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Data Used for Safety

Assessment of Reprocessing Facilities
(Eds.) Yasushi NOMURA, Atsuyuki SUZUKI* and Akira KANAGAWA®*

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 11, 1990)

For safety assessment of a reprocessing facility, it is important
to know performance qf radicactive materials in their accidental release
and transfer. Accordingly, it is necessary to collect and prepare data
for use in analyses for their performance.

In JAERIL, experiments such as for data acquisition, for source-
term evaluation and for radiocactive material transfer, are now planned
to be performed. Prior to these experiments, it is decided to investi-
gate data in use for accldental safety assessment of reprocessing plants
and their based experimental data, thus to make it possible to recommend
reasonable values for safety analysis parameters by evaluating the
investigated results, to select the experimental items, to edit a
safety assessment handbook and so on.

In this line of objectives, JAERI rewarded a two-year contract of
investigation to Nuclear Safety Research Association, to make a working
group under a special committee on data investigation for reprocessing
facility safety assessment,

This report is a collection of results reviewed and checked by the
working group. The contents consist of two parts, one for investiga-
tion and review of data used for safety assessment of domestic or
oversea reprocessing facilities, and the other for investigation,

review and evaluation of ANSI recommended American standard data

*  University of Tokyo
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reported by E. Walker together with their based experimental data

reserting to the original referred reports.

Keywords: Reprocessing Facility, Accident Safety Assessment,

Fundamental Data
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HEnTw iR hHER -7 +HlE L.
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WA, 7T v b OB R, BUR(ENS SR S EHEERE) S DEHSERE
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503, RE~ORESE G FEFRRDBOEHENICINZ 5H%,

@ KAZE# (Major Accidents) : 735 v FHeadiic 1~ 2[EEC AaEEEM S D, RE~
D E CHLEOKRHZE S N OFE L L TOFEK, XEBHTIH, 16
B OFEMPBERTshTH S,

@ it E#EHEL (Design Basis Accidents): TEHES Y27 4 (HLADR, HSE,
EFBIHRTLE) OBRIEICERTAMESZ 5F, IFWLE Y AT 4 OBEE
OWMIEE®IETA2ENT, 3B OFHSHITEN T 2,

& RHEEY (Hypothetical Accidents): FRETREBHEGLZ#MI ZEBROELKTHD, L2
B TRFDOBROREHE S H e >0 TI0S M ELD SREEE IO &
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EEE ST,
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HEEREAE L.

O MEELEESEDET (KEH 1)

@ 0 HiE oER (KEK2)

@ b=y LEREDOL y P R CREH 3)

@ tHBR v = o A OKERE (KEL4L)

(1) Nuclear Fuel Recovery and Recycling Center, Exxon Nuclear Co . Inc..,

Docket 50—564 Preliminary Safety Analysis Report (1976)
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TABLE 9A-1

Comparison of Observed Aerosol Sizes ™’

System Dp, Microns Reference
1. Pufinishing plant effluent air ' 1-10 49
9 Reprocessing plant ventilation air 77 <l 1 64
3 HWasle solidification facitity 0.02-0.20 65
4. Pu R&D Activities 1.8-2.3 66
5. Pu fabrication activities 2.7-4.0 66
6. Iu recovery operations 0.34 66
7 Pu evaporator explosion 0. 67 67
8. FPu burning {.04-1 68
9. Pu buring ~4.2 69
10. Heating Fu(ND3), to dryness 1050 70
11. Molten Zr clad U0, Fuel 0,00i-7.5 71
19. Arc vaporized Zr clad U0, Tuel*’ 0. 1-1 T2
13. Burning solvent and waste materials 0.1-5 73

{a) At.infet to WIEPA filters unless noted otherwise,
(b)Y Downstream of WEPA lilters,
{c) Size deduced by comparison with stainless steel aerosol giving same

fifter penetration,
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(O B Walker, “A Summary of Parameters Affecling the Helease and Transport of Radio-
aclive Material from an lUaplanned Incidenl”™ , BNFO-81-2 Bechtel Natienal Inc,,
Seplember 1978 {(Reissved August [981).

@ J.E. Mer,. et al., “"Neclear Fuel Cycle Facility Accident Analysis Hamdbook™ .,
NUREG-1320, May 1988,

@ S.L.Sutler, et al., “Aerosols Gemerated by Free Fall Spills of lowder and Selu-
tion in Stalic Air” , NUREG/CR-2i39, December 1981.

@ T@EtiEr T 740y OWKIGAERER, (I BRAF) BW b, HANTEs
ik Vol 28, No.l, 19864F

& (w7 74y OEREN Flod ottt B b, BERERKF TR <E
Vol 25, No 6. 13884

® TEHETT 7o OWRERAERR, (1) 2 rAEWHR) Bl b, DART
JrgedE Vol 27, No 12, J9854

@ B.J. Newby and Y. Il Barnes, “VYolalile Ruthenium Removal [rom Calcioner Off-gas
Using Sotid Sorbentls™ , 1CP- 1078, Juty 1975,

TR BB L LR L7 =0 4R KRR

(EN-89-006, BN BMEHLEH2d, FERTFEINH)



JAERI-M 90-127

i

S LNV S A B T
WRLY T AR L OB

i

BERGRBE O AR R U B

EUDBEIURE

RERIO A EREnE:

Lt HELFT TS
KrimmoEs

LAY i
AN P —
& M —

—— Ly

JrO
Dftic2] _.mm_-_ ) o
_”“L.I W - H5EH [él— HM.MHNM&WHQW
B ; |YW E kil oW Y T o)
- LERY —— kb wor “ >> THER
w ™ BiterARERE m
2 SEPRR ot mRT [ ’ 1B E Bitan
MH.H : CTETRS I E“l llllll WWWIM.AI‘WN:-L_.WWU_..APQ 3?&&&2
—7
X pi R an
v emnren kamx | LAULH S 2B b LR R
’ o ) BUERY - LEER
P .m.dw 1\\ LR
L1 P2 Y - T A
-t un\.
7S A BEREBEEE
HTERY 7 AEOHAHEWE RESEN 5 B A h 5 Ew n ﬁ%&ﬁﬁ?w%.&u?m 5% H 7 ABBFARY A RO RN DER
# 7 AEE 2K 3.4X10'' Bg gt L 2.6X10"Bq PRt AZRAFORLL
: PRI, : iy )
mw . | BRREREHE [ 14 DanTAeRn 14
BEEOROE L A DESS~DBEHE] - FIF@Lgont: 15 wwwwmwwwm. 1
51 AT =Y LRGE YDA 100% RREDDRPND B e L 30%
P o f 0% | 10% ikl P — — ! :
~ Bt EARER~D Bk A EE DB e
n _ BASE @ 100%| |o@EABE 6%
yore , (R TOBRRHER: 100 ) B gz FES
‘= BitetrAomsitng e py— NMFz=e L o8y nF=tn 0%
D BER A 2 g o #eaaﬁm ”w%x TOBOLHE | 99,9%
>+ BLe AR 3.4X10'' Bq K ERIMER AL - B L |
& ATy ADREDE  :99.98 % _ ] BEM~BEzhs 2R :
@m T OB OCEBOMRELHR | 99.999% =B m 2.6X10'Bq B R R
ih | ~ 9.3%10'* Bq
t AR B |
1= LIX10' B E B XM Tmm
EHRERE

~ 55 ~ 56




JAERI-M 90127

TIL R AR B ILATO
KRB

a7 &bﬁgﬁﬁ DIEREY

BREBCSTAREEY

BLNILERIEE LEARILAD
FEfEim 2 VB

o) wa
lases

LY asgzAmAAsS
R¥EE 11}
nirn e T
umu nrman
aswIAmANY srarcn
anas anns
N i
]
m [0 RN T

)

HiFe=

—

L .ﬁ
ZXH

Y

TANZYLOAWE

REFBZIOTA b= LRGNNSR ORREER

Tignea ¥

vrauisa

ted b nedn i !

i 7 iat

)

L thLL N+ e

e ot L]

d
E.D; uxran

DDq-r:;_.‘-

-fLIIIIlll!.

mLAUREFERERSERE (ME)

RERBREr TN
P43
BavEr~rREeOHHEHRD
RERRBHPORM SRR TAb 20 ARBEROBESD BRI TOLERTL 4.1x10'" Ba
1.6X10'*Bq B ERE . 2.4%10'" Bo/m’ i _
mw ] w | Amesaﬂna)aumv ﬁw&m@new;nmm%)swm
Mﬂﬂ ~ ] BRI =T w SADOHRER  S0mg) _. BAME 1 0.002 %
Mm BEEHEDAOBERED T 4 ?W.)@mvmw ﬁ.«\r)n_uﬁ“.rfu —
BEOA 1% = ARORN R
g k
L) ﬁﬂﬁmm ARBEROBERLT 7 4 25 ) CAGME - BHEAABER) [SAofXAEoBRELT Y ( 1 ]
mm BeshE 1 99.9% J ADBRIZRTF 7 4 42 EHADRENR : 0%
Qu _ ErroRESR 0% IOROMEDK: 0% ELOREFROBEERNF 7 A2
L5 BOREHT: 0% EOBORENE : 99.9% )
- L s : WERhE ¢ 99.9%
wn —ﬁrauwm%ﬂaﬂwmmu%u 4/ I aaaaﬁﬁsa 99.9% _ _
WA Ba=nhsE 0 99.9% 1.1x10'Bq
MW I | BHAEHERY S
B SRR E 8.1x10"Bq
MR BHA@AERY  19.1x]0'*Bgq
E IIAF0, SMe V IR TV _.
~ X 15.Tx10'? *
15 B R A 1% {5110 B0 soRmER
= 1.6X10'*Bg |
ERRmE
TERERY

‘Lﬂ\r(@@l




JAERI-M 90-127

8% 1.2.B

OABRTF T NUCEFO X2 FE R/ EIC
oo TwaERT—2I220nT



JAERI-M 90-127

RUFEEOREBHORMRE LT, RHRO 1/22RHLT0S L LOESRIKDVT

STACYMUETRACY i, 20 D6I, BHABMMARET H I L0, o
ML LT, REBRHRUBRAOBAMBER TS S, ALUNEH (BUA) & /4Dt (2
D ANAREER, L HES) OAFSXOMORI TS, S SoBBEERNENT
ApDE LT,

RARMIEIC LY, 100cc OMMBiIc L0y, Btk l, RERES Tabyc "7
E L. BBEBBEESR (0A) S, Fly v 7 BOBIRBKE Ly v 7 HCRld 2, 2 OF,
CNSORBEALTOMWRKE L. WOMORMICIEE L, 8 9513 7&0250, WNE%T
AELRMLABNLDE, Ll &L,

*x JRR—3 (M) 0-—RANIMBFHE FiOMIrod T, BHOEMAZ /4D L& LTS,

FHHEOa vHEBITRIIONT

STACY, TRACYOFEMWIcHL T, a0HOBITRLLTCLUBETMNT D,
CoORME LTy SRegulatory Guide 3,33 VOB BEXKICKRT,
2 Assumplions related Lo the release of radivactive material are as follows:

a. It shoutd be assumed Lhal all of the noble gas fission producls {(excepl those

removed prior Lo the excursion), 25% ol the iodine radionuclides, and 0. 1% of

ihie ruthenium radionuclides resuofling from the excursion or initially present m
the spent fuel are released direcliy to Lhe cell atmosphere, It should also be
assumed that an aerosol, which is generaled from ine evaporation of solulion
during Lhe excursion, is released directly to the cell almosplere, The aerosul
should be assumed Lo comprise 0. 05% of the salt contenl of the solulion that 15
evaporated. The cell volume and ventilation rale should be considered on an
individual case basis,

L FEHEBICRET LS, MANKBOs o FBTRELTHDBERELT L, T,

Exxon TIALEE 1 dPreliminary Salety Analysis Report*? iH L TKDA BN SH 5,
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In the case of a crilicality occurring in a solution. Lhe jodine releases would

pallern Lhke inodtne releascs (rom process soluliens {(see {ollowing paragraphs}. The

retease would be rapid when the seluiion began boiling bul wouid nol he complete,

For. Lhe postulated crilicality accident in Lhe NFRRC. 75 percenl of Lhe radioiodines o

are assumed Lo be held vwp in sefulion or by plaleoul,

L FERBBIGRT L D0, Bl Os v RETREOL, BRV~ORHRT TV -+ T

FICEDTIRARFENAEEL TS,

Plidko, a2 &B0825%E, ER (XIHW) 2Z2E L0 bOoTdy, RYHGHM

EEA B,

*[ U, S Nuclear regulalory Commission, "Assumplions Used for Evaluating the Potenlial
Radiological Consequences ol Accidental Nuclear Criticality in a Fuel Reprocessing
Plant™ , Regulatory Guide 3. 33 (1977)

x2  BEXXON NUCLEAR EUMPAN{ INC., “Nuclear lluel Recovery and Recycling Center,

Preliminary Safety Analysis Report,” DGCKET R0-564 {1976)
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O STACYRBEEFTRACYRRICEOTH, BE7 v 7 ORTRENFRICODVT,

MIB7an2 0 99.9%, Fo2B~FAE7 vy EBI%EL TS,

B 7 4n2RMICBHL2E8MEE7 s V7 ORBEREB SR THREDFRIE I RCRTEED
Th b,

@ ST 4 vy ORCT-BR 2 FE O IE I
BHET « L7 ONTFHRZOFRY, BREMFOFMRBMAOKIESHIEFEL, £/, H
MO TCOLEMET7 s 7 OALEE, 03umDOPH T ML THRESFE (V)
HE) 9. 9T%LLETH B,
CRAWIHENOONABIERTT 74 A RBORTREYR (RBYEB) B, 50D
HHRFHENBEhO 7 s s O, BERRBICLENANZ Y -7 52 ZEBLTRLUO
BELTIBET7 a7 IZ20TI9.9%, 2BEBEBIC>OTINGE LTS,

T 742 2 EMNC 2B LERBLASAOR TREVDFEC>OTH], KOLD
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WRBRIKE ST =0 AOBTEST L

RMFROMI Gk T, 2N Ao EL A CRFELZHIC, BRD
MY 2 b0 ERELT, ORNL (lak Ridge National lLahoratery) iKH U HHME 25
LT, Fhy v OBRBHBEA. 100 ag,/ mO 2 FEUSTHET - FRIZ-KRIZ, %
ML, mEICE ST, b tis e - FERRIBLIE,

For superficial velocities less than approximately (. 157L/sec,, it has been Tound
that an acrosol lTormed by vigorous mixing of a solution with air is metastable and
flas a concentration of the order of {0 mg ',

ERAE PR

‘@Eﬁﬁ%&mnh@_&b¢éunﬁ,mm&§ﬁ®&bwﬂﬁcibM&éh%lT
oo o ld, BEEIE (melastable) TdH - T, TOMEEE, 10ng/ WOAF — ¥ —-THEL LN
hatia |

o, e [Omg,/ WA —F =) EOIRENS, KINREEKE CHRMLELDIC,
100 meg/ o) ZFFMICEA 5 THESLEE LR,

HEEICH, STACYOHFLy v 7 RUBHEBHBEGRICW, ALdnb . TEsd, ¥
f2, MbHE2EFNLBOOT, BBROBLT A Tyvigorous mixing) WL SR, IO
HTHI L BAEASCRMO A Tvigorous mixing) A I - CWA LD EWEL L,

% & LMK

x5 S.L. Sulter et. al, “Aerosol Generated by Free Fall Spills of lowders and

SoluLions in Slalic Air” , NUREG/CR-2139 (198D)

=6 ORNL Stafl, “Siting of JFuel Reprocessing Plants and Waste Manageacnl

Facilities"_. USAEC Report ORNL-4451, 1970
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KEICEWT, SLEMERROZLMFHECER SN THWLIER T -9 L LTI, ANS]
( American National Standards Institute) N 465, " Criteria for Safety— Related
Features on Nuclear Fuel Cycle Facilities” O T, WHEHEHEORDIC LD RNEDE
FAEBROMMDIHEELINREFT L THToNTVWL6DOBEL, THoDT 4
3, RN TTAK B - BREREMSES L L URERYE DM % ORESEH 5, i
B SR EL CHEHEORTN RS LT 7 s -0 b 7 TREIHES NGO
DGR EDRE R, WEL TELHORITHREES5 AL T— 28R LTELNILD
THD, BAEBEREEOLSEFMICECTHESHRUEEANGICE > THEDERLS
ABF -4 L LTHERSOTO B,

COKREOEEF— % (ANSTHEBE) ORICK -726 iz, E Walker 25 1978 & L3
ITL# 4%, BNFO-81-2 “ A Summary of Parameters Affecting the Release and
Transport of Radioactive Material From an Unplarned Incident” iCid#i s 7c 7 —
BB, FCTE, TRECRLAHESNIRESCRNG, BEEZ Yy -~ LTERF -
FRFMEENE - BB, RICTLEHTE, AREETRIR 21 ~R23CHERL TRT .
#2140, Waker BEVELENAEAR T - & & LCHB Lo b0, BASEEE LS
BléEbic13EBihnE LD onTE Y, ANSITEWalker DFHBET -4 2 2D 5[
LOHME/ELTVE, 2.2, 210807 -9 DEEREL LG -2RRT 5 DRE
p, FREHEOTR, ERBEEOBBET LG ELHLNT S, R2 312, RITOHEE
DELEREBLERAEINTVE T -2 DD TH S,

COANST #EE R, RPECRBRERROLZLEFEITICELE(RACSRT 245, Walker 28
EHOEHEEBNFO-81 -2icbii<TWVWAELHIK, ¥~ OEHRE, BHOERICHL THE
CHEL, FBEANATENRITOSABEERS 2L 3B ohicdboTRE, TaEHL
TEKBFORE T T oV AREBRAEETRIESE, FANKEHBES L o ETRRPRE
NaLHIER-SNLDTH S,

FAE T, AMHE%W@%&@ot§21~i23 CRL IR T - I DTS
CER L, RAPHEORMPELME R OXT « EEFOZ TR TOERMESEEEBELT, A
PLIETY /A~ 7ICHRAL, §I/r— 7T LTI Bk » TEREHEE v —
50 EEL, LOAENNEEMEARRTE BLH5NREMTMEAR T -5 ZERS 5L
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AT — e Failed Fuel — Gap Release

B av— e Boiling Pool Release and Evaporating Pool Release
C o — Foeveeenns Fire Release

DT — e Explosions

E 7= Criticality
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F 7= Particulate Filters

G =T e Halogen Filters

HZ =T Miscellaneous Parameters

[ 77— e Impact Stress — Airborne Fraction

FEEWREL T, BNFO-81 -2 TWalkerBER LicX it EHESTHEA—-DZBEST
AE) AREAELCED, sERINicF - ERELUEEE (U7 R0 T &5 7T
AT AEBMHAEL . BF L, 2F8IHEEINTVSDOE Air Cleaning KB CRER
X2, NRC#HS 19884 5 HICHI4T L /cig i bl v 4 7 A BERR « FHER -~ F7 » 7 (AAH) 0
BEIMENSEINT VS, CHADLOHABDHRFEICT - RBEQLERG « Sirfli £
LTHBEE D ZhiKE, Ty EHIKE -TOMEL, FESEAZPHorLLT,
HRIE LI -THOVNBENILELEEZLZOLNLED, BT~~~ 2 A2HES L L TEERETS
HEDHBHHEEFIC SN,

LT, %21 ~%23D%IC, FEMINHHTE I L —TDFEE « K5t 27 - FFEOBR F5C
To WHHBEOHRUITE B, — L7 s —< o bOF—FRICELYD, BEOLRDEIC
AT LTCRT, £2.1 ~F23BHZF IV -7TOERDET OO VEEFLDIRMELZIT, K
HEZOMHOMICHE L, AL - RITCER, Walker IEFOF— S0 I A EEZILNE S
@, F—8DRUMRIFLUEEINLEDREDOTHE, F—FROHEWB L0 [F—-4 0
W Mice Dl EEFETAEDPOTHEL, 21 ~F 2.3 0FTHEHRICELLLTHE,
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2.1 Failed Fuel— Gap Release (AZJL—7)

Failed Fuel —Gap Release K{%& 0 Walker fREZ 07 |H @M 1, 1I3RTI4DEEEIT -
foo MBERBARMGT ¥ RITFT, ,

X AF IR, TPORBEERERE SRBEECBEMTHL T L3005, Walker i3 FP
DRHAEETRD 2 2O ELTEL T B,

<1000 °C----- BEEERSRE o 0 FOT L F o RERIN TS EFRINSFICHIG

> 1000 °C- SR & ABREIC B SNBSS HIE

CORNDEZT EHENOF— 7S Walker RIROHBE (hE &) #8BE2L W3S,

% fE A E & B mH # OB E

(a} Neble Gas ¢.015—0.34 0.018—0.10 0.10
Krypton —85 — 0.30 0.30

(b} Halogens 0.025—-0.49 0.0032—0.10 0.10
[odine — 129 — 0.30 0.30

(c) Volatile Solids < 4x107°%-0.80 — 0.01
(Cs, Rb, Rw

(d} Non-Volatile <2x107%-8x10™* <107 —0.05 0.01
Solids

133 FP O S &IC B8 2R IEIC DO TIHEMN O F — 913 7000 MWd /t THA— &
TSP, BUBBREMERDT -7 BH0, XERHE~ ) 7 2FHTATHL05HEHBRRZER
PTITONTED U0, DBILOEEFEZL o AR IEREED,

W e OBE F » o THOFE AR BEOBEE TR Walker S8R LABEBRER T — 51T
MATHEHE RV » FNOFHAXOLHT -7 5 5BARSIORFERCLOEBBT B EHEY
EEZ D

ki@ Walker O#FM L, AIEE@BMOLIBRELN -TREVT, ZLBNFTOHERALEE &
LR AEHBERICRESNIIDEEI NS, ZIT, &AOF —# 2 E5DHOEREES
HE- 4575 ERBATEENT, A-1~A -8 ET8HOXMEBE~,

LB OBERREGBMF -/ ROEVTHD, ABEE,L S, F+ 2 7ROFPD
A vy b yld, BEICESERBEDEITELEL TEO, BMEESHL LEVEZEASL L
SZEICEN T AER AT IR TH S, OB TE, BREOSVWEHETOF -4 8B o0t
(Walker ©F — # IIBIELSBEVCEBHO 7 -2 LBHON L) .

BABTR, £EEHICEHTNER, ROt LTl Walker D #42{H 0. 3 BZ4TH
BLHETE B,

UO: <L v b OFLOEBICS>OTIE, AAHBEEA -9 DBEE LD,

Walker OHERHBEESA2EMD 5EHT, B3, AIEBERAANOEOKEESHEYTH S
PAERITLERT, HHR, NoX v, ERERVEEREERO T -4 2R 550~ OB
HEE O P RRT - FNETALENDH B L PN D,
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LEFMT -9 N—X ELTRFAX, ~ary, ERiERUEEREREORTEIE T -4
A, Ry 47 (U0, MOx etc), BMIELBEEBEIETF -9 N RTHELHLLEEF L 0N
5o i, MBELZUTHL, BEERBEOCELLOBEG 7~/ N—XTH L TE LAY
%)@&,%"b:h,éo

— 101 —



JAERI-M 90-127

Failed Fuel Gap Release

k1., Parker, G.W., et al., _ “Dut-of-Piie Studies of Fission-Product Release
froem Nverheated Reactor Fuels at ORNL. 1955-1965, ™ ORNL-3981 (July [967).
pp 7H-82.
¥—g 2101 &8
B MEMIE (HIEE) R E S
{a) Noble Gas 0.015 0. 34 0.1
Kr-85 _— 9.3
(h} llalogens 0.020 ——— 0.49 B. 1
1-129 e 0.3
{¢) Volatile Solids <4X}0-F —— 0.80 0.01
{Cs, Rb, Ru}
{d) Non Volatile Solids Ix10-% — 8 x |01 0. 01
1. B o

BRI AMHEIDOSHOBMEDOREEBLNET 5,

2. EEAHIE

MMM I PWREOBE L v F (FL—4—L D EsBLAZbD) 2&
BL, HeZF2OMBEWHT 5.9 MRBL 2L o ki & 2 b B 2 2072 5 84 g % il
Ed B,

i ~OHe&BEBZ rickpibcfhiicbonBAERE,

MBMFRIITHe ¥ ARNaOHR L FRETALT v 7, BRFra -0+t 35 7%
BH LB A LB 2 BANUEXINS, FRXE0H, BRER
BHXNSF I —N 159 TICEDKT, XeXapiiExhnszs,

AHi, PWREBH~NUL ., PO 0.1~0.2 g OB TRALO00MN/t T THEBH IR
DTHD,

3. EREHE
w5~ BH

4, F—5 OmMm
WalkeriZBE ¥+ » 7OHEF -5 & LT, BEINICEBOLOXHERTLE &
LTHb, BEBEORBFT — 7 THEIRFT -2 REHL TN,

5 I %

Walker @ XXMk 4O ER PO MBMER T ~ 7 DS L, [(HTCEKBODOFHEML T 5,
L, EBOEHIZHELA~NY 7 2 BHEOT — /i, FRPOERT -5 L0 b
hE LR ST 3,
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Failed Fuel Gap Release

Wik 13. Parker, G W., Creeck G, E, , and Martin, W J. in “Chemtstry Division Annual
Progress Report for Period Ending June 30, 1961," URNL-3176(September,

19613 p. 68
F=F FIi() BHE
1% TEME (EHEE) HREEBES
{(a) Nohkle Gas 0.015 — 0.34 0.1
Kr-85 _ 0.3
{b) llalogens : 0.025 — .49 0.1
1-129 _ 0.3
{c) Volatile Solids <X -5 — 080 0. 01
(Cs, Rb, Ri)
(d) Non Volatile Solids gx10-F — 8 xJ0- 0.01
. B
mE RS TmMBL, UO: PoU0, KBMILZEL-BORIESRAET Z,
2. ERHE

PLo—2 0 XLORFBHLYERPTHHRL, BEDORHEMEOBME &% RD
B, (FERIRGE)

3. EERER
"7 -—r &R
4. F -2 ORM

Walkerig iRy — 203 LREI00CHERB (HFFHTOEHHEBE 2L - +HEE)
OLOEBRE Y & o 7hOFEBREMBEEEICFHRAL T3,

5 I =

EFEOBE TR~ LR HAZR TS, - TBHENLy DO F v » 7hOK
HEWMEORBRALy thORMEMEONNMICLEAEZI ohE, KEBURFEPT
MBAIT T VE, COHUO:, OU,0 ~OMIEITLELEZXLy DT 5 5 7 DHER
RUOFPOMILICLZES (HMHHEEOHMAK) FEAGH S,

-7, HEBEA LR L NAQBHBESFH OO TEOAE L~ NEEOWR
BERU TS, COMAISHRBBISREBICH~NT/ NIV IESELEALSH S,

Walkerfd LD 2 2OEZEA2 LEMNICHEH LEAKEARBEI-ICBEY + » 7P O KT RES
SEHELALLODLEDLNRS, _

WalkerBHEA 2/ EHOFBORBELLT LIAEBLTCEDY, o5 bBK r -85,
| — 129 OEE®MUEEI YT, 0.3 2ERBELL TS, CNHREFRNEEOR
BrEZBLAbBbOLETFRINAPESBTAF— 7 /8 BUIATEEIHalkerE- P ICIT 0,
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Failed Fuel Gap Release

wiikl4, Parker, G, W., et al,, in “Nuclear Salety Program Semiannual Progress

Report for Period Ending June 30, 1962, ” ORNL-3319(August, 1962), p. 1l

-—y  E210)EBR

7
58 5 MEMRE (KhEE) BB B S

{a) Noble Gas 0.015 —— 0.34 0.1
Kr-85 -_— 0.3

(h}) Halogens 0,026 —— 0.49 0.1
1-129 T 6.3

(c) Volatile Solids <Ax10°* — 0.80 0. 01
(Cs, Rb, Ru)

{d) Non Yolalile Solids Gx0-f — § x10°* 0.401

. B m
DHEP TR 2 h (BEL) ZEABSOFPHELEONE

2. ERHE

THMMULIZT S 2AF o 7B P TR 2L P2 AR MBRELREAT S, N
BERESEERECuINIcI Lz~ v aaBELTEY, WMARBKBEEIC A —-UH
AATRICEET A, MHET R 2 NaOH, HWilg, 7L 7r==7HELE
BtV RFT 7oy, BRFr2-nF+ 307 (EizEE 2500, a-n ¥+ 35
y TRUBBF ra -~y F (ERERE 195 CT) KEbTHAZ, EOKRFEOT P
Eih s,

—EBMm g, MAFRMREIGHENBMENRS LB Y- 9 F A0
Sho~Ny il shs, BEoBHEH2Ly POMIEELARD LS, MLy S
= AHC IR UTRENFEICEIDMEZRS,

KRB <L b3, PWREOBKE <L F THEBEE R ATINNNIG/ L TH
5,

4L F-sDER

WalkerWd A F -2 03 bREOTKRSH (HFFATOEHHLEBRB~L » +EE)
OLOEMHEF » » THPOFEMBMEFEICEN LTS,

0.

i
XL 13O 5 5 1]
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failed Fuel Gap Releasc

kA -1 ZBBH., AARENDR SR KkEBETABHESEKOIEMM EILE (Proving
Test on Reliability [or BWR Fuel Assemblies) Vol. 29, No. 2 (198T)A &I&
FhEaE

. B B
MEESEOEHE L NERMBIOBARK, ol EHERR I BN D —
BLAETF -9 I0LDREET S,

2. EBHIE :

EEFE— - IBFOR IBROEABEIroBEACEELLIIKETE =2 Y v 7N
e E L, UBHRE LA ) Y IBHEZTBRHESHRBICIORT 2REL T,
COMBMERCPLIIBHERB LT .

Mgt S35 REHRTEOMHRELZRET 2D, ==5 ) YIBHESEDD
LY A7 dy A7 0 THMLAGH TROBHESE T O ARBHINEMD
g b I FRBER~WEL BYURRBLTERLL, MUHRKBOHBIR, OMHMOM Lt
OME, @FHORHY, RHHEOWME, OMHOLIFTIIHTIHRNEOBR I,
SHRELL. BHEARICEIIBHERRRI Y -+ AT, RS URBZEOMHEROE
BRRUCHEBERRE Sy e ATEBLA. BUHRRBEBELLUTIERT,

oAU VIHHRACHORMERRER

T - AR oy PR IERBRRS oy b b P AR
- BHESEAHEE cMHEENABREE CMHER I F B
CBHESERHESRMN | - -MHEREABEMNE cRL .y R HHELSIBRAR
RS B 7E CMBERE IME -HHEBERANERE
CMHESBEARRT Y | MHEZAMERMNE - BEEERD N 25
YU R XHE BB ERBEEREBR - BEESIERE
-BHEXRSIEHNE CHBEEANEERRR
CMHEXREFTHEDS - BEHEEINE
CMHEHERST =24y Ly FPEEME
b c Ala b3 hafiviidey
75y PO ALy P AR AE
' cHABATN I HRERNE
cHEATY i RERNE

3. ERER

AEIC b s TiT- MR SEy — 7 2 BHERAE, BEER BHEZAFP, M
HAL .y FECBHESERRROSHMHEHICHT T, @deHomiZ, RIOZHNOH
BREUFRNOBEOLALZFTCOBROBEHISBMELTELIDTE, 2T, oy
POBHERNFPIIHTALOIEDOTHELT S,

MEHEFZHNOF PORE

31 SKURKFPO~NL .y FAMY

1 ME®*
MEHEZOFPHAMEE N, BREHEXT7LVF ABOKr T BA~X7 bo s Y
—BUFLF o BERRO - REBEMERE N AMEMIiEEEHBTEHILILL
hMEL,
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2) F P A 25U o b (RTE
FPHX (Xe+Kr) MBEMEFT -7 EBEEEZRHREE L OMFEETFIIE
I S
156Wd/t LLF | % # &
{56¥d/t Ll k 22%BEDF -7 bBANT VP ARECLESTHE
BWROXBT -5 & b2ROEmMII—RL T3,
3 FPHRBHEOBRBIIKRGFHE
a, BHEFAEGLABEER ML EORIELTHHURICRT,
FPHAMHBBELAUBLIDEF -2 L EF -2 OBHICHITESR (M E
MpEmdaLasogdh) REETS, COLEBEBEARBBELIIN/t Bk F
TEHEITKETTIN, LEgEscT oL IRE—FELTRT,
b, 10GHd/t LlEoBRIBEENTtERLARSRILADEFPHFARBELOHEST
SRR T, '
106kd/t Bl E OB T3 250~ 3000/ cm DMICF P 2 lFEMNIEMY 3
LEngdhsrdh, toabhsBA3LFPryailrxazlBLtes, L&
BHEHEBA A EEOF P A&, 2L THBD (2ry FBE) THRE
b ORI Liiv,
) He D
HeBMEF — 7 EMHEHEHZTHMRBTEE OMFERLTFEICRIITRS,
R HeldfalrdshtfesdEZ2LSNS,
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Failed Fuel Cap Release

kA -2 S R Pati & A M Garde-Fission Gas Release from PWR Fuel Rods at
Extended Burnups

. H m
gouppod -4 LU0, SLy FPHOHKAENY T ANEDPWRIBEIEIZ DT, M

BRI ELHOBSHERTZADOREFHTIEIES 5,

2. EBRHFE
+ Calvert Clifds [TH4CRd/mt U F THEHY,

- Fort CalhounT48. J6Wd/mil U § I8,
Foy P ARBEERL TS EIEDbNRE (HEAHE) ,

3 ERER
D HMREARY2HBESIE, BHOEERET TR 2%ET (End-ol-Life 4 v~
P —_—X) TH2, BARERTFABHBEGLABECHICH, SN BED
D H S (406Wd/mtUE) . 406Nd/mtUE M 2 L PPIRFHEINBALS,

2) BEgoERLBAE TR, BERickaBirdbhEL, BMBR/ v T RRE) a4 R
A=XLICEREINE,

3) 360W/cm XHEIABHEATHR, Vv 7FRAPF—sHs, BEHEBEMNEMN #» = X 4
NERPKEIBEELNZ L, REIEEERURF YA Z~OREHENIENLL L

4. H =
HalkerDEEMBES LI ONENF -5 & 5T 5B,
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- Table 1, TFirsion Cas Release Rasslts for Fve-Cycls
Fusl Rods From Calvert Cliffs |

Yoel Rod Typs" A 2 ¢ [ £
Fuel Dansification Dansifying  |juer—— Hondenaifying—mrmr—ad
Charactaristics
Rod Aversps Dormup ac
Discharge, CWd/arll 5.7 497 49.4 49,3 49.4 34,1
Tisston Gas Melease, T 0.96 103  0.67 W00 1,06 2,03
s

Coxman Design Parameters (Nominal)

Tuel Coluwn Length, inches 134.7 Cladding YD, inches 0.388
Fael Rod Length, inches 147 Fual Rod OD, inches 0,440
Fusl Pallar OD, inches 0.3793 Pullacs - Dished at both ends

Initdal i1l Cas Prassure 450 prig except for Fuel Rod Type D vhich had
200 spig € 20C

ITaigial Yill Gas Composzition - Helium

b Azsumes a2 preduatien rate of 30 atems of (Xe + Xx) /IC0 fissions and
200 MeV/fixslot and the relesse fraccion (s calculated based on tha
inventory at the end of lifs.

