ABSTRACT

STEPHEN M CHAEL BAKALYAR. Testing of a Myde|l to Estinate

Vapor Concentration of Various Organic Chemcals. (Under the
direction of Dr. PARKER C. REI ST)

A model devel oped by Dr. Parker C. Reist to predict the
bui I d-up and decay rates of vapor concentrations followng a
chem cal spill and clean-up was tested. The chem cals tested
were: acetone, butyl acetate, ethyl acetate, hexane,
met hyl ene chloride, nethyl ethyl ketone, and tol uene. The
evaporation rates of these chemcals were determned both by
prediction, using a nodel devel oped by I. Kawanura and D.
Mackay, and enpirically and these rates were used in the Reist
nodel . Chanber experinents were done to neasure actual build-
up and decay of vapor concentrations for sinulated spills and
simul ated cl ean-up. The chanber experinental results were
conpared to the nodel's predicted results. The Reist nodel
used with the Kawanura- Mackay predicted evaporation rate, can
be useful in estimting equilibriumconcentration and the tinme
required to reach the equilibriumconcentration.
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I NTRODUCTI ON

A major concern of the industrial hygienist is the
protection of the worker against exposure to vapors from
sol vents and ot her organic chem cals. Vapor evolution from
chem cal spills, open surface tanks, or from any open
contai ner may contribute significantly to that exposure.

Quantifying the potential exposure is the best neans of

determning the risk to the worker.

Air sanpling is an effective way of determ ning airborne
concentrations of chem cal vapors but results are not
I mredi ate and time may be critical, as in the case of a spil
in the workplace. Direct reading instrunents offer inmmediate
results but these instruments are usually specific for the
chem cal detected and the |ikelihood of the average workpl ace
havi ng such instrunents for each chemcal used is very | ow
Detector tubes offer immedi ate results, are available for a
wi de range of chem cals, and are easy to use. However, the
accuracy of these tubes may be as poor as +/- 50%[4]. Al so,
in spill situations, it may not be advisable to enter the
spill area, especially if the chemcal is hazardous. The
I deal nethod woul d al l ow prediction of the concentration of
t he airborne vapor w thout having to expose anyone
unnecessarily.

Currently, there are methods for determning ventilation
rates to control vapor concentrations bel ow the Threshold
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Limt Value (TLV) [1] and for determ ning the evaporation
rates of various chemcals [2,3,9,11]. There is, however,

nothing in the literature that presents a nodel for the
prediction of the build-up of vapors and the equilibrium
concentration that can be expected follow ng a chem cal spill

and the decay of the concentration follow ng cl ean-up or
renoval of the chemical. Such a nodel was recently devel oped

[7]. The purpose of this research was to test this nodel.
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BACKGROUND

Determ ning the evaporation rate of a chemcal is a
crucial elenent in the process of ascertaining the build-up
rate and maxi mum concentration in a workplace. The rate of
evaporation of a chemcal is dependent upon many factors.
Sonme of the key factors are: the vapor pressure of the
chem cal; the partial pressure of the vapor over the surface
of the chemcal; the air tenperature and chem cal tenperature
in the case of a spill, the tenperature of the surface on
whi ch the chemcal is spilled; velocity of air across the
surface of the chemcal; the volune of the chem cal available
to evaporate; and the surface area of the chemical. Since
many of these factors are dependent upon one anot her,
prediction of the concentration of vapor above a chem cal can
be very difficult. Mxtures present even nore conpl ex
probl ems, such as the difficulty in determning the vapor
pressure. For this reason, only pure chemcals were used in
this study. Figure 1 [7] illustrates sone of the factors

affecting the evaporation of a chem cal.

Mel lan [6] made some general observations concerning the
rate at which chem cal s evaporate:
(1) Evaporation rates are not inversely proportional to
the boiling points, but liquids within a single
honol ogous series of conpounds do evaporate nore

rapidly if their boiling points are | ower.
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FIGURE 1
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EVAPORATI ON RATE
OF LIQUID
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VAPOR PRESSURE OF LI QUI D
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TEMPERATURE

| NCREASED TEMPERATURE GREATLY
| NCREASES EVAPORATI ON RATE

SURFACE ROUGHNESS

A ROUGH SURFACE ADOS MORE AREA
| NCREASES EVAPORATON RATE
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(2) Liquids from separate honol ogous series with equal
boi ling points have entirely different evaporation

rates.

(3) Hydroxyl groups greatly retard the evaporation rate,

so that conpounds such as al cohols and water
evaporate nmuch slower than one woul d ot herw se
expect.

(4) If two conpounds have identical boiling points, in
general the one with higher nolecular weight wll
tend to evaporate nore rapidly.

(5) Vaporization results in a tenperature drop in the

liquid, unless heat is supplied fromthe

surroundi ngs.

According to Gray [2] , theoretical approaches to the
probl em of predicting evaporation rates start by considering
heat transfer, develop an el aborate theory of pure heat
transfer, and then point out that mass transfer can be treated
simlarly wth a substitution of coefficients. He states that
Investigation into both heat and nmass transfer determ ned that
the two do not interfere with one another even though they
occur sinultaneously when |iquids evaporate. As a result,
ei ther heat or mass transfer can be considered and the other

i gnor ed.
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A ventil ation manual [1] commonly used today by
I ndustrial hygienists uses a nmass bal ance approach to
determ ne airborne vapor concentrations. This approach is
based on the control of air contam nants by dilution
ventilation. The nethod reconmended for determ ning the
evaporation rate is through exam nation of records of a
plant's chem cal consunption, with the assunption that the
evolution of the chemcal is uniform Kawanmura and Mackay [ 3]
found that evaporation rates are usually not uniform They
state that neglecting factors such as evaporative cooling,
direct heat transfer between the chem cal and air, and between
the chem cal and the ground, can cause the evaporation rate

to be overestimted by as much as a factor of four, especially

for volatile chem cal s.

The problems in designing a nodel to predict atnospheric
vapor concentrations over an evaporating liquid are many. A
variety of factors influence evaporation rate, and the way
these factors interact with one another nmake the task that
much nore difficult. As yet undeterm ned factors may al so
exi st that further conplicate the issue. The nodels in this
study incorporate the nost current know edge concerning the
evaporation rate phenonenon. The effectiveness of the nodels
I's determned by conparing the results of actual experinents

to those cal cul ated using the nodel s.
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THE MODEL

The fol l owi ng nodel was devel oped to predict the effect
of evaporation on air concentration |evels in spaces having
different volune and flow characteristics [7] . This node
(hereafter called the Reist nodel) is based on mass bal ance
and predicts an exponential build-up of contam nant until an
equi | i brium concentration is reached. It also includes a
decay el enent to predict how quickly the contam nant is
renoved fromthe air once the chem cal source is renoved.
The equilibriumconcentration predicted is dependent only on

the rate of evaporation of the chemcal and the volune of air

exhausted fromthe room

Definition of terns:

Figure 2 depicts the followng ternms used in the devel opment

of the nodel:

Q- Make-up air flowinto and out of the room

G - Incomng concentration of contamnant in nmake-up air
G - Concentration of contamnant in roomat start of decay

X - Vol une of room

C - Concentration of contam nant in room

Q - Recirculating airflow (this flow does not renove
contam nant although it may contribute to increased room
concentrations by increasing velocity across the

evaporating surface)
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Q - Flow of air through air cleaner, if any

n - Efficiency of air cleaner
m - Rate of generation of contam nant

K - Factor which accounts for roomair not being well m xed

The developnent:

As a first step a nass bal ance i s consi dered:
mass in - mass out = mass change
Q+mt(1 -n) QG- QrC-QC = X K dT dt (1)
which sinplifies to
QQ+-m (NQv+Q C = X/ K dC/ dt (2)
Let R=Q0+m and S = (nQ*+Q C so that dS = (nQy+Q dC.

Then

R- S = (XK(l/(nQu+Q)(dS/dt) (3)

Now | et

T=(XK((/(nQu+Q)

and W= R - S so that dw- -dS. Then
N — — T dAdwVvw dt C 3D
- dT/7 T = d\VwvwVv VwvWwWw ( 5)

| ntegrating and exponentiating gives

W = exp(-1/7/7T)exp h (6)

where h is a. const ant .
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The buil d-up, decay, and steady state equations;

For initial conditions of t = 0 and C =0, the constant h in

equation (6) can be evaluated to give the build-up equation:
C=(1/(nQ+Q)(QC +m (I -exp-t/T) (7)

For decay of concentration froma room the initial conditions

are C=C, at t = 0. Then the constant h in equation (6) can

be eval uated to give:

= ((Qum [ (nQr+Q ) (1-exp-"/*) +Cexp-t/ ") (8)

For equilibriumconditions:

L ] = 2 <O ( 92)
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Fi oure 2.

Depiction of terns used in the Reist nodel

(0]0)
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PREVI OQUS WORK

Past attenmpts have focused primarily on devel opi ng nodel s
or methods of estimating evaporation rates that could in turn
be used to estimate concentrations. In the literature there
I's no nodel which estimates concentrations directly. The
thene presented in the follow ng nethods and nodels centers

on the estimation of evaporation rates.

Stiver and Mackay [9] give nethods for quantifying the
rate of environnental evaporation of liquid m xtures such as
crude oils and petrol eum products under a variety of
envi ronmental conditions. Three nethods are presented: tray
evaporation, gas stripping, and distillation. A formof the
tray evaporation nmethod was used in this research and is
di scussed in the next section. This nethod was chosen because
of its sinplicity and because the liquid surface and air

interface are simlar to that of a real chem cal spill

Gay [2] devel oped a system of equations for predicting
t he evaporation rates of solvents. He contends that his
equations could be used by the industrial hygienist, with
di f fusi on equati ons devel oped el sewhere, to predict the
at nospheric concentrations of vapors fromspilled toxic
| i quids. He presented three fornmulas to predict the
evaporation rates of sinple liquids in ducts and two to

predict the evaporation rates in open air. H s nodel s.
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however, are not easily used, requiring a variety of
parameters (some of which are not readily acquired), and too

much effort for ease of use in an energency situation.

Kawanura and Mackay [ 3] devel oped two nodels to estinate
the evaporation rate of volatile and non-volatile |iquids
resulting fromground spills. The nodels, termed the "direct
evaporation" nmethod and the "surface tenperature” nethod, were

designed to be used outdoors and are based on a quasi steady

state heat bal ance around the chem cal pool.

The surface tenperature nethod (hereafter called the
Kawanur a- Mackay nmodel ) was used in this research as a neans
of predicting the evaporation rate of each chem cal under
conditions simlar to those determned enpirically. This
model was chosen due to its relative sinplicity of use over
the other nodel s noted above. A conparison of the Kawanura-
Mackay nodel and the Gray nodel was done. Table 1 gives the
results of this conparison. An average difference of 22% was
found and deened acceptabl e, providing sufficient
justification for use of the sinpler nodel. The predicted
evaporation rates found using the Kawanura- Mackay were used
in the Reist nodel and conpared to the vapor concentrations

nmeasured over a sinmulated spill
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TABLE 1. Conparison of Gay's Results and Kawamura- Mackay Predctions
for Evaporation Rates for Xylene at Various Velocities

Vel oci ty Gay's Results Kawanmur a- Mackay Prediction VoD ff 1
(fpm (c|/mn-cnt2) (g/mn-cm"2)
23."13 0. 0002988 0. 000220 26. 34
52. 56 0. 000612 0. 000389 36. 30
98. 44 0. 000718 0. 000606 15. 50
196. 85 0. 000836 0. 000987 18. 09
252 0. 001046 0. 001182 .08

13
Averacje Difference 21.86 1
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The Kawanur a- Mackay nodel bases the driving force for
evaporation on the vapor pressure of the chem cal eval uated
at the surface of the chem cal pool. According to Kawanura
and Mackay, the surface tenperature of the chem cal pool mnust
be known and is a function of radiative heat transfer by solar
i nsol ation, evaporative cooling, and direct heat transfer
bet ween the chem cal pool and the air, and between the pool
and the ground. Furthernore, the effects of the evaporative
cooling and direct heat transfer terns are nost significant
for volatile chemcals. This is due to the depression of the
surface and pool tenperatures relative to the anbi ent

tenperature as a result of the evaporative cooling of the

chemni cal .

For the purposes of this research, solar influences in

t he Kawanur a- Mackay nodel were neglected since all enpirica

data were coll ected i ndoors.

The basi ¢ Kawanur a- Mackay nodel :

E = k MP(Ts)/ RT (10)
wher e: k = mass transfer coefficient (nfh)
M = nol ecul ar wei ght

P(Ts) = vapor pressure of the chem cal eval uated
at the surface of the pool (Pa)
= gas constant (8.314 Pa nVnol K)
T = absolute tenperature (K)
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E = evaporation rate (g/nft h)
The mass transfer coefficient (k) is a function of the
di nensi onl ess Schm dt number (Sc) which is 2.11, the velocity
(U in mh across the surface of the liquid, and the downw nd

pool length or diameter (X) in mand is given as:
k = 0.029U "' -~ XT"-11 Sc°-" (11)

The vapor pressure at the surface of the pool (P(Ts)) is
given as: P(Ts) = 133 exp{2.3{a-[b/(Ts-273+c)]}} (12)
where a, b, and c are constants for each chemcal [5] and Ts

(surface tenperature) is determ ned using Newton's nethod.

Kawanura and Mackay report a difference between the
predi cted and experimental evaporation rates of froml1l to 325fe
with an average of 12%using this nmethod. They state that
this is an acceptable error for nobdels used under

envi ronment al energency conditions.
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TESTI NG THE REI ST MODEL

Over vi ew.

The purpose of this research was to determ ne how wel |
the Rei st nodel predicts concentration build-up, the
equi libriumconcentration, and the concentration decay rate
for given conditions following a chemcal spill in a workplace
and the clean-up of the spill. The conditions that nust be
known (Table 2) are related to the particul ar physical

properties of chem cal and physical characteristics of the

roomin which the spill occurs.

