three separate trials

had been perforned at each baffle position and tracer gas

rel ease height. The process was then perforned at two nore

hoods with di fferent exhaust vol unes.
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Test of Slot Bl ockage
To evaluate the effects of storing naterials within the
hood, a hood was tested at 50% and 100% bl ockage of the bottom
slot. The test conditions thought to be nbost and | east
i nfl uenced by bottom sl ot obstructions, baffle position #1 and
baffl e position #3, were tested at the 2 inch generation
hei ght. Bl ockage of the bottom sl ot was acconpli shed with
4000 m . beakers, 9.5 inches tall and 7 inches in dianeter,
arranged side by side along the baffle. The 50% bl ockage test
had the ends of the slot blocked with the m ddl e 50% of the
sl ot unbl ocked. The results were conpared with tests repeated
using a 36 inch wide by 8 inch deep by 2 inch high shelf
positioned in front of the bottom slot. The beakers were

stored on top of the shelf during shelf tests.
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RESULTS

Three auxiliary supply hoods of the sane type and

di nensi ons were tested at different | ocations within N EHS.

The experinental results indicate the factors of baffle
posi ti on, contamn nant chall enge hei ght and fl ow have
significant effects, P < 0.0001, on overall |aboratory hood
performance. These factors can be nmani pul ated and conbi ned
wi th good | aboratory hood work practices to arrive at optinmm

hood performance and reduced potential for enpl oyee exposures.

Hood Use Questi onnaire

The survey results indicate that hood use and hood design
are sonewhat inconpatible. The majority of the 50 hood users
surveyed were either unaware, unwilling or sinply unable to
foll ow t he guidelines for use provided by the hood
manuf acturer. Wrk practices, such as storage of materials
within the hood and working with the sash fully open, are
conmmonpl ace and necessary under neany circunstances.
Approxi mately 95% of the hood users questi oned, stored
materials in the hood for a variety of reasons, including
contai nnent of spills, control of fugitive em ssions and to
a small degree, |lack of other space. Roughly 35% of hood

users work with the sash fully open while the other 65% work
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with the sash half open or at varied hei ght dependi ng on the
wor k being perforned. As far as know edge of hood functions
wer e concerned, greater than 60% of the enpl oyees questi oned
wer e unaware of the function of the baffle and only 10% of
t hese i ndividuals had actually nade any adjustnents. These
practices contradict the i ntended use for which these hoods
wer e desi gned. The manufacturer suggests working with the
sash half way closed at all tines. The hood was al so not
desi gned to accommobdat e storage of materials such as
equi pnent, chenical contai ners or beakers and fl asks. Refer
to Appendix |I. for a copy of the hood survey questionnaire

and response dat a.

FI ow Measur enent s

Exhaust and auxiliary supply fl ow were obtai ned from

the continuous flow nonitors | ocated on the interstitial floor

above each | aboratory. The flows ranged from 750 cfmto 1100
ctfm The hood in room D315 had an exhaust of 1100 cfm The
auxiliary supply flow was neasured at 630 cfm conpri sing
approximately 57% of the exhausted air flow The air flows
t hrough this hood fluctuated approxinmately +/- 20 cfm

Cal cul ation of the average face velocity fromthe relationship
of flow equaling velocity tines hood face area, 7.125 ft*,

resulted in a predicted velocity of 152 fpm The hood in room

C158 had an exhaust flow of 850 cfmw th variation of plus or

mnus 20 cfm The auxiliary supply flow was 420 to 460 cfm
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resulting in a mnimum of 49% of the exhausted air flow The
predi cted face velocity was 12 0 fpm The hood in room Cl148

had the I owest flow of 750 cfmwith an auxiliary supply fl ow

of 350 cfm The auxiliary supply was 47% of the exhausted air

vol une. The predicted average face velocity was 104 fpm The

exhaust flow on this hood fluctuated wildly about 750 cfm
Sone nmechanical difficulty with the flow neasuring gauge was

suspect ed.

Face Vel ociti es

Adjustnents to the baffle position had substanti al
effects on face velocities. The averages of the nine
velocities of the traverse grid were found to be simlar for
each baffle position. However, the distribution and rel ative
magni tudes of the velocities were substantially different from
point to point on the grid. This data is suiamarized in Table
I, where the average velocity was cal cul ated fromthe nean of
the velocities neasured at each grid point and the nmaxi num and
m ni mum vel ocities were used to cal cul ate the percent
difference in point to point velocity values. For actual data
corresponding to the |ocations and variance of the individual
vel ocity neasurenents, refer to Appendix V - VII, containing
vel ocity data for each hood test.

It is clear fromthe values cal cul ated for percent
difference, located in Table |I., that velocity distributions

were influenced by baffle positioning. The decrease in
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Table I.
Hood- RoonD315
Fl ow - 1100 cf m

Predicted Average Velocity - fpm=

Average Velocity - fpm

Maxi mum Vel ocity - fpm
M ni num Vel ocity - fpm

Percent Difference - %

Hood- Room C158
Fl ow - 850 cfm

Predicted Average Velocity - f pmf

Average Velocity - fpm

Maxi mum Vel ocity - fpm
M ni mum Vel ocity - fpm

Percent Difference - %

Hood- Room C148
Fl ow 750 cfm

Predicted Average Velocity - fpm=°

Average Vel ocity - fpm

Maxi num Vel ocity - fpm
M ni num Vel ocity - fpm

Percent Difference - %

Notes: Baffle Position:

154

Baffle Position

#1 #2
150 146
235 210
131 124

57 51

119

Baffl e Position

#1 #2
111 109
178 154

82 94

74 48

105

Baffl e Position

#1 #2
74 72
118 123
24 28
132 126
#1  -'Lighter

#2 -' Gener al

#3 - 'Heavier Than Air*

Results of Face Velocity Traverse

#3
151

166
142

15

#3
104

120
91

28

#3
73

123
39

103

Than Air'
Use'

23
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percent difference of point to point velocities from
baffl eposition #1 to baffle position #3 resulted in a nore
uniformvelocity profile and thus better air distribution at
the face of the hood. The foll owi ng three-di nensi onal plots,
Fi gures 8-16, display the velocity profiles over the face
of the hood openi ng correspondi ng to each baffle position and
for each hood flow. The graphs were generated using a
graphi cal software package called Surfer. The plots provide
a visual representation of velocity contours and differences
bet ween baffle settings. The data points plotted were the
nean face velocities calcul ated at each traverse | ocati on.

For all hood tests, the velocity distribution is simlar
at each baffle position. In baffle position #1, the velocities
are much higher in the areas Al - Cl at the top of the hood.
There is also a peak velocity |located at the niddle of the
hood opening, region A2 - B2. Baffle position #2 has the sane
general distribution as position #1, however the velocities
are not as extrene. The third baffle position, in which the
bottom slot is being utilized, has the nost uni form
distribution of velocities and in sone cases, such as hood
C158 operating at 850 cfm (Figure 13) , the velocities are
hi ghest in magni tude al ong the bottom of the hood face.

The velocity traverse was al so perforned with the
mannequi n in place. The bl ockage of the hood opening resulted
in an increase in velocities around the nmannequi n of

approxi mately 70 percent. The velocities were nearly 20-30
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percent lower in front of the mannequin. These results are
as expected but sonmewhat difficult to quantify as the
anenonet er neasures velocity unidirectionally and therefore
woul d not represent the true direction of air flow around the

mannequi n.
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Figure 8.

FACE VELOCI TY TRAVERSE PROFI LE

%

Face Velocity Traverse Profile for Baffle
Position #1 at 1100 cfmin Rood D315.
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FACE VELOCI TY TRAVERSE PROFI LE

%0

Figur« 9. Face Velocity Traverse Profile for

Baf fl e

Position #2 at 1100 cfmin Room D315.
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FACE VELOCI TY TRAVERSE PROFI LE

Fi gur « 10.

Face Velocity Traverse Profile for Baffle

Position #3 at 1100 cfn in Room D315.
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FACE

Fi gure 11.

VELOCI TY TRAVERSE PROFI LL

Face Vel ocity Traverse Profile for Baffle

Position #1 at 850 cfmin Room C158.
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FACE VELCOCI TY TRAVERSE PROFI LE

Figure 12. Face Velocity Traverse Profile for

Position #2 at 850 cfmin Room C158.

Baffl e
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FACE VELOCI TY TRAVERSE PROFI LE

Figure 13. Face Velocity Traverse Profile for

Position #3 at 850 cfmin Room C158.

Baffl e
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FACE VELOCI TY TRAVERSE PROFI LE

Figure 14.

%0

ANNN

Face Vel ocity Traverse Profile for

Position #1 at 750 cfmin Room Cl148.

Baffl e
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FACE VELOCI TY TRAVERSE PROFI LE

"Q

Figur« 15. Face Velocity Traverse Profile for

Position #2 at 750 cfmin Room Cl148.

Baffl e
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FACE VELOCr 'Y " RAVERSE PROFI LE

Fi gure 16.

%

Face Vel ocity Traverse Profile for Baffle

Position #3 at 750 cfmin Room Cl148.
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Quantitati ve Leak Tests

Three hoods with different exhaust rates, were chall enged
with the SF* tracer gas. The average peak concentration of
tracer gas escaping fromthe hood was neasured in the
breat hi ng zone of the nannequi n. The neasurenents were nade
at all three baffle settings and at two tracer gas rel ease
hei ghts. Al factors proved to have statistically significant
effects on contai nnent and hood perf ornmance.

The baffle and slot configuration were found to greatly
i nfl uence the anount of | eakage fromthe hood. Baffle
position #1 had the nost devastating effects on performance.
This configuration with the top sl ot open, designed for
"lighter than air" vapors, resulted in air flow distributions
whi ch provided little contai nnent effectiveness. In all hood
tests, the highest exposures were found in baffle position #1.
The maxi mum aver age peak concentration was 67.5 ppmfor the
hood at the flow of 1100 cfm The | owest exposures for al
hood tests were found in Baffle position #3 where the average
peak concentration was bel ow the detection Iimt (BDL)
nmeasured in the breathing zone of the nmannequin. This
position utilized the bottomslot and had the top sl ot closed.
Baffl e position #2, which had all three slots partially open,
resulted in |l eak rates which were sonewhere between #1 and #2
for every hood test.

The hei ght of tracer gas di scharge also had a significant

effect, P value |ess than 0.0001, on breathing zone exposures.
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The lower height of 2 inches corresponded with the highest
| eakages. The rel ease height of 8 inches was effectively
controlled for all baffle positions with the exception of the
hood with the highest flow The average peak concentration
still decreased, however, by 96 percent to 2.50 ppm Hood
tests at the |ower flows displayed decreases in average peak
concentrations of at least 50% by increasing tracer gas
rel ease height.

The effect of flow was somewhat difficult to quantify
due to the influence of many variables, however the results
indicate an optinumrange of flow exists. The higher flow
hood, 1100 cfm had the nost extreme peak leak rate of 67.5
ppm The 850 cfm hood performed well for all hood trials with
a maxi mum average peak |eak concentration of 1.60 ppmin the
worst baffle position. The lower air flow of 750 cfmhad a
higher eak rate than the 850 cfmhood with an average peak
concentration of 3.40 ppm Thus, the hood operating at 850
cfmexhibited the best overall performance of the flows
t est ed.

