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Internal and external dose conversion coefficient for domestic
reference animals and plant
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Summary

This report presents the internal and external dose conversion
coefficients for domestic reference animals and plant, which are essential
to assess the radiological impact of an environmental radiation on
non-human species. To calculate the dose conversion coefficients, a
uniform isotropic model and a Monte Carlo method for a photon transport
simulation in environmental media with different densities have been
applied for aquatic and terrestrial animals, respectively. In the modeling all
the target animals are defined as a simple 3D elliptical shape. To specify
the external radiation source it is assumed that aquatic animals are fully
immersed in infinite and uniformly contaminated water, and the on-soil
animals are living on the surface of a horizontally infinite soil source, and
the in-soil organisms are living at the center of a horizontally infinite and
uniformly contaminated soil to a depth of 50cm. A set of internal and
external dose conversion coefficients for 8 Korean reference animals and
plant (rat, roe-deer, frog, snake, Chinese minnow, bee, earthworm, and
pine tree) are presented for 25 radionuclides (°H, 'Be, **C, *°K, *'Cr, **Mn,
nge’ 58CO, BOCO, GSZn, QOSr, gszr’ 95Nb, 99TC’ 106Ru’ 129|, 131|1 136CS’ 137CS,
14oBa’ 14°La, 144Ce, 238U’ 239Pu, and 24°Pu).

Internal dose conversion coefficient (uGyd™ per Bgkg™) ranges from
10° to 107 according to radionuclidesand organisms. It turns out to be

2 2 2
By, »%py, and **°

higher for alpha radionuclides such as Pu and for large
organisms such as roe deer and pine tree. While, the internal dose
conversion coefficients of **Pu, *°pPu, *°u, “C, *H and *Tc are
independent of the size of organism.

External dose conversion coefficients are in the range from 0 to 0.035
(uGy/d per Bg/kg), according to radionuclide and animal. For all the
animals considered, the external dose conversion coefficients appear
higher for y emitting radionuclides such as ““°Ba, ®*Co, *'Cs, *° Fe, and
“OLa, while the values are extremely small (less than 10°) for

radionuclides that emit a low energy radiation such as **C, *H, *°I, *°sr,



239 Pu 240 P

, u, *Tc, and **®U. Low energy radiation emitting from such
radionuclidesis not strong enough to penetrate effectively into the tissue of
the target organism. Forthe same reason, the radionuclides become a very
important contributor in the internal dose rate. For the same radionuclide,
the external dose conversion coefficients for aquatic and in-soil animals
are almost the same, but they are larger by about a factor of 3 than that
for the on-soil animals. This is because the aquatic and in-soil animals are
fully immersed in the infinite source, while the on-soil animals are exposed
to a semi-infinite source according to the model assumptions. In general,
the external exposure rate decreases with the increasingthe size of target
organism due to the pronounced self-shielding effect of a large target
organism. It can be seen that the external dose conversion coefficients of
roe deer, which is the largest of on-soil animals considered, is lower than
that for the smaller animals. For in-soil animals, there is no difference in
the external dose conversion coefficient between animals, except for the
earthworm that shows a little larger external dose conversion coefficient.
This result was attributed to the fact that the earthworm was assumed to
be directly contacted with the contaminated soil without considering the air
pocket at outside of the target organism in the calculation of the external

dose conversion coefficient.
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Dosimetry

-Dosimetric model for reference organism
-Dose per unit concentration in environment
-Weighting factor

Exposure

—|ldentification of reference organisms
—Ecosystem characterization

—Radionuclide selection

—-Source term characterization

—Transfer modeling of radionuclide in aguatic and
terrestrial systems

—Ecological parameters

—Prediction of concentration in environment and
reference organism

Effects

—-Selection of critical wildlife group
—Effect data for organism
—Relationship of environment effects to
dose/concentration

Assessment

—-Exposure pathway analysis
—Effect analysis

—Risk characterization
—Assessment tool

Decision and management

—Intervention level
—Licensing condition

-Guideline/Standard
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organism

deer

rat
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E 5 Z4=e] FAYERA (terrestrial ecosystem) ZE=SAI =2 H| W
RESRAD-BI R&D128 ERICA/ AECL
OTA (U.K)) FASSET(EU | (CANADA)
(USA) )
Rat X
Bee X X
Earthworm (elongated) X Soil invert X
Pine tree trunk
Bacteria X X
Lichen X X
Tree X X X
Shrub X X X X
Herb X X X X
Seed X X
Fungus X
Caterpillar X
Ant X
Woodlouse X X
Herbivorous Mammal X X X X
Carnivorous Mammal X X X
Rodent X X
Bird X
Bird Egg X X X
Reptile X Snake/Turt
le
Frog Also Toad
Grasses/ sedges X X X
Fox X X
White tailed deer X Game
Animal
Groundhog X
Burrowing mammal X
Bear X
Insectivorous mammal X
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v
ar