The first experinent, the evaporation rate test, was done
to determne the uniformty of the evaporation rate of each
chem cal under anbient conditions with little or no air
movenent across the surface of the liquid chemcal. The
second experinment, the velocity test, was done to determ ne
t he evaporation rate of each chem cal as a function of the
increase in air velocity across the surface of the liquid
chem cal. The results of this second experiment were used in
the Reist nodel to predict concentration build-up and decay.
The third experinent, the chanber test, was a sinulated
chemcal spill. A pan of the chemcal was placed in a chanber
and the build-up of vapor concentration neasured using a
M RAN. Once the concentration reached equilibriumthe pan

was renoved fromthe chanber to neasure the concentration

decay rate. Two runs were done in the chanber for each


NEATPAGEINFO:id=A24C603C-8C1C-4268-905F-47B5E5A66B91


TABLE 2. Conditions Required for Reist Mbdel

1. Roomvolume - ft*3

2. Air flow through room- cfm

3. Air tenperature in room- degrees C

4, Air velocity over surface of liquid- fpm

5. Evaporation (generation) rate of liquid - g/nin-cnt2
6. Mlecular weight of liquid - g/nol

7. Spill area - cm?2

17
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chem cal . The chanber exhaust ventilation systemwas turned
on and the door was closed during each run. In Run 1 the pan
was sinply placed in the chanmber on a cart. In Run 2 the pan
was placed on a cart with a snall fan positioned to blow air

across the liquid surface to increase the surface velocity.

The characteristics of the chanber - chanber di nensi ons,

air velocity across the top of the liquid in the pan, and air
flow through the room- were determned enpirically, and used

in the Rei st nobdel. The results of the Rei st nopdel

prediction, using these enpirical data, were conpared to the
chanmber test results to determne the effectiveness of the
Rei st mobdel in predicting concentration build-up and decay.
Then, the Reist nodel predictions, using the Kawamura- Mackay

model evaporation rate predictions, were conpared to the

neasur ed concentrati ons.

The experiinents and equi pnent used are outlined in detail
in Appendix A The follow ng chemcals were tested: acetone,
butyl acetate, ethyl acetate, n-hexane, nethylene chloride,
met hyl ethyl ketone (MEK), and toluene. Acetone, ethyl
acetate, hexane, MEK, and toluene were chosen because of their
comon use in industry. Butyl acetate and methylene chloride
wer e chosen as exanples of chemcals with extreme vapor
pressures. The procedures used in testing these chenmcals are

briefly described bel ow.
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Evaporati on Rate Test:

A petri dish bottom 9cm (8. 7cmfor MEK) in dianmeter, was
filled alnost to the top with chem cal and placed on the
bal ance pan of a Mettler balance. The bal ance was inside a
chemcal funme hood with the sash in the full open position and
t he exhaust fan on. The velocity of air passing through the
bal ance was neasured with a thernoanenoneter velocity neter
and was found to be negligible (less than 10 fpm . The
chem cal and dish were weighed initially and periodically and

the results recorded along with the air tenperature in the

bal ance.

Vel ocity Tests:
Evaporation rate tests were done at several velocities:

65 feet per mnute (fpm, 110 fpm 220 fpm 300 fpm and 425
fpm A petri dish, 9 cmin dianeter (8.7 cmfor acetone and
MEK) , filled wth chemcal was placed in the bal ance,
wei ghed, and the weight recorded. A flexible exhaust hood,
with a blastgate |ocated just behind the hood portion, was
positioned at the left door of the balance to allow air to be
drawn through the bal ance and across the surface of the
chemcal in the petri dish (Figure 3). The bl astgate was used
to reqgulate the air flow through the balance. Cardboard
squares were taped to both the left and right door areas to

reduce surface area and all ow for higher velocity ranges

through the balance. The probe of a thernoanenoneter velocity
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Fi gure 3.

Vel ocity test

equi pment set-up

~Q
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neter was taped to the right side of the bal ance to neasure
the velocity of air across the top of the petri dish.
Measurenents were taken at 0, 2, 4, and 6 mnute intervals for

each velocity.

Tenperature was measured for each chemical at 110 fpm
surface velocity to determne the effect of surface velocity
on liquid tenperature. The setup described above was used.
A type-J thernocouple was placed in the liquid to neasure the

tenperature and the results recorded using the data |ogger.

H niattire Infrared Anal yzer (H RAN) Calibrati on:

Al chem cal concentrations were neasured using a M RAN
whi ch was calibrated in the followi ng manner. First, the
anal ytical wavel ength and pathl ength were determ ned (see
Appendi x A) . Then, a known concentration of vapor was
prepared in a calibration flask [$]. Aliquots of the chemi ca
vapor were then injected into the closed | oop configured M RAN

(Figure 4), and the absorbance was noted after each injection.

Chanber Tests:

The chanmber tests were done in an 830 cubic foot room
W th exhaust ventilation vents |ocated near the floor, on each
side of the wall opposite the door. The flow through the room
was determ ned by measuring the average face velocity at each

vent, nultiplying the face velocity by the area of each vent
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to get the flow through each vent, and then adding the results
to get the total flow through the room The survey was done
with the door closed and the exhaust ventilation system on.

Measurements were taken using a thernoanenoneter velocity

met er .

A cart was positioned in the center of the chanber. A
probe and tubing assenbly, connected to the MRAN (Figures 5,
6, and 7), was taped to the cart at a height of 52 inches (")
fromthe floor. Ateflon coated pan, 8" X 12" X 2", was
positioned on the base of the cart (9" off the floor). A
smal| fan connected to a variable transforner was al so placed
on the base of the cart and positioned to blow air across the

top of the pan (Figure 7).

The air velocity across the liquid surface in the pan was
estimated in the follow ng way. Due to the turbulence in the
chamber caused by the high flowrate, it was very difficult
to nmeasure the surface velocity using a thernoanenoneter.
| nstead, the surface velocity for each run was found by
determning the evaporation rate inside the chanber. This was
done by neasuring the liquid volune evaporated for each
chem cal and by using the results to find the velocity on the
evaporation rate vs velocity curves (Figures 8-14). The
average of these results was a 400 fpm surface velocity for
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Figure 5.

M RAN with probe and tubing assenbly

24
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Figure 6.

?' 'l RAN chanber test set-up
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Figure 7.

Chanmber test equipment set-up
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Run 1 (without the fan) and a 600 fpmsurface velocity for Run

2 (with the fan).

Each run involved two phases: concentration build-up and
concentration decay. Concentration build-up was neasured by
pouring about one liter of chemcal into the pan, closing the
door, and recording the change in absorbance measured in the
M RAN on the data | ogger. Once the absorbance stopped
I ncreasing, the pan was renoved fromthe chanber and the decay
measured. The air tenperature was sinultaneously recorded by

the data | ogger via a Type-J thernocouple.
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RESULTS

Evaporation Rate Test Results:

Data for each evaporation rate test are recorded in
Tables 1A-7A. (Al tables and figures with the designation
"A" are located in the Appendix) . Figures 1A-7A show the
wei ght of liquid remaining as a function of tine. A
regression anal ysis was al so done on the data and the

resultant regression curve plotted.

The air pressure was not neasured but was assuned to be
1 atnosphere. The air tenperature in the roomaveraged 22.5
degrees Centigrade (C) and did not vary nore than +/- 1 degree
C. The liquid tenperature of the chem cals was not neasured
for this test. The evaporation rate for each chemcal tested
s uniformover time (R* >.99). Table 3 summarizes these

evaporation test results.

Vel ocity Test Results:

The data for each velocity test are recorded in Tables
8A- 14A. The regression curves in Figures 8-14 show
evaporation rate as a function of velocity data. The room
tenperature and pressure conditions and assunptions are the
sane as the evaporation rate test. The changes in liquid
tenperature during a velocity test of 110 fpmare recorded in

Tabl e 15A. The tenperature of the liquid for each chem ca
decreased with time as shown in Figure 15. Simlar results
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TABLE 3. Summary of Evaporation Rate Tests

AT Evaporation VaEE)r |
1 Chenmi cal Terrperat ure Rat e R* 2 ressure
Name (0 (g/mn-cm'2) @Tenp (psia)
Acet one 23 0. 00561 0. 996 4. 09
Butyl Acetate zs.' 0. 00078 0. 997 0. 201
Ethyl Acetate 22.3 0. 00403 0.997 1.6
Hexane 22.2 0. 00483 0. 994 2.56
Net hyl ene Chl Orl de 23. 3 0. 00921 0. 995 7.76
NVEK 22 0. 00425 0. 997 1.51

Tol uene 21.8 0. 00254 0.998 0,465 |
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were noted for each chem cal during each velocity test and for
each chamber run. The overall effect of increasing the
vel ocity across the surface of the liquid caused the
evaporation rate to increase. Table 4 summari zes the

evaporation rate data for each velocity test.

M RAN Cal i brati on:
Tabl es 16A-22A list the calibration conditions for each

chem cal . Figures 8A-14A show the calibration curves for each
chem cal tested. A spreadsheet was constructed using LOTUS
1-2-3 to facilitate calculating the flask and M RAN
concentrations and to predict extraction and injection vol umes
required to attain the desired M RAN concentrations. Table
23A is an exanple of this spreadsheet with the formulas
listed. Tables 24A-30A give, for each chemcal: the MRAN
settings used, physical properties of the chemcal, room
tenperature, vapor pressure at that roomtenperature (see
Tabl e 31A for vapor pressure information) [5] , |ower explosion
limt (for safety purposes) [10], anmount of the liquid
injected into the calibration flask, resultant concentration
in the flask, aliquots extracted fromthe flask and injected
into the MRAN, resultant concentrations in the MRAN, and

chanber dat a.
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TABLE 4. Sunmary of Velocity Test Evaporation Rates

Chem ca

1 Name

| Acet one

But yl

Acet at e

Et hyl

Acet at e

i Hexane

Met hyl ene
Chl ori de

[ VEK

Tol uene

Ar

Temperature

(Q

22

23

23

22.

23.

22

23

Air
Vel ocity
(fpm
65
110
220
300
425
65
110
220
300
425
65
110
220
300
425
65
110
220
300
425
65
110
220
300
425
65
110
220
300
425
65
110
220
300
425

Evaporation

Rat e

(g/mn-cnm*2)

0. 00642
0. 00759
0. 00814

0. 0096

0. 0115
0. 00086
0. 00119
0. 00162
0. 0019
. 00226
. 00513
. 00585
. 00666
. 00787

0. 008
0. 0069
0. 00808

0. 0115

0. 0147

0. 0196
0. 00866
0. 00878

0. 0103

0. 0114

0. 0135
. 00357
. 00509
. 00651
. 00706
00753
. 00331
. 00365
. 00451
0. 0046
0. 0054

O O O O O

o o0 O o o o o O

R*2

0. 969

0. 979

0. 929

0.994

0. 985

0. B69

Vapor

Pressure

© Tem (psia)

3.92

0. 0197
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Chanber Test Results:

The results of the chanber ventilation survey are
recorded in Table 32A. The vol unme of the chanber was found
to be 830 ft”* and the air flow through the chanber was 713
cubic feet per mnute (cfm. These data and the fol | ow ng
data were used in the Reist nodel to construct the predicted
concentration curves: roomair tenperature, nolecul ar weight
of the chemcal, air velocity over the liquid surface, surface
area of the liquidin the pan (619 cnf), and a mxing factor
(k = 1). The air velocities over the liquid surface were
estimated, for each run, as described earlier, by extracting
themfromthe evaporation rate curves based on the measured
evaporation rate of the chemcal in the chanber. A sanple
calculation for a single build-up concentration point for

acetone using the Reist nodel is found in the Appendi x.

The data collected during the chanber tests are recorded
i n Tabl es 33A-39A. These data were used to construct the

observed concentration curves. These curves were plotted

against the predicted build-up and decay curves using measured
evaporation rates (Figures 16-29). The predicted and measured
curves require a simlar tinme to reach the equilibrium
concentrations. The times required for the concentration to
decay are also simlar. For equilibriumconcentrations, the
model over-predicts three of the chemcals and under-predicts
three of the chemcals for each run. In the remaining case,
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one run is over-predicted and the other is very close to the

neasured concentrati ons.

The Kawamnur a- Hackay Mbdel Results:

The Kawanur a- Mackay nodel was used to predict the
evaporation rates for each of the chem cals under the
conditions described in the previous section. These predicted
evaporation rates, listed in Table 40A and summarized in Table
5, were then used in the Reist nodel to construct a second set
of predicted concentration curves for each run. These curves
were plotted against the measured concentration curves and are
depicted in Figures 30-43.

The predicted equilibriumconcentrations, in all cases
but one, are lower than the measured equilibrium
concentrations. Table 6 lists the equilibriumconcentrations
for the measured concentrations, predicted concentrations
usi ng measured evaporation rates, and predicted concentrations
using the Kawanura-Mackay evaporation rates. The difference
between the predicted and the experinental equilibrium

concentrations are also |isted.

