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Kodifying Factors

Factor 3. Fraction of feresol releasod from primary containment into

building

Primary Containment Faotor

Gases & Vapoura
Whatever the containment (oxcept elemental iodine relecased

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, eto. 0.1
Safes, undamaged or slightly damaged glova-hoxss(12>, cells,

flasks, reactor structures, oto,, under water ntnrage,

single metal oontainment, 0,01 |
Concreted steel drums, double metal containment. 0.0(4
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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, agqueous 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; Katacka and Ishii
(RFNVA?) 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 (RENVA")
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
3326 Liquid, organic combustble-- 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

1 — 2 AEEEEEOKKIZBT 5 IEEBEELEY OB TEIS
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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
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O before shaking

L 01 after shaking (Input 400 gal )
A, after shaking {input 800 gal)
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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 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

Page 4-69
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Kodifying Factors
Factor 3. Fraction of feresol releasod from primary containment into
building

Primary Containment ' Faotor

Bases & Vapoura

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

Elemental lodine roleased undor water, 0.
All other f{orms

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(w), cells,
flasks, reagtor struochures, oto,, under water storage,
3 £

single metal oontainment, ) 0,01 |
Concreted steel drums, double metal containment. 0.0(4
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(3) HURHMHEME RN ZHNCEATT HEIG DOES)

L KRRICE B TIASD HEERE DTS
(a) kHENZHE

NUREG/CR-6410P1Z X % &, HAHEAIED K KITBWT, Kk
PIELTCRAE T L WRBERF I 381 2 R ML S O B1THI
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LTEMO Xy RMIBS o TRRBET 2 Z L 2BE LTS E, 1
Hrd BN E 72 %,

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
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NUREG/CR-6410

2k B &, K 1000°C, By REMO EAR

100cm/s (ZEDIVTZIE AR DMK DOBITEI G %2 6 X107 & L
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KAZ T 0 S E A KAEICAT T 5

HE, 1O RO E 2D,

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
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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 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

Page 4-69
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