Figure 1.  Burnup Dependence of Fission Cas Release
For Helium-Pressurized Fuel Rods From
Calvert Cliffs ! and Fort Calhoun Containing
UO2 Fuel With Different Levels of Open Porosity

3.0 T T T T T
HELIUM-PRESSURIZED FUEL RNDS
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92071040
o BELOW 2.0
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W oo /b .
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w
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o /
w
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o /
=z
o Y
g / o/
w103 :g .
»®
P o

/

70

——=5 87 %
P

e O = ”
_...--o_ - o/
¢ " F a0 ¥ -
0—-_ _._o,_g_ ;%—O-'/
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Failed Fuel Gap Release

XHKA -3 A Tharlier, D laas, Il Bairiot & F_Motte, USE of BR3 for The Belgian
PMlutonium Recycle |rradiation Progranme

. H 1w
BOGWA/ M (E =7 R L +) TP LAMOXBEO RIS BREARE I DT 2

D,

2. EEETE
BRIAAPWRTIRY, WMHEMNEL Tomy,

Reactor BR 3/PR
Assembly 26-100 £54 B101 BA10
Caamination Interim Final Interim Firal Interim Final

Irradiation

cycles 2 bis 3 bis JA JA Jh 3B AA 44 A 48 A 4D
Lime iC
d al power 4140 g60 120 1300 495 989 1421
Coolant pressure
kg/cal 140
inlet T c
235
aver. outlet ¢
280
Burrup average
GHd/L 14 33 15 40 34 47 72
peak pellet _
GWd/t 23 16 Ji 62 50 58 91
Fast [luence
(E  1Mev)
average
102 'n/cdd 1.0 J. 4 .9 1.1 4.1 3.7 b.7
peak
102 'n/cd 1.3 {4 2.4 5.9 2.3 1.6 8.3
Linear heat
raling
average
W/cm 165 180 320 220 350 313 259
peak .
W/cm 280 J20 550 000 190
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3 HEREYR

Do RO By je TRRRER MUPE DL SO 5 R DT O T O B R X O BT 1B
THLOEECLUBBOENLIFEFRREB O, BINEERE R TOBRSRIERE Y
AOKMINEI Ao, Pulki s UBE O 7 o g (E1E, BILE, Puouolgh,
LEHY T EALOTHB,

ZU-100 EXPERTMENT-EFFECT OF THE FUEL MICRUSTRUCTURE UK IGR,
Rod Burnupy Fuel density | lpen poro- | Pu agglome ! stabi! FGR
Rod N* sily”® -Tale ** Pty **

GWd /LM % Th % 1D siselum) % Tl (%)
1350 () 29 94 3.9 — l [.4
PC 15 (Pu) 34 93 3.5 & 2 1.3
Peo 1 ha) 33 Y2 4 25 K] 3. 4
& (I'n) 40 91 4.5 110 4 16.1

E? 50% of total porosity
¥* ahout §0% or more Pull; in Lhesc agglomerates
xxx densily increase aller resinlering test,

aof - v - ]
BUAKUP ;| 30-50 Owd/td
FOR (%) Pu contanl In MOX rods : 4 10 11 wio
204 (M1} L RODS 4
ol éé§7
Ud2 FuEL RODS
100 200 100 400 500

Max. pesh psbetl LHOA (Ww/cad
BR3J FISSION GAS RELEASE DATA

1. fm =
Walkerd a2 fid i i®l A0, M 2B TE 5,
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Failed Fuel Gap Release

XHRA—4 M J F Notley, F R Campbell, 1. J Pastings & I E Sills, FUEL MODELLING :
GAP CONDUCTIVITY, GAS BUBBLE SWELLING AND FISSICN GAS RELEASE

1. B ®
ERRERTFAKBICHETAWE €5 v (structure-dependent) 2 iRR 4 5,

2 ERGE
M7 »ORFAOARLLELER T -7 Rt OXBASSALTEY, S TRHER

AT - T,

3. EBER
BnRERTZAOKWMKEYT 2 FHEEEMER, BHEZONHD Y5 7+ 0%
MY BNy SREANTRELS ~BLC 3, AECLASEIMULTAF — 212, 120kH/
mETOHDWMB T 24040-h/kg U TOMBE A S~~~ LT3, (Figure 781)

4 W = .
Walker OB MBI A OMME L ZHRFT -2 1k, dFHTOUHL,
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FISSION PRODULCT GAS RELEASE
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Figure 7 Comparison of Measured and Predicted
Fission Product Gas Releases.
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Fatled Fuel Gap Release

XakA—5 J. A TURNBULL, A model for calculating the gap inventory of '*'l in
intact fuel rods

. B 0
HHOEGLFMI 2H8ICH, F+ o974y PV ICEHVIZHBILETHL I &N
S, HERMEE, B2 "V ITOITXITPWRIBEAASONBBOHE T VA RT,

2. ERHE
MBEFLBRIcpERLT—7 LT, AOCONTACT | BRUF2ERS, v yZXr—nd

BVRANLFCrEOERBEAAL TS,

3 ERER
(R/7B) ¢HAOENBERYZONMERAOMELFIg. 5 (BAF -2 581)
CiEd, CORXEY, ABT Mot (RABY =01 MBS,

UDRERMOBBEE

({R/B) =
BAHEERMOEREE

i1, i %
AEFLr (BERGEHELES) KL TFTRERIE, ValkeroffRixmBE (EFEEMK

HIZd LT DAXRIZZHZTHLIHLRLTLLEL NS,
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Fig. 5. Plots of (R/B) versus X for interlinked
fuel at temperatures of 1400°C and 225°C,
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Failed Fuel Gap Release

XHEkA—6 William Blackadder, Ronald S Forsyth, Kar! Malén & Curt Wikstrim,
FISSION PRODECT MIGRATICON IN INTACT FUEL RODS

. B ®
SITE-TIMH BOMH —#HEHAMOF v v T OceramographyO EREWMET 2,

2. ERAHE
BARERVOBY (migration) i@+ 2 8#7 - s RGORIT, MHESIT6-TERX

51kW/ m T 25MHd/kgl F THREH L 1=,

3. ERER .
R tZGBHARORHOERLY L LK, BHOETLEELTVI, HARER

HZMHBESITIRMEA T L0

4. W =
WalkerOMRBMBBSOBRELZIBHFT—FIL, T T,

— 121 —




JAERI-M G0-127

Failed Fvel fiap Release

XHEA—T L M Lusanova & P, D Stavyagin, The Study of Fission Products Release
from Failed Fuel Elements of Light Water Reactors

U = I i
EDH. GHUGESOFE 72— 0, BHEZOIEZFUTHALKRECHEELA

MATEHET, BILYRHE (UO.) EXH0oDMMHMESRERMOMMEELTH~ 5,

2. ERAik
MREFDO I +—7%EFEHAL, BHERBEARCTERL X,
EBRO—-HIE, UO., BEBEOEILAESRENDOKRBONRIISE TSI, B
Fo—/sHBOHBIKHANLIEEYEL, FHARAABRHMAE ) S OB ER DB R
HiERHHOoERRAF + » 7HORSEERBOEE (migration) OEBELAR DB/,
B, .
520W/coF TOBRBHEKTIE, BHFEF v » 7L T 5 (radiat gap closure)
L

CEMARBT SRR MEBNICRELTVWAELEEYHE
Tk 3,

3. ERER
cHBET - B8R,
-MHERDICEREIAL VI 2BOMIBHHIE R T S EFHICARIH DI

i,

4 W A
T OKMEE (¥930%) i1, WalkerD i RE (HERBMEEICAHALTILDEIDRAEL

i‘—ﬁtf:i')-(b"su
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axial hole

2000 5
”
2
L R et
2
o I/ | fuel
. [ fnitial
« L~ 1300%¢C I structure
E _—_-”; ______ g squiaxisl
E [~ ! grains
L 1000 > 5 columnar
] [~ | graing
s L
- !
- f sxial
& v l hols
500 £ 1
0,7 1,88
pPellet radiuve, o= prllet croae-section
;

Distrivution of fuel temperature in failed fue)l element pellst radius
(calculation) and the pellet sciematic cross-section (after-reactor study data}.

prr =

—4 3

103 fh“ 'l

3
-}

]

e

shut-dewn -

—45 -

Specific activity for lodine-132, Bg/kg
1
Specific mctivity for iodine=131 and iodine-134, rel.un.

—d 2t 4
- — - 4

! |

}—.
- bt

o 1 2 ] 4 5 e} ] ? 3
time eince stut-down =moment, b tizs since shut-down, h
The change of iodine {motopes activity in the loop coolant after a rapid decrease
in the failed fuel element power (fodine-132 - readinge of gamma-gamma-coincidence
senaor, lodime-1J1 and {odine-134 - data of sampling: O -~ ilodine-1}1, & - iodipe-134).
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Co-136

=132 I-324

[y

i=1)

1-133

-1

-

—

FE

|
i
-
=

!
T

-

]

+

10

radloactive decay constaat, s° '

10°%

o

‘UMC{AS ‘sEseter jonposd wimwty

o
1
2

o
<

Toe Jependence of fisaiot producta releass into intergranular porss

on radiocective dscay coostant [(—— - calculation,

A

- experiment,

- with sllowance for 1ellurium).
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Failed Fuel Gap Helease

X#kA-—-8 J Il Davies, Fission Product Release [rom Artilicially Perforated Fuel
Rods Operating in A Test Reactor Loop

L. B W
Sy L AF BN, RGRETLHLIEEOMMI, ERBHEEH, A5x4

HBHA5 R 2KNBBILEL L LUCERETEFAHELRT,

2. ERBRF%
B — BWRZ X8, EXxh0cem (AKX E40cn)
— #A# peak-to-average Power ratio=] BT
— BEH I LERPS 10 IenDBIC/ RN E k- (Bil) 21 W&
T b, :

Table 1  PERFORATED ROD TEST DESIGN DETAILS

Fuel
Hole Rod Cladding Diametral
Test Rod Size Diam, Wali Gap Fuel Pellet
{mm) (mm) {mm) (mm) Diam, (mm)
Reference Standard (.15
Barrier | 0.15 12.5 0. 86 0. 23 10. 57
Barrier 2 0.25
Barrier 3 0.15
Note: Nominma] barrier thickness Thum

s Studsvik (X9 =2—~F ) OR2HF (MEAN-7) TRH
— E—7WH:35% 5kW/m
— BHHESD 8 24P
CHBHHY T RIEZIORRL, B (Ge (L) REBBICED v 227 b+ 5 HF)
___ﬂwﬁ*g*i‘i' Iﬂrxe‘ l!Snxer l:!SXe' SSDK[—’ OBK r'
V"KrThD, | REBOKBOMEER, 44 33t 2L E R
T, BB v RAB T T3,

3 ERBRUEHR
CXFEBHIOCDF PR d, AMMENONSNERICOHRTHD, 12, Ao

EICHAEDBETI L,
cFPHRBYUE ; BitF -2 5815

4. W =
WalkerOMERBEHHEOBMELIBEFT - sREFTN TN,
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g7 -7
FRACTIONAL RELEASES - END OF EST CYCLE
Sampie Decay
Fission Activity Constant Fission R Rv?
Product (Ci/ml) {s ") Yield (Ci/s) (Ci/s) R/B

77X e 1.4x10-* 1.52x10°%  0.0677 2.56%107 4.93x10°° 0.92
13 m¥X e 2.9} 10°° 3.55x10°°  0.000191 5.20x10°® 3.25x10-* 0. 16
X e 9. 1x10°° 2.10x10°%  0.0663 1.97x10°° 6.67x10°? 0.029
K r Lox10-% 4,30x10-*  0.0131 3.81x{0* 270x]0"* 0.014
*TKr L1x10-% 1.48x10°% 0.0254 5.23x10°* L. 80x 10" 0. 0029
'K r 1.3x10°% 6.88x10-° 0,0358 4.00x10* L 1i&x10"" 0. 0034

Notes : (a) From Equation | assuming coolant mass of 200kg and &, =8 75%x[0-%s"!
{t) From Equation | assuming fission rate of 1. 63x10-'% fissions/s

1.0 -
133
Xe R -
0.1}
1
8
0.0 -
0.001 ) )|
10°¢ 10'5 1974 10'3

DECAY CONSTANT, A (sec™')

Reljationship Between Fractional Release and Decay Constant (]st Cycle)
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(AAH O BER)

HEE E.R. Gilbert, G.D. White, C. A Knox, “Oxidation ol D, at 150 to 330TC” .
A—0 PNL-SA-12632 (1985).

Key Words

oxidation, Ult,, spent fuel, dry storage, temperature, cover gas

7 -4  AAHRH®

Particle Size Distribution for Spent Fuel Specimens

Mesh Size H. B. Robinson Point Beach Shippingport

+14 98.1 89.7 94.1
-14 +20 1.3 5.5 3.4
-20 +40 0.6 4.8 2.5

{Gilbert, White and Knox 1985)

Sieve analysis results for PWR spent fuel fragments from
Point Beach Reactor at 29,282 MWd/MTU peak burnup.

Weight Fraction, %

Mesh
Location +14 -14 to +20 -20 to +40 -40
Low Gamma 91,7 3.02 2.68 2.59
Field
Near Cs 90.59 3.55 2.87 2.98
Sources

{White et al. 14y84)

V=R —ADFHIIENT, TEBCBEKELTOBRHDOEPOTHETOHEFTO
HirxwEBThl, AAHTREHABEBREBIC DT | F—7 & LTARAXMESIALT
A,

1. H 83
FRHERHOEAERARBCSF2U0U0., MHOBEBHRIE¥EAE5 L30T 2I0IEY
%o

2. HWEBAHE _
FHEA <Ly PREBEAFE~NL Y FICDWT. HE, TS ("8 ®EH) ., v8F
MEgBREL N5 2 —p 2 LT, YERBICLYBIEBLEMEL TS,
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3.

WBRER

FHE <Ly POMIBICH T ZEETOEEETABLE 4 icRd, £/, RECLI &L
OEAEFIGURE lItFd, N, EHTWE (FL20T) iwHTRE 22537T, 2007T, 275
T, vETGHWHEESE 200, 000R h T 205~ 165hRB LA, BEEHMMEFABOEL
RO,

Point Beach FOHHEMEIC >V T, FRITBWE T 20CRS 200C0RBEIT- 2,
WiTIcH T AR BERAFIGURE 514, s, 230C, 233Th B 200, 3000h &
ey PERELAKE, Bt iENR S,

4,

F -4 O

TABLE 1R,

5.

BA7F—%

TABLE Iz
PARTICLE SIZE DISTRIBUTICN FOR SPENT FUEL SPECIMENS

Hesh Slze H. B. Robinson Pofnt Beach Shippingport
+14 98.1 89.7 94.1
=14 +20 1.3 : 5.5 3.4
=20 +40 0.6 4.8 2,5

TABLE &4:

1MP TS OF CXLDATION STURIES WITH NONIRRADLATED

UGy ON SPENT FUEL PROJECTS

Honirradisted Ud, Results

lopace on

Variable 2 Spent Fuel Studies
Teoperature Oxidatlon proceeds ropidiy above Focus spent fuel
2307c. studies below 23G°C.
Aglng Aging in sobient air reducesx Exanlne effect of

Surface area

oxldation rate.

Fragmencacion inecreases rate
approxivately 5 to 7 times and
has mlnor effect oa particulate
induction time.

sging.

Heasyre fragment zlze
distribution,

Camma fleld Camma fleld enhances ox[dation. Iopose ganmy field
spent. fuel tests.
H0, in Stoulsted HOy radlolysls Impose gamma ffeld
cover gas product enhances oxidation. fuel spent teacs.
Cadolinia Gadollnla delsys fogeracion of Include gadolinia
Uy0g mnd resules {a the forma- spent fuel in tests;
t?cn of f{ine (ragments. provide Linslght ca
Ilssion product
effects.
Density Hinor effect for closed Mezsure densicy of
poresicy above ¥4.5@ TD. spent fuel specimens.
Moiscture Molsture slighely increases Perform spent fusl
oxidscion rate, tests under typlcal
dry storage molsture
conditlons.
Temperature Oxldaclen restponss to lempera— Perform temperature
changes ture changes supports cumula-~ chsnge cescs on spent
tlve damsge models, fuel.
Thermal Hinor effect from thermal Conflra slight thermal
cycles eycles. cycle effect for spent

fuel.
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s T T T ¥ F T 1 T
4 0.3
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W Jo1 ©
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l z
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FICURE 1: Continyous Welght Gafn Dars of Nonlrrrdiated Ug, in Afr

3.0 v T T T Y T

~ 13r

l_(

2

Z SPENT FUEL

<

B e .
]

w

T

0.3

HONIRRADIATED PELLETS

°.°J T 1 ] i L
0 300 60 1500 2000 2500 3660 3300

TIME {(h)

FIGURE 5: Oxidation Behavior of Poinc Beach PWR Spenr Fuel
at 200°C (~29,000 /d/MTU bdurnup)
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2.2 Boiling Pool Release, Evaporating Pool Release (B 7JL—7)

Walker i3 Boiling Pool Release & UF Evaporating Pool Release iZBld¢ 5B iTHOD 7 —
FEBELT, 22 1ERTIOUHERBELIZREL TV 5,

INOOEAZNT BICH D, Walkerid# 2.2 @) ~Blicd & ST HCHN 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26 SRE 7 - s 2 BB L, BEL T &N,

LLTHE, ZhodDs|HXED 5 BN 16, 17, 18, ]g, 21, 23, 24, 2b, 26 D 9 24 RiC
Walker IEBCRENHEOTELHFHEL 2.

J[RERE TOBRMEMEOBITEIS R, RREEH (DF) oSl REE () RUEBER
TR BHEHE () FODLETXRTICHBINTO S, £ T, DFZMBBIREORERS
LE~DYECEBZLLT B0 O, BEIANARL -y PREREBEEEL TS
7, HIPERECS 250 —RERICHT LAV O, SAEINAH & L TERRED 7 — vk
EEEIND,

Walker 3& 2.2. 1 IORG EE0, 7T—nd oORINICET 205 EE L THIEE{ S DF
FLRHEOWNFEZRE LTS, 22 1 KRSNIATHBAREEER L 0B O REE
KL TOETE S,

HEFE { OHBHEEHE V2 LEREEREFRSEEOMO LREL O & LItRESh T3,
AR DOTRAEMZ L, ERAOBEEERCE2BRIEEN DL LTS, ‘
 EREEARORNRE, Evaporating Pool Release Tid ExxonBMETIE O PSARICIE &
DTN+ =g LRFEED LV » KA1 MREREOFHEI BT, BREHSBIEL BOK LiCk® L
AR AP SO RuUDKIHE 02 LF UM HEL TO 5, CORuD M RITERBEED S
Al E4, WHBLE L TELACRE SISO TH S, Boiling Pool Release it 351t 5%
P A DT R DHERE 0.1 OFRERIZAERD SERETH 5,

MR EERRICDF RO HIEDWT & Walker 2538 L 72 XDt W o ic BlE B 550 M
SNTV 5. DFRUHOAIEEM MR EOLEE R 2.2 2107 T, £2.2.2 ORIEFEODIC
RAZREATEALZ OB 20H 51 3, Boiling Pool Release it B THREATE - 1=
EDE &AM Humboldt Bay @ Z/NEL—¥ DF—4 TH 5, flliE %47 -7 Humboldt Bay
DI/NEL —FDOF —F il entrainment separators 37 0EDF SVEC L ABER TG {2
EZCNLFHHBAATS 5, £ RUDRIEME THEMS MES & 004 SN F OHEE
HIHREEZSY, [t RET R840 -/ D TH -7/, Evaporating Pool Release
CAVRILBOTHBEROBESEVEESD, pHB/MSCELEEIvEDOKE 2 56 55%H40
BoHBESTE HEAHREA TE T 5

Evaporating Pool Release RiBHM EAO HIC 2V TRAGEMIZ A <, HEECHRERMD
BRAEXB P SGonuh 1.

LI E, Boiling Pool Release 7 Evaporating Pocl Release @EB{TERF — ¥ OHESER
BMRHEBECH L TRTHSEBE L - T 3208, KEFMICHERELEAT 2E56EFL,
B & OHEOBRAREAPRICTNE EBHNE, 7, 37 RUARSEKICERBESRELT
B, FICHEAMEEROREECAFHLELBbLNS,
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ERICL-THID CENBYUEEAOCND T~ ¥ AMA70HEK 2.2. 31T Walker DX ERFAE
RERZ L AFELENO DFE, HERCERERICEIIZREROAET -5 OFEHA %L
BUKERERT. HAZAREL TS, #EEOBRNT L0579 ORHEOBSLH o HEREM
EWEDH, WIRERUHEEREZED DF, Hic oW TEE, YWEERE, pH, BroiEESE%
BLIERNE 7 -9 OHELHELBDN S,

BEFEF ~ 7 N~ R EERT ARCEETNEIFHELT, BRIDLIVE, BRELTVLET
— LV ER P DI OBGENEOBITER T RAFZH (DF), SESEHRE (H) RUiE
BTOREBEL, FERBCOVTCT - VIRE, WHBE, FROpH, &R OHFEECRM
ELTKDHBLLEBEZONS,

#2221 BHFBCETLET-—F

# FE # OB | F K # -
# E et %) (it ) e %
Boiling Pool Release
lal Noble Gas - 1.00 £=100% DF=1.00"
(b} Halogen 0.09 —0.90 1.00 =100 DF=10
(c] Volatile Solids - 0.20 f=0.10 DF=100
(dissolved)
[d) Non—Volatile Solids 15X107%-18 1074-0.20 f=10"% DF=100
(non—dissolved) x 1073
Evaporating Pool
Release _
|ia) Noble Gas — 1.00 f=100 H=100"
(b} Halogen 0.01 —-0.90 0.10 — 1.00 f=1.00 H=100 (12)
/1.0 (CHsl)
(c) Volatile Solids - 0.01 —0.20 f=10.01 H=100
(dissolved)
(d] Non—Volatile Solids 10710 - 57 1074-0.20 f=10"* H=1000
(non—dissolved) x 1077

{a} = Instantaneous release fraction

(b) DF =Transfer release deccntamination factor (Activity in liquid./activity in
vapor)

(¢} H=Pool release partition coefficient {Activity per vol liquid.activity per
unit vol air)
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7 2.2.2 DF & HicH4 20 THFE S EEE L O
% & woE # 1
Boiling Pool Release
fal HHAR DF = 1.00
(b)) oy DF=5-10° DF =10
¢} HERMLEK DF = 60 —6 x10° DF = 100
(d) FEfFEEEIA DEF=10-12x10°% DF = 100
Evaporating Pool Release
fa) TWH = H=14-24 H= 100
(b} ~eiw H=154—-10° (1) H=100 (1)
H=104-85 (CH3l) H=10 (CH3;1)
H=63-5x107 (%)
(c) 1EHRMEEER H=100
(d) FEtErEH:EE 29 x107 H= 1000
%223 ERLI-THO CEMABEELONET -5
T4 B g R 2 AE T EGRHE .
FETE DF H omo=
MR (Xe, Kr) X X e
~Sosy (1) O O O
BL735 v FZHME
#REER (Ru, Cs) AN X X
IR RN EE (Pu, ) X, % A

O &Y

N LBD
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Activity Decontamination from Liguid Systeams
X k16, Mishima, J, et al,, “Plutonium Release Studies IV, TFractional Release
from lleating Plutonium Nitrate Solutions in a Flowing Air Stream,
USAEC Report BNWL-931 (November, 1968)

F -5 2203 2R BigER
WE kS B % L
Pu(NO,} g-re ~25TC 100cm/s
Ix10-° 100 100cm/s
i, 8x1p°°? 100t 2. 9cm/s Roiling-90%
Water Reduction
10-5-3%10-°% 100%¢ 10-50cm/s Boiling to
Uryness
. BM

BT =0 ABERENBR LT ey, ERRWMILE S L BED SR
as7rntr=vrBEMES S,

2. FEBRAE
EBIROJHEEONEL LI,
ER |  BEETEHRPOR T AR ANTRE L P L BEES WS O T A,
B2  RUEIZMBANOSIZBHERERPT, WM =0 ABEEANLT -1 %
e 3,
ERI3 CBEHEFIAMDbT, BRI E T LEREBICE S BB YE KT B,
PITFicWaikerO XAk TEALTOAER | RUFERM 2O TR,
=4 -

Fig JILEREBEEFOMREL T T,

BEEM 7V =0 A%k (Pu). 72 430, 868)2.5 Xiddmi A HEEMB LY 2 F
YUAMBMOMCHEFT S, BHEMFHII0, 50X 100em/s OWThsrE L, 24D
WA v T, FRERPCEINIBREI T 7 s v iCh BRI KGH >~
FrHiltbhbBRELLL, BEYIIEMA LI YY) v ¥ -OFTtHEH S, EMROBRHEIC
Fuwtb 2o LB L, 2T H-VEFIRIBET oy THIELS. MBMBIY A2
WRICEH 7 o 0 UBARMBTREL, EH 70y, BEVMETFRERA%-T
b= AREE ST,

EE2

Fig. 3 KEREBRA R,

b= uhs T0ug HEOHBT V=T 4B 2.00l% 80l —5H—HO
0. 25 wilB 9T it BE L, YRFLEBD I T 74— FOEEF K &AL,
TORLTHEWATAI - T oy JRIDBELSERBECSHENMBL, BHEOI%
AAMER X E,

3. ERigH
ERIOKEETable 112, ER2OEEATable T iC & 459,
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4, F—-2 DR

8. ¥ — % DTable |  XFTable | + 28,

WalkerOMEWY Tabled — I WEROF — s ¢ —K I 2B RFEREHFOLDRE
XBMTHANLSH D, ROAWVWDOEE A2 FlIZHRT,

Walker $SEBOMH p % X ik D =
B ® B & | EEEE L RUN | B Ho® EEME | HNEES
No. (W/0) (‘C) '
-'e ~29%¢ .100cm/5 NT | <2x10-*] ambient 100cm/S | Table |
Ix 10-¢® 160 | 100cm/S NG | 0.003 100 50cm/S | Table 1
1.8 x10°°| 100T | 100cm/$ A [ 0.18 218T 2.9cm/S | Table i
average
ot
Plate Temp,
1073~ 100 [ 10~30 N3 | 0,001 100¢C [lcm/S | Table |
Ix10°° cm/$S
NG | 0.003 100 50cm/S
5. f #

T b L BECHIBREOMBIE PO THNSHICTILERSDL, FhEH T~
Hahz 70t =9 L0EREECODHTHIER T I2LEND S,

— 134 —



JAERI-M 90127

Bl 5 —#

b.

VLU RMIET S0 L GLIWY (1 : RUEEY

*sund asayy bupuanp pasn wniuoin|d b 98°(0 «

9-01 x £ A_m.oF * [°G -0l * $'6 £L000°0 vt zZ/i-1 001 06 6N
g0l x 2> -0l * €L  o.0l x §°6 Sv000°0 14 I/ 001 0S 8N
8-0L * 2> -0l x 2> g-0l = G/ 020°0 ¥e ve 00l U3 quy LN
9.0l *x | -0l * €°G  g-0[ * #°§ L5000°0 2/l-y 4 0s 06 9N
¢-0L * 9 £00°0 w=00 * ¢°1 £20°0 £ 2/l-l 08 00l SN
t~01 x| (-0l x §°2 4,0l x G§°¢ GE000°0 ve ve 0§ Juslquy tN
-0l x € L00"0 9.0l *x £°1 9t00°0 ¥ A 01 001 EN
9-0L> g-01> g-0lL * 6%6 £2000°0 0¢ S ol 174 ¥CN
-- (-0L> -0l x £°8 £€00°0 ve 0l juslquy x [N
cmvumgogm>u U0 |[3R400dRA] yseM + YSBM |2SSOA (4y) .Mgmql (095/Wd) .Muou oN
UtMo| | o4 butang 93BSUBPUO)  JUAWULRIUOY anpisay BAJ A3L20( 37 wa ] uny

ALy doomg J1Y doamg Bull] but|dweg dly
Ul punoj wnLuolnid 3usaddad Jybiep

(924nos e se Ez_:O%zpa b22°0 buisp)
SNOILAT0S 3IVYMLIN WNINGINId Q3LVYINIONOD 40 ONIAYT ¥4IV ONIYNG 3SY3 133 TYNOILOVYS

I 31avl

— 135 —



JAERI-M $0-127

AU RIMIGET 21l GLIWXY (O

"330SUBPUOD U} wNniuolnld 4+

43314 40 weadjsumop juawdinba Jo saysem pioe uy punog wnjuojngd [y

o (*una spyz Bupmoy{oj [|eM [9SSBA JUALU|RILOD UO PUNO,
1Y} S} ,9Ud0Q4ly,) “ao4nos se unjuoinid b1 pz € |9ss3A Juawuiejuod ybnoayy MO} ALR ON &

*uolsod
"padn3dns 483 [Ld 4w

HRERMY

bupppog L1 g0l x 6°1 +LLT 0L x 2°L 99 bol 00e x[
Burytog 20° w0l x £°2 L E0° w0l x ¢ 65 bl 812 I
33BJdNS paqnulsiq L g0l x 8 800° R0l x | v9 A 881 H
32B4JNS PaAQNUISLQ g{0° KOl x 6°1 ,8600° g0l x §6°9 tel 99°0 b9l 9
Bupaauis 4.0l x v Ev  e-0L x £ 0s1 0st 50 05l 3
Bupitog  y-01 x 2v A +5-0L » G GV A 1%z 022 *]
buldaumis .ol x §°p 00s a0l % 6% 00§ o L&l 9°0 0§l a
808JJNS p3gan3siq ¢lo’ 40l * £°1 t20° w0l *x £°2 Fel €ELT0 St J
90B}4NS paqanystg 2’ 0L x € L 780° A0l * $°6 08 6°0 061 g
bupytog 20’ 50l X £°2  xaBL® sOlL = ¢ o E9 v°l 812 Y
bupang uojinios jo (2°30) {iudp) (£°3M) (wdp ) (uw) — (upe/w) MUU "ON
ajueaeaddy |ensip 3nQ-Lie4 41y daamg Aq pajsneyxy  pajeay ey *dwaj uny
Pa12A003Y wniuojn|d ] #30-1108  93e|d 304
pPOIdag sbeaday abedaay

(*uoljedoders Bujdnp doams dn aje das/wd g7
‘ad4nos se wnjuoin|d 61 goz ‘140 P3L10q uo[3n|os %06)

SNOTIN0S 3LVYLIN WNINOINId 30 ST00d 40 ONILVIH 3HL SNISNA 3Sv3138 TWNOILovad

IT 379vL

— 136 —



JAERI-M 90-127

NOILNTOS ILVHLIN WNINOLNTd QILVYLNIINOD 40
57004 MOTIVHS J0 ONIAYQ Y¥IV NI Q3N SNLViVddY 40 WwdovId

€ 38n914 LY
Aag
adnsoou3 193114
djLsued] .
Lw@:é l/ PRI I
pajenpedy N

_ s z

4 =

1930WM0 | 4 mm 0 mw

3 L UL 497ep m sbaq buliaas
Bugioog
wnnaep _vullllllnllm
“bplg
435Uapuo) I|PB4)
Wnu pwn |y
7,
“._Hmzz BuyL00) AL & ary |
/lgmfﬁmm )

3ujor 324905~ 1eg 2 oL 493114
L I..IMMU Jdeuwdnd *13s *3s || %Uﬁw_.u_.u.mw I

R UoL3{PPY PiNbiT
JUL0p 3934005~ |og mm

— 137 —



JAERI-M €0-127

SNOILNT0S JLVULIN WRINOLGd 40 ST00d 40 SNILVIH 3HL 9NIYNG
S3SVATAY WNOLLIVES INIWMILI3Q 0L Q3SH SNLWdVddY 40 Wy¥oOvId

§ 3yMo14
I __\
1oRULLAY PoARIPRY (¥00p qe7) \\\lmwmvua N
dedL paresuapuol W0j3R(d 3(qRAD) I | /nze_:a

pajenpedy

]
%J
— il

433WMD | 4 O

pajesqile) | PIBLd 30K —
- ——=[ 1]
Bu AeLd 4apJaoa3y
}IR3H wnujwn]y __ |
waysAs Jayeag
wnnaep “bply =—__ Lmuwvwm atdnooowday]
. n A ybnoa] Lown | y=[ aw0dy)
u0}323{0) ujRdQ 3JPSUIPUO)
33 BSUIpUO])
Ouyy j«oddng a3psued)
435U3PUC)

paLoo) J3jeq [9SSaA JUBWULRILOY

A33}|-b x84AY

433144
48QL4 ssein
43p Ol
)
1
i

A934 44 xadhy

ade] bBujjeay

JULIOJSURLL
u_hmt_s.,l..o

— 138 —



JAERI-M 90-127

Activity Decontamination Jrom Liguid Systems

k17, Mishima, J, et al., “Poltential Aerosol Generation Mechanisms from
Damaged Sipping Package, " BNWL-SA-5742, Battelle-PNL, Richland, Wash,
(July, 1976)
F—% 32203 B8
MR By & =R Vapor Rate J& {4 {4 it
Pu(ND.} . <2X10°F"- ~25-30 ¥ 10-100cm/s _
5. 7= 107
1.3x10-5- 10T 5. 9cm/s 0.5-0.6 97. 5ml  90% HWater
4. 5x10"°¢ ml/m Reduction
5.8x 10-°- 100¢T 5. %cm/s 0.66-0.9 97.5m1 80% Water
B.4x 10" ml/m - Reduction
§x 103~ 100t 5. 9cm/s >1.4ml/@m 97 5ml  90% Water
1.8x10°? Reduction
L-E {6}

FREMH T CRELLIT oV v OBEFRORERBATELF — 2 2 WET B0
KEINTEREREE LD 5,

2. EBAk
PEICE AL L
3 ERER

Table DICHWRELAERERART,

1. F— OHm —
hMeH@%ﬁ%%@[ CHAKRFT— 4 EH,
k& table Wi XBL16 BNWL-DV IO XTWMEIDER I hA-b0 LB S,
Walkerti: BTabled — JICEEBDOFT — 7 & Kk (BNWL-SA-5T42) e CFBNWL-93 1D Ml T
I TVEIHEIRELEZ LR TICRT,.

