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KBREIC L oTik, Filtration Efficiency, Retention Efficiency, Penetoration,
Decontamination Factor L ZOBAOMBELANT 7 4+ 2 —OMEERXEDL TSR,
EHBROBEODLFLDL LI MT 540, T TH, ‘T’*TT?EE%O Protection Factor
(LI P.F. ) T, EZ%xHE— L%k,

(7412 - RBIICEIGLAE )
(7412 -BBROZIABLRBE )

( Protection Factor ) =

3. X WA E M E

ZERHEPA 7 4+ 2 —OMERBELT, ERLLALTVWA VHE— Kk, ®Pu0, OfE
ONFERC DI >oT—BOKR*H % o% Los Alamos Scientific Laboratory ( LA)®
Harry J.Ettinger ®, DOP, NaCl 2Rz 7 ayr s LTERLAZRMREFRO B. G
Schuster DO VK — } #13 3,

RIEOKRE, LAOHR, ANHE, OREHBRTOS v b =9 aRNFONE A AORIEH
bELEY, CCTROLIAANTERBBECHELT I v =y 22T avyreERLT, 2B
HEPA 7 41 % —OREBERRERN LT 5, ERNTERER, KHELESBHEE
(Activity Median Aerodynamic Diameter, A F AMAD ) T022~1.62m T %,
HEPA 7 4 7» 23R TERBRLAKETIEL, 2BEO HEPA 7 1 » 2 —O%HhRFT+h£h,
99.99% L, SREOHEZINSFILULLOBR*ELTVnE, Y27 424kORFE10°
HEEtZEOoTWVE,

BETHE, HEPAZ7 4+ 2 —2BICTH TR o2TWnh, NaCl 2Rz T e vy rt Lehe
V27 A2KO PF. A, 52 LH 03pmODOP 2AVCHMLA HEPA 7 1 » 2 —ffi %
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Laboratory T57g®O PuFs Eh i BOPTIEL 2BEOHEPA 7 1+ 2 —O P.FE211.5X10°%
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) BEHRHORET LI =Y aOREAFORE
Ettinger b3 EER HEPA 7 4+ 2 —OHERBR T oMK, BBPORMEHBE» 5 %
ETHETLr =20 s FORFERAECEF LR ok 1 v 2 A —FROT v X~ ¥ »
77 -tRANnTROLAERR % Table —2 KRT, Location 00,04 X R& DK%,
08,14 HEEBR, 11EAEREHZ %KD T, [ Table L Y EEARNELBUOHR L
RETHT 1=y oONFRAPDL L 5 TVBLENL D, BEBEF 10°~ 107F
pCi/cl BETS 5,

Table 2 Summary of Size Characteristics of Lognormally

Distributed Plutonium Aerosols

Acti#ity median aerodynamic diameter (amad)

At All
Location s %#| of__Observations | fall in the range| sample
___um to__um mean. (um)
00 86 77 1.0 to 3.0 1.9
04 62 26 1.0 to 4.0 2.9
08 92 48 3.0 to 5.0 4.1
11 89 18 0.1 to 1.0 0.5
14 : 84 49 2.0 to 4.0 2.6
Geometric standard deviation (og)
At All
Location s %| of__Observations | fall in the range| sample
___Ym to__um mean (Um)
00 86 77 1.5 to 3.0 2.1
04 81 26 1.5 to 3.5 3.0
08 92 48 1.5 to 2.5 1.7
11 67 18 1.5 to 4.0 3.9
14 71 49 1.5 to 3.0 2.9
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2 ZBRHEPA 7 422 —v x5 oM ERER
ABRMRzT ey rd, LRACKRLEBETIHREK, EXK¥ -2 ir, BGRKx—r I
P2O0HETHREIRTnE, ERERIIVRET L v =v 22T a Y 2ORNEAT
X 0.70~16pgm (AMAD), BR¥ETHE 022~ 0664m(AMAD) T» 5%, 2h bz
TasSrR3T 538 HEPA 7 4+ 24— v 257 s OBEHRAERR % Table—3, 4
T 1EBEB, 2BBDO7 4 1v2—Ld, ThEN 9999% LI LOWEIN KL RT 25, 3B
BOAEFETLTWE, thid, 3BEX*BBLT B2 =0 20ENFEELCIEZ N
"ROOUE LOMBETH5LLTEh, 3SEAT 4V EF—~HATHEL L LAERER
T, 3SRBZ742+2—CDOnTH 99.99% U ELEDOF—2% 54 Twh, [f] Table ®
PF @10 ETd 5,

