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Abstract

Sarah E. Ash. Evaluation of Laboratory Hoods in the Basenent and

First Floors of the Rosenau Building. (Under The Direction of Dr.
M chael R Flynn)

The proper location and operation of |aboratory fume hoods is
essential for effective and efficient protection against exposure to
hazardous substances. Two qualitative and two quantitative tests,
as wel| as other observations, were applied in the evaluation of 22
| aboratory fume hoods in the basenent and first floors of the

Rosenau Building. The two qualitative tests allowed for
visualization of the air currents inside and outside of the hood.

Snoke tubes were used to assess air currents in front of the hood

face, while titaniumtetrachloride(TiC4) was applied to the inner
sides and bench of the laboratory fume hood to visualize the air
current's behavior within the hood face. The quantitative tests
measured face velocity and hood performance (with the use of Sul fur
Hexaf | uori de(SFg) as a tracer gas). Qther observations include
| ayout of the room condition of the hood bench, sash position during
operation, location of w ndows, doors, make-up air units and
general work practices which could affect cross-draft currents in
front of the hood face. The presence of bottomslots leading to
pl enuns were noted and mai ntenance records were reviewed during
each hood eval uation. Recommendations are given for ways to
i mprove each hood' s efficiency and effectiveness.
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| ntroduction

Protection of people's health and safety is of utnost
| nportance. Therefore, many nethods are applied in controlling
exposure to hazardous substances in the workplace. Three of the
nost widely used nethods of control are engineering controls,
adm ni strative controls and personal protective equi pment
(Fundamental s of Industrial Hygiene, 1988). The nost effective
met hod of reducing exposure to hazardous substances is through
engi neering controls. One exanple of an engineering control is loca
exhaust ventilation(LEV).

An LEV systemis designed to capture or contain contam nants
at their point of generation(MDernott, 1985). According to
MDernott, an LEV systemis conprised of a hood, duct work, air
filter and a fan, see Figure 1. Proper design of the hood, duct work
and choice of the fan is essential in conplex systems in order to
achieve the proper balance throughout the system If proper balance
I's not maintained or achieved, the hood face velocity required to
contain contamnants generated within the hood may not be reached.
However, even with proper design and appropriate fan size, hoods
my be |ess than 100%efficient; this results in contamnant escape
and possi bl e human exposure.

In the |aboratory environnent, enclosed fune hoods or
| aborat ory hoods have been designed to decrease exposure by
preventing the escape of contamnants generated in the hood. These
hoods do not have the ability to capture contamnants created
outside of the hood, so proper use is essential. Even if the
| aboratory fume hood is used properly, other factors such as
| ocation, maintenance and make-up air can affect hood efficiency
and effectiveness.
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Efficiency and effectiveness are two capabilities related to
hood performnce. According to Viadimr Hanpl (Hanple, 1984), the
effectiveness of an LEV systemcan be defined as the capability to
reach a given goal, standard or condition. LEV systemefficiency is
defined as the fraction of contam nant captured by a hood per given
time. The SFg test is a measure of the efficiency of the laboratory
hoods. Problens in assessing overall safety of a hood may arise
when a very efficient systemmy not be effective when dealing
with highly toxic materials. On the other hand, a noderately
efficient systemmy be very effective when handling noderately
toxic materials. Therefore, it is also inportant to consider the
toxicity of substances used in each hood anal ysed.

In order to assess the efficiency of |aboratory hoods in the
Rosenau Building, a series of qualitative and quantitative tests were

performed on 22 hoods in the "as used"(AU) state. The follow ng
tests were performed:

1) Snoke Tube Test

2) Titanium Tetrachloride(TiC4) Test
3) Face Velocity Test

4) Sul fur Hexafluoride(SF6) Test

Each of these tests was essential in providing information on the
efficiency of the hoods and in |ocating potential problemareas in
front of the hood face as well as inside the hood. The snoke tube
test and the Tid4 "M af{owed the air currents to be visualized in
front of the hood face and inside the hood. The face velocity test
measured air speed in feet per mnute(fpm across the hood face.
The SFg detection test allowed for assessment of hood performance
and magni tude of potential personnel exposure in the breathing zone.
Since face velocity is not a direct measure of the hoods ability
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to provide protection(lvany,et.al.,1989), the SFg |eak test was al so
performed. The SFg test results in a performance rating under "as
used "(AU) conditions. The equation representing the performance
rating consists of a flowrate, the as used synbol (AU), and the

concentration(ppm of tracer gas(SFg) measured in the mannequin's
breathing zone.  The followng is an exanple of the equation:

XX AU yyy

xx=flow rate{lpm of tracer gas
AU=as used condition of the laboratory hood as opposed to the
as manufact ured(AM condition.

yyy=concentration(ppm of tracer gas(SFg) in the mannequin's
breat hi ng zone.

The above equation was fornulated by Caplan and Knudson(1982) and
Is currently used in the ASHRAE Standard as the nethod of testing
performance of [aboratory fume hoods(1985). For exanple, a flow
rate of 4 Ipmin the "as used" environnent with a detection
nmeasurement of 15 ppmwoul d gi ve:

4AULlS5

This means that at a generation rate of 4 Ipmof 100% SFg, the hood
can control exposure to 15 ppm The performance rating is a
rel ative measure of the |aboratory hood' s ability to protect exposure
at a given generation rate(Peck, 1982). The ACGH recomrends
level s be kept below O.1Cppmat the given generation rate and %oFg.
Qther factors considered in the analysis of the |aboratory fune
hoods include the toxicity of materials currently handled in each
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hood, work practices of individuals using the hoods, conditions of
the hood benches, maintenance/ upkeep on the fans, layout of the
roons and plenumsettings on each hood(when plenuns are present).


NEATPAGEINFO:id=CE6D33EB-4D09-45D5-8834-279F702825C2


Experimental Method

Qualitative Tests

1) Snmoke Tube Test

MSA snmoke tubes were used to visualize the behavior of air
currents four inches in front of the hood face as well as four inches
outside the border of the hood face. Smoke was puffed out manual Iy
at 6-inch intervals across the hood face. The novement of the
smoke created was then noted. The snoke tubes were also utilized

during the SF5 testing to see what affect the mannequin woul d have

on the air currents.

2) Titanium Tetrachloride Test (Tid4)

Liquid TiCl4 was "painted" along the sides of the |aboratory
hood and across the hood benches 6-inches behind the plane of the
hood face. A 12-inch rod with an alligator clip was used to swab the
TiCl4 inside the hood. If itens were near the front of the hood face,
the TiC4 was painted in front of the objects(i.e. chemcal hottles,
ovens, hot plates etc.). The activity of the formed smoke was then
recorded. The Tid4 was used to help visualize air currents inside
the hood as wel|l as to help see the effects that cross-drafts have on
hood operation. If the smoke is pulled out of the hood face, Caplan
and Knudson(1982) suggest the hood shoul d be considered inadequate
for personnel use. Air movenent towards the hood face is defined as
reverse air flow, and lack of air nmovement is defined as dead air
space, according to the ASHRAE Standard 110-1985. WWen
applicable, this termnology will be used in this paper during the
anal ysis of the snoke tests.
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Experimental Met hod

Quantitative Tests

1) Face Velocity Tests

Face velocity and cross-draft vel ocity(when present) were
nmeasured using a calibrated TSI model 1650 thermal anenoneter.
The unit was calibrated using the Type B Set-up and velocity curves
provided by the Industrial Ventilation Laboratory(diagramof Set-up
i n Appendi x A). The hood face was divided into 9 or 16
poi nt s(dependi ng upon hood di mensions) equidistant fromeach other.
The measurenent points were no greater than 18 inches apart and 4
inches fromthe hood frame. The neasurenents were al so taken 4
inches behind the plane of the hood face. Caplan and Knudson(1982),
claimthat individual readings shall not vary greater than 10% when
hoods are enpty or greater than 25% when hoods have equi pnent on
the bench. Each point was neasured in triplicate in order to
eval uate the accuracy. Sinple statistical evaluation of the results
can be conpleted using the conputer program Mstat. These results
can be referenced in Appendix E Figures in Appendix E depict the
spaci al arrangenent for neasuring face velocity on a nine point
traverse and a sixteen point traverse.
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Experinental Met hod

Quantitative Testing

2)  Sulfur HexafluorideCSFg) Test

Equi prent

-Wlkes Mbile Infrared Analyser(Mran) | serial #50944

-Metrosoni cs Data Logger

-1 inch copper tubing diffuser with 6 nmholes spaced 1 inch
apart(1 foot by 6-inches in neasurenent)

-Calibrated Rotoneter

- Punmp

-SFg gas cylinder

- Tygon tubing

-10  mcroliter syringe

-3-dimensional  mannequi n

- Ri ng- st ands

- Cart

Mran Setting
The Mran was set on the follow ng measurenents for sanpling SFg:
Wavel ength = 10.7
Pathlength =  20.25 meters
Gai n= 10X
Absor bance= 1

Ti me Response= 1 second
Slit = 1 nmMm
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Sul fur Hexafluoride Leak Test Set-Up

MM Breathing — Zone

NANNNANNNAN Rot On'et er ANNN \

Bjj M [SMASMN3 rniran
Data Logger

Cart
SF6 cyl i nder

Figure 2

Before sampling is begun, a 5 mnute sanple is taken and the
average is used as the zero which is subtracted fromeach of the
test readings. The data logger setting for the background readings
1S:

Logging  Duration= 5 mnutes

Sanpling Rate= 1 second

Time Average= 5 m nutes

After the Mran stabilizes and a zero value is recorded,

measurenents for SFg | eakage fromthe hood face can be collected.
The measurenents are collected in the breathing zone of the
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mannequin with the sanpling tube angled in the sane manner as the
nose. Tygon tubing leading fromthe breathing zone to the calibrated
Mran(see page 13 for calibration instructions) intake valve is the
method of SFg transport. SFg enters the Mran chanber and exits
through another section of tygon tubing which |eads fromthe Mran
to the back of the laboratory hood. This prevents the collected SFg
frombeing directly expelled back into the mannequin's environnent,
and confounding the results.

Tygon tubing leading fromthe gas cylinder(containing 10%
SFg) to a calibrated rotoneter and a copper tubing diffuser
apparatus allows for gas to be expelled at an even, controlled rate.
4 liters per mnute(lpm was the selected rate for diffusing the Skg
gas. This is representative of noderate activity inside the hood,
since 4 Ipmis madway between a vapor release rate of 1 Ipmand a
boiling release rate of 8 |pn{lvany, et.al.,1989). This rate was |ater
doubl ed during data analysis in order to calculate the "worst case"
situation. The final values were also multiplied by 10 to represent a
100% SFg det ection

Sanpling for SFg |eaking out of each hood was conducted over
a 10 mnute period. The sanples were continuously collected from
the breathing zone of an adult proportioned mannequin situated in
the area designated as having the highest potential for personne
exposure(l ocated by previous testing). The readings were recorded
by the data | ogger and averaged for the final value. The settings for
the data | ogger during aboratory hood measurenments are as follows:

Loggi ng Duration= 10 m nutes
Sanpling Rate= 1 second
Time Averaging= 1 mnute
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Ten averaged absorbance readings were collected for each run.
These nmeasurenents were averaged together for an overal | |eak
potential |evel (ppm. These averaged absorbance units as well as
their corresponding concentration val ues(ppn) are in Appendix F
Before |ogging data, allow the gas the run through the diffuser
for 5 mnutes to allow for even dispersion. Allowthe Mran to
stabilize for at |ease 4 hours between hood readings or until the
data logger readings no longer fluctuate. New background
measurements and zero val ues are recorded for each hood tested.
Due to the sensitivity of the mran, the unit's zero varied greatly due
to jostling during transport and periodic unplugging of the unit.
Unfortunately, these conditions could not be avoided due to the
nature of the study and the layout of the |aboratory hoods tested.
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Positioning of the Equi pnent
SFgTest

Mannequi n Speci fications(ASHRAE Standard 110-1985)

The mannequin used was a three-dinensional, clothed figure
measuring 67 inches in height. The shoul ders neasured 56 inches
high(+1 inch) and the shoul der width measured 16 inches(+:1 inch).
The arnms of the mannequin were positioned down at its side. The
mannequin's torso was supported on a cart which was moved from
roomto roomin order to test various hoods. The cart was bel ow t he
| evel of the hood face to prevent interference in air currents. The
mannequin was clothed in a laboratory jacket representative of a
hood operator. The mannequin was situated in the area designated hy
previous tests(snoke tube tests, TiC4 tests and face velocity
tests) as having the highest potential for personal exposure.

Rot onet er

A recently calibrated rotoneter was used to nonitor gas flow
rate; it was checked periodically throughout the testing period.
(Calibration data pertaining to the rotoneter used in this study isin
Appendi x B.) The rotometer was placed inside the hood away from
the diffuser, mannequin and hood face(6 inches behind the hood face).


NEATPAGEINFO:id=D7868033-49EF-46F8-A425-35588388E518


13

D ffuser

A 1-inch copper tubing diffuser measuring 12-inches in |ength
and 6-inches in wdth with .6mmholes drilled 1-inch apart was

positioned 6-inches behind the hood face and 6-inches above the
hood bench. In the center of one 12-inch side is a T-bar which

al lows for entry of the tracer gas to be diffused. Figure 3is a
di agram of the diffuser.

SFg Gas Diffuser
Figure 3
This is a diagram of the diffuser wused in each of the SF

performance tests.  The holes are 6nmmwde and 1 inch apart in the
top, center of 1-inch copper tubing.
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Cal i bration Procedures

M ran Calibration

A Wlkes Mbile Infrared Anal yser(Mran) was used to nnonitor
the concentrations of SFg generated in the given atnosphere. A
calibration curve was plotted by averaging three sets of data
consisting of seven cunulative injections of Sfg(10 ul/injection).
Each data point measured a | Qul increase of SFg in the Mran
chamber. The final curve was calculated using a |inear regression
equation using the Lotus conputer program This allowed for
extension of the curve's line through zero which allowed for
readi ngs down bel ow 0. 177 ppm and above 1.24 ppm Since the
| owest injection neasurenent was 0.177 ppm this nmeasurenent
was designated as the limt of detection. During data collection, any
readi ngs below this concentration were considered non-detect and
were assigned a value of zero. In the final data analysis, these
concentration readings were nultiplied by twenty in order to
represent a 'worst case' situation of using an 8 Ipmflowrate and a
concentration of 100% SFg.

