
The results were in agreement with the formula for roof exhaust near the exhaust but at

greater distances (5 - l0 m; S/{4" > 150) the formula gave minimum dilutions that were too

high. One explanation for this might be the wind condition: the formula assumes wind

blowing along the wall, whereas in the measurements the wind direction was partly around

the corner ol the building. This caused an alteration of the flow-field near the wall.

On the basis of cooking tests performed (3), up to 0.6 Vo of exhaust air can be permitted in
the supply air. In accordance with the definition of this odour threshold, 50 7o of the

occupants do not observe any odour. The corresponding minimum dilution is 168. The value

was determined in test conditions where herring were fried. Here it has been assumed that the

exhaust air of the apa-rtment does not contain any odour other than that caused by cooking.

In this study 2-minute mean values obtained for the intake air were lower than the highest

permitted value of 0.6 Vo (the highest 2-minute mean was 0.5 Vo).

The results concerned only one exhaust. However, it is possible that a number of families are

eating herring on the same day. Accordingly, the summarizing effect of numerous exhausls

shoukl be stur.lied.

CONCLUSIONS

'l'he formulL lor minimum dilution in the ASHRAE Handbook (4) can be used for wall

exhaust over short distances. For longer distances (5 - l0 m) the formula gave minimum
dilutions that were too high.

'l'he highest 2-minute mean intake air concentration was 0.5 Vo of the exhaust air

concentration. This relative concentration was slightly smaller than the odour threshold value

of 0.6 7o.

The effect ol the sampling time was found to have a considerable effect on the results.

On the basis of the tests performed so far, the wall exhaust system seems to be acceptable in

residential buildings. The summarizing effect of numerous exhausts should be studied.
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,\SSBSSMENT OF HOOD STACK RE-ENTRAINMENT AS
I)BTERMINED BY REAL.TIMB TRACER GAS MEASUREMENTS

lerry F. Ludwig, Peter P. Bolsaitis, and John F. McCarthy

Environmental Health & Engineering, Inc., Newton, Massachusetts

AI}STRACT

r\ tracer dispersion study was performed to evaluate the ditution o[ exhaust stack enrissions
kom chemical fume hood stacks on the rooftop of a laboratory building complex located on a
United States midwestern university campus. Tests were designed to (l) experimentally verify
tlilution ratios at outdoor air intakes for emissions from existing chemical fume hood stacks on
the building complex; (2) evaluate potential exposures to rooftop service personnel; (3) further
characterize the nirflow on the rff)ftop ancl the effect that turbulence nright have on the
dispcrsion of stack pollutants both instantaneously and averaged over tirììe; iurcl (4) evalunte the
cffccts of increased stack heights as they relnte to minimtrnr and tin]e weighted nreclian stack
dilution. Study results indicate that under nonlal operating conditiorrs, vapors generated in the
llboratories and emitted from the stacks were not expected to reach the outside air intakes in
concentrations high enough to detrirìlentâlly irnpact the hetlth of building occupnnts. flowever
rxlors ofcertain chemicals could be detected in sonre instances at the outside air intake and
therefore could be sensed by occupants of the building and cause complaints about air quality.

INTRODUCTION

l']nvironmental Flealth & Engineering (Etl&E) performed n series o[ tracer gns tests to
dclemrine if the heights of currently-installed exhaust stacks provide acceptable exhaust dilution
rt a Unite<J States midwestern university brrilcling conrplex (herca[ter, "the I]rrilding"). Sirrce
ruttty of thùsc stitcks exhltr¡st ¡xlterrtillly hlzirr{ous sutrslanccs, thc tlis¡rcrsirlrr ol'rrxh:rr¡sl
\trcuìls írt the air irrtakes of the Building was of vital irnportarrce lìlr the he alth untl colltlìrrt ol'
lìuildingoccupants. Thisstudyalsoprovidedthebasisofevaluatingthesafetyprecautionstlìat
rhould be used by personnel who may be on the rooftop (i.e., to service ec¡uipment).

lìrc study clirectly nreasured the anrot¡nt ofdilution that occurred on the rooftop frorrr stucks of
rurious heights, under varying wind conditions, and at varior¡s distances downwind of the
vrurce. This was accomplished by injecting tracer gas directly into an exhaust stack and
nxrrritoring the concenration of the tracer gas downwind on a real time basis using a

currr¡lutcriz-ed clata acquisition systern (DAS). Thesc nìeÍtsurcrììents were then irsscnrtrletl into
frct¡ucrrcy distribt¡tions to ovlhrirtc tlìc percerìtiìge of tillrc tlrlt llre trlccl tlilt¡tiolr irt the rcccpt()r
urts above a certain level. These measurements also serve as a check on calculated stack height
rcquirements and outdoor air intake locations as based on a dispersion model study previously
¡rfrlrrnetl for these stacks and the Builcling's outdoor air intukes. Calculations were perlonned
urirtg a Gaussian Plume model for continuous sources to deten¡ine dilution ratios for planned
rntl current stack locations, heights, and discharge velocities. The model used assumed steady-
rurte flow conditions, and the results can best be related to the time-weighted median
concentration of tracer (and dilution ratios) observed during the study. The effects of local
turhulence were not included in these calculations.

