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# 1-1-8  JR IR A BB DEEN o~ BRI ORATA v A <D
SIS D D R P R N O FE AR R (1/2)

T X)L F (MeV)
HIRIREE  (photons)
T R ER (RFExRLF)
1. 00E-03 1. 00E-02 9. 67E+16
1. 00E-02 2. 00E-02 1. 72E+15
2. 00E-02 3. 00E-02 5. T2E+17
3. 00E-02 4. 50E-02 7. 78E+14
4. 50E-02 6. 00E-02 0. 00E+00
6. 00E-02 7. 00E-02 0. 00E+00
7. 00E-02 7. 50E-02 0. 00E+00
7. 50E-02 1. 00E-01 8. 21E+21
1. 00E-01 1. 50E-01 1. 48E+18
1. 50E-01 2. 00E-01 4. 92E+19
2. 00E-01 3. 00E-01 5. 02E+20
3. 00E-01 4. 00E-01 7. 93E+20
4. 00E-01 4. 50E-01 1. 50E+19
4. 50E-01 5. 10E-01 3. b4E+19
5. 10E-01 5. 12E-01 2. 03E+18
5. 12E-01 6. 00E-01 2. 05E+20
6. 00E-01 7. 00E-01 7. 86E+20
7. 00E-01 8. 00E-01 4. 91E+20
8. 00E-01 1. 00E+00 1. T4E+20
1. 00E+00 1. 33E+00 7.22E+19
1. 33E+00 1. 34E+00 4. 02E+16
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# 1-1-8  JR IR A BB DEEN o~ BRI ORATA v A <D
SIS W D RPN O FE AR R (2/2)

TR F (MeV)
#URTEE (photons)
T R ER (RFE L)
1. 34E+00 1. 50E+00 6. 43E+19
1. 50E+00 1. 66E+00 4. 60E+18
1. 66E+00 2. 00E+00 1. 25E+19
2. 00E+00 2. 50E+00 2. TTE+19
2. 50E+00 3. 00E+00 8. 24E+17
3. 00E+00 3. 50E+00 2. 23E+16
3. 50E+00 4. 00E+00 0. 00E+00
4. 00E+00 4. 50E+00 0. 00E+00
4. 50E+00 5. 00E+00 0. 00E+00
5. 00E+00 5. 50E+00 0. 00E+00
5. 50E+00 6. 00E+00 0. 00E+00
6. 00E+00 6. 50E+00 0. 00E+00
6. 50E+00 7. 00E+00 0. 00E+00
7. 00E+00 7. 50E+00 0. 00E+00
7. 50E+00 8. 00E+00 0. 00E+00
8. 00E+00 1. 00E+01 0. 00E+00
1. 00E+01 1. 20E+01 0. 00E+00
1. 20E+01 1. 40E+01 0. 00E+00
1. 40E+01 2. 00E+01 0. 00E+00
2. 00E+01 3. 00E+01 0. 00E+00
3. 00E+01 5. 00E+01 0. 00E+00
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F 1-1-9 FARAKEWRMHEOEEN ~ M RAT A v A T~ RO
FHEIZ WD X — B RN ORBEEARIFEIRE (1/2)

T X)L F (MeV)
HIRIREE  (photons)
T R ER (RFExRLF)
1. 00E-03 1. 00E-02 1. b0E+14
1. 00E-02 2. 00E-02 1. 33E+13
2. 00E-02 3. 00E-02 5. 99E+14
3. 00E-02 4. 50E-02 1. 42E+16
4. 50E-02 6. 00E-02 0. 00E+00
6. 00E-02 7. 00E-02 0. 00E+00
7. 00E-02 7. 50E-02 0. 00E+00
7. 50E-02 1. 00E-01 9. 2TE+17
1. 00E-01 1. 50E-01 2. 36E+17
1. 50E-01 2. 00E-01 2. 46E+17
2. 00E-01 3. 00E-01 1. 94E+17
3. 00E-01 4. 00E-01 3. T6E+17
4. 00E-01 4. 50E-01 8. 34E+15
4. 50E-01 5. 10E-01 2. 40E+15
5. 10E-01 5. 12E-01 1. 15E+15
5. 12E-01 6. 00E-01 6. 65E+16
6. 00E-01 7. 00E-01 4. T0E+16
7. 00E-01 8. 00E-01 4. 73E+16
8. 00E-01 1. 00E+00 2. 08E+16
1. 00E+00 1. 33E+00 2. 11E+16
1. 33E+00 1. 34E+00 8. 54E+13
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F 1-1-9 FARAKEWRMHEOEEN ~ M RAT A v A T~ RO
FHEIZ WD X — B RN ORBERRIFEIRE (2/2)