Results of tracer gas tests are summarized in Table ||
The mean peak concentration reported in the table is the nean
of the three trials perforned at each test condition. Figures
17. - 22. are plots of the average peak concentrations
determned for each trial versus baffle position. Refer to

Appendi x VIT1 - X for actual concentration data corresponding

to each test condition.
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Table [I. Summarized Results of Tracer Gas Tests

Mean Peak Concentration

ppm
Hood FI ow

11 OCcfm 850 cfm 750 Cfm
Chal I enge Position - |ow

#1 67.5 1.6 3.4
Baffl e Position #2 10.8 0.95 0.7
#3 BDL BDL BDL
Chal I enge Position - high
#1 2.5 0.8 0.5
Baffle Position #2 0.5 BDL BDL
#3 BOL BDL BDL
Not es: Tracer Gas Release Rate - 4.0 liters/minute
Baffle Position: #1 - 'Lighter Than Air'
#2 - 'General Use'
#3 - '"Heavier Than Air’

BDL s Below Detection Limt - less than 0.1 ppm
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BREATHI NG ZONE CONCENTRATI ONS

For Laboratocy Hood (81100 cfm

SO

BAFFLE PGOSI TI ON

_TRIAL#L  «TRIAL#2 — TRIAL #3

LOW CONTAM NANT GENERATI ON HEI GHT
LABD315

Figure 17. Average peak concentrations versus baffle

position for 2" generation height and 1100 cfm
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BREATHI NG ZONE CONCENTRATI ONS

For Laboratocy Hood <S UOO cfm

BAFFLE POSNON

, _TRIAL#l  «»_ TRIAL#2 N .TRIAL #3
H GH CONTAM NANT GENERATI ON HEI GAT
LABD315

Figure 18. Average peak concentrations versus bhaffle
position at 8" generation height and 1100 cfm
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BREATHI NG ZONE CONCENTRATI ONS

For Labontoty Hood (3 850 cfm

BAFFLE POsSI TI ON

» TRIAL#1 <« TRIAL#2 ~ . TEUAL#3
LOW CONTAM NANT GENERATI ON HEI GHT
j\ BC158

Figure 19. Average peak concentrations versus baffle

position for 2" generation height and 850 cfm
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BREATHI NG ZONE CONCENTRATI ONS

For Laboratory Hood <S 850 dm

BAFFLE POSNON

. AenUAL*! -ATRIAL#2 _, ' nUAL#3
H GH CONTAM NANT GENERATI ON HEI GHT
U3 C15sS

Figure 20. Average peak concentrations versus baffle

position at 8" generation height and 850 cfm
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BREATH NG ZONE CONCENTRATI ONS

For Laboritoty Hood @750 cfm

BAFFLE POSMON

-ATRI AL#1 "TRI AL#2 N . TRIAL #3

LOW CONTAM NANT GENERATI ON HEI GHT
LABC148

Figure 21, Average peak concentrations versus haffle
position at 2" generation height and 750 cfm
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BREATHI NG ZONE CONCENTRATI ONS

For Laboratocy Hood @750 cfin

Ua2l-
BAFFL EPOSTON
». TRIAL#1 "TRIAL#2 « .TRIAL #3
H GH CONTAM NANT GENERATI ON HEI GHT
LABC148

Figure 22. Average peak concentrations versus baffle
position at 8" generation height and 750 cfm
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Results of Statistical Tests

A three way Anal ysis of Variance procedure (ANOVA),
utilizing a general linear nodel, was applied to test the main
effects of baffle position, height, and exhaust fl ow on
breat hi ng zone concentrations. The Three factors and their
interactions were all found to be statistically significant
(P < 0.0001). As a result of the high degree of
het eroscedasticity in the concentration results, a square root
transformati on of the data was perforned prior to the ANOVA

Pai rwi se conparisons were nade using the Fishers Least
Significant Difference (LSD) test. This test is a nultiple
conpari son procedure designed to control excessive error rates
when doing nmultiple pairwi se conpari sons. The tests were
performed at the 0.01 and 0.05 significance |levels. Results

are tabul ated in Appendix Xl1I.

Results of Bl ockage and Shel f Test

Bl ockage data were collected for only one hood, operating
at 1100 cfm Performance was nmeasured in baffle position #1
and baffle position #3 with a tracer gas chall enge hei ght of
2 inches. These two positions corresponded to the best and
wor st cases fromthe above data. Face vel ocity and aver age
breat hi ng zone concentrati ons were nmeasured at 0, 50% and
100% bl ockage of the bottomslot. This data was then conpared

wth results fromdata collected with a 36"x 8" x 2" shelf in

pl ace agai nst the baffle.
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The results indicate bl ockage of the bottom sl ot may have
sone i nfluence on the | aboratory hood performance, but not for
expected reasons. Appendi x XI contains the bl ockage data for
average | eak concentrati ons and velocity traverse data. In
baffl e position #3, where the bottomslot is nost utilized,
t he average peak concentration was below the detection linit
for all conditions accept for 100% bl ockage, where the val ue
was 0.9 ppm The face velocity data for this baffle position
show a rel atively consistent point to point percent difference
of approximately 20% with the exception of the unbl ocked
condition. The percent difference for this condition was 30%
due to the high velocity neasured at position Bl on the
velocity traverse grid. In baffle position #1, where the
bottomslot is utilized | east, the average peak concentrations
were found to increase with percent bl ockage of the bottom
slot. The condition of 0% bl ockage resulted in 29 ppm | eakage
to 35 ppm for 50% bl ockage and a maxi rum of 61 ppm for 100%
bl ockage. The shelf showed little or no benefits for this
baffl e position, as the average peak concentration neasured
was 59 ppm which was very simlar to the 100% bl ockage case.
Face velocity traverse data resulted in relatively the sane

profiles with an average percent difference of 59 percent.
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Hood Use Questi onnaire

The results of the guestionnaire indicate nost hood users
are unwi lling or unable to use the hood as desi gned. The hood
users explained their msuse by difficulties inposed by the
poor ergonom c design. The vertical sash prevented
performance of duties when the sash was at suggested operating
heights. In order to maintain the six to eight inch working
di stance into the hood, the nose and forehead of the enpl oyee
woul d be practically resting against the glass of the sash.
O her conplaints included | ack of | eg space beneath the hood

and di sconfort inposed by the flow of untenpered auxiliary

air.

FI ow Measur enents

The results gathered fromthe gauges of the continuous
exhaust and auxiliary flow nonitors provided good indication
of the actual values of flow The val ues of predicted
velocity for the 1100 cfmand 850 cfm hoods were close to
val ues obtained fromthe face velocity traverse. The
predi cted average velocities of 152 fpmand 120 fpm
corresponded well with the average traverse velocities of 149
fpmand 109 fpmfor the 1100 cfmand 850 cfm hoods
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respectively. The value of 750 cfmis questioned however,
due to the | ow average face velocity of 73 fpm nmeasured duri ng

repeated face velocity traverses. An average face velocity

of 73 fpmwth a 7.125 ft~ face area would result in a flow of

520 cfm In all three cases the neasured face velocities were
| ower than predicted by the exhuast flow. This probably
results fromthe influence of auxiliary air, unidirectional
limtati ons of the anenpneter, and nonuniformty and
fluctuations in point to point face velocities.

Fl uctuations in the supply and exhaust flows were as high
as 20 - 3 0 cfm These fluctuations are probably due to the
turbul ence in the duct. The ventilation systemis rather
poorly designed as branch entries of nearly 90 degrees are

commonpl ace. The hoods al so operate froma nmain duct |ine
which m ght service multiple hoods and are therefore
susceptible to systemactivity and operations in other hoods.
Systeminstability may also result fromdifficulties
encountered in bal ancing the danper controls. System changes
i nfl uence danper controls and may require time to equilibrate.
Hoods equi pped with auxiliary supply are particularly
susceptible to fluctuations in performance. The purpose of
the auxiliary supply is to replace the anount of conditioned
air being drawn fromthe | aboratory. Consequently the supply
air is drawn directly fromthe outdoors and undergoes little
condi tioning before reaching the hood face. The auxiliary

air can experience a tenperature gradient of a nearly 50
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degrees fahrenheit. Although this gradient is not sufficient
to cause serious ventilation systemdifficulties, it may cause
tur bul ence in the hood due to the m xi ng of different
tenperature air streanms. The untenpered auxiliary air also
causes wor ker disconfort at the hood face during seasons of
extrene heat or in the cold of winter. The tenperature
extrenmes can al so affect chem cals being used in the hood.

The auxiliary air flows through a rectangul ar duct where
it enters a plenum above the hood. The plenumall ows for even
di stri bution and di ffusion of air across the entire hood
openi ng. These hoods however, do not have adequate pl enum
space and therefore result in an uneven air distribution.
This was evident fromthe high velocity val ues consistently
found in the mddle of the hood opening as can be seen in
nearly all the velocity profiles. The auxiliary supply has
sufficient velocity upon exiting the duct to conti nue down the
hood face in the formof a jet which can potentially cause
reentrai nnent of contam nant into the roomair. For this
reason, the auxiliary flow nust be nonitored and controll ed.
For exanple, practice tests of hood | eakage were perforned
prior to collecting data. The hood was operating at 1100 cfm
wWth an auxiliary supply of 850 cfmor 77% of exhausted
volune. It was noticed during the pre-test that the
background concentration of SF* in the |aboratory rose to
greater than 100 ppm The velocity of the auxiliary supply
jet was sufficient to escape capture by the hood and entrain
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the tracer gas. The auxiliary flow was then reduced to |ess
than 700 cfmor approxi mately 60% of exhausted air at which
poi nt no | eakage was attributed to auxiliary fl ow
reentrainment. In fact, the performance of the hood actually
benefited fromthe influence of the auxiliary supply. This
phenonmenon will be discussed in detail |ater.

The effect of the auxiliary supply jet also conplicated
t he measurement of face velocities. The nmethod of measuring
face velocities, relies on the assunption that air is flowng
perpendicular to the hood face. This is not true of auxiliary
air entering the hood. The trajectory of air fromthe

auxiliary supply has a vertical conmponent and thus is
difficult to neasure based on the unidirectional limtation

of the hot wire anenoneter.

Measur enment of Vel ocity

The face velocity traverse data yielded surprisingly
consistent results in light of the nmeasurenent difficulties.
The influence of the auxiliary supply and air flow patterns
resulting frombaffle positioning and slot configuration had
little effect on the average face velocities. The average
val ues calculated fromthe traverse were consistent even at
different baffle positions. However, the point to point face
velocities were very different as can be seen in the velocity
profile plots. Care was taken to insure the same orientation
and position of the velocity probe for each velocity
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nmeasurenment. It was noticed that even a small change in the
pitch angle of the probe resulted in nmuch different velocities
than for the probe parallel with the hood face. Variations
as high as 50 - 80 fpmwere recorded. This indicates the
velocity vectors are often not perpendicular to the hood face.

Air flow patterns are influenced by the baffle
positioning and actual patterns are observed to be different
than stated by the manufacturer. The angle of the baffle and
the sl ot configuration have significant inpact on the
formation of a vortex at the top of the hood. Figure 23. is
a diagramof the flow patterns associated with each baffle
posi tion.

In baffle position #1, the top slot is open approximtely
1.5" and the upper baffle is at an angle of 45 degrees from
the vertical. In this position the plenumto the bottom sl ot
is all but closed, resulting in relatively little air flow
t hrough the bottomslot. The face velocity traverse indicates
high velocities at the top of the hood with correspondingly
| ower val ues at the bottom of the hood face. The
manufacturers air flow diagramindicates the air flows al ong
the angle of the baffle towards the top and then undergoes

nearly a 90 to 180 degree turn before entering the slot.
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Tri ESRETI CAL FLOW
PATTERNS SUGGESTED
BY MANUFACTURER

#1 #3
BAFFLE PDSI Tl DNS

LI GHTER THAN Al R GENERAL USE HEAVI ER THAN Al R

ACTUAL FLOW
PATTERNS BY VI SUAL
DBSERVATI DN

Figure 23. Air flow patterns suggested by manufacturer versus

actual observed snoke patterns.

Cbservation of snoke patterns indicates this is not the case.

