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i

] ]
[ Flow Rate 2000n%/h
mﬁ‘ 000 3

C 150% 3
A af a e ]
) % |
-]
S0 : 4
E ® a ]

1 1 ]
ol 02 03
Particle Oia. (pm)

3.-1 I mERE=T 7 4 v F DIREE & BRYEREL D B SR

T 7 24 2DDF

]
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VA DGR D EFITRIAAN TN & D, B E 25 AT
ThbdbEWVWZ D,

4, KKIZEBDITWEDOEE | Z HUNT
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VL DA EOHENICEEWNETERE T 7 4 V2 OFIERN LR 5
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I7O/N BERIOEEEBEMEROZEED L

4.1 =7 v Y L REETE OBRRRE DO Z AL
HORHH (kG D &R TITIXWEOARIZ XD m R T
T AN DRGARED EFITRIAL T IRNZ &b, EZ AT
P/ > TV D LNz D,

5. JBRIAERFORES] EFIC X D EEIZHONT

BERSIA S CTHAT DIEFITE S BN BAIE, FRIZEBWTE 200kPa
BELHEINDD, BEMRFECRET IBRICLDENL, HETA
QIVERRE [ S 3/ N RFERERE P HE 0 A AU B 2 R L C, FNORMD
K10 (EORFEEH T 2P0 ANBREEE 7 a— T R v 7 2 (BB X3/

HIRLBERE D PE N AL E Vo — TR v 7 ZANICEET 5 2 &0 b,
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HEAT 2 GBS 8 S 3/ INRBLBERS S B 0 A AUBAS S & D JE RIS
IV =Ry 7 APR T 4 VEIZRET HETE LT, 10 45D
ITREICRD EESND, b.-1 HITKR-2EX-T VI ROIBEHE
TVEEMRE T,

1 | G L B | H i e i N
> f Je Y 20 %o L L T
=Ry Tt (%)

5.-1 IKFE-ZER-T IV A R D BT T AR

Fo, BT 7 4 NI ~OEERGABRIZ LY, 30kPa LLF D%
NTEHEMREZT 7V FIXRETHD Z ERHEI N TWL W Z b
Mo, BERICEDOEN ERZZE L THeMh EHRF L T\ 5 EEiE=
T T 4N F OFERITHERF TE D, 5.2 MIC2BEDOEMRETT 7 4
VB OEB AR RO IE ) 72 R IUE & 777,

Run Uurpregsu:e Failure Pressure between

Na (kPa) 14 filter 2nd filter It &(E;f) flters
1 10.1 Not Not 6.8
2 15.6 Not  Net 117
3 20.1 Not Mot 16.7
4 24.9 Not Not 23.4
5 29.0 Not  Not 30.5
6 29.5 Mot Not 30.5
7 38.1 Yes Mot 3r.e
8 46.0 Yes Yes 51.3

5.2 2BOEMRET T 7 4 V2 OB AR OREER 72 R VR
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U — 7 3R U — 7 5EFEE 0 9. 3~18kPa U — 7 BAEEEEIE - K 30kPa
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HEPA filter
uean = -l Qe Test Filter M
ity | o \1 S—
[ ] l Expansion chasber ""al Ieier Suction Orives Saction Test Fter
Compressor Multi valve -
syrsten ") “] ---__:

Filter unit R
Fig. 1 Flowsheet of test apparatuses (shock tube and filter system)

Fig. 1 Flowsheet of test apparatus o
EhHZE(LHER W5 R LR

X 5.1-1 X ZR9 2 SCHER O FRBRA 3L oD Lk
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YRR RS  ALER A & L CAEE DT D mtERE =T 7 4 L 2 1
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BB T 7 4 VX DENRITHFFTE 5, 6.-1 KIZEMHRE=T 7 4L
X DINE% DBRGARE DA %2 <7,

" O before shaking
L ©0 after sheking (Input 400 g2l )
A, ofter sheking (input 800al)
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97-001.
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(Bv 7 A—137 #5) OREICHZ > THHAT KT X=X DR
e SITHOW i1 5,

1. KT A—=HDRHEIDEITONT
1.1 KRICE DA CIAD DEERE DR
(1) HEESRDRAT D B E & D2 E)
O ERhR
HEREHROER 725 KKRE LTEET 70 —T Ry
ZHOMO XEDA X2 MU IX, ERHIRMEIZE S 3 E
LTWHZENG, ZHU B BRIUTZR W,
@ TR
JEEHERE O EOREIZB VT, “REAHR, BN
BAMEL ORIV —r Xy MITV =0 AE{LEE 18% &
REL T L TWD23, ZHEVIERNWT L b= LE(RED
Ny hZ2IELTWD5EE, 1RO TiRvE 725,
(2) WS MEWE DB E 50T 251G DZEE)
O EEHE
FOBMLOWRELLTIEREL TSI &b, UL
O _EIRIITIR W,
@ TR
BERFHOBRERDAKFEEHTH7a—T Ry 7 AKY
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W7 n—T Ry 7 AN T, EEMEE A1 2% Lo
BHEBET IR THD Z LD, EEMERZHE X 2 HE
B OMFERFIZ W T R IR MO XKD 2 &N 2
WT B Z E1EE 21T <, Elizabethb DI VIZ XL % & & Bk
D—BHALIADIZEDZT u VOB ITEEZ 1 X102L LT
BV, @EHEOBEAESLHLS TRV O MO X BRI LT
KOFEBEEZIT HEGIL 2HRE TIRNT S BERH Y, &
B OEAHEORBITAI N TN LR« 7Y — o
v MEiAZ =y PR OER 2=y FEZFRS &, 2K E LT 14