A 10 ul gastight syringe was used for each injection. The SFg
sanples were injected into a closed | oop systemconsisting of a
netal bellows punp and rubber tubing connecting the punp to the
Mran. Each injection was cumulative resulting in concentrations
ranging from.177 ppmto 1.24 ppm(The range of |eakage fromthe
hoods was assuned to be within this range, therefore, the Mran was
calibrated accordingly.) Periodic calibration runs were conducted
throughout the testing periods to assure stability of the Mran.
Appendi x D contains the graphs and data of these check runs.
Informtion on  the injection  volumes(ul), their  additive
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concentration(ppm and their corresponding average absorbance
units(volts) fromthe Metrosonics data logger are also in Appendix D.
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Cener al Procedure

The Wlkes Mran was allowed to "warmup" until a stable zero
val ue coul d be recorded. The sanples of 10% SFg were col | ected
directly through tygon tubing |eading fromthe SFg cylinder. Ten ul
vol umes of SFg were drawn fromthe tubing into a 10 ul gastight
syringe. The volumes were then injected into the septumof the
mran's closed | oop systen(described above). The gas was al | owed
tomx inthe Mran chanber for a period of 15-20 second before
recording measurements. After equilibration, the concentration of
SFg in the closed | oop systemwas recorded for a period of 30
seconds. A data |ogger was used to collect the readings. The data
| ogger was programed as fol | ows:

Loggi ng Ti me= 30 seconds
Sanmpling Rate= 1/second
Ti me Averagi ng= 30 seconds

The averaged val ue of the 30 readings |ogged over this 30 second
period was used as the final nmeasurenent. Three runs consisting of
seven, 10 ul injections were conpleted. Three average absorbance
unit values were collected for each of the seven cumul ative
injections. The three measurenents for each of the injections were
then averaged and this final value was used in a curve of Average
Absorbance Units(volts) vs. Concentration(ppm. This forned the
initial Linear Regression Calibration Curve(Appendix C). Check
calibration curves were created by using only one run, not the
average of three runs(Appendix D).
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Rot onret er Calibration

The rotometer used to monitor the SFg flowrate into the
diffuser was calibrated using a bubble meter and a stop watch. The
data col lected for the pre and post calibration can be found in
Appendi x B.
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General Cuidelines
1) All tests were conpleted with the hood sashes ful [y open. *

2) All tests were conpleted in the absence of a hood operator.

3) Al tests were conducted with doors to the labs

open and
wi ndows in the | abs cl osed.

4) Al hood benches were untouched.
removed for testing.

No bottles or equipment were

5) Snoke tube tests were performed 4-inches in front of each hood
face and 4-inches outside the hood face perinmeter.

6) TiC4 tests were conpleted 6-inches behind the hood face.

7) Face velocity neasurements were nade 4-inches behind the hood
face.

8) The SF5 test was conpleted in the area designated as having the
highest potential for human  exposure. Al sanples were
collected in the breathing zone of the mannequin

9) Chemcals currently wused in the hoods were noted and
MSDS{ Mat erial Safety Data Sheets) were col |l ected pertaining

to those chem cal s.

* Hood 125 B has a permanent 1/3 sash which was not renoved
during any of the hood tests.
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Recommendat i ons for Face Velocity

According to MDernott(1985), the face velocity necessary for a
| aborat ory hood depends upon two primary factors:

1) Toxicity of contam nants, and
2) Airflow needed to remove expl osive or flammble gases and

vapors.
Qther inportant factors to consider are:

-Location of hood with respect to traffic patterns, doors,
wi ndows and inlet air units,

-Amount and | ocation of equipnent in the hood,

-Location and velocity of make-up air units, and

-Adequate air supply to the roomin general

A highly toxic chemcal or carcinogen requires a higher |evel
of protection than a nmoderately toxic substance. The same principle
can be applied to highly flammable or explosive itens in conparison
to non-flammabl e or non-explosive materials. For exanple, a
carcinogen, such a nickel carbonyl (TLV-TWA=0.01ppm), nust have
nuch stricter controls than carbon dioxi de( TLV- TWA=5, 000ppm) .
The sane degree of increased control applies to flammble material
such as hydrogen as conpared to non-flanmable materials |ike
water. Controls nust prevent the highly toxic and/or flammble
chem cal s fromreaching dangerous concentrations which may | ead
to over exposure and/or expl osions.

(One nethod of control based on hood performance requirenents
is suggested by Fuller and Etchells(1979). This is a conservative
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approach relying upon the Permssible Exposure Limt(PEL) or TLV-
TWA val ues. Assuming a boiling liquid or generation rate of 8 Ipm
the following is an exanple of suggested guidelines under given
conditions(Fuller and Etchells, 1979):

PEL> 1000 ppm Locate contam nant >5cm from hood face.
PEL> 100 ppm Locate contam nant >10cm from hood face.
PEL> 10 ppm Locate contam nant > 20cm from hood face.
PEL> 1 ppm Wrk with sash 1/2 cl osed.

The inportance of the location of the hood in the roomis due
to the negative effects that certain air patterns may have on the
effectiveness of the hood. Cross-drafts caused by traffic passing by
the hood or by air currents fromdoorways and w ndows may be
strong enough to pull contamnants out of the hood face. To prevent
this occurrence, the hood should be placed out of areas prone to
potential interfering air currents. Proper placement will also save
energy by keeping face velocity requirenents at a mninumand wll
i ncrease effectiveness by keeping the eddies formed about the hood
operator to a mninun(the higher the face velocity, the greater the
chances of creating disturbing eddies in front of the hood operator).

Make-up air and ceiling diffusers also have an affect on the
effectiveness and efficiency of |aboratory hoods. If there is not
enough make-up air supplied to the room the [evel of face velocity
does not matter. For exanple, a hood with a face velocity of 50 fpm
can attain |ower concentrations in the breathing zone with adequate
make-up air and even distribution than a hood with a face velocity of
150 fpmw th poor make-up air and distribution. If the velocity of
the make-up air in front of the hood face is greater than 1/2-2/3
the face velocity of the hood, then there may be problenms with
contamnant being pulled out of the hood face(ACGH Ventilation


NEATPAGEINFO:id=349B5493-0DDA-43D2-85B3-01C60643FE31


21

Manual , 1988). The followi ng chart fromthe ACAH Ventilation
Manual can be hel pful in establishing an appropriate face velocity
for a given |aboratory hood:

- cEm sq ft
(ondit | ooen hood e

1. Ceiling panels properly located witn average panel face velocity <40 fpm
(see Ref. 137).
Hori zontal - sl i di ng sash hoods. (]
No equi pnent in hood closer tnan 12 in to face of hood.
Hoods | ocated away fromdoors and traificways.*
2. Sane as 1 above, sone traific past hoods.

No equi pment in hood closer than 6 in to face of hood. W
Hoods | ocated away fromdoors and trafficways.*

3. Ceiling panels properly located with average panel face velocity <60 fpml
(see Ref. 137) or ceiling diifusers properly located, no diffuser tnmed -2
ately in front of hoods, quadrant facing hood blocked, termnal tnrow veloc- 80
] T N7 — s O F o rrm >
No equi pnent in hood closer than 6 in to face of hood.
Hoods | ocated away from doors or traificways.*

4, Same as 3 above, sone traffic past hoods.
No equi pment in hood closer than 6 in to face of hood. 100

Viall grilles. Possible but not recommended for advance planning of newfacilities.

Even though the chart indicates increasing face velocities when hood
condi tions become nore conplex, higher face velocities increase the
anmount of eddy currents in front of the hood operator. This can
result in contamnants being pulled into the operators breathing
zone. Due to this effect, higher face velocities my not result in
better protection.

Selection of a hood face velocity may be done through using the
above chart or by applying the equation for Hood Performance
Ratings. The performance rating equation specifies a given
generation rate(lpn) of contam nant and concentration(ppm allowed
to escape the hood face. The face velocity is then adjusted to
control  exposure to that concentration(ppm) at that rate of
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generation{l pm. The ACA H Manual of Industrial Ventilation
recomends face velocity levels ranging from60-150 cfmsq. ft.
with the sash fully open. OSHA recomends a face velocity of >150
fpmfor hoods where carcinogens are handl ed. But, some studies

indicate that face velocities>100 fpmdo not increase one's |evel of
protection

Q her studies done by Lew s(1979) have shown that 80 to 100
fpmcontrol velocity at the face of the hood gives adequate
protection if the flowis kept fairly lamnar and drafts inn front of
the hood are kept at a mninmun(,20 fpm. The Anerican Chem cal
Soci ety recommends a mninumface velocity of 100 fpm Studies
conpl eted over 40 years ago show that a face velocity of 60 fpm
was adequate to control contamnants as |long as there was an
adequate auxiliary air supply(Fuller and Etchells, 1979). An
adequate amount of auxiliary air would be that amount which woul d
replace the air which is exhausted by the | aboratory hood without
creating positive pressure in the room

Studies dealing with hood face velocities have not designated
any one value as the value for protection. The selection of an
adequate face velocity depends upon many variables which nust be
considered during and after the design of the hood. A definite range
has been defined from60 fpmto 150 fpm dependi ng upon the
condition, location, use and operation of the hood.

Keepi ng the above face velocity reconmmendations in mnd, the
adequacy of the current face velocities for the 22 hoods tested in

the Rosenau building will be assessed according to the follow ng
test results and observations:
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- Smoke Tube Test -Toxicity of chem cals used

-Ti 4 Test

-General work practices

-Face Velocity Measurenents -Traffic patterns
-SFg Test -Location of Wndows/ doors

- Make-up air

-Condition of the hood bench
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Hood Performance Anal ysis

Hood 4

The location of the hood in roomfour is rather poor wth
respect to traffic patterns. Anyone who enters this roomnust walk
directly in front of the hood face to get into the main working area.
Traffic becomes very congested if someone is working at the hood.
The air diffuser into the roomis located above the main entrance to
the roomwhich is far enough away to avoid cross-draft problens.
The make-up air unit is located directly above the hood face. Figure
4 on the previous page shows the |ayout of the roomand the |ocation
of make-up air units with respect to the hood. The velocity of the
make-up air flow ng down across the hood face ranges from 220 fpm
at the left side to 10 fpmat the right side of the hood. This high
down draft velocity at the left portion of the hood is more than
enough to conpete with the hood face velocity. The average hood
face velocity for hood four is only 31 fpm Even under ideal
condi tions, the recomended face velocity is 50 fpm This hood
does not represent optinum conditions nor sufficient face velocity

to adequately protect the personnel operating this hood. The down-
draft neasurenents were taken 4-inches in front of the hood face in

the sane areas that the face velocity neasurenents were
taken(except the f.v. measurenments were taken 4-inches inside the
hood face). The areas of down-draft which are higher in velocity
than the face velocity pose a threat to pulling out contam nants
frominside the hood. An isopleth graph for hood four shows the face
velocity currents in nore detail (Appendix G.

Smoke tubes were then used to visualize the air currents in

fromof the hood face. The snoke was pushed down and out of the


NEATPAGEINFO:id=683A65DA-7B5A-416A-9E67-50ACBACAC9F3


25

hood on the left area of the hood face(facing the hood). The distinct
smel | of the snoke was detected when testing this part of the hood.
The right 2/3 of the hood performed well. The snoke was pul | ed
qui ckl'y into the hood show ng no signs of turbulence as noted on the
left side of the hood.

The Tid4 test gave simlar results. The liquid Tid4 was
brushed on the inside walls and hood bench 6-inches behind the hood

face. The resulting snoke was pushed out under the air foil at the
left, bottomarea of the hood. A great deal of turbul ence was
observed in this area; snoke swirled out of the hood face-both over
and under the air foil. The right side of the hood showed no signs of
turbulence.  No snoke was al | owed to escape in this region

Quantitative nmeasurement of the hood' s effectiveness were
taken using the SFg test and face velocity test(previously
di scussed). The mannequin for the SFg test was positions on the
left side of the hood where the highest potential for exposure exists.
The resulting hood performnce rating is 8 AU 6.48. This neans that
at a generation rate of 8 Ipm personnel can be exposed to 6.48 ppm
of contamnant. The actual concentrations measured were
multiplied by 20 to represent a 'worst case' situation (generation
rate=8 |pm SFg concentration diffused=100%

Recommendati ons for hoods w th hood benches filled with
equi pment up to the hood face, high traffic area and strong cross-
drafts are for the hood face velocity to be>100fpm This hood al so
contains chemcals that are considered highly toxic. The followng

Is alisting of the chemcals used in this hood and certain
characteristics:
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Chem cal Nane Char acteri sti cs

Met hanol Fl ammabl e; TLV- TWA 200ppm
Mer capt ans Fl anmabl e; TLV-TWA . 05 ppm
Hydrochl oric Acid Corrosive; TLV-TWA S5ppm

Ceiling
Chl orof orm (A2) Susp. Care; TLV-TWA 10 ppm

The chemcals used in this hood are of high enough concern to
require face velocities of 150 fpm(suggested when handling
carcinogens). According the the PEL chart, the materials in this
hood shoul d only be handl ed with the hood sash 1/2 closed.

Overal | assessment of hood four gives very poor ratings in all
areas; qualitative and quantitative. There is substantial turbulence
observed and measured on the left portion of the hood. The SFg
detection test showed that he hood can only control contamnant to
6.48 ppmat a generation rate of 8 Ipm The current recomended
exposure level, according to the ACGH Manual, is below 0.10 ppm at
a generation rate of 8 Ipmusing 100%Fe.. Therefore, any hood
performance rating at or above 0.10 ppmw || not be considered
acceptable. The location of the hood is poor and the make-up air is a
definite interference with the hoods containnent and capture
capability. The hood practices observed could be inproved by
| owering the sash and by pushing equi pment further back in the hood.
Currently, the equipment sits flush with the hood face.
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Hood 6

The |ocation of hood six is good with respect to traffic
patterns and air supply. The traffic past the hood is mnimal and
there are no interfering cross-drafts caused by make-up air units or
diffusers. The presence of cross-drafts was tested for qualitatively
with the use of MSA snoke tubes. Al visible snoke was pul | ed
directly into the hood face. No snell of the smoke was noted during
or after testing. There were no visible areas of turbulence or back
flow of snoke out of the hood face. The TiC4 test qualitatively
assessed the activity of air flowinside the hood. Problens of the
snoke being pushed out fromunder the air foil occurred in front of
the heating plate. This was renedied by pushing the unit behind the
sash plane. All other areas of the hood contained the snmoke and
pul led it up into the exhaust.

Quantitative tests showed the average face velocity to be 23
fpm much |ower than the | owest recomended face velocity val ue
of 50 fpm The isopleth graph depict the air flow pattern for hood
si x(Appendix G. The isopleth graph shows the right portion of the
hood measures velocities in the upper teens while the left side
reaches values in the low 30's. The face velocity measurenments
were fairly consistent across the hood face, so the mannequin for
the SFg test was placed in the center of the hood.

Results of the SFg detection test gave and averaged
performance rating of 8 AU 0.167. This means that the hood can
control exposure to 0.167 ppmat a generation rate of 8 | pm
According to ACA H recommendations, this is not acceptable. The
chemcals currently handled in this hood are as foll ows:
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Cliencal Nanes Ciaracteristics

Nitric Acid Corrosive; TLV-TWA 2 ppm

Acet one Fl anmabl e; ACA H TLV- TWA 750 ppm
Hexanes Fl ammabl e; ACGE H TLV-TWA 500 ppm
n- Hexane Fl ammabl e; ACA H TLV- TWA 50 ppm

According to the ACGH table(p.19), 23 fpmwould not be acceptable.
GCood work practices(outlined in Appendix H are essential for safe

operation of this hood. It is also recomended to keep chemicals at
| east 20 cm behind the hood sash.
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Hood?

Hood seven has excellent location in the room There is no
traffic past the hood and the make-up air unit has an air deflector to
prevent down-draft interference across the hood face. The only
drawback to the roomconditions is the possible lack of supply air
The only node of air supply to the roomis through the doorway and
the make-up air unit. But, this potential draw back did not affect
the effectiveness of the hood. A layout of the roomindicating the
| ocation of the hood , entrance, make-up air units and diffusers is on
the previous page.

