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R. A. Martin, P. K. Tang, and
W. S. Gregory
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P. R. Smith and C. I. Rickatts
New Mexico State University
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de are investigating the behavior of nuclear faciiity ventilation systams
subjectec to both natura’ and man-caused accidents. The purpoce of this paper
is to present a program overview and highlijgnt ~2cent resulis of sur investi-
qaticns, The program ‘nciudes “oth analytical and axperimenta] investiga-
tions. Computer codes Tor orecicting accident-inducad 33s dynamics and tast
facilities tc obtain supportive 2xperimental Jati to d2fine structura’ ‘ntag-
rity and confinement effectiveness of ventilatizn systam ccomporents are des-
crited. A unigque test facility and recently obtained structirai ‘imits for
nigh efficiency particulate a'r filters are reported.



1. Introduction

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

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

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

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

(] Do ventilation component responsa data exist that can be used in
mathematical modaling?

) Do various filtration devices maintain thelr effectiveness through-
ouvt transient accident conditions?

This 115t represents only a small sample of the serious questions regarding
ventilation system benavior unaer the stress of accident conditions. How-
iver, we beliaye that the answers to the above guestions are unknown or are
only partially understood. fcr 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-
suer*ng the questions posed above. We are deve.op.ng analysis tools that will
ailow preaicticn of accident-induced loads and conditions on confinement sys-
vams., At the same time we are investigating structural fintegrity and tran-
s'ant fiitration effectiveness througnh oxperimental simulation of accident
cond‘t ons.

=, Program Jverview

“ne shjectise of Jur arogram is ta provide methods and supportive experi-
mental data that #1377 217cw analysts and designers to evaluate the iImpact sf
acz'dents witain nuclear faciiities. Cur 2amphasis *1as been o9n accident-

‘nguced 3a% dynam‘ga and ailrborne mnaterial movement within v=nt11a ‘on sys-
tams, The analyses and =xper1"er.a. data are particiularly suitad to f.el cy-
2i2 1ry chem'c2 orocessing facilitles rather than ~eactors, vut can ve ag-
Tfzg sr oaxtariag intd the ~eactdr area. As shown in Flgurz 1, our appraach
~35 2@t o frvestigat: the accilents depencing on wnather thay ariginate
feom matLral phenomena .tirnadoes, high winas, eartaquak2 ar ar2 man-causea
firas, 3¢372s4cns, ruciear axcuirsicns;.

(P ]

Fizir2 1 shows activities, sponsorad by several U5 gcvernmen: organi:a-
tiarg, rat cra o3l 1n:er"e1a:ed. For axample, the flow rasistance and Siower
~2523rs2 121 dre essentia’ for proper computer models. The experimental data
AT S b aror*ed 'n.o a nathematical modei that can 32 used in the computer
2adas. Tea axperimental af“act of <empornents Jan shec< wave characteristics is
“e02as “rne 2ret fabinp ~F 3rcek wave yropagation witnia 3 sentilation sysiem

i3 “or o gs2 in tme UMD .t2r Jrograms.

2787230 1rea conc2rns dev2loprent of zomputar lodes for praaicting
¢ PO Lale¥ b1 4e9'=ssur':a:‘9' ’ﬂD-;S ons. ol \r€S, 4ind "atar ‘2l novement
s 3citity,  Thesa somputar Ioces 1nv3|/= UL f'ena Inal Toda's that

ra taftueald Tl oz2 szey ousacedriirctad, that ds, of pa-ticular us2 t) safaty
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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. e wil! 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 dessribed.
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 experimental 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 required for measuring transient aerc-
soi releases.

3. Analvtical Investigaticns

A, TVEANT Ccmouter Code

TYENT was devaloped at LASL over a period of approximateiy three years
“1.-37. Its main pur;ose was to predict the flow rates and pressures tha:
a0u’d exist within the ventilation systems of a butlding 1f a tornado passe:d
oaver that building. This is 2 comolex problem because the ventilation systams
5f large buildings are very intricate. These systems consist of many branch-
ing ard locping ducts, iarge volumes such as rooms and Jiove boxes, and many
5lowars, damrers, and fiiters. Furthermore, the flow through the ventilatisn
system ‘s not steazy Sut changes with time J2caus2 the pressura pulse caused
Dy "ne tIvnago passzze JIver tne sSui'ding changes with time. An additional
compiication is tha comprsssiSie aature of the air Tlowing thrcuin the sysiem.