Walker#i & & Tabled-3 AX@kTable 1 k16 (BNWL-931)
(BNWL-SA-5742)
g

9. 8xX 10 °~8. 4x 10" §x 10 ~ 8. 4x]0°" D.8X L0~ 4 X Q0% wt¥
{RUN No, GRLTFB)

ax10-"~1.8x10°? Ix10-*'~1.8x10"* FOX10°2~1,8x10"" wt¥
(RUN No. IR FA)

5 M =

AXBOT — @ XL BWL-BDESIM L b TH XM iEEROZ &,
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6. BT -7

TABLE 11

SOME FRACTIONAL AIRBORNE RELEASE VALUES
OF RADIONUCLIDES UNDER THERMAL STRESS

Plutonium Nitrate Solutions

EVAPORATION OF SHALLOW POOLS OF LIQUID: IG to 100 CM/SEC, AMBIENT TU 1006°C
(1.5 to 24-hour sampling period)

[<2 x 10719 to 5.7 x 1077]

REDUCTION OF VOLUME OF HEATING (90% REDUCTION): 5.9 CM/SEC (63 to 151-min.
sampling period)

SIMMER [1.3 to 4.5 x 10-§]
DISTURBED SURFACE 8 x 105 to 8.4 x 10-"
BOILING 3 x 10°% to 1.8 x 10-3

HEATING OF SOLID RESIDUES FROM AIR DRYING OF SOLUTION: ON STAINLESS STEEL
(1-hour sampling period)

10 to 100 CM/SEC, AMBIENT TO 100°C <2 x 10710 to 3 x 10-8

10 to 100 CM/SEC, 400° to 1000°C 2 x10°% t0 1.2 x 10-3
: ON SAND

100 CM/SEC, 240° to 1000°C 2 x 1076 to 2.8 x 10-"
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Activity Decontamination from lLigquid Systems

ik 18 Moldenhawer, F, and Ullig, B,, "Activily Losses in Handling Aqueous

Solutions of I, " ORNL-tr-1660 (i966)
7 — 4 F2.2(3) B
PR b E S B HHORE
1-131 . 16-0. 63 25T « 785 -
C0.01-0.03 ~ 25T o
0.31-0.32 85T SO.: 10°°M
0. 45-0.50 bk 10754
0. 99 ghe 1072
0.02 ~25T S0zt 10°°M
0.8%3-G.90 ~25T 10-%M
0.09 85 NaC £ : 10°°M
0.09-0. 16 85¢ 107°M
0.19-0. 21 85T 10-'¥
0.32-0. 40 §5¢ 107°M
0. 45-0. 52 85t 10-2M
0, 89-0.90 85T 10 'M
0.05-0,06 ~25%C NaCZ : 10 °M
0.09-0.12 _ ~25TC 10-°u
0.02-0. 03 ~25T 10
. B o

Na'*'IgsiRic B 213 " ToRIN s OME,

2. ERAE
EETFTO3I20ERBRACDOTERE
R
ATRICOY 3 — 4 — NI AEEEREGE
B:BRiIcHTLERER
C: 1 HAMERTHBALLES
o ER20n! (FEBTIRIM) OEEKkEMNIOE —H ~ (FHEBTEHF T H
TORHEA2HES, Na'*'"1oBENMBE (~1uCi) LHEEBET L,
pHT7- 8, carrier-{ree, BELAHE
Wi EICH T AERERE W3 - SnCi/ml
AFEY : SO <01 mg/ml
g attE et ; <0,05%

e’ PaBiINal {(TE) Oy »Fr—vavhorysdy—T)Fsr—nFy R
THMMET B, _
oEBMEKIEOS P EENER, Yy rlROSNABH, —EBETHET 5.
ERICIOBRIVRE SISO, B¥ KT (WHREEICTC) BT 77487

+2MWES B,
2O0A Yy FREEGHE GO T OB EEZE L, activityDlossE B BT S,

3. EERER
Table 1 ~6KAMERREEZRY
"NaCl2&SARBROINOMEOITIMIILITTLIL S,
Hr a4 X 20wl EE K

p H ' 5.5
Na'?'l@|E 110 *m
ERiRE P 85T
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K FE 0y ) D 2 B
WY PSR

3] loss in% :383%+1.8
I EMEO_REHESIBRE : 5.8%
small '*'L Toss (0 to 4%) %S 1EWMEOTHMEN | 5%DA4 —~ & -

A F— 7 OB k
M — s OTable 1, 4, 50 WEH,

A, Walker$RE®Table 4 -~ 3BBOF ~ 2 Tk, EHIEQ 16-0.63 OO EEEH
25T EH - T B NALRMTIHISTORBE S > T3,

5 WO#&
H7r5 v b~ DFEAKS LS TRAHYELTORTHLPEOGRRICEED - &,
Fi, WHLEDsweep air OFEBIC OO THWMEBETENLLBLNE DB ENLE,

Table 1. % loss of ¥i] ag a function of the
degree of purity of water,

H Mcethod
A n C
H,0 8] 10 34 -
g&utble- 45 -
. 48 —_—
Dist. H,O deaerated 64 4&
then saturated with 38
43
IH]
Dist. H,0 deaerated 43 [18] - -
then 8a ’b.lrated with 37T 2 -
3 -
Dist. HyO deaerated 60 '!
6
T,
10
"
H,0 dist. 36 4 - -
4 — -—
s -
6 -
Tapwater 7.6 N2 -
J 3 -
} -
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Table 2. % loas of 31 as a function of
addlition of Nal and NaHCO;.

Molar Mecihod
Conc. 4 8 C
Nal NaHCO, Nal N'HCO, Nal NaHC,

10 2 6 2 -
3 7 2 -
2 3 -
4 13 -
10-* — - 2 -
3 1 4 -
— | -
3 1 -
10—+ - -
1 -
2 2
k| 3
10-? - —
1 1 1
10-3 - -
10! - - -

Table 3. % 13 loss as a function of NaOH
concentration,

Molar Method
Concentration A B c
10-* 1) { -
21 ) -
104 2 4
2 3
3
3
10-* 2
4
10-? -
jo-? -
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Table 4. Loss of ¥ (%) as & function of addition of reducing agents,

Method

Molar F]

Concentrationy; 5,0, 30,/H,0 Na,50,/Na, 80, ~ 4:1 Na, 8,0, 504/H,0

"

[T add - 43 - 1
- L) - 1

o -
I - 7
- 13
[ - ” 6 '
- » s
[ - - -—
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Table 5. Loss of *'1 (%) as a function of salt content,

—
Method

Holar A 5 <

Concentration
Nabe Na Nu,50, NaBr NaCY Na, S0, NaBr NaQ Ha,30,

PR

| [d 5
15

[l »
4

1-? 2

o 23

1ot 21

3
23
F9|E8|«E-E|ET| Ga|es

Table 6, Loss of B (%) rs & function of acld concentration and addition of reducing agents,

Method
Molar 3 c

4
Conocentration "o H:%0, HNO, K10, HO H,80, HKNO, HO H,50, HKNO,

10-* » 2] 18 i?
® n 10 18
n
1o0-# 1] 4 82 14
" % Y )
j04 3% n 62 6
s " 67 ’
ot vl 7 ) 12 7 0
» 9 7 12 6§ 9
o
T
10-2 n 9 57 10 » ” 3
» e 82 " %*% LY n
to-t L] [0 M
v ” 4l
7
73
HNO, cong, HNO, cono.
73 ’
kel [

— 145 —




JAERI-M 90-127

Activity Decontamination from Ligquid Systems

k19, Yuill, W. A, et al,, "Release of Radiociodine from Gpen Poeols” ,
iN-1449, Tdaho Nuclear Corp (December, 1970)

7 F &2 204) B

B Concentration in Water Theoretical
| H= Liguid Concentration - Values
Concentration in Air | .
63-93 4% 10-* moles [/]-H.0 H=1040
B.9x10°-6.9 xi0? §x10-°¢ H=200
6.9x10-°? 2.9x10"° , =300
2.6x 190! 4.0x10-* I=5x 10°
2.4x10%-2.9 x10* 4.0x10-° H=10*
- 1.ox10-'e® H>10°
. B ®

ALR—trBHENOERY Y2650 7ol haRELI>BRORES
FUT 2. 00MEBTOBMFROBAER DWW TRAELLZDIOTHY, BEOYHBITHE
K LI REN AL AR SERBEERBENSCREINACRRIERBOEBEITH>ET
BRI LIMEABTOREEDF = v 7 21T,

2. REHE
(D HR Diffey et al >F% ( “lodine Clean-up in a Steam Suppression System, "
AERE-R-4882 May 1965)
~EREOCIIRREBHISODIIFRSIAVRBERL I T oV LESANEE $stean
FlowtbicE AL, COREBWAE KT~ OKBE TIEL, 2B Echi- B Dsweep flow
B7— kB EiICgi&HEh, EkEEBEDair flowhicB k5% %5RET 500
Fra—n~ty t~Ehh5,

AOROOFADY v I3 EH2FELAFALT LSRG 5,

BEREEFEEALowE U 72, sweep flowid i 4 > 7t Sh 2 ik ik
BLTHA,

HEOY TR T ~nd b, BABEEABRERYT 5,

MREANFFABRBEOBRO 7 — il 20T, 0.66(t/minR 3 /minESEE ol
GREOVWTIHORL LS ERBELSDVTRAESEM,

(2) Watson et al®FEE ( “todine Containment by Dousing in NPD-1, ” CRCE-979
Oct. 1960 AECL-1130)

HENMCHRAR, BEIEZOY TNV v E -, RUBKOKB FTIKOERF o
—TE DS ERERAMES 1200053275 23%BE, LHFBEMNT IR
INICE N E, IORRBEBR AT LIAOWMOM T, BEIBENBH AL IRAX
L, TR0y 7T nuikRi, Tah )N RlEErp HERDAHENT 3.,

B—~1 THRFCILIERRBICLT2ER
BEDRA ¥, o4 5, BI04 v7solbhicr7—nE2H, T—nbhohl

HENALIIFENEITILDOMSAF a2 —n7 409 %EoHigh-Volume air 4

YT IFEERLERZITS,

@—-2 FEEOBBRHTTCOER :
BEBA 7, 44 vy, B/ AFOT—niCi-131 CrFL—2 L7k
DE-—FARMEBSHRETACTER.,. ERAIBAMITE, BEEHETRO 2 EBHEKY
I E R
MaEE 0~ 5eph .

3. EREHR
Table JIKEERI B oMK R AR BREERT
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{§, F—sORR

6.7 - % ©Table 1 @ RD T — 2 B

D35, TRORTLOVWEANBMICEEROE L MR

Halker &R O F - &

LT3,

Walker ¥ &5 % ﬁij{.l:i;i:k—.l;idl;f%Table 1mﬁ o
Partition Coeflicient | X3 &M@y Partition Coefficient | & 5 HiE
2.6x 101 4. 0x10-° 2.6x 101 8.2x10°¢
2.4x10%-2.9 x10° §.0x10-° 2.4x10*-3. 1 x10* 4. 0x10-°

5. W #&
AXMICEBRORRT -7 RBONBMOEREREZFIAHLTED, ZOLDEAXWS, S

KU THpHEOERSHUMFFAHLE LN B LD, F—sOFEHICEBL TR & XBiCX
"oy, RENKLE,

— 147 —



JAERI-M 90-127

*g°g 03 9*9 woiy BuyBues yd y3Ita upw/33 oz ATeavwmyxcadde azem sajijooTa, ir]

*L1aat3oedsza ‘g9 pur ‘g*g ‘¢ 2w umniod syl jo doj
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Activity Decontamination from Liquid Systems

k21, Nishizawa, y., et al., “Vapor-Water Partition Coefficient of lodine and
Organic lodides,” ORNL-tr-2255, translated November, 19268

5 —p  E2.204) BH

SO IFEH ERSM RIHBER 5 £
: SAREHE T4
mHE ShkprRERS EE iR E
Clis1. 4.47-6.5 25¢ 0.58-423 gl /1 Sample Taken
1.95-3. 29 50%¢ 2.93-378pgl/1 Ater 24 lirs
1.04-1. 8 LJIXe 0.24-16. 2 gl/1 (Equilibrium)
Iz 3, 040-3, 200 25¢ 0.076 mgl/| Water pH=8§.§
1, 500-1. 630 50T
1, 100~ 1, 566 80T J 1
744-261 25T 2. 54mgl/1
203-234 50T
161-245 80T l
£9.2-90. 6 25T 35. 8mgl /1 Water pli=4.9
33.2-35.3 50T
17.5-18.6 80T 1 J
103114 25T 310 mgl/1
32.0-37. 6 0T 110 mgl/1
16.4-18. 4 751 110 mgl/]
s

(6) HASBER=
A

. B #
HWERMASBTETOARREN FILE T HLIFRLERLE S FUEEWOR KSR FEE LN
ET 5,

2. EBSHE
OEBOBIKAFIg | KRY.,. RIBERAF S 2MTEHEDSEMIZI12L, BB odhic
ANEEGESORNRBEAZENSWTE THEOBICEBTE 2,
oA A RMHMIETHML, FRMAKRETILDESIZB v o By ) EERY — 4
I TEGLALKRI LARWEBICAN, ThicERHBEIS>EXREREL S LB
me s, RIEEGXERBCERE, LHOF0BSICR" ] 28I >YEREED
gAY 5,
ChHOFRTR ', ORAR, FHREISFR{ILSGWTHREHBRERTESA TSR TR
LU OEBE*MECREICHMRET 2,
cERREI2IT, 50T, 80Tt o3 A,
OLDHRBHEHUEITOME4mg/ L ~0.] g/ g3 LH, AKHEHDOBEX0.076
~300mg/ 2 F TEL ¥/,
CERIEOMBOCLDHI A ], HAVEEIOEREOLDICEHE Yy —FHEMEHN BT
HEMNEB LD RSO I UBBRCIZLIIFORADNEFRELRDIEZRGIT - 72,
cHFBEIFELLTHR, XA FrEa—~FruvdrrRHL, kiGAERLSIEA F 0
Tid0, 58~-420 pg/ e FTRAL XY, 3~ Fxr¥ W 00pg/ 2 & L1,
CEOSRONEICHHFAR L v FL—varvAdysidH, ~HBOBLSEBEOHES
T, N200 OF AT Y -/ THE, ABLI OFRETFHERNIRNSMHAY A 2702 ¢
757 TH,
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3 EBER
LAOBEDOTORBEETable | IRT, WERMEMXEF T 0L ETIT, 3~64

OMERBEARETRY. 22 FRUFa—Fv¥ rOgER4Table 2T T,
Table 212 3 ~24HLI Eich D RELL 1 ~3 RO BLWAEA TR T,
TCTEAKIRBEEHR TR EEHET 2,

H=XkiaRE "SEHE
CEIFEOIKAEFBIWRAETCIXMES I UETBECSULIFRSE —RLAN

BREIASZLEAESCAD, AHEAED0 Ing/2 TRI0® 4 - L7035,
OIS FOFAKSBERRIGSRIBLE N2, coEmITEREICL2Z BT 5
oWtk - FORENMIEADEBRE I MMEELY, FoBIBITLAEERLIL S 2,
CHBIOFENEGYOR KSR BYERIIAYABCEGFEY S —FTEETHI—FEHEE 5

FAR

4. F-—-F7OBEM
Table | & X (FTable 2 OERERD THALEF -5 BR,

EARANBMAEBE T FELOHENR S/,

Walker$B & &
K BUAR B
MK Walker R 8 A STk
Clly ! 1.95~3.29 [.96~3. 29
1, 1. 100~ 1, 566 1, 100~1, 360
161~245 16i~248
69, 2~90. 6 69, 7~90. 6
b M =
E753 P ~OBMITY - T, BiHLEOsweep ait OEBLIMBPTEIH O LOTH
D, HENSLE,
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6.

By~
Teble 1 Gas-liquid pariition cozficient of iadine
S‘;?:" B Water Temp. é:ti::itz‘in hc:i:vi;}; in Pactition coefl. pH in
(mdo vsed (C) '(dpm/mD dpm/m.[) H(dx_fﬂa) water
o 25 23,500~~23,360 7.74~7.28 3.040~3.200 6.6
0.076 ?::ild 50 21,400~-20,000 14.3~11.8 1.500~1,650
8¢ | 19,000~19,200 17.3~12.2 1.100~1,560
25 57,000~52,000 233~159 244~261
254 " 50 50,100~45,900 245192 203~219
80 43,700~49,700 277~164 161~218
25 14,100~20,300 202~224 66.7~90.5 4.9
35.8 " 50 10,800~12,500 325~354 33.2~35.3
80 10,200~ 8,700 582~158 17.5~18.6
310! 25 313~295(mg/) | 3.03~2.58(mz/D 103~114
110t " 50 105~112{ # ) 3,28~2.93( # ) 32.0~37.6
110! %s 112~110C # ) 6.82~597( # ) 16.4~18.4
30 8,000~5,450 673504 89.1~93.5 44
16.2 H}B’é}. 50 7,270~5,300 2T4~215 26.5~29.3
80 5,370~14,370 360~208 14.9~21.0
0 3,110~3,060 0.427~0.375 7,290~-2,160 12.3
s
76.2 . 50 2,520~2,670 0.344~0.308 7.320~8,670
20 2,130~1,910 0.625~0.360 3,410~5,300

Tt Mow-calivective lodine wai wred,

Table 2 Gas-liquid partition coefficient?

)

of organic iodine
Conc. in Cone, in Partition
CO:'\n'd ‘](-:Cm)p' water O as Ca cocll, H
o G| Ga/D | Cuico)
0,089
25 3,80 ]0.795~0.770{ 4.78~4.93
39673 | 88.6~83.7|[4.474.17
Methy!| [293-2.30 1.43~1.31] 2.05~2.52
iodide 196~4378] | 100~115 |[L.96~3.29
0.30-0.31 0.21~0.13| 1.4~L§]
80 | 19~14| 175~0.97] L1~14
62102 155 ~7.8 [Losh131
25 | 846~972 | 44.0~43.4|10.2~22.4
Todo-
ben- 50 | 741~723 | 124~110 |5.97~6.57
tene
73 609 214 285

t Detrrmioed fa dintilted water

PIILBNFO-81-21D Kkic 5l O,
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P s e b

OCo—p————y &7 r—ar
bt "-‘-g [Tg-—-ﬁﬁmw s .--:—q;

K of

-y

Fig. 1 Apparatus for determining
partition coefficient
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Activity Decontamination from Liguid Systems

xwk2d, liorton, N R,, et al,, “Analytical Methods for Evaluating the Radiological
Aspects of the General Electric Boiling Water Reactor,” APED-5756,
General Electiric Co,, San Jose, Ca (July 14, 1959)

F -4 F£2204)&(5) =18
Concentration 1a vapor
Partition Factor ; ( y
Concentration in liquid

YE Partitioas Factor oo
lodine 1.3x[0-5-4.2x10°¢ 545" T PF(avgl= 3x10°°
225° T PF{avg)= Ixi0"?
Decontamination Factor
YA DF Volatilily
lodine 2xI0-5x {1{°* Volatile Measurement at Uresden | Reactor
Primary System 7/61-3/65 (BWR)
Na-Z4 ST T 10°->10" Non-Volatile Measured at Dresden | in [360
Cu-64 1. 3x 10° l
. B W

FTEHGOF PRIMCEEHBOMTETI2d, X5ROBITHEENET 5,

2. F &
FLasyy |OSEbhoERF -5 L DFE2 ks, DFIIRARTERT 2,
Ao #E
DF= ———m——
FEROBE
3 # B

Table - [KFLRFry | OEEERISESRAZLIS>FEDODF %, Table I — 1012
190D VL 257 v | OB EHISB ORI Na —UREFCu—64ODF %559,

4. F -2 DR
0.7~ DTable I — | B Table Il —10% &M,
WalkerfliG#icid®OPartition Facior® F -7 D0 T AT NICKEBA RN 5
fxﬁ‘—;to

b W E
AF=—FRBWRZTIZF Y ITOEBBECTHILD, BHEOBREUTOEBTHY, 1,
HAKRERBFIAY—, £ L -2 2 BREOERETHIZNHENLE,
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6. HWfF—2%

*Analytical Mcethods:

TABLE 71-1

KETINE L. CONTAMINATION FACTORS BITWEEN

REACTOR WATER AND CONDENSATE

1. Radiochemical separation.
2. Gross decay and spectrometry data on untreated samples,
3. Gross decay, spectrometry, and lon exchange filtration.

+Values corrected fo: dilution by secondary steam.

July 1961 May 22, 1953 Japvary 13, 1964 March 3, 1965

Power {(MWt) 620 6520 530 375
Ol[-Gas (uCi/sec) 3 x 10 2 x 10° ax10° 6 x 10%

(30 mir holdup}
Approximate number of 2 5 6 15 Identified

fuel defects 28 Suspect
Type of [uel cladding Zr Zr + 88 Zr + 55 Ze + 885
Average Burnup (MWd/T) 5, 000 8, 300 9,0C0
Conductivity, pmho

Reactor Water 0.4 0.4 0.4 c.4

Condensate 0.3 0.3 0.3 0.3
pH

Reactor Water ki 7 7 7

Condensate 7 7 7 1
Sampling Meinod

Reactor Water Grab Grab Grab Grab

Condensate Grab Grab Srab Grab

CAnalysis Metnod*

Reactor Water 1 1 1

Condensate 1 3 2 1
pCi/ml 1-131

Reactor Water Isotopic Values L.2x1073 1.6 x 1072 3.6x 1072

Condersate * Not Reported ax108 sx 107" 2.2x 1078
uCi/ml 1-133

Reactor Water Gross lodine 3.6 %1073 - 2.0 %1071

Condensate * Only <1.2% 1077 - 4.1x 1078
Decontamination Factor

1-131 Gross lodine 3 % 10* 3 x 10% 2 x 10*

i-133 Only >3 x 104 : 5 x 104
Average >3 x 10 3 % 10% 3 % 104 3% 10"

— 1b4 —
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TABLE II-10
PRIMARY STEAM DECONTAMINATION FACTORS

Rerctor Power Primary Steam Flow Decontamination Factor
Mwt Ibs/h Na-24 Cu-64
6 3
300 . 1. 15x10 >T. ™10

630 1. ax108 >1.0x104 ll.3x105
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Activity Decontamination from Liquid Systems

“lodire Decontamination Factors During PHR Steam

X k24, Martucci, J A,
Combustion Engineering, [unc,

Generation and Steam Venting,” CENPB-67,
{September, [373)

=% %2205 B :
WA DF i 5

~

fodine 624 Volatile Measured in Palisades Reactor
Steam Generator 1/14/73(PHR)
1. H #

AR ES L UFRM fSchenistry conditionsic B it A PWR Overtical U-tube P
REBILSOMURLK BT IHHR I S>FOHBIE>OTEET 3,

A B
Patisades B T- W REBEMOEEHEHAI L I HOXRODFEE 2,

3. Talisades IE T 3B OB E
197348 1 H 140 PalisadeslFi T HRBHOBB T L EZENH,S 1 -1 Es L,

BYg 2 ilccdd gL i (Ge) BIEEMC04BBME,

CHEEREBACITAELA PO -1318E ;
1.4x 10" 3% pCi/cec at | ¢ (0. Gerrer)

oA S5 —skehd [ -131i818 ;2. 72x10-*uCi/cc

075 v FREE,; T6% A
IHOFICHATEDFRE 62{TH D, moistur content OO, 16% 178 L,

1. F—2 OIRERM
rEIOLSFicHTEDFEHE,

5 I & : '
AF - RERRERCIULERBETHY, BE - BETFTORTHLIALEEDZ &,

Fl, IHOFERHBHFOp HOF K IZ AV HBasic Steam fenerator Water Chemistry 1.k
5pHIZY 7-10.2T& 3,

6. W7 -4

Lo
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Activity UDecontamination from Liquid System

k25, Wilson, A.S., “Ruthenium Behavior in Nitric Acid Distillation,”
NW-45620 WAPD, General Electric, Richland, Wash, (September 1, 196%5).

P #2265 B8
’ Activity in Liquid

[ R
JT Activity in Vapor -3 #
Ruthenium 62-120 Volatile Acid Solution-HiNO,:]. 85-10 M
156-1350 l :0.18-0.83 ¥
Cerium 1.2x10*-8.5 x10* Non-Volatile (18510 M
4.3x10°-2.9 x10* l 0.18-0.83 M
. B ®

NFEoAORTLERESHLIERNLYEES A,

2. EBRAHE
ERICHOCAEBEA A~ - EWHEYBEFie. LITRT, B, ~v7+— FIEkNE
RUNMRFTOBWEOBRETRHELF = oOMBREEL, VFo2 A BAEOCHEED S
i, yellow tetrapotassium ruthenium nitrite saltOEDORER L5 =m 2% B[,
Moo IEENNICERL, M, »F=290 LDHERERS Y4+
Y AOMMERECERNMTIIZ, EABNKRHEEA Y F ARBOMH TITF - 72,

3. EHBRHE
Table [ ICMERER AR T,
CHiMF U YA, ZHMIELEREUCY VBN T FAERIAETRRAMNOBRSE (Soltrol
ITNOXHSBRETARA T = LORLENGE T 20 Ic 58,
cRITAMNEET L LM iZentrainnent CXDEDLIRREOIIN BEOLF ~ % A %EW
BTCFPOOERTIIEPUEL, BAHNEELNE L, L7y =9 L 35BEEOKE
WERBREL S,
ONF =Y LDORALIIMRELED, - FT7 v 7HUEEEHET EEDONS,
ORNFE=O0LADORILIIHBBEI~I=vo@BABIIEH 5,

4, F-—-4 DR
Table 1 OMELRD AoF—% 51,

5 W =

RHBICE DT, BEORMIE PO THGERMS LY, BEOEEIC ST HHE
BEHEBEEEONE, 3, ET75 Vb~ OEALS L - CHBAAMOFTMOBIRICHED
&,
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TABLE I

EFFECT OF NITRIC ACID CONCENTRATION ON THE
VOLATILIZATION OF RUTHENIUM

Boiler charged with HNO,, 0.5 gm/1 of yellow salt,
dissolver sofution spike = 1%,

Time Distil- Ruthenium Cerium

Exp. Boiler in late Distillation Distillation
No. M HNO3z Hours M HNO3 Factor Factor Remarks
1 13. 3 3 79 8.5 x 10%]
5 9. 8 65 6.1 x 10
22 9.8 112 7.5 x 104
28 9.6 62] 5.6 x 10%
2 8.8-10.8% 2 1, 85 99 Distillate drops
18 3.1 120 2.0 x 107 in condenser
43 4.1 85 1.2 x 104 dark colored
3 6.8 3 0.83 156 1 x104 Black deposit
6 0.79 407 in condenser
25 0. 77 1000 6.7 x 10
58 0,76 1000 6.5 x 103
4 6.4 2 0.53 240 - Black deposit
10 0.42 402 in condenser
20 0.50 360
24 0.50 375
5 5.4 4 0.29  [1350] 2.8 x 10 Black deposit
6 0, 18] 887 2.8 x 10% in condenser
20 0. 24 915
23 0. 22 897 2.8 x 10
26 0.22 940 2.7 x 10
44 0.23 1040 2.8 x 104

* In this experiment the acid, removed by means of the distillate samples,
was not replaced as was done in the other experiments.
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Distillate
Collector

e 3 e

A s frased

T2 =i i A et sy

. ) Y :f. .__—.!x—l...-‘./
A e e e g O D P f,,.,.

e =y

PR ~aT L o

FIGURE 1
"MODIFIED OTHMER STILL
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Activity Decontamination from Ligquid Systems

X k26, Godbee, II.#., “Use of Evaporation for the Trealment of Liquids in the
Nuctear Industry,” ORNL-4790(, Oak Ridge National Laboratory, Oak Ridge,
Tenn, (September, 1973) :

2n-1235 Humboldt Bay-Low Purity Waste
300-6x 10° Oyster Creek {BWR)
400-500 Point Beach
T00-10* Robinson 2 {PWR)

Groos A /7 800-10° Non-Volatile | ANL-NRTS
105-5x10° Non-¥olatile | iCPP-NRTS

Co-60, Sr-90 | 1.2x10%-1.2x10¢ Non-Volatile | ORNL

Ru, Cs 2% 101-6x 10° Volatile fORNL

Gross a 500-104 Non-Volatile | SRP

Gross A /7 500101 Nen-Yolatile| SRP

. 8 W

W H DF R

Todine 192 Volatile Oresden 2&3 (BWR)
10*-10% Ginna (PWR)
200-400 Humboldt Bay (BWR)

Chemical Waste

5-10 Numboldt Bay-Low Purity Waste
10-20 Point Beach {(PWR)

Cs-137 10°® Volatile Ginna
IXA0°-4x10° [ Numboidt Bay-Chemical Waste
60-90 ' lumboldt Bay-Low Purity Waste

Gross Alpha

Waste Evaporator Operating Experience

3X10°-4x]0°
10-50

Non-Volatile

Ginna
lumholdt Bay-Chemical Waste

TR -y OBBRERRUBHOFT — 4 2 0BEF - WES 5,

4ok

=T a4 VT agilpl, TR L-SMEEH TH, RFHICLLERMRE 2 F o
DUtk 28k 4+, architect-engineering 28 2B CFAECOI >0 @ P OMYE, &
H3OBEBEICH LR — s ORI T AR EREOFT -2 A AFTEDICEM
L. BEoFGonfz|SBEAO>HTE LD,

3. K OB

Table 3 K {FTable S x L -4 OFEEREBSE, Fig. SRUFig. 9o+ 25 4DF
DORREFTEDLDDERT,
o NIERMMHEWE ICH L

GO TE S, .
oTFTAH VHOREBOBRHICEFTLZLFagnitHl, n—F rOFEEET TR0~

10" o273 aDFAMABETE 2,
oFns YHORBOBEICE IS E>FICHL,

OTFHry27 o DFYMFTE 2,

o, itA, RURBALBALAEKREMIBIIOT 274 -T2 25 4DF WK
¥ _

N—F v OEERETTI10°~10* OFEH L2 F LDF

Ww—F rOREREFTIRI02~10°
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the feed concentration

{x])

the average condensate concentration

4. F -7 DORM

6.iffI ¥~ Dlig. 8 &) B,

Waiker 5D 74 T6ross Alpha & LT 3 x10°-4 x [0%, 10-50.
25-125. 900-6 x10°%, 400-500, 700-10* & 5, AX@kCliGross A - rH At
Miscellaneous DI MENL 5T 5B, Ff2, ANL-NRTSOG6ross F -+ v DOEIL
Walker@ & & Ti2800-10° TH B, AXHMTIRE0-3 x10° ORBEN ST 5,

5 WO*
HBHEOPHORHE DO TORBENYE,
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2.3 TFire Release (CTIL—7)

Walker IEZ D KK TOREEHNERELELD T LS -THY, HBHR, ~or %k
BT, 1%0REBEFEFHEREL TS,

¥ FH B @ B & A P 2 &
(a) Noble Gas — 0.80 - 1.00 _ 1.00
(b} Halogen 0.65—-0.84 1.00 1.00
(c) Volatile Sclids ~3x107¢~-0.01 0.01-0.90 0.01
(d} Non-—Velatile Solids ~4x 1075~ 038 0.01 —0.60 0.01
le) Fly Ash ~5x107*-0.20 0.01-0.05 0.01
(f} Airborne Particle <0.1-10 <5 <5
Size ()

FiRELIE S, BXBALBONATEHX, ~ol Y UACKIEE S — 53, HEE1%
ZEA-Twbb08dHD, TOHEEMBAEN L AHEIC>OWTEAEETS S, EL, BRE
LTOXKKICRE L OBEBESH 0, SEOAFREECE, BA, 1iE BE (&8 BENEL
S, Fr, BRETAEHOLLTH, EBUIHME AR 200, BECMER K,
B — i E) DL, BESBRETLILQICERLTVEY, MELTVWEDTEESES
b, Walker IEETH, Ihox2—HLTAKEELTER-TERY, F—rDido2&EL
THRRENLIBEBLBOLOLEHEFESND, Waller R EB L HH LS IANE ([E—DNo
FR) PREOMEE (C-NTETR) 2084 5&, HBROLHICH S,

] e ' BB OE X ® N ST — 5 O

s o ko |17, 39, 40, 42, 109, 110, 111, 1183, ZEAEDN BRFBETHED,
-1, C-3, C—-4, C—-5b, C—-6, C- &, EILky ERAsF -4
10 HY .

£ B o k% 43, 47, 110, 113 EHEANBOESHEAET -4

TRH1%KETHS,

MiEMARGE D ASE |17, 175 HSCEE, 46, 113 1 BERBOF—s BB OHN, T

¥k o k%17, 113 nExERIABRIET -7 b H 5,

F 3] i | 41, 45, C-2, C—T7, C—8, C—9

COLSCRTHBE, —HOr—2HBOT, EE 1 BRHFICESE -THD, FHX,
N YA DRERAEINIBET IR, BrOKRENIBREBLAXRTALBAITE,
BEGYME T A EPTELLEEZI OGNS, —F, IEOLDICKRITIEEOREPL F)
ABEZONEID, HEALTOABRICEIT 5 HHEIC Walker DHERELH OV HHEICE,
BIHCE A |, SEERLEUL T E2PERTAIEBEEI L EEZ oL,

ZFHA, ~NoF v EEOEREOBEREICS T, Walker OEEREE 100 B L7 - T
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D, XHF—FbEVHRERARLTO AL EPORYLERIELEALLNS,

153, Walker BEZETOF|HAXEE, HENEVSONE (REDAE T -7 BT LHR
B ST, BFICERIA TR, BIRAKOTF - B0 o0 oh T /e, Walker CHR
L DB AT -1 THEDFIGRT,

TR KR DRSS BE R SR
Walker X #f BELOF—4#
S HANo. BEgEREE X iEkNo. R e 2
39 U 0.027~0.3 % cC-1 UQ, 0.2~70%
Cs 0.2 ~10 % Cs 5~ 40 %
Zr 0.24 ~0.65%
C—-3 Ce 0.06~0.4%
40 Sr 0.2 %
C—4 U, FP 02~71%
42 Ru, Sr 01~i.0%
Pu 0.1% C-5 u 0.7~1.4%
111 Pu ~1% C-10 VO 0.003~0.08 %
Ce <D1%
Sr 0.03~4%
Cs 1~40%
Ru 0.8~40%

U Cefs & AR bR, —FOF— 7 2ROV TWalker X ERADF — 5 FEREE
LEZLNEN, BEDF— 9 OHBRESORHEENPEINTVEIEERE S, FPEREIL
SDNTh, CsHBERTDFT— 5§ OHBRESHHENBONTOE 6085, —h, &HOD
BO—2& LTC—247 EOSTHATIE, KIBOSHEREL/ESCE, BHESRE (LT LM
M xhTHY, FREMOBOEEICEESTHLENH B, - THEMICERETELN LD
Abdhlcsd, SRLAEREOHMEFPLEINS.

B OECARERAEZ TEEEDSVEEET>DR, EEMNELVWSDEEI LN, &
IR TSR AT L NE S 115 KEERE LIFDIAYL, £OKKOEEPL Y+ i - oK
ek DHBEDF— 4 Ak BT &4, Walker HEEOHTLILD, B2FHET -7 ~—2iCEL
THEFRDOEVWF - P 2B AL ENTEHEELIONS, £, ERICBOTHEEM, ¥+
A HEONAREDNT A — 5 D LENE LOEEHSELUELT, BOLLF—5 %83
TED, FoOEERAMLELIELLDLEEL NS,
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Fire Solid Release Fraction

k17, J. Mishima, "Potential Aerosol Generation Mechanisms from famaged Shipping
Packages, " International Atomic Agency in Vienna, Austria August 23-21,

1976
5 =% %2202 B |
) ¥l Hue®R (%) ERE - - (23 {ii =
UO. (D~ &) 3.5x10-2 oA NDH B HHE BT KK
1.3x 102 WYoOELME > Va=2, Hmph BRMYAKFETORHRMN
7.9%x10-% ZF VbR 205 ~ 2 651
2.9x10-¢2 avs Y-t < 10u AED OEFO
2 xlo! WS Ak ik HRYS
2.5 10! *ﬁ%@&%ﬂhlﬁ}\fa=2(}mph
g x10°? AF VA
U0, (NOyJ) 4. 8x10-7 (4> 10°%) Bohiifbth
7.9 102 (1= {0 %) WMo d 5 H{E ¢ Va=2, bmph
.4x10°'(1. D AF LA -
1,.6x10-"(2.4x10°") a7 ¥Yy—+
2.2x10°'(1.2x10°") ®ohiiihib
L 7% 10" HMO S 5 8 | Va=20uph
3.9 (11. & AF LR J
U0, (MM~ 1 ) 1.5x10! #5125 M1~ 2 i B A S KK,
1.6-38 1. 1-2. 2mph  B5[H 6 4> ~20% BEEHXAXET
GO, (NOJ:  1.5x10°2 Wit MWL ~2WBH < 0xAE) OKTFO
3 EX10-4-8.0 1.1-2. 2mph PEMI64~204 RERIS
Pu0, 1.9 EWM AR Va=15. 6om/sec
J.4x10-*-0.1 L Va==50cm/sec }z KXk Creter
5x10°%*-8.0 ) Va=100cm/sec TET
. B

KEBROLBELTCORUMTORHEMEOBEEMI 5 edic}, SHORNT
TOEK, BROBTEIMNET ILENE L, KL TH, SHEHTTOMELDL
TOREPEELEDTH S,

2. EBAIE
HHARGLAB ORTARE F TR AR ERESE (HEMAKE T8~ 2 FH)

MHBEENED 5,

3. ERER
BMItMBERCRMERIC OV TOEREESTable | IKRT,

4, F—-7ORRM
KETFTOBITHE (fraction) 10~ 10 'oRmEIH SOV THE D RAT 3.8x107!
Ll LTS, Bk, RARE HEORE~OEREFEZEIBTSZE TICRE - TWEL,
Walker O35 @ (Tabled-8) Cit, BITRAUBEFRL TS, Tabled §OF TP uO., (7
- #H3) rAXEMPIKREZBHIIT O,
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TABLE |1

(by MISHIMA)

COMPARTSON OF TRACTIONAL AIRBORKE RELEASE OF DIOXIDI POWDER
AKD KITRATEL SOLUTION UNDER STMULATED ACCIDENT CONDITIONS

HEATING IN UPSWELP OF AIR {0.2 to 2.2 NPH)*
to 1000°C. i-Hr. Sampling Pericd

ALROODYAMIC ENTPAINMENT FROM FRESHLY GISPERSED
HATERIAL ON VARIQUS SURFACES, 24-Hr sampling period

smooth,sandy soil, 2.5 mph

FRACTION OF MASS

Dioxide Nitrate
Powder Solution
_& _1g
£.3x107 , to <2x10 -to
2.4x10°7 (a) 1.2x107  {b)

2.4x10" (c.d)

3.7x107. (d.e)

smooth,sandy sail, 20 mph 9.8x107 (c,d) 7x107°{d,e)
vegetation covered, sandy soil, 2.5 mgh 3.0x107 (c.¢)
vegetation covered. sandy so0il, 20 mph 4x10" {c,d) .
stainless steel, 2.5 mph 7.5x10°(d,f)  1.7x)07.{d.e)
stainless steel, 20 mph 2.9x107 {d.f} 7.8xi07.(d,e)
* asphalt-grzvel agoregate, 2.5 mph B8.7x107 {d,f) 3.3x10" (d,e)
DURING A PETROLEUM FIRL OVER VARIOUS SURFACES {FROM
FRESHLY DISPERSLD MATERIAL), 1o self extinguishment
of fire, 20 min. to 7 hr.
k.
smooth, sandy soil, 2.5 mph 3.5x107 (c,d)  4.8x107}(d,e)
smaath, tandy scil, 20 moh 2x107 (c.d) 2.2x20 Lid.e)
vegetation covered sandy snil, 2.5 mph 1.3x107 {c.d)  7.5x107 . {d,e)
vegetation covered sandy soil. 20 mph 2.5x107 (c,d)  1.7x1n7](d.e)
stainless steel, 2.5 mph 7.9x107, (c.d) 4.4x107.(d,e}
stainless steel, 20 mph 9x107 {c.d)  3.9x1077{d.,e}
asphalt-gravel aogregate, 2.5 mph 2.9x10° {c.d} 1.6x1077{d =)

DURING FIRE 1NVOLVING CONTAMINATED VATCRIALS, [to self
extinguishment ef fire)

static, 1 to 2 hr.
1.1 to 2.2 mph, 6 min to 20 min

].5x10-3(C)
0.016t¢0.38(c)

1.5x107, (e)
3.6x107 to
0.08{e)

(a) Plutonium dioxide particles from cxidation of metal abcve ignition

temperature in the range 15 to 150 »m AED.

