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2 0.02 1.6X10%* 23 1. 66 1.2X10%
3 0.03 7.4X10% 24 2.0 2.5X10%
4 0. 045 3.8X10% 25 2.5 1.6X10%
5 0. 06 7.5X%10% 26 3.0 7.8%X 10"
6 0. 07 5.0X10% 27 3.5 1.9Xx10"
7 0.075 4. 4%10% 28 4.0 1.9Xx10"
8 0.1 2. 2X10% 29 4.5 4.8X%10"
9 0.15 1.3X10%* 30 5.0 4.8X%10"
10 0.2 3.3X10% 31 5.5 4.8X 10"
11 0.3 6. 6X10% 32 6.0 4.8Xx 10"
12 0.4 9.7X%X10%* 33 6.5 5.5X10%
13 0. 45 4,9x%10%* 34 7.0 5.5X10%
14 0.51 6.9 X 10% 35 7.5 5.5X 10"
15 0.512 2.3X10% 36 8.0 5.5X 10"
16 0.6 1.1X10% 37 10.0 1.7X10"
17 0.7 1.2X10% 38 12.0 8.4Xx10°
18 0.8 5.0X10% 39 14.0 0.0x10°
19 1.0 9.9X10% 40 20.0 0.0x10°
20 1.33 2.3X10% 41 30.0 0.0x10°
21 1. 34 6. 8 X 10% 42 50.0 0.0x10°
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FHR1—2—2

1 5 28, bm O FERIREZR (AA)

BUAGAT « &Y% (BEe 28.5m, Hi L& 20m) (%)

a4 FEANRRA
R e
2008 42010 ££[2011 4F|2012 42013 4£(2014 42|2015 4=(2016 £-[2017 4F|2018 4E | SEHJHE| OFER
2009 4F| LR | TR
XA
JEL 7]
N 0.59 | 0.64 | 0.85 | 3.05 | 0.66 1.23 0. 86 0.70 | 0.93 2.06 1.16 | 0.53 | 3.04 | -0.73 O
NNE 0.20 | 0.19 | 0.24 | 0.92 | 0.23 | 0.28 | 0.30 | 0.23 | 0.31 | 0.33 | 0.32 [ 0.15 | 0.83 |-0.19 @)
NE 0.12 | 0.28 | 0.16 | 0.32 0.22 1 0.29 0.39 0.31 0. 36 0.49 0.29 [ 0.26 | 0.56 | 0.03 O
ENE 0.32 | 0.26 | 0.33 | 0.25 | 0.32 | 0.42 | 0.59 | 0.47 | 0.55 | 0.47 | 0.40 | 0.30 | 0.68 | 0.12 O
E 0.55 | 0.39 | 0.55 | 0.40 | 0.67 | 0.72 | 0.92 | 0.87 | 1.54 | 1.22 | 0.78 [ 0.51 | 1.66 |-0.09 O
ESE 1.78 1.34 | 1.39 .14 | 2.71 3.31 2.77 3.17 | 4.00 2.95 2.46 1.71 4,78 | 0.14 O
SE 8.75 | 7.34 | 5.67 | 5.56 | 12.61 [13.94 | 13.57 | 13.87 | 13.43 | 9.42 |10.42| 7.84 |18.62 | 2.22 O
SSE 24,91 | 22.10 | 22.03 | 18.59 | 24.24 | 22,31 | 22.85 | 23.57 | 19.19 | 22.04 | 22. 18| 22.90 | 26.93 | 17. 44 O
S 10.98 | 10.94 | 11.09 | 15.61 | 7.76 | 6.74 | 6.18 | 5.69 | 6.00 | 10.37 | 9.14 | 11.28 [ 16.72 | 1.55 @)
SSW 3.33 | 4.61 4.05 | 3.68 3.93 | 3.05 3.15 3.14 | 3.57 3.23 3.58 | 4.21 4.76 | 2.39 O
SW 1.90 | 2,43 | 2.31 | 1.81 1.45 | 1.42 1. 18 1.66 | 1.65 | 1.97 | L.77 | L.91 | 2.71 | 0.82 O