RGO MR L7125,

Nodifying Pagtors
Factor 3, Fraciion of feresol released from primary containment into
building
Primary Containment Factor
Bases & Vapoura
Whatever the containment {oxcept elemental iodine released
under vater). 1,0
Elemenbal lodine roleased under water, 0.1
Al other farms
Fibre drums, glove boxes, sells, reactor structures eto., which
ares 8o seriously damaged that ocontalmment is virtually nil, 1.0
Storage blocks and pits, seriously damaged glove boxes, cells,
Tlasks, reasbor structures, eto, a1
Safes, undamaged or slightly damaged glova-boxes(qz) ; cells,
{lagks, reagtor atrustures, oto,, under water storage,
rtd i +
single metal oontainment, 0,04 |
Concrgted steel drums, double metal containment. 0.0¢1

1.
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(3) B E DN SARIBAT S D816 DL H)
©  ERNEHR

NUREG/CR-64101Z K % &, HHAEIEED K KIZIHBWNT, REH
ELUTIR BB T LWV BERF IS 31T 2 FFEE R L B ORBATRIG &
1X10" & LTRY, HEiFm &Rk ORLRN BTV L7TZMO
XWMEKEPRS > TRIET 5 Z L2 E LEHE, 1#io REh
LR D,

Table 3-1. Bounding ARFs and Applicable Experimeiitally Measured RFs* (Continued)

THERMAL STRESS
3.3.2.1, Volatile compounds 1E+0 1 Brereton, et al. 1995
3322 (1.0) [APAC Spills Report]
3.3.2.3 Liquid, aqueous solutions-- 3E-5 2 USDOE 1994, Subsection 3.2.1.1
a. Simmering, no visible bubbles (RF NVAY
b. Boiling* 2E-3 1 Mishima, et al. 1968; Borkowski, et al. 1986; Kataoka and Ishii
(RE NVAY) 1983; USDOE 1994, Subsection 3.2.1.3
3.3.24 Liquid, organic combustible-- 1E+0 2 USDOE 1994, Subsections 3.3.1; 3.3.7
Volatile compounds dissolved in organic (RFNVAY)
liquid
3.3.2.5 Liquid, organic combustible-- 1E-2 2 USDOE 1994, Subsections 3.3.1; 3.3.7

a. Non-volatile compounds, burns to self- (RENVAY)
extinguishment, no significant surface

turbulence
b. Non-volatile compounds, vigorous 3E-2 2 USDOE 1994, Subsections 3.3.3; 3.3.4; 3.3.5; 3.3.7
burning with surface turbulence, burns to (RFNVAY)
self-extinguishment
¢. Non-volatile compounds, vigorous 1E-1 2 IJSDOE 1994, Subsections 3.3.3; 3.3.7
burning with surface turbulence, to complete | (RFNVA?)
dryness
3.3.2.6  Liquid, organic combustible— SE-3 2 USDOE 1994, Subsections 3.3.6; 3.3.7
a. Burning of combustible liquid over air- (0.4)

dried residue from solution on porous, non-
heat-conducting surface

b. Burning of combustible liquid over air- 2E-1 2 USDOE 1994, Subsections 3.3.6; 3.3.7
dried residue from solution on heat- 0.3)
conducting surface

Rl

1 — 2K AR KIS LIRSV ORBATEIS

@ TRAEDR

NUREG/CR-6410 2 X 5 &, &K 1000°C, ¥y=KJEH D EF IR

100cm/s (ZENILVTZIERTRIED IR DBATEI G % 6X10° & LT
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BV, ZoHe, KEIZIYBEEMENSAICBITT 2HE
X, 1HIO RN E 25D,

3.3.2.10 Solid, Non-Combustible - Powders
a. Non-Reactive, up to 1000° C (1830 °F), upflow around powder to 100 cm/s (2.24 mph)

ARF 6E-3
RF 0.01

F1. 1— 3K FEREOBEREOBITEIS

(4) KRR ~OHHRIEIZ I T DARREI G O ZH)
O EEHE
BRFEHOEREROAKRERTH70—T Ry 7 AKRY
%7 0 —7 Ry 7 AOWNEEKERT, EVEHES) 2 1. of% Lo H
EBHEBETLIRITHDLZ 0D, ZEROBEEYEN V0
— TRy 7 AINMIIR AT D T X WDS, B E O B
R A TREHRRME T 256, a7 7 005 2 B
(BRUREIL 1 X10°) LB &nh, Ja—TRy 7 ARK
LB LZEO KA EN TRRICK AWV LSS, 24
DRI E 72D,
@ TIRNZR
BB T 7 4 M H ORRGREE LT, VB L WSS L
THIRBIC RV SRR T 7 ¢ L& 1 BRSO EFHEREN LHT T
MNBHZEERBEL, @MERETT 7 4 V¥ 4 BEOBRYMRE A 1 X
10° LERE L TWD D, @R T 7 4 V& OIREIFRICL Y,
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4.0 Solids; Powders

and components. Shock and blast waves and associated TNT equivalents were estimated for
1.8 and 4 meter diameter flammable gas clouds. The point of detonation was assumed to be
0.75 m from the front of the glovebox.