In general, the predicted equilibriumconcentrations,
using both the measured evaporation rates and the Kawanura-
Mackay predicted rates, agreed well with the experinental
equi libriumconcentrations. At equilibrium the difference
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TABLE 5: Sunmary of Kawanura- Mackay Predicted Evaporation Rates

AT AT Evapor ati on Vapor
Chemi cal Ten‘per ature Vel oci ty Rat e R* 2 Pressure
| Nare (0 (fpm  (g/min-cm 2) @Tem (psia)
| Acet one 22 65 0. 00241 0. 995 3.92
110 0. 00323
220 0. 00487
300 0. 00593
425 0. 00746
But yI 23 65 0. 000562 0. 996 0. 0197
Acet at e 110 0. 000804
220 0. 0013
300 0. 00163
425 0. 0021
Et hyl 23 65 0. 00216 0. 995 1.66
Acet at e 110 0. 00296
220 0. 00452
300 0. 00555
425 0. 00701
i Hexane 22.8 65 0. 00292 0. 995 2.57
110 0. 00393
220 0. 00601
300 0. 00732
425 0. 00923
Met hyl ene 23.3 65 0. 0051 0. 996 7.76
Chl ori de 110 0. 00672
220 0.01
300 0.0121
425 0. 0152
NVEK 22 65 0. 00168 0. 995 1.53
110 0. 00229
220 0. 00353
300 0. 00434
425 0. 00549
Tol uene 23 65 0. 000961 0. 995 0. 49
110 0. 00135
220 0. 00215
300 0. 00266

425 0. 00339
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TABLE 6: Conparison of Equilibrium Concentration Results fin ppm

Rei st Prediction Rei st Prediction 1
Usi nqg Measur ed Usi ng Karamur a-
Evaporation Rates Machay Evaporation 1
and % Diff Rates and Vo Diff
Conpared to Conpared to
Cheni cal Run# Chanber Test Char Ti ber Test Chanber Test
Nane Measur enent s Measur ement s Measur enent s
o/cOff VobDi f f
Acet one 1 103 139 -35 88 15
2 135 172 - 27 121 10
But y| 1 15 17 -13 17 -13
| Acet ate 2 17 22 -29 24 -41
Et hyl 1 78 68 13 56 28
Acet at e 2 96 81 16 78 19
Hexane 1 126 157 -25 76 40
2 132 217 -64 105 20
Met hyl ene 1 152 111 27 129 15
Chl oride 2 262 134 49 179 32
NVEK 1 75 79 -5 53 29
2 101 99 2 73 28
Tol uene 1 56 41 27 24 57

2 61 49 20 34 44
(Aver age G| ferencs 25 28 1
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bet ween the experinmental concentrations and those predicted
usi ng neasured evaporation rates ranged from2 to 64% wth
an average of 25% The difference between the experinental
concentrations and those predicted using the Kawanura- Mackay
predi cted evaporation rates ranged from10 to 57% wth an

average of 28%
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Fiqure 8. Velocity test evaporation rate curve.
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Fiqure 9. Velochy test evaporation rate curve.
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Fiqure 10. Velocity test evaporation nte curve
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Fiqure 11. Velocity test evaporation rate curve.
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Fiqure 12. Velochy test evaporation rate curve.
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Fiqure 13. Velochy test evaporation rate curve
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Fiqure 14. Velocity test evaporation rate curve.
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Figure 15. Plot of tenperature cutves for velocity tests.
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Fiqure 16. Conparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Fiqure 17. Comparison of measured concentration curve to Reist predicied
using a measured evaporation rate.
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Fiqure 18. Conparison of measured corKientration curve to Reist predicted

using a measured evaporation rate.
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Fiqure 19. Conparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Ethyl Acetate - Run 1
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Fiqure 20. Conpatison of measured corK: entration curve to Reist predicted
using a measured evaporation rate.
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Figure 21. Conparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Fiqure 22. Conparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Figure 23. Conparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Figure 24. Conparison of measured concentration curve to Reist predicted
using a neasured evaporation rate.
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Fiqure 25. Conparison of measured corKsentration curve to Reist predicted
using a measured evaporation rate.
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Fiqure 2£. Comparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Figure 27. Comparison of measured concentration curve to Reist predicted
using a neasured evaporation rate
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Fiqure 28. Conparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Fiqure 29. Comparison of measured concentration curve to Reist predicted
using a measured evaporation rate.
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Fiqure 30. Conparison of measured concentration cuive to Reist predicted
using Kawanmura- Macl *y predicted evaporation rate.
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Fiqure 31. Comparison of measured concentration curve to Reist predicted
using Kawanura- Macl y predicted evaporation rate.
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Fiqure 32. Conparison of neasured concentration curve to Reist predicted
using Kawanur a- Mackay predicted evaporation rate
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Figure 33. Conparison of neasured concentration curve to Reist predicted
using Kawamura- Machay predicted evaporation rate.
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Fiqure 34. Conparison of measured concentration cuive to Reist predicted
using Kawanura- Macl <;ay predicted evaporation rate.
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Figure 35. Comparison of measured concentration curve to Reist predicted
using Kawanura- Mackay predicted evaporation rate.
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Hexane - Run 1
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Figure 36. Conparison of measured concentration curve to Reist predicted
using Kawanura-|VlacKay predicted evaporation rate.
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. Conparison of measured concentration curve to Reist predicted
usi ng Kawanura- Macl nay predicted evaporation rate.
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Figure 38. Conparison of neasured corKJentration curve to Reist predicted
usi ng Kawanura- Machay predicted evaporation rate.
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Fiqure 39. Conparison of measured concentration curve to Reist predicted
using Kawanura- Macly predicted evaporation rate.
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Figure 40. Comparison of measured concentration curve to Reist predicted
usi ng Kawanura- Macl *y predicted evaporation rate.
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Figure 41. Conparison of measured concentration curve to Reist predicted
usi ng Kawanmur a- Macl <; ay predicted evaporation rate.
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Figure 42. Conparison of measured concentration curve to Reist predicted
using Kawanura- Mact“ay predicted evaporation rate.
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Figure 43. Conparison of measured concentration curve to Reist predicted
using Kawanura- Macl Ay predicted evaporation rate.
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DI sSCuUssI ON

The data and regression anal yses confirmthat the
evaporation rate for each chem cal is uniformover tine.
These rates were neasured under anbient conditions with no
unusual external influences. Therefore, the predom nant
i nfluence governing the evaporation rate was, as expected, the
vapor pressure. Figure 44 (using data from Tabl e 3)
iIllustrates this relationship between the vapor pressure and
t he evaporation rate. Evaporative cooling apparently did not
play a significant role, even for methylene chloride, which

has the highest vapor pressure, since the rate of evaporation

di d not decrease over tine.

When the velocity over the liquid surface is increased,
the evaporation rate curves do not renmain uniform Additiona
factors cone into play which also affect the rate of
evaporati on. The novenent of air across the surface of the
l'iquid reduces the vapor concentration over the liquid. This,
in turn, reduces the partial pressure of the vapor over the
liquid surface and i ncreases the evaporation rate. The
greater the velocity, the greater the effect. An increase in
the velocity also reduces the surface tenperature, which has
the effect of retarding the evaporation rate. Apparently, the
reduction in surface tenmperature is not as significant as the
reduction of the partial pressure over the liquid surface,

since the overall effect of increased surface velocity is to
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I ncrease the evaporation rate. These influences on the
evaporation rate may account for the irregularities noted in

the velocity test curves.

The evaporation rate curves generated fromthe measured
evaporation rates and the rates predicted using the Kawanura-
Mackay nodel are, in general, simlar (Figures 45-51). Both
the measured and predicted evaporation rates increase with an
increase in velocity. The predicted rates, except for
met hyl ene chloride, fall below the neasured rates. This
suggests that factors which affect evaporation rates may be
present, but are not accounted for in the Kawamura- Mackay
model . The predicted evaporation rates begin to exceed the
measured evaporation rates for nethylene chloride above 250
fpm This may be due to surface tenperature effects which are
greater than those anticipated by Kawanura and Mackay for

l'iquids with high vapor pressures.

Concentration curves were generated using both the
measured and the Kawamura- Mackay evaporation rates in the
Rei st nodel. Both predicted concentration curves were
general ly simlar in shape to the nmeasured concentration
curves. The shape of the predicted concentration curve is
control led by the time constant (T) in the Reist model. This
constant is a function only of the fixed roomvolune and the
flow through the room Had the air flow through the room been


NEATPAGEINFO:id=ACDC0D2E-A30D-4501-896B-1D36C65661C4


76
incorrectly measured, the shape of the predicted and measured
concentration curves would not have been simlar. Based on
t he shape of the observed and predicted curves, the Reist
nodel accurately predicts the tine required for the

concentration to build-up to equilibriumand the tinme required

for the concentration to decay.

The nodel, however, does not consistently predict the
equi libriumconcentration, and the build-up and decay portions
of the predicted curves slope nore steeply than those of the
nmeasured curves. The reason for the differences in the buil d-
up and decay slopes is explained by the fact that the M RAN
and data | ogger average the input data and produce a snoot her

curve than the predicted nodel.

Wiy the nodel does not consistently predict the measured
equi l i briumconcentration is not so clear. One possible
answer is the potential for error during the process of
calibrating the MRAN. However, all of the MRAN calibration
curves were constructed using the sane techni que and
equi pment. Errors in the calibration would, if all other
factors were constant, cause measured concentrations to be
consistently high or consistently low. Since the predictions

were split equally between over and under-estination of the
measured val ues, this would seemto rule out calibration

errors.


NEATPAGEINFO:id=B43419F3-4683-4EB0-9856-476FBC00BCBE


77

Factors which affect the predicted equilibrivim
concentration in the Reist nodel are the flow through the
chanber and the evaporation rate. The flow t hrough the
chanber was determned to be correct, so the only renaining
factor that can effect a difference is the evaporation rate.
The surface velocities are based on evaporation rates measured
I n the chanber for each chemcal. As stated earlier, the
velocities found on the velocity test curves using these
evaporation rates were averaged to obtain the surface velocity
of Runs 1 and 2. These velocities (400 fpmand 600 fpm were
then used to determne the evaporation rates for each chem ca
and used in the Reist nodel to predict the equilibrium
concentrations. Thus, individual fluctuations in velocity
were not taken into account. This could explain why many of

the predicted concentrations did not match the neasured

concentrati ons.

Wth the Kawanura- Mackay evaporation rates, the predicted
equi li bration concentrations fall below the neasured
equilibration concentrations. Wiy this is so is unclear. As
stated above, for predictions using neasured evaporation
rates, errors in determning the svirface velocity could be a
factor. However, the effects of velocity are significantly
reduced in the Kawanura- Mackay nodel as shown in equation

(11). Tenperature plays a larger role in the Kawanura- Mackay
model , equation (12). Each degree error in air tenperature
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measur enent can cause as nuch as 2.5%error in the evaporation
rate prediction. But, since the tenperature varied no nore
than 1 degree, and since the sanme tenperatures measured during

t he chanber tests were used in these predictions, tenperature

woul d not be a source of error.

The differences between the experinental and predicted
equi | i brium concentrations are acceptable. The Kawanur a-
Mackay nodel is a viable alternative to experinentally
determ ning evaporation rates for use in the Reist nodel.
Because t he Rei st-Kawanura- Mackay nodel under-estimtes act ual
concentrations, the predicted results should be nmultiplied by
a factor of two. Then, the predicted results either over-
estimate or closely approximate the measured concentrations,
giving an acceptable and consistent nmargin of safety. This

is critical for the confident application of the nodel to

i ndustrial situations.
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Fiqure 2A Evaporation rate test and regression curves.

115


NEATPAGEINFO:id=6D3F02EA-5932-45B9-AEE0-B3A727D4C455


ETHYL ACETATE EVAPORATI ON RATE
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HEXANE EVAPORATI ON RATE
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FJqure 4A. Evaporation rate test and regression curves
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Figure 5A. Evaporation rate test and regression curves
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Fjqure 7A Evaporation rate test and regression curves.
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TABLE 8A: VELOCI TY TEST DATA - ACETONE

Raw Data - Weight of [iquid in grams, Tenp in degrees Centigrade

Time (mn) 20fpm  Tenp 50f pm  Tenp
0 123. 95 22 132.05 22
2 123.135 22 131.115 22
4 122. 44 22 130. 24 22
6 121.78 22 129.445 22

Tine (nin) 80f pm Tenp 120 fpm Tenp 180 fpm Tem

(o] 128.5 22 129. 48 22 131.1 22
2 127.5 22 128. 318 22 129.72 22
4 126. 57 22 127. 2 22 128. 36 22
£ 125. 68 22 126. 11 22 127. 03 22

Initial weight minus remaining weight = weight avaporated
20f pm 50f pm 80f pm 120 fpm 180 fpm
(0] (0] (0}

(0] 0
0. 815 0. 935 1 1.162 1.38
1.51 1.81 1.93 2.28 2.74
2.17 2. 605 2.82 3.37 4. 07

Vi ght evaporated divided by tine interval = evap rate (g/mn)

20 fpm 50 fpm 80 fpm 120 fpm 180 fpm
0. 4075 0. 4675 0.5 0.581 0. 69
0.3775 0. 4525 0. 4825 0.57 0. 685

0. 361666 0.434166 0. 47 0.561666 0. 678333

Evaporation Rate divided by surface area (59.45 cnt2) = Evaporation Rate (g/mn-cnt2)

20 fpm 50 fpm 80 fpm 120 fpm 180 fpm
0.006854 0.007864 0.008410 0.009773 0.011607

0. 006350 0.007611 0.008116 0.009588 0.011522
0. 006083 0.007303 0.007906 0.009448 0.011410

Average Evaporation Rate

Velocity (fpm (g/ mn-cm "2) Regression Qutput:
65 0. 006429 Const ant 0. 005677
110 0. 007593 Std Err of Y Est 0. 000394
220 0. 008144 R Squar ed 0. 969763
300 0. 009603 No. of GCbservations >
425 0. 011513 Degrees of Freedom 3
X Coef ficient(5) 0. 000013

Std Err of Coef. 0. 000001
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TABLE 9A: VELOCI TY TEST DATA - BUTYL ACETATE

Raw Data - Weight of [iquid in grams, Tenp in degrees Centigrade

Time (mn) 20f pm Tenp 50f pm Tenp
) 96. 21 22.9 95. 17 23.2
2 96. 107 23.2 95. 023 23.4
4 95. 988 23.2 94. 86 23.3
6 95. 866 23.2 94. 707 23.2

Tinme (nin) SOpm Tenp 120 f pm  Tenp 180 fpm  Tenp

o 103. 95 23.2 101. 98 23.1 99. 67 23
2 103. 748 23.2 101. 75 23.1 99. 393 23.2
4 103. 535 23 101. 487 23.1 99. 095 23.1
6 103. 321 23.2 101. 231 23.2 98. 768 23

20 fpm 50 fpm 80 fpm 120 fpm 180 fpm
Initial weight mnus remining weight = weight evaporated
< "GN M EGT S S
0.103 0. 147 0.202 0.23 0.277
0.222 0.31 0.415 0.493 0.575

0. 344 0.463 0. 629 0.749 0.902

Vi ght evaporated divided by tine interval = evap rate (g/mn)
0. 0515 0.0735 0. 101 0. 115 0. 1385

0. 0555 0.0775 0. 10375 0. 12325 0. 14375
0. 057333 0.077166 0. 104833 0. 124833 0. 150333

EV%Poration Rate divided by surface area (63.6172 cni”2) = Evaporation Rate (gymn-cnt2)
00809 0. 001155 0. 001587 0. 001807 0. 002177

0.000872  0.001218  0.001630  0.001937  0.002259
0.000901  0.001212  0.001647  0.001962  0.002363
Average Evaporation Rate

Wﬂmgé(gmo gg%%1ébﬁge§ﬁnOHWboo719
110 0. 001195 stdEnnof YEst 0. 000091
220 0. 001622 R Squared 0. 979563
300 0. 001902 No. o Obser vati ons 5
425 0. 002266 Deqr ees of Freedom 3