{b} Plutonium nitrate solid from air drying a 250 g Pu per liter at ambient

temperature.

(c) Ball-milled uranium dioxide powder of AMD approximately 1 um u<ed as source.
(d} Fraction of mass as particles airborne less than 10 m AfD,
{e} Uranium nitrate solution in dilute nitric acid (5'0 g Y per liter) used

a5 a source,

{f) Solid residue frem ball-milled uranium dioxide (see ¢) following a

petroleum fire used as a source.

Hiles per hour.

* Walker WEWTOFIHEES (M)
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Fire Solid Release Fraction

k17, O 51 Xk

Mishima. J, and Schwendiman, L. L., “Fractional Airborne Release of Uranium
(Representing Plutonium) During the Burning of Contaminated,”
Waste, USAEC Report BNWL-1730 (April 1973

1. B ® ‘ '
PRIty F VXN EREBRYO, mHhCER IRtz T o O E
ALEEAHAMET 2EAEHME LT, Atlantic Richfield Hanford Company% 2 # ¥
#—ELCiThif,

2. ERALE

TRy LDKbOII, U3 =AM ERENLHREARLIIBOHBREEY
DA~ LFENEE 950, BXtOFEBWMRART (Radioactive Aerosol Release Tank)
O TR X NI, ‘

BMIIXFYLAOR 7Y — s ECEHIE, Triz=da07+4n0F (2 indgX
WItE) Mo odl, IKIKREBECWOA /WM FL A (11inX]7in) MHREX
NTHBEYHAE XN, :

M2 ANTREDOBRFKESNHR, AMNICE 71y ke —T 55
EHAF—F A4 sy -tk s THEZNL,

YT A — & ETABLE [ IR L o,

Nk, BIMOEHNLTHRRIROEED TH S,

A — L H 17.5% (15.7—20.9%)
#E 41. 1% (31.7—43.9%)
73525y 2 9.7% ( 8.9-14.4%)
a4 2.4% ( 1.8— 4.2%)
ot 29.3% (23.8—38.2%)

X, U0, RE-LILFHERTS D,
9 5=y ARMEEG SlE U/mOBETS 5,

3. EBER
Bl 4 A TABLE TSR Lcdt, Mt 0.003%~0. 053% OfBEIc&s& b, I
0.0029% ~0.23% & - 7o,
BHEIOLEERYE (UO.HE, UNHBEBLZEREEY) OGFXBLENLATH S
A Rohl, X, 2TOERTHY 5 =9 L RUEWONNBLENIOLAEDRTTS

-7,

4. F -7 OHRM
Walker B EBOF M X#MM1TTHZ, HIERKROBFHEELZ SN S,

Uo., BELLTFW- 1] (HLU, FW—-117Tl 0L015%EMEXNRTEDIK
L, XAEITRUHalkerBE®MTII0.15%6 & BE X
: hTWTFBEHE S, )
UNH&ELT FW-—110 {0.015%)
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Fire Ligquid Release Fraction

X k39, Mishima J,, “The Fractional Airborne Release of Dissolved Radioactive
Materials during the Combustion of 30 Percent Normal Tributyl Phosphate
in a Kerosine-Type Diluent,” USAEC Report BNWL,-B-274 (June, 1937)

pilld 2,201 28
A BhE (%) ™

Uranivm 0,027 B = lcfm HIREMRE,OERIMAE T
(RIFWIL S ~10ne) , M =~270 g/ £

0.023 WME=2clm
0.3 ﬁ%-ldm@ﬁmmm& 7nn/;—¢f%ﬁ@%iTMM
Cesium 0.22 m%—lde%MWﬁ#bE%ﬁXit %E—~0hm
.25 B=2cln, w”
0,19 K= ]cin BRRMNBBE, 7oy —FTEERTEF TR
1.0 Wé—-9dm ”
Cesium 0.74 fﬁ%~lcfm E%E’}L"(ktﬁb\bﬁﬁ‘iiﬁ,kit EJE ~0.2ppm
0. 56 = 2clm,
0.77 Fid=1cim EEMHREBE, 7Un/r‘—71ﬁ‘“i§? 3 F Thngk
0.71 - ﬁ"imchrﬂ. ”
Zirconium 9§, 65 i?’fé:* 1 cfm, Bﬁﬂ’]f*mf)‘bﬁﬁiﬁkif bﬁ '*~0.2ppm
BIMARE M= 2cla, ”
0.55 W= 1cln, BERMOBIEER, 7o+ —FTHET LT Tk
0,24 WE=2cln, #
lodine 657 W= lclo, GRMOBBSSHREAXKET T, BE=~0 2o
65.3 W= 2cfnm, ”
81.7 WB=clin, BRMIREER, To v b —FT8ERT 2T TNy
84.3. 82,3, 83.3 &= 2cln, ”

. B :
V% TBP 4 ov V@?Eﬂ%ff«&ﬁﬂ#i:ﬁ#i%&iﬁ@fiﬁﬁﬂfﬁ%ﬁ@%ﬁ#ﬁﬁiHji??:-%iliﬂi@‘Z’ao

2. EBLE
BHE 2.7in, OF L= —TEHbLNANMOE — A T MBEEMEL S A TEEE L 0nf

EV, TERNUN FIITEXEY e, FA T ~2cin OFRERLI, F L=
—DOLBMICRBEAME DO T s 48— 03 2DEWE T 4 L EZ DN TIND, PRI
A, 270 g S QUKD 2ppnd PTC s, "' Coe, P2,V DL —HHETRT
WE,

HEiZ, ZBOOHETEM LA, #0id, BEALSHRHBAKEITOERLIE - DO
MERRTA2ETNALAEREBTHL, BEALOOSHRUKTI TOERTIIA2~564 TH K
L, 4~0mldD vy 7ROBELE 72, bI 121, BREBEBEOE T —H NS
Tooty b —FTCHREWMARET A ETMBLAAER TS 2,

HERE, C- A ABOBHEMBETF L=, T 4nb, Ny s Ty FEE (R T8 —,
EHR) ORBFYERCHULT, 20BN ELREESARELL, 95 v RBOSH I
MHBYERDITET, Frr—vBIITBEANEL I,

3. EhRiH

MEZNAEBOKRMEIRL, 309 HETROTIBLITTH L 22, Table | KME L&
HOBRIWEERY, TRPUBBNICE - AKETEY I 20C, BRUXTTOUD
BMHA BRI boBBICIEB LT HEEED,
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4, F-—7oRRA
Table 1 OHEESEHRIT D&,

5o %
ABXOMME R, BHOTANSMAE TORBERMOSTMBETRENEL LD
DTHB, RUOEHRIL, MIAOEITRAE YIRO AT O 215 kBB TH - W
ELTEBEOT S, Lih-T, $2BMORMEERD LI ET2HEER, 0
EROBKITNEELS S ENBETH B, | |

6. BEFF -4

TABLE 1

FPRACTIONAL AIRBORNE RELEASE OF SELECTED ISOTOPES IN 30 PERCENT
n-TRIBUTYL PHOSPHATE IN A KERDSINE-TYPE DILUENT DURING COMSBUSTION

Parcent Of Source M.z‘bo::ne1
Self-Sustaining Burning

Self Sustaining Buming But Heat Added With A
Up To The Point of Spon- Propane Torch In A Later
taneous l':)\:tinguilhmant2 Stage, Taken To Dryness
Element l cfm 2 cim l cfm 2 cfm
Uranium (~ 270 g/1} 0.027s 0.023y 0.3 %
Casjum (~ 0.2 ppm) 0.22 » 0.25 o 0.19 1 1.0 v+
Cerium {v 0.2 ppm} 0.74 © 0.5 % 0.77 & O.7Iv*
Zirconium {~ 0.2 ppm) 0.65 yv* ND 0.55 v* 0.24v*
Iodine {~ 0.2 ppm) 65.7 W 65.3 s* B1.7 w* B4.3 v*
82.8 %*
83.3 v*

1 Activity measured in all samples except rasidue.

2 gxperiment ended when flames self-extinguished. Usually 5 to
10 ml of liquid remained.

* pPercent of total activity collected.

ND Not Detectable
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Fire Liquid Release Fraction

HKk49, Sutter, S, L., “Fractional Airborne Release of Strontium during the Com—
bustion of "]U Percent Tri-N-butyl Phosphate in a Kerosine Type Diluoent,
USAEC -Report BNWL~B-358 (June, 1974).

F—4 &2 BRE
LI B®E (%) x "

Strontium 0.2 48k
mE=—y{. i7g/ £

. B M
WHBTBP oy yOXRHEBRAXRKCBT 22 e vy FooOoRMMBBELNEST S,

2. #EERAE

EIREOAR v (ARICO 224-T) X M TR O R o v F v LA ELHEBED
KREBEERBLL, ARELOKRE XY 120m (3.66mX3.66m, MO0 mou K3
OERBERED) TH2, BREILAOEHIS, BERB O TFTAHKEBEE LS 7 D
SHBRENTE, HEY 2 PRI XL MDTET, 2704 KkicErENE, 7
AWy, TrrRURF 9IRS T B,

EBRI, WgDRAtwryForEEL LDOWRTRBP -4y ov i rpioRigil
(0.43m =x0.58m x0,08m deep)iTlF 2, A ~OEROBEHRBES 3,400m h oSk
TTEHEXKSH (BBERIEH0.20m") » EL, BROZ AP SHATE TIT- H,

HEORBICEBITLAES T, A7V 4 KBABORNBCKEBE LAY Y7 v %EET
BHE U, F/, 274 KBHBOANT I —HAKEMLTESr 28R LA, 2 b
YFOLOGUNE, FEFRADN S XBHRSTTER O,

3. EBER
BRAEIL I vROBEELEFR, RATHHNCIKEL:, SO LA 2BHOERICE
B EEOBBEIEMIIT04 (Burn $2) & 514 (Burn #)T& - Fz. Table 1 (6.5EL 5 —
YEM) CF PARNBOY YT SN ED B S rONWRESA R L, RO v
FoLORMERHBEGurn £2 ER T 22%. Bura 13 EB TR 9% TH - 12,
oL, PAERUALNEER (BNEL-B-274) ORE LML TASIROLA

RN

4. F -5 OHMK
67— DTable | 2B B &, BRARKICHE S CTEHEBEHBLAZS TORES
NIHR (57 POy 7)) ) pEBIRTVE

5 W =
Tahle jJ i, SrORMBEBICHRHOIRAME Y7 ) vV RS EECE&20T
WEDOT, TNOOBRBHNERI,SHEBEXREDOS rOKHBRBEELRDL LM ETH
b,
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Fire Liquid Retease Fraction

k4l Jarrett, A A, et al., “Sodium Fires and the Release Characleristics of
Particulates and Fission Products,” International Symposium on Fission
Products Release and Transport under Accident Conditions, CONF-650407
{(Vol. 1)., BDak Ridge, Tenn. (April 5-7, 1965}). pp 94-117

F - =221 B '
& i B (%) & ¥
lodine 10.0 F YO L KMER G MDD 'Y A& ] g DNal
T 280kg O N ac@EmN, KKBOKFERIEI~1.5-2.0
Hm,
Na 30,0 FrUBLRAE-TF] -] 5u4m.
. 8B B

Atomics [aternational BHiICB 0T, Na B BB EFoOLLRMIFF — s 2B+ 3
TeHICEENakKRBOF L) oL lavFoSHEKRL RS LD,

2. ERAHk

AN OBMBERE (LTnd X 15m) K6 mC i "' 2&8L gD NalAEML 7=
280ke DM T U Y ARNX, Amnin OBREATTHE AKX, BEBEFROFEHIC it
0.2me Dy 7 rHPREEXNTHD, NaxTo v rORHAY Y75 ENaxr7 e /A
MEROY Ty P22 I N—HDEGERTE, BIBEEICIL, BE, Tl ME0+v
Y- b TSR T 5,

FRPITLORBMERLBEONBEELO N a K EFITEFAMNTE RN, g
FEOTMHBMBE, NahitERAAL "I OBMEE YT v F X2 55— HOWREED
tkAa o sk,

3 EHhgy
WIEN a OMBEER 1AW Ike /' mwh TH2, Nata o ZOSMNBBL G BT — 4
DTable MIKKRT . NaDOTHHEEIL, BEANaOBBEEONYL TTH -7, 3
TEOTMBMBEE, NaoKBHMNENNKOERETTRI0%TEH - -,

4 F -2 OHBEMN
bR T —2Icd, ERUCIOBLIvHESF MY 0 o0PHEEENEHEIN T B,
BUHRELINAOKHBER, vy A7 I N—ORBEEERLARELEL- 8O R
MEBEBKEEL TV 32 EBTH  TRESNS,

5. i =
CHNODF -5, HURBRORMEMEOTHIRY - BITF -2 c0ilEsd s &
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Bty -4

TABLE III

IODINE AND SODIUM MATERIALS BALANCE

SAMPLE DESCRIPTION I("ii)l (ﬁas)
Remaining in burnpot in solution 2800 334
Remaining in burnpot as precipitate 1039 35
Leak from burnpot in solution 76 37
Leak from burnpot as precipitate 460 0
Scrubber and bubbler solution - 465 132
Scrubber and bubbler precipitate 34 0
Plated on pipes and cone 26 35
Scrubber and bubbler; escaped from 48 4

burnpot during dissolution of NaZO
TOTAL 4948 577
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Fire Ligquid Release Fraction

3 wk42, Harper, J A, Jolly, L.Jr., “A Method for Disposal of Large Quantities of
Degraded and Low Level Comtaminated Solvent,” DPSIU-64-30-8B,

SEP, Aiken, S.C, (May, 1974)

-2 k2200 B8

oW RmE (%) % i |
teeR 4 o 0 O 1R 1

0.1-1.0 |
°Sr ‘ A7 =1.9%10" ~ 4.6x10° dpm/ mé

a=3 X0 ~ 3. 8x]0° dpm,/ ml
BEMEESICL S
AP 0.1 (Solvent-Burning Salamander)

. H ®
YA F Y NORZERR T o 2 TRELEAROEILBEROREL ST, AGTT
TOTIMAMSE LR RAENA, 2HMIEDE - T, BUEMELSUR), 0007 o
YOLSALBEREREDL, BRPOBRMEOIULLIRE LAZBROBREYNCEE -
foo BEOHRMICIZBFE~ORBRAYL S,

2. EBWFik

BB VEMRTER SN S RREORAIT L R AMSD S 120>, %iTH9I T

P TR A O R R E B SR F L, S ERA T DN, &R
BHEOBREEY Y7 U v /D7 vy EPRHERRABEL, B0 oMK E TO
AN A ORME A ME Ls, & 500, BESEORN YN O KA A D M2 o 5l
RERDI,

INEBEI L ABBBBEROE, 55+ U O E YO (75 W 1 C 4 5B
By, CEMIE DL TEC i O BEHE602C i O aBBEAGELE), 0007 v OF
R EAR FCEBRALA LI,

3. ERER

HREBICEOT, %ﬁe%@ﬂ%rmﬁbt74wa&ﬁﬁﬂﬁmmm%MEbb
PR UMM LT A e, REIKBBLAKBORAMBRMEEI **°Pu
B aBBETIEIIXI " (aCi /€ ,'"° Rudt®*Sraxatb - r8METHTI
xm’(uCI/m)T&ctoﬁmm®MMMﬁ%ﬁﬁ(mmm)&Fﬁﬁ@m¢®&
MIEREAMDOBMHERERLEIRITF -7 ISR L,

ATIMBII L5 HLB MR TR, 15050 v hOBBEETBRIEX W15, 50
oDy /ShBPMRORBRIETH L, BROBEDIZABLORKRDOMHERESNE L
e, TORNBURITEBEICEL TOLOOTHMA I RASHETIIESE T 00,
BB E»BE LABROBRYPB <Y+ 4 tBTAAA, B BEL -,

4 F -7 DIEMR

HHEOME (%) B, CFEMNF -4 OBRBEROBY M ORSEBEYRIE SN
Ho MMM TP UMYy Y v 27k, a@BBMizEe LT 2P,
ﬁmrﬁ&ﬁu'”Ru&”SrT&%:&ﬁﬁbﬂkoﬂﬁ,bvhzﬁm'”Sbﬁ
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0. &

BEOKUROT MR, SHTRNUAKMEEBONIE» SRELLLOTIREL,
BRMBBGHNICEFLTCOIRMELORD AL bOTHE, t0OL®), BohiBloD
HHBERAIUDEHEIFPARZIOLODLEDLN S,

6. wtF -2

_ Percent of Original
Solvent Activity, d/m/ml Curies Retained in Residue*

Trial Gross Alphe Gross Gamma lpha Beta-Gamma
1 60 1.9 x 10% - 99.9
2 4 2.5 x 10% -- 99.9
3 4 2.5 x 10* - 99.9
4 8 1.2 x 10° -- 99.9
5 6 1.2 x 10° ' -- 93.9
6 6 1.2 x 10° -- 99.73
7 3000 1 x 10° 99.9 99
8 3800 4.6 x 10° 93.9 92,8
9 3800 4.6 x 10° 99.9 99.9

10 3800 4.6 x 10° 99. 9 99.9

* Assuming 100% collection efficiency.
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fire Solid Release Fraction

X #k43, Mishima, ), “Plutonivm Release Studies, ” BNWL-357, Battelle-Northwest
{(November, 1966)

-4 #2202 &1

%EPUM%%&&E(CMDI2A MMDdZu 8#Hf®h?ﬂb)
Run %ﬁPuMﬂﬁH&ﬂ HWM$ mﬁmﬁ % %
' (E %) (W/0/hr)
#1 4. 9x10°* 3.2x10°? ¥ 960T aife R
# 2 I.4x10-2 1.9x10-°® ¥i1000C o ] 4 ]
#3 J.4x 10 4. 0x1p0-°? ¥ o930¢ dHEER
# 4 3.9x 101 2.4x 10 ¥ 800cT ai&H
(2.9 Mgl &b
. B m

EHBAEFLFERARONT, GBI =0 20BLthic s s FR L+ =2
LBt BAE S,

(i th 8 0 )

Ntaplew Sampter

2. EBAE
Fa—YHEy 2 AREEROL S HER
HMEREL, BEIIPusRHLSOK .
HWB%HERES S,
Pu&icidy — 7 R THKEE,

4" Fiiter Molier
(Fiber;rass liller )
>99.9 9% Tor §, 3u GOP

i i W)
R AR TAEE FED T « s TS, f:§§§§£gu&
WM H LT a5 TMECHREP u i AN . s
5, BENOAHKIL, K525 on/ sec S e ey
THYD., Pul, T 2004l toBORT trre A4
A LR a¢E2, e b

BOBE T O KB ERMEBO 7 « 05 T i
EORLDEMBHTETH S, R

3. EBREER
WiEd 30t =0 LeRrOoOKRMER, BRKE 525m. sec T, 0.032~0. 0045
HBY% WU TH 1,
THFHHOERMOIENT L7 rHOLOED, MUBRLITERICS S,
B K F D Count Median Diameter J3#9 1. 24, ML < Median Wass Diameterii iy 4.2
BTH T, SuebllLokFRobozBMIREAhL R,
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. 7 -7 ORM

FHTABLE DI kB,

Mbo 7y vt =y LBy, Bl ror0icAnsd e, MHERY R
LY LH, KTFRFT -2 idMin 9 020 TRRBIATVE, RA-PYRRT L3R
No. 3O IRBHAEMNAHETHZ 2L, Run No 41k 29X [0 'BORIETHELEEZL SN
30BNV ERERET S, ‘

WalkerfREH TH O NE 3.9x107"% L LTI 5,

b BT F -4

TABLE II1

PLUTONIUM RELEASED DURI~G THE OXIDATION OF LARGE
METAL PIECES ABOVE IGNITION TEMPERATURES

Weight Weight Pu Weight % Total Time Release
Run Plutonium Released FPlutonium Sampled Rate
No. (grams ) { grams) Released {(min) (w/o hr)
1 569.8( a« #d) 0,268 4,9 x 10~2 90 3.2 x 102
2 1770 (a#l) 0,257 1.4 x 1072 b5 1.9 x 10-2
3 997 (0 48) 0,034 3.4 x 10-3 22 b5 x 10-3""
L 455,5( a #) 0,00132 3.9 x 10=%"° 60 2,9 x 10="

(2.9

HERunORBHFREELEZREIIRT,
x] HELEAH
£ AXd 2.9x107*% L. Mg OB THR
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Fire Solid Release Fraction

k45, Albrethsen,

A E., and Schwendiman, L.C.,

Products from figh Level Ceramic Wastes,”

“Volatilization of Fission
BNWL-338, Battelle Northwest,

(February, 1967}).
- #2203 BR
B E BHEE (% hr) % 3
"**C s I 1.ox10-?-2.4x[0°* hr RE 1,100~1, 200 ©,
HMiE 1LIx10-2-1, 1x 102/ hr A= 1/2~ 2 B&Rf
WHEERE 5. 1x10-°-3.5x10-*/hr ERAESZBICE LB 5
Iy REY
'R u g e ND-2.4 X 10°°%/hr HEASOF PREW
R ND-1.2 x10°°7hr BLOKFROF—2EL
MR ND-1.1 x10°*hr ND:#®HAHE
S r il g [.ox10-7-2.0x10-%hr
HMIE 2.0x10-7-7.0x10-%hr
EREERE < 1. 9x10°% hr
iC e BREE <2 3x10°7-1, 1x10°%/hr
HME 1L Ix]10-°% -< 9 x10-% hr
s <8 x10°7 <1 O0xI10°/hr
1. B m

BLNADOEI 1y 7EEYOKLETTOF PHRIHBHIE DV TORELT I,
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PR EB 3B TITb R,

oM liIZES I v 7 EeREDOITOMH

7 7 U B UL SN, R
/l =/} @ oEuiwsmEravon.

oH2KEXOF PORMEERANT
M ERrAL I NI,

p oM IEMDE LA AELEEYI
Friter Quarte Yo TREMITONL,
F
e

Quartz

h

c mnery\\

Metal

Cruclhle~\\\\\\

] *55 | ~Ceramic

Thermowelt

/

| —————]
One inch

Neg 0662079-6

Furnace for Fission
Froduct Release Studies

3. FEEEH
REEBRAERCRT,
WMIMEER TC s OBE MC e S T OFENIH~TINETH o7z, 1277 L,
CTRUDHGHEEGWAREETIRL, TUCS KO KEAMMBEBERLUAE b & - 1228,
Xo =HTHRHBENZORENSHEARTIE & 5 10,

17— DIRK
TABLE V., #H g,

o. i #
S, ROWMUNBAOHERLAZBREL T S,

O BEWAEGANLF vy 27 P KRBECES XN LB 0E 558,
@ UV ALAEMODALTHLEZRORE,
@ Meeili€35 2 2 IRSOWM RO,
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6. B®FF -7

TABLE V. Fractional Release Rates Observed from Various Samples of Simulated
——tr - - p
Waste Traced with Actual High-Level Waste
Exposure
TEEE%T__TTH?: — Re]eigg Rates, Fr%%tion/hr T
Compositien Run Crucible *C br Cs Ru Sr Ce
PH-1
Phosghatcs
1.0 H-2a  Nickel 1100 L 8.1 x 1003 ND 3.1 x 1077 <1.2 x 1078
H-8% 1100 1 7.7 x 103 ND : -
H-gc 1200 1 L.3x 10 XD
2.5 H-l1a Nickel 1100 12 2.4 x10l3 16 x 1002 zooxi0lp 1.1 x 100;
H-1b 1100 7 6.0 %1073 3.4 x10 4.7 % 10 2.5 x 10
-2 -4 -7
H-1c 1100 7 L5 x 100} 2.8 x10 3 x 107; 6
H-1d 1200 2 1.2%x10 ND 5 x 10 1.6 x 10
2.5 H-14a Nicke: 1100 1 3.1 x 1073 ND
H-14b 1150 1 48 x1073 ND
H-14¢ 1200 1 5.6 x 10 ND
2.5 H-2a  55-304L 1100 1 1.5 x 107 2.4 x1070 2 x 1078
H-2b 1100 16 x 1005 ND 1.8 x 107]
H-2c 1200 : 2.1x10 ND 7x 10
5.0 H-9a  Nickel 1100 1 6.2 x 1973 ND 4.0 x 1077 3.8 x 1077
H-9b 1100 1 3.9x107} ND . .
H-9c 1200 1 &.2x10 ND 1.8 x 1077 <2.3 x 10
4.0 H-13a 58-304L 1100 1 1.9 x 1003 1.6 x 107t
H-13b 1150 1 4.4 x1003 ND
H-13c 1200 1 5.8 x 10 ND
PH-2
Phosghates
1.0 H-10a Nickel 1100 1 2.8 x 1003 1.1x107% 6.2 x100] <1.3x 1005
H-10b 1100 1 41 x 1073 ND 1.5 x 1077 <31 % 10
H-10c 1150 1 1.4 x 10 ND
2.3 H-32  Nickel 1100 1 6 x 1673 8.1 x 1070 3.9 x 2008
H-3b 1100 2 $x 1003 ND 1.1 x 1073
H-3c 1100 2 4.1 x 1003 ND 1.8 x 107]
H-3d 1100 2 4.0x10 ND 1.3 x 10
2.5 H-4a  $S-304L 1100 112 x10d 17 x 10t 741078
H-4b 1100 1 2.4 x 10 ND 1.6 x 10
PH-12
S5ilicate
Si-1 H-$a  Nickel 1150 1 1.1x107% 6.5 x 107" 7x 1007 <9 x 1008
H-5h 1150 2.9 x1073 ND 1.8 x 1078 5.7 x 1075
H-Sc 1200 1 4.7 x 10 ND 2.9 x 1078 <38 x 10
Si-1 H-11a 5S-304L 1100 o2 x 1003 12 x 100} 2 x100] 1.4 0078
H-11b 1150 1 1.7 x 1003 3.4 x 10 <5 x 10 1.1 x 10
“1ic 1200 1 7.0 x 10 ND
PH-2
Borosilicates
B-5i-1° H-6a  Nickel 1100 1 1.0 x 10:; NP, <1.8 x 10°% <10 x 108
H-5b 1100 1 s x 107l 1.1 x 1002
H-bc 1100 1 2.6x307% 11 x 10
B-51-2 H-7a  Nickel 1100 1 z.0x 1003 ND 1.9 x 1078 g x 1077
H-7b 1100 1 9.0 x 1907 ND
H-7c 113¢ 1 1.6 x 10 ND
B-§i-2 H-11a $5-304L 1100 1 5.1 x 1uj§ 2.0 x 10:3
H-12b 1159 1 8.0 x 1003 78 x 10!
H-12¢ 1200 1 1.1 x 19 5.4 x 0

Note 1:

Note 2:

Note 3:

ND (Not Detectable) indicates that there was an insufficient
amgunt of 106Ru activity to be detected in the presence of the
137¢s activity. In all cases this means that the ruthentum
release was less thgn 5% of the cesgium release and in gome cases
lega than 23,

Accuracy of moet strontium relaasss is on the order of + 25%;
however, eoms of the very low releases may approach ¢ 100X,

Accuracy on most cerium releases is about + 5%,
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Fire Solid Release Fraction

s ik46, Stern, A.C.., Air Pollutior, Volumell

“Sources of air Pollution and their control,” Academic Press, New York
(1968)
7 — % F2.203 BB
H i B (%) 2 #
Particuiate 0.9-27.7 1b/ton burned
3.34-23 1b/ton hurned
31-415 1b/ton burned Axdcreferfikd,
3 1b/ton burned
10 ib/ton burned
16 Ih/ton berned Municipal
i7 Ib/ton huracd Landscape JE%K%
e Ib/ton burned Auto Components

(23 | ton R H W 2 M E)

. B M
HHOH TS ~ WA IRRREL SAEE, FhARICEDOESUETLEA
5rEH~E, '

2. EBFHE
ROLBIEHTWEOT - FEDO T TMBMT R 28D, 20N LR35,

3. EREE
TN ton MA B EBAKFERATIHIHE L K, HRBAISR YK, kAT AT E
B0 06~0.095 # ¥ FIRHEN TS, $7:—BMILRZEKFEOMBBS % RH 7 —
FITRY,

1 F -5 OHEA

Bff7 -8R &,

RimXTH—-BAE T IO, DO RZLOXE, $20R T2 )04 LT M
AYHFIMTHORNTOLGRMIE DO THENGN T AN, BiLTEF -2 du, &
B U7z, M BEICETsF -y i3 <L, Walkerb HE B THrlH a2/, HIHK
TERAKKDFT -4 THIH, HFHEUEXRNTHD, FETILENS S,

2 BT -4

CO Particulates
(Ibs/ton) (Ibs/ton)
Municipal refuse 85 16
Landscape refuse 65 17
Auto components 125 100
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Fire Solid Release Fraction

k47, Serious Accidents Issue No, 264-May 13, 1966
“The United States Atomic Energy Commission Plutonjum Fire Qutside of

Glovebox Leads to $30, 000 Contamination Cleanup Lost”

T W %2 2038 £18 _
1% i B diE (%) % T

Plutonium 1.2x10°2%  PudEBRBAI0gE 2 RP u 200g2 8 T AT 5 2
F oy d Ny P DBEIEA TN B,

. B m
Poukid &tk

2. ERBRLTE (FRER-IFHILRY)

SRP uBEHREKBHNRArBHEATUETFIERTERCZ o2 P ukELEYLE
PukBityhtiss, E=- A FICARLIOMBEERO LICEEK P ERE LAY &,
FHNFEEL I,

COFWIEFL-3DLUNTEBCHB TS 2HEEDDNEEEZME S,

3. EREER
MEEL T2 20 ERBICE TN —BIEHOSBHEAROAEHEIKER
PudiRIKAMES AL, BEEOTROUEREH CALDICTSAF o VDR LIZHBED
MERICHT ST,
ERXNAA R —F 4 - HOERB T, & b2y D100 000dpn/100cmT
% EPRICTEY) 30, 000dpn/100cn® Th b, BBEFEFEOHE TRET 10, 000dpmic &b,
ME-272BRTA5E053X 0L LAMER 2 CTHELT LR ENL S,
COXKER BMELMITHIBEOHMMBER LI LM LOTHAEOEEMRERNE
I cH s EEHIHL A,

4. F—4 DOBM
B SHalkerBEEICRIANTOAEAR R T Sl d 5 1,

— 188 —



JAERI-M 90127

Liquid Fire

XHK109. Docket 50-332, Final Safety Analysis Report-Barnweli Nuclear Fuel Plant
Separation Facility, Allied General Nuclear Service, Barmwell §.C,

(Oct., 1973
77 #2.3(2) 2R
B T B . Bl ()
noky Te-Se-Sh Ba-Sr Ru Zr-kb | FOik B O F
fedkk % | 1.00 0.0} 6.0t 0.10 0.01 .01 | Bl 0.0
{(Pu} |
1. B ®

KEAGNSHORAM LB 3ELEITICS T, BRAR s+ VI AN
TamEORNNE4ART,

2. W =
BB TEREOBHEDO KK
ERBRTHEOCHAPORMICER LA AMB I 1 7 roBAREREL TS
(HE 7 525) , lanford & Savannah RiverOREBEE IR ST, HiEtoMian o
0.1%OPudtFP, 10%DRu, 50%0avENBRMKBT2EELL, RIESO 7 4 A5 IC
F A ERIL99.9% (EMHE 299 996%) £33,

3. By -4
BRAXKEOY+VAEFPEHOBEFROFT— S EIMIROBH TH 3,
B L, Table 5-2 (WalkerBE®) N BIN TV EFPHMEOSE, Te-Se-Sh,
Ba-Sr1, Zr-Nb OMBBEF — S WHNETIRFPELTEENT S,

4, 7 — 4 DIRE
Docket 50-332 kKid, M OB E iZanlord & Savannah RiverOBER L hig: &

ERENTWED, FOHBEITIIL,

e W &
Jocket 50-332 ONFUIPEDOWANEBE IR TH S, EEEOTHNEDockel 50332
-A1{B&) & Docket 50332-44x B S/, 50332-44ici3, Pu, |, Ru RUFP®
By 7 — 7 icfd s Xpkariem et T3 (OPSPFU-64-30-8D, ORNL-4451, ORNL-3441).
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6

wits =
C.