AS we Zaveizpe:s TVENT, we cou'd se2 that Hecauss of tne walativaly srall
Jeak pressures 2xpected from tornadoes [20.7 <?3, 3 2si' and the relative'y

30w ocnuirrence of the nressure puise, we could mak2 several simpiifying as-

-y - - -~ - -y - - - e '
sumpsians,  These assuTptiicnas 2rs Tistad Geow,

(] dne-d‘mensisnal, incomprassiole low.

] Isctherma) ‘cerstant tsmoerature, T Cw.

] Systam coragnents Lreatal ag Tumpad sarimetars.

(] Floid storage or conoressioli‘ty al’owed oniy at ~0oms Ir JiOvs

20423S,

. trertiat affazts 3od sncck formation are neglacied.

Tha aguitions than jovern “low through the systam ira tha soTentum equa-
tfan, *ne continuity eguation  conservation of nass;:, the aner3y =quation, anag
thae 2aguatisn n ostate of the Fluid. For all componeints axcept large volumes,
tne 2quation of motion and srergy 2quatinn zan Se r3plazad sy 1 reliationship
Jatagen tha TTow rata through tha camocnent ind the Jressure drap ICrass tha2
Twmporant,  Tae contingity equaticn i3 satisfled Dy dananding tnat mass e
zgnseryes 3% 2ach nccde s2%ween comporents.

an2n 3 sompeorant 1as 1 lirge /alume, a€ is:iuMe tnat ther2 3 ¢ prassurs
P00 AIrass b S2c1,8a e velocity within the volume s small., Howwvar, mass
593raga zan osctur Afthin the wolume 55 tnal iks Jressur2 does Inang2 aita
time, Tha time larfyatije of the s=mation € s3tat2 for 1 perfect jas <ounlag
Yooas s

aft~ e iinservatioa Of Tass 20 o thing2 in prassue2 Do De satcuiatza.



Thus the numerical solution technique conceptually appears tairiy simple.
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 itearative manner un-
til conservation of mass is attained at each node. Time is then incremented,
the tornado pressure value is changed, and once again *the pressures it each
1ode 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 T4--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 censtructicn 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 TVENT,

3. ZIxplosion Computer Code

a) Genera! - Our approach in developing a computar coce that will pradict
propagation of explosively-driver transients witain a ventilation system was
to extend TVENT to model the more compiex phenomena [37,

As the expiosion code esvolived From tha TVENT code, we retained the basic
input/cutput format and the steady-state portions :f the code. Howevar, the
transient analysis portion of the code was modified axtensively. The tran-
sient analys's is subdivided into two major categories as shown in Figure 2.
The two categories are cailed near- and far-field 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 Fig-
Jre 2. Depending upon the characteristics of the explosive event, a deflagra-
tion, detonation, 2r transiticn to detonation ~iil take plac2. we have chosen
to delay development of the near-field araiysis in favor of tne far-fiela
analysis shown in rigure 2.

3y developing the far-field aralysis first, we can develop an 2iri, first-
Srder version of the explosion code. The analysis is treatad as i jas dynam-
ics probliem with the explosion modeled parametrically. Further, *nis anaiysis
is garticulariy suitacla when the “low dynamics are ralatively insensitiva to
the expilosive event or when there is iittie detiilad informaticn 0u* the 2«-
nlosive event, Later developrent of tha near-"ie'd anaiysis #: 11 zliogw us t2
couple the two analyses, ard tne near-fi2lg zra’ysis wiil provice the driving
Jotential for the far-field analysis., Tha fzr-©izig va~sicn 39 :he code A3s
seen used cn savera’ simple praclems 2nd comzirzd with axpericentat  asyits.
“hay compared quite wel® and i-e 2axpiiinec 22icw.

