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A f iltered pressure equalization system (FPES) for a waste 
transportation package has been designed ani qualified to withstard the 
package environments l..rxiooed by the nonnal ani acx:ident cxniition 
requirements specified in 10 CFR 71. 'lhe use of an FPES redL¥::es the 
package · st.rtx::tural. requirements to withstard pressure variatioos due to 
gas generation fran the payload ani elevation c::haB;Jes, ani penni ts the 
design of a nore weight efficient package. '1be filter is capable of 
t.rawing airborne particles, shoold any be released fran the oontents to 
the contaimnent vessel. Particle contaimnent is i:np>rtant for flow fran 
inside the package to outside. 

Figure 1 shows the configuration of the FPES. '1be filter cartridge is 
ItDUnted in a cylindrical stainless steel lnlsing ani secured with the 
filter retainer nut. Silicone ~rin;Js form a seal bet\r.1een the cartri~ 
ani FPES lnlsing. 'lhe lnlsing is welded to the package contaimnent 
bourrlary. 'lhe external oover of the filter vent precludes the entry of 
water. 'lhe aCCl.DIUlation of a large quantity of water in the flow 
passages oool.d be subject to freezing ani cause blockage of the ports 
urrler extrene cxniitioos. 

Figure 2 shows the general confi guration of the filter cartridge. 'Ihe 
glass fiber filter medil.ml is 51.1Wlied in sheet form ani cut into 2 iir.h 
wide stri iE for the element. A cylindrical element is fonned by rolling 
the striiE to form up to 5 wraiE of the medil.ml. 'lhe inside ani outside 
surfaces of the element are suworta:i by cylirxlers of stainless steel 
wire screen. '!his asseut>ly is OOrxle.d into a groove in the stainless 
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steel vent em am closed with a stainless steel em cap. 'Ihe adhesive 
used is a high tenpmiture b.u-part silic:x:ne. 'Ihe cartricge is 
asseni:>led by welciinj boo em asseni:>lies into a stainless steel housinj. 

'Ihe F'PE5 DJJSt functioo satisfactorily for all nonnal am acx::ident 
environments resultirg fran package exposure to the cx:n:litions defined 
in 10 CFR 71. 71 am . 73. 'lhese cx:n:li tions prodt.D! envirooments of 
sbx::k, vibration, pressure, heat, cold, I'IDisture, am air flCY.t~. 

Normal environments used in the qualification progzam incll.xled filter 
tenpmitures rargin] fran -40 F to +200 F, air humidities up to 100%, 
am air flCY.tl rates up to 35 litersjminute. Attentioo was given to the 
possibility of ice fornation caused by humid air flCY.t~ through a cold 
filter. Ice formation has the potential for blocking the flCY.t~ passages 
am causin] unacx::eptable internal pressures. AWroximately 150 
experiments were perfonre:i to establish that flCY.t~ through the filter 
~d be sufficient to limit internal package pressure to safe levels 
for all cx:n:litioos. Required flCY.tl cx:n:litions were determined by 
analysis of potential shipoont routes usin]\\lOrst case assurrptions of 
al titu1e changes, vehicle speed, contents gas generation, am 
tenpmiture c:x:rrbinatians. 

Aa:ident &1virawent:s 

Accident cx:n:lition environments inclt.De shock, air pressure plise, water 
inmersioo, am tenpmitures to 500 F. SOOck am air pressure J;W.se are 
caused by regulatmy 30 foot drop requirements am were determined by a 
cx:rrt>inatioo of test measurements am analysis. A shock pllse of 400 q 
with 2 msec duratioo was awlied to F'PE5 asseM>lies 0 An air pressure 
plise of 50 p;i with a maxinJJm rise time of 12 msec was used to envel~ 
pressure loadin:]. 'Ihe regulatory 50 foot water inmersioo requirement 
causes a water pressure of 21 p;ig to be awlied to the filter. 
Measurement of t.E!Irp!ratures oo a 'IRUPACI' I test l.Dlit durin] a 30 minute 
EnJUl.fin] pool fire test was used to establish the 500 F uwer 
t.E!Irp!rature requirement, with a 5 mur duration. 

All accident tests were perfonre:i start.irg at toose oormal operatirg 
cxnlitioos which create the greatest likelibxxi of failure. Due to 
possible eui:lrittlement or stiffeni.nJ of the element or adhesive at lCY.t~ 
teupn:atures, the sbx::k am air pressure plise were awlied to a filter 
at -20 F. Also, water in the filter media may significantly in::rease 
the flCY.t~ resi~ or redlx:e the st:tegt:h of the filter medium, so the 
shcx::k am pressure plise tests were perfonre:i on filters that had been 
filled with water to saturate the medium. 
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FPES assent>lies were exposed sequentially to shock, then air pressure 
pll.se, am finally heat to meet the requirements of 10 CFR 71.73 for the 
sequential aooident enviroranents. 

F'IIlllm~ 

Filtrati.<D Efficieo:y 

After exposure to each of these enviroranents in sequence, the filter 
systems maintained penetrations on the order of 10-9

• Filter 
penetration is defined as the ratio of the rnnnber of particles passi.r¥1 
th:ra.¥Jh the filter to the rn.nnber introduced. A penetration of 10-9 

oorrespords to an efficiency of 99. 9999999%. Penetration is sanewhat 
depeOOent on particle size. Figure 3 shows a typical filter penetration 
characteristic. 

Flow Cllaracterist:i 

'lhe pressure drop across the filter at the maxinum flow rate was also 
measured after each test to establish that the flow restriction arrl 
associated package internal pressure had remained within aa::eptable 
limits. For these filters, the volume flow rate is directly 
proportional to pressure drop. Figure 4 shows a typical volumetric flow 
vs. pressure drop characteristic for one of the filters. 'lhe 
proportionality constant between flow rate am pressure is a~ximately 
40 lpn/I:si. 

Flow coefficients for oold filters were fourrl to be slightly higher than 
for the same filters at :roan t:.errperature. '!his is explained by the 
lor.ver viscosity of oolder air. 'lhe flow coefficient was awroximately 
9% higher for a filter at -20 F than for one at +79 F. 

water caused a red\rtion in the flow coefficient of filters. Figure 5 
shows flow coefficients for l:oth a dry am wet filter' which was 
saturated by filli.r¥1 with water. 

leak Rates 

'lhe filter cartridge arrl FPES housi.rq were leak tested am fourrl to 
maintain leakage less than 10-7 std. cx:.jsec air after all nonnal am 
aooident tests. I.eaktight lnlsir¥1s assure that all flow is directed 
th:ra.¥Jh the filter na:tium. 

'1hese results were based on environmental levels established duri.rq the 
'IRUPACI' I package developnent proJiam; l'nJever, this filter could be 
used in any a:R>lication with similar requirements. A rore CDJi>lete 
description of the filter developnent is available in the referero:rl 
docl.nnent. 
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Figure 1. FPES Configuration 
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Figure 2. Filter Cartridge Construction 
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Fi1ure 3. Typical Penetration Characteristics 
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Figure 4. Typical Flow Characteristics 
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Figure 5. Wet Flow Characteristics 
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