Solvent Fire-Ist Cycle:
Assumed a [eak of HAP, organic solvent Joaded with plutonium and uramium,

Smoke at 3 mg/ft® would sel off alarm, and the [ire would be extinguished
within about 10 minutes,

If solvent is uniformly spread across the cell floor, about 378 liters of
solvent could -burn within [Q minutes,

Based on limited tests at Hanford and Savannah River, it is estimated that
the burning solvont would release about (. ]% of its Pu and fission pro-
ducts, 0% of its Ru, and about 50% of its iodine content,

For dense smoke, the HNEPA [ilters’ effliciency would be at least 99 9%
(99. 998% measured).
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Solid Fire, Liguid Fire

X @110, Docket 50-564, Preliminary Safety Analysis Report-Nuclear Fuel Recovery
and Recycling Center, XN-FR-32, Rev.l, Exxon Nuclear Co., Inc. (Sept., 1977)

F-7 #2.3(2) 2R

B Hi TR B B4 % ()

A= | nfy Te-Se-Sh Ru ir-Nb | FOM K F
H

[E] {4 X 5 Fedy 0,01
Zr 0. 90 0.90 0,60 0. 90 0.0] 0.01 | & <0.5u
F Db 1. 60 L. 06 0.01 0. 01 .01 0.01 | K® 005

g <0Hnu

i KK 1.00 1.00 0.01 0.0l 0.01 B.0L | A&ty 0.05

. H m
KEEXXon#dOHME LBICSHILLNICH T, ZrBEH A%, HAV 3
LBEXEDyrF N AICHCORW T A EEBOMMEL T,

2. B =

(@ Yna=9 L EEOKE
s tEHEBEORREEATRELTHELTOV S, O+ ) 412, AWM
N2y FPOBRLSKBEORMBARD T L, Zr KEICXIEEOSENN BT,
MHEOA Ry P S PRLIARHMBORTH S, BEOSHRUSRIZ, WREHME &
TT ol S TERRIRL T B,

()  FHERH IR OB MK
HRAKIE, HAN S 4 (M) »OoBEMRRL MBI L EMELTL S, &
WAL IEZBHEORWNKRHBIE, BEOA v~y b ) — & FRUFEKBEHOBI LT
WhH, T nFOMEIFEDLLIDFER, REBKETIR=1, 2TVl TiEo0T
=10 LTa,

3 By -z

@ Ynoa=g sBEREONE
ZrTREWMMICh > T, MBEICLAT T Y VORERZZ tBERO 1 %
b, AEDTable 9.4, 9-1 iITi3, MMt EORBRE LT, BEHORLEBA £ 23
Hrid®aEh T3, #MTH, FUF o6, Kr, Xe, noX¥ viks, Lo
BEER Ty A LB 7 rsICHEIRZIDE L,

b) FEHRBTIEOEE XL
BWRKETHBENIBELBE~ORIHOHELMEDOTable 9.4, 8-1 2R L7z,
Fh, MHDA v 2y ) —lFEF (BAH4XEFY) , MHBRBRRFTELENTL S,

4, F—4OEMW
Docket HO-564 IZ13, Z r KM OKBF -2 IKBMLTORNLOBEINMER (Fid)

KESOALEBRINTOED, YHEZOoRBETL, BHAROKEBFT -2 I8 L T,
MBI 22 BXHZOEBLIERMII,
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Ligquid Fire

ki1t Docket 50-268, Safety Analysis Report-Midwest Fuel Recovery Plant,
NEDD-10178, General Electric Co., (0ec,, 1970)

7= #2.302) 21
EoUichctivityd | %diSand lilter 2B -T2 v 7 pSHEN S,

. B W
MorrisHUETS Y (M0 t/y) ORLEHBLOSHEBRXEFTROFE UMK
CHCOR T EFTROFESLT - 7,

2. ERH=ZE
Savanna River Facility®O BB XKERBIC L5, (FHEMIIL)

3. EMES
BATHERBOT V=0 00K ] %2EFRL K,

1. F—7OBRM

3.4 SotventFire

To evaluate the etfects of a solvent fire in the process canyon, it is assumed that the HAP line leaks undetected until
sbout 200 gallons {40 percent of the 500 gallon inventory) of HAP have been lost from the systemn. This amount of solvent
will contain sbout 1200 grms of Pu, sbout 15 X 10™* days’ inventory Ruand Zr-Nb, and about 1.5 X 1073 days’ inventory

" of all ramaining fission products. It s further assumed that this solvent, which has collected on the floor in a layer
approximately 1-1/2 inches deep. is ignited and about one third of the solvent burns before beirg extinquished. Based on data
obtained from solvent burning tests at the Savannah River facility, a maximum of about 07r pe cent of the plutonium in the
solvent would be volatilized. It is assumed that approximately one percent of activity thus volatilized passes through the sand
filter and Is discharged from the stack. The activity discharged from the stack {~ 0.04 g Py, <05 X 10°* days’ inventory of
fission products) is far less than the activity released from either the assumed HAW concentrator explosion or the assumed
anion exchange resin reaction,
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Solid Fire, Liquid Fire

k113, Selby J M., et al., “Considerations in the Assessmest of ihe {onsequences
of Bfflvents from Mixed Uxide Fuel Fabrication Plants,” BNWL-1697,

(1973), ».73-79. '

P 4 #2.3(2) BH

W E ()
o o ose FPuo, {Pu (NO,) . %—;){tﬁ
bk 0 & 56 0.4 0.1 0.01
T R DK 35 — 0.907 —
- 0.10 -

L3 ®

KEORSMIAMBMHNEBROFIEM ST A MM EMEO R ILTIHOEZE H58
W3 570, BRBFOMBHAICHT 2 EREAFAVO,MICL, BENBHBLOTL W
CEBFMIZEI AL 2AMICILTL 3,

2. BEE (kxEy)

PHMERBEOXSFRE SO TROBEALTRIL, WRESs v 7 EBORRIZL S
PUuDBMTEL, COBS, # v I~y rRANITBRINTRBMAE- b P u dEY
Mo, HMICEDPu (NOs) ., BEOERMMINICHD LAIESICID u R IBKM
OO0 2% LT, 100% (K31 ORRE) OBSIci 0.1 ETHE, & v ric~y b H
BB, S YIOEINERL, Put @O WiMEB®L s v 2 ORI - B L
TIED B, ML ABMBRICLOKENRKT ZBEICH, PooOSHESREL 0 003%
LITF, KEHS@BES2HEICR 05%ichiasEions, 24, PuO, oSl
HWAMBEIC L 28®it, 7o—7HY ) 20BBTH L,

3 HB#¥F-—-s#
ﬁHLtHMeBEH.E¢®$&%WTK566Pux?ﬂfw®%§E@Téfﬁ
FHRESNT S, Table 16 OMIME (%) 13, BANF -~/ hoBELERAEE L
THEMENTIHE,
Walkero BHBERG) O35, BEOKET — 2B 50 4(=P u0,)
B, B -2 OTahle 130 “TRBEYMEICSENLPUO, OBEME" . 0 ((=P u
(NOﬁnu"ﬂ%ﬁmﬁﬁéihfwéPu(NOﬂzﬁH%ﬁﬂ%"Kmﬁbt%é
Kﬁ%?énMﬁkﬁ@?—?@&&ﬁ$®5BQN®EH%H¥—§®ﬁVUVK%
(ZRF L xb) THEH, 0.007 DB OO THEEDL,

4 F—-s0BRA
B f/zTable |JCHWARORBA IR, L, BNWL-1697 D Append i xiZ 13 SCHR

BN ENh T 3B,

0. W #
FRVMOMEBRTHEOT, ARINTVIRELPT — s RFEVLOLELR LN
BMHBERBOELHTMOEL HRALETL+FABB NI EZI NG,
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6. BT -4

TABLE 13. Summary of Experimentally Determined and Estimated Ajrborne
Release Fractions of Plutonium Under Various Thermal and

Aerodynamic Stresses

¥ of Source
Stress Imposed Initially Airborne
* Fire

Metal - Ignited airflow less than 100 cm/sec 0.01(6)
(2.2 mph)
Partial disruption of molten metal, i.O(a)
alrflow greater than 100 cm/sec

Dioxide

Powder - Airflow less than 100 cm/sec 0.5
Airflow 100 cm/sec 1.5
Alrflow greater than 100 cm/sec 15
Involved with flammable material 0.05
natural convection
Involved with flammable material 40
forced draft

Oxalate

Powder - Airfiow less than 100 cm/sec 1.0

Fluoride

Powder - Airflow less than 100 cm/sec 0.1

Nitrate '

Solution - Airflow less than 100 cm/sec 0.5
Airflow greater than 100 cm/sec 1.0
Gasoline fire, stainless steel i0
surface, 20 mph
Involved with flammables, natural 0.2
convection
Involved with fiammables, forced 10
draft :

* Explosion

Any explosive mechanism of sufficient magnitude to completely destroy
the integrity of the contaimment {s assumed to make afrborne all the
source material directly involved or fill the available afr space

with an aerosol which has a mass concentration of 100 mg Pu/cm3 after

10 minutes.

e (ther

If air at a velocity of greater than 10 mph is directed upon or through
a finely divided powder ?particles less than 50 microns AED), 100% of

the powder is assumed airborne,

a. Percent of source airborne associated with particles less than 10
microns Aerodynamic Equivalent Diameter (AED).
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Fire Release Fraction

MXHAC—1  Aerozol Released in Accidents in Reprocessing Plants,
Nucl. Technol, Vol 81, 278 May (198%)

-4 - ,
B bt b iV " K ' Z O
{%) {g-ti/ 2 —so]vent)
Uo, 0.7 1.0 KfK#ER
’ 1.4 34.0 (30%TBP-n-kerosene)
Uuo, 0.2~7.0 [0~ 188 PNLZER
{JOXTBP-NPID
Cs 5 ~40 JAERIOEE
{30%TBP-n-dodeeane)chek
. B W

FRBEROBBAKMOL T oy LEBHIZO>NT, KK, PNLESFJAERIO®
HEEETEDHALE (ANSOBEFHIToY LEE) .

2 M =B .
KIKTH, ABRUNBEBIZIDTBP /Yo vy / BHMEOAAKREE £ LAX
KORBEEBL, 7, BRAKHOY S VI ToVY LOKRMESHEL .,

PNLTR, KXBOV -2 —LMIF3~F (FIRIN) $BRLIEN coa-
FORIEDRD, NISEICLEY 5 v ORMERST 7.

JAERITH, MHTIEOt A ATREINIBERARICONT, ARRUNEESE
REDRMRMER G L, MR T, BRAKOEH, MHEMHORBMERFHEP
AZ4 7 OMEDELR2MLHS i L1,

3 £ B
KITK: BEKENOY O, RUERERGTOY 5 v@AFICHEALTWE, 20
BTBP-UO, (NO.}:ORIEIKIABOMDIRIZAMNRET IHSTEHD,
vIivzTovrR, BROBBICIZIBHEMATRIBY I P AEORMICL 547
NOBERETHEOWBRTRET S, MARFZPKHOBRICL 2 HdNbEE, v 35
YHTORBRIISEHUEAECILS,

PNL: 3MOHNO: KZ#HOLBIKWY TBP-NPHOBRAEZ, Bk
ERLENLL, ERTIR, BMXDPOY 5 v @EL 1018,/ £ -solvents 188g ./ £ -
solvent D2 HME LA, BRI, FTRITRAORBTH R X/,

JAERIT : ABOEERRXBEELWHCT, TBP/FFH v/ KkHEOKLEEY S
Totceo BROBBEPICEBIZHBLAEERHBDCSs, ST, Ce, RuRZUO, O
Bl (=HHSE) 2D, CsOMBBEHEHLHTAZL,
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4. it F— A DM

KIfK: w3z 7a0/oigiEdsshorsypgicwpretsy., t
£/ % -solventTIi2 0. 7%. 84g/ @-solventTid 1. 4%DIS URFMNNL .
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FROMIE L. 0OREA S,

5. iz

BRKRIEB MU BERAEFZBRICONWT
BRAROXBPTESEAZNT WBHMOBIL ARSI BIRR. B5HL
WEZRFNWSATOSEEGASDY, FTOERENELTELLENH D, AKX, Sl
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Fire Release Fraction

XEhkC— 2 Means of Evaluating the Consequence of a Fire in Ventilation and
Filtration Networks, .
J.C.Laborde, et _al., Fire Protection and Fire Fighting in Nuclear
installations, TAEA Vieana, [989 I[AEA-SK-305/69.

EREH: . B EE (/i) £ it
TTcer (HE) 107~ 5 x {07 (EBEBRIMEF - ORBREEH)

% . FARKKOBRE (T) HEPA7 4y QR

150~200 7405888 : Glass liber, y-3u kbt 0 PVC
Aiizrst k4 : Neoprene, Jib50547 : Clogged Tilter

. 8 ®m
KEBEEO 7 4 s DFLAHYHREMAT 5/, HEPAZ s s LICHiEZH

R oMM - MBE*TFTROREAL /5 F — 21T LTERBRU (IPSN/CEA/France),

2. M
735 v (Saclay) T, WFABBIIE I A2KEBORARL T4 v BMOELY
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AR EF LR FOSHBMNEELMEL T3,

3. E B
Saclay T, NaFdauviiNaClxzTro/niluorsrForadtiT, &

EFRICLAZHEPAZ 4456 °Tc" OMMBEESMELL, EREENS,

{0 **Tc~ OB B 175TCE EIOKTE S,

@ **Tc" OMBEEREE LR T2, RO 7 4o ~DHKBABMAEE L
TAEBLT A, '

@B MHOB&KIZ, HEPAZ a2 CHRALAEEORBIZEHELT VS, £/, 74
NEOERM (7:40-8408-, 54O &, v-avh &K 7 4 vy (Clogged Tilter) 1M
MlLizy2rsE) oREBIKERL T 3,

) EROKEMS, Tc" ORBERIIC win OBEHEA L&A,
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T e OMBRHHMEKMNEETNT 20T, BHEEE (nin ') OEHIT,
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FIG. 5. Releasc rate as a function of time at different temperatures.
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Fire Release fraction

Wk C— 3 Estimation of Fire Consequences, Fire Fighting and Repair Methods in
Nuclear Plants,
J.C. Matet, et al ., Fire Protection and Fire Fighting in Nuclear
Irstalfations, PAEA Vienna, 198G IASA-SM-305/71.

ER &M B M B E (%) £ D1

Ce 0.05~0.4 Transfer factor (EERIHEZSH)

% P B ol %) Bt Eds (m') i mE (m') MK (kg/m’s)

30% TBP-n-kerosene 400 0.4~35 0.02

. B 1
HRAXEBEOFPOMRMAEEET 220, BRIBLEMLAMBERCCetnA, BN

kgt EBAERL S (IPSN/CEA/France} ,

2. W 8
752 CH, 1L£25 (0m0BBEEBZEMHOT, BNBRETIABEHARERLE
LT B, ABEXICHE, 00mMOAEArOBEEREERICE T2 Y 2 L0KHEHEMB
# (Transfer factor) AW EIATL S,
W AT EEICKRB LI C e BIIBENBOREHPOEY D L0ORBES DT L,
ZOoMENETrOBREFINS, EHICKHEB LAY 7 40 Transfer factorid0, 056 o
0.4 o®HICH S,

3. E# R

752 (CEN) Tit, CeXMAAI0%TBP-n-kerosened 400m' DB B+ LT
MEHIBEBAREERSHEE LA, 757 Y AOWMNBIRTIE Fire dumper2+ A+ DA
OIlBBE2hTHWE0T7, BENECHBHRIY o THL, MBEMIL 0.{~4mMTH5,
MBRENAIBECSmMOERTIE, ABOBREY = (T000m'/h) M¥h, EELACER
LTHEPAZ s HBEHELL, ERTHONAABRETFORAEII) 02kg/n’s TH
2, Table, i-HAMEMM, MYV ZFHB, HEPAZ7 a0y OHE, 2LTE) 740
Transflfer lactor%dRd,

4, HMHEFT-7DOER
CENTIt, Cem&fHML%E Transfer lactorxH T3 (Table. U M) ,

COFBRMBEICIRT,

5 W%
Transfer TactorO FEEILITOBY THB) ",
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(Mg IMOC e DA
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Fire Release Fraction

YHkC—4  Combustion Aerozol Formed during Burning of Radioactive Contaminated
Matertals-Experimental Results
NUREG/CR-4736. PNL-5999 (1978) by A Halverson et, al,

EREH
A w5y, FP, BREUVHEERE
Uo, HNO, (mol/é&}) : 2.5~2.88
gL {(Vol, %) : 30%TBP-n-kerosene
FP {g/€) : Ru:0.43, Cs:1., 34, Sr:4.49
Uo, {g/2) : 101~188
=4
U0, OH# Mitr o4 agt {¥if Z
{%) (i H B )
EER | 0.4~0.6 UD,/pure-IiNd, U0 ;o RIIp S
HE 2 2.5~2.1 U0./FP 2.8 OHEMEYAVAOTHEBRERAE W
EE 3 0.2 pure-sob, /FP+0, MBIl BIcHERHE» S 2 T8 (105D TRP %
6.0~7.1 pure-sol, /FP+U0. HFHL T 3)

mEFTTHBIE, FIAREWILDHE
£84  0.8~16 FP+U0, /FP+li0); TEE TRIBRLIED S

. B #® :
WA RBICETE Y -2 - 2B OBUERGEREHFE I - FFIRIN OBRIED 2D,
WMBOEETAE TS VEFPORIBRUDONEMRIRERLERL /<,
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PNLT, BBHBROXKE Yy -2 —-2aBlro-F (FIRIN) ZBELLH
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WM THs (H158) » 75 vORBREERERDLLEY, FPIROVWTREAKRLL
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3 E R .
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D2HEELL, B, FRPTHAOCRBAER TR T E 1,

EBI, 1fem¢ X0, OMABESAIKBENRIE MEEALrELE -2 AN, 2 lan
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EWRiE7 4 v TiITY, REREASTERALTY 3,
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WA SUKMEEWNBTBP —NPHUVNMSI) 19 5 v EBFPEMR, BERX

WEBREEE LI, COERTIR, BHFPORERERLTEY, -2 REMINT
Wi, EROHESHREURHIRLTOMED,
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TORH, BRBRORSVWPEREHICHT IHEM DI I 10,

— 207 —




JAERI-M 90-127

Results from Burning 301 Kerosene/Tributyliphosphate (TBP)

Cumulative %
Release

Run # Time, min Uranium  Smoke Notes (2
44 0 0.0 0.0 Pure acid/organic with uranium .
13.2 0.009 0.10 - '
16.3 0.040 0.53
22.5 0.132 1.32
27.5 0.404 1.89
45 0.0 0.0 0.0 Pure acid/organic with uranium
14.7 0.054 0.10
18.0 0.395 0,70
25.5 0.529 1.00
34.8 0.557 1.10
46 0.0 0.0 0.0 Pure acid/organic with uranium
19.0 0.0c06 0.04
25.5 0.081 0.17
35,7 0.031 0.33
53.3 0.434 0,76
47 0.0 0.0 0.0 Acid with fission product/
13.3 0.032 0.15 organic with uranium
16.0 0.105 0.69
19.0 0.343 1.46
24.8 2.517  3.18
48 0.0 0.0 0.0 Acid with fission product/organic
17.0 0.034 0.10 with uranium
22.0 0.335 0.69
26.3 2.054 2.28
34.0 2.697 2.88
52 0.0 0.0 0.0
8.3 0.068 0.18
12.5 6.170 1.10
20.5 0.606 2.03
61.3 5.978 8.1l
53 0.0 0.0 0.0 Acid with uranium and fission
9.3 0.097 0n.22 product/pure organic
14.2 0.206 1.1
37.0 2.620 4,64
65.0 7.082 8.94
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{contd)
Cumulative %
Release
Run # Time, min Uranium Smoke - Notes
56 0.0 0.0 0.0 Acid with uranium and fission
24.8 0.032 0.18 product/organic with uranium
31.5 0.060 1.15 150 mL acid/50 mL organic
39.3 0.330 2.45
57.3 1.563  6.51
57 0.0 0.0 0.0 Acid with uranium and fission
19.2 0.010 0.10 product/organic with uranium
28.5 0.028 0.83 100 mL acid/50 mL organic
39.5 0.621 2.52
51.0 0.809 3.03
58 0.0 0.0 0.0 Acid with uranium and fission
16.0 0.003 0.20 product/pure organic
23.0 0.006 2.04 150 mL acid/50 mL organic
30.0 0.012 4,55
40.0 0.170 6.44
42 0 0 Pure acid/pure organic
17.3 0.25
19.2 0.79
23.0 1.60
36.8 2.53
43 No ignition. Slight boiling
loss. Pure acid/pure organic
49 ) 0 Acid with fission product/
14.8 1.06 pure organic
18.5 1.94
30.0 2,87
50 0 0 Acid with fission product/Pure
12.5 0.28 organic
17.0 1.36
21.0 2.79
31.5 4.51
54 0 0 Pure acid/pure organic
12.3 0.16
16.8 1.10
27.0 2.74
32.0 3.81
{a) 100 mb of acid/100 mL organic unless otherwise noted.
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Fire Release Fraction

EEC—-5 5. Jordan and W Linder
“Aherosols Release from Solvent Fire Accidents in Reprocessing Plants”

KTK-3800 P10L-108 (Feb. 1985)

il s
BRAEHOITo s A ENEE T oY LVE
TFoS AR (MMD, am) ‘
kpArgd (7—nkik) 0.22
BERILFESEA 0.34
BRI (77— v ki) 0:35
HRFESAD (X 7L —KK) 0.45
zray nBiREE
0.7%~1.4%
1. B ®

BRAEKIEEHAIT e/ vERBESLHFORMERH L,

2. ERFk | |
(1) EEHLwECOMNBES (1) RUKWR 20mE COMEBAT, HR-FHBR

SmAtmmxy, MiEry, KAHPOBBAE, 2 TFTo /A BREE, zTo rEE
YRS,

BB ELTyY o v FHoBAE Yoy + TBP (%) OIBEK2VTHT -
AR )

HBEEEATCLRG. ) OFEAMBIY, BEREPOT Iy OMBUEETE .
HKRPORMY 5 ORER1. 00U/ ~8 gU ./ eiEilbadfs, BERBOAEE
LT anFicHBLI S vREXBAS7 PoRIE-RIODRELT,

@

3. EEREFE :

) zFovyrORERIBBEROHE, MBOF A7 (T-1KK ZFL—-KK) PF
SONEUBECKET 3., B (MMD) OBRb/hE0 b0, BRERPD S — KK
TO02umTH oo BIBEBEAPRTL-KEBIIIhLhPPAEL I,

@2 o3 oREHER, BEhoy s vRECIEAIIBENBONIgUL0LE
0.7%, 84g U/ £ D&% | 4N TH >,

4, F—roBR
BiFF—42icx 3, Necl, Techpol, Vol 8] X#OK f KERIKBLF -7 ThH 5,

— 210 —




SETVE

i,

JAERI-M 90-127

Bty —4
Experimental Mass median Standard Median geometric Standard
conditions aerodynamic deviation number rel. diameter deviatioen
diameter
Primary
particles - - : - 0.05 1.5
Free atmos.
outaside the flame
(pool fire) 0.22 2.0 0.3 1.6
Closed vented
containment 0.34 1.8
r.h. 90%
(pool fire) 0.35 2.0 0.3 1.8
Free atmos-
(spray fire) 0.45 1.8 - -
Diameters of solvent fire aerosols
Uranlum
release
(%] 2}
el °
o-_____.—-—" Q
1 e /
g2
0 | | | |
0 25 50 75 100
————  Uraniumconc., [g/L}

Uranium release during solvent fires
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Fire Release Fraction

XERC—-6 4.0 Seehors, D Hochrainer and M. Spiekermann
“Release and [Pispersion of Overheated Liquids from Plutonium-nitrate
Transfer Containers”™ KfK-3300 P109-116 (Feb, 1935)

T — 7
PuBxBEH/AEBOBITE '
WEEHFOMNE r7ovnniiBEus
* E no data (0. |6%ELTF & HEE)
KEMNS ST MEH 0.16 %
g & 3.2 %
. B ®W

BTV = AREROKE (ZBFR) BT MBELEMIEDV TS 5,

2. ERHE
WETBRF S vUTL Y RFERMASTCTEY, BRRILILITHE, ERTIR
Wi b= 6 08bhil, JiEOHMEY YA (5= iifhic 250gCe2) %
Ay, 8V FatBERICARS, _ '
COREERLIEHOME (KE/KEH DT SEH) TKPICBLBEMIEE,
BE20~200maM (G40 Y I/ 2 by w75 —%XEE, Bl EElEsE~<f, 2T
MINEMOMBEREL 2 STREL -,

3. ERER :
FEOEBAH, TERE=LICEBERIN, RO2y -2 3BT ERE (15~25cmDRE)
.t':b‘)f\:n .
BARELEFORBUNESHBLASVORBEEOBEST, COrXr-ATHEBRERE
 (TMPa), AEYOLBMEBL, EFORKHER 3.2%TH5, KFEDOHF -2
W2 TIRBBHERRETENh D, 2HHEBHS MBAOEELYIZDT
0.16%LI F&HEEENB,
100mOEOE Y Y 2438 K FHEELHECERTHD, PRI TV A2RTFOER
Rlileum~17TamTH 3,

4, ¥ — 5 DRk

BEffF—4 (Table 2) K& 3,
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w7 -2

table 2: release of total mass and the respirable particle

mass fraction as a function of the orientation of
the vessel.

v
M - .
EXp. 1 1= _tot MRPF,Ce MRPF,Ce MRPI-‘,,Ce/M 100
No. (deg.) M 20 tot tot
tot
(%) {ng) {9) (%)
0 60 n n n
91 11 3.2 0.16
90 100 54 64.0 3.20
I orientation of the vessel.
Mzot remaining mass of elemental Cerium in the vessel.
Mtot total mass of Cerium in the solution.
MggF'Ce mass of elemental Cerium, belonging to the respi-
rable particle fraction, determined on the backup
filter of the elutriator, in a distance of 20 m
from the origin, by neutron activation analysis.
Mzgi’ce totally released respirable mass fraction of par-
ticles,
n no data,
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HRBOBETE

WREEC-T F. Baumgdrtner, K Krebs, B. Meré
“Zur Emission von Spaltprodukten und Transuranen aus hochradicaktivenm

Abfall zwischen 200 und 1100T " , Kerntechnik 51 (1987) No. 3 P151-156

=7 o
HAWHIINTIKET 32 TOMHREBITE

Cs~18% Ba<0.001 % Eu<0.001 %
Rb~4% Mo~0.2 % Tb <0001 2%
Zn<0.01% T ¢ ~30% Y <0.001 %
S b<0.00f % Ru~2.5 % N b <0001 %
S e~55% R h <0,001 % La<0001 %
Te~2.5% Pd <0001 % Pm<( 001 %
Sr<0.001 % Sm<.00f % Zr<0.001 %

. B 1

HAWMAMEBKREBICE s -BORBRBIRLHTET 2,

2. ERF®
SHFPRUMBY S YEEARALAHAWORBRHYMAL, = FTo/AFICLD

BT 2MMHEOBTELEAMES 5,

3 ERBRER -
0CEFTHRR UV IUOBITRLAELD, Lo 0,001 TTHS. 400T

HSINTCTRRuDiCs, Rb, Te, Tc, Moli XOBITEMNAE{(INLS,
Cs, RbidTcorFEETTHITEAMNAS (MY, Csiz 20 THCsTcO, @ffﬁﬁ?ﬂ_ﬁ
EIAIOSN A,

4, F—-—7ORN

B F—#Fig. 3 (400CTFT), Fig. 4 (1100C*T) iw&kad, F/, Fig. 5ICEN
PIcBIEL FREELBEOBITHEHE (% h) OELETRT,

EF -y K BOF— 9 THEVD, SEHOBITRLELTEZEIINLGLEELIONS,
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5. Bi¥F -4
11 ?
- w
L 4
L A
Weir s hv1907s
W47 9. 045
1&'7////// ’///// j//

ft. 3. lntegraler elementspezifischer Massenausirop ous dem HAW
™ Kaizinationsbereich vor 130 bis 400°C

i I 7
e E Al
l 107! / E: ? / E ¢
Ew“’ 2 11 f 4 S 2
8 ﬁéﬁﬁg”ﬁf
s o LAV j;/ Vo
o ,/{/,/ /| /j/,/,://///
o ;’ ,/:/ //// /C”; yd /// / /
WAiLisi01ai0 s
Cs R Se Te He  Te Ru Trans -
Urane

£ig. 4. Inicgraler elementsperifischer Massenausirag bis 1100°C. Der -
Zuwachs var Ruthemium im Temperungsbereich 400 .., 1100°C und
der Mehrausirag von Ct und Rb durch den Einflufl von Tt sind ge-
trennl ausgewiesen

2
& oA
E
>
w
[ ad
L
=
3
T
-«
0o 4
0,002 T v ™ T
0 b3 L8 72 95 h
800 800 1000 . 100 *c

Fig. 5. Zeitlicher Verlouf des Aerosolaustrages der einzelnen Elemiente

aus denr AW
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TTFToenORER

Y C—-8  J. Furrer, R Xrissel, W leibrecht, A Linek, F. J WKerrmann, B, Nemes,
B, Stojanik
“MESSUNGEN ZUR AEROSOLENTWICKLUNG BEIN DURCHMISCHEN UND FORDERN VON
LOSUNGEN DER WIEDERAUFARBEITUNGSANLAGE™ KFK-4177 (Apr. 1987) P232-256

¥ =%

ATHAFZ~BATdzT7oyvBEMELTS, MER, EHDOEBERESTTTH]
HLEBASOENRE, 27T 7 FEFNAEDNTIT-TH A,

. B M
WAKOHAWDA 7 4 R T ﬁﬂ@t&k,17u/w®%$§%m‘ﬂ%ﬁmf.3
Fzr—ndOa—nFRBE, & 75 ORBEBEMBEATERR IABMERT T B,

2. ERHHE _

SHEZF -~ NORBTHE, GROHAREELEHETHERNLEF ~s 2 RERLTHE, B
FEATEICEARM T, BEOREL2EBEBEL, 270V roRERIL-S T 7 v
HMOFE Oz T o A BARELT VS, F/, WAKOHAWODA 7H 2ARICEH S
MEikREEEML, BEATEORREDLEBAEIT- T3,

3 ERER

T RBASAEABOT TS ARERICOE, SRS —NKBEBEAT
HBORBERA T — 5 (V7T BEOMRKIC LD REBNEE Tl 5, BEA
ODMBEEL, 2ToVABOMERERFEREFQIRT., BEOESN, 2 v
FTOERBAE TV 5o

WAKTOA 2 HAROHRE, RHENESES FOCMEAMODFE (MAESE 7
RS S) DTS, AOMTHMESETELT 0/ A< 5 ug /micis

4, F -5 ORI
Wi —2ick 3, b, BEATEOHBERLIWAKOEMIBIESRLIN ELTH
ZH, MEBEBRSRIEI-ThHDY, TOHFMIFTHKTD - 72,
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gty — 2 ()

3

Aerosolionzentration (mg/my)

0% W¥0a. 10% NaNUs
IR 0. 02% TRPES

Zoee THM i 4T

Gasbelostung (mglmzh_}

SHEZF — O PR

Partikelkonz entralion (mqlmg{l

s
(=]

o~
(=)

()
(=]

L
(=]

10

[0% NaNl,

1 1 1 !

100 200 300 400 500
Luftdurchsatz [L/h

ssEa2y —n@rT Y7 kR

- =z 100 15 —=

E Im liNUs, 33% Alkalinitrate ;g :

-~ 75 o
C

5 410 3

% ° ! :g

= —

N .

cC (<]

$ 405 2

% 25 2l

3

o

0 ! ‘ 0
0 Z A 6

Treiblufl des Airlifts (an/h)

BLATETOx 7Y 7 )5k

600
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Pulslult A N @ T= ]Uoc
D O © ®
%
Airlit- '—-%’
Dampl-y [ "behahter Kondensalor L
Darmpt vz Pulfer '
" T er-
(F & - 4 4%) Spiliult trocken I H b
V=06 m?
(f & - #4)) Spiilluft feucht N
(A < e x 7)) Rishrluft I—-] [
] [
Hdupt- * T=100°C
behaller 1:?97#) <<< I/\J
V=3m? 74 Schwebsloll- Erhitzer
@=16m\ | filter
T=60°C Getlise 3
Airlifi-Treibluf ] () Yma=150 m/h
N
Schema der Testanlage BEATE
Masse der Aerasol- Aerosal vor Aeresol nach
Alkalinitrate quelle Kondensalor - Kondensator
N
lrockene Spirfiuit
m {mg/h) 1z - 136 2
C (mg/m3] 28 0,35 0.05
TR
RF 8 7 > =5b e
feuchte Spiliuf
m [mg/h) ‘ 680 80 1.2
C (mg/mj} 17 2.0 0,18
RF 8.5 11 I=04
y
~
{rockene Spijltult
m [mg/h) 224 126 13
C (mg/mj) 498 28 2.8
RF 18 9.7 3 =17 T 7
B
{euchte Spiiliufl
m (mg/h] 224 B3 2.3
C {mg/mi) 49,8 19 051
RF 26 37 ¥ == 0B
: s
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{3

(A1) Ty

orgarrgch
2:5m’

. Yischer Zkion fen:  Erhitzer Kesxpfluftfiltec Kitler Trgofen-  Gehlise
2L§ Abscrerder
1au:' . ,

Fliefibild HWL - Behdlterabgassystem (WAK)

Meflperloden ( A1) Konzentration (1) Dekontaminaticns-
Nr. (Tage) F 3 z 3 faktoren
Roh [Bq/m~) Rein (Bg/m”)
1 (1 d} 1,9 E + 4 i,6 £+ C 1,2 E + 4
2 (1 ¢) 3,0 E + 4 5,6 E - 2 6,0 E + 5
3 (8 d) 3,4 E + 14 LB - 3,2 E + 5§
4 (8 d) 6,7 E + 4 1,4 E -1 5,0 E + &
5 (8 d) 6,2 £ + 4 §,7 E - 1 5,3 E + 5
§ {7 d) 4,0 E + 4 1,2 E - | 3,3 E+5
7 (B d} 1,4 E + 12 3,2 £ -1 4.4 E'+ 3
8 {8 dj 5.9 £ + 3 3,2 £ -1 2,2 E + 4
9 {8 d) 2.6 E + 3 ‘5,8 f-- 2 4,4 £ + &
10 (B d) 5,9 E + 4 3,4 E+C 3,0 E + A

Dekontamlnationsfaktoren des Schwebstoffilters der.Klasse 5
und mittlere Roh- und Relngaskonzentrationen [m HWL-Abgas der
WAX |m bestimmungsgemdnen Betrieb.
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o il T IBEODF

THRC—9 K. Nagel, J Furrer
"Calculating Released Amounts of Aerosols”

CONF-840806 Vol. 2 P873-8394 Mar, 1985

7 -4

WM oDroplet Separator &, Packed Fiber Mist Eliminator@x 7 o/ Ailxd
ZDFMEEED, ¥— 27 RBFICRT,

. 8 #
AN ZN—TOERBA 7V 2N LZORBHEBITHIEPASSATIER S ST 0

SAERBEEOEMDFAG, DFEOERRERE. =70/ nBESOMKE LTk,
BEREICECRETOMELIFRT 5.

2. MEFR®E ,
MASURBELEBRZ T LALT, 27uvadfEh, BBICHEAT L., BB THRICHE
WL 74 s icfif@asnarToy/vB0e, DFEXRDE, cT7o v/ ki,
Nuclepore 7 4 s KB ABBERBSOHAI»SHAEL T 5,

3. MERKR . :
Droplet Separator Tid, BMEAZTATMELTED, z 7oV v ERALESR, B
BrAE0IE, DFERBELELTL S, Packed Fiber Mist Eliminator (300kg/ m D3
Th, S5cnB) T, BMNODFHEOAMEEND 5.

4, F -7 OIRR
BT -2tk B, choOF -4t BADFEOERALEIC, AUBTOxT O

UnBEErRELCBEOHBEREMRFTL T S,
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By -4

Heasured values of aerosol removal at the wave-plate droplet

Scattered Light lHeasurements

125 Std.m/h

separator.
75 Std.m-/h
D(ym) DF n
8. 0.62 D.62
8.5 4.07 0.75
9. 17.78 D.94

Heasured values of

A

LogD
0.143
0.201
0.279
0.322
0.342
0.380
0.477
0.517

* [ { pzm)

D(um)

3.5

=~

[o- TR s IR I TR s AL A T T B ¥, B )
wn

LogDF
2.805
2.875
2.911
3.500
3.500
3.964
4.661
4,768

DF

.0
.06
.32
.70
.14
.69
.89
.49
9.44
22.39
109.65

W N N = e e

wn

LogD™
.555
.602
634
652
690
719
748

.778

o 0o O O o o O O

g o O O o o O O o o O

n

aerosol removal at PFME

LogDF
5.000
5.750
5.607
6.089
6.125
5.821
6.107
6.089

150 Std.m>/h

D (yum) DF

3. 1.0 0.
3.5 1.16 o.
4, 1.51 0
4.5 2.14 0.
5. 2.82 0
5.5 4,17 0.
6. 5.37 0.
6.5 9.12 0.
7. 14.79 0
7.5 28.84 0.
8. 107.15 0.

(Facked Fiber Misl
Eliminalor)

=

o
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Figure PASSAT packed fiber mist

eleminstor (PFME) for

droplet removal <10 ym.