The snoke fromthe smoke tube was quickly pulled into the
hood. The snoke fromthe TiCl4 swab test lingered at the bottom
left, front corner, but was eventual Iy pulled back and into the rear
plenum To prevent such dead air space, the bottles at the back of
the hood should be removed to clear the rear slot opening to the
pl enum No snoke was pushed out of the hood or under the air foil.
The smoke was wel | contained and was even pulled up and around the
hot plate and hottles at the front, right portion of the hood.

The face velocity in these areas can be seen on the isopleth
graphs in Appendix G The average face velocity for hood sevenis 71
fpm Under the given conditions, this face velocity is quite
acceptable. The SFg leak test confirns the effectiveness of this
hood by giving a hood performance rating of 8 AU 0. No exposure
fromthe hood is detected at the generation rate of 8 | pn{the val ue
measured was below the limt of detection(.177ppnm) and was
therefore assigned an exposure concentration of zero).
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The fol l owing chemcals are handled in this hood:

Cheni cal Names Characteristics

Pol ychl or obi phenyl Known human carci nogen(Al); TLV .5ng/nB
Acet one Fl ammabl e; ACA H TLV-TWA 750 ppm

Met hanol Fl ammabl e; TLV-TWA 200 ppm

Due to the toxicity of these chemcals, it is reconmmended that the
hood be used only with the sash 1/2 closed and that a face velocity
of 150 fpmbe net(due to the presence of a carcinogen). According
to the results attained during the testing, the current face velocity
I s adequate to protect the hood operators against exposure by

i nhal ati on.
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Hoods

The location of hood eight is fairly good. There is noderate
traffic past the hood , but the make-up air unit could be a problemif
run at high velocities. During the tinme of testing, the unit was not
running. Apparently, the units are used for confort reasons, not as
an auxiliary air source. Since the unit was not on, there were no
noticeabl e areas of turbulence. To see where hood 8 is |ocated,
refer to the previous page.

The snoke tube test reveal ed good capture ability by the hood.
No smoke was allowed to swirl in front of the hood or inside the

hood. The smoke was pul led directly into the duct work. The TiCl4
test gave simlar results. There was quick, strong pull of the smoke
directly back and up into the duct work. The [ine of Tid4 in front of
the bottles at the sash boundary was pulled around the bottles and
into the back of the hood.

The average face velocity nmeasured for hood eight is 139 fpm
For detailed information on the air currents, refer to Appendix G
Essentially, the left half of the hood exceeded 140 fpmwhile the
right portion ranged from50 to 130 fpm Since the overall area of
the hood face meets or exceeds recomended face velocity |evels,
the mnnequin for the SFg test was placed in the area nost used by
the hood operators(center of the hood). The resulting performnce
rating is 8 AU 3.40. This means that at a generation rate of 8 |pm
the hood controls exposures to 3.40 ppm This exposure |evel of 3.40
ppmis not acceptable by the ACAH guidelines even though this hood
handl es | ow to noderately toxic chemcals and many highly

flammabl e chemcals. The followng is a list of the chemcals used
in this hood:
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Chem cal Nanes Characteri stics

Acet one Fl ammable; ACA H TLV-TWA 750 ppm
Et hyl Ether Fl anmabl e; TLV-TWA 400 ppm
Hexanes Fl ammabl e; TLV- TWA 500 ppm

n- Hexane Fl ammabl e; ACGE@ H TLV- TWA 50 ppm
Sul furic Acid Corrosive; TLV-TWA 1 ng/n8
Tetrachl oroet hyl ene Nonfl ammabl e; TLV-TWA 50 ppm

Lowering of the sash is highly recomended while using this hood.

Followng the quidelines inAppendix H will also inprove ones
protection against exposure.

Hood 8A and 8B

The location of hoods 8A and 8B(joined) is excellent. There is
virtually no traffic pattern near the hood due to sheltering froma
book case and a large gl ove-box. These hoods are not in current use,
but they were tested since they connect to the exhaust system
servicing hoods 9A and 9B. The make-up air unit is located 4 and
1/2 feet away fromthe units and poses no interference wth the
face velocity. The only other air supply to the roomis |ocated
around the corner over the main exit. A detailed floor plan on the
previous page may be referenced for |ocation

The smoke tube tests for each hood A and B were excel |l ent.
The smoke was pulled swiftly and directly into the hoods. No
swirling or indication of turbulence was noted. Simlar results
were achieved for the TiC4 test. For both A and B, the snoke
created was retained in each hood. In hood A slight swirling

occurred in the right side of the unit.  Hood B showed no swirling in
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t he hood.

The average face velocities for 8A and 8B were conparabl e.
8A has an average face velocity of 97 fpmwhile hood SB has an
average face velocity of 104 fpm The SF5 test also gave simlar
readi ngs. Hood 8A has a performance rating of 8 AU 0.67 and hood 88
has a performance rating of 8 AU 0.48. This neans that exposure is
kept to .67ppmand . 48ppm while working at hood 8A or hood 8B,
respectful ly. Hood 8A was only accessible on the far right side due
to the presence of a large glove-box in the vicinity. In general,
hoods 8A and 8B of fer conparable [evels of protection. No chem ca
assessments were made on toxicity or flammability since these
hoods are not currently in use. Even though the concentrations
detected were low, they do exceed the 0.10 ppmlevel reconmended
as the upper limt by the ACGH Therefore, caution should be taken
when operating these hoods.
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Hood 9A

The location for hood nine Ais fair. The only traffic that
passes by are those using hood nine B. The main problemin this area
Is alack of make-up air. This roomhas very high levels of negative
pressure noted by the pull on the door into the room There is an air
diffuser inthe ceiling 6 feet fromthe hood face and a make-up air
unit directly above the hood face, but they seemto he inadequate.
Al'though it is good to maintain a certain anmount of negative
pressure to prevent the escape of contamnants into the hal lway,
this roomhas excessive negative pressure. Refer to the floor plan
on the previous page for further details. During testing there were
no interfering air currents fromthe make-up air unit or the air
di f fuser.

The hood has good capture velocity as visualized by the smoke
tubes. The TiCl4 test also gave excellent results. The smoke from
the swab test was pulled quickly up and into the exhaust and rear
slots. Smoke that formed around the front of a large chemcal hottle
at the sash boundary was contained within the hood. There were no
visible signs of turbulence in front of the hood face or within the
hood.

The quantitative tests were contradicting. The average hood
face velocity was 89 fpmwhich is within reconmendations. From
these measurenents, an isopleth graph was constructed(Appendix G.
Fromthis graph, the area of |owest face velocity was selected for
| ocation of the mannequin for the SFg test. The mannequin was
placed just right of center to monitor the amount of SFg allowed to
escape the hood, if any. The results of the SF5 test gave a
performance rating of 8 AU7.07. This neans that at a high rate of
generation, an operator can be exposed to 7.07 ppmof contam nant.
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These results were surprising due to the good indication of the
hood' s effectiveness fromthe previous tests. Therefore, snmoke was
rel eased the the location of the tracer gas diffuser. The smoke was
initially pulled up and then swirled out into the breathing zone of
the mannequi n. The smoke was al so pulled out in the torso area of
the mannequin. The face velocity of the hood apparently create sone
eddy currents causing the contamnant to be pulled out of the hood
and into the breathing zone of the mannequin. This is a good
exanpl e of why face velocity tests al one should not be relied upon
as the only test for hood effectiveness.

The following is a list of chemcals and their inportant
characteristics:

Chem cal Nane Characteri stics

Acet one Fl ammabl e; ACG H TLV- TWA 750ppm
Et her Fl anmabl e; TLV- TWA 400ppm

Met hyl ene Chloride Susp. Carc.(A2); TLV-TWA 50ppm
Scintiverse ACAH TLV-TWA 25ppm

Since a suspected human carcinogen(A2) and highly flammble
materials are handled in this hood, the performance rating measured
IS not acceptable. The performance rating al so greatly exceeds
recomeded Units of 0.10 ppmset by the ACAH.

Thi's hood shoul d only be used with the sash 1/2 closed when
handling nethylene chlioride or any other highly toxic chemcals. If
possible, the hench should be cleared of the large chemcal hottles
and any unnecessary hoxes to inprove the flowinto the hood. An
increase in make-up air would also inmprove the hood operation
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Hood 9B

Hood nine B has an excellent |ocation with respect to traffic
patterns because the only traffic inthis areaif for use of the hood.
The major draw back of this location is the lack of auxiliary air.
There is a make-up air unit above the hood face and an inlet air
grille on the opposite wall, but there is still a great deal of negative
pressure(floor plan on previous page). The |ack of make-up air did
affect the operation of the hood.

The snoke tube test showed excel | ent capture capability.
There was no visible disturbance of air flowinto the hood due to
cross-drafts or sharp novenents near the hood face. Good capture
was noted 4 inches away fromthe hood face and around the
perimeter of the hood. The TiCl4 test gave simlar results. The
formed smoke was pul | ed towards the back of the hood quickly from
all areas, even fromin front of a long hox at the hood face. All the
smoke formed was contained within the hood even though the rear
slot is broken and unable to be kept open.

The quantitative tests also indicated an effective |aboratory
hood. The averaged face velocities gave and overall value of 80 fpm
For the conditions of a fairly clear hood bench and mninal cross-
drafts, this is an acceptabl e hood face velocity(according the the
ACG H chart on pi9). The SFg test confirmed the above tests hy
giving a performance rating of 8 AU 0. The actual results were
bel ow detectable limts, therefore the exposure |evel was assigned
a value of zero ppm This means that there is no exposure to the
tracer gas at a generation rate of 8 Ipm The test was conducted at
the center of the hood where face velocity measurenents were the
| owest (Appendix G .

The chem cals used in hood nine B are the same as those used
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In  nineA Please refer to hood nine A for informtion on the

chem cal s.
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Hood 12

The location of hood 12 is fair. It is behind the entrance to the

roomand not in the min traffic pattern. The make-up air unit poses
a problemwith strong down-drafts ranging from 110 to 450 fpm
The danper was adjusted after these measurements were made to
give final cross-draft ranging from15-90 fpm After this
adj ustment was made, the other tests were performed. Currently,
this hood is not in use so no chemcal inventory was made.

The smoke tube test and Ti(4 test revealed sone eddies. The
snoke tube test allowed visualization of eddies created in the |ower
|eft corner. These occurred due to the presence of a large, square
basin in this area. The snoke in this corner was al so pushed down
and away fromthe hood due to the down-draft created by the make-
up air unit. The TiG4 test within the hood revealed air currents
whi ch swirled outside of the hood face on the right and left sides.
The escaped smoke was imediately captured and pulled back into
the hood. Snmoke which formed at the bottomof the hood face was
wel | contained, even in front of the plastic basin.

The face velocity nmeasurements resulted in an average of 100
fpm This fairly high average may be the cause of some of the
turbulence, in addition to that caused by the make-up air unit. The
SFg test gave a sound hood performance rating of 8 AU0.54 with the
mannequin located at the center of the hood face where there is a 90
fpmcross-draft and the |owest face velocity measurement of 88
fpr(isopleth graph in Appendix G. According to the hood
performance rating, the hood operators shoul d not be exposed to
these levels of contamnant. In this case, further testing using

more sophi sticated equipment is recomended.
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Hood 14

The location of hood 14 is in noderate traffic flow, but away
fromthe main entrance. The make-up air unit is the primry source
for down-draft conplication. The left portion of the unit puts out
velocities of 250 fpmin front of the hood face. This air current
velocity is over | Ox greater than the face velocity of the |aboratory
hood. The average face velocity calculated for hood 14 is 14 fpm
essentially no pull, just normal air currents in the room

The snmoke tube test allowed visualization of the down-draft
currents. There was no capture of the smoke on the left portion of
the hood. There was mniml capture of the snoke at the right side
of the hood face. The pull fromthe hood was not strong enough to
over cone the down-draft. The snoke was pushed down and away
fromthe hood entrance. The Ti(l4 test also revealed problens due
to the down-draft fromthe nake-up air unit. The snoke created in
the left side of the hood was pulled out of the hood face. The right
portion of the hood and bench area contained the snoke.

The SF6 test was conducted in the area of greater turbul ence.
The hood performance rating was low, 8 AU 0.54. This |ow reading
may be due to the pushing down of the air currents, preventing the
contam nants fromentering the breathing zone. A snoke tube was
used to visualize the air currents to see what was happening. The
snmoke was released at the area of tracer gas diffusion. The smoke
was contained within the hood face.

This hood was not in use during initial testing so it was not
shut down. Currently, research is on-going in this hood. Sodium
thiosul fate (non-toxic) and n-pentane(flammbie) are the chemcals
handl ed in this hood. The potential problemin this hood is an
explosion hazard if n-pentane is exposed to or travels to an ignition
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source if it is not properly controlled.

According to the test results, work should be avoided at the
left portion of the hood. Any work that nust be conpleted using this
hood shoul d be done with the hood sash 1/2 down and with material
as far back in the hood as possible. Use of highly toxic materials in
this hood is not reconmended. The face velocity of this hood needs
to be increases. In addition, adjustments should be made to the
make-up air systemto decrease turbul ence. The hood shoul d al so be
checked by maintenance to assure it is in proper working order.


NEATPAGEINFO:id=C4118F8F-9F5D-4AA8-BB35-6EBEB3C7C925


41

Hood 173

The location of hood 123 is excellent with respect to traffic
patterns but is very poor due to the presence of a w ndow and door
directly across fromeach other and next to the hood(refer to the
previous page for a detailed floor plan). The cross-drafts forned
fromthis set-up are very strong and can easily pull contam nants
out of the hood face. All tests were conpleted with w ndows
closed. It is highly recomended to keep the window(s) closed at al
times in room 123 when the hood is in use.

Hood 123 is unique in that is is only used to burn off possible
trace volatiles inside a furnace. The furnace takes up approximately
hal f of the hood bench space and 1/3 of the hood face area. The
furnace is located in the right portion of the hood.

Smoke tube tests showed no indication of dead spots or areas
of turbulence. The air foils provided snooth entry of air into the
unit. Good pull of air into he hood was al so noted around the oven
unit. The TiCl4 test gave simlar results. Al smoke formed was
pul [ ed around the oven and back into the hood. No snoke was al | owed
to escape or |inger.

The results of the quantitative test were also positive. The
average face velocity is 68 fpm Since there are no cross-draft
interferences, no traffic and no handling of chemcals in the hood,
this is an acceptabl e value. The isopleth graph depicting areas of
| ow and high velocities can be found in Appendix G The SFg test
was not conpleted in the area of highest risk because the furnace
was too hig to allowfor the diffuser set-up. Therefore, the diffuser
was set-up inthe left side of the hood. The hood performance rating
gave a non-detect value resulting in 8 AU 0. This means that at a
generation rate of 8 Ipmthere is no exposure to the tracer gas.
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According to these test results, the current chemcals may be
used in this hood and the hood operator will be protected(if the
wi ndows remai n cl osed).
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Hood 125A and 125B

No traffic occurs past this hood. The only people in this area

are those using the hood. The only interfering cross-drafts possible
cone fromthe wi ndow next to the hood. An entrance to the roomis

| ocated directly across fromthe wndow, facilitating cross-drafts
fromthe window. A detailed floor plan can be referenced on the
previous page it is highly recommended to keep this w ndow cl osed
at all times since chemcals are always present in this hood.