WSW 1.18 | 1.67 | 1.60 | 1.22 | 1.45 | 1.19 | 1.3b 1.47 | 1.60 | 1.46 | 1.42 [ 1.19 | 1.85 | 0.99 O
W 3.99 3.98 | 3.53 | 2.81 4.72 | 3.29 3.79 3.69 | 3.85 2.5b 3.62 | 3.65 5.09 | 2.15 O
WNW 10.85 | 14,17 | 13. 11 10.55 | 13.77 [ 12.01 | 12.04 | 11.77 | 15.33 | 13.70 | 12.73| 12.20 | 16.37 | 9.09 O
NW 14.87 | 12.10 | 13.53 | 12.10 | 9.72 [ 10.65 | 11.74 | 10.43 | 11.54 | 9.42 |11.61| 14.86 | 15.61 | 7.61 O
N\W 11,77 1 11.93 | 12.38 | 15.91 | 12.02 | 14.78 | 12.92 | 13.25 [ 12.43 | 14.55 | 13. 19| 11.41 [ 16.56 | 9.83 O
Hf2 3.92 5.63 | 7.16 | 6.09 3.52 | 4.37 5. 40 5.83 | 3.72 3.77 4.94 | 5.10 | 7.89 1.98 O
P i N
Fik1—2—3 I%& 28.5m OEHRER (BHE/A0)
IR RR - G248 (jE NN 0
BLUNEET « B8 (B 28.6m, Hi1 b 20m) (%)
HEAHE FEHIFRA
e
2008 2010 2011 2012 2013 2014 | 2015 | 2016 | 2017 | 2018 BREE
SEIME OFIR
JEGER s e E £ ® &£ F &£ S ® &E G 2009 4£|  ERR (RS
X FEH]
(m/s)
0.0~0.4 3.92 5.63 7.16 | 6.09 3.52 | 4.37 | 5.40 | 5.83 | 3.72 | 3.77 | 4.94 | 5.10 7.89 1.98 O
0.5~1.4 25.50 | 26.78 | 27.29 | 23.47 | 26.26 | 28.99 | 30.71 | 30.19 | 26.30 | 25.68 | 27. 12 | 26.56 | 32.45 21.79 @]
1.5~2.4 27.32 | 24.62 | 24.06 | 21.03 | 25.88 | 25.91 | 23.93 ] 23.99 | 23.11 | 24.74 | 24. 46 | 26. 18 28. 54 20. 38 O
2.5~3.4 18.01 | 16.86 | 14.90 | 15.77 | 18.32 | 16.75 | 15.77 | 16.55 | 17.46 | 18.71 | 16.91 | 17.90 19. 82 14. 00 @]
3.5~4.4 9.83 | 10.35 | 8.41 | 11.92 | 10.92 | 10.23 | 10.21 | 9.97 | 10.79 | 10.64 | 10.33 | 9.45 12. 46 8.19 O
4.5~5.4 5.19 6.03 6.21 7.63 6.21 5.97 | 6.04 | 6.31 5.88 | 5.96 | 6.14 | 4.87 7.58 4.70 O
5.5~6.4 3.35 3.65 4.79 5.65 3.16 3.02 | 3.26 | 3.16 | 4.33 | 3.87 | 3.82 | 3.26 5. 86 1.79 O
6.5~7.4 2.31 2.85 2.90 4. 06 2.43 2.02 1.92 1.87 3.39 3.12 2.69 2.61 4.37 1.00 O
7.5~8.4 1.64 1.45 1.92 2.04 1.55 1. 06 1.12 0.97 2.23 1.79 1.58 1.86 2.60 0. 56 O
8.5~9.4 1. 08 0.98 1. 30 1.23 0.92 0.74 0.76 0.44 1.30 0.97 0.97 1.08 1.63 0. 32 O
9.5~ 1.87 0. 80 1.07 1.12 0.83 0.95 | 0.89 | 0.72 1.50 | 0.75 1.05 1.15 1.92 0.18 O
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FHR1—2—14

