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VENTILATION SYSTEMS FOR ACCIDENT CONJDITIONS
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R. A. Martin, P. K. Tang, and
W. S. Gregory
Los Alamos Scientific Laboratory
Los Alamos, New Mexico, USA

P. R. Smith and C. I. Ricketts
New Mexico State University
Las Cruces, Mew Mexico, USA

de are investigating the behavior of nuclear faciiity ventilatioan systams
subjactac to both natural and man-caused accidents. The purpoce of this paper
is to present a program overview and highlijnt ~acent results aof sur investi-
gaticns, ‘The program ‘nciudes “oth analytical and axperimental investiga-
tions. Computer codes r‘or orecicting accident-inducad 32 dJynamics and test
facilities tc obtain supportive axperimental Jati to u2fine structura, ‘ntag-
rity and confinement effaectiveness of ventilaticn systam comporents are des-
crited. A unigque test facility and recently obtained structirai 'iwits for
nigh efficiency particulate a'r filters are reported.



1. Introduction

Many questions can be posed concerning behavior of off-gas and ventilation
syitems under accident situations. Only a few of these questions are iisted
below.

0 Are methods available to predict gas dynamic conditions and loadings
in ventilation systems for various accident conditions?

(] Are methods available to predict transport of matarial within venti-
lation systems under accident conditions?

o Do experimental deta exist to define structural limits of ronfine-
ment devices such as high efficiency particulate air (HEPA) filtars?

(] Do ventilation component response data exist that can be used in
mathematical modeling?

o Do various filtration devices maintain their effectiveness through-
out transient accident conditions?

This 1ist represents only a small sample of the serious questions regarding
ventilation system benavior unaer the stress of accident conditions. How-
ver, we baliave that tne answers to the above guestions are unknown or are
only partially understood. fFcr this reason, we have establisnea a program to
answer these questions.

we believe that our program as outlined in Figure 1 is a st2p toward an-
swering the questions posed above. e are develioping analysis tools that will
ailaw preaicticn of accident-induced loads and conditions on confinement sys-
vams. At the same time we are investigating structural integrity and tran-
s'ant fiitration effectiveness through experimental simuiation of accident
condit!ons.

S. Program Jvyeryiew

“ne sbjectise of dur arogram is ta provide methods ind supportive experi-
metal data that wiil 210w analysts and designers to evaluate the impact sf
acz'dents within nuclear faciiities. Cur amphasis 1as been on accident-
‘nguced 3as dynamics and alrborne material movement within ventilation sys-
tams.  The analyses and experimental data are particilarly suitad to f.ei cy-
2'2 1ry chem'ca aracessing facilities rather than -eactors, bHut can He ag-
277e2 e oaxtarias into the ~eactdr area. As shown in rFijur: 1, our appraach
*2s @2t o frvastiigat: the accilents depencing on mnather thay ariginate
‘eum =3iuril jnenomera | tarnadoes, high ainas, eartaquaka: ar ara man-causes
firas, 3¢3°28°zns, ruc.ear 2xc.rsiens.

Figira shows 3act‘vities, sponsorad by several US jscvernment organi:za-
tfars, rat :re 1)) inter-alated. For example, the flow rasistance and Siower
~2£23rs2 12"y are essent’a’ fir proper computer models. The experimental data

a7 e Teaniforred Inlo 3 mathematical modei that can e used in the computer
. Tn2 2xpe-imental af“aci of <cmporents an shoc< wave characteristics 1s
ssezel “re zradiition oFf 3rcck wav2 oropagation within a sentilation system
“2r 32 In 7@ UMD .t2r OJrograms.

ne iralytizal ared tonc2res dev2lsptent Of Iomputar sodes far praaicting
s 2°¢

affazt )~nadg dag-3ssurization, 2xpissfons, “ires, iana Tatarial novement
witata 2 Facitity, Thesa tonputar Ioces iavaive ruttidinens-onal todels that
Ira tafTLead ti o2 saey san-2riirtad, that fs, of pa~ticular usa ty safaty
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tigure 1. Organization of accident analysis program.



analysts and heating, ventilating, and air conditioning {(HVAC} system design-
ers. The computer code for predicting tornado depressurization has been de-
veloped and is being used by govermment and industry. Wwe will describe tnis
code in more detail. The first version of the computer code to predicc
explosive-induced effacts ic nearing completion and wili also be des-=ribed.
Computer codes to predict effect of Fire spread are in initial stages of de-
velopment as is the code for predicting movemert of airborne material within
facilities.