These hoods are very unique in design. Basically, they are
chem cal benches converted into make-shift hoods. There are no air
foils(no smooth entrances) and no sashes. Hood 125B has a
permanent shield on the upper 1/3 of the hood face acting as a
partial sash. This does help increase the face velocity of the hood.

The average face velocity for hood 125A(no sash) is 41 fpm
The average face velocity for hood 125B is 103 fpm This
difference in face velocity causes a unique probl em between these
two adj acent hoods. Hood 125B pulls air out fromhood 125A. This
was seen during the smoke tube test and the TiCl4 test. The snoke
created on the left side of the partition was drawn out and around
the divider fromhood Ainto hood B. Essentially, the air on the right
side of hood Ais pulled in by hood B. Slight swirling of smoke inside
the upper, right corner of hood A was noted, but no snoke was
al | owed to escape into the room

The SF5 test for hood A was |ocated at the right side of the
hood face. Leakage fromthe hood was controlled to exposures of
6.27ppm The entire hood performance rating for hood 125A is 8 AU
6.27. Hood B performed nuch better with a hood performance rating
of 8 AU .058, which is acceptable according to the ACGH guidelines

Increasing the face velocity of hood 125A to be conpetitive
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with that of hood 125B may hel p solve the problem of contam nant
being pul I ed out of hood Ainto hood B. In turn, this woul d decrease
personnel exposure to contam nants comng out of Ainto B. Until
this can be acconplished, do not work with carcinogenic chemcals
in hood A or chemcals of TLV' s less than 10ppm Working with any
chemcals in the right portion of hood 125A shoul d be avoi ded
al toget her.

The fol lowing chemcals are currently being handled in hoods
125A and 125B:

Chemni cal Nane Characteristics

Acet one Fl ammabl e; ACG H TLV 750ppm

Chroner ge( Cr +6) Known Human Carcinogen(Al); TLV .5nmg/nB
Et her Fl ammabl e; TLV 400 ppm

n- Hexane FIl ammabl e; TLV 500 ppm

Sul furic Acid Corrosive; TLV 1 ng/n8

Chromerge is of min concern since it is designated as an Al
because it contains hexaval ent chrom um
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Hood 129

Hood 129 is located in an excellent overall position. There are
no traffic patterns around it and the |ocation of doors and w ndows
do not pose a threat for creating cross-drafts(refer to the previous
page for detailed floor plan). The only negative condition of this
hood upon initial observation is that the benchis filled with |arge
chem cal bottles. The bench was being used as a storage area and
coul d not be used for any other procedure. This condition no |onger
exists. The bench has been cleared and is being used for chem cal
transfers and extractions.

This hood is in excellent working order. Al snmoke fromthe
smoke tube test was pulled directly into the hood, even around the
chemical hottles. The Tid4 test also showed excel |l ent containnent
and pull back into the hood. The average face velocity is 89 fpm A
face velocity recommended under these conditions is 60 fpm The
SFg test detected no contamnant in the breathing zone of the
mannequi n. The hood performance rating is 8 AU 0(the neasured
value was below the limt of detection). This hood is effective as
wel | as efficient. Used properly, any chem cal may be handl ed
wi t hout worry of exposure.
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Hood 148

Room 148 has a problemw th excessive make-up air. The room
IS under such high positive pressure that air rushes out of the main
entry. Since the hood is [ocated next to the entry, a problemis
created with air currents pulling contamnants fromthe left corner
of the hood out into the hallway. Removal of the [arge box in this
corner greatly inproves containnent in this area. Fortunately, no
contamnants are generated in this area. Refer to the previous page
for a detailed floor plan.

The snoke tube test showed noderate capture of snoke
generated in front of the hood face and above the hood sash. Slight
turbul ence and back flow was seen at the right side of the hood. The
TiC4 test showed the inability of hood 148 to contain contam nants
in the bottom left corner and hal f-way up the side of the hood. The
snoke formed was pulled out of the hood face, outside to the back
of the hood and through the door to the hallway. All other areas of
the hood contained the snoke. The problemin the left corner is due
to the presence of a large box located at the plane of the sash. The
positive pressure in the roomfurthers the problemby allowng the
contamnnants to escape into the hallway. [f the box could be
removed fromthe hood, the problemcould be elimnated.

The isopleth graphs in Appendix G can be referred to for
visualization of the hood face velocity. The average face velocity is
55 fpm This does not neet recommended val ues according the
ACG H gui delines. Under the given conditions, the face velocity
recommended by ACGH is at least 100 fpm

The SFq test was conducted in the work area nost frequented
by the hood operators. The left area of the hood was not selected
because there s no free bench space for workers to utilize
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Therefore, the mannequin and diffuser were set-up in the center of
the hood. The hood performance rating for hood 148 is 8 AU 0. 077.
M nimal exposure to contamnants is expected and it neets the
gui del i ne recomended by ACGH It is highly recomended that no
work be carried out in the [eft portion of the hood until the large hox
Is renoved. It is also reconmended that all work done in this hood
shoul d be done with the sash 1/2 closed since mutagenic radioactive
material s(Flours) are handled in this hood.
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Hood 149 Left and Ri ght

The location of these adjacent, make-shift hoods is excellent.
There is not interference fromcross-drafts and the traffic pattern
is mniml. The unit has extrenely high face velocities, but there is
a lack of smooth-edged entries. The qualitative and quantitative
tests conpleted show that these hoods are both effective and
efficient. The work practices in this lab are al so conmendabl e. The
hood sashes were always closed when not in use and, when in use,
were only 1/2 open.

The snoke tube tests and TiC4 swab tests showed very quick
capture and strong pull into the hood. No swirling or |ingering of
snoke fromeither test occurred. The average neasured face
velocity for the left side is 271 fpm The average measured face
velocity for the left side is 281 fpm Wth respect to energy

conservation, theses hoods coul d be inproved, one hundred fpm
woul d be nore than sufficient to control the chemcals used in these
hoods. The chemicals in current use are:

Cheni cal Nanes Characteri stics

Brom nated Dioxins OSHA- TLV 10 ng/nB(Potentially Care. A2)
Hexanes Fl ammabl e; TLV 500 ppm

n- Hexane Fl anmable; ACA H TLV 50 ppm

Tol uene Fl ammable; ACA H TLV 100 ppm

The SFg test was non-detect for both left and right sides of hood
149. The performance rating for the hoods are 8 AU O for the left
hood and 8 AU 0 for the right hood. The chance of any exposure to
chem cal s being handl ed properly inside these hoods is remte. The
onl'y recommendations pertain to hood design and face velocity.  The
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entrances to the hoods shoul d be snnooth, not sharp, and the current
hood face velocities for each hood could be greatly decreased.
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Hood 158A

This smal | hood is out of traffic patterns and cross-drafts
created by doors, wi ndows or nmake-up air units. The hood face is
angled with the bottomjutting out further than the top. The sash on
this hood is plexi-glas and notched for set increments for
adj ustment. The sash is always 2/3 closed, but the tests were
conducted with the sash fully open.

The smoke tube test reveal ed some problems wth snoke
capture near the right side of the hood. There were also
conplications wth snoke being pushed away fromthe hood face at
the bottom left half of the hood. Snoke generated in the sash area
was pulled into the hood. The TiC4 t®t showed problems of smoke
containment at the bottom right area of the hood. There is a great
deal of turbulence in the [eft, bottomportion of the hood, but the
snoke was contained within the hood.

The isopleth graphs(Appendix G also show areas of concern
The average face velocity is 68 fpm The face velocity
measurements on this hood are very different. Therefore, there are
areas of high and [ow velocities in this hood which induce
turbulence. Since this hood is only large enough for one person to
use, the mannequin was placed at the center of the hood. The hood
performance rating is 8 AU 1.41.

Even though exposure of 1.41 ppmis not acceptable according
to the ACGH guidelines, this is of small concern since this hood is
only used to store sanples before running themin the gas
chromat ograph. No extensive work is conpleted in this hood. The
smal | sanples of chemicals stored in this hood are well sealed and
are not handled in this area. Exposure to chenmicals fromthis hood is
unlikely unless actual work is completed in this hood.  The fol l ow ng
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is alisting of chemcals stored in this hood:

Chemi cal Nanes
Acet one
Acetonitrile

9, 10- Ant hr oqui none
Benzo( a) Pyrene

Hexane
n- Hexane

Met hanol
Met hyl ene Chloride

Characteristics
Fl ammabl e; ACG H TLV 750 ppm

ACGE H TLV 40 ppm
Nonf |l ammabl e; No TLV data

Known Human Carci nogen(Al)
Fl anmabl e; TLV-500 ppm
Fl ammabl e; ACA H TLV 50 ppm
Fl ammabl e; TLV 200 ppm
Suspect ed Human Carcinogen(A2); TLV 50 ppm
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Hood 158B

Hood 158B is divided into 3 adjacent, equal portions(separated
by partitions).These are al so make-shift plexi-glas |aboratory hoods
of simlar design to those in room149. This section of |aboratory
hoods is well out of traffic patterns and other causes of cross-
drafts. The benches of these hoods are very cluttered, the left being
conpletely filled with gallon bottles of various chemcals. The
center and right hoods are filled with boxes containing sanple vials
and ring-stand set-ups.

Regardl ess of the bench conditions, all three sections of hood
158B pul | ed snmoke fromthe snoke tubes into the hood w thout
hesitation. There was no indication of |ingering smoke or turbulence
at any point. The Tid4 AAN A"s® showed direct pull of the smoke
back and up into the exhaust, even around the chemical bottles and
boxes. No escape of contam nants generated within the hood is
al | owed.

The quantitative tests support the above observations. The
average face velocities for the left, center and right portions of this
hood set are 150 fpm 157 fpmand 166 fpm respectively. Isopleth
graphs in Appendix G show areas of high and |ow face velocity. The
SF5 hood performance test on each section were non-detect for the
|eft and center section. The right hood detected a very small amount
of |eakage at 0.96 ppm The reason for this exposure may be due to
the interaction of the mannequin with the high face velocity at this
hood. Eddies may be created in front of the mannequin causing sone
contamnant to be pulled out of the hood and into the breathing zone.

Since the chemcals handled in these hoods are highly toxic
and/or flammble, it is recommended to handle these chemcals 20

cm back in the hood and only use the hood with the sashes 1/2
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Hood 163

Hood 163 is in a fair location for mniml amount of traffic,
but it is [ocated next to a w ndow which causes extrenely strong
cross-drafts when the window is open. The w ndow next to the hood
shoul d remain cl osed whenever the hood is in use. The hood does not
have strong capture capability, so keeping cross-drafts to a

mninumis inportant if contamnants are ever pulled outside of the
hood.

The snoke tests perforned show that the pull of smoke into
the unit was slow, but effective. The snoke was not dispersed by
cross-drafts and was conpletely pulled into the hood . The TiCl4
test crated a |ayer of fog over the hood bench. This layer was
eventual |y pulled through the rear slot into the plenum Any sharp
nmovenents made in front of the hood pulled the snoke out of the
hood. Fromthese tests, it is highly recommended to work with the
hood sash 1/2 closed, and thatgood hood operation practices be
exercized when handling toxic or noderately toxic materials in this
hood.

According to the ACGH face velocity selection chart, the
average face velocity value of 63 fpmis acceptable if the
contamnants are generated no closer than 12 inches fromthe hood
face. The SFg detection test resulted in a hood performance rating
of 8 AU 1.51. Even exposure to |evels of 1.51 ppmof contamnant is
not acceptable when dealing with such chemcals as 1-nethyl-3-
nitro-1-nitrosoguanadi ne, a known human carcinogen. Therfore, as
reconmended above, work with the sash 1/2 closed and with
material no closer than 12 inches fromthe hood face. Refer to the

i sopleth graph in Appendix Gto locate the best position for working
at hood 163.
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Nunmary Tabl e

Hood# Rating Avg F. V. (fpm Assessnent

4 AU 6. 48 31 Needs | nmprovenent

6 AU 0. 167 23 Needs | nprovenent

7 AU 0. 00 71 Accept abl e

8 AU 3. 40 139 Needs | nprovenent
8A AU 0. 67 97 Needs | nprovenent
SB AU 0. 48 104 Needs | nprovenent
9A AU 7.07 89 Needs | nprovenent
9B AU 0. 00 80 Accept abl e

12 AU 0. 54 100 Needs | nprovement

14 8 AU 0. 26 14 Needs MJCH | nmpr ovenent
123 8 AU 0.00 68 Accept abl e

125A 8 AU 6. 27 41 Needs MJCH | nprovenent
1258 8 AU . 058 103 Accept abl e
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Hood# Rating
129 8 AU 0. 00
148 8 AU .078

149Left 8 AU 0.00

149R 8 AU 0.00
158A 8S8AUl. 41

158B 8 AU 0. 00

Left

158B 8 AU 0. 00
Cent er

158B 8 AU 0. 96
Ri ght

163 8AU 1.51

Refer to pages 52 through 56 for

Avg F. V. (fpm

89

55

271

281

68

150

157

166

63

i mprovenent for indicated hoods.

detal i ed

Assessnent

Accept abl e
Needs | nprovenent
Accept abl e

Accept abl e

Needs | nprovenent

Accept abl e

Accept abl e

Needs | nprovenent

Needs | nprovenent

recomendati ons
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Summary Recommendat i ons

Hood 4

-Avoi d generation of contamnants in the left 1/3 of the hood.

-Do not turn the make-up air unit on "high" or to a level where a
noticeabl e down-draft is created

-Only work in this hood with the sash partially closed.

-Increase of face velocity is highly recomended(needs doubling or
nmore) .
-Modifications of the mke-up air unit for more even distribution

woul d decrease turbul ence.

Hoods

-Place contents of hood at |east 6 inches behind the hood face.

-Increase  of  face  velocity is  recommended(currently  below
recommendations by 40 fpm.

Hood 7

-No i nprovement necessary.

Hoods

-Decrease face velocity to decrease occurrence of eddies.
-Work with itens 20 cm behind the hood sash.
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HoQd 8A and SB

-No i nprovenent necessary.

Hood 9A

-Work with hood sash 1/2 closed at all tines.

-Do not use highly toxic or carcinogenic substances in this hood.
-Work in the left side of the hood(F.V. >50 fpnj.

-Clear the hood bench of large bottles, hoxes etc.

-I'ncrease the amount of make-up air to this room

Hood 9B

-Increase the anount of make-up air to this room

HoQd 12

-Do not work with chemicals inthe |eft hand corner of the hood

unl ess basin is renoved.

-Face velocity needs to be increased.
-Avoid the use of toxic materials or flammble substances.
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Hood 14

-Use is not reconmrended.

-Face velocity needs to be increased.

-Make-up air needs to be evenly dispersed and its velocity needs to
be decreased.

-Do not work with toxic materials or flanmabl e substances.

Hood 123

-Do not open the wi ndow when using the hood.

Hood 125A and 125B

-Do not open the w ndow when using the hood(s).

-Do not use highly toxic chemcals in hood 125.

-Increase the face velocity of 125A to be conpetitive with 125B.
-Wrk with contamnants as far back in the hoods as possible.
-Handl e toxic and/or flammble materials in hood 125B.