b) Example or Explosicn Code Results - 35ime experimanta! data
Tound in Ref2rence . 9,, wnich cZescrives the discnarze of Aign-jrass
.3air) from a vessel t3 the atmosphere. It alss dascrises the prassur
9f a vasse! by a nigh-pressure air supply rasarvoir, W2 feal that “n
the interesting cases “ar initial Llasts of our z«piosion ccmputer coce
21213y in the areas of mass and 2nargy conservaticn, orifica flsa r
and chexad Flow concitions, The schematic 3f fne pradiems hefng invs
's shown ‘n Figure 3. I1 zoth cases shown ‘n Figure 3, :the initia;]
1ifferential is quit2 Targe. and tie fiow is cnos2d surirg tha aar
N2 transient, As the ,essel pressura approachas ambiant 3~ nat
3%/ rasaryoir, the unchckas arifice flow ~2latisnghip 1pliias, ae
12t although the unenskad crifice relition !s 25s5entiaily an in r
“aruiation., tie snckac flow catculition sees ingTLde tne affact of

ticn ziven ‘n RQaf--ancz D 17T,

tan He
41"2  gas
~izatieon
:5d are
2spe-
Lion,
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v =a.916 x 10732 | AMBIENT PRESSURE
1.0 x 10° 22 (14.5 psia)

—
™ A=7.92 x 1970 m?

INITIAL PRESSURE: 1.479 x 12°% Pa (214.5 psia)
INITIAL TEMPERATURE: 292 (69 °F)

(2) VESSEL DISCHARGE

-
|
i
v, = £.916 x 1973 l—:
|

INITIAL PRESSURz: .2« 1
IMITIAL TEVPERATURE: 23
SUPPLY PRESSURE: 5.22x 1)
s,

1 / .
2
(b) CHARZIYR VESSZL

“i3ure 3. Scnematic anc coancitisns far znaszirc and alscharqing 2r93%ers.



The resultina analytical and experimental prassure transients are given in
Figures 4 and 5. All pertin~ . parameters are shown in Figure 3. For the
tr.eoretica’l calculations, the dimensionless resistance coefficient is first
astimated based on some typical orifice information, and then the dimens!ona!
res istance coefficient is calculated because the litier is the requirad input
used ‘n the explasion code. As we can see in these figures, the analytical
rasylt compares quita2 wel!l with the axperimental rasu’ts aven though there is
some urcertainty about the orifice resistance, The transition from choking
to unchoked flow is Hest {1l1lustratad in the charging vessel case. The con-
stant mass and energy supp]y from an Infinite reservoi~ throughcut the choking
phase yields a constant siope in the pressure transisnt curve. The pressure
rise eventualiy Tlavels off, resulting from decreasing mass and enarqy flow
ratas because of their dependence on the pressure d4ifferential between the
vesse]l and che raservior. The vessel discharge cas2 nhas a siqnilar transition,
ramely from chokirg to nonchoking, but 1t is not so easy to detect by the
prassur2 transient 3alona because the choked flcw dapends on the vessal condi-
tion as weil as on the unchokaed flow. We Seliave that the explosion code pre-
dicts the ralatively simpie cases quite well. ‘se plan furtner tests cf tha
code Tor cases where exparimnental data with i{nertia effects are also avail-

ne _AZL tost facility is located on the !MSU campus witn op2ration and
tz5ting ;r::=:e: Jy *he Mecnanizal IZngineering Department, Many of the tast

1~z "scated outside the test builaing and are shown *n Figura 6.
~t in tna Toreground of Figure 5, the components ar2 the mocel
tiIr 3.8%2m, Ine 1=r;e biowdeown tanks, and the sheck tube., The tast

J
1

’

"
5
“w

fio7r Tt2 tackground,

Tng 3z33-aT,s At tals tast facility is Jsed to accomplish the activities
2.t fe2z froTigura L, Using this apparatus, we 3r2 abla to generata varying
tegrzas o Tlow transiants o simulate both natura’l and man-caused 2ccicarts,
Tz 33g9arat,s ard asscciated instrumeniation ha:e ween descrited i Rafzar-
ances 11T arc TIzI. A large wind tummal tnat wil) 2lso be uses to cprain ex-
se-i-erta. Z2:a an raertri‘nment and deposition 1s 'ﬂuéf construction at _AZL.
Soma of the axperimenta’ aprparatus is descrited in craater detaii delow.
at 310wdcan agparatas ~ Yhe purpase of the Dicwiown ap:ara.Js is to im-
pose —o,atty j SICW .J.0 % 96 S, prassure pulsas across venti'ation system
corganrents,  T1a s;=“em is capable of geﬂer="ng aressure Tavels of 27.2 «Pa
2 28% ang vo-umetric flows of 11.7 m3,s ,_- cOC ) Tra §/3%m Consists
cF w2 large p*=55Jr'::: tarks, sornic nozz2ies, a r=|. tar champar, and 21 win
Tarnal, 'ne arefiiter chardar, winz tunnel, e filtar, and nign-speed cam-

A=

r
1 's snsun ‘n Tigura 7,

-

The eir flows from %tha prassurized ‘tarks through tudye ZL.75-mm

1.25-'r. solsnoid valves. The mass Tiow rate ‘i regulated Yy son...?./

[ofaTat Salale :q Tlow 2t 2ach salve, and tn2 prasturs pu'sa rise is rejulatec 3y
gort~2"1'r3 *ha rnuicker 3f viives operad at any time.