= 2| =7 (aquatic system)

(=}

AE=SE- [ fnl

RESRAD/ | R&D 128 | ECOMOD ERICA/ AECL
BIOTA FASSET

Duck X X X
Frog/amphibian X X X X
Tadpole X X
Salmonid/pelagic X X X X X
fish
Salmonid egg X X X X
Bacteria X X
Macrophyte X X X X
vascular plant)
Phytoplankton X X X X
Zooplankton X X X X
Benthic mollusc X X X X X
Small benthic X X X X X
crustacean
Large benthic X X X X X
crustacean
Benthic fish X X X X X
Aquatic mammal X X X X X
Seal X X
Benthic soft X X X
inverts
Macroalgae X X
Fish larvae X
Crustacean X

_13_
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E 7. 43 UAMEI|E FHo| MAlslE 2 T4 SAE
=5 z5 E =2
Al
=&, &LHE, ofFtAlof, EHLER L
(plant)
X ¥%%(Vertebrate3)
_ FHX|, 472, EHH|, &, Dby, si=fx]
IRF a2y
7] .
(mammal) Mo claz SE7 S&F
UM F E%—Z, %%*7H—?EI, FHe|, HfTe|, &Y
- 70 TE]
(amphibians) ?EI 27072, 72072
E"%%’ 1 |_?'|7—I:'1_OI %él- ||:1, ';_:eqllzl, 'I?I'éedgol, AL
AL
(reptile) ST, AZA}
O —=
ﬂv mlalo], W Sx|, 20f, o|Fa}x| 1| a}ol
(fish)
=5 elot F2Mol, Ex=Z20|, AMAf ZET|E|
(birds) S22 A, F2F2Zol7] &AM, 3522
2 & F = =(Invertebrates)
=57 EHXL2], Atopz|, d|Zo|, Lid| off2| =2o »
HA|  (insects) |F7|, w2IX|, Fetde| @ 512 A0 ~
== |7:[F7ﬁFE
3 R A=
(crustacea)
AMEsSE(EFHF) 2ol
HYE= ZztLtz|of
SEHEE x| & o] x| & o]
E 8 ZxEsA 20 Jlsisty 2y 2 37|
37|
HxSAE , . , , 2nd minor A
major axis (a) | 1st minor axis (b) _
axis (c)

LR (ot =) 1000(800-1200) 30 30 100kg
SE7 10 (9-12) 3 25 20g
=l 105(100-112) 50 50 10kg

M2 3.2(2.4-4) 3 2 30g
ALE AL 85(80-90) 1 100g
B = A 8(4-12) 3 1 30g

| 1.8(1.6-2) 0.5 0.5 39
GhHA|E o] 9.5(9.3-10.5) 0.4 0.4 10g
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# 9 YEfA LAts fIsi "otol HEx= o

O

R&D 128 RESRAD-biota FASSET ICRP -
(=) (o2) (EU) .
(et=)
Am-241 Am-241 Am-241 Am-241 Ba-140
Ar-41 Ba-140 C-14 Ba-140 Be-7
C-14 Ce-141, Ce-144 CI-36 C-14 C-14
Co-60 Cm-242, Cm-244 Cm-242, Cm-241, Ca-45, Cd-109 Ce-144
Cs—-137 Co-58, Co-60 Cm-244 Cs—141, Ce-144 Co-58
H-3 Cr-51 Cs-134, Cs-135, Cf-252, CI-36 Co-60
[-125, 1-129m =131 Cs-134, Cs-135, Cs-137 Cm-243, Cr-51
Kr-85 Cs—137 H-3 Cm-244,Co-57 Cs-134
pP-32 Eu-152, Eu-154, [-129, 1-131 Co-58, Co-60 Cr-51, Cs—-134 Cs-137
Po-260 Eu-155 K-40 Cs-135, Cs-136 Fe-59
Pu-239 H-3 Ni-63, Ni-59 Cs-137, Eu-152 H-3
Ra-226 [-129, 1-131 Nb-94 Eu-154, Eu-155 [-129
Ru-106 Pu-239 Np-237 H-3, 1-125 =131
S-35 Ra-226, Ra-228 Pb-210 [-129, =131 K-40
Sr-90 Sb-125 Po-210 [-132, 1-133 La-140
Tc-99 Se-75 Pu-238, Pu-239, =192, K-40 Mn-54
Th-234 Sr-90 Pu-240, Pu-241 La-140, Mn-54 Nb-95
U-238 Tc-99 Ra-226 Nb-94, Nb-95 Pu-239
Th-232 Ru-106 Ni-59, Ni-63 Pu-240
U-233, U-234, U-235, Sr-89, Sr-90 Np-237, P-32 Ru-106
U-238 Tc-99 P-3, Sr-90
Zn-65 Th-227, Th-228, Pa-231, Pb-210 Tc-99
Zr-95 Th-230, Th-231, Po-210, Pu-238 U-238
Th-232, Th-234 Pu-239, Pu-240 Zn-65
U-234, U-235, U-238 Pu-242, Ra-226 Zr-95