= 130m OFEHIEZR (EH)
BUGPET « BEE%ITE L (GBS 130m, H1 & 115m)

(%)

FEANRS
Bt e
2008 4E[2010 £E[2011 FE[2012 £E[2013 £E[2014 £5|2015 £E[2016 452017 FE2018 | FAME| OFR
2009 47| B[R TR 5
X FEH
AL
N 3.71 | 3.67 | 4.24 | 4.31 | 4.23 | 3.81 | 3.88 | 3.69 | 2.55 | 2.79 | 3.69 | 3.06 5.00 | 2.29 O
NNE 5.23 | 5.26 | 4.33 | 5.93 | 5.56 | 6.40 | 4.85 | 6.30 | 3.87 | 3.84 | 5.16 | 4.43 7.36 | 2.95 O
NE 8.33 | 7.79 | 6.55 | 7.39 | 6.30 | 9.66 | 7.73 | 9.56 | 7.61 | 7.07 | 7.80 | 10.14 | 10.47 | 5.13 O
ENE 7.06 | 5.85 | 6.15 | 5.63 | 4.31 | 7.02 | 6.24 | 7.25 | 5.95 | 5.85 | 6.13 | 7.58 8.18 | 4.08 e)
L 3.70 | 2.90 | 4.22 | 4.21 | 3.39 | 3.69 | 5.61 | 4.69 | 4.98 | 4.64 | 4.20 | 3.86 6.13 | 2.28 0
ESE 3.66 | 3.56 | 3.53 | 4.00 | 3.49 | 4.97 | 5.39 | 4.21 | 4.54 | 4.90 | 4.23 | 3.68 5.86 | 2.59 0O
SE 6.79 | 7.68 | 6.00 | 6.90 | 6.48 | 7.47 | 7.66 | 6.95 | 6.28 | 8.27 | 7.05 | 6.06 8.74 | 5.36 e
SSE 5.94 | 6.16 | 6.22 | 6.46 | 6.16 | 6.38 | 5.79 | 7.07 | 5.75 | 6.59 | 6.25 | 5.42 7.20 | 5.31 O
3 7.70 | 8.58 | 7.56 | 7.18 | 7.29 | 6.45 | 6.15 | 7.29 | 7.03 | 7.32 | 7.26 | 7.84 8.84 | 5.67 O
SSW | 8.80 | 8.14 | 8.95 | 7.86 | 9.18 | 7.35 | 6.74 | 7.82 | 6.98 | 7.08 | 7.89 | 8.79 9.95 | 5.83 O
SW 8.52 | 8.40 | 8.20 | 7.55 | 9.71 | 7.31 | 6.95 | 6.64 | 8.72 | 7.67 | 7.97 | 8.21 | 10.16 | 5.78 o)
wsw | 5.16 | 5.87 | 5.86 | 4.58 | 6.71 | 4.99 | 5.19 | 4.84 | 5.43 | 4.96 | 5.36 | 5.95 6.86 | 3.86 O
W 5.67 | 6.59 | 6.68 | 6.17 | 7.58 | 6.85 | 6.38 | 6.26 | 7.22 | 7.14 | 6.65 | 6.27 8.00 | 5.31 O
wNw | 742 | 8.39 | 7.06 | 7.95 | 7.69 | 5.60 | 6.46 | 6.17 | 9.38 | 8.56 | 7.47 | 6.67 | 10.24 | 4.69 O
NW 5.64 | 5.25 | 6.91 | 6.57 | 4.80 | 5.50 | 5.70 | 4.36 | 6.39 | 6.20 | 5.73 | 5.6l 7.63 | 3.83 O
NNW | 440 [ 3.51 | 4.72 | 4.51 | 489 | 4.71 | 6.02 | 3.94 | 5.42 | 4.65 | 4.68 | 4.45 6.34 | 3.02 e
wmam | 2.20 | 2.42 | 2.84 | 2.81 | 2.24 | 1.85 | 3.25 | 2.94 | 1.91 | 2.51 | 2.51 | 1.98 3.59 | 1.43 e
N o __ GiN=N A= M= SAN
KIS 1—2—5 15 130m OFHRER (B 70)
v = R Ay e XAl GiN=N = 0
BIHGHT  ERHEEE L (& 130m, H L& 115m) (%)
R FEARA
i
2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 BEE
B OFR
U P ks S i P k2 G G i k2 4 2009 /| EFR | TFER
X FEH)
(m/s)
0.0~0.4 2.29 2.42 2.84 2.81 2.24 1.85 3.25 2.94 1.91 2.51 2.51 1.98 3.59 1.43 @]
0.5~1.4 10.14 | 10.25 | 12.21 11. 14 8.71 9.51 12.61 11.83 8.51 10.88 | 10.58 | 11.05 | 13.93 7.23 @)
1.5~2.4 15.09 | 15.55 | 16.29 | 15.56 | 14.07 | 15.83 | 17.98 | 16.05 | 13.25 | 14.77 | 15.44 | 15.38 | 18.50 | 12. 38 @)
2.5~3.4 18.98 | 16.78 | 17.20 | 18.15 | 17.48 | 17.13 | 18.01 | 17.00 | 15.83 | 15.84 | 17.24 | 17.85 | 19.58 | 14.90 @)
3.5~4.4 17.35 | 16.72 | 15.81 | 16.83 | 18.09 | 16.26 | 15.79 | 16.54 | 17.38 | 16.26 | 16.70 | 17.08 | 18.45 | 14.96 @)
4.5~5.4 13.28 | 12.72 | 12.33 | 12.94 | 13.58 | 13.06 | 11.16 | 13.37 | 14.51 | 14.68 | 13.16 | 13.62 | 15.58 | 10.75 o
5.5~6. 4 9.22 | 9.44 | 8.46 | 8.71 | 9.18 | 9.14 | 7.67 | 8.48 | 9.17 | 9.16 | 8.86 | 9.01 | 10.13 | 7.60 )
6.5~7.4 5.51 | 5.74 | 5.44 | 5.40 | 5.74 | 6.25 | 5.00 | 5.37 | 6.35 | 5.38 | 5.62 | 5.24 | 6.60 | 4.63 0
7.5~8.4 3.23 4. 21 3.65 3.22 3.97 3.62 2.94 3.19 4.12 3.77 3.59 3.03 4. 62 2.56 O
8.5~9.4 1.49 2.95 2.06 2.17 2.49 2.52 2.27 2.25 2.94 2.72 2.39 2.18 3.43 1.34 @)
9.5~ 3.41 3.21 3.71 3.07 4.45 4.83 3.30 2.97 6.04 4. 04 3.90 3.59 6. 20 1. 60 @)
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so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,O are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench" temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water

pool will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could become quite large. ‘Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials .that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 glcm?) or SiO, (p = 2.2 g/em’) from the concrete and
UO,(p = 10 g/em’) or ZrO, (p = 5.9 g/em?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

o(w) (1-S) for e <05
o, = .
{o(w) (1+5) fore 205

where o(w) is the surface tension of pure water.

(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 to 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.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 um) = -1.39 to In (2.5 um) = 0.92.