The modelling indicated that even relatively weak shielding such as the lexan windows or
gloves of the glovebox provided significant shielding from shock waves. This was due to the
speed of the shock wave (total glovebox envelopment in 2.5 milliseconds), which would
almost completely pass over the structure and initiate reflection waves in the time it took for
shielding material to fail: "the shock wave moving inside the glovebox is approximately
spherical in shape and much weaker than the outside shock." Peak overpressures in the
glovebox ranged from ~ 8 to 28 psig at the glovebox floor and from ~ 5 to 15 psig at

0.3 m above the glovebox floor. As would be expected, the higher pressures were on the
side of the glovebox facing the explosion.

The peak velocity and density of the shock and blast wave moving across the bottom of the
glovebox were 300 m/sec and 0.004 g/cm’ respectively. Kinetic energy density was
computed from these values. Halverson and Mishima (1986) had developed an empirical
equation for wt% of powder airborne as a function of energy density. In this calculation,
powder mass was minimized (~ 30 g) to maximize energy absorbed per gram. The fraction
of material driven airborne was estimated to be 5E-3. The main uncertainty associated with
this calculation is the unaccounted potential for localized, high energy density regions that
would be expected in a non-uniform distribution. To attempt to determine the relative
severity of conditions inside the glovebox, massless tracer particles were inserted into the
model to follow flow with no drag. Particle motion indicated an absence of strong shear
forces or turning forces that might enhance breakup. Most particle movement was uniformly
to the rear of the glovebox.

The explosion study is considered to support the basic interpretation of phenomena in studies
by Mishima and Schwendiman. Based on those studies, values for ARF and RF of SE-3 and
0.3 appear to be conservative for the suspension of a powder from a smooth, unyielding
surface from the pressure impulse generated (i.e., gas flow parallel to surface) by an
explosion. The release phenomena is considered to cover powders shielded from the direct
impact of the blast as well. Examples of such situations include powder buried under debris,
in a can/container that is uncapped by the blast, or in a glovebox with blast external to the
glovebox.

4.4.2.3 Venting of Pressurized Powder

For the entrainment due to the rapid burning of a limited volume of combustible mixture
(equal to an unconfined vapor explosion - cloud volume, <0.25 volume of container) over
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o=y FOZHIHIRIE 103kg - MOX D9 5B, 105501 %27 U —
v XLy b ELTHRET D,
(3) FHHIT & 0 BSHEME R TIBIIBATT 2 EIE
a. KEITX Y BEHEWBE R THEICATT 281G

JMISHIMA &0, ERRRZFE D KEFRFOXAA~D T b=
U LDBATHEZHE LIZERIZBNT, 4FHEOT IV =
U LMK ERHWTRBEZIT o 2RR, kbRME~OBITEN
REWVWHRTSH, B 100cm/s T a2 V@7V =0 L%
700°CCT 1 BRI L 72858 T 1 %Rl Th o 72 2 L N S
ncng, v

ARG RICE S &, KEFEZ D DI UL CiAD5E
TET1RMOKMA~DOBHEME OBATHE L L T1 X1071|Z

RIET Do,
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Sipe

#F1. 3—3FK LEAXMEZMI KEKOT /L b= LDOBITHR

TABLE VIII. Plutonium Oxalate Release Rates fin wt%/hr)
Sample Nominal Air Velocity Through Chimney
Temperature, °C Type 10 cm/sec 50 cm/sec 100 cm/sec
Ambient A <0.004 <0.004 <0.004 0.073
<0.004 <0.004 0.38 0.54
B <0.004 <0,004 0.006 0.025
<0.004 0.0096 0.023 0.036
400 A -- -- 0.48
B -- -- 0.016
700 A 0.0044 <0.004 0.90
B <0.004 <0.004 v
1000 A <0.004 0.007 0.25
B <0.004 0.005 0.075
A Particles cavried through chimney (collected on glass fiber
filter).
B Particles entrained but deposited on chimney walls (collected
on 0.003 in. mild steel shimstock liner).

b. JRIEIC L0 B E A D RN T S S EIE

JERICE D 7 U =Ly DS ARAE LBERF SEN O AH
TABATT DEIG & LT, MBI ORI L DBATE
ZwH L, RET 2, @

1 X102%¢&

Sipe

CE

1.