Ra-228, Ru-103
Ru-106, S-35
Sb-124, Sb-125
Se-75, Se-79
Sr-89, Sr-90
Tc-99, Te-129m
Te-130, Th-227
Th-228, Th-231
Th-232, Th-234
U-234, U-235
U-238, Zn-65
Zr-95
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target organismO| &=X st =31} organismel YEIF SLsSictl sStH target
organisme| Ui el EMzkEMRIRL D, (uGyh /Bakg) ¥ D,,,(nGyh /Bakg e 2zt
=

D, = N8BV, 8)+ [N,60,E)dE) (5-1)

Da.=E(ZE[K(1—¢,,<E,>)+fNE(1— ®,(E))dE) (5-2)

o17|M v= gARM el "El(q, B, y, spontaneous fission fragments)OlCt. £, (MeV)2t
Y(decay |, &2 (Ba.s) )= ztzt #ZE E21|A| 2oix(discrete) ollL1X| (a, conversion
electron, Auger electron, y, spontaneous fission fragments) 2! 1 ofl L4 X|of|A{ 2| &1
+22 LIERHACE N (B)(decay 'MeV )= Aol dX| ghAbM (@) frequencyOl Cf.

o, (F)= YWAIM ve|l S EZ(absorbed fraction; fraction of energy emitted by a

radiation source that is absorbed within the target tissue, organ or organism)olo{ Z
O Zl target organisme| = 2knt 37|of CHs Monte Carlo ZAIEH S Salf T SHCh

BARM vel BEF7F a, =2 B (0,01MeV 0[5}, spontaneous fission fragments

m]

o™ giApM ol HIHEHE|l (50~ 100um)7F o =7| mi 2ol target organismP—I Lif S-off

0x
ot
>

o
a
E

I
z
_‘?I
z
e
Ral

M olHXl= A2l 100% ET=HER ¢,(£)=12 7t

AY S 2§ Al(5-2)= target organismz}t EFAIMelo| EXst= FH stHdojzol =

el st Uz ef =M(composition)= ZHA M3t MelstE 2 X0 MAS=E =22 2
BMEkstAol X Z-of2t H28 = Uch FEMZFSIMOIXL AHAMAl o ME=H B

(0.01MeV 0|3}, spontaneous fission fragments S =2&H0M %2 H|HHEZE 27|
mf 2o o4 X] beta (0.01MeV 0| 24hH2} photontl

of BUABH EEEO Y= LofFoN EFMTS HHEFMTE
o]

>
[m}
mjo
K
I
o
0

D, =5.76x10"*E (uGyh '/Bgkg™") (5-3)

o
OR
o
=
M
el
rir
=
>
rx
10
0!
B
2

017|M E(MeV/decay, === MeV/Bg.s)e FHZ
HX 2 ctZel A A JizIch
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= Z(ZEZ-Y,--F f N, EdFE) (5-4)

gtek target organisme|l F7(7F F50AM SEE = grARMO| d|H 2|0 d|s o<
o™ organisme| WHROIAM wEE= YAMel tHFE-E0| organism e 2 S1tst
22 WRIoZ2 00| =ch HHHZ target organisme Z7|7F SARM H[H 2|2t

0| € 3ctH 2AME2 target organism WEol 25 SF=EHE22 WfFEIZo| z|ofel
2

240l ofEo|l =¢l 4, oliX[of mE o AL electron % photonel H]
HAHZE Eo{FECh o7|M o X 2 electrone| CSDA A(E;)= LAZF ofZE Liof
M ExAE mi7txl ofsst AHElE 2[olst, A(g)E UHE oA photon2| mean
free pathel ZtOICt [25, 26]. Mol X|e] MALE o AAI2] ZolM H[HHEZI= 50um
olstgdlg & = AUch ti7ie] SAE2el 37|17t o HEct F2 ZetstH ol Aol
x| gatdel YR EFSS 12 2ot RYs2=2 p =p,, D =09 ZAH I M=
ct. HtCH 2 target organisme| = 7|7 ol X| MAtL} photonel H|EHz|HECh of <
22 49 target organism Hfoll ol X7} EME JISMH2 o Aot F o<<<i0]

SE-=
ot w2tAM ol 2<% p =D, D =02 A 7L HEE

&2
ro

45 taregt organisms—9| dEl= Elge=z JH-ECCh Ulanovsky and
Pronl [24]= chekst =Z7(2| EFA (22/a® +¢?/0* + 22/t =1)2] MZFEMQIX REE
sl e Etelx et st HHME JHR= 78 @+ +2° = RS MEFstitol