X Coefficient(s) 0. 000003
Std Err of Coef. 0. 000000
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TABLE 10A: VELOCITY TEST DATA - ETHYL ACETATE

Raw Data - Veight of liquidin grams, Tenp in degrees Centigrade

Time (mn) 20 fpm  Tenp 50 fpm  Tenp
o 93.5 23 98. 4 23.2
2 92. 84 23 97. 672 23.1
4 92.2 23.1 96. 897 23.2
6 91.55 23 96. 138 23.1

Time (mn) 80 fpm Tenp 120 fpm Tenp 180 fpm  Tenp

(o] 91. 64 23.2 95. 57 23 95.6 22.7
2 90. 833 23.2 94. 58 23 94. 48 22.9
4 89. 922 23.1 93. 57 23 93. 593 23
6 89. 004 23.2 92. 52 23 92.729 23.1

20 fpm 50 fpm 80 fpm 120 fpm 180 fpm

Initial weight mnus remining weight = weight evaporated
O O O O O

0.66 0. 728 0.807 0.99 1. 12
1.3 1.503 1. 718 2 2. 007
1. 95 2. 262 2.636 3.05 2.871

Véi ght evapora ted d|\:/3|%e£d1 b}bnﬁeolénServal. = ev5p rat eég mn)

0. 325 0. 37575 0.4295 0.5 0.50175
0.325 0.377 0. 439333 0.508333 0.4785

Evaporation Rate divided by surface area 863 6172 cnt2) = Evaporation Rate
0.005187 0.005721 (), 006342  0.00778 0. 008802 F g/mn-cn 2)
0.005108 0.005906 0.006751 0. 007859 0. 007887

0.005108 0.005926 0.006905 0. 007990 0. 007521
Averaqge Evaporation Rate

ilelocity (g/mn-cm"2) Regressi on Qutput:
65 0. 005134 Const ant
110 0. 005851 St dEr r of YEst
220 0. 006666 R Squar ed
300 0. 007876 No. of Cbservations
425 0. 008070 Deqgrees of Freedom
X Coefficient(s) 0. 000008

Std Err of Coef. 0. 000001

123

0. 004835
0. 000388
0. 929460
5
3
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TABLE 11 A1 VELOCITY TEST DATA - HEXANE

Raw Data - Weight of liquidin grams, Tenp in deqrees Gentigrade

Time (mn) 20fpm  Tenp 50fpm Tenp
0 75.15 22.7 79.4 22.8
2 74. 255 22.8 78. 41 22.8
4 73.36 22.9 77.3 22.8
6 72.55 22.8 76. 26 22.8

Time (mn) SO pm  Tenp 120 fpm  Tenp 180 fpm  Tenp
(o] 80. 8 22.9 83.2 22.9 86. 85 22.9
2 79. 325 22.8 81.34 22.9 84. 18 22.7
4 77.853 22.8 79. 395 22.9 81. 874 22.7
£ 76. 46 22.9 77.55 22.8 79.8 22.6

20 fpm 50 fpm 80 fpm 120 fpm 180 fpm

Initial v»eé;gt mnuscre)mai ni ngéwgi)ght = we(i%ht evapogt)ed

0.895 0.99 1.475 1.86 2. 67
1. 79 2.1 2.947 3. 805 4. 976
2.6 3.14 4.34 5.65 7. 05

Viéi ght eva;)orat ed divided by tine interval = eva rateég/m‘n)
0. 4475 0. 495 0.7375 0.93 1.3

0. 4475 0.525 0. 73675
0.433333 0.523333 0.723333

0.95125 1. 244
0. 941666 1.175

Evaporation Rate divided by surface area of 63,6172 cn2 = Evaporation Rate {q/mn-cnt2)

Regressi on Qutput:

0.007034 0.007780  0.011592 0.014618 0.020984
0.007034 0.008252  0.011580 0.014952 0.019554
0.006811 0.008226  0.011370 0.014802 0.018469
Evaporation Rate
Vel ocity (g/mn-cni 2)
65 0. 006960 Const ant

110 0. 008086 St dErrof YEst

220 0.011514 R Squa[ed

300 0.014791 No. of Chservations

425 0. 019669 Deqrees of Freedom

X Coef ficient(s)
Std Err of Coef.

0.000035
0. 000001

0.004240
0. 000442

0.994540
5
3
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TABLE 12A: VELOCI TY TEST DATA - METHYLENE CHLORI DE

125

Raw Data - \iéight of liquidin grams, Tenp in degrees Centi grade
ime (mn) 20f pm Tenp 50f pm Tenp
(0} 105. 704 23.1 123. 219 23. 3
2 104. 583 23.1 122. 118 23.3
4 103. 5 23.2 120. 965 23.3
6 102. 452 23.2 119. 845 23.3
ime (mn) 80fpm  Tenp 120 f pm  Tenp 180 fpm  Tenp
(0] 126. 705 23.2 123. 766 23.3 130. 06 23. 4
2 125. 37 23.3 122. 312 23. 4 128. 325 23.1
4 124. 062 23.4 120. 858 23.3 126. 612 23.4
6 122. 767 23.3 119. 417 23.2 124. 89 23. 4
20 fpm 50 fpm 80 fpm 120 fpm 180 fpm
InKial weight mnus remaining weight = weight evaporated
o o o o O
1.121 1.101 1.335 1.454 1.735
2.204 2.254 2.643 2.908 3. 448
3.252 3.374 3.938 4.349 5.17
Véi (g],t evagorated divided by time interval_= eva rate7(§/m'n)
. 5605 0.5505 0.6675 0.727 0. 86
0.551 0.5635 0. 66075 0.727 0.862
0.542  0.562333  0.656333  0.724833  0.861666
Evaé) oration Rate divided by surface area of 63.6172 cnf2 = Evaporation Rate (g/mn-cnt2)
08810  0.008653  0.010492  0.011427  0.013636
0.008661  0.008857  0.010386  0.011427  0.013549
0.008519  0.008839  0.010316  0.011393  0.013544
Average Evaporation Rate
0.008663 0.008783 0.010398 0.011416 0.013576
Evaporation Rate o
i Imin-cm 2 Regr essi on Qut put:
Vel oci ty65 (go. |n-em ) const ant 0. 007448
110 0. 008783 Std Err of Y Est 0. 000280
220 0. 010398 R Squar ed 0. 985796
300 0.011416 No. of Cbservations 5
425 0. 013576 Degrees of Freedom 3
X Coefficient(s) 0.000013
Std Err of Coef. 0. 000000
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TABLE 13A: VELOCI TY TEST DATA - MEK

Raw C'ta - Weight of liquidin grams, Tenp in degrees Centigrade

Time (mn) 20f pm Tenp 50 fpm Temp
o] 118. 82 22.1 117. 29 22.2
2 118. 45 22.1 116. 6S 22.2
4 117. 87 22.1 116. 08 22.2
£ 117.53 22.1 115.54 22.2

Time (nin) 80 fpm Tenp 120 fpm Tenp 180 fpm  Tenp

(0] 115. 42 22. 3 113. 11 22.3 110. 66 22.3
2 114. 625 22.3 112. 245 22.3 109. 725 22.3
4 113. 88 22.3 111. 42 22.3 108. 868 22.3
6 113. 14 22.3 110. 68 22.3 108. 09 22.3
20 fpm50 fpm 80 fpm 120 fpm 180 fpm
Initial weight mnus remaining weight = weight evaporated
o o e e ) o

0. 37 0.63 0. 795 0. 865 0. 935
0.95 1. 21 1.54 1.69 1. 792
1.29 1.75 2.28 2.43 2. 57

Vi ght evapotBted divided by time interval = evap rate {qg/niin)
0. 185 0. 315 0. 3975 0.4325 0.4675

0. 2375 0. 3025 0. 385 0.4225 0. 448
0. 215 0. 291666 0. 38 0.405 0. 428333

Evaporation Rate divided by surface area of 59.45 cm*2 = Evaporation Rate (g/mn-cnt2)

0.003112 0.005298 0.006686 0.007275 0.00786
0.003995 0.005088 0.006476 0.007107 0.007536
0.003616 0.004906 0.006392 0.006812 0.007205

Evaporation Rate

Vel ocity [g/mn-cnt2) Regr essi on Qut put :
65 0. 003574 Const ant 0. 003635
110 0. 005097 Std Err of Y Est 0. 000674
220 0. 006518 R Squar ed 0. 869387
300 0. 007065 No. of Observations 5
425 0. 007535 Deqrees of Freedom s
X Coefficient(s) 0.000010

Std Err of Coef. 0. 000002


NEATPAGEINFO:id=78D2F8C2-FBEB-4175-A051-A15522F21651


127

TABLE 14A: VELOCI TY TEST DATA - TOLUENE

Raw Data - i ght of liquidin grams, hm|n%m%s@nwm%

Time (mn) 20f pm Tenmp Tenp
0 87.3 22.8 82 85 22.7
2 86.874 22.8 82. 395 22.8
4 86. 454 22.8 81.913 22.9
6 86. 053 22.7 81. 43 22.9

Time (mn) SO pm Tenp 120fpm  Tenp 180 fpm  Tenp
0 90. 51 22.9 85. 35 22.8 85. 3 22.7
2 89. 95 22.8 84. 77 23 84. 61 22.8
4 89. 353 22.8 84. 184 23 83. 924 22.8
6 88. 753 22.8 83. 56 23 83. 239 22.8

20 fpm 50 fpm 80 fpm 120 fpm 180 fpm
Initial v»e(i%ht mnus renaining weight = weight evaporated
O O e

0. 426 0.455 0.56 0.58 0. 69
0.846 0.937 1.157 1.166 1. 376
1.247 1.42 1.757 1. 79 2. 061

Véi ght evaporated divided by time interval = evap rate (éyn1n)
0. 213 0.2275 0.28 0.29 0.34

0.2115 0.23425 0.28925 0. 2915 0. 344
0.207833 0. 236666 0.292833 0.298333 0.3435

Evaporation Rate divided by surface area of 63.6172 cnt2 = Evaporation Rate (q/mn-cnt2)

0. 003348 0.003576 0.004401 0. 004558 0.005423
0.003324 0.003682 0.004546 0.004582 0.005407
0.003266 0.003720 0.004603 0. 004689 0. 005399

Average Evaporation Rate

Velocity (f (g/mn-cm”2) Regression Qutput:
y£(5 P 0. 003313 Const ant 0. 003040
110 0. 003659 St dEr r of YEst 0. 000163
220 0. 004517 R Squar ed 0. 970963
300 0. 004610 No. of GCbservations >
425 0. 005409 Deqrees of Freedom 3
X Coefficient(s) 0. 000005

Std Err of Coef. 0. 000000
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TABLE 16A: M RAN CAUBRATI ON CURVE DATA - ACETONE

M ran Readi ng Concentration in Corrected
A M RAN in ppm A- Ao

0. 108 o o
0.163 26. 13929 0. 055
0.2125 52. 26688 0. 1045
0. 2636 78. 38274 0. 1556
0.331 130. 5910 0.223
0. 387 182. 7525 0.279
0. 4575 260. 9247 0. 3495
0.513 338. 9917 0. 405
0.5712 442.9411 0. 4632
0. 6304 572. 6451 0. 5224

0. 68 702. 0585 0.572
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TABLE 17A: M RAN CAL| BRATI ON CURVE DATA -

M ran Reading

A

0. 0142

©cooo0o0o0

. 084

148
206
305
383

. 44£

Concentration in

M RAN in ppm
[0}

7.271758

14.
21.
36.
50.
64.

52723
76645
21247
59385
91089

Corrected Mran Reading

©o o0ooo oo

BUTYL ACETATE

A- Ao
0

. 0698
. 1338

1918

. 2908
. 3688
. 4318
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TABLE 18A: M RAN CALI BRATI ON CURVE DATA -

M ran Reading

o/ oA

0. 0314

cooooo0

134
311

445
566
654
716

Coitcentiation in

M RAN in ppm
(0]

9. 867570
29. 58501
49. 26713
73. 82568
98. 32923
122. 7778

ETHYL ACETATE

Corrected

O O O O oo

A- Ao
(0]

. 1026
. 2796
. 4136
. 5346
. 6226
. 6846
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TABLE 19A: M RAN CALI BRATI ON CURVE DATA - HEXANE

M ran Reading Concentration in Coirected Mran Reading

Absor bance (A) M RAN in ppm A-Ao
0.0114 00
0. 019 14. 76108 O. 0076
0. 0246 29.50894 0.0132

O. 0309 44. 24357 0. 0195
O. 0387 66. 32571 0. 0273
0. 0481 95. 72898 0. 0367
O. O577 125. O795 0O. 0463
O. 0659 154. 3775 0. 0545
O. O733 183. 6230 0. 0619
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Fiqure 49. Conparison of measured evaporation rates to those predicted
by the Kawamura- Mackay model .
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Evaporation Rate Conparison for
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Fiqure 50. Conparison of measured evaporation rates to those predicted
by the Kawanura- Macl *y nodel .


NEATPAGEINFO:id=AE91B607-27ED-4F68-9AA7-4F2D5613B8DF


85

Evaporation Rate Conparison for
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Fiqure 51. Conparison of measured evaporation >3.tes to those predicted
by the Kawanura- Macl “ay nodel .
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CONCLUSI ONS AND RECOMVENDATI ONS

The nodel s presented could prove to be invaluable to the
I ndustrial hygienist concerned wwth chemcal spills or
evaporation of solvents from open surface tanks or other
containers in a workplace. |If he or she has determined the
air flow characteristics of the room volune of the room
physical properties of the chemcal, and can estimate the
spill area, and air velocity across the surface of the spill,
he or she can accurately predict the time required to reach
the equilibriumconcentration in the room The resultant
concentration val ue can be a good approxi mation but should be
multiplied by a factor of two to ensure that the expected
concentration is over-estinmated, providing a safety margin
| nvestigation into the basis for the consistent under-

prediction of the expected air concentration i s needed.