The air does indeed flow towards the top slot. However, as
it flows along the angle of the baffle it gains sufficient
nmonentum to el ude capture and forma vortex in the | ow
pressure region just inside the sash. Although sone air is
drawn fromthe top of the enclosure, neasurenents, taken by

placing the detector probe of the |eakneter in the vortex,
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resulted in concentrati ons over the maximumlimt of the
device. This indicates the exi stence of very high

concentrations, greater than 1900 ppm in close proximty to

t he breat hing zone of the worker.

Baffl e position #2 has the baffle at an angle of 40
degrees fromthe vertical with the top slot open only 3/4
inches. The mddle slot is now open 1/2" and the plenumto
the bottomslot is open 1 inch. The resulting air flow
patterns are nore favorable than baffle position #1, as sone
air does enter the bottomslot resulting in a nore uniform
velocity distribution. The top slot still forces the
formati on of the vortex but to a snaller degree than before.

Baffl e position #3, has the top slot closed and the
maxi mum pl enum space open to service the bottomslot. The
angle of the top baffle is 35 degrees and the mddle slot is
now 1" wide. This configuration resulted in the nost uniform
velocity distribution for all hood tests. Sone contam nant
does escape capture by the bottom and niddle slot, however the
guantity of air flowing to the top is renoved by spaces around
t he edges of the baffle resulting in m ni mum vortex
devel opnent .

The result of providing a nore uniformvelocity
di stribution across the hood opening is to increase the
probability of perpendicular air flow and reduce the formation
of the vortex at the top of the hood. The inportance of the

perpendi cular air flow in reducing potential exposures wll
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be di scussed in foll ow ng sections.

Auxiliary Air Fl ow

The auxiliary air supply can actually reduce the
potential for |eaks and inprove the perfornance of the hood.
If the auxiliary supply system has been desi gned and
mai nt ai ned properly, the auxiliary air flows across the
breat hi ng zone of the worker, thus reducing the potential for
exposure. Figure 24. is the flow diagramof the auxiliary air
flow distribution for baffle positions #1 and #3 at two sash
posi tions.

The protection afforded by the auxiliary air is a result
of displacing the vortex further into the hood and providing
a clean air curtain which purges the breathing zone of the
worker. In baffle position #1 and condition la., sash up, the
auxiliary air flows out of the plenumand i mediately turns
90 to 180 degrees into the hood. Wth the sash down, |b, the
auxiliary air is nore diffuse over the breathing zone yet
still exhibits the turn into the hood. In baffle position #3,
the auxiliary air tends to split with sone fraction fl ow ng

towards the bottom sl ot. When the sash is down, the air flows


NEATPAGEINFO:id=CFD0C9CD-38A9-4A88-A482-654911C91389


64

"*A\[e Position ttl

Sasi'™ up I'b, Sash  down

Baffi.e Position #3

2a.  Sash up 2b, Sash down!

Figure 24. Auxiliary air flow patterns for baffle positions
#1 and #3.

directly across the body and breathing zone of the user and
the vortex does not have a substantial effect on breathing

zone concentrations. Refer to Appendix Xl Il photos A- D for

actual photographs of smoke fl ow.

Wthout the auxiliary supply, however, the vortex coul d
pose a substantial threat to the enployee. The presence of
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the enpl oyee in the path of the air flow wuld result in a | ow
pressure zone i medi ately downstream of the person. The
proximty of this | ow pressure zone to the vortex woul d enabl e
the flow of contam nant into the breathing zone of the person
Vi sual observation of snoke patterns shows this to be true,

al though it was not quantified in this research.

Quantitati ve Leak Tests

The | argest reason for | eakage fromthe hood was the
exi stence of the turbul ence and backwash in the wake of the
enpl oyee. The effect of a worker standing in the direction
of air flowresults in the phenonenon known in fluid dynam cs
as boundary | ayer separation. The boundary | ayer separation
is characterized by formation of vortices in the | ow pressure
zone i medi ately downstream of an obstacle. The vortices can
entrain contam nant generated in the hood and through backwash
allowits escape into the breathing zone of the enpl oyee.
Refer to Figure 25, for a diagramof the flow separati on and
proximty of turbul ent backwash resulting fromthe presence
of an enployee in the air flow

Tur bul ence and boundary | ayer separation w ||
significantly influence the anount of | eakage fromthe hood.
The separation of flow around an object results in the

formation of a zone of |ow pressure. The fl ow separation and
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-> X

BAFFLE TURBUL ENCE AND
BACKWASH

NMANNEQUI N
" | DV S FL DwW

Figure 25. Top view of the hood displaying backwash

resulting fromobstruction of air flowinto the

hood.

| ow pressure area increases the potential for backwash and
vortex formation. The existence of this | ow pressure zone and
the proximty to the |ocation of contam nant generation wll
i nfluence the potential for enployee exposure.

The hi ghest average peak concentrations |eaking fromthe
hood were found at the highest flow of 1100 cfm The


NEATPAGEINFO:id=254A87C7-DCFA-414F-9A5A-135DA90577E9


67
resulting velocity of 150 fpm exceeds the nmaxi mum recommended
velocity for this reason. The higher velocity resulted in a
zone of | ow pressure which enabl ed turbulent diffusion of high
concentrations of tracer gas into this zone. The | owest

| eakage was neasured at 850 cfm The boundary | ayer

separation at the speed of 110 fpmwas not sufficient to
entrain a |l arge concentration of tracer gas, therefore this
flow offered the best protection. The |lowest air flow of 750
cf m had hi gher concentrations, not due to the separation, but
rather to its susceptibility to external influences such as
roomair currents and novenents in and about the hood. An air
speed of 70 fpmis not adequate to overcone air currents
gener at ed by external sources.

The i nportance of the air flow distribution now becones
i mportant in establishing the effect of baffle position on
hood containnent. In baffle position #1, where air flowis
greatest at the top of the hood, the velocity vectors al ong
the bottom of the hood actually have a vertical conponent in
the upward direction. This upward flow of air combined with
contamnant in the | ow pressure zone in front of the
mannequi n, resulted in concentrations of contam nant passing
t hrough the breathing zone of the nmannequin. In the baffle
setting #3, the air flows are nore perpendicular to the plane
of the hood opening. The contam nant had |l ess incentive to
flow upward and was captured by the bottom slot. Average peak

concentrations | eaking fromthe hood were practically bel ow
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detection for this position in all hood tests.
The effects of the boundary | ayer separation, conbi ned

with baffle position, can be clearly seen in the photographs

of snmoke flow | ocated in Appendix XliIl1. The photos E. and F.
display flow for baffle position #1 w thout the presence of
t he mannequin. The flow of snoke is upward to the top of the
hood where it becones entrained in the vortex. Photos G and
H display the flowin baffle position #1 with the mannequin
present. The entrainment of the snmoke into the | ower pressure

zone is depicted in photo G . Photo H shows the actua
| eakage fromthe hood. Photographs | - L were taken in baffle
position #3. Most air flow and snoke are captured by the

bottom sl ot regardl ess of mannequi n presence.

Bl ockage and Shel f Di scussi on

The bl ockage test results indicate bl ockage of the bottom
slot has little effect on hood perfornance. The baffle
position #3, which nost utilizes the bottom slot, showed
little performance degradation in the presence of sl ot
obstructions. This results fromthe positive pressure

gradi ent that exists regardless of slot blockage. Although

direct flowinto the slot is inhibited, the najority of
contaminant will still be collected. The only neasured
| eakage fromthe hood in baffle position #3 was 0.9 ppmin the
case of 100% bl ockage. Wth the shelf in place the slot is
agai n unbl ocked and | eakage dropped to bel ow the detection
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limt.

The i ncreased | eak concentrations resulting in baffle
position #1 is not due to the bl ockage of the bottom sl ot.
The decrease in the depth of the hood enabled the tracer gas
to accumul ate to higher concentrations at closer proximty to
t he mannequi n. As the percentage of bl ockage i ncreased the
depth of the hood decreased. Breathing zone concentrations
i ncreased from 29 ppm for 0% bl ockage to 61 ppm at 100%
bl ockage. The shelf in this case would have no effect, as no
air flowis through the bottom slot. The sane anopunt of

surface area woul d, however, still be bl ocked.
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RECOVIVENDATI ONS

Based on the results of the hood tests, the hoods found
at NIEHS can be nani pulated to performin a very acceptable
and safe nanner. Opti nmum performance can be achi eved t hrough
the coordination of the efforts of the | aboratory enpl oyee,
Heal th and Safety Branch personnel and facility engi neers.
The | aboratory enpl oyee nust be responsi ble for using the hood
in a proper manner. The health and safety staff nust be
responsible for training the enpl oyees in proper hood use and
i nspecting the hoods to ensure safe operation. Facility
engi neers nust be responsi ble for the nonitori ng and

mai nt enance of the ventilation system

Pr oper Hood Use
The | aboratory enpl oyee can decrease the potential for
exposures while working in the hood through the foll ow ng:
a.) Adj usting baffle to position #3 for nost hood
applications
b.) Wrk with the sash pulled down as far as

possi bl e.
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c.) Keep the hood surface relatively free of
obstructions. If storage of materials is necessary,

try to align the itens along side walls as opposed

to al ong the back baffle,

d.) Try to elevate the contani nant source off the
surface of the hood,

e.) Always work as far into the hood as possible, yet
i nsure head renai ns outside the plane of the hood
openi ng,

f.) Keep novenents within the hood to a m ni num

g.) Try to discourage sudden novenents in the |aboratory
especially the opening and cl osi ng of doors,

h.) To increase |laboratory confort, close the sash when

hood is not in use to bypass auxiliary air into

t he hood.

These proper work practices are essential to reducing the
probability of contam nant exposures. Many of the above
suggesti ons can be achieved with little effort and
i nconveni ence.

The Health and Safety Branch presently requires all
| aboratory enpl oyees to attend a safety course upon
enpl oynment. Many viol ators of proper hood procedure are |ong
ti me enpl oyees who are either unaware or have forgotten the
safe hood practices. The Health and Safety Branch shoul d

promote a short course or issue a bulletin outlining hood use
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criteria.

The Health and Safety Branch al so perforns a quarterly
| aboratory hood i nspection. Part of this inspection should
i ncorporate the adjustnent to baffle position #3 or that which
yields the nost uniformvelocity profile. The average face
velocity should be calculated froma nine point traverse and
shoul d be between 80 and 130 fpmfor all hoods. Mst recent
literature by Ham I ton Hoods (24) has stated that 100 fpmis
t he opti mum performance velocity. Attenpts should be made to
det erm ne excessive auxiliary supply. Upon observing
unusual |y high traverse velocities along the top of the hood,
noti ce should be given to the facilities engineers. N EHS
shoul d devel op a performance and acceptance criteria and al so
i ncorporate the quantitative hood test on a biannual basis to
i nsure optimum hood performance and contai nnent efficiency.

Facility engi neers shoul d develop a routine ventilation
system inspection. The inspection should include recording
of all hood exhaust and auxiliary supply vol unes, neasurenent
of ventilation systemand filter house pressure drops and
i nspection of fan, notor and duct integrity. Problens

encount ered should be rectified with the notification and

supervi sion of the Health and Safety Branch.

Furt her Resear ch

Many hood advances have resulted from past research,

however many el enments affecting aerodynam c perfornmance need
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to be evaluated on a quantitative basis. The baffle and sl ot
configuration should be designed and tested to arrive at
opti mum sl ot wi dths, plenum depths and baffle angles. The
present technol ogy for nodeling slot performance and capture
ef fecti veness should be applied to | aboratory hood desi gn.
Resear ch shoul d i ncl ude devel opnent and anal ysis of ways to
divert flow around the worker and insure adequate air flowin
t he breathing zone and areas nost susceptible to acquiring
concentrati ons of contam nant. This research could then be
used to devel op specific design criteria for |aboratory hoods.