Atet Bt Aol 7[5t 4S5 HtdSh ZYEA S MAISIACE of ZE A2 At

—/ 1

o
rir
il
00

0
HU

0
el
N
(@)
(@)
\I
O
T
U
H
kl
x

=M st= th7hel organismsoll Mg = U

[27] olM organismse| WEMzFERACIRL A AS flal] AT

A2k 10°%kg™10%kg, o1 X[: 0.01MeB™5MeV H2[ollA X & Jtssict AzF Hes §

b= 42l organismoll CHsiAl= 2aS Soll ZAIESZ LEMEFetMQIXL F

Ho| 7ksstch 0.01MeV olste| o X|off st ST A2 2 24 glol A

& Jtsotht, 5Mevol &l o dXjdl= M &80 =/tser A2 defdloh defut &
S2 EMIt =HX= %

&9 53 olHX[= Hel tHEE0| 5MeV O|stol=Z AX A
=CH28]. Ulanovsky and Prohl [24]= L Etx Efelxof cist g photonBI of L X|
7

FOlM el A S B5NYS o(p)E 51 SUS Dys
+

3
rr
-
0gk
1o
]I|0|'
r_>L
o
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10 4 photons. i
10”4 2
~ 1073 electrons 3
£ 3
< ]
= ]
10° E
o—particle ... ]
10° 3 e
107 I -
10 10" 10° 10
E (MeV)
13 4 Electron®] CSDA [25] % photon®] mean free path [26]
®(E)= RF(n) <o (E) (5-5)

MM EFE0122, RF(n)= ol tiet Bt Aol Hef EFAXZE Ctgol ZE4

RE() = (1—1—q'*) (5-6)
07| 5= "non-sphericity"& LtE = o742 ctSop 2ol Mel=ch

1 3 ,
()7? ( 14 ¢ W00 |\ 1G0T /1007 (5-7)

77:

=t ¢=b/a, x=c/a (a' length of main axis, b,c: length of minor axises)
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HU
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[m]
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I
e

o
T
m
=
inl
rok
e
=2
X
rc
4>

n7b 10| 2HME 7

0
s 01t 1Atol2] S 7HX|o] CfZ2| ZEA S JHEICh

<electron>

0.783 0.235 (5-8)
+ (r,/0.506)"% "~ 0.495 +10g10*(r,/0.94)

s(r,)=0.047+

oo, =R,/A(E)

(o} 0

<photon>

0.677 0.071 5-0)
+(r,/4.97)"%0 " 0.247 +10g10%(r,/9.9)

s (ro) =0.071+

=, =R,/NE,)

o5t MaksS Il THO| HIX|222 R ={abc 2 ZA

Ahel continuous slow down

017|M R, = EIEH2

rir
4>
of
2
x
1o
O
@
QO
1)
Ral
™

Alg  JHdch A(E,
approximation(CSDA), A(£,)= photon2| mean free path olct (L2l4 &=).

Al(5-5)E 0| &35t EtAA el MFEMRIXIE 7517 M= 4 ELA 2t
St HEs A= FEA L MEETE ¢, & Tol0{oF SEt FEAL ETE 6,

= MCNP ZALE Solff F5t0 & AFoAe ZAL =H2 CiESot ZUCH

- 9FARM @ (radiation source): photon, electron (a2l S8 12 71HH)
- targete| HEf: 7

- targetel Azt 2l 10%g ~103kg (WE== 1g/em’)

- AR A (source)el ol HX| Hel: 0.01MeV ~ 5MeV

0
- targete] =AM (composition)2 ICRU(15)0A HA|St tissuelt st A2 I}

rol

o stk
- target organism2 & 372 &0 =X Stct (MCNP A MM 22 37|
= =71 Xx] Z7ld w2l oM 2| photonel mean free path (mfp)el <F

208 2 AE3steich

¢ =A3 @A MCNP ZE=EZHFEH T8 FE(spherical type)el targetoll CH st

E:
electront photonoll ChHet AlH4X| &8 ¢,7t J&52F E10 ¥ E110] =0 2
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Ct. 2240l A photon2l mean free pathe= MALECt =tAls| Zch w2bAl photongl
S22 MAUXIYSE, target organisme| =Z7|7F 55 F7tstch Organism W
ol A HXte| H|HAHe2l= ol X7 100keVY T 160um, 1MeVY mf 5mm M E=2 &
HZICE 2Fef target organisme| BHX[ 0| Mo H|™EAZ|ECt 3™ Ao AKX &

=
ct
=22 10| ZI7t2 Zolch o< =2 target organism, of$ & M Ao X[l A<

lg T5t7| SlsiAE

A6-1)2 A(6-2)2 ol83sto] HZJoll st MEkghielX
siE Ee wWAks =2 oldX E4 Holgrt H35ich 2 HdFolA = ICRP38