3—4%

JRIEIE O FEFHFENE E AR DA TR

Releass Hachan{sm

Sufety Analysia Pacaneter

Rasge of Observarions

Current Practice

Recommended Valuea

6, Blxe Relezen

{Exaction relezsed
except 2a noted)

. Explosiona

{FPracrion released
except #s noted)

+ Criticalfty

€a) Toble Gas

{b} Halogen

(c) Volariie Solids

{4) Mon—Volatile Saldds

{eY Ply hsh

{€)y Alrtorne Particle Size ()
{a) Robla Gus

(b} Hologens

 {e} ¥olatile Salids

{d} Hon-Volatile Solids

{e) Arborme Haterial
(eime> 100 sec)

() kirborme Partlcle S1ze (1)

(3) Initial Pulse ~Flsiions
(b) Secondaxy Pulse - Fiaslons
Pulse Interval
(¢} Total Flasions
fatal Tine
{d) Gag Release Fracgim
(e) Halogen Releage Pyactien
{) Sn14d Relesse Praction
{g) Haterial Rzledsze

0:65 ~ 0.84
a3x1075 - p.01

asg1d”™ - 0,08
4

45%107 - 0.20
<0.1 - LO-
ox10™> - 0,14

1.0 = 71 mglmJ

hﬂo]5 - 4.5nxlom

Yo Bscimate
Mo Rerimate
stnt? - 1251080
Ho Bstlmate
No Estimate
¥o Estimate
o Estimace
o Estimats

6.0 ~ 3,00
1.00
6.9l ~ 0.90
0,01 - 0.60
0.01 = D.05
<5
1.00
1.00
0. 001
0.0t

10 - 100 sg/a

<10 - <30
110t - 3710'B
p.4x10 - sxia"’
10 mln
tx10™® 12,07
7 min ~ 24 W
1,00
0.25 - 1.00
8.601 - 0,20

1.00
t.oo
g.ol
H 08
6.0t
<3
1.00
100

o.o;]
1 {d)

100 mg/m
D)

1010
L.9xin
10 min
1oosaot
8 ke
3.00
0,25
()
(&)

]

(d) Applicable to pazticulate materlal only, not to gas ot valatlle material release
(¢) Use applicable Reg Gulde Recemmendsglons
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(4) RXP~OHHREIEIZ I T 2 IKE&
a. TVERERIT 7 4 VX DEREDROHE

MR T 7 4 VA 1 BEY T2 0 ORI ZRIT99.97% LI E
(0. 15 mDOPRLT) P TH Y, @mEfE=T 7 4 V¥ 1 BH &
2ErH OMENRIIFAE L ORBRT -2 YL H 50, &EHE
HEEHGEHEIC BT, 1TBHE £ 99.9%, 2BH :99%& L
T, Zu—7Ry 7 ZPRBE MO EMRETT 7 4 V& 2B D
FEERN 2 %99. 999% & LT\ 5,

F7o, @R T 7 4 Vv H % 3ERESNCE 72 DF I E R
OTIXDF=Z 10" & DFERBEF LN TSR, HEROFEFEAM
BT DR T 7 4 v F 4 B OB OVWTE, |k
LR O EMERE =T 7 ¢ L X DBRYURE ( DF=10") LV %
LWL 72D X5, %E 2B OEIERETT 7 4 VX D
EREZNEN 9% EHREL, BIRE L THEDERE
99. 9999999% (DF : 10°) & LT\ 5.

— VRV

99% 90% 90% 90%

1. 3—2K EMRETT 7 4 VA THEDRORE

IR & OEMERE=T 7 4 VX ORERBRIC L 5 &, AJII#H
fE800gal DS WT Y, @mPERE=T 7 4 V& 1 BEDHIER)
2(1399. 9% L EEERTE D LWV RN RE SN TVHO 2
Einb, MENZZE L THM B8 L Wb mtERE=T 7
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{ IV Z DN RITHERF T 2,

=L, XUERLOWSRMAE LT, ARiHMEiCBIT 57 r—7 R
v 7 AP O mPERE =T 7 1 v X O 2 25 Bz B0
TIMHIT, BRIMREELICERET D,

Iﬂs T T T i 2
" O before shakiog

L L o atter shaking (inpet 400 g01)
S &, after shaking (input 800g21)
;]
2 a
~ 108 A
N o 3
[N ! e
31J|?||’r.J & /E g
e P

=
=1

0.l 02 0.3
Particle Dia. (pm)
I7OVILDRFE

F1. 3—3K mEMEETT 7 4 v Z ONE% DODF

BERSIF ISR DB X o TRETDENL, FROR
HOMIEDORIEE /T DT ANBEE /v —T Ry 7 &
AT/ NBIBLBERE P HE T A ALBAEE 7 0 — 7 R > 7 ANITBR L
Sh, Z7u—T7Ry 7 APRBAROEMERETT 7 4 )V 2 E]
ETOANIENTIONO 1 REIKRTT2E&E2 615, %
=, Rl b O&mMERRTT 7 4 NV ~DOERREGARIC L S &,
30kPall F O TII@EMERE=T 7 4 M Z IR TH S Z &N
HESNTNDED,
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-77L, BERESIIBWYWTI I a—7 Ry 7 AEEICH D
EMERE T 7 4 VA D 1 B HIBERIENIC L 2 —EHEEIC X