The benefits of auxiliary air should be analyzed in terns
of inproving hood perfornmance. The auxiliary air supply
system shoul d be designed to provide safety and worker
protection, not just diffused over the hood opening to reduce
energy costs. The air supply system should be evaluated in
order to elimnate unsafe supply velocities. The criteria for
supply volunme shoul d not be based on a percentage of the
exhaust but in relation to the conpeting velocities.

The hood must be evaluated in ternms of ergonom c
consi derations. The hood should be designhed so as to
accommodat e the enpl oyee. The sash could be angled into the
hood to provide easier viewng and |less strain. This
adj ust nent woul d probably serve to better air flow by
I mprovi ng aerodynam cs. The hood nust also be reevaluated in
terms of the type of processes and materials suitable for use.

Processes which are not suited for |aboratory hoods shoul d be
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specified such as high tenperature processes or those which
require large amounts of hood space for equipnent.

The | aboratory hood is a very conplicated contam nant
control device. Performance is subject to many external
factors which are difficult to control. The present hoods at
NI EHS can be nade to perform adequately; however,
conscientious effort to insure proper operating paraneters
and hood use are necessary. The future of hood design shoul d
I ncl ude neasures designed to elimnate the need for extensive
training and nmonitoring. The hood should be equi pped with
nmonitors and alarns to indicate potential perfornmance
difficulties and should be tested quantitatively on a routine

basi s.
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Appendi x |. Laboratory Hood Questionnaire and Results
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From

sut.,.

Net!Or*i TStituttS of H,,f
National injtitutt of

CEP'ENT OF HE.. TH', L MAX SERVICES roToT. T.r" 1o =

.................................................................... R[Mq]mang ’) S 27
>June220, 1989 NMenor andum

Thomas Smth. Industrial Hygienist
ct boratory Hood Questionnaire

Laboratory Hood Users

IRAAE Tl S T S0 e T A

12 How of ten do you use the Hood?

Daily O Never
O V\éekly

O Mont hl'y
Average Ien%th of time spent at the hood?

& 20 mutes, * hours/ day

O 60 m nutes

L) Wakcommounds do you normlly vork with [n the hood?

a Radi oactive
O (dor ous

PLNSE [ist any specific materials:
3.) A4t Lhs dumensiogs of your hood?
A3x4 0318
(0 yoy Leel, s SLoud be < less than or > greater {har

€ < Depth >0
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AN T_AQANN %A T AT AOOAT AVHA TAA .
HeigM-M ¢ Rlly Qpen he usual sash
e Hal f Viay Qpen

€ Vanes

5) Do you store any materials in the hood?
€ ves € No

1" yes, centage of bottomslot obstructed
Rea on for storage:

€ Lack of other space
¢ For contai nment
a In case of spills

6.) Do you know how the baffle functions?
a yes € no

Have you ever adjusted t he baffle, if so why?
why: n yes €

1) AL SR I g ol ey

C?”rr trlnxr:rIIIIIIOIII_ lll./\l o

Lhwffﬁ Bétqun%w:lllj:? il g%g O oavt|| en c'!lnSE{ ||yerq ggﬁvéﬁi'esm Wor

Thank you,

Thomas Smth
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Results of Laboratory Hood Questionnaire

As of August 25, 1989, fifty enployees were questioned concerning
therr laboratory hood work practices and their general know edgé
PL ItohAg:dem gn and operation of the hood. The results are as

% of Peopl e Respondi ng

A. Hood Use : Dai ly - 42.5%
Weekl y - 46. 8%
Monthly - 10. 6%

Tine of Use : 15 mnutes - 42.5%
30 m nutes - 25.5%
60 mnutes - 31. 9%

B. Conpounds Used : Chemi cal - 75%
(e.g. solvents, ethers, fornmaldehyde,
odor ous)

Radi oacti ve - 25%
(G 14, P-32, 1-135)

C. Storage of Materials in Hood : Yes - 95% No - 5%

Reasons For Storage : Lack of other space - 12.5%
Control of enmi ssions - 62.5%

Cont ai nment of spills - 32.5%

D. Sash Working Height : Fully Open - 38.5%
Hal f Open - 38.5%
Var i es - 22.8%

E.. Baffle Function : Know edge of purpose - 37.3%
Unawar e of purpose - 62. 7%

Baffl e Adjustnment : Adjusted - 10.2%
Never adjusted - 89.8%

Reasons for adjustment were detection of odors.

F. Satlsfaetlon with Hood Design

Most hood users conplained of variability in tenperature due to

supply of auxilliary air, noise, |lack of |eg roomunder hood,

ergonom cs (iinconfortable worki nlg while sash i's | owered), |ack of
a

audible alarmfor low flows, and lack of shelves or storage areas.
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Appendi x Il. Calibration Data and Curves for

Al nor Ther nbanenonet er
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ALNOR THERMOANEMOVETER MODEL 8500D 3/ 7/ 90

TEMPERATURE = 25 C

BP = 29.56' Hg

W ND TUNNEL - KURZ | NSTRUMENTS 400B Al R VELOCI TY CALI BRATI ON SYSTEM

W ND TUNNEL ALNOR ANEMOVETER
PRESSURE ACTUAL MEASURED LI NEAR
DRCP VELOCI TY VELOCI TY REGRESSI ON
inches, H20 FPM FPM FPM
0 0 0 0
0.02 20 21 21
0.035 36 39 38
0.04 41 43 43
0.07 71 i 74
0.09 92 105 96
0.1 102 118 107
0.15 153 169 160
0.24 244 264 255
0.33 336 358 351
0.42 427 428 447

Regression Qutput:

Const ant o LI NEAR REGRESSI ON
Std Err of Y Est 9.199812

R Squar ed 0. 995796 Conputed with the actual velocity as
No. of Cbservations 10 the independent variable and with a
Degrees of Freedom o zero intercept.

X Coefficient(s) 1. 045901 L.R Velocity = Actual Velocity * 1.046

Std Err of Coef. 0.014447

00
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500. 00

400. 00
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0. 00

85

ALNOR ANEMOMETER CALI BRATI ON

'a\a/\
] X

A

100 200 300 400
W ND TUNNEL VELOCI TY

LI NEAR REGRESSI ON " NEASURED - (fpnj

500
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86

ALNOR ANEMOVETER CALI BRATI ON

1500

1000 |-

500

| G T — .
PRESSURE DROP (i nches H20)

MEASURED - (fpm) LINEAR REGRESSION " WND TUNNEL
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ALNOR THERMOANEMOMETER MODEL 8500D 1/25/ 90
TEMPERATURE = 25 C

BP =29.1'" Hy
W ND TUNNEL - KURZ | NSTRUVENTS 400B Al R VELOCI TY CALI BRATI ON SYSTEM
W ND TUNNEL ALNOR ANEMOMETER
PRESSURE ACTUAL MEASURED LI NEAR
DROP VELOCI TY VELOCI TY REGRESSI ON
i nches 7120 FPM A PRl
0 0 0 0
0. 04 41 66 45
0.06 61 78 66
0.08 81 90 88
0.1 102 118 111
0.12 122 133 133
0.14 142 175 154
0. 165 168 211 183
0.27 275 305 299
0. 45 458 471 498

0. 505 514 550 559

Regression Qut put:

Const ant 0 LI NEAR REGRESSI ON

Std Err of Y Est 18. 32693

R Squar ed 0.989110 Conputed with the actual velocity as
No. of Cbservations 11 the independent variable and with a
Degrees of Freedom 10 zero intercept.

X Coefficient(s) 1.087973 L.R Velocity = Actual Velocity * 1.089

Std Err of Coef. 0. 022994
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~0g

88

ALNOR ANEMOVETER CALI BRATI ON

700
600
500
400
300
200

100

N\
y/
>/\
«f
/\

/ 1
N
i OO zoo 300 400 500 600

W ND TUNNEL VELOCITY - fpm

MEASURED - fpm LI NEAR REGRESSI ON - fpm

700
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89

ALNOR ANEMOMETER CALI BRATI ON

500
400 \-

1 300

S 200

100 y-

o. =2 a3
PRESSURE DROP (i nches H20)

VEASURED - (fpm LI NEAR REGRESSION  _* W ND TUNNEL
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Appendi x I1l. Calibration Data and Curves for

I TI Leakneter
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LEAKMETER CALI BRATI ON 2/ 19/ 90

LEAK METER FLOW (Q - 100 cc/nin
DI LUTI ON FLASK VOLUME (V) 3.69 L
VOLUNVE LEAKMETER CALCULATED LI NEAR
IINJECTED  CONCENTRATI ON CONCENTRATI ON  REGRESSI ON
uL ppm ppm L EAKCONC.
1 0.2 0.3 0.27
2 0.4 0.5 0.53
4 ! 11 1.07
9 1.9 2.4 2. 41
19 5.1 5.1 5.08
29 8 7.9 7.76
37 9.9 10.0 9.90
67 20 18.2 17.92
107 27 29.0 28. 62
157 38 42.5 42.00
207 57 56.1 55. 37
257 72 69. 6 68. 75
307 83 83.2 82.12
357 93 96.7 95. 50
369 99 100. 0 98.71
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ON

ONC N

110

100

90

80

70

60

50

40

30

20

10

LEAKMETER CALI BRATI ON 2/ 19/90

1

1
i

2

R T
ACTUAL CONCENTRATI ON ( ppn)

80

1

90

1

100

2

110
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LEAKMETER CALI BRATI ON 2/ 26/ 90

LEAK METER FLOW (Q « 100 cc/min
DI LUTI ON FLASK VOLUME (V) 3.69
VOLUME LEAKMETER CALCULATED
I NDECTED CONCENTRATI ON CONCENTRATI ON
uL ppm ppm
1 0.3 0.3
3.8 1,1 1.0
5 1.5 1.4
7.2 2.1 2.0
17.2 4.4 4.7
27.2 7.3 7.4
37 10 10.0
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ON

LEAKMETER CALI BRATI ON 2/ 26/ 90

N A5 G £ =
ACTUAL CONCENTRATI ON' ( ppm)
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LEAKMETER CALI BRATI ON 3/8/90

LEAK METER FLOW (Q « 110 cc/nmin
DI LUTI ON FLASK VOLUME (V) 3.69 L
VOLUVE LEAKMETER CALCULATED LEAKVETER
INJECTED ~ CONCENTRATI ON' CONCENTRATI ON LR
uL ppm ppm
0.9 0.8 0.8
5 1,3 1.4 1.4
10 3.4 2.7 2.7
20 5.4 5.4 5.5
30 8 8.1 8.2
37 10 10.0 10. 2
42 11.2 11. 4 11.5
92 35 24.9 25.2
142 55 38.5 39.0
192 54 52.0 52.7
242 69 65. 6 66. 4
292 81 79.1 80.1
342 90 92. 7 93.8
392 100 106. 2 107. 6
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ON= NN
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| 100

80

60

40

20

LEAKVETER CALI BRATI ON 3/ 7/90

H
R |
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~ 1A

| <~ 20 30 40 50 60 70 80 )
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96

100
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Appendi x I'V. Calibration Data and Curves for

Rot anet er s
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ROTAMETER CALI BRATI ON

Al R PRODJCTSE29R 150 Mwa

Top bal | Bot t om bal |
2.2 1.1
3.9 2.1
6.5 3.5
11.3 6
15 7.9
11
13
15
For Top bal
Regression Qut put:
Const ant
Std Err of Y Est
R Squared

No. of CObservations
Degrees of Freedom

1.578360
0. 033320

X Coefficient(s)
Std Err of Coef.