TR F (MeV)
#URTEE (photons)
T R ER (RFE L)
1. 34E+00 1. 50E+00 3. 99E+15
1. 50E+00 1. 66E+00 5. 20E+15
1. 66E+00 2. 00E+00 6. 33E+15
2. 00E+00 2. 50E+00 2. 10E+16
2. 50E+00 3. 00E+00 1. 49E+15
3. 00E+00 3. 50E+00 7. 08E+13
3. 50E+00 4. 00E+00 2. 31E+13
4. 00E+00 4. 50E+00 8. 63E+11
4. 50E+00 5. 00E+00 0. 00E+00
5. 00E+00 5. 50E+00 0. 00E+00
5. 50E+00 6. 00E+00 0. 00E+00
6. 00E+00 6. 50E+00 0. 00E+00
6. 50E+00 7. 00E+00 0. 00E+00
7. 00E+00 7. 50E+00 0. 00E+00
7. 50E+00 8. 00E+00 0. 00E+00
8. 00E+00 1. 00E+01 0. 00E+00
1. 00E+01 1. 20E+01 0. 00E+00
1. 20E+01 1. 40E+01 0. 00E+00
1. 40E+01 2. 00E+01 0. 00E+00
2. 00E+01 3. 00E+01 0. 00E+00
3. 00E+01 5. 00E+01 0. 00E+00
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T E A B S B IE B T TE i SR
R e H B FEHAH 9
#EE 10m - "
1991 4F 11 A ~ R HH B FEHH 8
1992 4 10 A R e H B FEHH 5
HEE 7lm
R HH B A A2 L
JE\ ) A FEHH 1
#EE o 10m -
2012 4E 1 A ~ JoR\ i ) B A FH L
2012 4£ 12 A JE\ ) B FEAHLL
ks 7lm
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#*2-2 FHWRER (EA) (M ke 10m)

BLISET « By A S (BEe% 70m,  Hb L 10m)
W R R R ARG
RO @ 2002 4F 1 H~2011 4F 12 f
FRUEAE © 1991 4F 11 A ~1992 4 10 A
(%)

ki e Wepr | MEHEUR HE
2002 2003 2004 | 2005 2006 2007 2008 2009 2010 2011 | “FHfE 1991 - O T;v: }R
A e | PR | e

N 6.78 6.42 4.0 487 6.19 7.43 7.40 7186 630 .35 6.39 332 19]9. 358 X
NNE 3.72 3.99 2.5 4.1p 2.16 2.42 2.p8 2|21 23.09 .52 2.97 3.97 4.67 1271 O
NE 3.58 3.15 24 32p 4.97 4.19 4.6 3[60 3.09 .05 3.56 722 29|15 184 X
ENE 6.15 5.44 5.0 5.6p 7.48 5.44 6.40 5|78 953 .50 5.74 3.61 7.67| 3.81 X
E 4.48 5.99 5.2 6.0 6.99 545 6.67 6[57 596 .06 5.83 294 67|7. 398 X
ESE 2.67] 2.8 2.3p 321 2.83 283 2146 268 272 [L.66 2.57 4.02 3.56| 1.59 X
SE 4.61] 5.99 5.1y 506 6.44 5.p2 5192 6{12 943 180 5.45 576 936 3971 O
SSE 167 19 2.1p 191 213 186 1497 218 58 [L.90 193 3.34 2.41 144 X
S 2.91] 2.41 3.1 26B 3.01 3.4 386 3jo1 348 B.80 321 4.62 31|14 212 X
SsSw 7.84 6.9 7.98 6.65 5.27 6.86 5(62 731 131 .15 6.91 6.55 8.97| 484 O
SW 12.07] 11.53 16.2p 1346 1177 13445 1153 1p.58 1560 71521337 7.61 17.6f 9.1 X
WSwW 3.88] 3.41 4.8 4.4p 3.34 4.§3 4.p1 4108 4.66 .98 4.24 4.23 5.71 279 O
W 12.01 10.5¢ 115 1247 1103 11§71 12116 11.99 m77 2.4811.77 12.67 13.2] 0y O
WNW 14.06 15.24 152 1355 1114 10/93 978 9.64 95 10.12 1.981 18.84 17.4 6.2 X
NwW 5.19 6.01 5.09 54 6.27 741 6.59 6/55 730 .19 6.38 411 818 395 O
NNW 2.99 2.89 2.09 204 2.28 2.4 2{09 255 .24 2.46 3.20 3.40 159 O
CALM 5.40 5.37 4.69 51 6.6D 3.16 6.04 487 4166 4.96 5.23 839 7.17 3249 O