D BRGMRELDS LHT T3 D 2 & 2 fRE L, BRREZ 10" & 3RE
B

¥1l. 3—53% 2BEMEET 7 4 VZ OFEEG AR ORISR

PR E

Run Overpressure Failure Pressure between
No (kP) ot filter 2nd flter * (ipey 1o

1 1001  Not  Not 6.8

2 156  Not  Not 17

3 201  Not Not 16.7

4 245  Not  Not 23.4

5 290  Not  Not 305

6 295  Not  Not 305

7 381  Yes  Not 378

8 46.0 Yes  Yes 51.3

(5) AW NG 2 K 95 7okl Ok Ik D i B O B &
LXDEELWSRAELTL &9 5,

1. 4 BRE~O®YYA—137 Bk E
(1) B 7 —137 Ha B 1R
MM E OV 7 A —137T ~OHREAZEE 1L, TAEA-TECDOC-
11620 &N D, HMFRIEAE LI BEHEME NS O H v~ i
D ANERHIE < KOV IE U 72 O M B O WA BT K 2 LB
(T <ATD D ERRE~DBBESRBIZ OV TR T L —13T L35

AL Dz HWD, 122U, (LFERERIC K DRBOE D Z
E3 %7212, TAEA-TECDOC-1162 (2 Fri#k o W A5 B 4R 50 %

\
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ICRP @ Publication72 OW AfEE LSRR CTHIIET 5 72 0O
ET 5 [ AREOLE IR D MIERE ] 28T, UUTD
HERICLVEET A,

Yo — 13T i B
=Z&@i@mm%x&EMMndurﬂw@%%§

BRI O® Y T A—13THEABIILL O HETEET 5,

BfioD® > 7 A — 13THELRE
F4fE | OCF, BaBREL — STt )~ [ 7 K
= O) 4“;!4:\‘ — 7N E/\
T L 13I0CE R W NERROAL A TEREN AR S A IEARER

ZIZT, IV ULKRORT AU 7 AT HWER A 1.
4 —1RIZ, WABEOLFTVEIRAMEREAEZE 1. 4— 2%

IZoRT 7,

1. 5 FEAMhAER
RIP~ORSHEE OB EZH 1. 56— 1XK1»HHE 1. 5—2
R, FMFEREE 1. 5 — 3RIRNT,
1. 5— 3ROERNG, HURIEYE OB S X F T T AR
HIHE 22 2 CERENTWA B DA —13THETI00TB q %+ F
A2,
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CT-1-L BY

W1, 4—1F TR ARRT AU ACRHT A HE

TECDOC @

C s — 137 #BARKH!

5 a1

T TECDOC 2> CF RS | (D] =

CF . #a5fs4 [Al (C s —137 Of) - (C] [A] / [B] x [C]

[B]

mSv,/ kBq,/m? 'mSv,/ kBq, /m? — —
P u—238 6.6 1.3xX107! 0.14 7.17
P u—239 8.5 1.3xX107! 0.13 8. 72
P u—240 8.4 1.3%X1071 0.13 8. 62
Pu—241 1.9x10°! 1.3x107! 0.07 0.11
Am—241 6.7 1.3%X1071 0.17 8. 84

X1 MRS LT EME O o~ B K D AN HE < L O ERE U 7 i M E o AFBEUC KD
T IR D FERELE VT C s — 137 it BT B 4 133K




1. 4— 2K WABREOFIEREICR DM ERE

TECDOC O A ICRP Pub72 0 o
Y N o aN §AE
- RS L B ANEROL AR
(o) BHR (LPREE 2E) (ZHR D HHIEARAL
[b)] [c] =1[b] . [a]
Sv/Bgq Sv.,/Bg _
P u —238 1.13X 10 4*!1 1L 6X105
P u—239 1.20X 10 4%1 1.6><1()’5 0.14
P u—240 1.20X 10 4%1 1.6><10_5 0.13
P u—241 233X 10 6%! 1'7><10_7 0.13
Am—241 9.33% 10 ° ars 0.07
1.6X10° 017