L -

ne 2'r passes from tne vaives 'ato a 3.,l- 3y 5.i- oy 3.i-m \=G- 5y 13-

o ign cnamper., here the air impingas 9r ar impaziion 3lala irg

rad 2y 1 barg of 23 REPA Tiitars,

Se27 the Jr2fiTtar--g champe~ the 2ir J23sses thrlugh A T.5- 9y J).5-a Z-
1 .

a
S D=1 ozuct ans moirgas an tast oamacnent a1t the ang Af Yhe ucl, The
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Liqure 6. Fxperimental apparatu-s at tesgg fucility.



Figure 7. Blowdown chamber and HEPA filler testing apparatus.



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

b) Scale Model Ventilation Systems - The purpose of the model veniila-
tions systems Is to obtaln experimental data to compare with and thus verify
TVENT computer code predic-ions. The model ventilation systems are compcsed
of representative components such as blowers, dampers, ducts, filters, and
roons. 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 >f the proto-
type system variables including size, flow properties, and component charac-
teristics. This must be done not only to build the model, bdut also to liter
scale up the measured model resuits to prototype proportions. A similitude
study was completad and has been roported [13].

de will also evaluate the scaling laws used to build our model in addition
to comparing the model rasults with TVENT predictions. To investigate tue
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 thit
this will provide confidence that the performance cf @itare of the models can
se used to predict full-scale performance eni hence, provide a viatid tast of
TVENT. Tests usina the larger model or prototype ventiiation systam arz in
progress.

3. Shock Tube

The purpose cf the shock tube fac111:y is to simuiata lTow-gracs 2xp0s5°)1s
and *hereby create shock waves that can 52 imgcsad on vantilation Sys tem Lom-
ponants, Tne shcck tube 1s snown in Figure § and is 312 m 36 *a., in Ziam-
ater with a 12.1-m (26,9-ft) driver sec:tion ard 21 23.1-m ‘115.1-f%; ariven
saction. A doutle-diaphragm technigue is used to controi drise- firing pres-
surea, Th's method 1llows us to reduce a'aphranm 23sts by 2liminatirg the nged
far machine-scored diephragms. Tre COPCEﬂLJa- ‘Ps'ﬂr and smali sczls 2xperi-
Tents a~2 recorted ‘n Refarences {147 and [157,

e intend to control the to:al impulse that s imposed 2n %th2 Lzst speci-
men. That is, we #ill control both neak prassure ind duraticn ".e. anell
time® sof tne high pressure behind the shock wave. A wide -ange of cael’ times
2an rasult from internal axpiasieons., oJivers2a gystans within fasiiizias ang
trsir Jummetrical configuraticns ar:s raspons'dle for nart Of tne veriagii‘tys
‘n dwel) times, bit dther zorditicns nay 2@ even .ora in7tieatiai, Taa2se on-
2itiens w3syit from the charactar 3f the matarlal Causing ins axp 38718,

an 2

Fiel cycla2 coeraciens tynicaily ‘nvcliva cases, vaoors, and dust

~ fire 3ran-
. ar rat2-ial, Thesa matarifa’ls ortan have 2xplesive poiantial ard vary nijeig
fn thai ir ferlagr.. snoar de:*na ion charagter®stics, we n3ve conctilel Snag
't ts impass’hte 2 plck 3 s'ngie *enrasenza:‘ze w2l tima far 2 zeignaticn
wdVE, has we Nia/e 3evisad 2 mathod to 21TsA4 viac~fanla dwail timas aiit the

shoeg “.be.

na =aihcd used s si9gestad Uy the dnysioal JnEnaman: clursing i lag
shesk tube.  Gas at _:F‘arnn arass.ras s S$3pir~itdd sy 1 ZYaphragm.  afien the
ifghragm s rupt Jrhd, 1 2xarassion w4av2 8 Sent Ican t4e low=prissur2 rejicn
2 na stoak tube waiT2 an 3.Tans o aav2 Trave s in tne eopos’“e sirezzton
fate tre Wizh-gwissura ~igion 2F D12 spack tuce,  ahaEn tha 2xpansita save 1r-
~fyas 3t M2 and ¥ the wfghe2rasiira sectiin, Yt s ravlectec ar: racas cack
Iown the smocd Tube, tandirs YD Dvertac: Tme imock s3ve. 3y ovaryirg the



Model ventilation system.