The results obtained using the Reist nodel and the
Kawamur a- Mackay nodel were cal cul ated using LOTUS 1-2-3.
Wt hout the use of a program such as this, calculating
concentrations, especially in an emergency situation, could
be difficult. The prudent industrial hygienist could prepare
a spreadsheet, for each workplace and the chem cals used
there, frominformation gathered during surveys. Then,
concentration curves could be devel oped for a particul ar

chem cal within mnutes of a spill
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The major factors affecting vapor concentration over a
| i quid according to the nodels are: air flow through the
room surface area of the spill, air velocity over the liquid,
and the liquid surface tenperature. Increasing air flow
t hrough the room both increases the renoval of airborne vapors
and increases the velocity over the liquid surface which
i ncreases the evaporation rate. Reducing the surface area
reduces the evaporation rate reducing the concentration in the
air. Increasing the air velocity over the liquid increases
t he evaporation rate but also |owers the liquid surface

t enperature which hel ps reduce the evaporation rate.

This know edge can be put to use in the event of a spill.
The nost inmportant thing to do is to first cover the spil
with an inert absorbing material to reduce the vapor pressure
over the liquid. Enough material nust be used to ensure the
l'iquid does not soak through. If this happened, the surface
area woul d increase and the evaporation rate would escal ate.
Next, the flow through the room shoul d be increased to ensure
rapid renoval of any airborne contam nant. Finally, clean up

the spill as soon as possible.

The results of this research are good only for the
chem cals tested. Further research in the application of

t hese nodels to other classes of chem cals and chem cal

m xtures woul d have significant industrial applications.
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SAMPLE CALCULATI ON FOR ACETONE USI NG REI ST MODEL

Spill & Chem cal Data

Chem cal

Spill Area, A

Vel ocity over surface of liquid
Al r tenperature

Mol ecul ar wei ght, MWV

M xi ng factor, K

Room vol une, X

Air flow through room Q

El apsed tinme, t

Rat e of generation, m

Acet one

619 cnt

400 fpm
22.4 C

58. 08

1
830 ftA

713 ftVmn

8 mn

. 006859 g/ m n-cnt

(f rom Kawamnur a- Mackay

nodel )

Model Cal cul ations for Build-up Concentration

Since there is no filter and no incom ng concentration of

contam nant, equation (7) reduces to:

C=(mQ(l-exp-"")

where T = X/ (KQ

C = (n713)(1-exp(H (1) n8)/830)

Converting mto units of ftVmn:

m= (. 006859) (619) (22. 4) (273+22. 4)

(58. 08) (28. 3) (273)

.0626 ftVmn

m
and C
C

to get ppm

(8.8 X 10'')(.9989) = 8.8 X 10
= (8.8"") (10%) = 88 ppm
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EXPERI MENTAL METHODS

Determ nation of Evaporation Rates.
A. Apparatus set up (Equi pment List 1):
1. Open fume hood sash fully.
2. Place bal ance inside fune hood.
3. Attach tenperature probe to side of bal ance.
Ensure that the end of the probe extends into

bal ance door area but does not contact any part

of the bal ance.

B. Pr ocedur e:

1. Measure cross-draft through the balance wth
anenoneter and record the velocity.

2. Zero the bal ance.

3. Weigh petri dish bottomand record the weight.

4. Fill petri dish to wthin several nmfromthe top
with the chemcal to be tested and place on
bal ance pan.

5. C ose bal ance doors and weigh petri dish and
chem cal, note the weight, start the stopwatch,
and record the weight noted and tenperature. Open
bal ance doors.

6. Record weight at regular time intervals.

7. Repeat the procedure in lines 5 and 6 until enough
measur ement s have been taken to ensure an accurate

cur ve.
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8. To plot the evaporation rate curve, subtract the
wei ght of the petri dish fromeach nmeasured wei ght
and plot the difference vs tine interval

Il. Determ nation of Evaporation Rates as a Function of Tine,
Surface Area, and Weight at Various Velocities.
A.  Apparatus Setup (Equi pnent List 2):

1. Place the balance on a | aboratory workbench near
a flexible exhaust hood with bl ast gate.

2. Position the exhaust hood near a door opening in
t he bal ance and secure the hood to the bench.
Ensure the hood is positioned to allow airflow
across the top of the petri dish when placed on
t he bal ance pan.

3. Tape cardboard squares over the door areas to
reduce the area. Ensure that there is enough
space between the bottom of the cardboard squares
and the top of the petri dish when on the pan to
allow for air flow across the top of the dish,
and that the doors close easily. Al so, the space
nmust be wi de enough to allow for easy renova
from and placenent of the petri dish on the
bal ance pan.

4. Tape the thernoanenoneter probe to the door
opposite the exhaust hood. Ensure that the probe
sensor is positioned at the sane height as the

top of the petri dish and that it is properly
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aligned to nmeasure the maxi numvelocity.
5. Attach the tenperature probe so probe extends

into the airstreambut does not contact any part

of the bal ance.
Pr ocedur e:

1. Zero the bal ance.

2. Weigh the petri dish and record the weight.

3. Turn on the exhaust and adjust the blast gate to
achi eve the desired velocity across the top of
the petri dish.

4. Fill petri dish to within several nmof the top
but not conpletely full and place on the bal ance
pan.

5. Cose the bal ance doors, weigh the chem cal and
petri dish, start the stopwatch, open doors, and
record wei ght and tenperature.

6. Leaving the stopwatch running, take and record
nmeasurenments as described inline 5 at 2, 4, and

6 mnute interval s.

7. Follow ng the procedures outlined in lines 3-6
above and record neasurenents for each chem ca
at velocities of 20, 50, 80, 120, and 180 feet
per m nute.

8. Plot of evaporation rate curves:

a. For each velocity run done, subtract the

wei ght of the petri dish fromthe nmeasured
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wei ght and divide the difference by: the time
interval in mnutes, the area of the petri
dish in square centineters, and the nunber
of time runs done (3). This yields one data
poi nt on the curve,

Repeat the procedure in 8.a. for each
velocity run and plot the results

(evaporation rate in g/mn-cnt) vs velocity.

111, Chanber Data Col |l ecti on.

A. MRAN Calibration (Equipnent List 3). Calibrate the

M RAN using the follow ng technique:

1. First, a known concentration of vapor of the

chem cal to be used nust be nmde. To do this:

a.

Det erm ne the maxi num vapor concentration
of the chem cal at equilibriumat the
present tenperature using the follow ng
equati on:

Cm= VP 14.7 X 10"

Wiere: Cm = Maxi mum concentration in parts

per mllion (ppm

VP = Vapor Pressure in pounds per
square inch absol ute (psia)
14.7 = Atnospheric Pressure in psia

VP i s obtained using the follow ng
equati on:

log VP = (A - (BIC+ T))/760 X 14.7
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Where: A, B, and C are constants obtai ned
from Lange' s Handbook of Chem stry [5]
T = Tenperature in degrees Centigrade (C

b. Once the naxi mum concentrati on has been
determ ned, a known concentration can be
made in the calibration flask using the

foll ow ng equation (note: the known

concentrati on should be |l ess than the
maxi mrum concentrati on to ensure that the
l[iquid chemcal that is injected into the

calibration flask totally evaporates).

O = Vi Xp XNX(T+273)/273 X | oV( MV

X VF)
Vher e:
Cf = Concentration in flask in ppm
Vi = Volune of liquid injected
into flask in mlliliters (m)
= Density in grams per milliliter (g/m)
N = Mol ar volune at O degrees C

(22.4 g/ g nol e)
T = Tenperature in degrees C
MN = Mol ecul ar Weight in g/g nole
Vf = Volune of flask in liters (1)
c. Pick a value for Cf (nmust be < Cm
and solve the above equation for Vi.

This will give the anmount of liquid that
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must be injected into the calibration

flask to produce the desired concentration

(Cf).

4. Extract the anount of chem cal determn ned
for Vi using a syringe and inject into
the calibration flask through the septum

5. Hold the flask in a horizontal position
in both hands and gently rock the flask
to allow the glass beads to spread the
liquid across the interior of the flask.
Then vigorously shake the flask to all ow
the liquid adhering to the beads to
evaporate. Repeat this process until all
the |iquid has evapor at ed.

Next, determ ne the analytical wavel ength,

pat hl ength, and slit width required for the

chem cal used.

1. Make a strip chart record of the M RAN

in % Transm ssion and Scan nopde for

anbient air. Conpare to a scan nade

after injecting a small amount of

chemical into the M RAN. Peak
differences will determ ne the best
wavel ength to use.

2. Path length and slit width will depend on

the sensitivity required for the
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det ecti on of the chem cal used.

c. Connect the Metal Bellows punp to the
M RAN as shown in Figure 4 (note: the M RAN
shoul d be turned on at |east 24 hours prior
to use). Set the MRAN to the proper
wavel ength, pathlength, slit width, and set
scal e to absorbance (1 A). Connect Data
Logger to output term nals.

d. To calibrate the M RAN, known vol unes nust
be extracted fromthe calibration flask and
injected into the MRAN. As extractions are
made fromthe flask, the concentration in the
flask changes. And, as injections are nade
into the MRAN, the concentration there al so
changes. To account for these changes in
concentration, the follow ng equations are
required:

For change in concentration in the flask:
C=Co Xe"/'" [8]
Where: C = Concentration in flask after

extraction in ppm

Co = Concentrati on before extraction

in ppm
W= Vol une extracted in 1
Vf = Volune of flask in 1

For change in concentration in the M RAN
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Cm = W X Co/ Vm
VWher e: Cm = Concentration in M RAN after
injection in ppm
W= Volunme injected in 1
Co = Concentration in volune injected
in ppm
Vm = Volune of MRAN in 1

e. Extractions fromthe calibration flask are

injected into the MRAN. The change in
absorbance is noted after each injection by
readi ng the output on the data | ogger.
Record the absorbance after each injection
(all owi ng 30 seconds between injection and
reading to allow for mxing in the MRAN
cell). Each injection equals one data point
on the calibration curve. Ensure enough
points are taken to get a good curve.
f. Plot concentration vs absorbance to get the
calibration curve
B. Characterization of Chanber (Equipnent List 4).
1. Measure and record the inside dinensions of the
chanmber .
2. Determine the air flow through the chanber.

C. Chemi cal Buildup and Decay Measurenents.

1. Apparatus set up (Figures 5-7 and Equi pnent

List 5):
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Program dat a | ogger.

1. Two channels are required. Program one
channel for input fromthe MRAN to
record absorbance. Programthe second
channel to record tenperature using a
Type J thernocoupl e.

2. Programthe systemfor:

1 sanpl e/ second
input length = 1 minute
# periods to conbine =1
baud rate = 9600
Connect the M RAN and the thernocouple to
the appropriate data | ogger termnals.
Connect tubing with diffuser to MRAN inlet.
Connect M RAN punp to M RAN outlet and turn
on punp.
Turn on chanber ventilation system
Position cart in chanber.
Tape tubing to cart with probe positioned
over pan area.
Place fan on cart in front of pan area.

Pl ace pan on cart.

Pr ocedur e:

a.

Determ ne the air velocity over the liquid
surface either by direct neasurenent, by

cal cul ation using enpirical data from
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evaporation rate tests in the chanber, or
by prediction using the Kawanura- Mackay
model .

Set data | ogger to | og node,

and pour chem cal into pan, filling to

hei ght approxi mated during velocity

nmeasur enent s.

Cl ose chanber door.

Observe the input fromthe M RAN channel on
the data | ogger. Wen the absorbance peaks
or appears to decline renove pan contai ning
chem cal fromthe chanber and place in
cheni cal fune hood.

When the input fromthe MRAN returns to
zero termnate the | og node on the data
| ogger.

Repeat lines c through f above with the fan

on.
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CHEM CAL UST

Al chemcals were fromthe Aldrich Chemical Conpany

Acet one 99 + Vo
2-Butanone (MEK) 99 + Vo
Butyl Acetate 99 + Vo

Ethyl Acetate 99.5 + Vo

Hexane HPLC 96. 9Vo

Met hyl ene Chloride 99. 6% ACS Reagent

Tol uene 99 + % ACS Reagent

101
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EQUI PMENT LI ST 1

Mettier Balance - Type H4, Capacity 160g, SN 127526

YSI Digital Thernometer - Mbdel 49Ta, SN 820

YSI Probe - Series 400

TSI Air Velocity Meter - Mdel 1650, SN 058, Calibrated May 89
Heuer Mcrosplit Stopwatch - Mdel 1020

A ass Petri Dish Bottom- 9cm di aneter

Kewaunee Scientific Corporation Laboratory Fume Hood
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EQUI PMENT LI ST 2

Mettler Balance - Type H4, Capacity 160g, SN 127526
YSI Digital Thermometer - Model 49Ta, SN 820

YSI Probe - Series 400

TSI Air Velocity Meter - Model 1650, SN 058, Calibrated May 89
Heuer Mbrospl K Stopwatch - Mdel 1020

@ ass Petri Dish Bottom- 9cmdianeter and 8.7cm di aneter

Fl exi bl e Exhaust Hood with Blast Gate
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EQUI PMENT UST 3

W!lks MRAN - Mdel 1A-CVF, SN 2833

Metrosoni cs Data Logger - Model df-714, SN 001222
OMEGA Type J Iron Constantan Thermocoupl e

2.23 Liter Flask with Rubber Stopper

Heuer Mcrosplit Stopwatch - Model 1020

Metal Bellows Punp - Model MB-41, SN 11630

d ass Beads
Mdel ing C ay
Hami [ ton Gastight 5m Syringe - Mbdel 1005
Ham hon Gastight 1m Syringe - Mdel 1001
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EQUI PMENT LI ST 4

TSI Air Velocity Meter - Model 1650, SN 058, Calibrated May 89
Stanl ey Powerlock Il Tape Measure - Model PL312
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EQUI PMENT LI ST 5

W1lks MRAN - Mdel 1A-CVF, SN 2833

Metrosoni cs Data Logger - Mbdel dl-714, SN 001222
OMEGA Type J Iron Constantan Thermocoupl e

Fan - Axial Type, 3-Blade, 5 5in Diameter

Staco Variable Autotransformer - Mdel 3PN1010, SN 8935

Cart
830 Cubic Foot Qianber with Exhaust Ventilation = 418cfm
Model ing C ay

Inperial Eastman Nylo-seal "7" Tubing, C908-1/2" ID with Probe

Teflon coated pan measuring 8" X 12" X 2"
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TABLE 1A:

TEMP
(deg O
22.9
22.9
22.8
22.9
23
23
22.9
23
23
23
23
23
23
23
23
23
23.1
23
23.1
23
22.9
23

Const ant

EVAPORATI ON RATE TEST -

ELAPSED
TI ME( nin)

ok wbd
© ® N g ;o oo PO

N R R R PR PR PR
O o ®m~NWthN»wWNPEFO

21.5
24
25

W OF AUETONE

AND DI SH (g)
70.6

70. 27
69. 56

69.