— 222 —




JAERI-M 80-127

REMOVAL EFFICIENCY

74w F 4 IREDILEHA

Broplet Separator
8|
150stdm’ /h
g
125stdm'/h
2
-
T5sldm'/h
|
%0 2.00 o0 5.00 u. o 15.00
DIAMETER (pm)
PFME

il L
T4y T4 TR

Section of the two-
dimensional fitting
and the corresponding

experimental results.

1,00

LOG DF

0.40 [ oo N

0.50

LOG (DIAMETER (um))

0.40 o.T0 0.0 )

— 223 —



JAERI-M 90-127

Corn—-7

Fire Release Fraction

NHELC—-10 Release of Radicactive Materials in Simulation Tests of Postulated
Solvent Fire a Nuclear Reprocessing Plant,

Nucl, Technol, vol 88, Dec. No. 3. 213(1989)

F =4 : ’ :
R 1A | £ 0
S b 1 (%) (g/ £ -sofvent)
Cs | ~40 39~ 64 KB K SRR
10~ 40 - ANES K 5
Sr 0.03~0.5 42~ 118 K K 56 BB
- 0. 6~ 4 - ANEL K9G B R
Ce 0. 1LLF 8. 3~10. 4 KB SR
R u 1~ 40 J.9~16.3 A B KSR AR
0.8~ 10 ANEY K 6 3%
VO, 0.01~0.08 0.006~0. 3 ANELK IR (RRE R
0.003~10. 007 0.6~6.0 UREIK SR (KR
L B &

BREBRICEIAMETROBEAEBOMAMENHOKLEIIC>0T, KERY
NEORBEFRICL BN ARRBAEMLA, WRTH, BRLTOLIE/RISDC s,
Sr, Ce, Ru, RUUO., OKMWBITELT kD,

2. M '
BMARBOKMMBEDBRALALHBOHBEEL LY, ARRFNEORREELH
DT TBP-—n—FFh viglok kit d5Cs, Sr, Ce, Ru, RU
VO, iBoSMMBELRMELL, ABRE (20mO KL €) THRIFKAME BB
HAMNOT, NERBRTI, MEEWET L4 LTIFROBREAYIBRAHYE
XU TERAE T, HHOGHMIEER, BROBIREY, RIFOREHE, B
AEHOSRFEEEUEB~ORBOREFERICE - TEA OGN 3,

3 E B
AL R 20mO KL ntE>ANRBEEARANT, B TBP A/ FFh v/
AIROBR AR EREEEL:, KRR T, EMMMHEOCs, Sr, Ce, Rutgids
WIEA A A8 29TV P RENRY - FA N2 75RO TRRL, [tBCHEET
IEREBOERLMMLAIICEIDREL L,
INBIK SR . 0. I OBBEBRLHOT, WWTBP/FFh v/ AkBbIlHtED
MC s, 'S, M'Ce, '"RuBRUUO. A, TORMEHRBELMEL .
Nk, MNEKSRBRTHOLHEEWEORBORFERIMHIREOZhiE—& ¢,
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2.4 Explosions (DZJL—77)

1) F-YHNBEOHEE - K3t - 2% - Fid
Walker # &= T, FERIORT &5 CRRIC L3 REREYHEOTHP~OHTR, T
@ﬁﬁ%%ﬁﬁ(@%cxoﬁﬁwg&mbtm%ﬁ%Emﬁﬁ)&Uﬁﬁ%%@%kﬁ%@
EOOREFMAER T -5 EHE LT L, ﬁ&&fj!iﬁ‘@ VA TORFEBREEET S
L, LhSDFT -5, @%cgéﬁﬁﬁmﬁwﬁ%ﬁ«®%n$ 7 1 7 EORGEREG
HRTAROBETRPOREWE OBERUBRAN FEICHEY

% i ® F & # B #Fl R -

(a} Neble Gas — 1.00 1.00
(b) Halogens - 1.00 1.00
(¢} Volatile Solids — 0.001 0.01
id) Non— Volatile Solide 9x107°-0.14 0.01 0.01 *
le} Airborne Material 1.0—71 mg./nf 10 — 100 mg, /1 100 mg/nf (&)

(time >> 100 sec?
(f} Airborne Particle - <10 —<30 <10

Size (#)

#*{d) Applicable to particulate material only, not te gas or volatile marterial

release

ChGOEAEET AICE 0, Walker 15 2.209% XU% 2.3 @ITRT & D ITHIHXE
No 50, 51, 52, 53, B4, 55, 56, 57, 108, 110, 113, 114, 116 »oFEBF -5 2BRML, ¥H
LT EEWT, ‘ _

T T, cnbmﬂﬁiﬁwo%mm,& 54, 55, %%ﬁ%m Walker IGHFITRS
N OERAHE L, X, RAOF -7 ER/NL1D D-1, D~2, D-3 2 XHHAE
L

I & B HGHEME O SHAOBITEIC >V T, FHAXE L0, ~e s viEd 1.0, &5
PERETEIS 0.01, SEMBFMERTEI 0.01 £HER LT\ 5o RRIMAIEHES NI RERIENM b
ST, BIFEOHEEEIEALIIES LERE Y 4 2 VEROREBRTOERAES
BLTEDHONT D,

ﬁ%ﬁ&gm%ﬁ%ﬁ,ﬁmﬂmamlmﬁtf,ﬁﬁ@ﬁdﬁﬁéumﬂnc%@énfw
B, COEHEMIZ - vy 2 AENE TR FSARERD -1t T, L VB ERRE D

Lo KA A MR OB AR I ER Sk Ruicii$ s HITETH 5. ZORU LK 5847
$H,ﬁ%%%ﬁ%thﬂﬂ—ﬁ4X@%%T%%ﬂt?—&ﬁ%ﬁwfw6ﬁ,ﬁﬁﬁﬁ
BAEBVAEROMC L RUDBITETSHY, BRCIOERS 2REYHAOFFEFELT
WETH B, LT, COBRACHERREMTIENL, DU LbIDOELIOREOH
@«@EELﬁ%ET%%&%i%ﬂéokﬁb,%@%U%ﬁwiéﬁﬁﬁmﬁbfﬁﬁm
$5%5ﬁ$éw%ém@6#ﬁ%%ﬁﬁtﬁU%ﬁ%wméﬁff%by#ﬁ%@mﬁtﬁ
LR 0.0] HEUHBEAIL DO TIRRNORMMH S, 72, RubD k3 ICH RERE DX
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REFOBITHRBTNSEENHEROR (pH) PHED(WZEHNFEIC LTRSS E(LTS
T &%, BREFMERT ¥ L TEOLHNCTUL D REDLITHVT LBITHLEN D S &
EZ OB,

FHEAMFEDOEAMEILTERCEC - BROFABTKET DT, IxX107 525014
ETCRVCEHIINATO S, CHoOEHERDR, BFEMOLEABRI A6 0, 0K
@%%%T%Hw%mﬁgbo%K%ME@&M@,WWMMﬁ&m%ﬁ®K%%®%@W
EPESBRBRONENSC DT —F THEH, AANDOREE CTHRIBZRFEA~D
BTEEH -7l E L TROLENTEY, BRLAEBREAOA YRy b KT 2BTHET
S, 4 vy b NS SBITRIZ0003EFESH, #REDLI L VNS VEITN 5,
COLHIT, AEMICHEMZE FO2 & O0EHIN TS0, AREBKT 5 S HZBO%R
EREZTHLVLTLHEI0EDOTIEEO, UL, Walker #ESEOH TREBTEOERN
BEMOBREALLERTOR VLY, EREICEABAENPLESIELN S,

BEVERER, BREEALCI0sZBICGENTLEELL CERACKRAEI0mg o %
ERL TV 2. UORUPuOBFKRICHT KB T — § REESN, Th5OHIEEHHEH #
DEXBEATT FEIST0mg nf LTFTOBEBEICHLZ &E0s, EENBEBEOHEEERIEQE
HGELEL OGNS,

FEPEDODRAN TREIC>OTE, HEBERAZsN TS, ERFAIORMI<I0 ¢ 5H
BLTW3,

b, BBRCIOBBHYEOBRTEF -9 KL TH, 2BcEAEXSTRELTED,
BRI ERICLEF — 5 OMAEHFLETH L Bbh 3,

Tk, BRI TP ~OBRER UERREOETROWMEIC D0 TE, XBD -4 TH
FEINTOIRRNTER T — s RUHERNZRICES(ERASPTFRTE 2 LBHN 5,
@ FEBILI-THOITEPENEIELIONEF—4

MALEER THRE SNABRFHIIAN G £ VARKRE SNIEEE R /o -7 H. 7 X
WTHRET LD, BRICIOMEM LU /REEDETHER LSRR, EERSIRHE AN
LR, BERATHTRECHEINSG, Licd T, BRRTORENLED 7 — 5 hig
2FHh FEETH S,

XEKD - 2 (ORNL—4451) i Jiud, KFBRORSOVEREENERENIEBLS 7 18 LD
BRICIOEFTHERLTLEHOT, MR BT 3FEYHOBE R 10mg /1 TR
DLUIDLEFEL, BENBEORN TR0 TOEWII R LTERET ST &P, ORNLT
ODEBIZLICHERIN TS, K LINLOF -4 13, BREOEEHBEICNT 0T, B
#h BR) OESCLERATEAFRIEEL L, BEMHORE A A =X ab, BHE, BRE
RUOBJI - VBECLDEDT, BRIECLLZDTREV, o5, ERRNERF -4
BESWICIE ST LY, BROBELFNITEIBITEF -7 2FERTL LMY
L, UTOF—92FRBICKOTIBTREEEZEZSND,

P E L VB N Pu OBRFENTOL v F a4 4 VBB ERTICE O 1o, BRI AR

DIFRICEZHWETRY 7 PAOHRENEHBERCR TESTOF -4
* PuOe R ZHEE S /o — 78y 7 ARG TORRE AR L OBERL SHICE W,

_l_

i
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BEEROBRICEBBERS 7 PAORENE BE R UKFELRDO T — 4
BRFHREIITNARL-TRETHIALF-H IR, TORNCKEUMBHLDT,
BROBERE IBITORGESHBICBVWEERSLETH S,

B RLEFMT -5 N—RICEBT EOHENLEEL ONLIEH

RS UT £ AU e YE 8 OfFh i, ORSEHMEOBINREROKRE, @K
(ﬁﬁ%)«@ﬁﬁéﬁ%%%ﬁ%@@ﬁ,®mm%%®ﬁ¢(@ﬁ%f7h,74»9%)
TOWREHEONE . MEFORFT ETHNOORBR T -y 208 5,

OHEHEMEOCHRBEROBRTICOVTHE, FARERERUZ OBBERSSRS 7 P HO—
IREA L iAHEBEDMBTIT L - THIB T 5 SR O NI 505, MEFRERERE DK
EEREHiCET o708, LBOREFMF -/ X—REZRTETH0EH L ELEbLNE, 7,
F—gN—ZEREETHELTS, BECHMERAEHE 2 - FEEEL T, 2030 TUEH
ENBNT A= ET I N2 LOUR LG DL EPMRETHILEFEALNS, ,

@FMh BTHR) ~BITTARSHEMEROKITIC OV TE, Walker DR EFITA SN
BrHiT, HHA, ~uby (37%) , BRUESERUFEREE DX » OMITENT -
FR—Z L OMRICIE DB EZZ NG, EREKEICOVTE, 28G5 PHEHO/LFER
SRR BT R BT AHAE T — I R ELTEDE S ICEHR S ~EhEHTT 5
PENRLEEZ OND, FBREEE I DVTR, BITETHE T2 HkE, BEEER
MG EBTHET AFED 2BOOAENEL LD I, FEVERELZDVTET -4
R=ZALTHELCEBET L, $AEEREEBIC O UTE, AAHDEEXE D -3
TENLEONFMAAZMELT, FONF A9 2T -8 X2 TL28BEAHELEZLON
%

Qg oHh BERI 7L, 74 8% TORFHYHEHCHE FHEFEOBETICD
WTid, MEERT 7 N EANDEBRED T A VI FORERHMET — 7 N A LOHRITUES
LEZ LN, 74 OREGERIZOVTE, FIV—TRUOG 77— FOHEEBRATSE
%o

N, TNTETHBITERZIET AEEPHE I - FCL ORI RICBY 55EMEOET
Yol Yart ARSI, BEYEONFRABOT -9 BHRITIES,
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Explosion-Solid Release

ko1, AW Castleman, Jr,, et al,, “On the Behavior of Aerosols Under Fast
Reactor Accident Conditions” , BNL-14070, Brookhaven Kational Lab, ,
Upton, N.Y.. Kov, 1969 .

#2.204 BH .
# M fig e &R K

“
]
Ny

Pk =L 71 mg/ m TAY BT RREHE

. B ® :
FEFREREORHE s T oV VOERBRUBEERITS5HBICPU0. ¢UO0, =7
oS OEBK, ERMPEIERLZIT I

2. EBFGIE

PuO., UQ, 2 z2fiodhicadiiciEziasdsAiCresistance rihbon-heaterk fj»

Z, B TFoOY ) vy itthermal Precipitator2 AW TiThiL, BRUTFEKO Y v

Foiddisk samplerd M TRk, .
COEBTCRNINUTAY « 9 VEHEHE, Y70 EHFTHEPE—F —DHLICE O
BHEE 7 s AR THAHRMAERZETED, BROPTIF v IHROLLESD
~ 07 e L TiThiti,

: ¥

3 EBER
EREE A Table 1, FRUFFig 4, Fig Sicm L/,
EFEEOEME T ZANEHFIERE L EFRERURBS-EBLTOAEELER®/LTL A,

4. F—r OB
Table 1OF ~# 2 HHWBI 5 &,

Walker$BE B TR/ MMM Ts, cHRKFHLT, RxTcohTable [ O
PuQ. OB cO@EIAN0TL g8/ cdTH S,

BEOKEIDPOSEBLZT, ABXOHNHMRETHD, WalkerWEBOHRUMLIEL N E
Z2iovhb,
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5.

BftF -4

Table J. Initial Parameters for PuQ

and UQ, Experiments

Material Experiment _g/cm3

Pu0O a

uo

2 b

c

T

1.0

G.l

c/c,

0.0l

O.OOIl

2
C_, theo
o? s 3 Atmo-
Co’ g/em rg’ H ¢ h, cm sphere
0.067 0.016 0,064 1,97 100 . N;43% Ar
0.067 0.013 ~ 0.057 2.01 100 Np+3%Ar
0. 375 0.071  0.103 1.57 100 Ng+3%Ar
0.0865 0.0105 0.074 1,50 100 Ny+3% Ar
0.041 0.0143 0,074 2,09 100 Ng
0.303 0. 051 0.110 1.81 100 No
FIGURE 4. VARIATION OF CONCENTRATION WITH
TIME FOR Pu0, AEROSOLS
5 T T T T T°T7T7 Ii ¥ ¥ T L L II__‘
SR ]
. \‘”M L] :
-« Pu0,-a  EXPERIMENTAL .
[ ___Pu0,-0 CALCULATED i
[ o Pu0O,-b EXPERIMENTAL .
. _._PuO,-b CALCULATED .
| & Pul,-c  EXPERIMENTAL A
—PuO;-c¢  CALCULATED
1 [ B B \fllu
i0 100
TIME, HOURS
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c/c,

o.l

0.0l

0.001

| 10

FIGURE 5. VARIATION OF CONCENTRATION WITH
TIME FOR UO2 AEROSOLS:

L T T T

Ill]l T T r 7T 7V T7T7

L 1 1.1 4

L

a1

1

» UO,-0 EXPERIMENTAL
---UO,a CALCULATED
e UO,-b EXPERIMENTAL
~-—U0,-b CALCULATED \
4 UO,-c EXPERIMENTAL \ \
| —— U0, CALCULATED

- \\ _-

Lol L

TIME, HOURS
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Explosion-Liquid Release

HE52. WASN-1192, "Operational Accidents and Radiation Exposure Experience within
the USAEC, 1943-1970” ., incident Ne, HS-59-7 (1971)
k53, Ibid, Incident No. BS-64-25

- %2204 21

WME : Pu, B®; 0 x10°°5,
& ¥ BEAICEESPul~ -550me, ? MR EE T~ WM®H&

MHE: Pu, BHE .10,
2 H BEBEFTLIPuURDPASTKEONEIKREREP~OET

I X# 2. 0OWF

[njuries AEC Property
No, Type Date Field Office-Contractor Exposures Damage
59-17 3 31 59 liA-General £lectric Co, 1-1st degree $9.518

burns—-face
PLuteninm glovebox explosion,

2. Xk 5} ORE
64-25 B 6-12-64 AL-PDow Chemical Co, | exposed/injured $56. 400

Chemical explosion caused hy burning plutonium chips accidentally
dropped into carbon tetrachioride bath. The thumb and index finger
of the operator had to be amputated to effect decontamination

tecause [lying fragments of plutonium had become embedded im them,

3. W £
Xk 52 R OUFER 531043, WalkerOBITEAEB{III2F -2 R3EHEh T 0D

MOXBERMETLILELS 5,
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Explosion-Liquid Release

k54, USAEC-Searious Accidents, [ssue No, 242 (January 11, 1965)

Foy  E2204 58

WR P u-238, Bt 3 4x10-¢, ,
£ P o —F Ky rRPTOAY ) —NEBHOBREEEROBR

1. W =
Pu-238%1TgMBS57 v ~T Ky 2RATAY /) —NEEFORGEEMBRL, T

P ABILYEBARCRERLEL, 20429, 3AOHEERNERL S,

2. BHORRK
1 EBAROEGH
Fo—7Ky 7 2ORELY) TEOERE, v—2avy I (RNOAELEYR) T
0in® ORBMEID 4 x[0°F d/ mdMEShL,
2 EFEAOCHH
SADHERBORIRRTFROAZEOERIIE, TROay —~<4 2 —% (HimE) I
L HMEETO, 100~1.300,000 c /' mMTH7, /o, JACHFZRAORDOREIZ
A4~10,000d /" mbdBWPE X i,
CHODUERKRNIS, FREAOP uEIRER, 2AXHFHEOBET, | AN
FHON~TIN%LUTEHEEZXN S,

3 W =
Xk 541, FROEBEEWELALZHOLS —THD, HalkerOBIRL B2 H
BOF - REBE LTINS, HOXBMELBEITILENS S,
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Explosion-Solid Release

k55, Schwendiman, L. C., “Supporting Information for the Estimation of Plutonium
Oxide Leak Rates Threugh Very Small Apertures,” BNWL-2198, Jan, 1977
F =4 £ 2204 B
HE MHE (%) _ % -
Uo, 7-1,000 ﬂllg/-m’ ts=100sec L. 5kgU O, BHROE, B#ﬂﬂ%'iﬁoffﬂffﬁ
1,0-70 mg/m’  100<ts<3600 100B &I IIFEMBEFO 100%1E 2.0 LT,
4 ER
2.5-6 mg/m ts>3600sec. BEBA ; C=Co exp(-0. 0987t} + (Hh.5x 10 %)
X exp (-0, 00056t)
1. B ®W

WMET Y FFHNERBICIRNEOGTEAS, DXUHE, KA NEUCESICEMX
NA2PulitoBRERET A LHDICR, MNEUADIPSOHFZAN—-70EHE, BHBO
BEOEBHAIERTLIHENSELND,

BIHERKIZHUMETEREFEAKR L L RO SN L, BH IO TRPuO: &4
U BEIVFFAEHB AN L THARELWHET LIHFLLISTHSNR S,

FEBAHE
NAE2AROBYIEAMNCEHLTCOARTIERKRE LTOEHITHL, COEFH
bROLBMEMEEMHEP v, KENEUO, OMMETITHERHLSFSRB,
ERIUO., Bk dbkgd ANfca vy s+ 2 BPEEREIUT, 20FFOFRIR—20
UO: BAMEAREENWEZHA . T 74 ER-THESTS. '

ERER
EREEATIg 3ICRT,
FRAN—Z2 (BERL RIS EETToen) hOWEKBE IR
. C=Co exp[-0.0987t]+5.5x10% exp[-0.00056¢t]
THRbZh2, CoRBTMHITLIXI0*g  en® (MEICLIIBAE: | X100 5g/cn?)
93, ‘
o 275 3B OSMIZE2FHAN—2hOREDHETabie 1 IKRT, F&b
OBARER, BILERYO (0B TOoMIcaHIcHLT S,
N, WEhPOBMFOR T YA DA, ik 1008%EC T,
LBl F&Elss,

FHETO 100%ik 2.0

F -7 O
Fig. 3B Table | &4 5 5,
BEAPRIFEKUBRTZO0T, 27+ P RBHEEBETLTHSAENRELTHIEN &
STV ETOMARVEBEIYFIOERANR-—ZAD oD Y — 7 RIMBEICHE SN NS,
X, BERBIHrOODY -2 Ii20ThAXHMOBTE IO T 24, ZEHE, B
o) —2FIC20THREIOWEBEOF -2 LN 0OTLEoREBET A0,
JOHEZECORBM, ERNUPRNLETHDI EDNT S,
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5 R —4
1x107
@ ®  EXPERIMENT 1
. O EXPERIMENT 3
3 - B EXPERINENT 2
> 1x10
5 @ O EXPERIMENT 4
z ¢ coe'°'°°“',+ 5.5'x 10”5 02056t
=3
Z
E 1xw’’
5 u]
(]
§ 2100 sec+
o °
Z o
6% rand o ¢ 7200 sec
< o Jém“c\\:
-..._______ﬁ_ b \\C
oo 7200 56C o,
[a] 1500 se¢+J
2100
Fig 3 121077 TR RS SR SR SAVUR DU SR SO S| selc\\\\rd
) 0 200 400 600 £ 1000 1200 1400
NRANIUM OXIDE AIRBURNE OVER TIME, sec
THE BULX POWDER FOLLOWING HISRUPTIUN_
TABLE I 100 may be 1.0
FRACTION BY WEIGHT IN INDICATED SIZE AND SMALLER
RANGE
indicated Diameter
and smaller um t = 50 sec t = 100 sec t = 500 sec t = 1000 sec
2 0.99 100 100 100
1 .90 0.97 100 100
c.5 0.71 0.80 0.99 100
0.3 0.31 0.54 0.94 0.98
0.2 0.14 0.30 0.83 0.91
g.1 0.018 C.06 0.50 G.65
0.08 0.006 0.03 0.40 0.50
.03 0.0001 0.0014 .03 0.08
0.02 - - 0.N07 0.02
0.0} — - C.0003 0.0C2
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Explosion-Liquid Release

k56, L.J. King and W, T, McCarley ; "“Plutonium Release Incident of November
20, 19597 , ORNL-298%, UC-41-lealth and Safety

7 - E 92 204 BB

WME ; Pu, KRH®E ;0 14, : : , )
2 {4 ; Decon OBRIZEIAZPuUD, MEFOELALORA

1. & =
ORNL Radiochemical DProcessing Pilot Plant TEREGEAFABRL, EZREHBROP usRE

B, BT 2HEMNIEIIABEICRAE L, AXiil, 2OBMMEE,

2. FHHEORR
U-~Puxtbt )y 7H3070d s rORBICFEHIZIEAREICE DT, Turco
Decon 4501 (B H) RTCWHMEERALARSFEZPICREIEIRBRE L,
-BROMERA i Turco Decon © = F o {L&WDIER,
Turco becon (3. 92 4 MO 2710 OBEHRICL S THDE
WP TFREN S,
potassium nitrate (B KXEK)
nitrate salt of amines

picric acid (|0

nitrate esters#®%
- BROAE X ARG ORE (Fig 3.9 ) . > 1100 pst (77 3kg/cm?)
CHHHEWMEOER  PuoB{LY (BFEVMHRIABMETEZ LM STREINS)
CHEEYMEAOR W T00g Pu (ERREW)
R AOBITE  Fig. 34 RBREEEOF-—sbLoEEXINS,

T oS nOREB AESFSEOF— s HERI N TIHAEL,

3. F-F ORI

Walkerd 5 —# (BiTHR0 14) &, e A~ORKBTEr @GR ECEA~OBITHR
EE LB E-FKIB, Bb, Fig 30 W T@EO~DOBITHSO~OBITRTE -
RHEMEBRICIABITRLILTIREZATVEDEEI SRS,

BiTHR=(1.5+0.6)/15 = 0.14

4 M =

Walker & BMOBITRIL, LAOKRICBRBRAOP U, v =rv b W IEHT ABITRTH
W®, BRICLIMIFZ~OBTEBEIEETLZLDICN, HSEBTRLBTLIBOKBK
NEETH S,
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S BT -4

R +—PRODUCT
OUTLET
VALVE

Part of P-2
after———

Foiled plpe in Fig, 4.1

Fig. 3.9. Intercycle evoporator before and after explosion.

(BMRICL MBI OWBEKR)
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Explosion - Red Dil

XD |
Docket 50-332, Final Safety Analysis Repert - Barnwell Nuclear Fuel Plant Separations

Facility, Allied-Gulf Nuclear Services, Barnwell, 5. C. (October 10, 1973)

77 ®2.302) BE
W X o & & K
Naky 1.00 Loy F A A RS
WF =0 A 0. 001
HTRYA EFRERE00 ng/m?
1. Mm%

HEACNSEOBarmwe NP THEOTZRITEIZEN T, KO 3IHOERETOL » F4
A MBRRFEH B RETHE LTS h 03,
C B LS NBERERE
I RPN 28T
AR L SRR ERE

2. BihF—4
ATBOFEIHF “Safety and accident analyses” 2L Vi 4 AAEROTLIFMICIER

ENLHHET - ARSI NT S, JTNOHKSFUREEF -7 BERIR TS,

B VR ERE b= LERE BV SERERE

3 BOMHE L.00 L. 00

R u Ok E 0, 001 (7TH-HND ;) 0. 001

ZMMERE 100 mg/m? 100 mg/m? 100 mg/m®
3. F—sDER

BSARE 00 ng/n® OBEHRIL, © Traveler’s Research Corporation. Personal
Communication, September 22, 1969 " T&H 0. E£ORMEMET 5 LHTEUEL,

R u DR M0, 001 2, " Wilson, A S,. Journal of Chemical Engineering Data, 5, 521
(1960) "ICEERMENLERT — 7 ICHTO T L, EOMEF — 2 ZHHOTT Y, OFER
F g IRAERC L BBITELE LSO THD | BRMOBRE~OBITESE LT
Fiicli -T2 EEZ S04,
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4, BHF~»
RuDB D, 00] ORIE LAERF — 7 WB L ICRIERBEA MO THMES N/,
Boiler 8Kz Ru UF 7 DIMOK TIPS U HEMIERRAEA SN, HATER LN LRDE
FiZE (volatilization factor) AWME X417z, Ruldd T o — Lk (tetrapotassium

rutheniumu nitrate salt) HHEFR =Ntz

RO b REROH T RPN -

Ru OFEFERY =
! 7 { BoilerfRDRuidSE Boiler 8B FHRFPiRE

FAF — 7 RRI2IURT LD, OFERFERIHMBENS MRS RS S, - 28
DL 326, SU-INGs CiI0 %A ETTE -2 & ZATERREILLS, $/o. HEMiEOT -
ZIREI3OLSITHD, ZDIFS, TH-IND, OERERIE. ¥ Ix10°TH 2,
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o 2 ml. of fistion producr-nitric ocid sofution
| A 5.4 M HNQ, in boiler, 0.22M in dislilate. Block film depoiiled
in condenyer,
E. 8.8M HMO, in boiler, 0.78M in disliflate, Black Fflm depasited in
10°* ! L L 1 tendenier,
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Explosion

X D—2

Stafl of tire Dak Ridge National Laboratory, "Siting of Fuel Reprocessing Plants
and Waste Management Facilities”, USAEC Report ORNEL-4451 (July, 1970}, p 8-45 to §-97

ket #2.3(2) B8
1 X o #
ey 1.00

KRR R ARE00 mg/m°, KEFFI0p

1. W
RN TR Of 2 O AHERE YN OT G 2R Y v — ORI L E
SIS MO I FOMEHERA, USAEC OEFESTHMLICE - TEEHSNTL S,
BABBORMBT — #1020 T2, 8.3 Accidental Releases of Radiocactive Mateialsis

iMzhTa,

2. M7 -7
(Bei
ZRFHROSEHLE LT, BHRD of vREFERFOIEIBRIC L > TREZN T 1128
EZF-13]1 O2BMBIT A2 EREL T3, HL, €ORMT — 7 REEMI 0TI,
(2) 2 E

IS, ERERUES - Ul SRES ZITHMEORABIEIL. EhRAS LD
BTy —# (Fig, 8. [0SR & 5 02 E40E & OHBEFEI Ron S, 1)

LR A0, 19F/SELF T3, 10me/m® FREEORRENZHMEANER SRS,

WERICED AREMAOKNTFREAHHIBEET—HEAS 5 & RURHAF -7 (Fig
81D ISR T B FORMICHHT 2 EAMNOERICEI DRk ol 1)

- Walsh &SchleadZEREOMEEHICIHT 28198 2) ic ki, BEEE O—BIOER L
oLy, BIEOFZHMARE L 0ng/n® BELITIC, @LEDF 2 Fiding/mFEEICED
L1

- EESHIRE & RAK FROMIES UTHRITT -7 Fig. 8 12 dai#is T3,

- Cheever OFEER 3) IS RAuUd. [00mg/m D7 b =2 LELFH 81t /min OEEZFETI00
Odeep sand TilterA @@t 2 &0, 02mg/m® IZH®D Uz, = Ddeep sand Filter.’&@iﬂ’lbf:
Tt =0 AOEBIRIEIAT « vy TIUE L7 A OREMNRI209%7 - 12,
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3.

5 — 2 O
IS 100mg/m 4 2 S mIC A LAc & D R8I0, Ak, BTFEOAS
VIER R E DM PEIRIG & OHEIC L D FPTHALTLES DT, BRAKCE T HF
FWEOU FREM0 L TO@BICAML, EET B EHEBINT S, JOF -5 IR
RERICL B DOTIREVY, MEOCHESK DB TELLELI oND, FFF—7 Fie.8 |
DB TI0 I BIEWHAL S REOERT — 7 M ORAMS & [lng/n® BIETH
5, Fio. @Cureeat Practiceiililﬂﬂﬂomg/m“ SHRBERTEN
124210 mg/mICENT A7 — 2 AUREN TN &M S, 10 mg/m DRI TH
LZEbhEIShG,

4.
1)

2)

3

BE G

E. D Arnold, A T Gresky, amd J P, Nichois, "The Evaluation of Radioactive Releases
from chemical Plants, * p 222 in Proceedings of the seventh AEC Air cleaning
conference, TLD-7627 (March 1962)

€ S.Schlea and J.P. Walsh (E. I duPont de Nemowrs and company, Aiken, south
Carolina), “Desntrairment in Evaporators 7, presented at the 2nd National
Meeting of the American Institute of chemical Engineers, preprint 3§ (February
19603.

£ L. Cheever et al., “ZPRR Rool Sand Filtration of Uraninum, Tlutonium, and

lranine Aerosols, "pp. 942-64 in CONF-660904; vel 2 (January 1967).
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Fig. 8.10. BEffect of Minimum Superficial Velocity in an Off-GCas
Line on the Coricentration of Liquid Solution Particles Resulting from
Vigorous Mixing of a Solution with Air. Density of solutiocn, 1 g/cec.
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ORNL-LR-DWG 48445 R2
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Ol 1y l I N
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Fig. B.11. The Particle Size Distribution of a Stable Aerosol Which
Has Encountered Several Changes of Direction in a Pipeline,
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CONCENTRATIGN OF PAHTICLES WITH OIAMETER LESS THAN D, Cimg/m3)

ORNL DWG 68-5834R2

[03 T T IITITTT T 1 TIIIII] T Irillll T ] I]’Illl] T T TTT
- e MISCELLANEOUS AEROSOLS OF / : 3
[ SOLIDS IN AIR . ]
L © ENTRAINED H0 DROPLETS IN B
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F 2-4 f1/cec @ -
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104 - ~
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Fig. 8.12. Mass Concentration of Solid and Liquid Particles in
Aerosols,
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AAHOEZ W

%ih M. A Halverson and J Mishima, “Initial Concepts on Energetics and Mass Relea-
ses during Nonnuclear Explosive Events in Tuel Cycle Facillities”

NUREG/CR-4593, PNL-5833 (1986)

oM =

BB AERBRICIZ T o/ VEHROERICE YT 5 U. S.NRCOWH

BREN, RO4BHOIATORRBI LI, FEHLAT S,
fast physical explosion
slow physical explosion
fast chemical explosion
slow chemical explosion

BElfERic 5 fast Physical explosionid, BBV IR EKOKERBRELT
HELONRIPIThbRA, ChoOWRICEd, BMEBERCETFI2_O0BOERIT, &
THHEIDEFSITR IR TS,

Stow Physical explosion iC L BMIK2V T, FRIFEESEHRERNFLISHH
LiztELRLHENn TS

Fast chemical explosion I X B Mic 2T, TNT-equivalent methodiZ & 5§
Br@ifshsd, coHER, BRYEOTNTHYB TEHEROEE XTI A HETH
Hh, BROEEICODVTRTNTAEOEMBLRACT L 3. BBHEBERTE, vy FA
ANBRIUCOBOBRBIZEYT S, _

Slow chemical explosion KL ABHIC 2V TI, RMLBHELBREAF TCHD, £ D
S5 - A H RS EYIERGIERIIERHE TS SN, fast chemical explosion & [l
OHEHEFEHTE S,

Bz, PNLickit2EZRIMMEEFSteindler-SeeleldtdRiCHE IO IR FHIC
YamBe FIRET S 2BEAMNREH TS,

2. WHEHE
2.1 3Slow Physical Explosion

BHEA 2Ry~ FEHES BEAENESORBIEIIMARS T 5 L F — DY
A4Slow Physical Bxplesion 28 %49 %,

FENOREKOAIPBERE,,OHRBEINZESICH, KEAHIFILE IS THOREER
ﬁﬁmén%o~ﬁ,ﬁﬁﬁtﬂk¢ﬁW#ﬁﬁb,:né%wqumié%%®ﬁ
HWROBFICEL T, SutteroERMVPFIRVVERIOEADD 2D, RENFER
VA ERTWHIEN, ‘

1 MEOEE

BBENOEHAP ) BABORENIP ., iKHE~NTAEL, P/P < 7T OBERKEHSFRK
VTAHSORMERRIRANTEZL S,

A
7o
|

7 +1 P,

rPie
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3, AR,

v/S 2 o 2

7{ - )¢
£ T +]

I
0
it

w = instantanecus mass flow rate
S = area of oriffice opening
P, = Pressure inside the tank at time ¢t
g = vapor density in tank at time t
¥ = heat capacity ratio of vapor = Cp/Cy
P, = pressure at nozzle opening at time t
t = discharge time
v = tank volume
Po = initial tank pressure
Po = initial vapor denstty in tank
2 T/r-1

vy o= (—)

T+l

NEBBOESDL 1 ate OBE, BATEHRW 2atn LOT, BEFHCHERKRET
OB AELEHLE, F4, BREBOREIR, EREIO LEBHICKBT 5T IE
KRADT, BROKEIM LIIETFOHLEHBREELNZ S,

2 T ¥ —-DEIB
EREEARTTLLE, BAOTAAY — BB RECHAXINLZ,

Po 2737 K Pa
E =126V ( 3 Y RTgln ( ) e 3@
1 atm To P2
N
E = energy, calortes
V. = volume of vessel, [t?
Poe = initial pressure ol gas, atm
To = initial temperature of gas, °K
cal
R = gas constant = |, 987 —
. g-mole®K
P, = pressure outside the tank

9.2 Fast Chemical Exploston

LERBICLXZANE =5 1L710° ~ L710° BPOBBMICKRINERE &0
TH XX IR (T 5) HFast Chemical Explosion TN $ 3,
COHOBRICHSIMRMOFMIZI, TNT-equivalent EXRFEHxH 3,
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TNT-equivalent #it, RIEKBTPE2WEOTNTHLURTEROBR I ENEX
4, BRIZIZESFMRITINTOERT — s 4 FEUT L0 IFETHL, TOLD
MEOFRERUBENSTNTEAS &S S0, FELOAELIROLL Y,

TNT-equivalent JETIHR, ROFHETIHIMI 2,

© TNTHYEBOIHW

TNT-equivalent weight (Ib} = Ilc {(Rtu/1b}/1, 940X weight of material
o (1b)
THT-equivalent weight (g) = He (cal/g) /1, 080X weight of material
(g)
He = heat of combustion of the material,
“)

@ WAL (MR) OitE

ERLALVMER ()
MR= —————————— e )
MEVMOTNTHL &

® KHTHEZEOhMRE, dgDFFH

400 T [I[ITIII T II]IIIII T
E
a
o
v
E
B
(e}
QD
8
+
o
a
=
"3
=
[=4]
=
[¥s]
® o 1 llllLLLL ] 14[1111' IR
1 10 100 400

MLE, Mass Ratio

B 1 Extrapolation of Explosive Dispersal
Data to High Mass Rations

@ Wiz TFTos B OITIH

initial amount made to aerosol = 2, 783 (MR)" °"'7 1n g aerosol/g
explosive
()

® HFEOERS

@¥, 0~3pm, 3~10pxm, 10~100 amBEdF 100emB EORSNMOSH
5, WELABHNTEBHEEICI>VWT, ROO~@%WHET,
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® Standard normal deviate 7 O3l HE

(£ nd— £ ndg)

Z= -
Enog

o, I HEALARKRTERFAO LRE, g Be7 oV v RBESHOERIE
ETEHbD, Steindert SeeleldliZB o0 iiicE " Cog =2 %2,

@D RETEHRWHICEIAILT oS LDH L O ,
FIOF—252HOT, ZOBIPSTTOoVLOHEERD S,

® BHIFERBECEIFREITToVABOEM
@RTRDLcTo L BIC, DTHDALBSAHI T, SHTEHBEKLEEN ST
TR ALBREHKEDTL,

ElE®TNT-equivalent #id, Steindler & Seefeldt {1980) 2 AT Mz MHit-F
HTHy, EXPACIOI—-—FIZATENE Yy —24 —4L%5Z 35 Ha—-—FDETIN
KHAATIL T B,

TF, TNT-eguivalent HOF — # WHERMDNEOMRBEOERF — s H{HNI & h
TeaH, SBMHBROMRBEED 100~400 THY, ERF-FOMRBELIYAEZHA
BHO, Ff, BRICIIMKOMMICH, CONEABEBEEMNT I ENTELL,

2.3 Mg o LRRK

PNLTIWTOFLIEEIL TRALBBICES LEZRT — 5 25, BRICEL > Thiah &
NEZTTovyrDEasWid, R2IEETEIICE M 2233 4 — 2258 bB0H
HE%ET 5L 5,

Rt OMBRPNLOEMT ~ 74 LE2Z2E5CRELAERATHD,. RIBBO LR
BEEH AL,

log (W) =- 2.6 + [18.8(%} - (X)* - §7.2]'7? TR {8)

X =Tlog (E/Me) ()
2, W ;weight percent airborne
E ;energy applied, dyne-cm

MEOENEHOES, &K
BiAOBIhOBE, Wrhicwd i z20lER
MAEXIEXROBHETFTOES, MECIENT2EHA

Mo ; weight of inert material, gram

RfomEE (Steindlec-Seefelt Model) i, HHREUFBXOF - BRI T B8
MEOBRCIALCHBNFMICLEESENE B,
B, E/7AMe 26X B FORUTFCRs7o /O BEMENICKE S,

3. EE XK

tYy Sutter, S, L.1983. Aerosol Generaled by Releases of Pressurized Powders and
Solutions in Static Air, NUREG/CR-3093, U,S., Nuclear Regulatory Commission,
Washington, I, C.