(28]l M M A= HIOIEHE &#EstA2n, HEM (MRS AXZo|HX] AHEHS

ORNL2| DexRax2FE TSIACH [29]. 2t &AMEH LHE&2 5-3"uAM 7|=gtch
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# 10 7ol gt photonel && (D)

AeF(kg)

10°° 107 107" 107 1072
ol 1 4| (MeV
0.01 0.180E+00 0.330E+00 0.540E+00 0.740E+00 0.880E+00
0.02 0.210E-01  0.450E-01 0.960E-01  0.200E+00  0.370E+00
0.03 0.600E-02  0.130E-01 0.280E-01 0.630E-01  0.140E+ 00
0.04 0.280E-02  0.590E-02 0.130E-01 0.300E-01  0.690E-01
0.05 0.160E-02  0.360E-02 0.810E-02 0.190E-01  0.450E-01
0.06 0.130E-02  0.290E-02  0.640E-02 0.150E-01  0.350E-01
0.07 0.120E-02  0.260E-02 0.570E-02 0.130E-01  0.300E-01
0.08 0.110E-02  0.240E-02  0.540E-02  0.120E-01  0.280E-01
0.09 0.110E-02  0.240E-02 0.530E-02 0.120E-01  0.280E-01
0.1 0.110E-02  0.240E-02 0.540E-02 0.120E-02  0.270E-01
0.15 0.120E-02  0.260E-02  0.590E-02 0.130E-01  0.290E-01
0.2 0.120E-02  0.280E-02 0.630E-02 0.140E-01  0.300E-01
0.3 0.120E-02  0.290E-02  0.660E-02 0.140E-01  0.320E-01
0.5 0.860E-03  0.250E-02  0.620E-02 0.140E-01  0.320E-01
1.0 0.270E-03  0.120E-02 0.410E-02 0.120E-01  0.280E-01
1.5 0.140E-03 0.590E-03 0.250E-02 0.870E-02  0.230E-01
3.0 0.420E-04 0.190E-03  0.850E-03 0.380E-02  0.140E-01
5.0 0.210E-04  0.890E-04 0.400E-03 0.180E-02  0.780E-02
23k 10° 10! 10? 10°
AU A (MeV

0.01 0.940E+00 0.970E+00 0.990E+00 _0.990E+00 0.100E+ 01
0.02 0.600E+00  0.790E+00 ~ 0.900E+00  0.950E+00  0.980E+ 00
0.03 0.290E+00  0.520E+00 0.740E+00 0.880E+00  0.940E+ 00
0.04 0.160E+00  0.350E+00  0.600E+00 0.800E+00  0.900E+ 00
0.05 0.110E+00  0.260E+00 0.500E+00 0.740E+00  0.870E+ 00
0.06 0.850E-01  0.210E+00 0.440E+00 0.700E+00  0.850E+00
0.07 0.740E-01  0.180E+00 0.410E+00 0.670E+00  0.840E+ 00
0.08 0.690E-01  0.170E+00  0.380E+00  0.650E+00  0.830E+00
0.09 0.660E-01  0.160E+00 0.370E+00  0.630E+00  0.820E+00
0.1 0.650E-01  0.160E+00 0.360E+00 0.620E+00  0.810E+00
0.15 0.650E-01  0.150E+00  0.330E+00  0.590E+00  0.800E+00
0.2 0.680E-01  0.150E+00 0.330E+00 0.580E+00  0.790E+00
0.3 0.690E-01  0.150E+00 0.320E+00 0.560E+00  0.780E+00
05 0.690E-01  0.150E+00  0.300E+00 0.540E+00  0.760E+00
1.0 0.620E-01  0.130E+00 0.270E+00  0.490E+00  0.720E+00
1.5 0.540E-01  0.120E+00 0.250E+00 0.450E+00  0.680E+00
3.0 0.380E-01  0.910E-01  0.200E+00  0.380E+00  0.610E+00
5.0 0.270E-01 0.710E-01 0.160E+00  0.320E+00  0.550E+ 00
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E 11 #+&€ol & electrone] ET2(9)

AeF(kg)