145

68. 75

68.

355

67.7

67.32
66. 96

66.
66.

625
255

65.91
65. 56

65.
64.
64.
63.
63.
63.
62.

233
524
235
913
565
297
805

61. 97

61.

Regression Qutput:

Std Err of Y Est

R Squar ed

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

675

- 0. 355734146
0. 004536538

ACETONE

W OF
ACETONE (g)
43. 36
43. 03
42. 32

41.

905

41.51

41.

115

40. 46
40. 08
39.72

39.
39.

385
015

38. 67
38. 32

37.
37.
36.
36.
36.
36.
35.

993
284
995
673
325
057
565

34.73

34

435

43. 0896127
0. 15576689
0. 99675796

22
20

Regr essi on

Cur ve

43.
42.
42.
41.
41.
41.
40.
40.
39.
39.
39.
38.
38.
38.
37.
37.
36.
36.
35.
35.
34.
34.

08961

73387
20027
84454
48880
13307
59947
24373
88800
53227
17653
82080
46506
10933
39786
04213
68639
33066
97492
44132
55199
19625
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TABLE 2A: EVAPCRATI ON RATE TEST - BUTYL ACETATE

TEMP ELAPSED VW OFBA W OF BUTYL

(deg  TIME (min) & DISH 69) ACETATE (9)

23.2 o) 70"e 43. 36

23.1 1 70. 558 43. 318

23.1 2.5 70. 507 43. 267

23.1 3.5 70. 463 43. 223

23.2 5.5 70. 38 43. 14

23.2 6.5 70. 34 43.1

23.2 8.5 70. 244 43. 004

23.3 10 70.172 42.932

23.3 12.5 70. 06 42. 82

23.4 14.5 69. 965 42.725

23.4 16 69. 902 42.662

23.4 19 69. 75 42.51

23.4 21 69. 66 42. 42

23.3 25 69. 439 42.199

23.4 28 69. 297 42.057

23. 4 30 69. 2 41. 96

23.3 33 69. 16 41. 92

23.5 44 68. 567 41. 327

23.4 47 68. 42 41.18

23.4 50 68. 265 41. 025

23. 4 54 68. 066 40. 826

23.5 56 67. 98 40. 74

23.4 63 67.607 40. 367

23.3 79 66. 616 39. 376

23.3 85 66. 38 39. 14

Regression Qutput:

Const ant 43. 4310

Std Err of Y Est 0. 06084

R Squar ed 0.997

No. of Cbservations 25

Degrees of Freedom 23
X Coefficient{s) -0. 0492344

Std Err of Coef. 0. 00050013

REGRESSI ON

CURVE

43.
43.
43.
43.
43.
43.
43.
42.
42.
42.
42.
42.
42.
42.
42.
41.
41.
41.
41.
40.
40.
40.
40.
39.
39.

43104
38180
30795
25872
16025
11101

01254
93869
81561

71714
64328
49558
39711

20017
05247
95400
80630
26472
11702
96931

77237
67391

32926
54151

24611

108


NEATPAGEINFO:id=1D059118-407D-4EEC-995D-1183855B6A6A


TABLE 3A: EVAPORATI ON RATE TEST DATA - ETHYL ACETATE

TEMP ELAPSED WI OF ETHYL ACETATE WI OF ETHYL

(deg C) TIME (min) AND DI SH Sg%
22.3 0 8
22.2 1 81.19
22.2 2 80. 87
22.2 3 80. 628
22.1 4 80. 35
22.2 6 79. 615
22.2 7 79. 388
22.1 8 79. 17
22.2 10 78. 635
22.1 12 78.09
22.3 13 77.883
22.3 15 77.333
22.2 17 76. 799
22.2 19 76. 293
22.2 21 75.76
22.3 23 75. 225
22.3 25 74.74
22.2 28 73.928
22.3 30 73. 469
22.3 32 73.012
22.3 35 72.548
22.2 37 72.043
22.4 39 71.5
Regression Qutput:

Const ant

St dEr r of YEst

R Squared

No. of Otaservations
Degrees of Freedom

- 0. 2562099992
0. 0025895659

X Coefficien(s)
Std Err of Coef.

AubTATE

5%

53. 95
53. 63

53.

388

53.11

52.
52.

375
148

51. 93

51.

395

50. 85

50.
50.
49.
49.

643
093
559
053

48. 52

47.

47.5
46.
46.
45.
45.
44.

985

688
229
772
308
803

44. 26

54. 026185639
0. 1504023898
0. 9978593266

23
21

Reqressi on Cuive
54.

53.
53.
53.
53.
52.
52.
51.
51.
50.
50.
50.
49.
49.
48.
48.
47.
46.
46.
45.
45.
44.
44.

02618
76997
51376
25755
00134
48892
23271

97650
46408
95166
69545
18303
67061

15819
64577
13335
62093
85230
33988
82746
05883
54641

03399
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TABLE 5A: EVAPORATI ON RATE TEST DATA - METHYLENE CHLORI DE

TEMP ELAPSED WI OF VETH CHLORIDE W OF METH
(deg O  TIME (tflin) AND DI SH (q) CHLORI DE (q) Regression Curve
23.3 0 72.2 44,96 44' 40135
23.3 1 71.32 44.08 43.84301
23.3 2 70. 49 43.25 43.28467
23.3 3 69. 79 42.55 42.72632
23.2 4 69. 25 42.01 42.16798
23.1 5 68. 66 41.42 41.60964
23.2 e 68. 1 40.86 41.05130
23.2 7 67.6 40.36 40. 49295
23.2 8 67.095 39.855 39.93461
23.2 9 66. 44 39.2 39.37627
23.3 10 65. 93 38.69 38.81793
23.2 11 65. 448 38.208 38.25958
23.2 12 64. 925 37.685 37.70124
23.2 13 64. 398 37.158 37.14290
23.2 14 63. 935 36.695 36.58456
23.2 15 63. 42 36.18 36.02621
23.2 1£ 62. 885 35.645 35.46787
23.1 17 62. 232 34,992 34.90953

Reqgression Qutput:

Const ant 44. 401356725
Std En of Y Est 0. 2010422172
R Squared 0. 9957367216
No. of Cbservations 18
Deqrees of Freedom 16
X Coeffici ent(s) -0. 5583426213

Std Err of Coef. 0. 0091335661
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TABLE fi A EVAPORATI ON RATE TEST -

TEMP ELAPSED WI OF MEK

(deq ©) TIME (nin) AND DI SH gg)
22 o 1257.75
22 1 125. 625
22 4 125. 265
22 6 125. 04
22 8 124. 815
22 10 124. 58
22 12 124. 368
22 14 124. 16
22 n& 123. 95

Regression Qutput:

Const ant
Btd Err of Y Est

R Squar ed

No. of Observations
Degrees of Freedom

-0.112633567
0. 0011208766

X Coefficient(s)
Std En- of Coef.

MEK

I OF
MEK (q
39. 45
39. 325
38. 965
38.74
38.515
38.28
38. 068
37.86
37.65

=

39. 42777592
0.017824717
0. 999307249
9
7

Regression Curve
39", 42777

39.
38.
38.
38.
38.
38.
37.
37.

31514
97724
75197
52670
30144
07617
85090
62563
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TABLE 7A. EVAPORATI ON RATE TEST DATA - TOLUENE

TEMP ELAPSED W OF TOLUENE

(deq O TIME (mn)

21.
21.
21.
21.
21.
21.
21.
21.

N O N 0o o 0o O o

N
N

21.
21.
21.
21.
21.
21.
21.
22
22
22.1
21.9
22.1
22
22.1
22.1

©® ©® ™ © O © ™

34.5
36
37.5
39.5
41.5
43
44.5
46
47.5
49
50

AND DI SH (g)
67. 38

67. 032
66. 735
66. 14
65. 94
65. 67
64. 935
64. 06
63. 765
63. 4
62. 86
62.575
62. 425
61. 63
61. 43
61. 158
60. 84
60. 52
60. 265
60. 04
59.79
59.6
59. 383
59. 29

Regressi on Qut put:

Const ant
Std Err of Y Est
R Sc| uared

No. of Cbservations

Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0. 1660624667
0. 0011589451

W O
TOLUENE ( g)
40. 14
39. 792
39. 495
38.9
38.7
38. 43
37. 695
36. 82
36. 525
36. 16
35. 62
35. 335
35. 185
34. 39
34. 19
33.918
33.6
33. 28
33. 025
32.8
32.55
32. 36
32. 143
32. 05

40. 1853284
0. 08920984
0. 99892961
24
22

Regr ession Curve
10 532

39.
39.
38.
38.
38.
37.
36.
36.
36.
35.
35.
35.
34.
34.
33.
33.
33.
33.
32.
32.
32.
32.
31.

60410
35501

93985
60773
35864
77742
94711

61498
28286
70164
36951

20345
45617
20707
95798
62586
29373
04464
79554
54645
29736
04826
88220
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N th

ACETONE EVAPORATI ON RATE

O <1 5 a= 166

TINE (min)
Q Doto - Regression Curve

Figure 1 A Evaporation rate test and regression curves.
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TABLE 20A: M RAN CALI BRATI ON CURVE DATA -

M ran Readi nq

Absor bance (A)
0.

016

0. 0944

cocooo0

245
388
524
706

. 816

Concentration in

MRAN in ppm
0}

30. 12644
90. 35231
150. 5242
210. 6421
300. 7382
360. 7215

METHYLENE CHLORI DE

Corrected

A-

Ao
(0]

0.0784
0. 229
0.372
0. 508

0

69
0.8
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TABLE 21 A: M RAN CALI BRATI ON CURVE DATA - MEK

M ran Readi nq

Absor bance (A)
0.

cooooo0

017
038
081
123
162
201

. 238

Concentration in

MRAN in ppm
0

8. 552987

25.
42.
59.
76.
93.

65129
73427
80193
85429
89137

Correct ed
A- Ao

(0]
021
064
106
145
184
221

©coooo0o

Mran Reading
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TABLE 22A: M RAN CALI BRATI ON CURVE DATA -

M ran Readi ng
Absorbance (A)

0. 0266

©coooo°

0.03
041

054
065
076
087

Concentration in
M RAN in ppm
0

5. 420165

16.
27.
37.
48.
59.

25077
06198
85381
62630
37948

Corrected Mran Readinq

O O o o © o

TOLUENE

A- Ao
(o}

. 0034
. 0144
. 0274
. 0384
. 0494
. 0604
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M RAN Cal i bration Curve

Awt une
1%

17C -

1K>- R2:= 0713

150- /

ABA
1y/-

120- /

110- /
90- / 1

flc-

70-

AN /
aK - / 1

25)-
-/

e L A

VvV 0. 04 0.24

Absor bance
D Cownwi Dot Q

Fiqure 8A* MRAN calibration and regression curves.

1

H

0.28

136


NEATPAGEINFO:id=78A85CE7-769E-40AA-9A1A-A9C7F2020C9A


137

M RAN Cal i bration Curve

Methylene Cht*ride

70

60- RrZ = . 974
50 ><
b
/
40
32 roe
2L
D
1O A
/
/
O-f !
0.1 0.2 0.3 0.4
At cor banw
D (bserved Dotq ------ Regre55bn Curve

Fiqure 9A MRAN calibration and regression cuives.
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M RAN Cal i bration Curve

Ethyl Acetate

| <o R*2 = .936

N O L /. =% — |, &

At ewbance
D Coww Unit ------- Regresspn Curve

Fiqure 10A. MRAN calibration and regression curves.
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M RAN Cal i bration Curve

Hexane
iw
150-
170-
L60. R'2=.9

140- /

150-
120- /
110-
Si 100- 1
a30- /
?2Q /

70-

40- / -
a30- / O
2-2- I
10-
/ | | ! !
O O. =52 O, ==+

Al wor bonce

D CowrvoJ DutQ ------ Rwrcwiwi Curv?

Figure 11 A MRAN calibration and regression curves.
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M RAN Cal i bration Curve

Methyl ene QibriiJe
320

2ec RZ = .996
260
240

220

180

140

120

I'w
50
60
40

20

At ocrbonce

D Cowiwi Dgto ------ Regrewi w Curve

Fiqure 12A. MRAN calibration and regression curves.
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M RAN Cal i bration Curve

|-B'jtancine

90-

R2=.999 |

/

70-

50-

4f -

R 4

/
10- 11

0-1 -1- 1 IR R RELERE n]" Il ] | ' -j-

O O. 04 0. 06 O, 12 Olfc Qz 0.24

Absor honi ;!

D Cowwd Doto ------ Rawrcwi wi Cuiv?

Figure 13A MRAN calibration and regression curves.

141


NEATPAGEINFO:id=7F0716A4-6CDF-460C-970C-4FDCBBFC422B


M RAN Cal i bration Curve

Tduene

R"'"2 = .997

o O. O O. O

Abscrhboncc

D Cowi ved DutQ ------- Regrewiwi Curv?