The exper1menga1 facility is located on the campus of New Mexico State
University {NMSY; at Las Cruces, New Mexico, and is operated by NMSU personnel
for the Los Alamos Scientific Laboratory (LASL). The test facility can simu-
late both slow {tornadn) and fast (explosive) overpressure transients across
ventilation system components. The major components of the test facility in-
clude a2 large compressor, high-pressure air storage tanks, a tornado simula-
tor, a shock tube, ana instrumentation requirad for measuring transient aerc-
sni releases.

2. Analvtical Investigaticns

A, TYENT Ccmouter Code

TVENT was devaloped at _ASL over a period of approximateiy three years
“1.-3°, [ts main pur~ose was to pradict the flow rates and pressures tha:
aould exist within the ventilation systems of a bullding i1f a tornado passed
over that building. This is 2 comolex problem because the ventilation systams
Sf large buildings are very intricate. These systems consist of many branch-
ing ard ‘ocping ducts, ‘arge volumes such as rooms and jiove boxes, and many
5lowers, damrers, and filters. Furithermor2, the flow through the ventilatisn
sys5tem s not steasy Sut changes with time J2causs tne pressur2 pulse causad
Sy rne tl~nago passaze Jver tne suiding clhanges ui-h time. An additionai
complication is tha compressibSie nature of the air Tlowing throuzn the sysiem.

AS we Zaveildna: TVINT, we cou'd se2 that becaussz Jf the v2latively srall
seak pressuyres axpected from tornadoes [20.; <P3, 3 2si: and the relative'y
370w Jcnurrence of the nressure puise, we could make several simpiifying as-
5UMDTInS,  Thase 33uTpiicas 2rs Tistad selow,

One-dimens‘snal, incomprassiole ¥ om

1Sscthe~may 'corstant tsmoerature, T
System roragnents tresatal ag Ter- ar=—e*=r

Fluld storage 9r conpore2ssioli'iy 3i70wed ONn.y at #0dms Ir J.0vVe
90«28,

. Trartiat affzony ind sncck format'on are negiecied

Cw
]

Tha aguitions that zovern “low thrcugh che systam ara th2 soTentum equa-
~fIn, *ne centinuity eguation conservation of mass., the 2neryy zquation, ang
the acu-:i-n 3y state of the Tluid. For all componeits except iarge volumes,
tne 2quatfan of motion and srergy 2quation Zan be r2plazad sy 1 relationship
Jtagen tha ftow rata thareugh tha camocnent :nd the Jressure arop aCrass tha
Tmagrent,  The 2antingity equaticon i3 satisfled by denanding tnat mass oe
csnseryel 31t 3aCh ncde h2iween cimporents,

wnen 3 tomporant 1as 1 lirge /mlume, w€ is:iume ok}
1F20 31Irass Lo bes a8 the veia\-./ within tha volume is 3
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Thus the numerical solution technique conceptually appears fairiy simpie.
it a given iastant of time, the nonlinear equations for flow rate as a func-
tion of pressure through each component are solved in an iterative manner un-
til conservation of mass is attained at each node. Time is then incremented,
the tornado pressure value 1s changed, and once again *he pressuras it each
node are adjusted in an iterative procedure that assures conservation of mass.
This stepping in time continues until the pressure pulse has ended and the
system has returned to its noninal steady-state operation.

The application of TVENT to various ventilation systems has been quite
successful [4--71. When applied to steady-state conditions, it cliosely pre-
dicts the actual performance of the building's ventiiation systems. Transient
nerformance wili soon be verified by coenstructicn of a smali-scale ventilaticn
system where tornado pressure pulses can be modeled. In general, instability
of the numerical solutions has not been a difficulty with TYENT.

3. Explosion Computer Code

a) General! - Our approach in developing a computar coce that will Jradict
propagation of explosively-driven transients w~itain a ventiiation system was
t0 extend TVENT to model the more complex phenomena [31.

As the expiosion code evolved Trcm the TVENT code, we retained tha basic
input/cutput format and the steady-state portions :f the code. Howevar, the
transient analysis portion of the code was rodified =xtensively. The tran-
sient analys's is subdivided into two major categories as shown in Figure 2.
The two categories are cailed near- and far-fiell and apply to regions of the
ventilation system that are near or far away from the explosive event.