}iqure 8.
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Figqure 9. Shook 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 tasts are in orogress using
standard HEPA f1lters. .

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..ure 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 Ernergy
filter test station before shipment to MMSU. Only filters meatiry the abave
specifications were sent on to MMSU for structural testing.

8. Test Procedure

Using the blowdown 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 fiiters i:d dynamic pressure were measured by elec-
tronic pressure transducers and recorded by strip chart recorders. A timing
mark was simultaneously recorded on the high-speed €ilm and pressure reccrder
at 10 ms intervais. 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 basida the filters. A1l tests were perfcrmed at air humicizias
from 40 %o 2d%.

€. Test Rasults

r

a) Structural Limits - Table [ contains statistical values for the
structural Timits of 610- by 610-mm (234- 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 prasentad in Table I. In addition to
5raak oressyre, the standard deviation is also listed in Table I. As shcwn
‘n Table [, the strongest fiitar is from manufacturer 3 with a mean breask
srassure of 20.1 kPa (2.91 psi) and a standard deviation of 3.2 kPa
:),46 psi}. The weakest filter was from manufacturer C with a mean breaig
prassura of 3.1 kPa (1.32 psi} and a standard deviation of 1.5 kPa {J.22
2sii, 11so, the least amount of data scatter was found with manufacturer O

\

;smallast Si. Ae alsy have photographs of the 15-mm movie frames at the




TABLE I
STRUCTURAL LIMITS

Fg S Fg-s Fb-zs
Manufacturer kPa pst kPA psi kPa psi kPa ps i
A 17.3  2.50 3.9 0.56 13.4 1.94 9.5 1.38
:] 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
A1l filters 16.4 2.37 4.9 0.71 11.5 1.66 6.6 0.95

Pg = Mean EPA 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 all 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 psfi).

b} Parametric Study - We have tried to evaluate the effect of several
parameters on the structural limits or initial break pressure of the 610- by
160-mm (23~ by 24-in.) HEPA filters. Table Il lists parameters under

TABLE [I
PARAMETERS AND EFFECT ON FILTER BREAK PRESSURE

Statistical

Parameter or Effact Effect
H Manufacturer : YZS
2. Pressurization rate NO
3 Flow dirzction NG
1, Time at maximum pressure ND
= Number of falds {pack tightness) O
6 Metal vs asbestos separators N0
7 Location of inftial break +
3, Medium area destroyed +

9 Medium tensiis strangth *
:0. Medium DOP** genetration .

+« Jata reccrded during testing
* Statistica’ 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 1imited because of the small number of filters avallable 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
pressurizazion rate has an effect. Therefora Table I iIndicates that only
manufacturer variability has statistical effect on filter break pressure.

6. Future Investigations

Some of our future work 1is outlined below.

() Efficlency 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 counter is being fabri-
cated to measurs the transient aerosol release. Smail-scale experi-
ments have been performed [156--17].

(] Sheck tube tests to simulate explosive transients across HEPA filterc
and sther ventilation components.

(] Veri¥ication tests for thu explosion computer code.

() dind tunnel reentrainment/deposition expariments.

() Development of fire and matarial 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 anraiysis program for providing answers to or some understand-
1ng of ‘hese ques:-ions. Our 3pproach is both analytical and experimentai in
develzping aredictive computer codes and supportive axserimental! data. A uni-
que tast fazility was described that will provide some answers regariing be-
havior of ventilation components to s:mulated aczidents. Furtner, we beilzve
that this Tazifty !s very flex'dle and can be easily modiffea tc study mary
tyses 5f accident -~asponsa phenomena. Finally, we oresentad rasulss for
structira: limits of BEPA f'lters for translient ovarpressur2 loacings.
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