1/4/ 90

CALI BRATI ON STANDARD
Warren E. Collins

Chai n Conpensat ed Gasonet er
#2244

133.2 cc/ mm

Di st ance
mm
=_eeESsSS3Ss
35
40
50
70
115
80
110
100

0.512109
0. 223612
0. 998664
5
3

Corrected
Ti e Fl ow Fl ow
mn Um n Um n
ssasasa s=sa=ss —s—ss—s ——: ————o
4.9023 0.95 0.4
2. 4643 2.16 1.0
1.703 3.91 1.7
1. 3407 6.95 3.1
1. 6935 9. 05 4.0
0. 8445 12.62 5.6
0.963 15. 21 6.7
0.7573 17.59 7.8
For Bottom bal |
Regr essi on Qut put:
Const ant 0. 265922
Std Err of Y Fst 0. 080606
R Squared 0. 999791
No. of Cbservations 8
Degrees of Freedom 6
X Coefficient(s) 0. 839685
Std Err of Coef. 0. 004946
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CALI BRATI ON OF 150MVé ROTAMETER

10
FLOW- Unin 20

. Top Ball - plastic BottomBal | - steel
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10

CALI BRATI ON OF 150M4 ROTAMETER

1-7 3.1 4.0 5.6
CORRECTED FLOW- | /min 6.7 7.8
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101
CALI BRATI ON OF ROTAMETER #2

UPPER BALL G LIAN M NI BUCK CALI BRATOR
SMALL TUBE #210

SETTI NG FLOW LI NEAR REGRESSI ON
cc/mn cc/mn

e — s —s e Regressi on Qut put:
3 23.7 16.9 Const ant - 43. 8751
54. 6 57.3 Std Err of Y Est 8. 533408
8 106. 7 118.1 R Squar ed 0. 993079
11 184.5 178.8 No. of (observations 5
13.8 237 235.5 Degrees of Freedom 3

X Coefficient(s) 20. 24205

Std Err of Coef. 0. 975568


NEATPAGEINFO:id=03E0199A-ECFE-4583-8D6B-4EA4674BCCF0


102

ROTAMETER CALI BRATI ON

TUBE #210-400 cc/tnin
250

b

S 150

2 100

50

s a1 O 12 14 16
FLOW (cc/ mi n)

, MEASURED - (cc/mn) " UNEAR REGRESSI ON
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Appendix V.  Face Vel 891})’ Data for Hood at 1100 cfm

in Room


NEATPAGEINFO:id=28CDE114-B16B-404F-BCC9-42A0E4EF414B


104

FACE VELOCI TY DATA - NI NE PO NT TRAVERSE TEMP-21.1 C
ALL VELOOI TY VALUES HAVE UNITS - fpm

HOOD EXHAUST VOLUME - 1100 */-20CFM

HOOD AUXJI XI ARY VOLUME - 630 W 20CFM PERCENT 0.57
PREDI CTED PACE VELOCI TY . 152 V-Q A

A. BAFFLE POSITION #1 - TOP SLOT OPEN

FACE VELOCITY - UNOBSTRUCTED

COLUWN 1 COLUWN 2 COLUWN 3
140 224 141
HOW 1 159 ROWL 240 ROWL 146
157 242 142
MEAN- 152 MEAN. 235 MEAN. 143
ST. DEV.- 8.52 ST. DEV.. 8.06 ST. DEV.- 2.16
COLUWN 1 COLUWN 2 COLUWN 3
138 140 135
ROW2 1 144 ROW 2 147 ROW2 143
145 140 141
MEAN* 142 MEAN. 142 MEAN. 140
ST. DEV.. 3.09 ST. DEV.- 3.30 ST. DEV.. 3. 40
COLUWN 1 COLUWN 2 COLUWN 3
140 133 126
ROW 3 133 ROWB 130 ROW 3 135
131 131 135
VEAN. 135 MEAN. 131 MEAN. 132
ST, DEV.. 3.86 ST, DEV. « 1.25 ST. DEV.. 4.24
AVERAGE FACE VELOCI TY . 150
PO NT TO PO NT MAXVEL M N VEL

% O FFERI s NCE. 56.73 235 131
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3. BAFFLE PCSITION #2 - M DDLE SLOT OPEN

105
FACE VELOCI TY - UNOBSTRUCTED
COLUW 1 ' COLUN 2 COLUWN 3
139 218 146
ROW 1 142 ROW 1 202 ROW 1 141
131 210 138
MEAN - 137 NMEAN. 210 NMEAN. 142
ST. DEV. « 4.64 ST. DEV.. 6.53 ST. DEV. - 3.30
COLUWN 1 COLUWN 2* COLUWN 3
138 158 144
ROW 2 132 ROW 2 155 ROW 2 140
149 159 135
NVEAN- 140 NMEAN. 157 NMEAN. 140
ST. Dryv, - 7.04 ST. DEV.. 1.70 ST. DEV.. 3.88
COLUWN 1 COLUWN 2 COLUWN 3
130 138 138
ROWAB 125 ROW 3 132 ROW 3 12S
118 135 119
NMEAN. 124 NMEAN. 134 NMEAN. 127
ST, OrV, - 4,92 ST. DEV.. 1.70 ST. DEV. - 7.93
AVERAGE FACE VELOCI TY . 146
PO NT TO PO NT MAXVEL M NVEL

% DI FFERENCE > 51.25 210. 00 124. 33
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C. BAFPLE PCSITION #3 -

BOW 1

MEAN  «
ST. DEV. -

ROW2

NVEAN*
ST. DEV.-

ROWB

MEAN2
ST. DEV.-

FACE VELOCI TY -

COLUWN 1

164
148
149

7,32

COLUWN 1
147
145
143
145
1.63

COLUWN 1
135
151
153
146
8. 06

AVERAGE FACE VELOCITY «

PO NT TO PO NT

% DI FFERENCE?2

BOTTOM SLOT CPEN

UNCBSTRUCTED

COLUW 2

164

ROW 1 196

138

MEAN m 166

ST. DEV. - 23.72
COLUWN 2

151

ROW2 159

162

NVEANa 157

ST. DEV. - 4. 64
COLUWN 2

144

ROWB 146

148

NMEAN. 146

ST. DEV.. 1.63

151
15.35

COLUWN 3

149

ROW 1 147
131

MEAN2 142
ST, DEV.- 8.06
COLUWN 3

151

ROW 2 150
150

NVEAN- 150
ST. DEV.- 0. 47
COLUWN 3

150

ROW 3 152
152

MEAN- 151
ST. DEV.- 0. 94

MAXVEL M N VEL

166. 00

142. 33
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Appendi x VI. Face Velocity Data for Hood at 850 cfm
in Room C158
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FACE VELOCI TY DATA -

NI NE PO NT TRAVERSE

ALL VELOCI TY VALUES HAVE UNITS - fpm

HOCD EXHAUST VCOLUME -
HOOO AUXI LLI ARY VOLUME -

PREDI CTED

A. BAFFLE

ROW 1

MEANK<
ST. DEV..

ROW 2

ST. OEV. «

ROW 3

MEAN.
ST. DEV..

AVERACE FACE VELOCI TY -

870 [+ 20CFM
460 W 20CFM
FACE VELOCI TY 121 V-Q A
POSITION #1 - TOP SLOT OPEN
FACE VELOCI TY - UNOBSTRUCTED
COLUWN 1 COLUWN 2
97
107 ROWL
83
96 MEAN-
9.84 ST. DEV..
COLUWN 1 COLUWN 2
107
97 ROW 2
100
101 NVEAN-
4.19 ST. DEV, -
COLUWN 1 COLUWN 2
89
93 fl ONB
65
82 NMEAN-
12. 36 ST. DEV. -
111
PO NT TO PO NT
% O FFERBME - 73.50

178

PERCENT

ROwW

NMEAN-
ST. CEV.-

ROW2

ST. DEV. -

ROWB

NMEAN-
ST. DEV. -

MAXVEL M N VEL

82

0.53

COLUWN 3

COLUWN 3

COLUWN 3

108
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8. SAPPLE

ROW 1

MEAN  «
ST. DEV. -

ROW2

ST. DEV. -

ROWB

ST. DEV..

VERAQE FACE VELOCI TY-

PCSI TI ON #2 -

M DDLE SLOT CPEN

FACE VELOCI TY - UNOBSTRUCTED

COLUWN
96

88

98

94

4.32

COLUWN 1
96
100
105
100

COLUWN 1
95
109
101
102
5.73

ROW 1

ST. CEV. -

ROW2

ST. DEV. -

ROWB

ST. DEV. -

109

PO NT TO f»O NT

% O FFERE: nce»

48.18

COLUMN,; >
159
153
149
154
4.11

COLUWN 2
112
109
106
109
2.45

COLUWN 2
105
93
103
100

MAXVEL
154

COLUMWN 3

102

ROW 1 116

106

MVEAN - 108

ST. DEV. - 5.89
COLUWN 3

110

ROW 2 108

116

NMEAN. 111

ST. DEV.. 3.40
COLUWN 3

108

ROW 3 102

99

NMEAN. 103

ST. DEV.. 3.74

M NVEL

94

109
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110

C. BAFFLE POSI TION #3 - BOTTOM SLOT OPEN

FACE VELOCI TY - UNOBSTRUCTED
COLUWN 1 COLUWN 2 COLUWN 3
82 94 94
ROW 1 100 ROW 1 91 ROW 1 100
90 106 99
MEAN. 91 MEAN. g7 MEAN 08
ST. DEV.- 7.36 ST. DEV.. 6.43 ST. DEV.. 2.62
COLUWN 1 COLUWN 2 COLUWN 3
93
ROW2 ROW 2 ROW 2 104
99
MEAN- MEAN. MEAN. 99
ST. CEV.- ST. DEV.. ST. CEV.- 4,50
COLUWN 1 COLUWN 2 COLUWN 3
111 100 113
ROW 3 114 ROW 3 101 ROWB 115
108 106 106
MEAN. 111 MEAN . 102 MEAN Il
ST. DEV.. 2.45 ST. DEV.- 2.62 ST. DEV. 3.8
AVERAGE FACE VELOCITY . 104
PO NT TO PO NT MAXVEL M NVEL
% DI FFERENCE - 27.58 120 94
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Appendi x VIlI. Face Velocity Data for Hood at 750 cfm
in Room C148
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112

FACE VELCCI TY DATA - NI NE PO NT TRAVERSE
ALL VELOCITY VALUES HAVE UNITS - fpm

HOOO EXHAUST VOLUME - 750 W 20CFM
HOOD AUXI LLi ARY VOLUME - 360 f/-20CFM PERCENT 0.48
PREDI CTED FACE VELOCI TY 104 V.QA

A. BAFFLE PCSITION #1 - TOP SLOT OPEN

FACE VELOCI TY - UNOBSTRUCTED

COLUWN 1 COLUWN 2 COLUWN 3

115 143 117

flow 104 ROW 1 111 ROW 110

106 100 119

NMEAN- 108 MEAN - 118 NMEAN- 115

ST. CEV.- 4.78 ST. DEV. - 18. 24 ST. CEV.- 3.86
COLUWN 1 COLUWN 2 COLUWN 3

51 107 75

ROW 2 42 flow2 102 ROW 2 45

50 103 54

NMEAN- 48 NVEAN- 104 NMEAN-

ST. DEV.- 4.03 ST. DEV. - 2.16 ST. OEV.- 12.57
COLUWN 1 COLUWN 2 COLUWN 3

32 51 23

ROWB 36 ROW 3 58 HOW 3 27

41 61 23

MEAN- 36 MEAN- 57 MEAN- 24

ST. DEV. - 3.68 ST. DEV. - 4.19 ST. DEV. - 1.89

AVERAGE FACE VELCOCI TY - 74
PO NT TO PO NT MAXVEL M N VEL
% FFERENCE« 131. 62 118 24
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113
S. BAFFLE POSI TION #2 - M DDLE SLOT OPEN