Figure 14A MRAN calibration and regression curves.

aa
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TABLE 23A: DATA FOR M RAN CAUBRATI ON - BUTYL ACETATE - EXAMPLE
W TH FORMULAS AND SYMBOLS DI SPLAYED

Wavel ength (urn): 8.1

Pathlength (m: 12.6

Slit Wdth (mm: 2

Mol ecul ar Wi ght (g/nole): 116.16 ™MW

Density (g/nt): 0.882 p

Mol ar Vol ume (1/nole): 24.09025 Mblar Vol = 22.4*(T+273)/ 273
Vol une of Flask (I): 2.23 M

Tenperature (O): 2006 T

Vapor Pressure at given tenperature (psia): O 170048 log VP = (A-(B/C+T)/760*14.7
Maxi mum Cortcentration at Equilibrium (ppm; 1156791 VP/14.7710%6

Lower Explosive Limt (ppm; 17000 LEL

M RAN Vol une (1): 5.64 Vm

PPM CALCULATI ONS FOR FLASK:

Amount of Liquid Concentration of Vapor
injected into flask (m): in flask (ppn&z:k
0.1 Vi 8202.543 Vi*p*R*T*10-6/( M¥ Vi *P)

CONCENTRATI ON CALCULATI ONS:

Amount of gas extracted & New concentration (C) Concentration in
injected into MRAN (I): Win flask in_ppm MRAN (G} T ppm
(0] m

. 543
0. 005 5 8184. 172 7.271758
0. 005 5 8165. 843 7.255472
0. 005 5 8147. 554 7.239222
0.01 10 8111. 100 14. 44601
0.01 10 8074. 809 14. 38138
0.01 10 8038. 680 14. 31703

C = Co*EXP(-WVf)  Cm= WCoA/m
CHAMBER CONCENTRATI ON CALCULATI ONS:
Chamber Volume (Ft'-S): 830. 36
Chanmber Volune (1): 23516.28 Vc
Fl ow t hrough chanber
w th door closed (cfm: 713

Amount of [iquid required

to give chamber
concentration of 1 /2

cesoor 2t 1on socurs (1) 1092783 (LELI2)*MAVe/ (p*hol ar Vol *10+6)
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TABLE 24A: M RAN CALI BRATI ON CALCULATI ONS & PHYSI CAL DATA - ACETONE

V\ﬁverljlen gt h ur n) : 8. é
Pat en :

Sl ot c(]gt h r‘r‘r;% : 2
Mbl ecul ar ght rr%/ rml e) 578. 08

=

’%/t))?a \/olhlms /nD ; 24. 138438
Vol une of ask (1): 2.23
Tenper at ure (C) : 21. 2

Vapor Pressure at given tenperature (psia): 3.783914
Maxi mum Concentration at Equilibrium Fppn) 257409. 1

Lower Explosive Limt ( pn') 26000
I\/IRANVqun'e(g 5. 64
PPM CALCULATI ONS FOR FLASK:

Amount of Liquid Co»icentrBtion of Vapor

I nj ected mtoflask@ ; |nf|ask gm)

CONCENTRATI ON CALCULATI ONS:

Amount  of gas extracted & New concentration Concentration in
injected into MRAN (1): inflask in ppm M RAN i n ppm
0 l 147425. 6 o)
0. 001 1 147359. 5 26. 13929
0. 001 1 147293. 4 52. 26688
0.001 1 147227. 4 78. 38274
0. 002 2 147095. 4 130. 5910
0.002 2 146963. 6 182. 7525
0. 003 3 146766. 0 260. 9247
0. 003 3 146568. 7 338. 9917
0. 004 4 146306. 0 442. 9411
0. 005 5 145978. 3 572. 6451
0. 005 5 145651. 4 702. 0585

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chani bei Vokmt' (Ft'3): fK.QO"'U
Chai n! Ve

Anuun? (tf liquid lequitr

to givf i;haniber

concentration of 112

LEL if conplete 629, 5054
evaporation occurs (n): '
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TABLE 25A: M RAN CALI BRATI ON CALCULATI ONS & PHYSI CAL DATA
BUTYL ACETATE

WVWAvel engt h (ur n) : 8. 1

Pat hl engt 12 6
S K W?:lth((r@

Mol ecul ar g/ nol e) 116 16

D?ar VoFﬁ/me((JE?/ rm g 24.' 0%(?25

Vol une of I:I ask I ) 2. 23
Tenper at ur e (C) : 20. 6
Vapor Pressure at given tenperature (psi a): 0.170048
Maxi mum Concentration at Equilibrium (ppn: 11567.91

Lower Expl osive Limt ( prr) 17000
M RAN Vol une (1 g
PPM CALCULATI ONS FOR FLASK:

Amount of Liquid Concentration of Vapor
i nj ected mtg_flagl;ém(%. in flask (;g,pn).

O. 2. 54

CONCENTRATI ON CALCULATI ONS:

Amount of gas extracted & New concentration Concentration in
injected into MRAN (1): inflask in ppm M RAN in ppm
o 8202. 543 0
0. 005 5 8184. 172 7.271758
0. 005 5 8165. 843 14. 52723
0. 005 5 8147. 554 21. 76645
0.01 10 8111. 100 36. 21247
0.01 10 8074. 809 50. 59385
0.01 10 8038. 680 64.91089

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chanber Vol une (Ft*3): 830. 36
Chanmber Vol une (1): 23516. 28

Fl ow t hrough chanber
with door closed (cfm: 713

Amount of liquid required
to give chanber
concentration of 1/2

LEL if conplete

evaporation occurs (m): 1092.783
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TABLE 2fi A: M RAN CAUBRATI ON CALCULATI ONS & PHY9CAL DATA
ETHYL ACETATE

wawﬁleng%h (qn): 8
Pat_ e\/\};élt h( r‘(r) : 1:2. S
Nblecu[a{ g/ nol e): 88. 11
f%?{?rsi/ol ﬁ/rre Iﬁ/ rrnt;'I 3) 2(3 2%8)1%
Vol une of 1 2. 23
Tenper at ur e C) 22. 5

Vapor Pressure at given tenperature (pSI a): 1.618833
Maxi num Concentration at Equilibrium (ppm: 110124.7
Lower Explosive Limt (ppm: 22000
M RAN Vol une (1): 5. 64
PPM CALCULATI ONS FOR FLASK:

Amount of Liquid Concentration of Vapor

injected into flask (m): in flask (ppn)
0. 25 27826

CONCENTRATI ON CALCULATI ONS:

Amount of gas extract ed & New concentration Concentration in
injected into MRAN (I): inflask in ppm MRAN in ppm
O mi 27826. 54 0
O. 002 2 27801. 60 9. 867570
O. 0O00a 4a 27751. 77 29. 58501
O. 0Oo0oa 4a 27702. 04 49. 26713
O. O0O5 5 27640. 00 73. 82568
O. OO0O5 5 27578. 09 98. 32923
O. OO0O5 S5 27516. 33 122. 7778

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chanmber Vol unme (Ft*3): 830. 36
Chamber Vol une (1): 23516. 28
Fl ow through chanber

wi th door closed (cfm: 713

Amount of liquid required

to give chanber
concentration of 1/2

LEL if conplete
evaporation occurs (n): 1042. 166
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TABLE 27A: M RAN CAUBRATI ON CALCULATI ONS & PHYSI CAL DATA
HEXANE

WVAaAavel ength Cum 3. 4
Pat hI ev\;;t h ( O. 75

Crnmrmm 2
I\/bl ecul ar /m)le 86. 18

R0 e B 1 20 2 8

Vol une of Fl ask (I - 2. 23
Tenper at ur e (O ; 22
Vapor Pressure at given tenperature (psia ' 2.567920
Maxi num Concentration at Equilibrium (ppm: 174688. 4
Lower Explosive Limt (ppm: 11000
M RAN Vol une (l1): 5. 64
PPM CALCULATI ONS FOR FLASK:

Amount of Liquid Concentration of Vapor

injected into flaskimg: in flask (_gpn):

OoO. 5 4a 26. 2

CONCENTRATI ON CALCULATI ONS:

Amount of gas extracted & New concentrati on Concentration in
injected into MRAN ('} inflask in ppm M RAN in ppm
0 i 41626. 27 o
0. 002 2 41588. 95 14. 76108
0.002 22 41551. 67 29. 50894
0. 002 2 ¢ 41514. 42 44. 24357
0.003 3 41458. 61 66. 32571
0. 004 4 41384. 31 95. 72898
0. 004 4 41310. 14 125. 0795
0. 004 4 41236. 11 154. 3775
0. 004 4 41162. 21 183. 6230

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chanber Vol une (Ft*3): 838.7
Chanber Vol une (1): 23752.47

Fl ow t hrough chanber
w th door closed (cfm: 713

Amount of liquid required
to give chanmber
corusentration of 1/2

LEL if conplete

evaporation occurs (n): 703. 6703


NEATPAGEINFO:id=6639A7AC-9909-437C-88D3-8460BCA93FFB


148

TABLE 2aA: M RAN CAUBRATKW CALCULATI ONS & PHYSI CAL DATA
METHYLENE CHLORI DE

Vavel ength (um: 13.3
Pathl ength (nj. 5.25
Slit Wdth (m: 2
Mol ecul ar Wi ght (g/mole): igii
Density (g/m): g 2;3717
Mol ar Vol une (1/nole): :

Vol ume of Flask (I): 2.23
Tenperature (C): 23
Vapor Pressure at given tenperature (psia): 7. 669125
Maxi muim Concentration at Equilibrium (ppm: 521709.2
Lower Explosive Limt (ppn: 120000
M RAN Vol ume (1): 5.64

PPM CALCULATI ONS FOR FLASK:

Amount of Liquid Concentration of Vapor

injected into flask (m): in flask ;
|njecejl_nolaé; )9|:Irl3a? (:Epn)

CONCENTRATI ON CALCULATI ONS:

Amount of gas extracted & New concentration Concentration in
injected into MRAN (1): inflask in ppm MRAN in ppm
0 m 169913. 1 0
Oo. oo1 1 169836. 9 30. 12644
O. 002 2 169684. 7 90. 35231
Oo. ooz =2 169532. 5 150. 5242
Oo. ooz =2 169380. 6 210. 6421
Oo. ooz =3 169152. 9 300. 7382
Oo. ooz =2 169001. 2 360. 7215

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chanmber Vol ume (Ft*3); 830. 36
Chanber Volune (1): 23516. 28
Fl ow through chanber

wi th door closed (cfm: 713

Amount of [iquid required

to give chanber

concentration of 1 /2

LEL if conplete

evaporation occurs (nl): 3723815
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TABLE 29A: M RAN CALI BRATI ON CALCULATI ONS & PHYSI CAL DAl

NVEK
V\aVﬁII enqthh Cum : 88 5
Pat t : 1 '7’55
T e\/\9 r‘rz m'T)
Nblecular ht /nDIe 72. 11
f%?aS\/olﬁme /rmlg 2(2 0%6)2%
Vol une of ask I) 2. 23
Tenper at ur e O : 20. 6

Vapor Pressure at given tenperature (psia): 1.4130££
Maxi mum Concentration at Equilibrium (ppm: 96126. 99

Lower Expl osive Li mt ( pm: 20000
M RAN Vol une F)’

PPM CALCULATI ONS FOR FLASK

Amount of Liquid Oonc_entration of Vapor

i nj ectg_lntglflaikémgérgl_asg%m).

CONCENTRATI ON CALCULATI ONS:

Amount of gas extracted & New corKsentration Concentration in
injected into MRAN (I): inflask in ppm M RAN in ppm
0 i 48238. 84 0
O. oo1 1 48217. 22 8. 552987
O. 002 2 48173. 99 25. 65129
O. oo=2 =2 48130. 81 42.73427
O. ooz 2 48087. 66 59. 80193
O. ooz =2 48044. 55 76. 85429
O. ooz =2 48001. 48 93. 89137

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chanber Vol une (Ft*3): 830. 36

Chanber Volune (1): 23516. 28
Fl ow t hrough chamber

w th door closed (cfm: 713

Amount of [iquid required

to give chanber

concentration of 112

LEL if conplete 674, 4337
evaporation occurs (nt): '


NEATPAGEINFO:id=FF3FF55A-BA8C-454F-AA46-82CF00318450


150

TABLE 30A: M RAN CALI BRATI ON CALCULATI ONS & PHYSI CAL DATA

TOLUENE

WAvel engt h (urn) %3.

~
Pathlevgc“:hr? 1:.22

Mol ecul ar WE|ght ng/m)te) 92. 14
Densi ty / ) O. 865
Mol ar Vol uma (gf/rml e): . 20512
Vol une of Fl ask (I) 2. 23
Tenper ature (O :

Vapor Pressure at given tenperature ( Slﬁg 0.
Maxi mum Concentration at Equilibriu n1Fpp 31976. 81
Lower Explosive Limt (ppm: 13000
M RAN Vol une (I% 5. 64
PPM CALCULATI ONS FOR FLASK

Amount of Liquid Concentration of Vapor

|njectcgd_|rz1lt_o5flas:r}_ m .84|ask8gprr)
CONCENTRATI ON CALCULATI ONS:
Amount of gas extracted & New concentration Concentration in
|njected|nto MRANé ): flask in ppm MRAN|n8pm
m  15284. 86
0.002 2 15271.16 5. 420165
0. 004 4 15243.79 16. 25077
0. 004 4 15216.47 27.06198
0. 004 4 15189. 20 37.85381
0. 004 4 15161.98 48. 62630
0. 004 4 15134.81 59. 37948

CHAMBER CONCENTRATI ON CALCULATI ONS:
Chamber Vol ume (Ft*3): 830. 36
Chanber Volune (1): 23516. 28
Fl ow through chanber

with door closed (cfm: 713

Amount of [iquid required

to give chanber
concentration of 112

LEL if conplete
evaporation occurs (m): 672.6773
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TABLE 31 A: DATA USED TO CALCULATE VAPOR PRESSURES
( FROM REFERENCE 5)

Formula Used: log P=A- (BI(T+ Q)

Where: T = Ambient tenperature in degrees Centigrade

P = Vapor pressure in nmHg

The fol lowing constants were used:

l'i cal Name

Acet one

Butyl Acetate

Ethyl Acetate
Hexane

Met hyl ene Chl oride
Tol uene

NVEK

A

7.11714

7.12712

7.10179

6. 87601

7.4092

6. 95464

7. 06356

B

1210. 595

1430. 418

1244. 95

1171. 17

1325.9

1344. 8

1261. 34

151

C

229. 664

210. 745

217. 88

224. 41

252. 6

219. 48

221.97
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TABLE 32A: VENTI LATI ON SURVEY OF CHAMBER

CHAMBER DI MENSI ONS

Wdth (in): 120
Length (in): 116.5
Hei ght (in): 103.5

Al R VENT DI MENSI ONS

Wdth (in): 4.125
Length (in): 14.125
Hei ght (in): 103.5

CHAMBER AREA M NUS Al R VENT AREA (in*2)

13863. 46

CHAMBER VOLUME (i n*3)
1434869.