Table 3  Overall HEPA Filter Efficiency against Dry Ball
Milling Provided Plutonium Aerosol
HEPA Filter Range of Size Efficiency Range (%)
Stage AMAD (um) g #Runs Min. Mean Max.

1 0.70~. 1.6 2.07-.2.9 14 99.99+ 99.99+ 99.99+
2 0.45.0.82 1.5 ~ 2.04 14 99.99+ 99.99+ 99.99+
3 0.36 ~0.70 1.31.2.54 11 99.49 99. 86 99.99+

Table 4 Overall HEPA Filter Efficiency against Wet Ball

Milling Provided Plutonium Aerosol

HEPA Filter

Range of Size

Efficiency Range (%)

Stage AMAD (um) cg #runs Min. Mean Max.
1 0.22 ~0.66 - 17 99.99+  99.99+ 99,99+
2 0.29 ~0.53 - 17 99.98 99.99+  99.99+
3 { 0.15.0.42 - 17 99,50 99. 86 99.99+




N843-78-04

@ KB A & Protection Factor
Table — 3,4 IC/RTHRIC, HEPA 7 12 2 —% BB T AR, NESH, ERFEE
EABALTHEAAMERT BEHNTFRCHT S5 2EHEPA7 122 -0 P.F %#Fig — 1K
~to AMAD#0964m T, P.F2B/NEZoTWnb, LA L. HEPAZ 4 4+ 2 —1BIKD
WTH, 04~07 AmAMAD CR/INDOP. F- 2525 LOBREML TS, 7+ =7V 4
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Fig. 1 Protection Factor of 2 Stages HEPA Filter System
as a Function of Particle Size
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2BEHEPA 7 41 7v 2 —v 257 5 OMERR

Table —5, 6 I NaCl, DOPZHEB 7T =
Sl L PRAIE#RERT, ThbOERT,
P Protection Factor %, BRFEOHFR 7 4
NE—DRT-CEB%E, SEERAMK 03 m
© DOP LTHIE LA PE%E, mEANRLT oy
MCLYEBRAEIhAERE2 TR T, Puld P&
P.ORT, 2R74 V4 —v 25 ALkOP.P %
FbI,

Table =5 NaCl X3+ 2ERER TD 5
B1IRBO7 40 2—0 P.EE DOP THffiLx
ErbdI K<,
EZFRPEHREL ZoTWn5b, L LvyxTadttk
TR NaClznRELTBABEO KR, @40
ZA4NE2—-CDONWT, DOPZHWTRDHA PR
FtoRIbvieeELTD S,

XRTT oy r DOP OBAO#KER % Table
—6CRT, COBEKIE, 1EB, 2BBRY
VAT ALEROEZEPERBLEALELNSOTINE
E, KRMCEL4O7 420 2 —LOoOnTRDL
PRIV /[T, [ Tablellid, BEWRICXET 5
PFROZEAIDDLETERINTNE 2, TOLEI
AARBATS Y, BFECH L TE—~FEmZRLT
nWkhing % (11 pBIE)

fl—x7asrCHRET%X okBH4E[E Table
ORI PER2EBIALT 5201, v 7 2 KCHEIAA

Table 5 Tandem Protection

Factors (NaCl)

Quality Control Measured
(0.3 um DOP) (NaCl)
P,  7.2%103 le 1.1 %10
P281.3x10“ P2 1.5 x10°

m

7 8
Py, 9-4%10 P21m1.6 x 10
Py 1.3x10% P 1.7 x10"
Pz 1.0 x 10" P2 8.2 x10?
S m
P21Sl.3><108 P21ml.4 x 10’
Py 1.0 x 10" le 3.1 %10
P, 4.2%x103 P, 6.6 x10°