(11) Geometric Standard Deviation of the Particle Size Distribution. The aerosols produced

during core debris-concrete interactions are assumed to have lognormal size distributions.
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aecrosol Material Density. Early in the course of core debris interactions with concrete,
UO, with a solid density of around 10 g/cm’ is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm? and condensed products of concrete decomposition such as Na,O, K,0, Al,0; SiO,,
and CaO with densities of 1.3 to 4 g/cm> become the dominant aerosol species. Condensation
and reaction of water with the species may alter the apparent material densities.
Coagglomeration of aerosolized materials also complicates the prediction of the densities of
materials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/cm>.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of aerosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:

B po4
D, = e(—G—) -—SE cm

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:
D, = 0.0105 ¥[o, /g(p;~p 1

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:
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9.2.1 Aerosols in the RCS

9.2.1.1

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
bctwccin 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.

92.1.2 | 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 (SEM 1 Based on these analyses the authors state that particle geometrical-mean
diameter varied over the range|0.29-0.56 um|(elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 num) 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.

9.2.2 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 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 um; aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (ds,) of particles in
FPTI was seen to be between 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 acrosol 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 tound 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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Dy(7)

T,
Do (r) : BERLAD 7o W5 DR E R
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(4)  FEAmREH
T R AT~ LA IEL OF R R EZRIT 1 —T7—2 1T 7,

RIR1—T—2 779 R v AT~ X AT < O L

P HEE B FERhHR B (mSv)
X ZRE T R AT 7 B #16.1X107°2
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RAETEEFS
MRS LB E DO DO o~ 82 L AT < ORI Iz oW T

BRBIRERI SR O JEAE PRI AR D980T < T 3810 2 IR m I IbaE L 7o U e e
MOEDT =l (T Ry AT <) X D8IE<IE, BEHEE O
HE,  RERILH D20 B R QL A5 & FE I DN B A SR AT OIS K D 1 v~ #r o
WA BN IR 2 B [ LRkl L 7=,

¥, HHEREL, BERERR T O HLALE I I 1T D AERHEE 2 VTR D
TR T, BARRKRATDE B LK OB AR R ATE » O#F mIZ—RIZEE LT
WD HDERE LT,

(1) R mE O R AT 72 » OFEHRIFRE
HIF i O AT S XS 72V OFEERRIFFRE [photons/m* ] 1, K Z & OHNLH
FEY 7= 0 OFFEARE (B « s/m* IR Z & =3 LX— 2 & D%
[photons/ (Bq * s) ] &#3$ 5 Z & TiMii L7z, 7eds, BARERIRTOE Lo
BN FEY 72 0 OFERARRE TR m L [ U & L,

S, = ZQk.Skv
k

Sy c AR Y 72V O RV — y @ photon D FEH AR E
[photons/m*]

Qx %R k O HALEFE Y 72 0 OFERAEEEL [Bq-s/ni]

Sky Gk O RV F— v D photon DJEHI=R [photons/ (Bg:s) ]
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T, Kk OBALEAEY - OFEEAREEBq « s/m*ITLLFORIT LY
A L 72,

T f
Q= f (5/Q ai(®) Vg7 (1= exp(-A (T = 0) ) e

Qx : KRR k OBNLIRIFE Y 72 0 OFER AL [Bg-s/mi ]
x/Q L AHH R [s/m’]
aw® FER BT DR k O KRR ~DO R E#E [Ba/s]

A D MR E A~ OUEAERE [m/s]

f, DR LT E o 5 Bk 285146 (1) [—]
Ak D BETE k DFREER1/s]

T : wPAm I [s]

RO KRG ~DOIHER [Ba/s FTER 1 —1— 1 ITHESEFHE L 7=,

T, HXHBREXRRI-1—4 OEZ AW,

MR ~DOWLEFREIIER 1 —1-8 DL IV 1. 2cmlem/s] (GLHEILEHE D
4f%) L L7,

B Lo LX¥—2 L Ot = [photons/ (Bq * s) J1%, ~X—& Mz fE
DRIV BT B H B A2 %8 L 72 ORIGEN2 7 A 7 U (gxh2obrm. 1ib) i & %
MUz, £, B RE2EET IO o~ L X —#E1E, ORIGEN2 ©
T~ TA4 7TV BERERE (18 BE) 7> 5 MATXSLIB-J33 (42 BE) (T H L T=, M
FiEE, EEN <R OATA v A 2B~ RIS X DH0E < OFEfi# & [H
£k, THARFEI)FSEE KL~V B E R o D ikt L O
AHYE $ 2008) (2009 4F 9 H ((EENEN) AARFEFFE) OffREHICFLH
SNTWABERFEAZRAW, (Kfs1—-6—1)