-Air foils would inprove lamnar flowinto these hoods.

Hood 129

-No reconmmendations necessary.
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Hood 148

-Remove large box fromleft side of hood.
-Work with sash 1/2 cl osed.

-Avoi d generation of contamnants in the left portion of the hood.
-Decrease the amount of positive pressure in the roon{decrease
make-up air).

Hood 149 Left and Ri ght

-Decrease face velocities to conserve energy.
-Air foils would inprove [amnar flowinto the hoods.

Hood 158A

-Onl'y use this hood for tenporary storage of well seal ed sanples.
- Keep hood sash 2/3 cl osed.
-Avoid storing sanples at the front of the hood bench.

Hood 158B Left/ Center/Ri aht

-Decrease face velocity to conserve energy and decrease possibility
of eddy formation.

-Air foils would inprove lamnar flowinto the hood.

-Keep other sashes closed when not using other portions of the hood.
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Hood 163

-Do not open the w ndow.

- Keep sash 1/2 cl osed.
-Wrk with contam nants 20 cm behind the hood face.

-Increase the face velocity.

*Use good work practices outlined in Appendix | when using any hood
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Fut ure Recommendati ons

1) Cean the plenums and duct work for each hood.

2) Maintain current maintenance work on the fans and notors.

3) Increase the face velocities in hoods 4,6,14, 125A and 163.

4) Decrease the face velocities in hoods 8, 149 and 158B.

5) Add a flap/sash to hood 125A

6) Conplete nmore sophisticated hood performance tests to verify
the results fromthis test.

7) Test to see if there is re-entry of contamnant released in the
roof of the North and South wings of the Rosenau Building.

8) Test to see if those contamnants exhausted fromthe Rosenau

Building are re-entrained into the MGvn-G eenberg

Bui | di ng.

9) Measure levels of contamnants exhausted on the North and
South wings to see if air filters are needed.
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Precauti ons/ Connect ed Hoods

The followng list shows which hoods are affected by the use of
ot her hoods. When al | hoods which run off the sane fan are in use,

the face velocity for each of these hoods will decrease.  Therefore,

when a given hood is not in use, keep the sash closed.
I nt erconnect ed Hoods

4, 6, 14
149 and 158

9A, 9B, 8A and SB

This information was attained through the use of blue prints and fan
nunmbers on the hoods.
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Concl usi on

The overal | assessment of the |aboratory hoods in the
basement and first floors of the Rosenau Building shows that nost
of the hoods are meeting basic guidelines specified by the ACGH If
proper operating procedures are followed, 73%of the hoods neet or
exceed face velocities recommended for their given condition and
meet or exceed expectations for exposure to contamnants. But, this
does not mean they provide adequate protection. OF the 73% meeting
face velocity recommendations, 75% provide adequate protection for
highly toxic chemcals to be handled in the hood. Speci al
precautions such as working with the hood sash 1/2 closed nust be
enforced when using the other 25% of hoods for assured protection.
A series of face velocity tests, SFg tests, snoke tube tests and
TiCl4 tests along with general observations allowed for analysis of
each hood. Their effectiveness and efficiency were anal ysed.

The problems found can be corrected through change in
engi neering, work practices or |ocation. Engineering problenms deal
with increasing or decreasing face velocities, changing make-up air
distributions, adding air foils or adding sash substitutes. Wrk
practices which need inprovement are working with materials
behind the sash plane, keeping the hood bench clear and working with
the hood sash partially if not 1/2 closed. Unfortunately, it is too
late to change the location of the hoods, therefore, under applicable
condi tions, w ndows shoul d not be opened and traffic should be
mnimzed past the face of hoods.

Precaution shoul d be taken by personnel operating the
fol l owing hoods: 4,6,9A 125A 148 and 163. These hoods shoul d only
be used with the sash 1/2 closed and the use of highly toxic
chemcals should be avoided until their current conditions are
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inproved. Until then, the personnel using these hoods shoul d fol | ow
the operation procedures outlined in Appendix I.


NEATPAGEINFO:id=950CBADE-4F2C-446B-958E-51281BD04023


66

Acknowl edgenent s

| would like to briefly thank those who made this project
possible to conplete, Rich Tracy for keeping me going when
research wasn't going snoothly. Steve Bakal yar, whose tine and
patience devoted to helping calibrate the thermal anemoneter and
teaching  the technicalities of the data logger saved precious tine
and unnecessary frustrations. Thanks to Eddie at Ivy's for donating a
mannequin used inthe SFgtest.  Aspecial thanks to Mke Flynn.

Wthout his gquidance and know edge, this project would not have
been possi bl e.


NEATPAGEINFO:id=9C99593A-3962-4953-8B72-49664FF49D3C


67

Ref er ences

1. American Conference of Governnental Industrial Hygienists,
I ndustrial Ventilation- a Manual of Recommended Practice. 19th

Editions, ACAH G ncinnati(1986).

2. Anmerican Conference of Governmental Industrial Hygienists,
Threshold Limt Values and Biol oai cal Exposure Indices for 1988-
1989. ACGH, G ncinnati (1988).

3. Anerican Society of Heating, Refrigerating and Air-Conditioning
Engi neers, Inc., Method of Testino Performance of Laboratory Fume
Hoods. ANSI/ASHRAE 110-1985, Atlanta, GA., (1986).

4. Caplan, K J. and Knutson, GW, "A Performance Test for Laboratory
Fume Hoods", Am Ind. Hyg. Assoc. J. 43(10):722-737 (1982).

5. Conroy, L.M and Ellenbecker, MJ., "Capture Efficiency of Flanged
Sl ot Hoods Under the Influence of a Uniform Cross-Draft: Model

Devel opment and Validation", Applied Ind. Hyg. 4(6):135-142(1989).

6. Drivas, P.J., Sinmonds, P.G and Shair, F. H, "Experinental
Characterization of Ventilation Systems in Buildings",
Environnental Science and Technol ogy, 6(7): 609-613(1972).

7. Fannick, N, et. al., "Health Hazard Report No. HETA -81-280-
1042", HarlemHospital Center, NY, NY/ NIOSH Cincinatti(1982).

8. Fuller, F.H and Etchells, AW, "The Rating of Laboratory Hood
Performance", ASHRAE Journal:49-54, Cctober(1979).


NEATPAGEINFO:id=01BA091A-11D8-44F3-9745-3C202705E1C5


68

9. Hanpl, Mladimr and Shul man, Stanly, "Use of Tracer Gas
Techni ques for Industrial Exhaust Hood Efficiency Eval uation-
Application of Sulfur Hexaflouride in Hood Controlling Particul ate
Emi ssions” Am Ind. Hyg. Assoc. J. 46(7): 379-386 (1985).

10. Hanpl, v., "Evaluation of Industrial Local Exhaust Hood
Efficiency by a Tracer Gas Technique", Am Ind. Hyg. Assoc. J. 45(7):
485-490  (1984).

11. Hartle, R, "Health Hazard Eval utai on Report HETA 82-102-
1468", Harlem Hospital Center, NY, NY/NIOSH, G ncinnati(1982).

12. Hodgson, E. and Levi, P. E., A Textbook of Mdern Toxicol oov.
Toxi col ogy Program North Carolina State University, N.C. (1987).

13. Ivany, R E, et. al., "Anew Method for Quantitative, In-Use

testing of Laboratory Fume Hoods", Am Ind. Hyg. Assoc. J. (50):275-
280, May (1989).

14. Khoury, G A, et. al., "An Investigation of Reentrainnent of
Chem cal Funme Hood Exhaust Air in a Heat Recovery Unit", Am Ind.
Hyg. J. 49(2): 61-65 (1988).

15. Kl aassen, CD., Amdur, MO and Doull, J., Casarett and Doull's
Toxi col ogv- The basic Science of Poisons. 3rd Edition, NY (1986).

16. Lews, F. A, "Hazard Eval utaion and Technical Assistance Report
No. TA 79-10", Beltsville Agricultural Research Center, MY N OSH,
Gncinatti  (1979).


NEATPAGEINFO:id=1472066C-62AA-44CD-B3D4-F3F451CB80C5


70

Appendi x A

The calibration data and regression curve for the
ther mal anenoneter are in this section. Please refer to the ACAH

Industrial Ventilation Manual for information on setting up a wind
tunned for calibration..
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Cal i bration Curve
Ther mal Anenomet er
Rotating Vane Anenoneter

February 18, 1990
Fi |l enanme: Cal curve

True Vel ocity Ther noaneni ometer ( f pn
(0] (0]
69 70
169 165
240 250
256 260

Regression Qutput:
Const ant (@]
Std Err of Y Est 4.535426
R Squar ed 0. 998393
No. of OCbservations 5

Degr ees of Freedom 4

X Coefficient(s) 1.018004
Std Err of Coef. 0.011466

0
70. 24233
172. 0428
244.3211
260. 6092


NEATPAGEINFO:id=21D0CCB6-A8C7-4E73-AF2B-4DBBBCACDBC4


S ati-2

v - pR? B
250 .
Z&O ~
Z20 .
' 2<X>
anray oeza . A '
T ARETE ! y
| eo -

1] 120

%
eO AN
40 ar AA
" ,
rooa d
\V4 '
e 1 Voan jx.:
nQ .40
v a‘? A. irape
? L Data .-
% Ee R
FONIT ) \:\.!‘ ‘ . vJ‘ M r) .
LT AL WG J i NN S m e a - AW,

W
ah

VfS

Call bratio.rp Qu rve e
Ther nc- ancronettrr " >t
.v "aa4-rl\ a o> . 1
4 . 7\ ¢'da. ad AA
/ "o/
/1 3
/ [ ]
e
-l
n A -
Y4
m
i. A g 1V l b | o Oy * * o J AN
T&Q' .-> £1' M 2070, .. v.. 170 200 1 240", ? N
| Tr'Ac. Vel ocity; (fpm)." O
R "or—-2 Regression Line
a'*_lja$‘ 1 fa.’</\./\ 4*
' e e
i, L g o


NEATPAGEINFO:id=9D2225C4-93AF-49F2-A9D9-BB17E52249CF


Measured Val ue (fpm True Val ue (fpm Measured Val ue (fpm True Value (fpm

0 0
4.911568
10 9.823136
15 14. 73470 210 206. 2858
20 19. 64627 215 211. 1974
25 24.55784 220 216. 1089
30 29. 46940 225 221. 0205
35 34. 38097
40 39. 29254 230 225. 9321
45 44, 20411 235 230. 8436
50 49. 11568 240 235. 7552
55 54. 02724 245 240. 6668
60 58. 93881 250 245.5784
65 63. 85038 255 250. 4899
70 68. 76195 260 255. 4015
75 73.67352 265 260. 3131
80 78. 58508 270 265. 2246
es 83. 49665 275 270. 1362
90 88. 40822 280 275. 0478
95 93. 31979 285 279. 9593
100 98. 23136
105 103. 1429
110 108. 0544
115 112. 9660
120 117. 8776
125 122. 7892
130 127. 7007
135 132. 6123
140 137.5239
145 142. 4354
150 147. 3470
155 152. 2586
160 157.1701
165 162. 0817
170 166. 9933
175 171. 9048
180 176. 8164
185 181. 7280
190 186. 6395
195 191. 5511
200 196. 4627

205 201. 3742
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Appendi x B

This section contains calibration data and the calibration

curve for the rotoneter. The rotometer was calibrated using a stop
watch, soap, a 1 liter buret and a punp. The punp was connected to
the buret to allow for the bubble to be sucked up the buret and timed
with the stop watch. The punp flow was adjusted to various
settings on the rotoneter and a tine neasurenent of the bubble
nmoving up one liter was taken. A curve was formed using Tinme vs
Fl ow Rat e.

The pre-calibration measurements were the same as the post-
cal i bration measurenents, therefore, only one curve is shown. The
post-calibration confirmed the flowrate was maintained at its
original level. The calibration curve was calculated with a |inear
regression program from Lot us.
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Rot onet er Cal i brati on Curve

April 17, 1990

LPM ROTO Regr essi on Qut put:
- - = - - - .- Const ant O. 984048
Std Err of Y Est 0.065919

3.58 9 R Squar ed 0. 998214
4 10 No. of Cbser vati ons 5
4. 2 10. 5 Degrees of Freedom 3

4. 7L aiaai. s

5. 11 12. 5 X Coefficient(s) 2. 249062
O std Err of Coef . O. 054921

9. 035693
9. 980299
10. 43011
11.57713
12. 47675
0. 984048
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Appendi x C

This section contains the calibration data and regression curve
for the Mran. Seven 10ul injections of 10% SF6 were accumul at ed
inthe Mran. Three runs were recorded and averaged for the final
regression curve. The chart recording for finding the correct
wavel ength is also included. The follow ng settings were used on
the Mran to obtain the proper wavelength setting for SFg:

Anbient air was initially sanpled on the scan mode with the chart
recorder connected to the Mran. Increnents of 0.5 were recorded.

Ater this initial reading, 500m of 10% SFg  injected into the
closed loop circuit of the Mran. Another strip chart was made after
the injection. The wavel ength was identified by conparing the two

charts.  10.7 was identified as the correct wavelength for SFg.

M ran Settings
Slit=0
D al =%a

Mode=Scan


NEATPAGEINFO:id=1346570E-D98F-40E2-9101-2C2075E2229E


Initial Mran Calibration
Aver aged Poi nt Val ues

5/ 14/ 90

I nj ect i on(ul) Absor bance Units(volts) Avg Abs. ( volts) Concentrat ion

0] (0] (0] (0] o [0}

10 (10) 0.0151 0. 0159 0. 0141 0. 015033 0.177304

10 (20) 0. 0292 0. 0302 0. 0283 0. 029233 0. 354609

10 (30) 0. 0418 0. 0429 0. 0411 0. 041933 0. 531913

10 (40) 0. 0526 0. 0535 0. 0528 0. 052966 0. 709219

10 (50) 0. 0633 0. 063 0. 0619 0. 062733 0. 886523

10 (60) 0. 0724 0. 0727 0. 0705 0. 071866 1. 063829

10 (70) 0. 0801 0. 08 0. 0787 0. 0796 1.24113

Absor bance Units(volts) Regressi on Conc. ppm
Regr essi on Qut put :

Const ant O. OOoOe91L4a 0.01 0. 051235

Std Err of Y Est 0O.002772 0. 02 0.217272

R Squar ed 0. 988103 .03 0. 383310

No . of Cbser vati ons 7 0. 04 0. 549348

Degr ees of Freedom 5 0. 05 0. 715385

0. 06 0. 881423

X Coefficient(s) ©0-060227 0. 07 1. 047460

Std Err of Coef. 0.002955 0. 08 1.213498
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Appendi x D

This section contains the data and curve collected during one
check calibration run on the Mran conpleted throughout the testing
period. Only one set of data was used to formthe curve, not the
average of three as used in the calibration curve for the Mran. The
same method of sanpling for calibration was used here as for the
initial calibration of the Mran. A total of five check calibrations

were conpl eted during the evaluation of the hoods.