#2-3 FHWRER (k) (1 Es 10m)

BB BN A s (B T0m, 1 E & 10m)
BE RS« JR AR R R

HEAHHIE 2002 4 1 H ~2011 4 12 A

MOELE 1991 48 11 4 ~1992 42 10 A

(%)

& 2002 2003 2004 2005 2006 2007 200 2009 2010 200LEY- #4)fi # if;f% AR5 5 [TJ;:}R

JEH (/s b BR I RR XA
0.0~04 5.40| 5.3 4.6 5117 6.60 3.6 6.04 4187 466 b.96 5.23 3.98 7.17| 324 O
05~14 34.04 34.0¢ 3178 33739 3800 35(73 40.82 38.53 3730 08B9. 36.20 25.9 43.16 29.35 X
15~24 29.75 28.2 28 .64 3049 2823 31470 29.52 28.47 3039 80p8. 29.44 29.84 32.2 26.68 O
25~34 16.45] 16.8: 17.14 16.44 1432 16495 13.26 15.18 1524 79]5. 15.81 16.85 18.86 1216 O
3.5~44 8.41] 8.59 944 846 7.%4 7.88 6.84 7166 147 b.76 7.92 9.94 9.89| 5.99 X
4.5~54 3.59) 4.06 4.7 368 3.46 2.55 214 3142 3.35 p.35 3.35 5.79 5.23] 1.47 X
55~6.4 1.28] 1.81 22 14p 134 0.p7 1p2 1126 117 .99 1.36 3.58 2.31] 0.41 X
6.5~74 0.65] 0.64 0.8 05p 0.35 0.0 op7 0}41 Q933 D.18 0.46 2.35 0.97| -0.0§ X
7.5~-84 0.25] 0.39 03 01p 011 0.09 0.p4 0}15 Q.08 D.05 0.16 1.03 0.43 -0.11 X
8.5~94 0.11] 0.0§ 0.1 0.0p .03 0.03 0.p4 0j03 .00 .01 0.05 0.48 0.17| -0.07 X
9.8 I 0.06 0.01 00 0.0 0.1 0.02 0.p1 0jo1 000 .00 0.02 023 7[0.0 -0.03] X
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#*2-4 FHWER (EA) (ke 71m)

BLRSET © BN B AL (R 175m, Hi1 1& 71m)
WERS IR o

HaHIIRT - 2002 4F 1 A ~20114F 12 A
FREAE © 1991 45 11 A ~1992 4 10 A
(%)
& 2002 2003 2004 2005 2006 200 200, 2009 2010 2011 | T it H’fgf R KE% Cﬂ;ﬁﬂ
w LR | PR | xR
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Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total iodine in containment (%)