\¡I-TIIODS

I tracer gas, sulfur hexaflouride (SF6), was used to mark the air discharged from current and

lr)totype stacks on the BuilCing's r<xrltop. The trtce r gÍìs was tlelivcred into the stack on the
¡nlct side of the exhaust fan using an irrjection system designecl to rnonitor and nraintrin a steady
ûo*'rate of tracer gas. Tracer flow was controlled by maintaining a constant delivery pressure
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across a glass capillary tube, whose otltput was connected to a Matheson Model 603 rotometer

ãn¿ tf'"nTo rhe iÅlet sí¿e of Íne exhaust lan associated with the stack being tested. The

nå*ä.i"i*or calibrated in EH&E's laboratory using air. An appropriate conection factor was

;;;ii;ãõ ^.;ini 
for the density difference between air and thá ûacèr gas (SFO). The total

no*t.t" from the stack was meásurecl and assumed to be constant throughout the test. Tracer

*ãr if'ån á",."ted using an ITI Model 505 Elecron Capture-Detector which was set up to

-ã"ii"i r.i..t"d downîind receptors. The monitor wãs calibrated to detect SF6 in the range

between l0 ro 750 PPB. The electrical signnl frorrr the detector was monitored every second by

; Êð B;r;á tiata ãcquisition system, with-the data stored on disk for later analysis. For

nu.oor", of this papèr, the coñcentration of the tracer gas measured at the receptor locations

inoi'itored is expreised in rerms of the dilution ratio, (DR), which is the stack concentratlon

divided by the receptor concentration.

the stack. As can be seen from Table l, the dilution ratios n-reasrìred for all tests combined
ranged from 377:l ¡o 4,268:l for the 50th percentile, i.e., the minimum value for which 507o
of the measurements were more diluted and 50Vo were less diluted out of all22 tests was
calculated to377:L, whereas the maximum such value was calculated to be 4,268:1.

l'able 1. Summary of results of 22 tracer rc-enlrainment tests. Resulls summarized by 50th ând l01h
ncrce-nlile trâcer concentmtions and lheir conesnondino dilrtion mlios

Test Date
S tack

Stop Ht
Time meters

3.4

6.4

7.9

3.4

6.4

7.9

7.9

6.4

3.4

3.4

3.4

6.4
7.9

J.4
3.4

3.4

6.4

6.4
6.4
7.9

7.9

7.9

Max
Min
Ave

I-raccr Cr¡ncen-
lralion in Pl'lì

Wind
Speed 50th 90th
m/sec Vo Vo

l)ilulion
Ra tio

Start
Time

D ista n ce
meters

50 rh
Vo

l0rh
Vo

R

I

2

3

4

5

6

7

tl

9

t0
il
t2

r3

l1
l5
t6

l1

r8

t9

20

2t
'))

3/4192

3/4/92
3/4/92
3/5/92
3lst92
315192

3/5192

3/5/92
3ls/92
316192
y6192

316/92

316192

3np2
Jnp2
tnp2
3n/92
3n/92
3np2
3np2
3nD2
3n/92

17:.17

18:05

l8:53
Ll:.20

12:24

l3:30
l5:04
l6:04
l6:53
l5:00
15:.25

l6.54
17l.49

l0:00
l0:25
I 0:57
ll:.47
12:24

13: l6
13:59

l4:.24

l5:00

17:59

18:40

19:20

12:02

13:12

l4:18
15:47

l6:33
l7:20
l5:.25

16:21

l'l:36
18:.29

70:25

10:57

ll:34
12:24

l3:01
13:49

14:.24

l5:00
l5:40

26.8

26.8

26.8

26.8

26.8

24.4

32.9

35.4

34.7

34.7

268
26.8

24.4
26.8

45. l
9.1

9.r
26.8
45. I
42.7
24.4
9.1

45.1

9.1

27.7

3.6
4.1

2.1

3.1

4.1

5.t
3.6
3.1

3.1

4.1

4.1

5.1

3.1

4.1

6.2
6.2
4.6
6.2
3.r
5.1

6.7

5.7

2t7
512

r,ll3
t80
483

800

r,601

2,56r
r,829

610

182

474

I,164
173

474

135

826
583

826
l,506

949
711

39

4t
33

45

26

29

t9
t0
t7
27

65

39

24

tt7
46

r06
26

26

27

l9
26

3l

202 l,l 13

86 1,067

39 r,348
243 985

9l I;t07
55 l,506
27 2,328
t7 4,268
24 2,561
72 1,601

242 674
9l I,l 13

38 1,829

254 377

93 949
326 4t3
53 1,707

75 1,707

53 l,601
29 2,328
46 1,707

62 t,423
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SITE
PLAN

WIND

Stack 12.7 JlL
veloc¡ty sec> 3.4 m

ELEVAÍION 1

Figure I Schcmatic sitc plan and cìcvatìon showing location of rcccptor and stlck
on thc rooftoo o[ tic buildìnq cornDlcx.

lle minimum dilution ratio calculated of all the tests for the 10th percentile, i.e., 907o of all
urlucs h¡r that test were more dihrted than this nunrber wirs calculate<J to be l3-5: l and the
nrorimum dilution ratio was calculated to be 2,561:1.