10°° 107 107" 107 1072
ol 1 4| (MeV
0.01 0.100E+01 0.100E+01 0.100E+01 0.100E+01 0.100E+01
0.02 0.990E+00 0.100E+01 0.100E+01 0.100E+01  0.100E+ 01
0.03 0.990E+00  0.990E+00 0.100E+01 0.100E+01  0.100E+01
0.04 0.980E+00  0.990E+00 0.100E+01 0.100E+01  0.100E+01
0.05 0.970E+00  0.990E+00  0.990E+00 0.100E+01  0.100E+ 01
0.06 0.960E+00  0.980E+00 0.990E+00 0.100E+01  0.100E+ 01
0.07 0.950E+00  0.980E+00 0.990E+00 0.100E+01  0.100E+01
0.08 0.930E+00  0.970E+00  0.990E+00 0.990E+00  0.100E+ 01
0.09 0.920E+00  0.960E+00 0.980E+00 0.990E+00 0.100E+ 01
0.1 0.910E+00  0.960E+00 0.980E+00 0.990E+00  0.100E+01
0.15 0.820E+00  0.910E+00 0.960E+00 0.980E+00  0.990E+ 00
0.2 0.720E+00  0.870E+00 0.940E+00 0.970E+00  0.990E+ 00
0.3 0.500E+00  0.750E+00  0.880E+00 0.950E+00  0.970E+ 00
0.5 0.210E+00  0.520E+00 0.760E+00 0.890E+00  0.950E+ 00
1.0 0.820E-01  0.190E+00 0.470E+00 0.730E+00  0.870E+ 00
1.5 0.530E-01 0.120E+00 0.280E+00 0.590E+00  0.800E+00
3.0 0.270E-01  0.570E-01  0.120E+00 0.290E+00  0.590E+ 00
5.0 0.170E-01  0.350E-01  0.740E-01 0.160E+00  0.380E+ 00
23k 10° 10! 10? 10°
AU A (MeV
0.01 0.100E+01 0.100E+01 0.100E+01 _0.100E+01 0.100E+ 01
0.02 0.100E+01 0.100E+01 ~ 0.100E+01 0.100E+01 0.100E+01
0.03 0.100E+01 0.100E+01 0.100E+01 0.100E+01 0.100E+01
0.04 0.100E+01 0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.05 0.100E+01  0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.06 0.100E+01  0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.07 0.100E+01 0.100E+01  0.100E+01 0.100E+01  0.100E+01
0.08 0.100E+01  0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.09 0.100E+01  0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.1 0.100E+01 0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.15 0.100E+01  0.100E+01 0.100E+01 0.100E+01  0.100E+01
0.2 0.990E+00 0.100E+01 0.100E+01 0.100E+01  0.100E+ 01
0.3 0.990E+00  0.990E+00 0.100E+01 0.100E+01  0.100E+ 01
05 0.970E+00  0.990E+00 0.990E+00 0.100E+01  0.100E+01
1.0 0.940E+00 0.970E+00 0.990E+00 0.990E+00  0.100E+ 01
1.5 0.900E+00  0.950E+00  0.980E+00 0.990E+00  0.990E+ 00
3.0 0.800E+00  0.900E+00  0.950E+00 0.980E+00  0.990E+ 00
5.0 0.660E+00  0.830E+00 0.920E+00 0.960E+00  0.980E+ 00
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- EY 2¢ T8

o —

of 25t ofj A2 JI™stch ©F MCNP Al M = EQF
Lol A 3MeVoOl|ste| photon2 H|™EAHEZ|IZF 10cmE HE7|X| Zot= S8 12

2istod EA2AR/2 JI2 100cm(xF), MZ 100cm (y=), Z 0| 50cm (z=)¢l

oz
o

o
ro

Tt 3719 box HEHZ JHAM i
- U= EY pboxel Ztoll target(organism)ol =AM st & E el Zlo|rf
2 farge2 X EHOZEE Zo| 25cmoll # x| gtCh & target 2%l 2
EHE= (X,y,x=(0,0,-250][Ct.
Fote 88 & F, /T, W, o Sz Zo| X5t HES T
MAlste 22 2 Edn ZESHK fefz sids=E FHol= 0.5cm

= LS
ocketo| EAjstctn Jhgetch &b X|[Eo[et Zo| o|SA| Ekn

ol

n
=
lo
Q
°

A MEzsts XIEs20 thal A= air-pocketS 112{5Hx| 2UCh
Organism tissue, E& 3 =7|2| =AM 2 HE122f &€Cl.
- 0.01~3MeVel 127 photon oflt4X|ol &t CHAF organisme| F6 tally2 58 2t

organismoO| EHe| Az = SMZ (MeV/g =2 uGy)S Tt L.

70 ol X X ESS=2 MEFEHMRIALE Ho{FECE 0{fE M elFh Lol X|
S=2| MEketielXt= ol X =37|7F 0.03MeV ol&td mf He|l Sdot ZnE 2
0o{ Ect ol ol =2 =70l Hlsi photonel HIEHEIZF 27| Wi=oll S =
=2 =700l gt Feko|l Aol HrAEX| pAV| mEZo[ck o H|df MdUHe=R
37[7F & o{?E ot S=ofl Hlof MzESHMIXIIE 2| LB ED o= 0f%2

self-shielding &2} ©H-&Z0|C}.