7 8 |-
Py g4e2%10 pumzlxlo
Py 1.3 x 10" P 2.8 x10°
P, 4.2 %108 sz 1.5 x10%
P _ 5.5x107 .1 %10’
’1s 5x107 P21m4 i %10
P, 8.3x103 Py 4,7 x10"
Pz 4.2x10% sz 1.5 x10°
S

7
P21s3'5 x 10 P, 204 X 10°
Pls 1.3x 10" Pyy 1.3x10°
P, 4.2 x10° Py, 1.8<10°

7 8
P2185.5><10 P21m 2.4%10

KBEORAOELELETRRTH30THD, P TCORALHN T 55 2 THRAKRRN,

BBEDAHE Protection Factor

NEAMECHST S PR Fig—8, 9 K/RFTHKRIC NaCl , DOPRLAERBIRLALR
(,y W¥FN 3 01 ~023pum BEONTIKML, HNEERT,
chik, Ettinger bR PREBRBNEZBELELTRLANTFEIIIETF N EIDTSD 5,
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Table 6 Tandem Protection Factors (DOP)
Quality Control Measured (DOP)
Period #1 Period {2 Period #3 Period #4
. 1-13 minutes 13~ 36 minutes 37 - 62 minutes 63 ~ 96 minutes
P 2.50x10% Py, 8.21x10° 1.27 x 10* 1.01 x 10* 2,84 x103
Pog 2:50x10 P, 2.24x10° 3.73x10°% 9.71 x10" 1.10 x10*
P, ¢ 6:25%10° Py 1-86 x 107 4,74 x107 9,81 x 107 3.12 x 107
’ . 1-11 minutes 12 - 17 nminutes 18 - 23 minutes 24 -~ 27 minutes
Pio 2.50x10% P, 5.80x10° 6.80 x10° 5.05 x 10° 4.24x10°
P, 2.50x10* B, 4.35x10° 7.42 x 103 5.56 x10° 4.76 x 103
P)g 6:25x10° Pyim 2-53%107 5.05 x 107 2.81x107 2.02x107
0 ~1 minute 2 - 11 minutes 12 - 23 minutes 24 - 60 minutes
P, 2.50x10" P 2.87x10°% 2.87 x 103 2.87 x10° 2.87 %103
Py, 2.50x10" L 7.58x10° 3.52 x 10" 7.58 x10° 8.44 x 103
P, 6:25 x10° Py 2-18%107 1.01 x10° 2.18 x107 2.42 x 107
4 -9 minutes 10 - 40 minutes 41 - 45 minutes 46 - 50 minutes
P, S5.00x10% Py, 2.44x10% 6.29 x 10" 3.14 x10° 5.22 x10°
P,  5.00x10* P 2.07 x 10" 4.82 x10"% 1.79 x10" 2.42 x 10"
P)1g 2-50%x10° P)p 5-05%10° 3.03 x10° 5.02 x107 1.26 x10°
0 -5 minutes 6 - 10 minutes 11 ~ 15 minutes 16 - 20 minutes
P 1.67x10% P, 3.22x10° 7.86 x10° 5.09 x 10° 5.59 x 103
P, 5.00 x 10" P, 1.57 x 10" 6.42 x10° 2.48%10" 9.03 x 10"
P, o 8.33x10° Py o 5.05x107 5.05 x107 1.26 x10° 5.05 x 10°

X EHRRKEF, BARKETFICHd 2 BEDRICONT :

Tans -—ORRUECHEBLELIIR/HLELTIE, WE, 7408 —OBHR, 7 4 1V8 -7 743 ~DR,
E#fl, ARRUENEZONE05. 7 4 V4 —FBERTRA—NEOEKRE T & ERE F s RicE
RABEUSRRZHRWTE 0o —BRICIIRORICHMIN TS, QBERRORFRBAROR T & Hik L
TEELPT V. DRERORTFRIREALEHOREL S ROHERROKN FIZIESE2Y 3, (OEHRD
HFEHET 5 BACBAMSRECHAT 2o RERORTR7 + 12 —ICRIL, HESH B ERBIC, B

B LBRI~BITT 50 OF—KEBEHLTS, TR, BECETOERNHEES 2D
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Table 7 The Performance of HEPA Filter System

CONCENTRATION " efficiency*
POIN. 1Ci/ml n%
Eacering 1ot Bank
ceev s nd Bank 8.0 x 10712 Ni-2 =99.999
Leaving 4th Bank 0.01 x 10-12 Ny—s = 83

of filters

* An air dilution factor of 8.1 applies between the 2nd bank of

filters.