The near-field analysis consists cf three main segments, as shown in §ig-
Jre 2. Depending upon the characteristics of the explosive event, a deflagra-
tion, detonation, or transiticn to detonation #i1i take placa., we have chcsen
to delay development of the near-Tield ara.ysis in favor of ine far-fiela
analysis shown in rigure 2.

3y developing the far-field aralysis first, we zan develop an 2irl, first-
der version of the explosion code. The analysis is treatad as i jas dynam-
s grobiem with the explosion modei2d parametricalily. Further, “ais anaiysis

sarticulariy suitagla when the “low dynamics are relativel, insensitiva to
the expiosive event or when there is iittie detiilad informaticn 35ut the 24«-
nlosive event, Later development of the near-<ic'd anaiysis #:1) zliow us t3
couple the two analyses, ard tne neir-7Tiald zna’ysis wiil provice the driving
Jotential for the far-field an2lysls., Tha fzr.vicig ve-sicn 37 :he code 2
seen used cn savera’ simple2 driclems 3nd comzirzd with axgerisenta’  asyits.
Thay comparad quite wel® and s-~e axpiiinaec 32.icw.
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b} Example or Explosicn Code Results - 3ome experimental 4ata :an He
‘ound in Refarence .9, wn.ch Zesirives the Iiscnarje of nign-prass.re gas
.3ir) from a vessel t3 the atmosphere. It als: idascrises the prassurization
9f a vasse! by a nigh-pressure air supply raservoir, w2 fe2l *hat inewa are
the interes-ing cases “or iniiial iasts of our z«piosion :=cmputer coce, espe-
2137y in the areas of mass and 2n2rgy csnservaticn, arificz floa reiztion,
and chekad 7Fiow concizions, The schematic 3f ine prodliems heng invastisated
's shoawn ‘n Figure 3. 11 2oth cases silown ‘n Figure 3, he initia, srassura
1 fferential is qut2 Targe. and tie Ylow is nok2d durirg tha 2ir)
n2 transient. A5 the sessel pressiure approachas ambiant 2+ hat
2%y rasaryoir, the uncnckas drivice Flow ~2latisnship 1ppifas, we
snat although the unendgad orifice relation fs 25s5@ential’iy in
Toruiation. the thokac ficw zalculation aees inztlle na 2
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v, =a.915x 102 2® |  AMBIENT PRESSURE
1.0 x 10° 0a (14.5 psia)

—
™ A=7.92 x 1970 m2

INITIAL PRESSURE: 1.479 x 12°% Pa (214.5 psia)
INITIAL TEMPERATURE: 292 (62 °F)
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F———————-
i
i
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INITIAL PRESSLR=: *.2x M
INITIAL TEVPERATURE: 23+
SUPPLY PRESSURE: 5.92 x 137 23 36 as’a;
ey

1, "
2
(b) CANRZIYL YESSZL

“iaure 3. Scnematic anc concizisns for maesirc ard aischarqing 3ra%ers,



The resulting anaiytical and experimental prassure transients are given in
Figures 4 and 5. A1l pertin~ . parameters are shown in Sigure 3. For the
tr.eoretica’ calculations, the d:mensionless resistance coefficient {s first
ast imated based on some typical orifice information, and then the dimens'!ona:
resistance coefficient is calculated because the latter is the required input
ysed ‘n the explasion code. As we can see in these figures, the analytical
result compares guitz well with the experimental rasu’ts even though there is
some urcertainty about the orifice resistance. The transition from chokling
to unchoked flow is dest 11lustrated in the charging vessel case. The con-
stant mass and energy supply from an ‘nfinite reservoir- throughcut the choking
phase yields a constant siope in the pressure transient curve. The pressure
rise eventualiy Tlevels off, resulting from decreasing mass and enargy flow
ratas because of tnheir dependence on the pressure d4:fferential between the
vessal and the raservior. The vessel discharge casa nas a sinilar transition,
namely from chok'rg to nonchoking, but it is not s0 easy to detect by the
pressur2 transient alone because the choked flcw depends on the vessel cond!-
tion as weil is on the unchokad flow. We Seiieve that the explosion code pre-
dicts the ralatively simpie cases quite well. «We plan further tests cf tha
code for cases where axparimental data with inertia effects are aiso avail-
able.