NEATPAGEINFO:id=5385B910-87C3-48FA-BC2D-0394750AB764


M ran Cali bration Check 1
Aver aged Poi nt Val ues

5/ 14/ 90
Zer o= 0. 0865
I njection(ul) Absor ban Absor bance units(volts)-Zero Concentrat ion
10 (10)~ 0.1018 0. 0153 0.177304
10 (20) 0.1165 0.03 0. 354609
10 (30) 0.1277 0.0412 0.531913
10 (40) 0. 1397 0. 0532 0.709219
10 (50) 0. 149 0. 0625 0. 886523
10 (60) 0.1578 0.0713 1. 063829
10 (70) 0.1671 0. 0806 1.24113

n vavoes VOUH ;A We<NkVTe. W6 ce”cese® -WN O™l oA-; v<. volwea o M(..
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Appendi x E

The results of the face velocity tests are in this section. They
are in order of hood nunber. Figures of how the nine-point and

si xteen-point face velocity neasurements were collected are al so
included in this section.
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Appendi x F

This section contains the results of the SFg test organized
according to hood nunber. The voltage readings collected fromthe
data logger were averaged and multiplied by 20 to attain the final
exposure |evel s(ppm. The raw data was multiplied by this value to
represent results froman 8 Ipmflowrate and fromthe use of 100%
SFg. The final calculated result is a "worst case" exanple of
possi bl e exposure at the given location. The actual flow rate used
was 4 Ipmand the concentration of gas was 10% SF6.


NEATPAGEINFO:id=09957D3A-65CD-4F68-A1C4-DCF22488ECE3


Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

measured with a thernoanentneter

Data Set 1
40.
25. 00

10. 00

15. 00

60. 00

Data Set 2
35. 00
25. 00
10. 00
15. 00

60. 00

Data Set 3
35. 00
25. 00

10. 00

10. OO

35. 00

Total Avg

1.
28. 60
32.00

10.

20.

30.

45.

60.

10.

30.

20.

40.

50.

10.

30.

40.

40.

45.

(0]0)

(e]6]

(0]0)

00

00

00

(0]0)

00

00

00

(o]}

(0]0)

00

00

(o]}

30. 67

4O

70. 00 65. 00

50. 00 40. 00

60. OO0 35. 00

35. 00 15. 00

10. 00 15. 00

Aver age FPM

31.40

70. 00 45. 00

50. 00 10. 00

20. 00 10. 00

30. 00 20. 00

20. 00 25.00

Aver age FPM

28. 60

45. 00 50. 00

55. 00 50. 00

50. 00 30. 00

65. 00 15. 00

25. 00 10. 0O

Aver age FPM

2. OO0

10.

15.

35.

20.

30.

20.

30.

30.

30.

15.

20.

30. 00

10. 00

10. 00

00

00

00

(o]}

00

00

15. 00

(o]}

(o]}

00

(0]0)

(o]}
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ISSSSI XSS

Data Col | ecti on

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

neasured with a therffl oanenoneter

Room #
6 Data Set 1
35.00 10.00
40. 00 15. 00
40. 00 15. 00
20. 00 15. 00
Data Set 2
40. 00 15. 00
40. 00 15.00
40. 00 15. 00
20. 00 20.00
Data Set 3
35. 00 15. 00
40. 00 15. 00
40. 00 15. 0O
20.00 20.00
Total Avg 22.75

22 7S
23.25
22.25

15.00 40.00 15.00
30.00 25.00 15. 00
20.00 20.00 15. 00
30. 00 15. 00 25. 00

Aver age FPH

22.75

15. 00 30.00 15. 00
30.00 25.00 15.00
25.00 20.00 15. 00
25. 00 15.00 30.00

Aver age FPM

23.25

.00 25. 00 15.00

.00 25. 00 20.00

.00 20.00 15.00

.00 15.00 20.00

Aver age FPH

2225
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SSSSSat XXSXXSaSXS3CXSt X3 XaXSXX3BSS3BS3 s: : SSSi a

Data Col | ecti on

February 26, 1990 through March 19, 1990
Hood Face Vel ocities

nmeasured with a thernoanenoni eter

Room #
7 Data Set 1
110. 00 85. 00 , 75.00 105.00

80. OO0 70. 00 70. 00 65. 00

70.00 70. 00 60. 00 50. 00
75.00 70.00 10. 00 60. 00
Aver age FPM
70. 31
Dat a Set 2
100. OO 85. 00 80. 00 110. 00
80. OO0 75. 00 70. 00 70. 00
75. 00 70. 00 55. 00 60. 0O
70. 00 85. 00 10. 00 55. 00
Aver age FPH
71.88
Data Set 3
105. 00 85. 00 75.00 105.00
80. 00 70. 00 70. 00 65. 00
70.00 70.00 55. 00 55. 00

100. 00 80. 00 10. 00 60. 00

Total Avg 71.46 Aver age FPM

O . 331 =2 A9
71.88
72.19
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SSs SB« a

Data Col | ection

3i 3

333XX3=3

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

measured with a thernoanenoneter

Room #

8 Data Set 1

195. 00

175.00

180. 00

155. 00

Data Set 2

195. 00

180. 00

170.00

165. 00

Data Set 3

180. 00

170. 00

165. 00

150. 00

Total Avg

165. 00

135. 00

155. 00

(Voleo

uo. 0

ua. 00

160. 00

150. 00

uo. 0o

. 00

160. 00

160. 00 185. 00

100. 00 160. 00

25.00 110. 00

50. 00 115. 00

Aver age FPM

137.81

180. 00 180. 00

160. 00 160. 00

20.00 115.00

35.00 120. 00

Aver age FPM

Ul. 25

180. 00 180. 00

155. 00 150. 00

15.00 (VoRee)

20.00 125.00

139. 37 Average FPM

137. 81 139. O6

Ul. 25
139. 06
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Dat a Col | ecti on

February 26, 1990 through March 19, 1990

Hood Face Vel ocities
neasured with a ther nbanenoneter

Room #
8A Dat a Set 1
65. 00 120. 00 110. 00
85. 00 85. 00 115, 0O

80. 00 100. 00 110. 00

Aver age FPM
96. 67

Dat a Set 2

65. 00 120. 00 115. 00
85. 00 80. 00 115. 00
80. 00 100. 00 115. 00

Aver age FPM

97.22
Data Set 3
65. 00 120. 00 115. 00
85. 00 80. 00 115. 00
80. 00 100. 00 115. 00
Total Avg 97. 04 Aver age FPM
96. 67 97. 22

97. 22
97. 22
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Dat a Col | ecti on
February 26, 1990 through March 19, 1990

Hood Face Vel ocities
neasured with a thernbanenonet er

Room #
SB Dat a Set a
120. OO 110. OO0 100. 0O
110. OO0 90. 00 95. 00O

100. 00 100. 00 105. 00

Aver age FPM

103. 33
Dat a Set 2

120. 00 115. 00 105. 00
110. 0O 90. 00 95. 00

100. 00 100. OO 105. 00

Aver age FPM

104. 44
Dat a Set 3

120. 00 115. 00 105. 00
110. 00 90. 00 95. 00

100. 00 110. 00 105. 00

Total Avg 104. 44 Aver age FPM

1O033. 33 105. 56
104. 44
105. 56
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Data Col | ection
February 26, 1990 through March 19, 1990

Hood Face Vel ocities
measured with a thernoaneffloneter

=x33a=E=S=3

Room #
9A Data Set 1
120. 00 100. OO0 100. 00 95. 00
110. OO 95. 00 90. 00 115. 00
90. OO0 60. OO0 60. 00 75. 00

110. OO0 80. 00 15. 00 70. 00

Aver age FPH
86. 56
Data Set 2
125.00 115.00 120.00 110.00

110. OO0 100. 00 90.00 110. 00

115. 00 80.00 20.00 80.00

Aver age FPM
92.81
Data Set 3
120. 00 100. 00 100. 00 120. 00
105. 00 100. 00 85. 00 100. 00
100. OO0 60. 00 55. 00 75. 00

110. 00 80. 00 20.00 75.00

Total Avg 89.06 Aver age FPM

sSe. 56 S7. 811
92.81
87.81
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Sxssz3 3

Data Col | ection

February 26, 1990 through March 19, 1990
Hood Face Vel ocities

measured with a thernoanenoni eter

Room #
Data Set 1

9B
90. 00 95. 00 120.00 120.00
75. 00 80.00 75.00 110.00

60. OO0 75. 00 100. 00 80. 00

10. OO0 40. 00 65. 00 75. 00

\ Aver age FPH
79. 38
Data Set 2
100. 00 95. 00 130. 00 130. 00
75. 00 95. 00 80. 00 100. 00
65. 00 50. 00 95. 00 80. 00

15.00 50.00 40.00 100.00

Aver age FPN

81. 25
Data Set 3

100. 00 110. 00 120.00 125.00
75. 00 80. 00 85. 00 100. 00
65. 00 65. 00 90. 00 90. 00

10. OO0 40. 00 35. 00 85. 00

Total Avg 80.11 Aver age FPN

T, 358 Y. 69
81.25
79. 69
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BX=SKSsa3ssx9! aaxssss9E
Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities
measured with a thernoanenoi neter

Room #
12 Data Set 1
140. 00 130. 00 110. 00
115. 00 80. 00 120. 00
25. 00 100. 00 60. 00
Aver age FPM
97.78
Data Set 2
135. 00 135. 00 110. 00
120. 00 95. 00 110. 00
25.00 95. 00 70. 00

Aver age FPM

99. 44
Data Set 3
140. 00 130. 00 140.00
120. 00 90. 00 110.00
25.00 100. 00 70. 00
Total Avg 100.00 Aver age FPM
97.78 102.78

99. 44
102.78
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Data Col | ection
February 26, 1990 through March 19, 1990

Hood Face Vel ocities
measured with a thernoanenoi neter

SSSSSSsSsSsSssssxsssssssaa

Room #
U Data Set 1
5. 00 25. 00 15. 00 25. 00
5. 00 5. 00 15. 00 25. 00
5. 00 15. 00 10. 00 10. 00

25. 00 15. 00 15. 00 30. 00

Aver age FPM

15. 31

Data Set 2
5.00 20. 00 10. 00 15. 00
5.00 15. 00 10. 00 20. 00
5.00 25.00 25.00 15. 00
20.00 20.00 15. 00 10. 00

Aver age FPM

14. 69

Data Set 3

5. 00 5.00 10.00 15.00
5.00 5.00 15.00 20.00
5. 00 25.00 25.00 20.00

5.00 25.00 15.00 15.00

Total Avg U. A8 Aver age FPM

15. 3L 13. a4
14. 69
13. 44


NEATPAGEINFO:id=1F97D8B1-A8F7-4AEF-8FE8-C11B06C161FD


Data Col | ecti on

February 26, 1990 through March 19, 1990
Hood Face Velocities

neasured with a thernmanenonieter

Room #
Data Set 1
123
30. 00 115.00 115.00 105. 00
25.00 110. 00 110.00 110.00
AO OO 105. 00 5. 00 30.00

80. 00 65. 00 5. 00 15. 00

Aver age FPH
66. 56
Data Set 2
45.00 110.00 110.00 110.00

20.00 110.00 125.00 110.00
40. 00 85. 00 5.00 65. 00

85. 00 55. 00 5.00 10. 00
Aver age FPM
68.13
Data Set 3
45.00 105.00 105.00 110.00
25.00 95.00 115.00 100.00
65.00 95.00 5.00 65.00

90. 00 80. 00 5. 00 15. 00

Total Avg 68.23 Average FPH

666. S6 77O. OO
68. 13

70. 00
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Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities
neasured with a thernoanenonet er

==SSS3XSSSSSSSS33SSSXSSSSaRSS=3SXRS3BSSZ3SSS: SSSS=SSS£5CSS==SSSSS3Sa
Room #
...... Data Set 1

125
hood A 100.00 105.00 65. 00 40. 00

100.00 70.00 40.00 45.00
45.00 45.00 30.00 20.00

5.00 5.00 15.00 5.00

Aver age FPM
29. 87
Data Set 2
100.00 90.00 SO.00 80.00
100.00 75.00 45.00 15.00
60.00 45.00 30.00 20.00

500 5.00 20.00 5.00

Aver age FPM

48. 44
Data Set 3

120.00 85.00 75.00 80.00
100. 00 60.00 35.00 20. 00
50. 00 35.00 25.00 20.00

5.00 10.00 10.00 5. 00

Total Avg 41.12 Average FPM

28. 97 45. 94
48. 44
45.94
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Data Col | ection

February 26, 1990 through Harch 19, 1990
Hood Face Vel ocities

measured with a thernoanenoi neter

S=—sSsSssssssssss:

Room #
Data Set 1
125
hood B 130. 00 120. 00 105. 00 110. 00

15. 00 125. 00 110.00 95.00
Aver age FPH
101. 25
Data Set 2
130. 00 120. 00 105.00 110.00
15. 00 130. 00 115.00 100.00
Average FPM
103. 13
Data Set 3
130. 00 120. 00 115.00 120.00

15. 00 135. 00 105. 00 95.00

Total Avg 102.92 Aver age FPM

101. 25 104a. 38
103. 13
104. 38
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Data Col | ection

February 26. 1990 through March 19, 1990

Hood Face Vel ocities

neasured with a thernpanei noni eter

Room #
Data Set 1

129
140. 00

100. 00

15. 00

Dat a Set 2

150. 00

100. 00

15. 00

Data Set 3

145. 00

100. 00

15. 00

Total Avg

89. 44
91. 67
86. 67

130. 00

95. 00

5. 00

150. 00

90. 00

5,00

130. 00

95. 00

5. 00

89. 26

150. 00

110. 00

60, 00

Aver age FPM

89. 44

140. 00

110. 00

65. 00

Aver age FPM

91. 67

140. 00

110. 00

40. 00

Aver age FPH

86. 67
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ssassasss

Data Col | ection
February 26, 1990 through March 19, 1990
Hood Face Vel ocities

neasured with a thernoanei nonieter

Roan #

148 Dat a Set

55. 00 80. 00 75. 00 80. 0O

30. 00 45. 00 65. 00 80. 00

25. 00 45. 00 75. 00 20. 00

25. 00 5. 00 70. 00 45. 00

Aver age FPM

51. 25

Data Set 2

55. 00

40. 00

50. 00

25.00

Data Set 3

75. 00 75. 00

50. 00 40. 00

55. 00 55. 00

70. OO0 80. OO0 90. 00
40. OO0 80. 00 80. 00
50. OO0 70. 00 30. 00
35.00

5.00 60. (M

Aver age FPM

53.75

85. 00 90. 00

70. 00 80. 00

70. OO0 65. 00

30.00 15. 00 65. 00 20.00
Total Avg 54.58 Aver age FPM
51 25 58. 75

53. 75

58. 75
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Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

measured with a thernpanencnieter

Room #
Data Set 1
uo
left side 280. 00

220. 00

280. 00

Dat a Set 2

300. 00

210. 00

220. 00

Data Set 3

310. 00
300. 00
270. 00
Total Avg
268. 89

* 262. 22
282. 22

320. 00

230. 00

180. 00

320. 00

210. 00

190. 00

310. 00

210. 00

200. 00

271.11

340. 00

300. 00

270. 00

Aver age FPM

268. 89

350. 00

310. 00

250. 00

Aver age FPM

262. 22

360. 00

310. 00

270, 00

Aver age FPM

282. 22
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ssss3xsssssxaacss3: SESS3sxssssssss3: ssxzsssss3i 3: 35ssssssssss=ss5s3: sasss==

Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

measured with a thernoanenoneter

SsS= XS3 SSS5S5 ==SXSSS
SBBSB3 SSXXXXXXXXKKSI SXSI3SS333BS33333S33833SSX33SSISBXXKIX33X3
Room #
Data Set 1
u9
-ight side 340. 00 300. 00 300. 00
310. 00 230. 00 290. 00
240. 00 250. 00 250. 00
Average FPM
278.89
Data Set 2
340. 00 310. 00 330. 00
320. 00 250. 00 290. 00
200. 00 250. 00 260. 00

Data Set 3
340.00  300.00
310.00 250.00
190. 00 250. 00
Total Avg 281.11
278. 89
283. 33
281. 11

Aver age FPM

283. 33

330. 00

280. 00

280. 00

Aver age FPM

281.11
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SSSSSSSSSSSXSSSSAasSSat SSSSSSSSZSSSSSSSSXStt SSSSSSXXSSSSSSS

Data Col |l ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

measured with a thernoanenoni eter

Room «
Data Set 1

158A
130. 00
90. 00

80. 00

Data Set 2
120. 00
90. 00

75. 00

Data set 3
125. 00
90. 00
75. 00

Total Avg
68. 89

65. 00
70.56

80. 00

55. 00

30. 00

95. 00

35. 00

25. 00

80. OO 80. 00

50. 00 40. 00

35. 00

100. 00

50. 00

30. 00

68. 15

15. 00

110. 00

40. 00

15. 00

Aver age FPH

68. 89

Aver age FPH

65. 00

Average FPH

70. 56
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Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Vel ocities

measured with a thernpanei noi neter

Room #
Data Set 1
158B
Left side 260. 00 240.00

220. 00 220.00

10. 00 10. 00

Data Set 2

260. 00 240.00

220.00 210.00

10. 00 10. 00

Data Set 3

260. 00 240.00

220.00 210.00

10. 00 10. 00

Total Avg 150. 18

151. 11
149. 44
150. 00

210. 00

180. 00

10. 00

Aver age FPM

151.11

210. 00

175. 00

10. 00

Aver age FPM

149. 44

210. 00

180. 00

10. 00

Aver age FPM

150. 00

NWT T 3»«ST pp-
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Data Col | ection

February 26, 1990 through March 19, 1990
Hood Face Vel ocities

measured with a thernpanencneter

Room #

158B Data Set 1
Center ... ..

185.00 160.00 155.00 160.00

170.00 130.00 125.00 150.00

Aver age FPM
154. 38

Data Set 2

190. 00 175.00 155.00 165.00

170.00 135.00 130.00 150.00

Average FPM

158. 75

Data Set 3

175.00 170.00 155.00 165.00

185.00 135.00 125.00 150.00

Total Avg 156. 88 Aver age FPM

154a4. 38 157. 50
158. 75
157. 50
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Data Col | ection

February 26, 1990 through March 19, 1990

Hood Face Velocities

neasured with a thernopanenonet er

Room #
158 Data Set 1
Ri ght Side
200. 00 170. 00
190. 00 135. 00
200. 00 140. 00
Data Set 2
190. 00 175. 00
185. 00 145. 00
190. 00 150. 00
Data Set 3
195. 00 175. 00
180. 00 145. 00
190. 00 150. 00
Total Avg 165.74
164. 44
164. U

168. 33

170. 00

135. 00

140. 00

Aver age FPM

164. 44

160. 00

135. 00

150. 00

Aver age FPM

164. 44

170. 00

150. 00

160. 00

Aver age FPM

168. 33
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S3ISSS3ISSSSSSSXSBS
Sssssssssassssxsssa

Data Col | ection
February 26, 1990 through March 19, 1990

Hood Face Velocities
measured with a thennoanenoni et er

Room #
1<S Data Set 1
70.00 65.00 70.00 70.00

65. 00 55. 00 55. 00 60. 00

65. 00 50.00 50.00 55.00
75.00 55.00 60.00 65.00
Aver age FPM
68. 75
Data Set 2
65.00 65.00 70.00 70.O00
55. 00 55. 00 55. 00 60. 00
60. 00 55. 00 55. 00 60. 00
75.00 50.00 60.00 65.00
Aver age FPM
60. 94
Data Set 3
70. 00 65.00 75.00 75.00
55. 00 50. 00 55.00 60.00
60. OO0 50. 00 55. 00 55.00

75. 00 45. 00 60.00 65.00

Total Avg 63.44 Aver age FPM

es. TS SO. 63
60. 94
60. 63
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Sul fur Hexafl aorl de Leak Test Set - Uo

Breathing Zone
Rot onet er

Di f fuser

mran

Dat a Logger

Cart
5F6 cyl i nder
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Hood 4
SF6 Leak Detection Data

5/ 24/ 90
Zer o/ Background Level = 0. 0034
Ti me(m nut es) Dat a(vol ts) Dat a- Zer o
1 0. 017 0.272
2 0. 018 0. 292
3 0. 0198 0. 328
4 0. 0211 0. 354
S 0. 0227 0. 386
6 0. 0239 0.41
7 0. 0256 0. 444
8 0. 027 0. 472
9 0. 0273 0. 478
10 0. 0303 0. 538
Aver aged Resul t 8= 0. 3974
Hood Perfornmance Rating- 8 AU 6. 48
Hood 6
SF6 Leak Det ection Data
5/ 22/ 90
Zer o/ Background Level = 0. 0408
Ti me(m nut es) Dat a(vol t s) Dat a- Zer o
1 0. 043 0. 044
2 0. 0426 0. 036
3 0. 0414 0. 012
4 0. 0419 0. 022
5 0. 041 0. 004
6 0. 0418 0.02
7 0. 0415 0.014
8 0. 0407 -0.002
9 0. 0409 0. 002
10 0. 0417 0.018
0. 017

Aver aged Resul ts”

Hood Performance Ratings 8 AU 0. 167

Concentrati on(ppm

. 401420
. 733495
. 331231
. 762928
. 294249
. 692739
. 257267
. 722172
. 821795
. 818020

O NNNOO O a NN

6. 483532

Concentrati on(ppn

0. 615763
0. 482932
0. 084442
0. 250480
- 0. 04838
0.217272
0. 117650
- 0. 14800
- 0. 08159
0. 184065

0. 167461
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Hood 7
SF6 Leak Detecti on Dat a

5/ 22/ 90

Zer o/ Background Level = - 0. 0305

Ti me( i nut es) Dat a(vol ts) Dat a- Zer o Concentrat ion(ppm
1 -0.0311 -0.012 - 0. 31404
2 -0.0312 -0.014 -0.34725
3 - 0. 0309 - 0. 008 -0.24763
4 -0.0313 -0.016 - 0. 38046
5 -0.0312 -0.014 -0. 34725
6 -0. 0316 -0.022 - 0. 48008
7 - 0. 0309 -0. 008 -0.24763
8 - 0. 0307 - 0. 004 -0.18121
9 - 0. 0309 -0. 008 -0.24763
10 - 0. 0307 -0. 004 -0. 18121

Aver aged Results” -0.011 -0.29744

Hood Performance Ratings 8 AU -0. 30

Hood 8

SF6 Leak Detection Data

5/ 22/ 90

Zer o/ Background Level = 0. 0179

Ti me( m nut es) Dat a(vol t s) Dat a- Zer o Concentrati on(ppm
1 0. 0236 0.114 1. 778026
2 0. 0253 0. 148 2.342554
3 0. 0254 0. 15 2.375761
4 0. 0273 0. 188 3. 006704
5 0. 0284 0.21 3.371987
6 0. 0304 0. 25 4. 036137
7 0. 0295 0. 232 3. 737270
8 0. 0308 0. 258 4.168967
9 0. 0321 0. 284 4. 600665
10 0. 0321 0. 284 4. 600665

Aver aged Results= 0.2118 3. 401874

Hood Perfornance Rating* 8 AU 3. 40
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Hood 8 A
SF6 Leak Detecti on Data
5/ 25/ 90

Zer o/ Backgr ound Level = 0 0034
Ti me(m nut es) Dat a(volt s)

0. 0037
0. 004
. 0046
. 0045
. 0051
. 0063
. 0079
. 0072
. 0073
. 0071

© O N O 00N WNER
O OO0 0O o0 o0 oo

[
o

Aver aged Resul t s-

Hood Perfornmance Rating*" 8 AU 0. 67

Hood 8 B
SF6 Leak Detection Data
5/ 25/ 90
Zer o/ Background Level = -0. 0023
Ti me(m nut es) Dat a( vol t 8)
1 - 0. 0022
2 -0. 0015
3 -0.0012
4 - 0. 0007
5 o]
6 0. 0001
7 -0.001
8 - 0. 0002
9 0. 001
10 0. 0007

Aver aged Resul ts”

Hood Perfornance Rati ng" 8 AU 0. 48

Dat a- Zer o

. 006
012
024
022
034
. 058

coo0o0o00

0. 076
0. 078
0. 074

0. 0474

Dat a- Zer o

. 002
. 016
. 022
032
046
048
. 026
042
066
. 06

©coo0o000000

o

0. 036

Concentration(ppm

-0.01517
. 084442
. 283687
250480
. 449725
. 848215
. 379536
. 147083
. 180290
. 113875

PR RROOOOO

0. 672215

Concentrati on(ppm

- 0. 08159
. 150857
. 250480
. 416517
. 648970
. 682178
. 316895
. 582555
. 981045
. 881423

OO0 o0 O0OO0OO0OO0OOo0OOo

0. 482932
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Hood 9 A
SF6 Leak Detecti on Data

5/ 25/ 90
Zer o/ Background Level = 0. 0478
Ti me( m nut es) Dat a(vol t B) Dat a- Zer o Concentrati on(ppm
1 0. 066 0. 364 5. 928966
2 0. 0682 0. 408 6. 659532
3 0. 0695 0. 434 7.091229
4 0. 0698 0. 44 7.190852
5 0. 0691 0. 426 6. 958399
6 0. 0707 0. 458 7.489720
7 0. 0707 0. 458 7.489720
8 0. 071 0. 464 7.589342
9 0. 07 0. 444 7.257267
10 0. 0695 0. 434 7.091229
Aver aged Re8ul t B= 0. 433 7.074626
Hood Performance Ratings 8 AU 7.07
Hood 9 B
SF6 Leak Detection Data
5/ 25/ 90
Zer o/ Backgr ound Levels -0 0138
Ti me(m nut es) Dat a(vol ts) Dat a- Zer o Concent rat ion (pptn)
1 -0. 0107 0. 062 0. 914630
2 -0.0115 0. 046 0. 648970
3 -0.0116 0. 044 0. 615763
4 -0.0114 0. 048 0. 682178
5 -0.0136 0. 004 -0.04838
6 -0.0142 - 0. 008 -0.24763
7 -0.0149 -0.022 - 0. 48008
8 -0.0166 - 0. 056 -1. 04461
9 -0.0157 -0.038 -0.74574
10 -0.0149 -0.022 - 0. 48008
Aver aged Resiilt8= 0. 0058 -0.01850

Hood Performance Ratings 8 AU -0.018
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Hood 12
SF6 Leak Detecti on Data

5/ 22/ 90
Zer o/ Background Level = -0. 0305
Ti me( i nut es) Dat a(vol t 8) Dat a- Zer o Concentrati on(ppm
1 -0.0277 0. 056 0. 815008
2 -0.029 0.03 0. 383310
3 -0.028 0. 05 0. 715385
4 -0. 0284 0. 042 0. 582555
5 -0.0294 0. 022 0. 250480
6 -0.0288 0. 034 0. 449725
7 -0. 0286 0. 038 0. 516140
8 - 0. 0285 0. 04 0. 549348
9 -0.0284 0. 042 0. 582555
10 -0.0285 0. 04 0. 549348
Aver aged ReBul t B= 0. 0394 0. 539385
Hood Perfornance Ratings 8 AU 0. 54
Hood 14
SF6 Leak Det ecti on Data
5/ 22/ 90
Zer o/ Background Level = 0. 0425
Ti me(m nut es) Dat a(vol t s) Dat a- Zer o Concentrat ion(ppm
1 0. 0434 0. 018 0. 184065
2 0. 0432 0. 014 0.117650
3 0. 0436 0. 022 0. 250480
4 0. 044 0.03 0. 383310
5 0. 0432 0. 014 0.117650
6 0. 0429 0. 008 0. 018027
7 0. 0431 0. 012 0. 084442
8 0. 0437 0. 024 0. 283687
9 0. 0446 0. 042 0. 582555
10 0. 0447 0. 044 0. 615763
Aver aged Results- 0.0228 0.263763

Hood Perfornance Ratings 8 AU 0. 26
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Hood 123
SF6 Leak Detecti on Data

5/ 19/ 90

Zer o/ Background Level = 0. 003

Ti me( m nut es) Dat a(vol t 8) Dat a- Zer o Concentration(ppm
1 0. 0012 -0. 0018 -0. 14468
2 0. 0016 -0.0014 -0. 13804
3 0. 0022 - 0. 0008 -0. 12808
4 0. 0015 -0. 0015 -0.13970
5 0. 0018 -0. 0012 -0.13472
6 0. 0015 -0. 0015 -0.13970
7 0. 0018 -0. 0012 -0.13472
8 0. 0019 -0.0011 -0. 13306
9 0. 0008 - 0. 0022 -0.15133
10 0. 0017 - 0.0013 -0.13638

Aver age Resul ts” -0. 0014 - 0. 13804

Hood Performance Rating- 8 AU -0.13804

Hood 125A
SF6 Leak Detection Data

5/ 19/ 90
Zer o/ Backgr ound Level = -0.0105
Ti me( m nut es) Dat a(vol ts) Dat a- Zer o Concentrat ion(ppm
1 0. 0091 0. 392 6. 393871
2 0. 0082 0. 374 6. 095004
3 0. 0088 0. 386 6.294249
4 0. 0109 0. 428 6. 991607
5 0. 0123 0. 456 7.456512
fi 0. 0101 0. 412 6. 725947
7 0. 0074 0. 358 5. 829344
8 0. 0065 0. 34 5. 530476
0. 0064 0. 338 5.497268
10 0. 0077 0. 364 5. 928966
Aver aged Resul t s” 0. 3848 6.274324

Hood Perfornance Rati ng* 8 Au 6. 27
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Hood 125B
SF6 Leak Detection Data

5/ 19/ 90
Zer o/ Background Level = 0. 0072
Ti me(m nut es) Dat a(vol ts) Dat a- Zero Concentrat ion(ppm
1 0. 0075 0. 006 -0. 01517
2 0. 009 0. 036 0. 482932
3 0. 0088 0.032 0. 416517
4 0. 0085 0.026 0. 316895
5 0. 0088 0. 032 0. 416517
6 0. 0082 0. 02 0.217272
7 0. 0078 0.012 0. 084442
8 0.0073 0. 002 -0.08159
9 0. 0062 -0.02 - 0. 44687
10 0. 0051 -0.042 -0.81216
Aver aged Resul tss 0. 0104 0. 057876
Hood Performance Ratings 8 AU . 058
Hood 129
SF6 Leak Detection Data
5/ 25/ 90
Zer o/ Background Level = 0. 0465
Ti me(m nut es) Dat a(vol ts) Dat a- Zer o Concentrat ion(ppm
1 0. 0465 0 -0.11480
2 0. 0462 -0.006 -0.21442
3 0. 0462 -0.006 -0.21442
4 0. 0461 -0.008 -0.24763
5 0. 0464 -0. 002 -0. 14800
6 0. 0467 0. 004 - 0. 04838
7 0. 0468 0. 006 -0.01517
8 0. 0464 - 0. 002 - 0. 14800
9 0. 0464 -0.002 -0. 14800
10 0. 0462 -0. 006 -0.21442
Aver aged Resul ts” -0.0022 -0.15133