CHAMBER AREA (ft' 2)
96. 27408

CHAMBER VOLUME (ft*3)

830. 3640
SURVEY DATA
Survey Left Vent Ri ght Vent
Poi nt Vel ocity (fpm Vel ocity (fpm
1 750 800
2 650 700
3 650 650
a 700 700
5 560 600
6 480 500
7 450 500
8 550 500
9 400 500
10 200 380
11 400 340
12 450 350
13 250 400
14 180 320
15 250 240
16 350 200
17 300 400
18 250 320
19 300 150
20 300 150
i 421 435
Average Vel cxjity (fpm: o 533000 o 39000
Vent Area (ft'2):
Flow thnj each vent {dnm: 350. 8333 362.5

Total flow thru room (cfn: 713. 3333
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TABLE 33A: ACETONE CHAMBER TEST DATA

aw cl i nber data:
Ti me Absorbance

(mn)

0
1

2
3
a
5
6
-
8
9

10
11

12
13
14
15
16

Corrected Chanber Data and Resul tant Concentrations Using
M RAN Cal i bration Curve

Ti me Absor bance

(mn)

© © N o g A~ W N "= O

[ e o o o =
o o0 W NP O

Run 1
0. 035
. 0962
. 1591
1839
2011
1917
. 1947
. 1964
. 1818
. 1424
. 0913

0. 06
. 0433
. 0355
. 0319
. 0303

OO0 00009000

O o O O

Run 1
. 0065
. 0677
. 1306
. 1554
. 1726
1632
1662
. 1679
. 1533
. 1139
. 0628
. 0315
. 0148

0. 007
0. 0034
0. 0018

OO 000000000 oo

enp

22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.

AADDANDDNADMDNDIADLNMARADNOG

Concentration

in ppm
3. 8909
40. 525
78.178
93. 024
103. 32
97. 693
99. 489
100. 50
91. 766
68. 181
37.592
18. 856
8. 8594
4.1902
2.0352
1.0774

Absor bance

Run 2
0. 0335
0. 1033
0.1948

0.234
0. 2542
0. 2521
0. 2491
0. 2455
0. 243
. 2417
. 1673
.1011
. 0646
. 0454
. 0369
. 0325
. 0302

O O O 0O O O OO

Absor bance

Run 2
0. 005
. 0748
. 1663
. 2055
. 2257
. 2236
. 2206
0. 217
. 2145
. 2132
. 1388
. 0726
. 0361
. 0169
. 0084
0. 004
0. 0017

O O O O O O

O 0O O o © o o

Tenp

22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.
22.

Cone

F S Y N N N N N N N N N N N

in ppm
2.9930
44.776

99. 548

123.
135.
133.
132.
129.
128.
127.

01

10
84
05
89
40
62

83. 087
43. 459
21. 609
10. 116
5. 0283
2.3944
1.0176

153
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TABLE 36A: CHAMBER TEST DATA - HEXANE

Raw chanber data

Ti me Absorbance Tenp Absor bance Tenp
(min} Run 1 (9 Run 2 (O
0O 0.0114 22 0. 0162 22.1
1 0. 012 22 0. 0265 22
2 0.0243 22 0. 0423 22.1
3 0.0414 21.9 0. 0524 22.1
4 0.0544 22 0. 0581 22.1
5 0.0549 22 0. 059 22.1
6 0.0565 22 0. 0592 22.1
7 0.0565 22 0. 0583 22.1
8 0.0569 22 0. 0549 22.1
9 0.0557 22 0. 0395 22.1
10 0. 035 22 0. 0258 22.1
11 0.0231 22 0. 0179 22.1
12 0.0172 22.1 0. 0143 22.1
13 0.0141 22.1 0. 0127 22.1
14 0.0127 22 0.0121 22.1
15 0. 012 22.1
Corrected Concent fati on Correct ed Concentration
Tine Rawi3ata: in ppm Raw Dat a: in ppm
(min) Run 1 Run 2
o] 0] 6 0. 0048 13. 291
1 0.0006 1.6614 0. 0151 41. 812
2 0.0129 35.720 0. 0309 85. 563
3 0. 03 83. 071 0. 041 113. 53
4 0.043 119. 06 0. 0467 129. 31
5 0.0435 120. 45 0. 0476 131. 80
G 0.0451 124. 88 0.0478 132. 36
7 0.0451 124. 88 0. 0469 129. 86
8 0.0455 125. 99 0. 0435 120. 45
9 0.0443 122. 66 0. 0281 77.810
10 0.0236 65. 349 0. 0144 39. 874
11 0. 0117 32. 397 0. 0065 17.998
12 0. 0058 16. 060 0. 0029 8. 0302
13 0.0027 7.4764 0. 0013 3. 5997
14 0.0013 3.5997 0. 0007 1.9383
15 0. 0006 1.6614
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TABLE 37A: CHAMBER TEST DATA - METHYLENE CHLORI DE

Raw chanber dat a:

Ti me Absorbs nee Tenp Absori aance Tenp
(nin) Run 1 (0 Run 2 (Q
0 0.0228 20.1 0. 0233 19.9
1 0. 1242 20.1 0. 1989 20.1
2 0.2527 20.1 0. 4141 20. 3
3 0.3055 20 0. 5157 20. 3
4 0.3381 20 0. 5989 20.5
5 0.3577 20 0. 615 20. 6
& 0. 35 20 0. 6224 20.7
7 0. 368 20 0. 6356 20. 8
8 0.3753 20,1 0. 6449 20. 8
9 0.3755 20.1 0. 6368 20.9
10 0.3194 20 0. 5594 20.9
11 0. 1819 20 0. 3374 20.9
12 0.1037 19.9 0.1771 20.9
13 0. 0563 20.1 0. 0979 21
14 0.0345 20 0. 057 21
15 0.0242 20 0. 0353 21
16 0. 019 20.1 0. 0246 21.1
17 0.0174 20.1 0.0191 21.2
18 0. 0165 21. 3
Corrected Concentrati on Corrected Concentration
Ti me FRawbDat a: in ppm Raw Dat a: in ppm
(mn) Runi Run 2
O 0.0068 2.8741 0. 0073 3. 0854
1 0.1082 45. 732 0. 1829 77. 306
2 0.2367 100. 04 0. 3981 168. 26
3 0.2895 122. 36 0. 4997 211. 20
4 0.3221 136. 14 0. 5829 246. 37
5 0. 3417 144. 42 0. 599 253. 17
6 0. 334 141. 17 0. 6064 256. 30
7 0. 352 148. 77 0. 6196 261. 88
8 0.3593 151. 86 0. 6289 265. 81
9 0.3595 151. 94 0. 6208 262. 39
10 0.3034 128. 23 0.5434 229. 67
11 0. 1659 70. 120 0. 3214 135. 84
12 0.0877 37.068 0. 1611 68. 092
13 0.0403 17. 033 0. 0819 34.616
14 0.0185 7.8193 0. 041 17. 329
15 0.0082 3. 4658 0. 0193 8. 1575
1£ 0. 003 1. 2680 0. 0086 3.6349
17 0.0014 0. 5917 0. 0031 1.3102
18 0. 0005 0. 2113


NEATPAGEINFO:id=69C62BF4-4B1E-4135-80BF-A3E9B419909B


critjijigto-'Ckoro-"ientJdijsitoto

O O o o O O O o o o o o

OO0 O oo OuU--L -i. LI owu b o
OO0 -~ A -Ne>j>4->j->i -«-0"t/jtri o
to t;i |£> CD 0" QIO =1 -t O- Nl IJ»COx O ©
to3(» I £ tJlI -M as| 01 * ay] '] kO -to to (Ti
-J-ttaOr - >J- J- tCXJI'>4 >I' > -si -"j en /t\ji to o
to to UKki tsi to jk 00 tn
" 01l t/a.to to o.to tsi -2a>1 tJl to O tJl
ootiicji~ato-vitotno-~tooijiccitoo

a&(ritotiiko->jtJi oo>£E-Ni vE>tJit3itoiri

oooooooooooo OO o o
ddddddél NtotototoPto” -*o
OO0 J-tXFI OO NTtOAALOXO " -sJ o -7
t ot ot Nt 0* 00- =i *- - »-t ot O- *"vXxX> >j to
t O =>Jociaj JiOOtotji*toii=>jijSi-«j->- t

O - to tJI -* to *-=1VO-~-"ifiU=CD >I tdl

|d ui fDto Pr' -t Ji -sl OO sl -sJcCDJi

-J- s’\’\'tQD—Jlo jai @ @ Q@
o tji oenwD"'i £ *o-=JO I fo-1. -i. »
I £5t 51 (/Jdai -i | £t 51t OU?t 51 At O OOOCk OO

5
aD
-a

W3 00

o v

fl ht 531A QAJt OG- ' QU?00-=>JA tJ1*tOx O ' O0<=.tD

BOPRPG d g p A PAPPA v v p RUP R G 5,
EIO&P\ RN RS TE I 5 (SRR A ot Y
jjly]t]l-»]j' jSit: |—&—N«—’\o>->>'fotocn—'

totototototototototototototototo

PRAAXCLL P POPLIRAPLLIL” 39

C OO0 OOO (P
d i

ddddd”™"t ot ot ot o Pt ks % in
-Nto to to -btn -~ votli tj) tji tjt totolAtoto o
VE' Ot e A ’\OOOOSt(I’I&I’>*O—
tOo NItDCDJIt»t>3tJI*|tOJ]4I- -=>J-*t 311 =0
to to 10 | oi ot ot onoi ot ot ot ot ot ot o

OO O
to w ——~L"-

t
i*i £i o( Di c(Dooco- >4cnAtjicn-% o

3]
ta

Q
111
ti)

V85 378V

VO I331 38

v

0o


NEATPAGEINFO:id=D6CC0EBB-BFEE-44A4-8194-0CA8CDC5F0EA


j swro-j ' OkDOo”j ot si Awt O -GN b Jroof to ouj oo~viericjijicoto OJ;
> 72
o 06 o 6 6 o o o 33 O OO0 4 o [a

bbbbbbbbbbbbb
t ot ooj cojitn-% - >j cooaoooot n
aVItI’]Oja 0OO- Vi oo0OCcoOcCO-
cjroto-»4-vi G j-"cototo- >|J»oo

o o
bob b b o o
OO00O- »- 03t 31CJI t 3( 1t 31Ul CII W

BE

R 3
tD a-
o “k to GO ™~ @ Jr o A a o Q diav A g
-a al ~ )
tnoana 8.?2]] UN:A.I; M)f\"ww o ts %0rottototottorotoltototott?t?to ib
> > :
o B agi N 0,ro to OFO{O 0%0!’0000--.%
o 00 O —*+ L kD QI CQl i tE> O to
e Tl P m e cath & 38 Wto 0] forotorotototoro” <2'T
5
3
=
o C o OO OO OCDOODODOOoO ‘3}',100 OOOOOOOOOOOOOOO3a_
N- NOO0Or - "O000000000 ¢ % I 2o 228 So oo oo oo 2 oy ("Aaf 2c o
000 nOILG E S TTAREETE S Ty L EehE N R e e Ren G s o
-*oot n*vi r ooot ot o”>j ehj s. kD-ttr <o”i S) ® erap ro CO tr>3b 00 00 CO ro “'- Ql +j ro ro (<0
D Q
. o
oroorj-;;*ojtdlo; |ff|r|tJ|c JhtO 35
D" Ql j - EO)( é]lq e T‘SS rOrororororororororotoroto roroib
EECH ST éﬁ?fig RN A Iooro o 3 b {9 60KE%T 0 di%I BP0 i kB kP dinly &
OHto Q t> -vi 00 em -vi ro 00 *» tji -* ¢Jj CIl 3 | 'kt'0 cl”.Qto I'to
o
3

8

- @43

BU)O


NEATPAGEINFO:id=D56609D1-21A0-4EE0-B8AC-8A9D064496CA


TABLE 40A: Predbted Evaporation Rate Data Using the Kawamura- Mackay Model

Vel ocity Buty!
(fpm Acetone ~ Acetate
65 0.002417 0. 000562
110 0.003237 0. 000804
220 0. 004876 0. 001303
300 0.005931  0.001631
425 0.007469 0.002103
Acet one
Regressi on Qut put :
Const ant 0. 001659
Std Err of Y Est 0. 000150
R Squared 0. 995888
No. of Cbservations 5
Deqrees of Freedom 3
X Caefficient(s) 0. 000013
Std Err of Coef. 0. 000000
Hexane

Regressi orl Qutput:

Const ant 0. 001979
Std En- of Y Est 0. 000192
R Squar ed 0. 995685
No. of Cbservations 5
Degrees of Freedom 3
X Coefficient(s) 0. 000017
Std Err of Coef. 0. 000000
Tol uene

Regressiorl Qutput:
Const ant 0. 000597
Std Err of Y Est 0. 000077
R Squared 0. 995298
No. of Cbservations 5
Degrees of Freedom 3
X Coefficient{s) 0. 000006
Std Err of Coef. 0. 000000

NVEK

Regressi on Qut put:
Const ant 0. 001111
Std En- of Y Est 0. 000113
R Squared 0. 995878
No. of Observations 5
Degrees of Freedom 3
X Coefficient(s) 0. 000010
Std Err of Coef. 0. 000000

Et hyl Met hyl ene
Acet at e Hexane Chl ori de
0. 002166 0.002929 0.005104
0. 002960 0.003938 0.006724
0. 004526 0.006014 0.010032
0. 005553 0.007326 0.012163
0. 007018 0.009236 0.015262

Butyl Acetate

Regressi on Qut put:
Const ant 0. 000325
Std En of Y Est 0. 000041
R Squar ed 0. 996612
No. of OCbservations 5
Degrees of Freedom 3
X Coefficient(s) 0. 000004
Std Err of Coef. 0. 000000

Ethyl Acetate
Regr essi on Qut put :

Const ant 0. 001441
Std Err of Y Est 0. 000146
R Squared 0.995771
No. of Observations 5
Degrees of Freedom 3
X Coefficient(s) 0. 000013
Std Err of Coef. 0. 000000

Met h Chl ori de
Regressi on Qut put:

Const ant 0. 003562
Std En- of Y Est 0. 000292
R Squared 0. 996164
No. of Cbservations 5
Degrees of Freedom 3
X Coefficient(s) 0. 000028
Std Err of Coef. 0. 000001

NVEK

O O O 0 o

. 001686
. 002297
. 003539
. 004346
. 005496

160

Tol uene

0.
. 001355
. 002151
. 002668
. 003392

O O o o

000961
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