2, Experfwertal Inyes:zigaticns

iy Jaceription

Al

(8]

“ne LATL test facility is located on the {IMSU campus wita op2ration and
testirz prssizes oy the Yecnanizal Zngineering Department. Many of the tast
torpcrents 1-2 “scated outside the test builaing and are shown 'n Figura 6.
Tarm "afc o ~fgnt in 2 foreground of Figure 4, the componenis ar2 the mocel
ser<iatiir z,¢73m, e large biowdown tanks, and the shock tube. The tast
: *T TP ot oTme tackgrownd,

“nz arszeat,s at tnls tast facility is ased tc 2ccomplish the activities
Q.17 4m2z e o Figuea L, Using this apparatus, we ar? asla to generata varying
seprzzs f flsw transt 'aqis 19 s imulate both natur2i and man-caused accicarts,
Tnfs a3g3arat,s 2ard asscciated instrumentation na:e ween Jescrized i Rzfar-
sncas (11T are TlzI. A large wind turnal tazt aill 2159 be used td cptain ex-
se--erza’ 22372 an raertra‘nment and deposition is under construction at LAZL.
Sme Jf the axperimental apparatus is descrite? in graater detaii delow.

at 31GWCCdn agparatas - .he purpase of the pbicwdown ap:araqu is tn im-
gose -e.at’ 2iy SCw 1J.5 & 9 9 s, prassure pulsas across venti'atiocn system
c:rccneﬂ:s. e SJ"em is 'apabTe of _jener: t-ng aressyre izvels 5f 27.2 <Pa
25° ana vo'uretrit flows of 1.7 3,3 8 COC If1., e /3% consists

1

2F twd targe pf=SSJr.:: a'ks. soric nozz'es, a -r=-. -er champar, and 2 win
:J"ﬂ?.. Tne ;r°:1"ef ;ha’a r, Winz unnel, tisi filtar, and nijn-speed cam-
g¢ra 's sncun 1 Tigure 7,

e air flows ¥From tha prassuyrized tark: through te2ive :..75-n
‘1.Z5-%r,. solsnoid vatves. The mass Tiow rate ‘3 reguliatad Yy sonis2l’ J
cack ‘73 the Tlaw 3t 2ach salve, and th2 Jrascur: puTs2 rise is rejuiatec oy
cort~2"1fn3 *h2 rutker Of viives operad at any tice.

~e 3'r pesses from tne vaives 'qto a 3.1- 2y 5.i- oy 3.i-m \10- by 13-
S 12-?:' axga:s ion Inamper, Here %the 1ir impinges or 3r impaztion 3late ang
tqe~ F5 prafitzerad 2y ) bark of 23 REAA Tiiters.

Sewq the JrafiTtar--g Iiimbe~ the 2ir Jasses iPrtugh a S.5- 9y ).5-a 2
cw T-Tt zuct ang cmpfrgas on o3 tast IoRacnent 2t he 2nc a7 the e, The
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Figure 7. Blowdown chamber aad 1IEPA filler testing apparatus.



test components that have been evaluated thus far are HEPA filters. Recent
structural testing results for HEPA filters will be presented in later sec-
tions.

b) Scale Model Ventilation Systems - The purpose of the model venlila-
“ions systems 1s to obtaln experimental data to compare with and thus verify
TVENT computer code predictions. The model ventilation systems are compcsed
of representative components such as blowers, dampers, ducts, filters, and
rooms. Figure 8 shows the larger of the two modei ventilation systems. The
construction of the seccnd model is in progress.

To test a model ventilation system, we had to scale down all of the proto-
type system variables including size, flow propertias, and component charac-
teristics. This must be done not only to bulld the model, dut also to later
scale up the measured model resuits to prototype proportions. A similitude
study was completad and has been roported 713].

de will also evaluate the scaling laws used to build our model in addit‘on
to comparing the model results with TVENT predictions. To investigate tie
scaling laws used, we have chosen to design and test two modeis based an si-
militude theory. The test results from the larger iodel will be callad proto-
type results for comparison with the smaller model results. We believe that
this will provide confidence that the performance cof aitaes of the models can
se used to predict full-scale performance ani hence, provide a vitid tast of
TVENT. Tests using the larger model or prototype vantiiation systam arz in
progress.