Of the eight tests from 3.4 meter stacks, the dilution ratios ranged from377:l to 2,561:1 in the
l0th percentile, and 135:1 to 1,829:1 in the lOth percentile. Of the seven tests froln 6.4 nreter
rtrcks, the dilution ratios ranged from 1 ,067: I to 4,268:l for the 50th percentile, and frorn
l7.l:l to 2,561:-l for the lOth percentile. Of the seven tests from 7.9 meter stacks, the dilution
rrtios ranged from 1,348:1 to 2,328:l in the 50th percentile, and from 7l I :1 to 1,601: I for the
l()th pcrcentile. Fronr these data, it can be seen that consistently rnore dilution can be achieved
r ¡th incre¿tsingly higher strcks irì the rarrgcs wlìich were tesled.

I o assess the relative effectiveness of different stack heights in diluting potential emissions,
thÈc tests that closely replicate each other in terms of wind speed and receptor distance, were
rhrrrcn frlr c<lrnpitrison. In thcse tests, wintl s¡rcctls nrrrgcd lìonl 3.6 lo 5. I nr,/scc, itntl ull
::tcirsurcrììents were taken at receptors 26-8 rileters downwintl fj'orn the source.
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RESULTS

A total of 22 lrtcer tests were run over a period ol lour {ays on the top of th-e I}uilcling' DLlrint

neter stacks, seven releases from 6'4 meter

s. Winds were persistently from the southwest

otls (lown-wind clistlrnces were chosen orl lhc

ìt to thilt betwccn the st¿tck testecl ltlld thc irir

ensions of the Btrilding' Measurements rvcrc
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Figures 2 through 4 illustrate the typical 
-charactcristics 

of
measured at fixed oo*n*inã'iil.Jp"àit-rôt j'q, e 'a an¿l ' the

iiu....on..noations vary widely with time, suggesting th
ncenÍatlon

time-weishted average of 88 ppb' Likewise'
e 6.4 metä stack ranged from zero to 305 ppb

those measured downwind of the 7'9 meter

matelv 238 ppb with a time-weighted average

distinct darirþning of peak amplitude and
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Figure 6. R6ullt o[ tracer tcst l5 prcrfomcd on
3/5D2 prcynæÅ as cumulalive pcrænøgc ol timc
vcnus Dilution R¿ùo. Tmcer rclc¿scd from m 6.4
m søck, md monitorcd approx- 26.8 m downwind.
Winds were from the southwest at aDÞrox. 4.1 m/sæ
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Figure 7. Resuls of traccr tcst f6 pcrfomcd
on 3/5¡92 prcscntcd as cumulaùvc ¡rrccnøgc ol
úme venus Dilution Ratio. Tracer was rclased
from an 7-9 m stack, and monitored zpprox-2A 4
m downwind. ìtrinds during tlris period weæ
from thc southc,cst at approximarcfy 5 I m/sc¡
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I)ISCUSSION

ln summary, it can be seen from this series of fìgures both that the dilution achie ved at a fìxed
rcceptor is greater for increased stack heights and tlat the variable effects of turbulence a¡e
rJecreased with higher stacks.

ln Figures 8 through I 3, measured tracer concenúations are plotted versus srack heighr,
rlistance from sourcc to receptor, and wind spced, for the -50th7o traccr c(rnccnrrittion irnd tlìc
t[hhzo lracer concentration for each of ¡he 22 tests run.

liigures 8 and 9 show racer concentration versus sr,ack height for the 50ú70 trtcer
concentration and the90th% Eacerconcentration. In both cases, it can be clearly seen that the
rprcad in the ranges of concent¡ations observed decreases drarnatically wirJr incre:rsed stack
hcrght, and that although increased stack height does not necessarily seem ro be correlated with
thc lowest measured concentrations, it is clearly correlated with consistentlv lower
(f rnccntt-a('ons of tracer gas.

l'rgures l0 a¡d I I show tracer conc to recepror for the
f(hh7o tracer concentration and the es I 2 and I 3 show
(l)lh7o and 90th7o tracer concentrat , it c¡rn be sfon that
:hc sprcad in the ranges ofconcentrations observed decreases with increased Jource-receptor
tjr\tirnce, though less dramatically than with increased slack height, and rhar increased source-
:rccptordistance is not necessarily correlated with ùe lowest measured concenrations, but
qrnewhat correlated with lower concentrations of tracer gas.

Å rcview o[ the data collected in this study indicated that for certain used laboratory chernica]
t,Jors may occasionally be detected on the rooftop and at the outside air intake of the Building.
l'rcrn dris data, it was concluded that the occurrence of these odors will be intemrìttent in nature
¡il o[ short duration and no direct health effects would be anticipÍì(ed fronr these types of
t\losure. Ilowever,thesensingofanodor,althoughperhapsirritiallytriggeredbyarelatively
thon rjuration exposure, can have a long-lasting impact on an individual.
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