Hood Perfonnance Rating= 8 AU -0.15
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Hood 148
SF6 Leak Detecti on Dat a

5/ 25/ 90

Zer o/ Background Level s
Ti me(m nut es) Dat a( vol

. 0465
. 0466
0462
0457
o464
0468
. 0468
. 0469

0. 047
0. 0469

© 0 NO N D> WNPR
©o0o000000

[
o

Aver aged

Hood Performance Ratings 8 AU . 077801

Hood 149 Left Side
SF6 Leak Detecti on Data
5/ 16/ 90

0. 046

ts) Dat a- Zer o

O 0O 0 00O O0o0Oo

(0}

0. 01
. 012
. 004
. 006
. 008
. 016
. 016
. 018
0. 02
. 018

Resul t s- 0. 0116

E3SSSSSSSSSSSSSssst

Zer o/ Background Level =

Ti me( m nut es) Dat a(vol t s) Dat a- Zer o
1 0. 0849 - 0. 0005
2 0. 0847 - 0. 0007
3 0. 0847 - 0. 0007
4 0. 0846 - 0. 0008
5 0. 0845 - 0. 0009
6 0. 0846 - 0. 0008
7 0. 0849 - 0. 0005
8 0. 0845 - 0. 0009
9 0. 0848 - 0. 0006

10 0. 0849 - 0. 0005
Aver aged Results”: -0.00069

Hood Performance Rati ng*

0O 0854

8 AU -0.12625

Concentrati on(ppn

(0]
(0]

. 051235
. 084442

- 0. 04838
-0.21442

© OO0 O 0 O0

Concentr at

. 018027
. 150857
. 150857
. 184065
. 217272
. 184065

. 077801

0. 12310
0. 12642
0. 12642
0. 12808
0. 12974
0. 12808
0. 12310
0. 12974
0. 12476
0. 12310

0. 12625

i on(ppm
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Hood 149 Ri ght Side
SF6 Leak Detection Data

5/ 14/ 90

Zer o/ Background Level =. 08725
Ti me(m nut es) Dat a(vol ts) Dat

. 0881
. 0873
. 0872
. 0877
0876
0877
0878
0878
. 0861
. 0857

O © O N O N h WN P
O0O0000O0OO0O0OQ
Oo0oo0oo0OO0ODO0OO0OO0COO

[

Aver age Results-

Hood Perfornmance Rating= 8 AU -0. 09819

Hood 158A
SF6 Leak Detection Data
5/ 18/ 90
Zer o/ Background Level = - 0. 0265
Ti me(m nut es) Dat a(vol ts) Dat
1 -0.0237
2 -0.0232
3 -0.0222
4 -0.0232
S -0.0234
6 -0. 0226
7 - 0. 0208
8 - 0. 0205
9 -0. 0204
10 -0.019

Aver aged Resul ts®

Hood Performance Rating= 8 AU 1.41

a- Zer o

. 017
. 001
. 001
. 009
007
. 009
. 011
. 011
023
. 031

0. 001

a- Zer o

056
. 066
086
066
062
078
. 114
0.12
0. 122
0. 15

©o0o0o0000

0. 092

Concentrati on(ppm

0. 167461
-0.09819
-0.13140
. 034631
. 001423
. 034631
. 067838
. 067838
- 0. 49668
-0. 62951

O O OO0 o

-0.09819

Concentrat ion(ppm

. 815008
. 981045
. 313121
. 981045
. 914630
. 180290
. 778026
. 877648
. 910856
. 375761

NRRRPRPROOPRODO

1.412743
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Hood 158 Left Si de
SF6 Leak Detection Data

5/ 17/ 90

Zer o/ Background Level = -0 0288

Ti me(m nut es) Dat a(vol t 8) Dat a- Zer o Concentrati on(ppm
1 -0.0288 o] -0.11480
2 - 0. 0292 - 0. 008 -0.24763
3 -0.0289 - 0. 002 - 0. 14800
4 -0.0287 0. 002 -0. 08159
5 -0.0292 -0. 008 -0.24763
6 -0.0294 -0.012 - 0. 31404
7 -0.0291 - 0. 006 -0. 21442
8 -0.0291 -0. 006 -0. 21442
9 -0.0292 -0. 008 -0.24763
10 -0.0291 -0. 006 -0.21442

Aver aged Resul t s= - 0. 0054 - 0. 20446

Hood Performance Ratings 8 AU -0.20446

Hood 158BCent er
SF6 Leak Detection Data

5/ 17/ 90

Zer o/ Background Level = -0.029

Ti me( m nut es) Dat a(vol t s) Dat a- Zer o Concentrati on(ppm
1 -0. 0337 -0. 0047 -0.19284
2 -0. 0347 - 0. 0057 -0. 20944
3 - 0. 0344 - 0. 0054 - 0. 20446
4 -0. 0327 - 0. 0037 -0.17623
5 -0.0336 - 0. 0046 -0.19117
6 -0.031 -0. 002 -0. 14800
7 -0. 0291 - 0. 0001 -0.11646
8 -0.0281 0. 0009 - 0. 09985
9 -0. 0299 - 0. 0009 -0.12974
10 -0.03 -0. 001 -0.13140

Aver aged Resu. Lts- -0.00272 -0. 15996

Hood Perfornmance Rating- 8 AU -0. 15996
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Hood 158BRi ght
SF6 Leak Detecti on Data

5/ 17/ 90
Zer o/ Background Level = -C.o0258
Ti me( m nut es) Dat a(vol ts) Dat a- Zer o
1 -0.0267 -0.018
2 -0.0275 - 0.034
3 -0.0233 0. 05
4 -0.0219 0. 078
5 - 0. 0222 0.072
6 -0.0219 0.078
7 - 0. 0207 0. 102
8 - 0. 0201 0. 114
9 -0.0195 0. 126
10 -0.0217 0. 082
Aver aged Resul ts” 0. 065
Hood Performance Ratings 8 AU 0.96
Hood 163 Left Side
SF6 Leak Detection Data
5/ 16/ 90
Zer o/ Background Level = 0. 03345
Ti me(mi nut es) Dat a(vol ts) Dat a- Zer o
1 0. 035 0. 031
2 0. 0357 0. 045
3 0. 0368 0. 067
4 0. 0369 0. 069
5 0. 038 0. 091
6 0. 039 0. 111
7 0. 0393 0.117
8 0. 04 0.131
9 0. 0407 0. 145
10 0. 042 0.171

Aver aged Results”™ 0.0978

Hood Performance Rating* 8 AU 1.51

Concentrati on(ppn

-0.41367
-0.67933
. 715385
. 180290
. 080668
. 180290
. 578781
. 778026
. 977271
. 246705

PR RRRPRPRRpO

0. 964442

Concentrat ion(ppm

. 399914
632366
997649
. 030857
. 396139
. 728215
. 827837
. 060290
. 292742
. 724440

NNNRRPRROODO

1. 509045
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Appendi x G

This section contains the isopleth graphs depicting the
vel ocity contours at the hood face. The average of the three
neasurements taken at each of the points designated at the hood
face were used to create these graphs. The Surfer Programtakes
t he nmeasurenents of the hood and the exact |ocation of the face
vel ocity neasurenents taken across the hood face. The program
then plots out the dimensions of the hood frame and forns the
contour lines within this outline. The lines represent varying |evels
of face velocity which the programautomatically charts. The
program cal cul ates the air flow velocities and connects equal val ues
to formlines at increments of 4. The numbers on the contour |ines

show the speed of air at that given point, in fpm
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22.00

17.50

13. 00

4.00

24. 00

20. 67

17. 33

14.00

10. 67

7.33 =

0
4.00

HOOD FOUR

| SOPLETHS

8.53 13.07  17.60  22.13  26.67 31.20 3573  40.27 44.80 49.33  53.87
SCALE 1 inch = 7.771 data units
-\

\-

HOOD  SIX

| SOPLETHS

1.33 10.67 1400 17.33  20.67 24.00 27.33 30.67 3400 37.33  40.67
SCALE 1 incin = 5714 data units

58

44
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15. 56

13. 25 =

10. 94

6.31

22.30

17.72

13. 15

4.00

HOOD SEVEN

| SOPLETHS

7.49 10.98 14.47 17.96 21.45 24.94
SCALE 1 inch 3.739 data units

T

HOOD El GHT

| SOPLETHS

§.63 1320 1788 2250 2013 3L75 3638 4100 4563 90.25

SCALE 1 inch = 7.929 data units

28. 43

54. 88
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HOGOD

NIl NE A
| SOPLETHS

19. 50

15. 63

11.75

7.88

4. 00

a.00 833 1267 1700 2133 2567 30.00 3433 38.67 43.00 47.33 5167
SCALE 1 inch = 7.429 data unilts
0T
HOOD N NE B
" SOPLETHS
20. 25
16. 19
12.13
8. 06
4. 00
4,00 8.33 1267 1700 2133 2567 30.00 3433 38.67 43.00 47.33 5167 56
SCALE 1 inch = 7.429 data
[ ] | ] [ | [ |

units
|
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24.

22.

21.

19.

17.

15.

14.

12.

10.

HOOD 12

" SOPLETHS

50

79

08

38

67

96

25

54

83

.13

.42

- o o 1A <

.00

4.00 5.72 7.43 9.15 10.87 12,58 1430  16.02 11,73 1945 2117 2288 24

SCALE 1 inch = 2.943 data units
[ | 1 | — 1 —3
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HOOD 14

SOPLETHS

19. 50

16. 92

11.75

6. 58 n“" ‘%A "AV- [V\O q—) f[\"

4. 00 6. 70 9.40 12,10 14,80 17.50 20.20 2290 2560 28.30 3100 33.70 36
SCALE 1 inch "~ 4.629 data units

| | | - —\
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HOOD 123

; SOPLETHS

24. 00
21.50
19. 00
16. 50
14.00
11.50 A
9.00
6. 50

4.00
4.00 6.30 8.60 10.90  13.20 15,50  17.80  20.10 22.40 2470 27.00 29.30 3l

SCALE 1 inch = 3.94?; data units

A T A |
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HOOD 125A

SOPLETHS

39. 00

36. 08

33. 17

30. 25
27.33
24.42
21.50

18. 58 =
15. 67

12. 75

4.00
4.00 6.92 9.83 12.75 15,67  18.58  21.50  24.42  27.33 30.25 33.17  36.08  39.

SCALE 1 inch = 5 data wunits
| : :

| a:

% Vales -WWr: <oV o< MBE <ke, 4 WOT, <xeL tVENBYSKVe, "1 Veaw M ow thowV !
VApAc WoA, r»aV \nb ACr Voo,
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14. 00

11. 33

4.00

6.92 9.83 12.75

SCALE

15. 67

1

HOOD

125B

| SOPLETHS

18.58

i nch
|

21.50

5
—

24.42

dat a

27.33

units
~B

30. 25

33.17

36. 08

39
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HOGOD 129

| SOPLETHS

24.50
22.79
21. 08
19. 38
17.67
15. 96
14.25
12.54

10. 83

7.42 =
571

4.00
4.00 271 7.42 9.13 10.83  12.54 1425 1596 17.67 19.38 2108 22.79 24

SCALE 1 inch A 2.929 data units ,
[ | [ ]
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21.00

16. 75

12.50

E

. 00

8.50

13.00 17.50

SCALE

1

22.00

i nch
31

HOOD

148

I SOPLETHS

A. /\/\/\S AN
26.50 31.00  35.50
= 7.714 data

68

40. 00 44.50

units
3

49. 00

53.50

58
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HOCD 149 Rl GHT

SOPLETHS

.35 h

.17

.45

.12 h

. 00
4.00 5.52 7.03 8.55 10.07  11.58  13.10 14.62 16.13  17.65 19.17  20.68 22

SCALE 1 inch = 2.6 data units
~__1 [ [ 1
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17.

16.

14.

12.

10.

80

07

35

62

90

SOPLETHS

.17

.45

.72

. 00
4.00 5.52 7.03 8.55 10.07 11.58  13.10 14.62 16.13  17.65 19.17  20.68

SCALE 1 inch = 2.6 data units

| | =+ 1
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HOOD 158 A

I SOPLETHS

18. 00
16. 83
15. 67
14.50
13.33

12. 17

7.50
6.33
5.17

4.00
4.00 5.21 6. 42 7.63 8.83 10.04 11.25 12,46 13.67 1488 16.08 17.29 18

V  SCALE 1 igch' 2.071. data .units
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HOOD 158 B LEFT

SOPLETHS

15.03

13. 45

11.88

10. 30

5.58

4.00 5.25 6.50 7.75 9.00 10.25 11.50 12,75 1400 15.25 16.50 17.75 19

SCALE 1 inch = 2.143 data units
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10. 75

4.00

HOOD 158 B CENTER

SOPLETHS
AGO\ "f e
6. 42 8.85  11.27  13.70  16.12  18.55  20.97  23.40  25.82

SCALE 1 i nch = 4. 157 dat a units

28. 25

30. 67

33.
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17.

16.

15.

13.

12.

11.

10.

20

10

00

90

80

70

60 -

.50

.40

.30

. 20

.10

.00

4.00

5.25

6.50

SCALE

7.75

1

HOOD

9.00

i nch
| |

158 B Rl GHT

| SOPLETHS

10.25  11.50 12.75  14.00 15.25
A 2.143 data units
| | | | | |

16. 50

17.75

19.
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HOOD 163

| SOPLETHS

23. 50

21. 06

18. 63 -

16. 19

13. 75

11.31

4.00 6.45 8.90 11.35 13.80 16. 25 18.70 21.15 23.60 26. 05 28.50 30. 95 55.

SCALE 1 i nch = 4.2 dat a units
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77

Appendi x H

This section contains a |ist of good work practices which should be
fol l owed by ail hood operators.
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78
@Qui del i nes for Good Wrk Practices

1. Keep the hood sash closed when hood is not in use.

2. Wrk with the hood sash partially or 1/2 closed.

3. Handl e contam nants as far back in the hood as practical.

4. Do not generate contam nants outside of the hood face.

5. Do not lean into the hood.

6. Avoid sharp novenents of arns in and out of the hood.

7. Do not wal k quickly past the hood face.

8. Do not adjust danpers on make-up air units to velocities above
t hose of the hood face.

9. Do not open wi ndows |ocated next to hoods.

10. Do not handle highly toxic or flammable materials in hoods with

I nadequat e performance ratings.

11. Do not use the hood bench as a storage area.

12. Do not block the rear slots with bottles, boxes etc..

13. Keep objects at |east 6 inches behind the hood face.

Fol | owi ng the above guidelines will help inmprove hood operation and
will increase the hood operators |evel of protection
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