LB DA a7 & B4 U 7= 13 1 oD BANT I FE 24 7= 0 OFERARIRBRE & 5%
W1—8—11T/R7,

61-10-58



RR1—8—1 TT2 Ry A T ~<OFM % BEALE RS 7= Y
OO FE FL AR R
- TILF | T~ BRAE R AR R - TRIVF | T~ RS
(MeV) J& (photons/m?2) (MeV) J& (photons/m2)
1 0.01 #15.6x10" 22 1.5 9 1.4X10%
2 0.02 #16.2x10" 23 1. 66 #71.1x 104
3 0.03 #98.3%10" 24 2.0 #2.3x10"
4 0. 045 #31.9x10% 25 2.5 #2.2x10M
5 0. 06 #79.2x10" 26 3.0 #94.7X10"
6 0.07 #16.2x10" 27 3.5 #73.9X%107
7 0. 075 #71.2x 104 28 4.0 #73.9%107
8 0.1 #95.8x10" 29 4.5 #91.1X10?
9 0.15 #95.4x10" 30 5.0 #91.1X10?
10 0.2 #14.0x 10" 31 5.5 #91.1Xx107
11 0.3 #18.0x10% 32 6.0 #91.1Xx10?
12 0. 4 #1.3x10" 33 6.5 1. 2x10"
13 0. 45 6.1x107 34 7.0 1. 2x10"
14 0.51 #18.2x10% 35 7.5 #71.2x 10!
15 0.512 #12.8x 10" 36 8.0 #71.2x 10!
16 0.6 1.2x10"° 37 10.0 #93.7x10°
17 0.7 #1.4Xx10'° 38 12.0 #71.9%10°
18 0.8 #15.9x10% 39 14.0 #70.0%10°
19 1.0 #31.2Xx10% 40 20. 0 #70.0%10°
20 1.33 #72.8X10" 41 30.0 #30.0x10°
21 1.34 #8.5X10" 42 50. 0 #30.0x10°
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(2)

AP AR

(a)

(b)

. BRI AR

BRARFRIRAT O = _EICiE LT i s

BEEIRT OB RITid, BEFRSRAr o F O LEIC I T xR E %
W TR TR THREHEME N —FRICIEE L T b b o & Lz,

F7-, BARIRFTOR LEAFEHTH D b0 & LHRIFEE 2 3% E L,
B B oEE Y, BaRIRATO R Eii o (BL. 56600mm) & 28 L7z,
& OBIEOFHNE 7 V& KHs 1—8—3 1T T,

PRSI O mFEIE, FHmIC IV THEREEE 2 51 R LB 8T 2 AR R
ArORFIOEFE (540m°=23mX 23. 5m) & [d—& L7,

BRI R T E 0 ORI L B e

BRRRERRPT A 0 10X, BRRRE R O RO ALE S 3 1T D AH R A H
WSRO TR E CTRUEFEWE N —RRICIEE L T d b o L LT,

F72, BEHEME OMFE I ~DILENISFHHICOT-5 2 L E2EE L, K
R 1—8—1 \Z/R T BRI SR AT LA B JE PH 400m & C OO #FH 2 BRI fEI
L, ZOHPICE N DML ORE G EHRME R & R L &b,
PRSP 725 & T B 720, ARG CIXBR SR RATE 0 OFIROE S & 1%
SERNZ M S S &Rl — & U TR L 7=,

BRI R AT O B B OB GIReRESRT A 0 1ICiRE L7 U E L &
HHIE L OFET VR Z R 1—8—2 1T/RT,
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b. k& O A

TT v Ry A A< BROFRIZBOD T, X B AR R AT D4
BENORHAOa 7 ) — OB EZBEL, a7 U — MNEO~ A F AFFE
NEZZLGIWE (227 U—N mm) ZEH L7z, #EfE T VA
B 1—8—2 MO 1 —8—3 IZ/" T,

P L, HIEROBIENO DT T Ry v A A o~fge, BARTE
FTDRE EOBIENS DT T v Ry v A 2 o~ BOFHMEFEROFI N KD K E
< 7 2 BRRARE R P rE B O RALE & LTz,

(3) FHMi=—FK
Az — FiL, QAD—CGGP 2R a— ¥ & Hu7-,
X1 ENRT 7R, GPEAZHWTCEEL,

(4)  FFAfhRE R
77 Ry A T RIS L DT OFHIFE R 2 RIS 1-8—2 1R 7,

KIR1—8—2 I R v A Hor~IT X AT < O R

S G B B8 FAEE (n5v)
2 IR
HR ks 7H #1.2Xx107!
AT | R EEES TH @ 15X 10
&t 7 H ¥ 1.6X10°

KEED DB, HHABONFITE IR D FHDIZO R TE EH A,
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1
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I 400m
|
EL 55600mm
|
1
I \ A
€ >,

400m

R REI OO A 5
: BRSSP 0 2 LRI R (EL 56600mm)
D HEHRIR RN (EL 55600mm)

BIVR 1—8—1 MR (KK UG, JEH 400m)
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MR 1—8—2 I3 RivA v Hor<HBoiHiesr 1L CEERX)

I AKERD D B, FHBONEITRE IR D FHDOIZDORFATE £ A,
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M 1—8—3 I Ry A Hor~HoiHhtesr L (Brim)

KEED DB, FHADONEITRE IR D HFHDOIZO R TE £ A,
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BRAREIRTIZLL T 1, i OXRIC K > TIERICHERI SN D Z 80D, FiL
BRI R A~ S VI U PEVE D N~ DELY IA R T 20,
L7edo T, ARFHlEsER Laeu,

i BRI AT S 2 R 1 & D BRI T D IE AL

BRI SR 2 B TR SR T 22 S L A IS & 0 IEE b5 2 L T, B
IRFX) SR T~ DB AR RT3 b 7 4 VA 2=y P ERE L RWARDIRAE
DIk 2Rz BB LT,

i BRARRH R AT IEE LS E T L D B AR R AT o 1E)EAL

7 — LB TR RRRIR TN A IEE LT 2 2 & T, BRRSIR T~ D4k
KORAZBIET 20 REZE LI,
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WATERE 10
BRI R T IE AL IS B & 2 IERALBRAG2NEIE T 5 Z L IC K 2 BIZ O\ T