2} Steindler, M, J, and W B, Seefeldt, 1980, “A Method for Fstimating the Chal-
lenge to an Air Cleaning System Resulting from anm Accidental £xplosive
Event,” In Proceedings of the 16th BOE Nvclear Air Cleaning Conference,
ed. MW TFirst, pp. LI65-1174. Narvard Air Cleaning lLabaratory, Boston,
Massachusetts,
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4. i £
() AX@ici, "NAHIRRBE 2 THWAEMOFT - BRENDNT B,
1) BRICLOEBEhZzTe A0 ERAAEIIAITIERARTERY — 5 DEME

K2 .
2} Slow Chemical Explosion O Hix & ¥ —FtHER
KIE:

3) T NT-equivalent IO MARTFF — 4
i, &1, (6, 7K

{2) ‘ﬁ'ﬂ?ﬁif:li*ﬁi%{’?oTﬁim'ﬂ'%Slow Physical Explosion O EHEK DT,
BlARE»E, WoxmitrPEIILENS B,

(3) Siow Chemical Explosion OEFMA LI DT, TNT-equivalent ERFE L >~
by 20 BHMBRERBRSAREHEINLE L TN, BHLBSTHL LD,
ERIEE IS LD A v R SHTYL S,

AR ThH, FHAFEOBKNEEKENLC, HoXHBtrEESILENH S,

4 MM cidlast Physical Explosion BRESFH O E LTS, BRIBEZED
S5 AEILBHEAIHICE VT, BRIARELNVOEHEAFHEL, HATBMOER R
O ELTEEDLZLAEDLD S,
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9 Wiy -4
# 1 Cumulative Probability Distrybution {from Abramowitz and Stegun 1965)
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2.5 Criticality (BZ /L ~7)
BRARAFWICHTGRBB T -5 L LT, Walker REZICIE FTHEICTRT L O BESRHD KT

MHBKEHAFC D THREBAGE SN TO B, 22 TE, BITHEEE<5 ) Walker A8
S L 7o E IS0 THHEL 7,

NF A — s | E #® P i H 7l . fE 8 @

{a} Initial 1x 10" —4.68 x 10" 1 x10®-37x10" 1.0x 10"
Pulse — Fissions

(b} Secondary Pulse—| No Estimate 0.4x107=5 x10" 1.9x10"
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Criticality

k15, Stratton, W.R., “A Review of Criticality Accidents,”
LA-3611. LASL (Janvary, 1967).
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Criticality

YELE-1 Regulatory Guide 3. 33, "Assumptions Used for Evaluating the Potential
Radiological Consequences of Accidental Nuclear Criticality in a Fuel
Reprocessing Plant,” .S Nuclear Regulatory Commission, Washington,

D, C. (1977}
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iR, 0.47~0.006 £ /secO#ElH.

a0 crm

e
(. BE (2250 or 2°°%Pu) @3 500g/ 2 LT,
) AT
© ~—2AFPHEHD Fs (Tiss)
Puf
{150-4) (0. 8)a
= 4.6 xX10"%"fexp {0. 01770 - Y} (+100% -70%)
]

SIT, a BEERE (£ /sec)
b &7 EE(Ccm
h o w7 EX(cn), 150cm LLEid 150emd 375,
:@ﬁum%ﬂ%ﬁ:—fkiéﬂvx—&ﬂﬁ@k%&bﬂménta
U% Fe = 2.4 X 10'%¥ (+70%. -50%)
ST,V s B (2)
CORXBRAMCERBEBRBRUMBH M - Pt L AHBEEZERIOBBLF1),

@ BAHAIr{fiss/sec £)
7.7x10%° L
fr = —————(k}{(a}( — ) '? (+110%, -70%)

hip? S
THmAEE M or D)
/AR EM or M)
CUIRMERART (Pusk=1, Uik=1~100)
20cm for b = 20~ 40cm
10cm for B>40cm

1T,

= LT
il ]

|
r

CORUMBEEHHE I —ViILL B 57 -7 RTOEREIDF s, T, kO
BMUECRACERBERI D P s,
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@ F—7ABBENEAH Fr (liss)
Fr = Vx10'" (£20%)
COXNBBERBROBERICIODFEREBEITALELT, BELA MDD BE Hozd s
ELALEOEBVOKODERIIVEN I ALY —FEDLTWE, FHORP THIRH
AL TaB48, O bLERIZED S,

@ RAHES Pmax (kg cd)
Pmax = 6X10-"%fr { £40%) ]
)N o KEWB&UCRAC%!@%%&&UE&&‘#L;’:D_ EA &8 0. T~ dkg/cd TH 3,

® HHEOFEHH N P(liss/sec)
P =26 x10'"*V-R
T, Ry OFE (cm)
COXABWHORAHA FE BINEKIEICL0REL, Rocky FItTOER
(KEFEH) Lokodtc, EOFAFETORNERT, CORE, BRETOERRA
kB ErilGEETbh i BeIcEAINS,
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Critrcality

WHRE—6 A R Oisen et al.. “Empirical Modei to Estimate Energy Rélease from
Accidenntal Criticality,” Trans, ANS, [9, 189-191{1974)

N mE

CRACEBERICE 3, N—2A rHEBAEFT S F~-WEHHDenpirical model #*
itz

) AFE .
O =X FHREMBI Fs (fiss)
Fog = 2.95x 0"V, " 07

SIT, Ve s A PBOBR®RBHIER (£2)

COXPEBRBEEN J0~800mn . BEEELHCRACER OB (0,027~0.52 £ /sec)
R L TEBATEA, F. BEHNBEEY IV THL, 70 OB PHF
BHEODOBAIMIERBER LY 1728 TIKHEAEEEZ SRL, BREBY 7 vOBESE, &
OLSPECREDIERFEML T,

@ 73 b+—#HEMNAH Fe (fiss)
Feo= 3.2 x10'® (1-t "% %)
T, bt 75 b — BRI (sec)
@ rt—FnBREBH Fr (fiss)
. FT-_-FH*FP
ANEAAEOERIENMICHAHLALE R table [ TR,
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Criticality

XELE~ 7 F.Barbry, “Envelop ¥alues Concerning Lhe Total Number of F ssions
and the Dose as a Result of CRAC and SILENE Experiments, ™ Technical
Report No, 82/83, CEA(1982)

1 #E
CRACERFSILENEERER LY, F—s v BERAOEEE (envelop value) 2 EREL
foo “hid, PHFEFHLOHASAERY 5 Y URIKERTESZ, I, b=y sl
FICLERAMREEEL S, FHLABBBEIR20~360sV/THD, GRIIBEZRIRFI0
cm (CRAC), 36cm(SILENE}DO MR TS 5,

2} HE :
DO F~F AMBEEHHF (Tiss)
Vot
Fr =

3.55 > 107" + 638X 107"t

o,V MHEBEREOER (£2)
to: By (sec) , 108 LLF
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Criticality

XHEE-8  Docket 50-564, Preliminary Safety Analysis Report, Appendix 9A
XEAE-9 Annual Progress Report, Chemical Technology Division, Oak Ridge

National Laboratory, USAEC FReport DRNL-4572(1%70).

¥ -4 2. 12 &8
(Walker SRS Table 3-1) - -
NG A= B 7E & B fERE
GRS Ik =) FiEAEL ' 0.25

1. Am
XHkE — 82, Exxon HFANIBEOP SARTHY, Appendix GA (12 M IO 55 1L

MEOREEBII DN THRHEILICRRASI SN TS, TO—RICLH>EZOEHIZ D>V
THRENXFEY, BAENBOELMRITO-DICBEEASORBHEEBBELL - &N
E~SHhTHD, COBMBMELTTHE -9 23 ALT 5,

YX@ME-93, LWR, LMFBR. HTGR¥OEFEHEBHBENE IRICHL T,
ORNLTIThhE2HEBMRNOREETHL, BMMAE2EHTELOHNIRRTTiITHR
FER CRKBOF—-FAEHCT, ZLOHEBIK20THBERHLAREAB~~chTE Y,
XHWE—-8 OB HERI THBELSCOLS>EOER ) OBBHIKE~NSIN TS,

2. MEF -7 (XWME~-F)
AMBBEERE I0ST—FILRS, ZHDPCBHBEN3LS>FORAMELALER T,
2UHOBRAMBMLEITIKISHOLIEMNRBEIR, ESNEEERILEES>FOER
BHRERICHEZD00, B0 LABOERRLTHILSIUOL I ERHEVHZEN,

3. F-408BM
LOMEF—s Db o, BERHEOLHIFOAES P ELHRMEOVRICHE X

n, BEHEELEH - TR RIEEREDLE I EMBHL EINRALENIEN, 5%
BEHNSHBIC 2O TOHABECORERRE LS, XEE -3 O3 AEMoiRRiCL b
3k9512, T4 T PICLIHMEARESOZEELLELIEDLNS,

4 W%
ERBUMOL S EHHBEOFBOLDHICE, XBE - 10ORENEELNLS (LD

FOMHBUERLIFEC DO THREHOEZEI SN E~SHTINE) ,
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Criticality Paraments

YBkE-10 Docket 50-268. Safety Analysis Report - Midwest Fuel Recovery Plant,
NEDD - 10078, G.E. (1977)
F—4 #2102 &H
2 HE i e WA oo
L.ox192® BB R 1.0
1. BW

MFRPOEBMBUHBECFOILZLHMTBTOBLAORBTIK>NT, AECHGE®RK

HFLTIT-LHAM~OEELZEDILDOTH S,

2. F—2 DR
NEDO-[078- 00 I9F0RMBUELE IR, BEHKROLEE D,
(B &42mbrsad CREANT O AR EAY R OE R %

Bk,

(E%F)

AL ENMBOMI, BSMICh 5T 1.0x102°

DEQEIBHE LA LEVHIRFCLT, FARU Y v REFOTERTUNMM AR

LTEKR®H/AHbDTH S,

P UuDERREICLEEZ VI OBEEOERIIMETELOD

T, ABHO "I 'S b """ TeORBERICLDERT L, UMERILIAIC
TOHEBIZEDERTS VT oeBIR, IMCITHDL, BREBHEMVE DL, =
VIOEBBMUAICEMICLIoER L "2 MBR, FABREPIIBRFECOLOLEBT
Ch, OEIBRRICE T, """IHERDISHBINDS EILEZ TN,
SN%BNERRICIDEBEN, 2055 [00%XBBICHBEhEERELTSH, 90
Cio "I ORBICESLNE~OHRIZ 0.0 RenI TOHF S P OHERNIFHRIZHE
M,

3. W #

Walkerfft 5 ® Tt 100%AM &G - T BA, XBTIRHNBILTH %,

— 273 —




JAERI-M 90-127

2.6 Particulate Filters ( FZJ/L -7

Walker i3, BT 7 % ELTHEPAZ 4vd, Y K7 4%, 7 A4 8—F 527 410
SER LD, CALDREDEDF— 7 2RELT, FTHOLD HHEETELEL TV 5,

7 o4 w5 B OB # o= & W @ B AR E
(a) HEPA 1Ist Stage 96.0 — 95.999 99.0 — 99.99 99.9
2nd Stage 96.976 — 99.992 99.0 — 9.9 99.0
3rd Stage 96,49 —99.69+ 99.8 — 94.0 99.0
4th Stage - 83.0 83.0
{b! Sand Filter Bed 99.60 —99.999 96.C 29.0
{c] Fiber Glass — Deep Bed 70.0 - 09.995 g0.0 90.0

ARAE T, HEPAZ7 s wd & 77 A= 327 ¢0 w# B L, §1#ICD0 T2 Walker
MEE O A O Rl DENADREE, BEICDO TiE Walker 3|REEF D5 H XA HR
IREL, 77— AT DO TRET Lo, MITCmEEREN T,

2.6{(1) HEPAZ7 s ¥

HEPA 7 « v 5 BHUMIE D 7 0 /& EFLHOHRTHETE 5720, HIEIURKERE
FOHTONERHIC—MACERSNTE D, HEPAT 1+ v 4 QEFERUHEBICE T A%
DEOFEIS LG L EESE B,

O Walker #52Z DA OHEE

Walker & BDOLIAENC 20 Cid, BIEEROWEE L TXHKNBS, 59, 60, 61, 62, 63
2, FRAOHEEL L ThlIZEHEA LK,

LS55, EHEFICHIET 2HEE L TIHEN S8, 59, 60, 630554, @3 5, XEINoGS
DF—-FiFPul, = 7o Vv (Frif0.36 —1.6 pmBZ¥0.15—0.66 #m) K+ AHEPA 7 4 v
F3RVATLADREERTE D, BEEMFG, INODMTERT Walker DHEREE AT
s & Do,

NENOI D F—# 3% v K7 40y BEBOPu (FEFRE) @4 2 HEPAT7 (v DHE
HEOHEF—4 THD, ST OPAMSLNT O EEZ SN, XENE0 DT — 7 (ZEEFTO A
—A—F7AME (DOP03gm) THO, HEF— 5 TR, £/, XENITIHARER
B2B Y27 LThHEM, Walker S ZEOLEHMEEHMEK LY 58EE (DOP0.3pgm) T
BV, ZEVATLELTDT —F TEHL,

—F, EERFORS L LT, KEREOHITEELSS| X ENG, EEamEORTEHEN
SIRXENEZICH D, CTNEREDF— ¥ id Walker DR A TR T, HEST S5
MEUEEE LI LT Walker D#ERFELHHT 2 LBBELC LERL TV,

EAPIO5| HXHN 1131, 4B HEPA 7 « v 4 OBEBES 1x 10776 L, ChiLSM
BEDBREDRE L TEVR-7260TH DIBIMTZ L 0,
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PledEHic, Walker O #EXIHE R EYNICIIE Y SBEEZL SN ED, Walker G 2D
SIRAXERIS N CRSGT LS EMINFSTRIETOEZERL SN B,
@ BITDOXEDOHEE

REBARCTE T, B, €5 &-» TUTIRST [EHiEr 77 1 v s ONRENGELH
HER | BEZRNCITbR, BEXN TV E,
) DOPx 7o v vofifEiie

7 2 b BREER

e i B AT AR

I
I
)
b EEEER
]
J

=

{
{
(
(

=

V) s

V) t=Ehdse

M) HEE s

- T, ZO—EOXMEDLCHEEETY, HECIEL, SAO Nuclear Air Cleaning
Conference @ X HR ZiBM1 » 2 E L/ (F-1~F-19) , X, AAHOBZETHF-20%
BEL. AEEROFE LD iR,

1) BRVAT - DORENR (£2.6.1 82H)

HEPA 7 v i —MHNC 0.3 pm DOPIZ 9T L THREZIE 99.97% (DF3x10°) Bl kA48
BEREN T B, BB OCE S, 4BEOHEPAY s+ V8 20 CHIE LIRS, B6E
BLBOREROISemTIETHY, FLitBTB5DFZ3x100~2x10 Th - #2, ER
DT o/ WENBOHERE > TED, F7oXRODFE CASOEL DHEYNAS (L A705,
1 BEBODF10° & 5 Walker DRI+ %2R & EZ SN 5,

—%, TNECDERVAT L OBEDERAEDE QS0 RTITHNTEY, 7415
WRICEONRESMPBEDS o, R E, (BHID 2BEOABDFBETETET &
5, BIRGIEF2EYAT Al 20 THZANICDFABIE LAER, 1BHE 2BEBT
DESEDSEOTEEHERLTL S, FERORKZ LI T VA DBEESRHEHRICLD
HEMERP2EBOAHBNER R, 1BBLD 2EZB0ODFEETFLEEH, 2BE
D DF102 &6 ) Walker DHERME R+ EYU EEAL SN B,

o) SEBORENR (R2.6.2~-%2.6.7T88)

B nE, 42 PEFRRTERS A P AL 22E0 LR E & 6T DF d#mL,
DFI0° LI EAMEZETFD 250mmAq % BA 4 3 TS L, £/, SEEHEAGTE, &
EERER 200 Cle B0 T, 60RBEAD 4 FCH#/N Y — 7 h3fg Licss, DREI0 ETH
sic, HHAMBETE, MEETOB0mmAg# A5 & Y -85 4 Ld3, 300mmAg
THDFEI0 % F@ 51t - fro WRERERT I, BB < 15 OEA 0KPa gl TI —
IIRELI (V-7 BRETEEDFICCETRIS) , REFRTR 7 o vs 2=y b (3
28 OBREREMIEH: TH D, HMEROEFEEHL S To#N T 32L& bIT,
RiTHIE IC] LIMR# S DFOE T iR ottidd -1,

i, B OEAOCKEERSGAHE L8R, BRSOEHELHOCFET S bOILHE
<, BRFECHERBZONTH S,

<
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- T, LIDXSUEMEADTRESACH L Tz, Walker OB MIIBATEL L L2
Sild,
2.6{2) 7oA —FFRT40¥
TrAN=T FRT 4 LD, 7o ISP ERESATES T, Walker D3 H
HEOIR& RS0 OT, FHATIHEEICE, 74 s DHERREKADETT — 5 28 E+ 24
BHd B, 5IHXHEN 66, 67, 68, 69 £HRIC, Walker REBR RSN HBEOEEAHAE L.,

CNETHER LS, HEPA7 4058 o0 Tl BOERIIC KBTI TED, §ir
CRBRETILBHBECEEZL S, £/, 2007 s v il20 THAKRTEREZIATYH
B0 &0 S Bl O EREROSEN HEO L EL SN A,

T, BRHMT ~ 4 -2 FR$ 2 BIREFET~NXFIFEL LT, HEPA7 4 v # ICD0 T,
7 4G kR, BT EERERE, T T e Ul BEYROATEEZFELYT OE (K,
R) KEELEDTF— 9N~ 2CEEHL, EROTURO SIS EHIZDOTEENIL DT b
WTElehELONS,
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#2.6.1 HEPA7 +wsDDOP x 7 o/ wdilEaE

Eo OGRE — 1)

SRR HHEE L 2T ORFRE
R 0.15mftit. 2CitH
i BRELFEDF (15D
i3 3x10°~2x10%,

P VRT LD 0.15pmdDBHE, 1 EH
HE e E2BHODFiET20%
T L, 0.1, 0.22
e CTHRBOFHERTH

=724

#2.6.2 HEPA7Z 1 w5 D5 X b B8R

EBiro CUHF - 2)

¥ 2B & 5 A~ B RCET A
=T LT7 vy ZEEEN
T %,

&2 EE RO FZNAfE & SICDF
DF ' BEmL, JIS118s =
b (RO —sd) O
&, DF10%L) k%,
NaCl = 7 0 v v DS,
DF107 2l k%, fIFEF
D 250mmAq 8% 5 F
THERF L 7oo

F A+ BRHEIE FR AR LD
#®ODF DFR3#RETL, 4
D DF{THitR S,
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#&2.6.7 HEPA 7 4wy OFEHE{EHER

BFs CUE F-18)

V. Ruedinger 5
(X# F—9)

BE&200m’ m< 5k
T, EEEELBIH

BROEIC B L ETHE
It KEL D, (LA

AT = S 2 2 758, INDEOER | EELoOTNBREL
T, EEEEEDOHN | 15, ) ‘
AL Fic#EmeT 5, -
4 ~20kPa® &iH
Y- FEIEEFE | 9.5~ 18kPa DEE (BRICL D27T.6kPa

TWE)

g2 rHEOER

EF1kPa D 72 FEHF

& D REEE T AR K40

FHIET,

(B L, pERBARRT 4
vy T RAEE)

KEBFDDF

EEDI0~15EDHEET
T, /MR T oS v
HLT1~2% % DF &
KT 455, 03xm Pl
ETRIEFGL,
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Particulate Filters

M #k58. Manuel Gonzales, John C, Elder, Harry J. Ettinger, “"Performance of Multi-
ple HEPA Filters against Plutenium Aerosols™ , 13th AEC Air Cieaning Con-
ference, CONF-740807, Los Alamos Scientific Laboratory (1974},

Key Words
multiple IEPA filters, pletonium aerosol

=7 R 2.205 B
Measured Efficiencies (%)
Ref, Filter Type (-
Ist Stage 2nd Stage Jrd Stage
58 EPA 99,99+ 983, 99+ 99.49-99.99+ | x|
99, 99+ 99, 9§-99, 99+ 99.50-99. 9%+ | =2
*] Particle size = 0.36-1. 64 AMAD-Dry Ball Milling Pul,
x2 Particie size = (. 15-0.664 AMAD-Wet Centrifuge Milling Pul,

L. B8 1
Tt =2 LAz T oY N ERTAERIEPAZ vy OBREVRLANED S,

2. MESM
1) PuxrevyroEERA
HERHEPAZ 440Kt 2P unbBRFaiE i~ 57512, Nound
lLad K. CF Rocky Tlats Plantd & 2832, LASLS | &, 25 E» o4
TUERILAL, THSOY T a@anad (activity median aerodynamic diameter)
% 9B @ Andersen impactor THE L -,
20 BREMHROME
@ WEEE
SBENOHEPAZ7 4 7 OBEMELMET 2001, MEEBTBHULFOESR
oI, i, HEPAZ « v b 2883120012 o s(25¢cim) &, o
NEEBTHENREKRSATH S 0.4{72m /s(1000cfm) iR 4 2,

aerosol generators
sampler #| fFirst module
WEPA [ilter ] T

LEee

sampler $2 1

HEPA filter £2

sampler §3 second module
HEFA filter %3

sampler {4

vacuum pump

P0ees®

Figure 1, Tigure 2 Z&#IR
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b T TroviroliE
P O, MEFGAF—InEhrIso itk o hicanadd0 T~1.6 g#m
oxrvuoyr, BRALHE-L I MBI EICEDB SR canadd ). 22~ 0. 65
an DT YARHERKENLE, U, [BFEBOHEPAZ 42O LMK E T
27 oy OB ERS 06X 10" ~2. 28%x10'° d/s-m TH B,

3 MERZRE
(1) PuxzrFuavroHRBEE
amadD MIE R R % TABLE T iwxE 7,
@ BEHEONE
Q BAF-—nLIAREIBIU2To NN EEBROHEPAT s 2 O E
BROMELBEOF DA TABLE VIKRT, _
SREHOKREMERN [IBHIDE R T AN, THHKEIIEE0E (18
HOTHRTOMERIZ0. 01 ¢/sBITF) RS FYy - b YORBEBOESELEI 1L
o ERE, 2T oV viREYrHIL, MEKBEA*EREA LA T PONMETIIRIETINY
6 ¥omEDRIFSHhTVE,
T LrORBIEMNYTAHEPAZ A vy OREZPRLTABLE VICRET,
@ FEIAIELE-—nwIriZtbhBoSNl T o N EHTLEEBOHEPAT 4 LVED
BREBBOMEREDE EHETABLE VIR Y,
SBAOREHRIDVTH, ODLFBEOERXAESH LY, MESHLHEL
SOOMETHRIET 9. 9% OBREDENBSAT L 5,
CEBROBREMBLILT LEX10" ~ LTxI10'", 3BoREHRLI LT 2.1Xx1072
~ 4 Tx0"*FH o,

4 F -2 O
TABLE 1V, TABLE MR ¥,
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5.

Bty -5

TABLE II
MEAN Pu AEROSOQOL SIZE CHARACTERISTICS® AND ACTIVITY CCNCENTRATION
Activity Concentration

Location Type Isotope amad (um) gg_ _ d/s-m
00 R&D Both 1.9 2.1 2.0 x 10°
05 R&D 238 2.9 3.0 2,0 x 103
08 Fabrication 238 5.1 1.7 1.0 x 103
11 Recovery 239 0.5 3.9 1.5 x 1¢°
14 Fabrication 239 2.6 2.9 2.7 x 10"

#Assuming partlcle diameters are lognormally distributed.

TABLE IV
OYVERALL HEPA FILTER EFFICIENCY
HEFA Filter Range of Size Efficlency Hange (%)
Stare amad {um) o Min. " Mean Max.
1% 0.70 - 1.6 2.07 - 2.¢ 90,80+ 92.96+ 90,99+
2 * 0.45 - 0,82 1.5 -~ 2.04 68,99+ 5,59+ 0g . 57

cILL 0.36 - 0.70 1.3% - 2.5t 09.49 $9.86 99,09+

#Total of 1h test runs,

#¥Total of 11 test runs.
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TABLE V

HEPA FILTER EFFICIENCY AS A FUNCTION OF AEROSOL SIZE

Sampling Aerodynamic
Impactor Diameter
Stage Range
Number um

0 >11

1 7.0 - 11

2 4,7 - 7.0

3 3.3 - 4.7

L 2.1 - 3.3

5 1.1 - 2.1

6 0.65 - 1.1

7 0.43 - 0.65

MF#2 <0.43

CVERALL -

tiean Efficlency (%)
HEFA #1 HEPA #2
99.999 99.999
95.999 99.996
59.999 99.999
99.999 99.998
99.999 99.999
99.999 99.999
99.997 99.998
99.997 99.998
99.998 99.997
99.998 99.998

TAPLF VII

SUMMARY OF HEPA FILTER EFFICIENCY

HEPA Pu Aeroscl

Filter amad Hangre
Stape {um)
1 0.22 - 0.65
2 0.29 - 0.53
3 0.15 - 0.42

HEPA Fllter#*

Efficlency (%)

Minimunm Ave. Maximum
99.99+ 99.99+  99.99+
99.08+ 99.99+  92.89+
99.50 99.86 99.99+

#Total of 17 experimental runs,.
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Glovebox module.

Figure 1.
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Heod module,

Figure 2.
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Particulate Filters

w#k593 DB Zippler, "Evaluation of Multistage Filtration to Reduce Sand Fifter
Exhaust Activity” , E.|. du Pont de Nemours and Company, Savannah River
Plant, 13th AGC Air Cleaning Conference (1974)

Key Words

HEPA filter, filtration efficiency, Pu, sand filter

5 — % * 0. 205 28
efficiencies (%)

HEPA 97.0-99.9

NEPA (ilter downstream of a sand filter

FEHIVITABLE [ &,

1. B W
U RN TA NI OBRBICREIAHEPAZ 2 ORBEMET 5,

2. WEFHEK
Figure 2. KME Y25 6% R T, ¥V F 7407 OREO—WHEHEPAT ¢ 050
W, ZOMBOMMESNET ALY ERERDTE, HEPAZ sy (U
x24x 11 1/2 in. ) WEEZ1000 fe* minlcin), 2£EIX 0.9inch aq. ThH B, Lk, ME
YAFLAEDOPFRIMICLD 99.9THOHRAMEL TEH 5,
WEHEDMERICRThBRARET LD, cAN+ABELABEORHER, S, BHE
BRSBTS,

3 MERR
TABLE [ MEREERT, chiKLDIT%~99. 9% ONBRF ORI b b,

4, F—7OHEM
TABLE 1 A 8WBoZ &,

b. W &
BERHEOBREVROMERL L THHECMRERI TN,
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Bit7—%
TABLE 1 SAND FILTER HEPA TEST.
Sample Sample
Collection Decay
Period, Time, Pu Activity, d/m
hours heurs Upstream Downstream DF Efficiency, 7
72 132 102 2.3 44,3 98
144 168 ) 913 10.5 87 99
96 168 775 <1 775 99.9
240 168 1539 3.0 500 99.8
67 148 97 0.98 98 99
192 168 943 4.6 205 9%.5
145 168 553 2.66 207 99.5
96 168 500 2.8 178 99.4
72 1l6o 47 1.4 34 97
98 168 664 1.05 632 99.8
69 168 839 7.23 116 99.1
96 168 234 <0.9 315 99.7

The last 8 samples were taken with the intake approximately 18 inches
above the "G layer” sand.

PITOT TUBE POKT

N f
— R I \

:f}l L .
1SOEIRETIC

PROBE
f

DAMPER , STATKIAND
© DISK
7

e PP —

ISOKEIRETIC
FROBE
SARD
SAMPLE

FLOWMMETER

FILTLA

o LoV ADJUST YALVE

£
I =T atr ree
]

UPSTREAM SAMPLER DUWNSTREAM SAMPLER

e

Figure 2.  High efficiency partlculate air filrer test equipment.
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Particulate Filters

kG0, M W First & 0, Leich, "Entrainment Separator Performance” , ilavard Alr
Cleaning lLaboratory, |4th EROA Air Cieaning Conlerence (1976).

Key Words

entrainment separator, absolute fitter, steam, droplet, BOP

¥ -4y  $%2.205 B
efficiencies { %)
HEPA 99, 99(-99. 998
JOP Test, G, = 600-1600 c¢fm : Flanders Filter Size F, Cat, No, T€83-L
. B W

KEEHPST TV ) a7 4085 RETLHLDIIY Sl kD Pk
{entrainment separator) DR AAE T 5,

2. A A

Figure | iWME > 2 F 84T, KOADMBIESUSETFAT » 428 —DQF v v
STETV A, (24x24x 5 1/2 in,)}

FF S e b T oo s (42X /2 in) i 0.3uemDOPF A b TEIFEI 97
WLl FAEL TS (Table 1) .

BT ToOmMAES S RBREEICIBL, 20MBICEC TR SSHELTT 7Y
2 b 74N EODOPFR AT T L (BOPF A FOF#EIXE00, 1000, [600 cfm),

WEOF 2 FOS5 6, Testl~3 1 | BHEAERKSE (FiF, Test4 ~ 10K REEM
BT F N a—F7aNFRFA MR FaELE, RBET T 5,

3. MEHRE
Table B MERBEERY, KERREHATHBETT 7V Y a— b7 4 A OFBRIL
AL < (0. 01%) . KEBEBRTHETREELIERTIEZ LMD T,

4. F—F ORMR
Table | ¥~ 7 ORMWMEEL SN0 5,

5. i =&
Walker A L7z EME I I —p —F 2 Mg (BB, DOPFR L) THY,
KrB—FoWlBF & T,
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6. ®EFF—-2%

Table 1 Absolute filters used for tests.

Factory Measurements

Test # Serial # Airflow Reslstance Homogeneous DOP
at 1000 cfm % Penetration
in., w.g.
1 AlY5098 .74 0.004
2 ALlLs100 0.72 0.006
3 ALY4B095 0.86 0.002
4 ALL5099 0.78 0.010
5 Ablus104 C.80 0.00e
6 ALUS097 G6.70 0.006
7 AlUS5105 c.80C 0.00
8 ALUS09E 0.76 0.C06
9 Al4s5102 0.80 0.002
10 Al445103 0.78 0.005

Table S DOP penetration fc¢r separators and absolute filters

before and arter zteam and droplet expcsure.
Test Separator, 4 Absolute Filter, I
before slter Zefore After
1 80-90 100 <0.01 <0.01
> 98-100 37-100 <0.01 <(.01
3 90-100 88-100 «<C.01 <0.01
4 95-96 93-917 <G.01 <0.01
5 93-97 94-98 <0.01 <G.01
£ 93-95 93-95 <C.01 <0.01
7 95-97 93-95 <C.01 <0.01
g 90-93 a0-95 <0Q.01 <0.01
G T8-87 82-97 <C.01 <0.01
10 84-90 93-100 <0.01 <0.01
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Particulate Filters

Y61, € A Gunn & DM Eaton, “"HEPA Filler Performance Comparative Study” ,
Filter Applications Gngineering, Mine Safety Apptiances Company, 14th ERDA
nir Cleaning Conlerence (1976},

Key Words

NEPA filter. separator,- entrained water, excessive pressufe, steam-air,
service life, particie size, [BOF

efficiencies (%)

NEPA 96. 0-99. 999

BOP:0. 16-0. 56, Vo = 5 to>25 fpm ; results from testing § different designs

1. B M ;
A ORBHNE ST, BHADHEPAZ 4 vy OEIELERT S,

2. MG
FaoBEiT- T b,

(1) 7&K E: (Neave Gntrained Water Loading Tests)
Figure 2I0ME v x5 %2R d, BRBREME THILRT,

O ® & 95* +5° F

@ MR %/N95%

® ABOEHE 1 1/4 pounds/min/1000CFHM
@ 74nFERE 10.,0+0.02 in K

® RAETIEFMN BAL1 1/2 nin

® ERNRBE @DEEELLNE

(@ WmFE (Bxcessive Iressure Tests)
Figure dicflE v A7 %577, ASHRAEZZ F{F&HIKLOEEDNL in KK
FLfh7anyicw/ LT, 3y Py rE 4548 nin ARFALTVS (KB
10003 13 1500CFM)

(3) #EE#AE (Steam-Air Exposwre Tests)
RS EMOME A T DO TREBEIT - T 5, RBEHETRICRT.