Soil source .
air pocket

, hOcm
2hcm _@m

a9 6 AT FE(n-soil animals) o JFAHgA RS AAkslr] $8 MCNP 7]8F+%
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F12. MCNP A &toll & 222 =4 (%)
element organism * soil ° air
H 10.2 2.1 0.064
C 14.3 1.6 0.014
N 3.4 75.09
O 71.0 57.7 23.56
Na 0.1
Al 5.0
Si 7 L
P 0.2
S 0.3
Cl 0.1
Ar 1.28
K 0.4 198
Ca 4.1
Fe 1.1
density (g/cm”) 1.05 1.6 1.2x107°

+ a: Skeletal muscle [31]; b: Silty soil [32]

T i T
10° 5 ] : g
E =8
oo | el
E : mfﬁf%
P :
2 107 e 3
> 3
g
-9
7 103 “| —e—: earthworm [~ g
s —o—:snake 3
R | —=—: frog i
—x—:mouse 3
—a—: fox
0™ T 3
0.01 0.1 1

E,(MeV)

I 7 28] A\ AE AF s=e] oA REAA




AMEES F2 £Y e@dozye HEEHC X4 S2o| oL MEpAIR}
2 Aast) 2t by 2 x=7e oS3 2ok

oz 23 A7|9 Y 2UAUS I

pN

af

U 2™ A2 plane source (EAX|FE)2t volume source (E2F Z 0l 10cm7t
X oddstA EQ0| 2HE=gctn JH) of & SFE 12sot

- I Z gt= organisme Et¥AMZ JIdst, m[E gt= 9 X[= sl E organisms

o =0l (Bt Aol ¢/2 off shE) 2t F4&E Bho,

37| oM photonel HIMHEI= of$ I 22 Monte Carlo ZAA| 22 geometry
o "dhAIMelel 37| E A A stofol stch a2{Lt target organismO| EF 293¢
of Hlaff o< =2 42 (A7|E 12{stH ZE biotaol siE) =2 37|29 target2
2 9olsl target& hitst= trackel =& oHe XA Ect o|E 3lusty| fsiMe= of
? B2 79 photon tracke LMA[7{0} 5HX| 2t HESIE AFEHY AL sHs &
otstHete o M2 o AlZE 3 H[& 22X 0|Ct Taranenko & [30] ol XM E
=557 fI5to] 2CtA ZAIHES St dchAZ2 E22| plane source E=

(Bt AL A2 /20
sl ol A air-kermas 5t O|EtA|Z A organisme| BB SF=MEFR 371 &

of = |, & 37|22 EMNst= 7hatel air celldl tist air-kerma<te| d| » #k

volume sourced| CH3H target organismO| =A]st= X|&t =0|

e
Hir
o

o
-
o

ch & cHAOIM air-kermas +& mf air target cellS &35 IH & = U

HO

7| wf2of 2@ geometry 27|77t HE photon track & g2lMoz 2 £ S
o, o] HAHMAM S =0|, ¢ =22 aret organismel SFMEF dH|el » 2
targetel = 7|0l Hel Ak

o
=
ol FRE FY + U= Mol Utk 9% Lol T e B!YES AXM 24U 7o
2

air-kerma2t ratsS 0| 235l0] slflE =22 AF M
Dol b)) =K, (E,,h)xr(E,,h)x A, (5-10)

07| A
Dol h):Z=7| photon ol L4X| E,, organisme| X|&F =0| pollA 2] organisme

HogT M (uGy/h)/(Bakg)
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K, (E.,h):E2 sourceZFE wW&EE =7| oflyXx| E,e photonoll CHst
organisme| X|AF =0| pollM 2| air-kerma, uGy

r(E,,h): Z=7| photon ol4X| E, organisme| X[ =0| rollMe| organisme| =
TE&M M air-kerma2l H]

A, plane source® ™A m? L& volume source2l A2 kg

2 ctAH 9| air-kermaZs T5H7| €S Monte Carlo 2AI=Z42 ct2nf Zch

|
X0)

o
=

o
rlo

E2Fo|od plane source 2F volume source & ZHX| AR5 12{5tA

- YA photonolod E=7| W& of X Hel= 10keV~5MeV O|LCt,
- 2 geometry= 2 gekel MEHo|ct (2l8 &=x).

- AElHel BtA2 7] SolA photone| HIEHEIE Zetsto{ =235 2 3km

0]

2 3582, photonel EQF W F5 olsAHzlel 10cmE Zetsto{ o] Ect &
MM

M2 5me| EQF Zo|2 MASIACE target?! S7| cell & FH= IcmzZ A
C
- EQF sourceoll CH$t air target cellel F6 tally2FE air-kermas 5+ Ch.