VI-T-L B4

X1 AbFEREL L THx L — FEETE,




1. 5— 1R KEEHEFOKRKKF DS IEYE O &
- Cs HABARE | Cs137 HLBAK
3 jj&ldji =.
K Fil Ba] [Bq— & [Bg-
q Cs137/Bq] Cs137]
Pu-238 1. 05X 10° 7.17 7.53%10°
Pu-239 5. 57 10° 8.72 4.85% 107
Pu-240 1. 00X 107 8. 62 8.61%107
Pu-241 9.929%10° 0. 106 9.36%10°
Am-241 9. 49% 107 8. 84 9.20% 108

i 7-1-15




1. 5— 23 EIEEMEEO RS T~ S O &
- Cs HABLRE | Cs137 HLBhK
3 jj&ldji =,
K Fil Ba] [Bq— Hi = [Bg-
q Cs137/Bq] Cs137]
Pu-238 3. 28 X 10° 7.17 9.35%10°
Pu-239 1. 74X 107 8.72 1.51X10°
Pu-240 3. 12107 8. 62 2.69%10°
Pu-241 6. 92 10° 0. 106 7.37%10°
Am-241 7.77% 107 8. 84 6. 87X 10°
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1. 5—3FK KEEOBBRIZBIT D KA ~DEHEDE D
i (C s —137HUE)

i A e 5 ittt #& (T B q)
K 1.4X10°°
f& 5 C s —137T#EfE 4.2X10°°
Bat 5.6X10°
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2. MOXHDOT AU 7 h=241 g KEARDFHMIZONT
BRFBENREEE X 2BRE~O® v U A — 13THERE T T & O
BN, FROBEEZZITIOIMOXHTOT A Y 7 A—241548
RKxa45%ELTHELTWD, ZOT AV VT LA—2415HFL 5%
I, FRLERAERR I3 T RHALER LTI L 7= MO X AR 2 MO XEREI
LHEaR 22T AN D £ TOMM 2K 104 & RUE L TRk E LTZE TH 5,
T, AR WD TV b =T ADRNASKE D 5 H 7L
P L2410 EREASTHH13. 3% 2 HEE L, BERETHDT
AV DT L=241D5BREE L7220 SARGE U CRAEEGTH R 2 i L 72351,
FHLHELN DT3RS T A U 7 A —241 88 RKITHR KDL 9% L7225,

FA)S Y L2018 HE[%)
(o)) (0]

0 20 40 60 80 100
BHAEH S DEBER [F]

o —1 T A U A-2£41EHROHS
TAYI D A—241EHLE11.9%E LI-EEDOE 7 A—137THE
BN, KK BB ENNFEIFRELZSA, 7.1X10°TBq &%

D, TAUV T LA—21EH8RNAL5%D L x0T L—13THE K
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BEB5.6X10°TBq LT, 7T AU U7 A-2410O8INZ L 5%
&y,
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POWDERS, BATTELLE MEMORIAL INSTITUTE PACIFIC NORTHWEST
LAVOLATORY, 1968, BNWL-786.

(2) ANST N46. 1-1980 : 1981. American National Standard
Guidance for Defining Safety—Related Features of Nuclear
Fuel Cycle Facilities.
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1987, p. 244-250.
(8) Generic procedures for assessment and response during a
radiological emergency, IAEA-TECDOC-1162, IAEA, Vienna

(2000) .
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RHENZ DOFKE

AERTIE, TRRICEDPACIAD HBEREDESR ] LY BT X
5 CiAD D HEREDHLN ) D IRIIRFFEAERED K H ~D U T E D Jik
HE (B v A—137 ) OBEEIZHT> THEHT KT A—4
DARFE SIZHOWTHIAT 5,

1. HFENRNTA—=HZDARENSITONT
(1) MDA T 2 G E &L H)
CKRRIZ L DA LA D HHERE DR
(a) EIRNHE
HRFWOERERDLAKFE LTEESTL2/n—TRy 7 A
HOMO XKD A X h VI, ERIHIBREICESEFRE L
WHZ e, T ED BRIV,
(b) THRIZNR
HEPEBE ORI EOREICBWT, “RIBAEBHER, RINFNE
BMARK NI Y =Xy NIV =0 LELEL 18% L3RE
LTI L TV 52y, ZhX w7 v b=y LEEDONL v
M BLE L TWDGE, 1THERmO TRLE 725,
b. BRICL D CIAD HIEEDIEL
(a) EIRNHE
K TIOT ARG T A &Y WD BERE T B OV NRBEBERS 7 o
DODMO X DA X b Ui, BERHIREICESEHEL TWD Z
END, ZHLALEO BIRNITZ U,
(b) THRAZIR
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M E OB EOEEIZBWNT, 7 —r XLy MNIT L
=D LELELE 18% EFRELFHE L TWD 2, Tk En
V=T NEREON LYy FEBGE L TV L5E, 1RO T
wih &2,

c. KEKLWERIZL DA UIAD HEERED IR D[RR A&

(a) ERNZHER

KRIZE DA CIAD ZHEREDIEES ] LY TBERICK L

A DIERED TN | DORIFFREARIZBW T, HERNRET 2K

SYEWE BT BRI,

(b) THRANZNR

KRIZE DPACIAD DHEREDTER | LT NERIZLHPAT

AD DHEREDIENL | DRIFFRAERIZBNT, IV F=7 A

EALEED 10% DXLy FZEGEL TWEE, 1THIERTO TR

nenes,

(2) WSHEMBE R B Z 2T 581G D)

a. KEIZX DA UIAD HHREDHEL

(a) EIRNZEHE
FOMLWEFLE LTLERELTWSZ LG, T
Eo EIRAITAR VN,

(b) FHRNZR
HEARFRDORRERDKKIEEEST LT —T Ry 7 A%
QY%7 0 —T Ry 7 ADOPEHKER T, FEEMERTI 21, 2% L
ITHENZZERET Hexet THHZ Lh, KAEMEEHZ#EX
5 MR O HERFIZ I W) T H M I AR HMO X EyR )
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EEMZANT D E1FBE 212< <, Elizabethd OICERVIZ X
5HEERMEO—BBALADIZE =T oY VOBITEHEZ 1
X102 LTEY, @RMOREAHOAZ T #IMOX
MR L CKRORELEZZ T HEEIX 2HRE TIRLT 5
AR H Y, @REOESHESCAGIIIN S TV n T
VA« 7 —=u_Rby MEAz=y FRNER =y M &R