BRARERT IR T, BRARERHR AT L2 (2 X 2 EJEALBRtA OBV 13 5%
ETHLENMLNERD L oRF LTV D,

BRI R AT IE AL IS 12 K D IEEALSRIE L7350, B A SR AT BB b
B LD EF LB S5 F TORM, BaRe R ICIX B AR R pr 22 <4k
PR N OB A R AT 22 5 b 7 4 v F 2=y MIZE DRI VIAEN D,
F7m, BAFIRITZESRIFL T 4 V¥ 2= NI HBEERE 2 ELY A F IR
e, TIZTH, BARIRITEECEEIC L A EE OGN EBIET S Z &
2L DI ~ DB AT L 7=,

A ORE R, BRI R B AR IS X D IEE b 5 B RE LG, T H
MOREREWIE < BMEITBIE L2V E L~ 1Sy B35 LiHlishiz, 2o
ZEDD, BIERM 2 G EORERE EMEE LIEGAIS, oghiE < &5
DOHIELHRE (1. TmSv) EEHELTYH, AMKREEOFDHREIT 7 BT 100m
Sv BRI L AR LT,

X 1619 BREEFAIRATICOWT (BIXFHMERS, ) | @ 3.2 FRELEZOD

EEOEIXIZHOWNWT] O [(4) BARTRANICBIT 2K ERESEICOWVWT) %
2R,
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1. WBEZZT HH0E <R
BX A R AT IEEAL S B X D IEEALDOBIEINRIET 5 Z LI L 0 8% %
FABESREITLL T LR,
- BNIZHGA F 72 BEHEE T X D803 <
- BRRRERPR T 2 53 b 7 4 V&2 2= v MIBUA N7 B EIC L 5803
<

2. BHIX RN D DR &
(1) FHENIZBGA E e s X o9 <
FENIZEOA E TR BT X D880 < OFHM 715 K OVFEATRS 5 % L
TR T,
a. Y OB
BRAERT SR TN O B - OPRFE 1L, BRRIREE IR T 28 S5 b 326 VR
OB AR R T IE AL 2 & O R 2 B 8 LLLF O TR L 7=,

M, (t)
v

[ BRI R 22 g Lk U CIEE L4 5 56 ]

my (t) =

dMi(t)
dt

G E
N+ Mg(®) =+ Mg(9+ (1= ) = Gy * (0

Sk® =(%/Q) * Q(®
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[ BB R IE L& CIEE LT 25 5]

dM G,
dkt(t) = =X * Mg(D) — v Mk (1)

my (t) C R ¢TI AT k DN OB R EE [Bq/m’]
M, (1) D BEA 2 BIT DGR k DEN D ERE R [Bq]

Vv D 2B o H Y N ]

Ak : BETE k DRREEESL[1/5]

G, D BRI R 22 S LS R O JR B [/ s ]

G, D BRI R I IE AL A& & 00 22 St £ [/ s ]

Ex D BRI AT 22 R L 7 4 Vv F = FEREZNER %)
Sk(t) IR £ 2381 D LT k DAV D FGT YR FE [Ba/m’]
x/Q o FHRS PR EE [s/m’]

Qk(D) D Rt IZB T D E4HE k D= [Bg/s ]

KEF O [Bg/s1FRF 1 —1— 1 ICESZFM L, F7-, FAXHE
FEIIER 1 —1—4 OfEE AV,
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b. FEm{AR

SN LD B ELY A ENT S TEE I L A H0E < ORI 7= 0 4]
TE LT Rl AR 2 R 1— 10— 1 1Rd, 7233, MRIREEIX B SR R ATN
DZEREE L, ERFPOBMEREIZ ML L,

R : ENER L FE LA
% b OFERD$ 2 [m]

ERNRE . —

MK 1—10—1 FBNIZAHAKIL LI AT EEEYEIZ L 5
BT < OFHIE T VK
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A — R

BRRRER SR TN O T P O W AFE RIS 2 NI < R ORI
WE LT D T E 6 OB v~ BT L D AMIE L OFFHc 7= - T
(X, @l = — REEHES, DT oz TR L7,

[ AEHUC X 2 BRI E< ]

T
H= zf R-Hyo, * Ci ()dt
K 0

H s TR E O ANBEUC KB NE#IE < D S5k & [Sv]
R : FEIR R (1. 2/3600) ! [m®/s]

Hyoo : KEFE k D NS EURE D SE5h ks~ O MR AR EC*? [Sv/Bd]
Cr (D) DA LSBT AR k OO S REEE [Bq/m’]

T s AP A s ]

%1 ICRP Publication71 (Zh:-D < pl NTHENIRE O RN =R 2 % &
%2 ICRP Publication71 &ZONICRP Publication72 (T80 XX E
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[AhEBpiE < ]

T
H= f 6.2 % 1071 -E, - (1 — e R)-C, (dt
[0}

m T

=

O X =

Vrans
A

T D AP [s]

d. FEAmAE SR

D RIS K DAL < D IR & [Sv]
DR OFEZh T X — (0. 5) [MeV]