FACE VELOCI TY - UNOBSTRUCTED

COLUWN 1 COLUWN 2 COLUWN 3
104 75 114
ROW 1 103 ROWL 74 ROWL 103
106 91 106
MEAN- 104 MEAN- 80 MEAN- 108
ST. CEV. « 1.25 ST, DEV. « 7.79 ST. DEV.- 4.64
COLUMWN 1 COLUMWN 2 COLUWN 3
50 44
ROW 2 42 ROW 2 ROW2 52
S3 50
MEAN* 48 MEANK< MEAN> 49
ST. DEV. « 4.64 ST. DEV.- ST. oev.- 3.40
COLUMWN 1 COLUWN 2 COLUWN 3
33
ROW 3 a1 ROWB ROW 3
39
NEAN > 38 MEAN- 69 NEAN- 28
ST. CEV.- 3.40 ST. DEV.- 2.49 ST. DEV.- 0-82
AVERAGE FACE VELOCITY - 72
PO NT TO PO NT MAX VEL M N VEL

% DI FFERENCE « 125. 83 123.00 28.00
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C*MLEPGS, T, ON«. BOTTOM SCOT CPEN

114

PACE VELOOTY _ UNoBSTRUCTED
COLUWN 1
ROW 1 8% CO_U%’QU COLUWN 3
100 ROWL SO
MEAN. 01 I _g_?,\
ST. CeV.- 6. 65 MEAN --===- VEAN
ST. CeEV.- 2.87 ST oRV
COLUWN 1 '
o1 COLUWN 2
f1 One 2o - COLUWN 3
54 ROW 2 5454
VE - >t MVEAN
ST. CEV.- 2.05 ST. DEV. .. MEAN, == eeeee- SfT\]
COLUWN 1 ST CEV.. ’
50" COLUWN 2
ROWB e 73 COLUWN 3
ROW 3 29 36
NEAN- T égS-,ZL | 69 now 3 42
ST CRV. « 3 30 MEAN. - - - - === /4" 1 40
ST. OBV T MEAN 39
ST. CEV. A 49
AVERAGE FACE VELCCITY. 2
PO NT TO PO NT
» «> DI FFERENCE- 103. 08 MAXVEL M NVEL
123. 00 39. 33
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Appendi x VII1. I__eakage Concentration Data Hood at Iioo cfm
in Rodm 0315
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TEW=211C

I. CHALLENGE PCSI TI ON -

SAMPLI NG STRATEGY 2/23/90
0- 315
HOCD EXHAUST VOLUME - 1100 [+ 20CFM
HOOD AUXI LLI ARY ««Q UMG - 630 [+ 20CFM
A. BAFFLE PCSITION «1 - TOP SLOT OPEN
FACE VELOCI TY - UNOBJ3. TRIAL #
1 2 3 #11
1 140 224 141 1 43
2 138 140 135 2 105
3 140 133 126 3 70
4 143
AVERAGE VELOCI TY - 146 5 94
6 103
FACE VELOCITY - OBS. 7 85
1 2 3 8 38
1 158 254 189 9 100
2 185 70 169 10 71
3 176 53 165 11 46
12 58
AVERAGE VELOCI TY - 158 13 48
14 93
15 68
16 87
17 59
18 76
19 43
20 87
PEAK AVERAGES (ppn) - 75.9
M NI MUM 380
MAXI MJUM 1430
STD = 26 1

PERCENT

#21
57
37

100
79
46
86
38
98
39
65
96
27
65
76
88
72
89

19.9
93
26

199
100 O
26 1

0.57

LOWII.

CHALLENCE POSI TI ON -

BREATHI NG ZONE CONCENTRATI ONS -
10 M NUTE PEAK AVERAGES - PPM

@ 30 SECOND | NTERVALS
CONCENTRATION: 0 « < 0.1 ppm OR BELOWDETECTION LIMT

#31
27
39
74

118
49
41
56
82
90
93
85
52
53

9.9

18.8
14

106
43
62

61.8

9.9

1230
327

675
STD
6.0

#1h

131
104
95
84
116
o4
121
12

o7

68
26
6.9
54
03
24
03
0.2

M NI MUM 0
MAXI MUM 131
STD = a7

H GH

#2h
o7
i8

17
33
07

18
0.9

12
05
o4
36

16

13

1.1

36
10

«3h

17

60
17

NMEAN
25
STD

<2
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B. BAFFLE PCSITION #2 - M OOLE SLOT OPEN | CHALLENGE POSI TI ON -

CONCENTRATION. 0 - < 0.1 ppm OR BELOWDETECTION LIM T

FACE VEUXM" TY - UNOBIs. TRIAL §
t 2 3 #11
1 139 218 146 1 26
2 138 168 144 2 11. 4
3 130 136 138 3 0
' 09
AVERAGE VELOCI TY - 150 5 24
6 107
FACE VELOCITY - OBS. 7 11 2
1 2 3 8 2.5
1 165 205 145 9 29
2 200 41 199 10 1.1
187 58 191 11 5.1
12 2.2
AVERAGE VELOCI TY - 155 13 2.4
14 1.1
15 1.5
16 11 5
17 2.7
18 15
19 0.5
20 4.9
PEAK AVERAGES (ppm) « 50
M NI MUM 0.0
MAXI MUM 24.0
STD. - 5.8

#21
5.4
43
30
9.1
15
o4
22
65
26
58
71
3.8
112
74
82
61
30
6.9

87

110

0.4

43.0
11.4

LOWIT.

CHALLENGE PCSI TION 11 @
BREATH NG ZONE CONCENTRATI ONS -
10 M NUTE PEAK AVERAGES -

@ 30 SECOND | NTERVALS

#31
11 5
21
38
11.2
14 1
64
69
73
37
22
105
83
2.2
32
16.9
40
44
0.2
13.1
15.9

16. 3

0.2

44.0
12.5

10.8
STD
4.6

M NI MUM
MAXI MUM
STD. -

PPM

«1h

02

09
03
71

02
02
1.1
0.2
o5
o4

0.7

71
15

i1f2h

© O O 0o o

32
0.7

#3h
o4

04

01
43
04
12

o5

43
10

VEAN
05
STD
02
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0. BAFFLE PCSI TION «3 -

BOTTOM SLOT CPEN

FACE VELOCI TY - UNOBS.
1 2 3
164 164 149 1
147 181 151 2
135 144 150 3
4
AVERACGE VELQOCI TY- 151 5
6
FACE VELOCI TY - OBS. 7
1 2 3 8
1 171 139 167 9
193 68 193 10
191 39 195 11
12
AVERACQE VELCCI TY. 151 13
14
15
16
17
18
19
20
PEAK AVERAGES <ppm) -
M NI MUM
MAXI MUM
STD. -

CHALLENGE PC*TI ON -

LOWVII.
BREATHI NG ZONE CONCENTRATI ONS-

CHALLENGE POsI TION  HI GH

10 M NUTE PEAK AVERAGES -
@ 30 SECOND | NTERVALS

PPM

CONCENTRATION: 0 - < 0.1 ppm OH BELOWDETECTION LIMT

TRI AL #

#11

©O OO0 OO0 O0OO0OO0OO0OO0OO0OO0OO0OOOOoOOo O o

o

3+
N
[y

O O O 0O 00000 O0OOO0OO0OO0OOoOOo0OOoOOoOo o

H
w
ey

(0]
0 .
0
0]
0
0
o]
[0}
0]
0
0
[0}
[0}
0]
[0}
(0]
0]
o]
(0]
0]
NMEAN
0 (0]
STD
[0}
0 M NI MUM
0 MAXI MUM
0 STD. -

#1h #2h
0 0
0.1 0
0.1 04
0 0
0.2 0
02 0
0 0
0 0
0 0
o "t 0
o1 01
o 0
01 01
0 02
o 0
0
0'a 0.1
02 0
o
0 0
0.05 0.05
0 0
0.20 0.40
0.07 0.10

#31)

OO
N » o o o

© OFPr OO0 O OO0 0 o0 oo gy o o

004

030
008

NMEAN
004
STD
0.01
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Appendi x | X. Leakage Concentration Data for Hood at 850 cfm
in Room C158
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SAMVPLI NG STRATEGY 224190 TENP-21 1C

C148
HOOD EXHAUST VOLUME -
HOOD AUXI LLI ARY yf QU /m - 37;)(()) WEEO ZgFI\;l:FM

| CHALLENGE PGS TIO\I LONII CHALLEMEE P(BI TN 1

A BAFFLE POSI TION «1 - TOP SLOT COPEN

CONCENTRATI ON: 0 - < 0 1 ppm R BELCW DETECTI ON LIMT

FACE VELOCI TY- - UNOBS. TRIAL #
1 2 3 #11
1 95 111 102 1 1
2 55 106 54 2 2.1
3 1S 60 30 3 1.1
4 1.1
AVERAGE VELOCITY - 70 5 0.1
6 2.2
FACE VELQCI TY- - oBsS. 7 7.7
1 2 3 8 0.2
1 100 118 116 9 3.7
2 64 59 70 10 1.5
3 35 40 28 11 3.4
12 2.7
AVERAGE VELOCI TY- 70 13 23
14 2.6
15 [0}
16 1.3
17 3
18 1.4
19 0.4
20 9.8
TINE VI GHTED AVERAGE ( ppr)- 2.4
M NI MUM o
MAXI MUM 230
STD. = 5.1

PERCENT

#21
24
1.3
0.1
0.7
2.5
5.8

(0]

w O - O
ROy
L L CE NI

°© N N b e
o ®F Py o e

W
o

30.0
64

0. 47

#31
2.1
0.2
35
4.8
0.3
8.4
0.6
7.2
[0}
12
4.2
0.1
2.9
21
1.5
1.2
0.6
8
5.5
0.9

3.3

12.0
3.3

ZONE CONCENT
10 |v| NUTE TVWA- PPM

SECOND_| NTERVALS

NMEAN
3.4
STD
0.12

M NI MUM
NMAXI MUM
STD =

19
o6

#2h

04

o6

09

12

14

2.1

02

0.2

02

0.1

0.5

0.4

21
06

#3h
0.3
o4
o1

02
12

05

0.4
12
0.6
01

o8
15
06
o8
0.4

(015)

15
o4

NMEAN

STD
0.017
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B. BAFFLE POSITION «2 - M OOLE SLOT OPEN i CHALLENGE POSITION -

FACE VELGai Y - UNOBS. TRIAL #
1 2 3 #11
»4 84 119 1 0.2
2 56 lit S3 2 0.1
3 21 75 30 3 o4
4 0.3
AVERAGE VELOCI TY- 72 5 o1
6 2.3
FACE VELOCITY - OBS. 7 o1
1 2 3 e 2.5
1 111 125 117 9 0.3
2 55 68 65 10 0.1
15 40 27 11 0.6
12 0.2
AVERAGE Va. pC TY - 69 13 7.4
14 0
15 0
16 .2
17 .3
18 0.1
10 )
20 0.3
TI ME WEI GHTED AVERAGE (ppm) - 0.78
M NI MUM 0
MAXI MUM 7.4
STD. - 1.66

#21

o o =
P o

o

© o o o
© w P MNP O NG o b~oOo

= O 20 onwN

SN
o N b

LOWI1. CHALLENGE POCSI TION -

BREATHI NG ZONE CONCENTRATI ONS-
10 M NUTE TWA- PPM
@ 30 SECOND | NTERVALS

CONCENTRATION: 0 - < 0.1 ppm OR BELOWDETECTION LIMT

#31

#1h

0

0.1

03

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0l 0

0

0
NMEAN

0.71 0.02
STD
0.12

M NI MUM 0

MAXI MUM 03

STD. - 0.07

H GH

#2h

© O OO0 000000 O0OO0OO0OO0OO0OO0OOoOOoO TG+ o

0005

01
0.02

H
w
e
—

O © OO0 0O 0O 00 Oo0OO0OOoOOoODOoOOoOOoOOooo oo

0

o o

NMEAN
0008

STD
0. 008
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C. BAFFLE POSITION #3 - BOTTOM SLOT CPEN | CHULENE P(B|BHEQ¥ il %}5 %&%I%@ -|:| N oo