<&, BFRELTIHREO MrIvE 2D,

Kodifying Factors
Factor 3. Fraction of feresol releasod from primary containment into
building

Primary Containment ' Faotor

Bases & Vapoura

Whatever the containment (oxcept elemental iodine released
under vater). 1,0

Elemental iodine roleased undor water, 0.

All other forms

TPibre drums, glove boxes, cells, reactor structures eto., which

ara so sexriously damaged that contaimment is virtually nil, 1.0
Storage blocks and pits, seriously damaged glove boxes, vells,
flasks, reactor structures, etg, : 0.1

Safes, undamaged or slightly damaged glova-hoxss(123, cells,
flasks, reagtor struochures, oto,, under water storage,
3 £
single metal oontainment, . 0,01 |

Concreted steel drums, double metal containment. ' 0.0(4

Fl1— 1N 4EHEo—ERHCADICBITA =T a Y LVB{TEE

b. BREICL I UIAD DEREDHE L
(a) EIENZHE
INRBEEERE IR D X A 1IN FKTH Y, FRICL Y b E
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R LT AA IV TIZE s TEEENRZ Y - XLy hTH
HIENBZOLND, T2, BURMEWE OB EOREIC
BWTBHEOREL ST 5HE1E, MMERBR2=y FOK
FORHIBRAE 103ke « MOX D 9 H 10430 1 LFEFELTHY, —F/h
BURBERS P ~D_ Ly b OLEfT L 2 B G FHT 6 kg - MOX FREE
THHI END, UIT/PNBBREMFONL y bR EET U —
XUy FOBETH-TYH, ZHEEO BRILIEZR W,
(b) THRNZHR

BERG IR O & A TR ERS S CThH Y, S —r XLy k&
BEREX Ly FOHRITFEIZ—E LR DD, XLy OBERH
WMEHIREFEEEERT DL, BTV —r Xy MNIE
BRCIZREOENRETH DL EEX DI, 1HRWHO TR
LR D,

c. KKK EFRIT L DPA UiAD HHEEE D TLR D [FIRFFE AL I

(a) EIRNZHE

RS E B CIAD HZHEREDTER | KON BERIZL DL
AW DIEREDTEN: | DOFIREFFAERFZISWT, HUR T E 2 52
Z T HEEIC BRUE 70,
(b) TR

KEFHITIBNT, @RMOBESHECRITIH S 1T
RWT LA T =Ry MaiAa=y P NG = v
FERRE, SREO—EMAUIADIZ L DRI LT
Yitr, [AKKICE DA CIADDEEEDELR ) KO MR X
LEACIAD HDHREEDIER ] DOFRIRFFEAERFITIBWT, 1 HTAwM
DTIRNE 72D,

i

{

=
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(3) HURHMHEME RN ZHNCEATT HEIG DOES)

O KRRICE B TIASD HEERE DTS
(a) kHENZHE

NUREG/CR-6410P12 X % &, A D K KITBNT, Kk
PIELTCRAE T L WIRBERF I 351 2 R ML A O B1THI
H&1X10"E LTHY, WiEhE#akOERNORA VL
MO XBRMES > TRBEST 2 Z L 2 E LSS, 1M
D R E 72D,

Table 3-1. Bounding ARFs and Applicable Experimeiitally Measured RFs* (Continued)

THERMAL STRESS

3.3.2.1, Volatile compounds 1E+0 1 Brereton, et al. 1995
3322 (1.0) [APAC Spills Report]
3.3.2.3 Liquid, agueous solutions-- 3E-5 2 USDOE 1994, Subsection 3.2.1.1
a. Simmering, no visible bubbles (RFNVAY)
b. Boiling* 2E-3 1 Mishima, et al. 1968; Borkowski, et al. 1986; Kataoka and Ishii
(RFNVA?Y) 1983; USDOE 1994, Subsection 3.2.1.3
3.3.24 Liquid, organic combustible-- 1E+0 2 USDOE 1994, Subsections 3.3.1; 3.3.7
Volatile compounds dissolved in organic (RENVAY)
liquid
3.3.2.5 Liquid, organic combustible-- 1E-2 2 USDOE 1994, Subsections 3.3.1; 3.3.7

a. Non-volatile compounds, burns to self- (RFNVAY)
extinguishment, no significant surface