O EEWMH 1000 CFM
@ FEKBE 270° F
@ EKEND 47 TSIG

W 74y FHFaillE
ASIHLRAE 52-68RUBILT F U v tOAMRBREIT, 7408 FGEFELT
Wh,
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B RERFFH
DOPE®E 0.56, 0.40, 0.30, 0.16 2 THBE 3 ~28 FPM (Filter Media
Velocity) ®DOPF R F%{T-Th %,
dE, BBRICHERLELE 742 TRIETRT,

FAT | L —F | ARERIL? % B (kE)
A L ¥ 250 ] in. at 1500 CTM
B i B ¥ 320 1Lin, at 1765 CFM
C Tapered ¥ 250 {in, at 1320 CFM
Separator

D Mini ¥ 300 1.2 in, at 1500 CrM
Separatnr

E Standard %y 240 §in, at 1000 CFM
Separator ~ 25{

3 WEKE
KRBOME RS Table 112, BERROMELRE£Table NIRRT, ETRBRON
ERBETFTRIZRT, '

DO P&#F
pAT | BT -
.80 ) T
A 12 b 0. 006% 249%
D 24 h 0.001% 0.017%

HEVRREORBAFigure 12 KRT,

4. F—-sOHRNB
Figure 12 ¥ ~ 7 OWBMEEL S, WEND FPHAEALLARITHRIEFT S,

5. i &
WalkerOBREPRORIKHIC 0%, HEJIORBMXRNLLBAOBTHY, ERAE
i MEE R ChmbBO0 16amDOPREMLTHBRESRIINGIG.IBNTH S,
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10°
/_-_.—--_-,
| e
10! /
& ~0.16 Hicroh Diameter DDP Particle
. /&
- G
v o
o —
oW
E:’ 0.30 Hicron Diameter{ DOP Particlp
™
oo
10°] o ¥ |
— »/5_/,,‘——-—"“"“"'———
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1 e
[
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S yd /(
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Filter Media Velocity (FPM}

Figure 12 Particle size penetration curves.
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Particulate Filters

k62, Melvin W. First, “Performance of Absolute Filters at Temperetures f{rom
" Ambient to 1000° F” , [2th AEC Air Cleaning Conference, CONF-T20823

(1972)

Key Words

sodium chioride aerosol, absolute Tilter, high temperature

F—4 x 0 205 21

Measured Efficiencies (%)
Ref, Filter Type
Ist Stage 2nd Stage 3rd Stage
b2 NEPA 98.8-99. 99

NaCl particles-0. 14 MMD, Temp=70-1000° F, 0.=100 cfm ;8'" xB'Px (2"
Flanders, Inc,

. B ®
BEIAEOTT vV a—tr 700y 0lGEsiRRBT 3,

2. MEHE _
FIGURE L Il v 2 5 L A5id, MEY2F L I12HE, 7o/ B4 B, 20V
0, HEE@BISNR LTHD, 7JL—L 7432 —FILD7 4 AFRIBOZ TR
BELMET L, T NEBEZE-TE2F LUy TRORTRILESELF Y 7 LDER
AEBLTERTEY 770y ORTFAEMAT A, KEDMO —AEFIGURE 5IZRT,
BEGHEAIEER»S1000° F {116TC) TH 5,

3 MEHERE
(1) HMEHXRT 7 45—~ —,9— (lieat Shrunk Quartz Fiber Paper)
B X BinchdR— 2 — o4 ZMERKBATABLE | KRT, chIOBBFEICHT S
HREXGRIRONIL L,

@2 8x383x12inch AECZ7Z a4 0%

CHMOmEHEM T « v (Flanders Filters, Inc. No, TC31-G& No. 7031-G, m#E
RWEELRLZS AT sA45—, HL, BERAI®BL AL -0 W T SME
WA TABLE 210K 4, cHiIckDB00-1000° F b THBNSAFOMMNMXA SR
B, Fh, TO®%, BEATHCRHELLES, EBEIINKRIBESLHMEEINES
BaNrH D,

TTY N a—t7ansAERICEEHEMEL Yy — vy IR -EBL, -
yryyoREFBICBONEL S, ¥, AlTBE L —gRELL, ¥y— v 7EDIl
ICHEIAE LA, 500, REHNNELTHEIELLZESLH B,

Wk, §x8xGinchz 4y OMERBRETABLE 3ITRT,
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(3) ?24x24x12inch7 4 1w #%
Pl Y)Y e TR TI00cIn 7 4 2 OBERBIITOR, ALOERSE
HEONMELELBRUIZKEFGon: (RAMAEHSHERNLY)

7 — & DR
TABLE 2 1ZiRd,

W .
Eﬁ%m74w9®ﬁﬂ$ﬁ%m¢5®u.ﬁﬁ%@b@u;b74wyﬂuruv9
ORENEBICLIEERAKEZNWEELONE,
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TABLE 2

Penetration Tests at Various Temperatures
Flow Rate-~100 c¢fm at temp.

Test Temperature

7C31-G Filters

1031-G Filters

°F Jdo. 1 Ho. 2 No. 1 No. 2
70 .012* .020* .020* .010%
70 - .062 . 094 .081 e
200 .038 .082 - .097 . 065
hoo .032 071 .10 .062
600 .033 .092 .10 058
8oo .046 .11 .16 .063
1000 .033 1.2 .50 .17
max

goo .074 .11 .26 .0B82
600 Lobo .076 .21 .082
400 .029 .073 21 NT7
200 .036 .082 .22 077
70 L0386 .059 W16 . 080
70 .050% L060" .020% .010*

min

*  (old VOP Test
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TABLE 3

EFFICIENCY TESTS-SALT AEROSOL
(B"x8"x6" Abmolute Filters)

r;ilter Flow Temp. Penetration
Rate °F Salt DoP
cfm at STP wt, £ p
l-Separatorless 50 70 .037 .026
200 .028
koo .022
600 .032
800 .04g
1000 .062
2-~-Separatora 50 70 - 017
| 200 .052
4oo .052
600 .06Y
goo .076
1000 .Q74
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Particulate Fillers

W EER3. B.G.Schuster, et al,, “The Use of A Single Particle Intra-cavity Laser
Particle Spectrometer for Measurementls of HEPA Filters and Filter
Systems” , 14th ERDA Air Cleaning Conference (1976).

Key Words

laser particle spectrometer, HEPA filter, NaCi, DOP, particle size

7o #2205 B8
Measured Efficiencies (%)
Ref, Filter Type :
ist Stage 2nd Stage Jrd Stage
63 NEPA 99, 986-99.992 | 99.976-99. 992
DUP tests-(3u
. B M

BEREOL - —HFAXI to -~ TIBEROHEPAZ a1 Vs OBREVDELH
Ed 5,

2. flEHiE
Fig.l KME Y2 F L5259, 8 X8 x4inchOHEPAT s 7 A BRI IBRBAEBL
Td, ARKRHEPA 7 4y THfb LA EHAERL, HBRIE20cin TH2, | B
HOHEPAZ 4D LW, v—F-KTAR2 ot —7 TREFRIBEIS
RA 2400054 0B/ SH, L2BHRERENZESIKNE TS, U—H —§
FAxRZ7 ot —FidHe -Neb—4—{6§33am) 2EFEHL, RFICLLRELETBAT
L EIED006~2. 9 mOBBREERIF+ A NIIAMT L, 27 A dINaC ] &
DOPOHEEAHERT L, KENHEEFNFNFig 2, Fig JKRT,

3. MERKR

) HEPA |1 BOHE
HEPA 1BIC20T, BESHE (Protection lactor:PF) OB BHEFESTRE L
oo NaCIEREGDOPIDOWTOMEKESTHRFENFig 6, Figdicird, 553
BIHREHEMERL, KEN 9uemfETCPFRENENLD,

2 HEPA 2BONE
HEPA 2B T, BEYVRA2MELL, NaCIBEUDOPIKD2WTDHOME
HEEEZNZNTEBLE I, UWIORY ., 22T,

DOPMEH (EXFicks i1 BEOME)
Pais tHEPA ZBRTORENHE (P sXPas)
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2B RAFLOMEHE

Pyvwm 1 1BEHOBREDSR

Pam : 2BBOKBREYE (Pvw + Piw)
P:ira -HEPA 2B TOREDH

NaCloZ2B 27 0MERBEICR, 2BEOREVEN IBRBLOIKTS 2
MPARohd, ik, |BFAEBCIOHESHFNHEPAZ a2 5 EFBALDT
AWM ElLTALDnEEIL SN B,

4, F—#OIER
TABLE T bDOPRBEESIEM.

5 &

WalkerfR & BT, DOPREA#BEIEEHALTVAY, | BREOMNEETHD, 2
Boxas ioERTIHLL,

NE, COBXTHRBIELLIONIUETAT7 A s/ OBRLBEBLEVKEEIDOP
REDLIemEDASOFERICH L,
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6.

T

TABLE II
TANDEM PROTECTION FACTORS (NaCl)
Quality tontrol (0.3 um DOP) Measured {NaCl)
I .
3 min b s
. Pig 722 x 107 (99 986%) Pim 1-1x 10 :
P,_ 1.3 x 10" P, 1.5 x 10
(99, 992%) T2 =3 Lom 0

7
P21=9.4 x 10
II

Py 1.3 x 10% (99 992%)

Prs 1.0 x 10*
8
P2131'3 x 10

I1I
‘"N
T
(99. 976%) —Re—rt > ="
Pyya®-2 x 10

v

P,. 1.3 x 10%  max

-

max

min Pos 4,2 x 10°
7
P5y45-5 x 10

v
: 3
Py, 8.3 x 10
min P, 8.2 x 10?
7
P2153.5 x 10

Vi
P; 1.3 x 10® max

min  Pag 9.2 x 107
7
P2135.5 x 10

2
21m1.6 x 10

' »

le 1.7 x 10
2

sz 8.2 x 107
PZlml'h x 10
.2 x 1o0*
6.6 x 10?
2.1 x 1¢*

2.8 x 10%
1.5 x lq’
k.1 x 107

le 5.7 x 10"
.1 x 1o0?
2.8 x 10°
Pyy >1.3 x 1p®
Yoo >1.8 x 10!
Poyp’2.4 x 10*
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TAMDEM HEPA FILTER

TEST APPARATUS

TAAT MitH T

......@..._...

TS TR Y

N prrers B <E]\ st\J
s e & e
l [W tamny ml/ ?
(a bameyl St ﬂ samml POST i
- uaTie Sianiy, § MI) l e
-
Frilrt et T
Fig. 1.
HEPA Fllter Test Apparatus.
16 ™ T T T : T 1" ! T T ¥ T ¥
. L 4 .« e 4
o RaMGE 3 . pamce 3
. mact 2 a2 muwst 2
. . ace 1 . AaGE )
- Id.r- ° - "'— .. N
g - .
3 3 .
5 - g k-4
¥ I Vs i
Wi ° 4 g T4 .
° -_(‘ o".
g ¥ .,
IO!'— -.': - !0:'- ‘.'.‘. -+
e, 4,
- . ers,
9 A or e ar e ey
PARTICLE OukM () PARTICLE DM ()
Flg. 2. Fig. 3.

Size Spectrum of
NaCl in H20.

Size Spectrum of
5% DOP in alcohol.
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- ot
- .‘. “ L ] #'
* s A L 1 L 1 1

v 1 t 1 L 1 1 ooa o 513 i

[e]+.] C:’ﬂ‘n ‘Pm’ 23 o2 m(,ﬂ

Fig. b. prot Fig. 9.
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Function of Particle Size. article Size.
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HEPA
SC@k113. Selby, J. M., et al,, “Considerations in the Assessment of the Consequen-
ces of Effluents from Mixed Uxide Fuel Fabrication Plants” , BNWL-[697,
Battelle-Pacific Northwest Laboratories, Richland, Wash. (Jume 1973),
p 73-79,
F =% #£2.34) 21
bk E
HEPA (] BEH) 29. 9%
HEPA (288) 39. 0%
HEPA (3EBB) 94. 0%
HEPA (4B8) 33. 0%
. B

AEMOXBHMIEROBRE~ORBHMIHET 27 2 -~ 2 WML, KHE
WERMT 5,

MER, TEHLIHOROOABEELASNZOT, FRHEPAOKBOBREYRLL

T, A7 =7 HHEBICZ L0,

2. F—s OB (BF¥F—%B2K)
cABOHEPAZ s 4 R LTiITbR A ERBOMEKLE SIS IFHNRLD, 4BOH
EPAR, BEEI XN "2ZRIILENSLEEHR SHSILE,
-IOTEWRED, EBL FBR7oAsicHLCETOSRMNEEENRS,
ELR
B {* ® &
1 BB 99. 9% 1 xip-? 1 x16°°
2BH 89. 0% 1 x10-2 i x10-°
3 BrH 94. 0% 6 x1(-? 6 x10-7
4 B H 83. 0% F7x 10! 1.Ox10""
3. W =
ABHEPARLHTAESRLI X0, ERBREFOLOTREC, XN, ERHOkE
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A W7 -2 (&M O EN)

One engineering study of building filter capabilities determined, on
the basis of actual measurements made on four stages of HEPA filters, that
four stages are required to achieve a transmission factor of 1 x 10'7.(9)
Based largely on this engineeriﬁg study, 1t will be assumed that, in practice,
the following benefit may be expected to be achieved by multiple filter banks.

Removal Transmission Factors

Efficiency Specific Aggregate
First Stage 99.9% 1x 1073 1x 1073
Second Stage 99% 1x 1072 1x107°
Third Stage 94% 6 x 1072 6 x 1077
Fourth Stage 83% 1.7x107" 1.0 x 1077

9. N. Hetland, J. L. Russell, Jr., C. F. Brown and Company, Adequacy of
Ventillation Exhaust Filtering System for New Plutohium Facilities,

CONF 720823, 1972.
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Glass Fiber Reds

Y wk66. G.A Scurr, D.B Zippler, and B.C.Guylon, “Deep-Bed Filter Performance
Tests” , Proc. of the ]2th AEC Air Cleaning Conference, pp 596-616 (i972).

F =4 F=2.205 B

BE (%) & {4
0.9 (1EBH) T T4
}DOPﬁﬁ

99.98 (2 B HB) Ty AFNT 4P

. B m -
YU KT 4N FETr AN IRT 4 IOERBESL, NTRETRKE 2O THE

KL, Ty Y F 4585,
2. ERHIL

T rAN—F A7 40 OMBRDOPHBICIVIMELL, 27wy g, HEP
A7 4nsiBTHNEZTDA~4A DOPI7o A REBTERL, 740521
y P EF, FHRODOPxFeo A BEOMER, RIAERAKFRPEICEDIT S,

FrAN—rsRa=y M, FPRAUEENTTICREINT VS, Ny T o4 — FTHBE
THORMICR, THMEL,, L7 ansid, A yFO [I5K7 » A4 —-THREN
TEO, 304 »»F3 0,720/t 464 »F43 L5617, 184 742 D020/ 1t OF
ETEHNILLOTHE, 774+ 7 4057 OBEWR, Corning '3 24472585 7
g AN I ATy PTHL, MBEOWHEIL, 77 40y THMI U/ min, 7 74 F 07 4
Ny Tft/mind AL b —nLfc, WERBE200M/minlc HEHELAL,
TN EEALA TP T LT aNY, T AN T 4 NS RULETOREANETSE 2 &
A E O,

3 EERRE ,

DOPRIODREZNAZ s 2R TOMER 34U TH - /o, i, Sft/mind
METORVORBTIX, L7407 TNHNY%, 77 4F 07 4004 T%, 2HTIT%
DERTHE LD, R T 74+ 07 40720y - B FETHUIA Lo EKNEE2H0
Thoteo 74N F7OBE, Hir-nEOPRBRTIR, 7743707 402 0HEIL9.8
%in’&«;ﬂ:n

4., F—s OEMN
FRF -7 PRMEEZLSNEA, Halkertid 7 s A F LT A8 DF — % %8 - T3
LT s,

Prefilter Flow, Total &P, in, Efficiency (%)
ft/min of 20 Prefilter  Final Filter Total
27 1. 35 - - 99, 95
ol 3.0 65-1 70 _99m8u8¥ 9. 94
130 2.0 - - 99. 92
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Glass Fiber

S k67, W. L. Anderson, W.S.HMagee, Jr., L. A Jonas, “"Aerosol Filtration by Fibrous
Filter Mats : Partlll Geomelric Relations” ,Proc. of the t3th AEC Air
Cleaning Conference, p §45-464 (1974).

s_p #2205 BB
ME (%) 91,5-99.995 (1B H)
&# DODPRE woB 0.26~0.32u
V. T7.2~141 em/s
T40-3E B iR 0.62~1.12u

.. B m
T oy LB E 7o FMBEZs Ty v lFEAHE~, HEo#iick it

BRRDR e ECEEEKFMRENHMRICT 5,

2. ERSiE
E74ansO0ABBHORBICHCRERR DOPxT oY ALEARBRERTHE, DO
PORZEIIZ0.26, 0.28 0.30, 0.32um™T, 7o/ AMEi, 25vT80ug DOP /&
—aird Ly 270/ v OBERNAAREECIOMIT-E IR 2EEMES CN
Ltee Ffo, BEEIL 7.1~141 em sec O@PTI0HEL & L1,
HBEBOHMBUFEFESESEIC DT, Part I OWEFKELE LTS,
IR T AN TR, JHEE D THRBAIT-TEDH, THFLOT 74 %
~DEER, EBHTLI20 (A A7), 0.8 (AAZ A7), 0,628 (AAASAT)
Th i,

3. ERER
EBRERATABLE [ IKET, 275X 774 "—dA, ANARUAAADIEHETH S,

4. F—2 DM
TABLE Ticid, 752774 —ODOPl@ Y- PARINTINE, 85T, %

FRL Tk b,
hE (%) =100 - (DOP@AB/A—% > })

TABLE TOF -4 itk BEDOPOEBR/ S~ id, AFZA7T0 20~8 5%, AA
47T 0.000~0.066%, AAAZATT 0.000~0078% &7 >TWE, -7, %

Fxeh£h,
A AT 91.5 | ~99. 8%

AA 747 99. 934~ %

AAAS AT 99,922~ %
Elid, LEROEE, B@E (000N IKIETsb0LEL o DA, SIHEIY 995%
ORI T,
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SRS Il

TABLE I. DOP PEWETRATION AS A FUNCTICK OF VELOCITY AND AEROSOL SIZE

TIAT At —7y b

Lin Aer OCPR Penetration of
Vel Dien 5 11 13 HIE Esp | Visc | Vise A AL FNYY
cm u 1.5D | 3.0D l
set
7.2 0,26 29 0,006 0,072 0.00h 31 12 Bt 5.5 0.009 0.022
0.28 32 0,00k 0.033 O 29 T4 o5 3.2 o.uneC n.Ns
0.39 27 0.1 0.230 1 32 75 4] 2.7 0.2 qg.,n0k
2.32 12 o© 9.013 9 ak T4 20 115 n
10.7T 9.2¢ 31 o007 nafn ooont 32 Tl a7 f.noonn1g o0
n.2l 33 1,005 0.730 0.001 30 76 86 L.2 o0.012 0.021
0.30 28 0.003 0.027 © 33 80 90 3.6 0.00Lk 0.008
0.32. 21 o0 0.010 © 2k 75 88 1.T ©
k.2 0.26 31 0.711 0.085 0.00T 33 Th o 7.7 0.026  0,nhfP
N.,28 33 09./m5 12,025 3.707 31 78 pF AL Wb LA s bod
5,30 2t a4t onoeon o 33 ro an .1 oaunns nnn
0.3 2 2.00F 9 2 77 Lo 1.7 n n
17.f 0.2 323 2010 a0 oenT 32 7L 7ol 7.5 0.m25 2.
e 33 o005 oerk sem3 330 S A7 |53 oal® oands
b Pocie BENa AT I ool SN o B o Jc do o 32 o2 nA .2 a.mE 0,007
N3P Mmoo n.ess o 2f ol e 1.7 0 Ee
T naf 330 o,k ootk oot 33 Th T 2.0  n.as2 o.07P
e.2f 33 6.0k Qun1F ooank 30 ko) ar 5.2 o,05  0,0bh
5.30 s M1 0,012 3 az 23 aQ e ~.m g.ane
f,32 Mmoo 0,071 0 23 g1 &n 1.7 © o
3.3 C.°% 33 0,010 0,472 3,000 33 1€ 57 | 3.5 C.06F  0.072
0.2° 33 o.cc2 o000 9.003 28 &n 87 €.0 0.00% ook
0.3 20 o 0.277 72 klp] iz Q0 L.% o0.00L n.005
9.32 o0 n c 2C 1 3 {16 o 0
53.¢  0.26 1 9,70 9,552 L.t 30 72 37 | 8.5 cC.eff 0.n7F
2,23 37 0.021 2,805 L. of A &7 2,900,027 0.03°
0.3 =7 ¢ £.221 N o7 23 o3 | h.E 2,002 G.703
2.3» 1 9 3 c 1k A1 5% { 1.h 0 0
71.0  0.2C 33 0,000 o020 n,an7 AN 75 2 n.5  a.,m8%  nLoth
80.08 30 0 n.ANL 0.001 22 ] RT 5.8 0,022 0,03
0.30 125 n b 0 3 a3 on L. »n 0.ro?
032 15 0 r 0 9 =n AR 1.1 00 n
106.4 0,26 28 0.003 2,05 9,097 M2 7 AT | 7.5 0.0tk .06k
0.28 21 o© ] 0 1F &0 AT 5.0 n.n12 0,025
0.30 21 n 0 n 15 a2 Rg 3.0 0 n
0.3 1 0 0 0 L 73 o | 0.6 9 0
1h1 0.26 7h 0,001 0.r0% 0.003 73 83 | £.5 0.028 0.0h0
0.280 23 0 0 o RN En L.e 0.005 0.010
0.30 17 ¢ 0 +] a0 ar 1.4 2 0
0.32 T 0 o 0 7 0.20 0 0

* DOP penetration of 0.C00% shown

]
]
o
.
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Glass Fiber Bed
k68, D.L.Reid and L. M Browne, “The Electrostatic Capture of Submicron Particles
in Tiber Beds” ,Proc, of the ]14Lh ERDA Air Cleaning Conference,
p 578-601 (1976).

7 — % F#2.205 &1
h#E (%) 93.5-93.5 (1 B&RB)
S A 3 0. 07~0.6x
Va [00 fpm
~y FEEX 6~12 in

1. B ®
4710 YORBRTFIEOVT, RENREULTORSIIENR, ¥V XE ~» FRE,
ey rBESREORBBREHA NS,

2. ERE®

HBEBIL, BRMA VT, BEET 74— 1rO4A 7 iClAATRTE D, it g i
e, 263 74— FPEBEBEIC T A N—~_Noy FHEEBE, 774752y FOARY
WOOEREG2HA Y FTHLL, <y FESREBORIUEH OIS,y FFTASE
CLTVE, ZLb—LRlRTINADOD-HTTETED, hofnsEEIEN TS, ¥ v
TN rETORENY - KA ESICEZEIZS Y FOALNSICREKRELSRE L /2,

T rAN—Ry FOT7 s AN—HETHEDONR TR ARFORELTF ISR ELET
L, BAyFty FTW, WHFERTI~096 124 vF <Xy FORVIDODG A v F 0%
EREF~0.975 TH 5,

EFRICEH, HMTOERKRRCEIZHNFOFILTE I niclbr =94, B
v 3y s, ML) L0 I REEORTEM A, NH.CIOR T, BEOA
N, HC1T ENHOHERFPFz TRV LTREZY, BEFORFFBRIBEHEOM
Eran—JraTORBANEL Ty bto—nLi, MgOENaL,OKFIR., 2B, S
ARBILEETREX S, RERIECRETHEL .,

TRAEPHEEE (AMD) ##lFET AL, WERO LK 8 BAaderseny » 7 3
—Z ki,

HBY il WESRDEEEZ A —~y FOEHK, THTERL A,
NH.Cl HABERNDNZVBEONI,O, MgOItd LTI VET 7404 D0GHTH
Sl h, MERAZTOEAONLO, MEOOMEI, 75274108 —RPBETEH
y A

ERICHC AL T oy L O A TABLE TIZRd., X, RBEELFig | KFET,

3 ERER
FIToELYyD6A4A T REFIZA YT Ny FTOMBOMERLRETFig. 4 Kt HHDME
BELTRY, /o, PR AR EOMEBELEATHESDOLA (TABLE 1) o, ThickBE
S0t/ minl TORETOPHTRILIZET 100%THd LR ENI,
F/, EREGMHORNFE] 06~0.83amAMDTI, RCIEELLHLI -1,

4. 77 ORR
Fig. 4 RCXTABLE &6, Ve=100fpm I 3 BREMBERD 5 L95~99.75 % &4
D, Walker®s | H#93.5~099. 6% & RRMNL -, T 3,

b W #E
~y FOHBI, U 7n0LrrThh, 740y OBENYTAT 24—,
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6.

By —4
TABLE I
PARTICLE PROPERTIES OF GENERATED AEROSOLS
. AMD MMD Resistivity
m in Microns in Microns in Ohm-Cm
NH,C1 0.25, 0.38 0.16-0.24 ~108
Na,O 0.25, 0.3, 0.4, 0.17-0,56 1010
: 0.6, 0.7
Mgo 0.06, 0.1, 0.15, 0.03-0.13 ~1012
g.25%
TABLE II
EMPERICAL EQUATIONS COF EFFICIENCY
Particle 6" Bed - <200 ft/min 12" Bed ~ <300 ft/min
NaZO E = 101.5 -~ 0,065V {35%;}"* E = 100.91 - 0.0116V(99.75%)‘
MgQ E = 399.8 - 0.0116V (98, §4%)"
NH4C1 E = 100.513 - 0.028V E = 101.286 - 0.0283\'(98.455%)‘
(99.713%)°*

Where E = Efficiency in Percent and,
V = Superficial Bed Velocity - ft/min.

#0000 ) NOBER, V=100 (t/nin KHT2REDROIEEEREL .,
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-ES

- L
i

DECONTAMINATION FACTOR

ES = EFFICIENCY

o NH,Cl
6" BED - POLYPROPYLENE
4 Nay0
» MqO
4 N30 )12 BED - POLYPROPYLENE
1000 Nl
0 = 9.8 —
W00 99. 75
99.5 —
100 — \o %9 L0
N
8’ 0.5
wm
L
20 5% —
10 ap - 12 B»E'\ 0 — o1
/; : ®
/\ \
AP|- 6" BED 5
0 L1l Lo L] |

50 100 1000
BED SUPERFICIAL VELOCITY, ft/min

FIBER BED DECONTAMINATION FACTORS
FIGURE 4

CLEAN BED PRESSURE DROP IN IN. H20
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Glass Fiber Beds

wi@k69, B.J. Grady, Jr. and K I Henry, “1n-Place Efficiency Tests of a4 Large Scale
Ventilation Exhaust Filter” , Proc, of the 12th AEL Air Cleaning Con-

ference, p 646-653 (1972).

=4 #2.208 B8
H#E (%) 08.90-99.92 (1 BH)
& HOo®  0.3~0.7x
TFTLFZ 4y, FrAFnTg s

I. B ®
Ny 73— FORMUBREBETHO TN AR Y F Ly VR FLD7 407 O0ONESE

SEHOGRETHEL, MRIELEBIEDVLTHKAET 5.

2. HEHE
Frzd v () OEZRICE, NMIBEFNMZID2D207 4 s v s RET L0,

THNENI 3 T 7 40P T T2 700y THEENE,

TaNTONENER, NaxzT7enyiRE, 7ardveryrzryeyaridB, DOPx
T RBROIHBOHETIT K,

MEBAOI 7oy rid, HEODEOESGMOLSK207 4+ ~FPEROEKF v 500
MO BICEAL, 7408 AdDT 7oy, COBESEBISINT +—FF
MOy v n2AF—a oLy ry 2 BOTHUEL, T, 7405 H
ODo4 >y w4y, ThENROT7 4L DOGHINZ 4 —FTFTMEL ol 7
AN DT T2 andl, RPN TED, 15K # 4 7 D0wens-Corning 7 r 4
N T ZADT T4 —rDNy FDED, CHIE, AF L2 )—rvTREBEINTH
B, T4y OEEE, LBHIASTERT LTEL/t? ~3.3 2b/1t® OoBMicdh, X
FI R FOT 24— S32APREHSNTEY, LMI?O-sBEREE-TWHE
{[IGURE 2&18) .

N2Z7 a0y —53FiHBoSTEN, K Z 1 7O 0wens-Corning 7 7 A4 25—
SADT 74—,y FREL, KIEMAICBBEIREBOCy s THRXOTE D,
AOid2 S 0.7808/1t* O154 v FOEH 2B, 1.5Eb0/ft° DIBA v FDOBH 2B, 3.0
20/Mt OBMNIBEIL ST A,

T2 745 RBOL= PTREZIATEY, Fhfhoa=y 2, 0.5
A FONFGC7 40y 5 ([L4Lb6/f1°) & 054 Y FOMMWFGZ s g &Fo v
(1.22b/ft) A ST B,

FT74—7 4076000t 0ABHMAEH - T3,

3 ERBRER
(1) NaoxzT7ovariiR
No. 2 Exhaust Filter Efficiency

Test No, (35 Percent Confidence Level}
\ 98.90 ) + 0.68
2 95.98 + (.42
3 99.39 £ 0.27
hAverage 99 09{Particle size assumed to be about

0.5 micron)
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@ 72rAdrerzroyaRB

Efficiency of Exhaust Filters

(Percent}
Test No, Oid(No, |) New{No, 2) Mass Mean Parlicle Diameter (Microns)
1 >99. 94 >98 77 0. 43
2 >899, 61 >89 42 0.30
3 >89 81 >899 27 0.30
Average  >99.79 >89, 50 0. 34
3 DOPxrvuov ik (BBEBER 0.7Tumn)
Test No. Filter Bank Efficiency, Percent
1 No. | 99, 74
2 No. | 99, 73
3 No. 2 39, 64
4 No. 2 99. 68
5 No. 1 & No 2 a9, 60

4. 7F—7DORR
Walkerid, SHBERTRLASHRBROERT — 425, 274 nscdd 257~y
OFIREE THRELSIMLILEEL SN S,

ST 1
NaxzToVdqBTH, Ny 2759 FOEILRUNAaOREBOME,S - 12 X
NT0507C, RBEREOF — 7 OE#HE I KL,
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Particulate Filters
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BEBEFHELSE, Vol 27, No.T (1985)

Key Words
HEPA lilter, aerosol, collection efficiency, laser particle spectrometer
diffusion battery, condensation mucleus counter, particle size. air {low,

dioctyl phthalate, performance
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Particulate Filters
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HARBETFAFE S, Vol 27, No. 12 (1985)

Key KHords
air filters, dusts load, decontamination factor, aerosols, pressure drop,

dust holding capacity, mass median diameter, pinholded Tilters
perlormance, elflciency
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Just —
HEPA Filter Blower
: ! ,_ = il T N
Air=> | X 1 ’[I ' —‘ I]H
Heater | Mixing S
Chamber — Filter Uit

Steam
Fig. 1 Flowsheet of test apparatus

Table1l Specification of tested flters
Tested filter HEPA hlter

(PNC) (JIS Z 4812}
Size (mm) 610X610X292 610X610X292
Frame material Steel Plywood
Filter medium Glass fber Glass fiber
paper paper
Separators Stainless steel Al
Sealants Silicon rubber Polyurethane
Gasket material Neoprene Neoprene
Capacity(af'/h) 2,000 1,860
Resistance to <30 =25
air low (mmAq)
DOP smoke =0.02 50.03
penetration (%)
Resistance to 200 ~100
heated air (°C)
Resistance to 250 250

pressure (mmAq)
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Particulate Filters

XEF-3 : EeE BWEE, 2103
Bz 774 L7 OFBMRLHRR, (1) SEAD,
HERIBEFH¥ &, Vol 28, N1 (1985)

Key Words

air filters, high temperature, decontamination factor, DOP aerosoi,
NaCl aerosol, pressure drop, Xirch's theory, temperature dependence,
performance, effliciency
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Fig. 1 Flowsheet of test apparatus

Table2 Change of basis weight and thickness
of filter media due to heating

Test condition Basi
Filter 'Bht Thickness
No. Temp. Time Flow rate ‘(v;/'g_‘;) (mm)
O (k) (e?/h)
AZ Not heaed 90.3 0.57
A3 150 4 2,000 B4.1 0.56
Ad 200 6 2,000 90.4 0.59
A5 200 12 2,000 89.2 0.58
A6 240 6 2,000 86.6 0.57
T 1 T T T
Fiter A °
2 b o -
] - )
E o MachineDirection e
g1 o ]
i
| o ___° _=__.8 &
E1F 8 CossDinction a -
;; o
::é A - 4 - A &8
. Folded End “ A "
0 1 1 1 1 1
0 10 200

Temperature {90 )

Fig. 4 Change of tensile strength
of filter media due to heating
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Particulate Filters

XWRF—4 : S itackney
"Fire Testing of HEPA Filters installed in Filter llousings”

17th DOE Nuclear Air Cleaning Conference

Key Words

HEPA [itters, high temperature, Tire testi, plywood, chipboard, Oxylene
ignition, glass-fibre, silicone rubber, bead, unipak, PVC sheat., EPDM seal
paper, steal, damper, permetration, pressure drop

-7

BRMMEDHEPAZ « v 7 OFEBE (penetration ) G TFoOMb,

penetration : 0.1 ~ 0.9 %
{2 L, air flow ¢ 1,000 cfm
temperature : 500 T
duration of fire test : 10~45min,
1. BH

BRMABOHEPAZ 4+ 7 OBHHLHEEL, BoWBOBREMELTHT
%,

2. MEHE
HTolBRAE2T T 3,

() HEPAZ s % (filter pack ) oKW 4y — 2 Ot
HEPAZsnsO/ZBERBICKRT L, HEPAZ 40405 ~20MHTH S
F oy 7H — F{chipboard) & & (plywood) 2 HEMML, FOHRT k&M, 4
HELtimd 2,

@ HEPAZ sz OHmBIAR
HEPAZ s s 2miBmsal, BRIKEN, AMELTHI 5,
2R 80 T
b T i) 10~ 454

B HEPAZ 7 ikfeitg
NOBERROMNEDCDHEPAZ s 7O TERARE, 70280k
ﬁ%i_—f’)fb‘%a
air Ilow © 1,000 cfm

3. HERK

BOHEPAZ7 « sk BOBRE Table3 a4,

4. =

BERMAFOHEPAZ s vy SHROABENEAICRER TV S,
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Table 3
Performance test Performance test
Duration before fire test after fire test
Test No of
fire test Penetration Pressure Penetration FPressure

(mitntes) Z Drop YA Drop
ins wg ins wg

Not reported 10 . 003 0. % 0.3 0.9
NR 19 .03 0.99 0.4 1. 00

9 45 007 0.95 0.4 0. 95

11 45 014 0.90 0.7 0.90
NR 10 .04 1.09 0.1 1. 06
i2 45 010 0. 99 0.2 0.98
13 45 003 0.88 0.3 0. 87
NR 10 014 0.97 0.3 0. 93
NR 10 .27 1.00 0.9 1. 00
14 45 R 0.99 4 0.96
15 45 . 031 1.02 0.6 0. 98
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Particulate Filters

XEEF-5 U, Ensinger, ¥V Rudinger, J. G Wilkelim
“A Procedure to Test HEPA-Filler Efficiency Under Simulated
Accident Cenditions of High Temperature and High Humidity”
18th DOE Nuctear Airborne Waste Managemenl and Air Cleaning
Conlerence

Key Words

HEPA-filter, accident condition, high temperature, high humidity, aerosocl,
Ti0z2, MoCs, plasma, decontamination factor, DOP, NaC1l, uranine,

atomic absorpticn spectroscopy (AAS), gravimetry, glass fiber,
polycarbonat micro fiber,
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SaE, SEMMEOHEPAT (/LS DDF (decontamination factor) &y (
removal efficiency} (ZLIFOEY,

DF : 38.4 ~ 28,200
7 (%) : 97.4 ~ 99.996
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