10 M E TWA- PPM
@30 | NTFON
CONCENTRATIOr 1y - < 1 p BELOW DETECTION LIMT

FACE VELOCI TY - UNOBS. TRIAL #
1 2 3 il #21 #31 i o v
1 i 1 107 1 ) o o . " "
l ) 1S 50 2 0 o o 0 o °
3 Bl 7 30 3 0 o o N ¢ °
4 (0] 0 0 o 0 .
AVERACGE VELOCITY - 70 5 0 o o ; ° °
6 (o} 0 0 o . o
FACE VELOCITY - OBS. . o o ) 0 ° O
1 : 3 8 o o 0 0 0 0
1 % 101 111 5 o . g ° 0 :
] i E os . 0 ° 0 : : :
3 3 3 57 11 o o o ° ° °
12 0 0 o o o ;
AVERAGE VELOCITY - 70 13 o o o o ° °
14 0 o o 0 ) °
15 o o o o ° °
16 0 o o . ° °
o o ° © 0 0 0
o o ° ° 0 0 0
19 0 o o . ° °
% ° © 0 0 0 0

NEAN
TINE VBGHTEO AVERAGE (ppm) - 0 0 o ) ) )
o]

M N MM ° 0 o M NI MUM o o o
M 0 © ° MAXI MUM o o o

STD . - 0 o o STD. - o o o
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Appendi x X Leakage Concentration Data for Hood at 750 cfm
in Robm C148
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SAMPLI NG STRATEGY

ci se

HOCD EXHAUST VQLUME -
HOOD AUXI LUARY VOLi NI f -

A. BAFFLE POSITION #1 - TOP SLOT CPEN

w ro

—_

FACE VELOCITY - UNGBS.

1 2 3

114 196 125

105 115 112

2 68 100

AVERAGE VELCCITY - 116
FACE VELOCITY - OBS.

1 2 3

140 163 143

17 8 157

126 3 115

AVERAGE VELOCI TY « 120

© 0 NN W N -

N B R R R R B Qo Rp R
S L w~NoO O N~NmRNPRDbD

AVERAGE PEAK VALUE (ppm) -

M NI MUM
VAXI MUM
STD =

TEMP-21.1 C

850 W 20 CFM
420 W 20CFM

PERCENT

0. 49

1. CHALLENGE PCSITION - LOW
BREATHI NG ZONE CONCENTRATI ONS -

10 M NUTE AVERAGE PEAK VALUES - PPM
@ 30 SECOND | NTERVALS
CONCENTRATION- O .« 0.1 ppm OR BELOW DETECTION LIM T

TRIAL #
#11

65
14

® > w OO0 0 ®» O o

#31

2.1
8.2
21
4.5
05
1.3b

03
5.3
1.9

2.3
15
0.9
5.3
09
17

82
21

NMEAN
1.6
STD
(0153

1. CHALLENGE POSI TION - HI GH

M NI MUM
MAXI MUM
STD =

#1h

1.9

90
25

(015)

o

o
© O 0o owo®r oo o

ISANe} o
o N o N

0.1

o6
02

#3h

o
s

I
O O ot OO0 oo

(]
w

-

I
©O N~ - 00 0 wo o o

o
N

13
04

08
STD
o8

\)
1n
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SAVPLI NG STRATEGY TEMP » 21.1 C

C1s8
HOOD EXHAUST VCNJJMC - 850 W 20CFM
HOOD AUXI LUARY VOr UVE - 420 W ZOCFM PERCENT 0. 49
|. CHALLENGE POSITION - LOWIIl. CHALLENGE POSI TION HI GH
BREATHI NG ZONE CONCENTRATI ONS -
A. BAFFLE POSITION «1 - TOP SLOT OPEN 10 M NUTE AVERAGE PEAK VALUES - PPM

@ 30 SECOND | NTERVALS
CONCENTRATION: 0 - < 0.1 ppm OR BELONDETECTION LIM T

FACE VELOCI TY - UNCBS. TEILLAL#
1 2 3 #11 #21 #31 #1h #2h #3h
1 114 196 125 1 16 0.9 0 0 0.1
2 105 115 112 2 0 26 2.1 0 0
3 92 88 100 3 4 08 8.2 0 0
4 01 o8 2.1 [0} 0
AVERAGE VELOCI TY - 116 5 o5 1.7 4.5 2.6 o5 0
6 03 o6 0.5 0 0 0.5
FACE VELOCI TY - OBS. 7 1.2 0.2 1. % 3.1 0 0
1 2 3 8 0.5 0.3 [0} 2.8 0 (0]
1 140 163 143 9 09 3.9 0.3 0.1 o1 0.3
2 127 78 157 10 o 1.2 5.3 2.4 o] 0
126 35 115 11 2.5 0.2 1.9 0 0.5 0
12 24 2.6 2 29 0 0
AVERAGE VELCCI TY - 120 13 0.3 0 2.3 02 0 1.3
14 1.3 4.8 1.5 7.3 (0] 0
15 0.2 (o] 0.9 9 o 0
16 02 o] 5.3 0 0 [0}
17 1.5 (o] 0.9 3.1 0.2 1
18 (] 0.3 1.7 1.3 0 1
19 5.5 1.6 4 0 0.2 0.2
20 0.3 2.6 0 4 0.6 0
NMEAN NMEAN
AVERAGE PEAK VALUE (ppm - 1.2 1.3 2.2 16 19 o1 0.2 os
STD STD
o5 oa
M NI MUM 0 0 0 M NI MUM 0 0 0
MAXI MUM 55 4.8 82 MAXI MUM 90 o6 13

STD = t 4 14 21 STD = o5 o2 o4

%3
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B. BAFFLE PCSITION #2 -- M DDLE SLOT OPEN L CHALLENGE POSITION - LOWII CHALLENGE POSI TI ON HI GH
BREATHI NG ZONE CONCENTRATI ONS -
10 M NUTE AVERAGE PEAK VALUES - PPM
@30 SECOND | NTERVALS

CONCENTRATION: 0 - < 0.1 ppm OR BELOWVDETECTION LIM T

FACE VELOCI TY - UNOBS. TRI AL #
1 2 3 il «2l #31 #1h f2h #30
1 126 167 lie 1 1.8 0.7 0.9 0 0 0
96 M 118 2 o] 03 1 0.1 o) 0
3 90 99 99 3 4.4 0.5 0 0 0 0
4 0 0 0.5 0 0 0
AVERAGE VELOCI TY - 117 5 0 17 .6 0 0 0
6 .4 1.3 0 0 0 0
FACE VELOCITY - OBS. 7 .2 17 01 0 01 0
1 2 3 8 1 0.6 0.4 0 0 0
1 157 179 128 9 1.1 0 0 0 0 0
2 130 86 155 10 0.5 15 1.1 1.1 0 0
128 25 131 11 0 3.1 1.3 0 0 0
12 1.2 0 04 0 0 0
AVERAGE VELCCI TY - 124 13 0 0.4 4.2 0 0 0
14 0 31 0.5 0 0 0
15 93 0.9 1.1 0 01 0
16 u3 07 2.2 0 0 0
17 0.8 0.4 0.5 o] 0 0
18 o] 0.6 0 o] 0 0
19 0 0.8 2.1 0 0 0
20 0.7 0 01 0 0 0
NMEAN NMEAN
AVERAGE PEAK VALUE (ppm - 11 0.9 0.9 0.95 0.06 0.01 0 0 02
STD STD
0.10 003
M NI MUM 0 0 0 M NI MUM o] (o]
MAXI MUM 9.3 3.1 4.2 MAaXl MUM 1.1 01

STD. - 2.13 0.89 1.00 STD. . 0.24 0.03
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C. BAFFLE PCSITION #3 - BOTTOM SLOT OPEN . CHALLENGE PCSITION - LONII. CHALLENGE POSI TION - H GH
BREATHI NG ZONE CONCENTRATI ONS -
10 M NUTE AVERAGE PEAK VALUES - PPM
@ 30 SECOND | NTERVALS

CONCENTRATION: 0 - < 0.1 ppm OR BELONVDETECTION LIM T

FACE VELOCITY - UNOBS. TRI | AL«
1 2 3 #11 #21 #31 #1h «2h #3tt
1 2 3 1 0 0 0 o] 0 0
102 117 113 2 0.3 0 0 0 0 0
2 101 131 111 3 0 0 0 0 0 0
107 98 110 4 0 0 0 0 0 0
5 0 0 0 0 0 0
AVERAGE VELOCI TY > 110 6 0 0 0 0 0 0
7 0 0 0 0 [0} 0
FACE VELCCI TY --OBS. 8 0 0 0 0 0 0
1 2 3 9 0 0 0 0 0 0
1 102 157 124 10 0 0 0 0 0 [0}
2 142 64 140 11 0 0 0 0 0 o]
3 133 45 138 12 0 0 0 0 [0} 0
13 0 0 0 0 0 0
AVERAGE VELOCI TY. 116 14 0 0 0 o 0 0
15 0 0 0 0 0 0
16 0 0 0 0 0 0
17 o o] o] 0 0 0
18 0 0 0 0 0 0
19 0 0 0 0 0 0
20 0 0 0 0 [0} 0
NVEAN
AVERAGE PEAK VALUE (ppm) - 0.02 a oos 0 0 0
STD
0. 007

STD. - 0. 07 STD.
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Appendi x XI. Leakage and Vel ocity Data For Bl ockage Tests
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sanpl ; ng strategy for bl ockage

Hooo exhaust vol une -
hood auxilliary vol une

1100
630

A. BAFFLE POSI TION #1 - TOP SLOT OPEN

*1- 20 CFM
~ - 20 CFM

BREATHI NG ZONE CONCENTRATI ONS -

10 M NUTE AVERAGE PEAK VALUES -

@ 30 SECOND | NTERVALS

. CHALLENGE PCSI TI ON -

BLOCKAGE
50%0

—

© 0 N0 n P wWwN

[y
o

[
[N

[y
N

-
w

=y
IS

[y
a

[y
[}

[y
~

=
[ee]

[N
©

N
o

AVERAGE PEAK VALUE (ppm) <

M NI MUM «
MAXI MUM >
STD.

a

O2o
32
65
35

4.5
5.6
32
23
7,8
3.7
28
4.5
7.5

16.4
86
64
29
56
44

5.2
25

28.7

3.7

86
23.30

8.2
13.5
7.3
62
20
27
25
52
86
3
12.7
50
26
29
12.2
45
29

13.2 .