turbulence
b. Non-volatile compounds, vigorous 3E-2 2 USDOE 1994, Subsections 3.3.3; 3.3.4; 3.3.5; 3.3.7
burning with surface turbulence, burns to (RFNVAY)
self-extinguishment
¢. Non-volatile compounds, vigorous 1E-1 2 lJSDOE 1994, Subsections 3.3.3; 3.3.7
burning with surface turbulence, to complete | (RF NVA®)
dryness
3.3.2.6  Liquid, organic combustible-- SE-3 Z USDOE 1994, Subsections 3.3.6; 3.3.7

a. Burning of combustible liquid over air- 0.4)
dried residue from solution on porous, non-
heat-conducting surface

b. Burning of combustible liquid over air- 2E-1 2 USDOE 1994, Subsections 3.3.6; 3.3.7
dried residue from solution on heat- (0.3)
conducting surface

11— 2 AEEEEO KRBT 5B EEMOBATEIS

(b) FRIZIR
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NUREG/CR-6410 (2L % &, &K 1000°C, ByRJEPHO EFH il
100cm/s (ZEDIIZIERTRIE DM R OBATEIG %2 6 X107 & L
TEY, oG, KKIZL BEHEWERSMBICBITT 5
AT, IHTOTRERRLE R D,

3.3.2.10 Solid, Non-Combustible - Powders

a. Non-Reactive, up to 1000° C (1830 °F), upflow around powder to 100 cm/s (2.24 mph)

| ARF 6E-3 |

RF 0.01

11— 3K FERTRMEOMEKDOBRITEIS

b. BRI L AP LiAD HHEEEDFENL

(a) EIRNEHE

BERGIF S CTRAT DIBFEITHE D LTI, FFRIZEBWT 200kPa
BELHEINDY, 270, ZOEITIKEZE-—T LI —225%
DAL ERRLIZ L 2 TRA OB 2K TICB T SENTH
0, EBITBEAEE 2SR L7 ETIC RV T, KFE - T
IRA A L 22K DB THLHUREE & 722705, & 2 \WIEERSTHY
RNBBIERICHE D Z BB LND, Lo T, BELZBX
DIERENRAEL, B EMENETRICBITT 2EE N BT
Rl A AN

1 7-2-6



(/)

*

i H P W : [ LI S S S e N
- A - B - B | S . L T S ST
T 2t %)

Bl — A4 KFE—K—T NI RDIEBEIETE SR
(b) FIENZE

DOE HANDBOOK 2 k5 L1BRIC L » TRAMIZBITT 2 EIE1L5
X10° LHREINTEY O, 1O TR E 2D,
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DOE-HDBK-3010-94

4.0 Solids; Powders

and components. Shock and blast waves and associated TNT equivalents were estimated for
1.8 and 4 meter diameter flammable gas clouds. The point of detonation was assumed to be
0.75 m from the front of the glovebox.

The modelling indicated that even relatively weak shielding such as the lexan windows or
gloves of the glovebox provided significant shielding from shock waves. This was due to the
speed of the shock wave (total glovebox envelopment in 2.5 milliseconds), which would
almost completely pass over the structure and initiate reflection waves in the time it took for
shielding material to fail: "the shock wave moving inside the glovebox is approximately
spherical in shape and much weaker than the outside shock." Peak overpressures in the
glovebox ranged from ~ 8 to 28 psig at the glovebox floor and from ~ 5 to 15 psig at

0.3 m above the glovebox floor. As would be expected, the higher pressures were on the
side of the glovebox facing the explosion.

The peak velocity and density of the shock and blast wave moving across the bottom of the
glovebox were 300 m/sec and 0.004 g/cm’ respectively. Kinetic energy density was
computed from these values. Halverson and Mishima (1986) had developed an empirical
equation for wt% of powder airborne as a function of energy density. In this calculation,
powder mass was minimized (~ 30 g) to maximize energy absorbed per gram. The fraction
of material driven airborne was estimated to be SE-3. The main uncertainty associated with
this calculation is the unaccounted potential for localized, high energy density regions that
would be expected in a non-uniform distribution. To attempt to determine the relative
severity of conditions inside the glovebox, massless tracer particles were inserted into the
model to follow flow with no drag. Particle motion indicated an absence of strong shear
forces or turning forces that might enhance breakup. Most particle movement was uniformly
to the rear of the glovebox.

The explosion study is considered to support the basic interpretation of phenomena in studies
by Mishima and Schwendiman. Based on those studies, values for ARF and RF of 5E-3 and
0.3 appear to be conservative for the suspension of a powder from a smooth, unyielding
surface from the pressure impulse generated (i.e., gas flow parallel to surface) by an
explosion. The release phenomena is considered to cover powders shielded from the direct
impact of the blast as well. Examples of such situations include powder buried under debris,
in a can/container that is uncapped by the blast, or in a glovebox with blast external to the
glovebox.

4.4.2.3 Venting of Pressurized Powder

For the entrainment due to the rapid burning of a limited volume of combustible mixture
(equal to an unconfined vapor explosion - cloud volume, <0.25 volume of container) over
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