(ZxEd % T RO L T — R AREL[1/m]
: BNEFE &R CRFEE S 2 FERO -4 (]

NG) ) ISR B RN O TR E [Bg/m*]

(H > ~#1 0. 5MeV #H)

FERIIAKD B HLY A E T ST E N K D803 < ORHIRE R 2 RN

1—10—1 127”7,

FI1—10—1 FERNIZBOA F N EEW I K 295038 < OFEAMm#E R

(BREA R EFA LIS E 12 L A IEELD b 45 RhEE L7-85E
SMGE | W< R B TR (nSv)
2 5HF
W #IE < 7H #1.6X107"
X AT SR AT AR IR < 7H #52.6%10°
&t 7 H 2. 8X10°
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(2) BRAERERIRATZERE LT 4V 2=y MZBUAE N EHEDE I L D
E<

BRI RT3 b 7 4 V¥ 2= MZBGA E T N S O
VR L DB OF I EE LU TISR T,

a . FEEHRIR R
7 4 )V Z NOFERBIFERE [photons]1d, £ T & OFEFE AREES [Bq - s]
IR L =) VX — T L O = [photons/ (Bq + s) ] & 53 5 Z & TREHM
U 7=, FEERR IR RS ORI R A RIR 1—10—3 R OER 1—10—4 |[TRT,
7%, BRAMSH AT IEEALEEE I X B IEEALBRLADS 5 4 RN 72358 O
FER AR, (RS 10 FEfHEEN 72356 OFER B EEERIZ 600 3D 5 (=5
53/ (10X60 43)) ZHed % Z LIZ K VKT,

Sy = ZQk'Sky
K

S, : TRLF— y @ photon OFEFLHRIFIRE [photons]
Qx : TR k OFEBEREEEL [Bq-s]
Sk B k O R I)LX— vy D photon DO JH =R [photons/ (Bq*s) ]
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Z T, BRAFPRTESE LT 4 Vv F 2=y MZEUA EN T MY
EORBREMIFHREIZLL T ORI L VFHME Lz, 7238, RKFHEHIZH VT,
T AV T D 7 4 IV H DFRENRZARSFIIZ 100% & L7z,

T G
Q= [ (/@) au® -+ (1 - exp(hue (T D))
0 k

Qx : BAE k OFERE AR [Bg - s]

x/Q : FERHREE [s/m’]

Qi (t) D REZ) 1B T D k O RKH~D k= [Ba/s]
G D PRZERIC K D BUAD (KRR R & [m*/s]

Ak ;KA k DRREEEHS(1/s]

T s AEAm A Ls]

BREORKF~OMHE [Ba/s NIRRT 1 —1— LIS ZFHE L7z, £z,
FEGTEEE IR 1—1—4 OfEA VW=,

B2 & kL — T L O [photons/ (Bq » s) 1%, ~N— & #AHit%
FED K FIZ I 2 il B ikt 2 & L 7= ORIGEN2 7« 7 U (gxh2o0brm. 1ib)
BESR LT, 7z, =XV X—8% ORIGEN2 DA U ~#T7 A 77 U Btk
15 (18 BE) 70 & MATXSLIB-J33 (42 Bf) [T 5 #a U7, M HIRIL, BT L~ iR
KORIIA V%A T~ L DT < OFHiik: & [Ek, [THARRT)
RN AR LV FESE Y IE R AR D R R R K O A HEE £ 2008 )

(2009 FF 9 H (fEHEN) BAREF1%4) OMEFHICE#S I N TWD
1% =,
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b. FHEAR

EXRFRIR AT R L 7 4 V2 2= > NMZBUA EN T E S D
H o< L AL OFMIcY 720, FE L FEHHAREZ KR 1—10—2

IZRT, MR & RS & OFRBEIXT ¥ a2 — /L7 4 LX) nm, HE P
AT 4 IVE N m |, HEHUE SITER GRS AT O 9 B Tl b VO VEERT

BEE S )b a7 U — MBED~ A F AFFRAZEZEZLSIWIZE (227

J—F mm ) EIRE LT,

MR 1—10—2  BRQRSRATEREHE Y A VS 2=y NP b DT~ RS

L L9UE< OFHIET Y (1,72)

AKEED S 5, FHHAONFIIE IR L FHDOID R TE A,
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MR 1—10—2  BRQRSRATZEREHE Y A VS 2=y Mp b DT o~ RS
LB OFHIBET L (2,72)

c. aHi=—F
QAD—CGGP 2R¥&ZH\\,
. ENVKRT v AREIIG PIEEZAWTEHE L,

d. FEAmHREE

BRI RN 22 R b 7 4 VB2 = MZEUA E NI S E D5 O
<RI K BT OFHIAE R EZRBF1—-10—2 12" F, RIK1-10—2
£V, IR 5 OGS DOESDMRERITEHE TE HREIT NI N &
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FIR1—10—2 BRAWRPRIT &gt 7 4 v ¥ 2= MIEBUAE LT
PEMEE DS D H < H2 L B80T < O EEAli#E R

A TVATE

AL I ]

FEH A
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FIHR1—10—3 7 4V ZNOBEHIFIRE (EEALBAEDS 10 REREN -5