3. Shock Tube

The purpose of *he shock tube facility is to simuiata Tow-gracs 2xplosiais
and therebyv create shock waves that can 2e impcsal on vantilation system com-
pornants. The shcck tube is snown in Figure § and is 31+ m 36 “a., in Ziam-
ater with a 12.1-m [2A,9-ft) driver section ard 2 23.1-m ‘li5.l-f%; ariven
saction. A doutle-diphragm technigue is used to contro: drise- firing pres-
sure. Ta's method allows us to reduce dfaphraum -3sts 9y 2liminazirg Ine nced
for machine-scored diaphragms. Tre concentua’ design and smeli sczls axperi-
ments a~a recorted ‘n Raferences {147 and [157.

Xe intend to contirol the to:al imprlsa that iIs imposed 2n %th2 List speri-
men. That is, we w#lll control both neak pr-assure ind duratica | f.a. 2wl
time® of tne high pressure behind the shock wave. A wide ~ange of cael'l times
zan rasylt from internai exp.asions. <Jiversa systans within fatiiizizs ang
treir Jeametrical Configuraticns ar: respons’'d’e for pari Of tne variasii‘:y
‘n dwel: times, bit dther zordlticns may 2@ even ora invtyentiai, Tha2se con-
ditiins ~asy't frim the charictar 5f tae matarial causing & i
Tiel zycl2 coeraziens tynizaily favciva cases, vaoors, ana dust
Jhar ratar~ial, Thesa matarials ortan have exples’iv2 pitantial ard vary
‘n thair ceriagration ar Jdatgration charagter’stice. we nave o :
ft 15 impassihie t9 pick 3 s'ngie reprasantatise iw
#3¥e.  Jhus we h1/e sevisad 2 Tethed te 3:i'ow vitta
shock toba,
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Tna methad usad '3 sudgestad Uy the ahysioan pnsnomen: sesursing it ina
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Model ventilation system.

}iqure 8.




Figwe 9. Shink Lube.



length of the driver section of the shock tube, we can obtain any dwell time
des ired. The dwell time will be the difference between the arrival times of
the compressian and expansion waves at the test specimen.

We plan to evaluate the effect of total impulse on ventilation system com-
ponents during the remainder of 1979. Initial tests are in orogress using
standard HEPA filters. .

-~

5. Overpressure Tests of HEPA Filters

A. General

Our initial testing emphasis has been placed on subjecting HEPA filters
to similated tornado pressure differenti °"s. The characteristics (pressuriza-
tion rate, maximum pressure) of the pre.sure differentials were chosen to sim-
ulate tornado conditions described in the US Nuclear Regulatory Commission's
Guide 1.76. The most severe design basis tornado described in the Guide is
for a pressurization rate of 13.8 kPa/s (2 psi/s) and 20.7 kPa (3 psi) pres-
sure differential. Although our tests are centered around these design basis
torrado specifications, the results obtained are valid for any design basis
tornado of interest.

The investigation was a parametric study where tornado and HEPA filter
characteristics were examined for their effect on structural integrity. The
test procedure and the results are described below. A1l HEPA filters were
nuclear grade and met MIL-F-5-108-79, MIL-Std-282, and MIL-F-51068 specifica-
tions. In addition, all filters were sent through a Department of Energy
filter test station before shipment to NMSU. Only filters meetirj the above
specifications were sent on to NMSU for structural testing.

8. Test Procedure

Using the bl'owdown device described above, a pressure differential at a
selected pressurization rate was imposed across the filters. The test was
continued until the pressure differential across the filter was above the max-
imum of 20./ XPA (3 psi). A high-speed movie camera and all instrumentation
recorders were started simultaneously with the sequencing vaives. Pressure
differential across the 7iiters i:d dynamic pressure were measured by elec-
tronic pressure transducers and recorded by strip chart recorders. A timing
mark was simultaneous!y recorded on the high-speed ¢ilm and pressure reccrder
at 10 ms intervails. The actual times of filter failure were then found by
sbserving the high-speed movies of the downstream filter face. Also photo-
araphed by the camera (for reference) during the test were a zlock and mano-
metar mounted beside the filters. All tests were perfcrmed at air humicitias
from 40 %9 ad%.