49
135

35.3

135
30.94

PPM

100%
88
7.6
21
93
127
33
23
46
57
34
113
35
56
105
123
41
67
79
16.4
57

7.8
127
35.85

LOW

PERCENT

SHELF
18.1
8.4
17.3
29
75
26
93
57
89
60
132
29
48
97
80
129
56
31
67
40

8.4
132
35.09

0, 57

VEAN
41. 69

STD
13.98

128
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FACE VELOCI TY TRAVERSE DATA FOR HOOO ®1100 cfm 129

UNOBSTRUCTED

FACE VELOCITY - fpm
1 2 3
1 159 240 146
2 144 147 143
3 133 130 135
AVERAGE VELOCI TY . 153
% DI FFERENCE - 58. 98

50 % BLOCKAGE
FACE VELOCITY - fpm

1 2 3

1 157 233 142
2 143 136 143
3 132 130 136
AVERAGE VELOCI TY « 150
% DI FFERENCE2 56. 44

100% BLOCKAGE
FACE VELOCITY - fpm

1 2 3
1 144 239 142
2 146 156 152
3 132 137 124
AVERAGE VELOCI TY- 152
% DI FFERENCE - 61. 99
SHELF
FACE VELOCITY - fpm
1 2 3
1 157 242 142
2 145 140 141
3 131 131 135
AVERAGE VELCCI TY - 152

% DI FFERENCE - 59.52
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a, BAfrLS POSITION #3 - BOTTOM SLOT OPEN

130
BREATHI NG ZONE CONCENTRATI ONS -
10 M NUTE AVERAGE PEAK VALUES - PP*
@ 30 SECOND | NTERVALS
. CHALLENGE POSITION - LOW
BL OCKAGE
0% 50% 1009%b SHELF
1 0 0 2 0
2 0 0 0 0
3 o] 0 4 0
4 0 (o} 1.1 0
S 0 0 0 0
6 0 0 2.8 0
7 0 0 0 o]
8 (0] 0 1.4 0
9 (0] 0 0} 0
10 0 0 0 0
11 0 0 0 0
12 0 0 0 0
13 0 0 o 0
14 0 0 o 0
15 0 0 o] 0
16 0 0 0 0
17 (] 0 1.2 0
18 0 0 0 0
19 0 0 1.7 0
20 o] 0 3.1 0
NMEAN
AVERAGE PEAK VALUEH jpm) - 0.0 0.0 0.9 0.0 0.29
STD
0.41
M NI MUM - 0 0 0 0
MAXI MUM > 0 0 4 0}

STD. - 0] 0 1.22 0. 00
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PACE VELOCI TY TRAVEPSE OATA FOR HOOO @ 100 cfm

S A FFFL_E= —Css1
UNOBSTBUCTED
FACE VELOCITY - fpm
1 2 3
1 148 196 147
145 159 150
151 146 152
AVERAGE VELOCI TY . 155
% DI FFEPENCE - 29.91
50 % BLOCKAGE
FACE VELOCITY - fpm
! 2 3
145 170 145
2 145 155 150
3 144 142 149
AVERAGE VELOCI TY > 149
% DI FFERENCE « 17.83
100% BLOCKAGE
FACE VELOCITY - fpm
1 2 3
1 150 170 147
148 165 144
3 139 150 150
AVERAGE VELCCI TY - 151
% DI FFERENCE - 20. 06
SHELF
FACE VELOCI TY - fpm
1 2 3
1 149 t 38 131
143 162 150
3 153 148 152
AVERAGE VELOCI TY - 147
% DI FFERENCE > 20. 33

1

Ol A=HS a1
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Appendi x XII. Statistical Results and Tabl es
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STATI STI CAL ANALYSI S FOR LABORATCRY HOOD EXPERI MENT
THREE TRI ALS VERB PERFORMED UNDER BACH CONDI Tl ON

CENERAL LI NEAR HCDELS PRCCEDURE

CLASS LEVEL | NFORVATI ON

CUSS LEVELS VALUES
BAFFLE 3 Bl B2 B3
HEI GHT 2 H  H2
FLOW 3 FI. F2 F3

NUMBER OF OBSERVATI ONS | N DATA SET - 5A

STATI STI CAL ANALYSI S FOR LABORATORY HOOD EXPERI MENT
THREE TRI ALS WERE PERFORMED UNDER EACH CONDI TI ON

DEPENDENT VARI ABLE

SOURCE
MODEL
ERROR

CORRECTED TOTAL

R- SQUARE

0. 985737

SOURCE

BAFFLE

HEI GHT

PLOW
BAFPLE* HBI GHT
BAFFLE* FLOV

HEI GHTAFLOV
BAFFLE* HEI GHT* FLO¥

GENERAL LI NEAR MODELS PROCEDURE

BZCONC

DP

17

36

53

45. 6707

g

ANDANNENDN

SUM OP SQUARES MEAN SQUARE

12757. 8986 US1l 750. 46462440
184. 59340000 5.12759444

12942. 49201481

ROOT MSE BZCONC NMEAN
2.26441923 4.95814815
TYPE | SS F VALUE PR > P
1660. 22650370 161. 89 0. 0001
1083. 26406667 211. 26 0. 0001
1997. 17050370 194.75 0. 0001
1353. 86591111 132.02 0. 0001
2589. 63167407 126. 26 0. 0001
1751. 53613333 170. 80 0. 0001
2322.20382222 113. 22 0. 0001

134

P VALUE

146. 36

PR > F

0. 0001
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STATI STI CAL ANALYSI' S FOR LABORATORY HOCD EXPERI ME
Pai rwl s* conparisons V|th| n HEIGHT and BAFFLE P(BI TION

bet ween

HEI GHT HHGH - 8"

1:l_ - ?Al: —L_ = -
1 1 BOTTOM™SLOTCPENMDDCE "SLOT OPENTOP SLOT OPEN |
il. 1 BZCOl\IC 1 BZCONC | BZCONC |
} |NirmﬁimrrSﬂjﬁﬁvvrl‘NENVTTﬂTEPRrN‘| WEANr|STDEr(M

1
750 CPM L 3 0.001 0.0001 3| o. 00| o.ooq 3| 0.47) 0.033
1850 CPM 13 0.001 0.0001 3 0.03 0.033 3 0.73] 0.584

HEl GHT LOW - 2"

1 BAFFLE 1
1 BOTTCM SLOT PEN I DDLE SLOT CPBN| 0P SLOT CPEN |
1 BLUUNC /J\. BZUNC |+ BLUUNC |
N1 NEAN | STOERR N | NEAN | STDERR|N | NEAN | STDERR)

| FLOW | | 1 | 1 | ] 1

| 750 CPM 1 1 ;l»»O_«g)Ql )())_|0_|0_01 3|\0 701 0.100], 3‘ |3 43 0 088|1
1850 CFM 1 31 0.001 0 0001 31 0 971 0 ). 067| Slg 1, 571_ 0 3l§|
j1100 cPM - 3|_U_UUT O_OUU'l 3| alO‘??T 3. 264 3| a67. 50| 4.288|

01 B 8% V. %bh Z%Oa% : 850 8[5 vs. 850 cfm

P< .05 vs. 750 cfm
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STATI STI CAL ANALYSI S FOR LABORATORY HOOD EXPERI MENT
Pai rvi sc conparisons within FLOV and HEl GHT
bet ween BAFFLE PCSI TI ONS

PLOW 750 CPM

1 HEI GHT 1
1 HGH- 8 1 LOw- 2" |

1 BZOONC 1  BzZOONC |

IN | MEAN | STCERRIN | MEAN | STCERR|

1 BAFFLE N 1 N 1 1
-1 1 N 1 1

1 BOTTOM SLOT GPEN 1 3| 0.001 O .00G 3| 0.001 0.000|
1 MDDLE SLOT OPEN 1 3| 0.001 0.0001 3|b 0.701 O 10G

| TOP SLOT CPEN 1 3|c 0.471 0.0331 3|a 3.43| 0.088]

PLOW 850 CPM

1 1 HEI GHT 1
1 o 1 HGH- 8" 1 LoOw- 2" |
1 BZCONC 1 BZCONC |

1 | N 1 I\/EAN | STDERR| N | MEAN | STDERR|
R R e R R e ]
BAFFLE | I1 1 I | 1 1

BOTTOW SLOT CPENT 3| 0,09 0009 3|d000| oooq

|TCP SLOT OPBN | 3| b 0. 73| 0. 884| 3| 1. 57J 0. 318J
a) P< .01 vs. both BOTTOM and M DDLE

b) P < .01 vs. BOITOM

c) P< .05 vs. both BOTTOM and M DDLE

d) P< .01 vs. both TOP and M DDLE

*) P< .03 vs. TOP
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STATI STI CAL ANALYSI S FOR LABORATORY HOOD EXPERI MENT
P«i rvi s« conparisons within FLOVand HEl GHT

bet ween BAFFLE POSI TI ONS (cont' d)

FLOW 1100 CFM

BZCONC BZCONC

JN I MEAN JSTDERRIN | MEAN j STDERR

BAFFLE | | | 1 |
--------------------------------- 11 I |

BOTTOM SLOT OPEN | 3| 0.05| 0.003| 3| 0.00] 0.000

TOP SLOT OPEN | 3|a 2.50| 1.114| 3|a67.50| 4.288

a) P< .01 vs. both BOTTOM and M DDLE
b) P < .01 vs. BOTTOM
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STATI STI CAL ANALYSI S FOR LABORATCRY HOOD EXPERI MENT

P«i rvi s€ conparisons vithin BAFFLE POSI TI ON and FLOW
bet ween HEI GHTS

BAFFLE BOTTOM SLOT OPEN

FLOW 1
750 CFM 1 850 CFM [ 1100 CPM |
BZCONC 1 BZCONC | BZCONC |

IN1 MEAN | STDERRIN { MEAN | STDERR|N | MEAN | STDERR|

1 HEI GHT 11 1 Il 1 [ 1 1
% 3 1 I 1 |1 1

| LOW- 2" 131 0.001 0.0001 3| 0.001 0.0001 31 0.00] oO. 000|

IH GH - 8" 131 0.001 0.0001 3t 0.001 OOOQ 3| 0.05 QOO

BAFFLE M DDLE SLOT OPEN

FLOW
750 CPM 850 CPM 1100 CPM
 Bzoone  mzoone Bzoone

S +,

INI NEAN|STDERR|N| VEAN | STDERR N | NEAN | STOERR
---------------- Lk S i = e R |
| HEl GHT [ (.
| LOW- 2 1 3/20.701 0.1001 3|2 0.97] 0.067| 3|al0.77| 3264
IHIGH - 8" | 3] o.oq o.ooq 3] 0.031 0.033] 3| 0.53| 0.120]

a) P< .01 vs. HCH
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STATI STI CAL ANALYSI S FOR LABORATCORY HOOD EXPERI MENT
Pai rvi se conpari sons w thin BAPPLB PCSI TI ON and PLOW
bet ween HElI GHTS (cont' d)

BAFFLE TOP SLOT OPEN

HEI GHT
Low- 2"

H GH - 8"

a) P < .01 vs.

750 CPM 1
BZCONC 1
IN 1 MEAN [STDBRRIN |
11 1 I
—h 1 1 I
1 3n 3.431 0.0881 3

131 0.471 0.0331 3

H GH.

FLOW
850 CFM ! 1100 CFM 1
BZCONC ! BZCONC 1

1 Lol 1 1

1 Il 1 1
157 0 3181 3|a67.50| 4. 288
*- 1

MEAN | STDERR/h1 1 MEAN  1STDERRL
N 1

0.731 0 5841 31 2.501 I|.lU
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Appendi x XI11. Photographs of Ar Flow
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Figure 26 - Photo A Auxiliary
supply flow for baffle position
#3 with the sash up.

Fi ure 7 - Photo AuXi
T Plon (kSR

LU

P
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Figure 28 - Photo C Auxiliary
supply flow for baffle position
#1 with the sash up.

Figure 29 - Photo D. Auxiliary

supply flow for baffle position
#1 with the sash down.
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Fi gure 30 - Photo E.
Unobstructed fl ow for baffl e

position #1.

Fi gure 31 - Photo F.
Unobstructed flow after tine

for baffle position #1.
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Figure 32 - Photo G Flow for
baffl e position #1 wth
mannequi n present.

Figure 33 - Photo H Flow after
tinme for baffle position #1
wi t h nmannequi n present.
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Fi gure 34 - Photo |.
Unobstructed flow for baffle

posi tion #3.

Fi gure 35 - Photo J.
Unobstructed flow after tine

for baffle position #3.
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Figure 36 - Photo K. Fl ow for
baffl e position #3 wi th
mannequi n present.

Figure 37 - Photo L. Flow after
time for baffle position #3

w t h mannequi n present.
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