)
T RLF— (MeV) FEEBIRTRE (photons)
(168 IFfI 4 IFR)

RFET LT — Fx a—)b HEPA
1.00X107? #1.5X10" %7 4. 7x10'°
2.50X 107 9 2.3x10" %7 2.9%x10"7
3.75X10* #5.3x10" #76.3x10'
5.75X 10" 2.6x10" #75.3x10'
8.50X 10" 1.1x10"% #72.3X10'
1.25%10" #2.2X10" #2.0x10'
2.25X 10" 1 4.2X10" 4. 1x107
3.75X10™" #3.0X10'" #5.9x10"
5.75X 10" #6.8X10'" #1.6x10"
8.50%X 10" #73.8X10' #78.9x10"
1.25x10° #78.8X10" #2.1x107
1.75x10° #8.6x10" F1.7X10'"
2.25x%10° #6.0x10" #1.2X10'
2.75%10° $1.4x10"% 2. 7x10"
3.50%10° 0 #6.0X10°
5.00x10° 0 #1.4X104
7.00x%10° 0 #1.6X10°
9.50% 10" 0 #1.8X102
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K 1—10—4 7 4 VX NOBEGERERE (EEBGD 5 oHEN -5

)
TXLF— (MeV) FEFEMIATRE  (photons)
(168 IRFfHE] 1% IRf 5L)

RFET R X — F ¥ a—)L HEPA
1.00Xx10? #11.3x10° 5 4.0x10"
2.50X 107 #12.0x10" 2.4X10"
3. 75X 102 #74.6x10" #95.4x10"
5.75X 1072 #72.2x10" #94.5x10"
8.50X 10" #9.0X10" #2.0x10"
1.25%10" 9 1.9X10" 1. 7x10"
2.25X 107" 9 3.5X10" #73.5x10%
3.75X107" 9 2.6x10" #)5.1x10%
5.75X 10" #5.8x10" 1 1.3X10'"
8.50%X 10" #73.2x10" $7.6X10"
1.25x10° $17.4x10° F1.7X10"
1.75x10° #77.3x10" $1.4x10M
2.25%10° #75.1x10" #1.0x10"
2. 75X 10" 1.2x10" %7 2.3x10"%
3.50%10° 0 #5.2X107
5.00X%10° 0 #1.2X102
7.00X%10° 0 #11.4x101
9.50X% 10" 0 #1.6x10°
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DN 09.99% L L, LIHIEHF v a—IL 7 4 LZDRELRELEHL L HED
BE 99.99% R OVERE L 9 FDHA 99.75% & LT\ 5D, LLFIZ, HEEE K O E &
WNZ 7 4 )V Z DRFFEEOBLED G, #IEFHIZIIT D7 0 V2 EREDFED
REDZ LMDV TRT,

1. R R OB ESAHZ DN T

BRI R AT Ze [ L BRI AT T U S T d b — 2 — 2 L D RSB
HTET, 74 OMWENMETT 5 LD REBRICIER LRV, LIRS T,
L N O E SR O BLRIZ W T, @tEReki 7 7 o« v 2 OBREZNEE % 99. 99%
EL, XOFHFva—NLT 4V ZDOBRENFELIEE X 5 FOLHE 99. 99% & Y
AL OFOLE 99. 5% ERETHZ LITRYTH D,
2. RFIAREICHONT

KT 4 NVE ORFRE SR cCoOT7 4 VX OFEEER KL, 741
2 ORFBRENHERICTLHoREWZ 0D, Z<FRcB T 7 o v
ZRENRORENEZ L THLZ L &HRT,
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(1)

(2)

7 4V E OIfEE ORI T 5

T AV OEEY, BREBEEEE LI LNBREL NVEETA NIZE
D HINDEHE T L OREH OB EIEI NS KEIEB O E, BRaRE R
TR b SRR D R EN D FE M Lz, ks, &7 4 V2 BERERYE
FETTANFRNICHEINDI LD L LZ, £, sHMlIICYS 72> TiE,
PEE S T 58I (S 24 #2634 FFf# £ To 10 FFfE) (1
BT, BRRRESR T2 XL iE B S 1, 500m°/h OJRE Tz L TV 5 b
D EE LT,

B 1—11—1 KT 1—11-212, 7 4 VX OfEEHMIEFRIZ DV T
Z e

ERIEEES

KIR1—11—-112, 74NV ZDORFFEELNHEELRT, H£7 4V H
DIRFFARET, WERIT Lo REY, LER-ST, 74 VX DOREEE
DELIZBWT, @ERRRI T 7 4 VX OFRENFEE 99.99%& L, L5 FEH
Frya—)7 4 )VE DRENRZ T L O ROGE 99. 99% % VAR X 5 F#
DEHE 99. 5% EFRET DHZ LT ETH D,

RIR1I-11-1  BARIRArESE L7 (14 2=y FO
57 A VS OIER L ORFFR &

. X IH#EH
7 4 VA2 FEEE S MHEHERT 7 4 VA
€ Ui e PERERL T H 7 1 ST s
fiigE & #18.5X10° kg #1.5X107° kg
PREFR & #11,800g/ & #1260 g/B
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EENA FICESSRBEA~OREER)
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