C., Test Rasults

a) Structural Limits - Table [ contains statistical values for the
structural Timts of 610- by 610-mm (24- by 24-in.) HEPA filters from four
menufactirers. The average bSreak pressure for each of the four manufictur-
ars' filters and for all filters are prasented ‘n Table [. In addition %o
Sraak oressyre, the standard deviation is also listed in Table I. As shown
‘n Table [, the strongest fiitar is from manufacturer 3 with a mean bredk
aressure of 20.1 kPa (2.91 2sf) and a stancard deviition of 3.2 kPa
*).36 psi}. The weakest filter was from manufacturer C with a mean break
prassure of 3.1 kPa (1.32 psi} and a standard deviation of 1.5 kPa :J.22
psii. 1iso, the least amount of data scatter was found with manufacturer C

-4

Yiast S, Ade also have photographs of the 15-mm movie frames at the




TABLE 1
STRUCTURAL LIMITS

Fg S FB-S FB-ZS
Manufacturer kPa psi kPA psi kPa psi kPa ps i
A 17.3 2.50 3.9 0.56 13.4 1.94 9.5 1.38
8 20.1 2.91 3.2 0.46 16.9 2.45 13.7 1.99
C 9.1 1.32 1.5 0.22 7.6 1.10 6.1 0.88
D 18.4 2.66 2.2 0.32 16.2 2.34 13.9 2.02
All filters 16.4 2.37 4.9 0.71 11.5 1.66 6.6 0.95

Pg = Mean {£PA filter peak pressure
S = Standard deviation

break point time and also at 20.7 kPa (3 psi). Examples are shown in Figures
10 and 11. In Figure 10 the downstream face of one of the stronger filters is
shown. Notice that the initial break point occurs in a single fold and the
opening at that fold increases with time. However, the failure for the weak-
est filters is entirely different. See Figure il.

When all of the data from ail manufacturers is consider as a single data
set, we obtain the last row shown in Table I. Thus we can say that we are
68.26% conf ident that the structural limit will be equal to or greater than
11.5 kPa (1.66 psi).

b) Parametric Study - We have tried to evaluate the effect of several
parameters on the structural l1imits or initial break pressure of the 6l10- by
160-mm  (23- by 24-in.) HEPA filters. Table II 1lists parameters under

TABLE [I
PARAMETERS AND EFFECT ON FILTER BREAK PRESSURE

Stasistical

Parameter or Effact Cffect
1. Manufacturer : YIS
2. Pressurization rate NO
3. Flow dirzction NG
1, Time at maximum pressure NOD
2.  Number of folds {pack tightness) \C
6. Metal vs asbestos separators W0
7. Location of initial break +
3. Medium area destroyed +
g, Medium tensiia strangth *
10, Medium DOP** genetration *

+« Jata recorded during testing
* Statistical analysis nct vet oerformed
** Dioctylphthalate
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evaluation in addition to parameters recorded during the testing. Table II
also shows the statistical effect of each parameter. However, our statistical
analysis was limited because of the small number of filters available for each
test. For example, there seems to be a trend toward lower break pressures as
pressurization rate increases. However, we cannot say statistically that
pressurization rate has an effect. Therefora Table I indicates that only
manufacturer variability has statistical effect on filter break pressure.

6. Future Investigations

Some of our future work is outlined below.

() Eff lclency tests of HEPA filters under artificial loading conditions
and a‘rstream-entrained aerosol. These will be performed for simu-
lated tornado transients. A laser particle countar is being fabri-
cated to measure the transient aerosol release. Smail-scale experi-
ments have been performed [15--17].

() Sheck tube tests to simulate explosive transients across HEPA filterc
and ather vent!latfion components.

o VeriTication tasts for th2 explosion computer code.

(] dind tunnel reentrainment/deposition expariments.

() Development of fire and material transport computer codes.

7. S.mmary

In this papar we have discussed unanswerad questions Jeaiing with the
safety and behavior cof off-jas and ventiiztion systems. We nave deszrided
-ASL's accident araiysis program for providing answers to or some understand-
ing of ‘hese ques:ions. Our 2pproach is both analytical! and experimentai in
develzping aredictive computer codes and supportive exderimenta’ data. A uni-
que test fazility was descr'bed that will provide some answers regariing be-
havior of ventilation components to simulated aczidents., Furtner, we beilzve
that this Tazi'ity !s very flex'dle and can be eas!ly modifiea tc study mary
tyses 5f accident -~2sponsa phenomena. Finally, we oresentad resulss for
structira:, limits >f BEPA f'lters for translient overpressur2 loacings.
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