Plant Accident L (g) L (9 I (0 CHSI (g)
- - TTTTT T TETTETETETIETIEISIEIEIAIEEMEEEEEEEEAMmMEEEAIEIAIAIEAAIAEMMEEEEEI A IO 1
1 Grand Gulf TC v 0.05 0.03 99.92 0.001 |
: TOQUV y 0.01 0.03 99.96 0.0003 1
|
1
| Peach Bottom AE y 0.002 0.03 99.97 0.0001 :
IL TC2 y 0.02 0.03 99.95 0.0004 1
________________________________________________________________ |
Sequoyah TBA 021 0.03 99.76 0.004
Surry TMLB' y 1.9 0.03 98.0 0.03
AB v 24 0.03 97.5 0.03
# 2-4-2  HEREFHIRFIC pH E A2 Ehi L7 WiGH 0 L 9 FO(LFIRRE
Table 3.7 Distribution of iodine species for uncontrolled pH
Fraction of total iodine in containment (%)
Plant Accident I, (8) I, (0) I (1) CH,I (g)
| Grand Gulf TC ¥ 26.6 153 58.0 0.2
| TQUV y 6.6 183 75.1 0.06
| Peach Bottom AE y 16 21.6 76.8 0.01
| TC2 v 109 18.0 71.0 0.07
Sequoyah TBA 69.2 9.9 20.5 04
Surry TMLB' vy 97.1 15 0.7 0.7
AB vy 97.6 1.2 0.6 0.6

& 2-4-3 NUREG-1465 & Regulatory Guide 1.195 (28T %

X 9 FBOALFIERE R OIEEEE O g

NUREG-1465 R.G. 1. 195
S ININOE S 4. 85% 91%
YO F 0.15% 4 %
kLR KD F# 95% 5%
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Wff— 1  STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNI/R (2009) 5 Dk

9.2.1 Aerosols in the RCS

9.2.1.1 | AECL

The experimenters conclude that spherical particles of around 0.1 to 0.3 um formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betweenf0.1 and 3.0 umjin size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contributions remained constant and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2 | PBF-SFD

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEI\/'f Bffff :;n éhese analyses the authors state that particle geometrical-mean
diameter varied over the rang4 0.29-0.56 pml(elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 um) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Turning to composition, if the first filter
sample is eliminated and “below detection limit” is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

9.2.1.3 | PHEBUS FP

Concerning particle size, impactors were used to take samples at both 700 °C and 150 °C. These samples
are, of course, punctual and may only be indicative of a particular phase of the transient. The results
indicate an aerosol population at 150 °C that is fairly lognormal with an AMMD around 3 pm with a
standard deviation of about 2. The population at 700 °C is less clearly lognormal and somewhat smaller in
mean size. However, these results must be treated with some caution as the impactor plates were heavily
overloaded and sampling flow was not steady: the impactors were not always functioning in their range of
calibration. Furthermore, in the opinion of the author, this size information is incompatible with the
absence of enhanced deposition by impaction in bends indicating particles with a rather smaller mean size.
SEM analyses of the impactor plates for FPTO and FPT1 as well as of filter samples show particles to
comprise agglomerates of particles in the size rang see Fig. 9.2-1.

9.2.2 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 pm at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 jum: aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 jum. IGeometric—mean diameter (dso) of particles in
FPT1 was seen to be between 0.5 and 0.65 um; a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements in numerous deposits giving a clue as to
the potential forms of some of the elements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit.
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Wsft— 2 NUREG/CR-5901 Dk

III. UNCERTAINTY ANALYSIS
roach and the Uncertain Quantities

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
reason 1o believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.

Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from Inf(0.25 um)}= -1.39 to In = 0.92.
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NRPB-322 ANNEX-A 2.2 Todine] Dk

2.2.2 | Meadow grass and crops |

Methyl iodide

There are fewer data for methyl iodide than for elemental iodine, but all the data indicate that
it is poorly absorbed by vegetation. such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood. 1988; Harper ef al, 1994) and
no substantial body of new data is available. The measured values range between 10°%and 10 ms™
approximately. Again, there are no strong reasons for taking r; to be a function of windspeed. so it is
recommended that v; is taken to be a constant. Based on the limited data available. the ‘best judgement’
value of v; is taken asand the ‘conservative’ value as 10~ m s, Where there is uncertainty
as to the chemical species of the iodine. if is clearly safest to assume that it is all in elemental form from

the viewpoint of making a conservative estimate of deposition flux.

2.2.3 Urban

Methyl iodide

There appear to be no data for the deposition of methyl iodide to building surfaces: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface. for which specific data are required. No recommmendations are given in this case. For vegetation
within the urban area (lawns and parks etc). it is recommended that the values for extended grass
surfaces be used.
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