[ Table O%EKIL, 1BDAD D7 4+ 2 —DAREBERESVWIHEINL AIDOTH S,
CORBRE, NEAN LBEDEROBERAOLROAMBELEEET, EBMLAc b0, Fig—10
Td 5, AEFT, A, B, CAEh¥h Table—TH DO 2FE7 42—, 3BT 41 & —,
4&74»5—Mﬁm?5tofab.Ome—lﬂFuh@ﬁ%ﬁ%K%?aﬂ%tDmm
ONEATRAERREM> B 25tEIERE, Case— 1Bl Case—1 LA—F —2 £ Awn,
0.1pym OR FORWENRICHE L THELLOBE*HANALBEOHEMREL. Case— 2 i Fuch
OHWEWHBECHETHERE Kirchner ONEAHARECK Rt EL2 b AHERLRE, Th
TNRbT, 742 -BREN2E, 3ROBAKCHE, ERAFELHEBELRT L w—FK iR+
W, AR7 AV E —COnWT, 4BRBO7 42 —BEPDERETLTwEAD, STHMEE
OFNEIKEN, COBREO7 4 2 —OBEPHENBNZ L KDWT, Hetlandid7 4 »
2 —HEOBEMNENRBNOTRES, 7412 —-2bDD ) —2%0kOTHEVNHLELT
o2, BEERL TRV, {2 TI5EUELCOAZHBPTOTF —2RESVAKRETD
HELTWnWA,
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4) Argonne National Laboratory T® Kessie 6@%%(12)

B2 bV NRBEERKEDO PuF¢ O HEPA 7 4 2 2 —t 3 AHE%E % Table—8
(@7 N

Table 8 Comparison of PuFg Release Accident

with Small-scale Experiments

Full-scale ~ Small-scale

Accident Experiments
PuFg released, mg 5700 1.5 to 25
PuFg/H, 02 0.006 0.0022 to 3.32
Fraction of released Pu discharged b
from last filter 6.7 x 1077 107° to 107°
Penetration of first filter, % 0.0031 0.0005 to 0.0016P

(west)

Penetration of second filter, 7 2 to 20 2 to 45P

Average mole ratio in release enclosure volume due to moisture content of
the contained air.

Only for experiments where PuFg/H,0<0.1.

PuFs O8B4, RRLAZHM COXSLEBIK L 5T,
MAABOINS, MAAMBICL Y ERINNTF °r

-1} 9
ODBREOHFENRKE(R% D, PuFe/H, O 0% ) o
vl 1 BB 5 & ERICRT R RE @M I 0
BT 5, -4}
B o
& -5f
-1
-6+ oo °°
2k °<:> éqf) oo
-8} &
-9t (e} o]
oL —t
-2 -1 0 1

uF
roc(Befe 0) MOLE

Fig. 11 Fraction of Released Plutonium

Hexafluoride (F) Passing through
Two AEC Filter Discs
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5) Oak RidgeT® McDowell 5o szgg’d®

McDowell 5k, HEPA 7 A2 —¢EIFOHETHS, Gelman Type —A (47 mm¢)
TA~SREFICOZNT, BEHECHET 2ER LSt oko HBELT o S, a B
BWHE L LT 2Py, ¥ Es, B8Py, py b, B—r MHMEWEL LT, 2 Eu, ¥ Eu
TRk, ThOBMENEE LREOY 4+ 4 —KRFEMAL, 4884520 BMCHELE
BIIRR2 S, a BHHEWEL O TR, RE7 114 8 —LUB~OBHAEZCSI bhk & L
THb, TOREE LT, aggregate recoil process ZHIFTn3, —H#HDORER» LB
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