Z=7| photon OlL{X| E,, organisme| X[A =0| nrolA2| organisme| & 4M2knt

air-kerma<| H| r= AH&tstZ| 28k MCNP geometry =24 2 Chs2f Zich

- |4 X] H= 50keV~3MeVo|C}
- E2F sourcel| AZ|&= HHX|E 20m, =0| 20m, Z 0| 20m=Z 7}H st cHZ 10

=), ol= air-kerma AlMAl M9t 22 geometryel Z7|(EEX

o
w
=
3
Hir

Ol 3km, zlO| 5m) EcC} o =2 Zto|ct o] ol Jiset A2 st =2
Z

ek 3712 target ol CHSt » Zt2 EF sourcel| Z7|o P& el uhX|

HoCh AMEZE od] AlbtE SaliM r 42 22 geometrye| FeFs el g
A #2222 & 7+ UAAgLCL

=
- Air cellzt sl & organismoll tHet ZtZte|l F6 talyZ FE r tS T SHCh

? gtHoz 7ok I Ex sA=o| st air-kermat r S 242 129} 1E
X8 SFMEES

110l e AT A (G6-10022 T3t 35/l X =2 o
=

2120l M Eof=c} plane source?l &< ol X|of o}



g Zastohzt °F 0.05MeV 3719 ol X|ol M= CFAl E7t5H7] AlZFekct ol &t
2 XM Mol olX] 80| duidez 37| WjZolck IT|Jt 22 =

n
o
T

S
o uFo| F s=&ct o it 277t 75 self-shielding Et=2 2l

Ats mZFo| Zasty| WEolct S F7|Y Aol= olWX|Zb 27|17t 2

Ju
ani

A tEtRCE 22 Z27(2] o H XM SAH el ol X =20l K 37| mjZ0|C

)a

Volume source®! A<= plane source 2t 2| I Z2 organismel & Fof
b qlo] ol X|7} E7t+5 HE S7Istch ol&= volume source?! A2 E
A self-shieling2 2 It olHX| 222 HNoiXx[el 2= Ao =7 ™

of Eoll A2l ol HX|7F S==[7] mfZ0[Ch
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2k At
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(a) Plane source at zero depth

r=2km

Z=3km

Z=0cm
Z=-10cm
(T soil
) £=-5m
e

(b) Volume source uniformly distributed to a depth of 10cm

I3 8 Air-kermaE T3h7] 9% MCNP 7|8b+%
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source: plane at zero depth
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10-‘2 b E

" source volume uniformly distributed to a depth of 10cm

0.01 0.1 1
E (MeV)
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=20 Z=20m Z=20m

@ soil Z=-6m

(a) Plane source at zero depth

C—oim
=Z0OTIT

(b) Yolume source uniformly distributed to a depth of 10cm
a9 10 r #= 571 9% MCNP 7]8h+%
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AE(LR)e B A2 F7|o wel herb(ZESF), shrub(5), tree(LHF)
2 3 vhEchag13). =olof wal =nt Wl SHH =xsts 3 TFe 237
+A &) layer& 7ZIM&CHTaranenko &, 2004). Zt layere| =% 2zl =0|&
layert(herb), layer2(Z%), layer3( =)ol ths 2tzt 137, 3.4, 2.3 kg/m® 0.1m, 0.9m,

71
Im=Z JIHEtcl. MCNP ZEE 0|23 22 =MES sl Zt layere] =Md2 372

-

o
M2 =dn sdsiotdl 7td)el =8 225 2350 Sicth Xak A=2f

MCNP =At =42 Ct32h Zof

=}

- T4 gg¥ez Rt 37(9 & ZF/F2 E source (plane F volume)E &
SHFALCEH (A HAHAl 1.4kmel BIXIE XM )

- targetel fIxl= 2+ layerel Ao U20{ HEX|F 200m, FH 1cmel central

core cellZ2 78 (2 dAFoA= &= SAEZ MHEE 2LEFo s A R

Al L
- YAIM B photonTh T2 (ol X| & 2{: 0.01MeV~5MeV)
- E2kol Zlol= 3m=z 7tH
- EY ?l= AlE2 =olof w2l 3BFL 37|12t A2 =3 layer7t EXY

self-shielding &2} ©H-&0|C}.
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‘\_‘________________-______/

\\________________________/
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stdo| EXsts st A =0 Hd&s FCL o] E1E ddstY| faf & #E =
7171 10 olstel W2 2 E ol MBESHMQIAL HAMAl et L Fol GhAtM
SOE FII2 I{stct of Ecf EHZT[ZE 71 WsHE 2 HEo| sHEZEo=Z gt
% 9ic
E 14 Zf &x SAS MTFEMQIXL AHdtol HB8E #EF
H S« HEZ4 | 21nc WDUU;E olerel
Ba-140 12.74 days B- La-140 (40.272 h)
Be-7 52.3 days EC -
C-14 5730 years B- -
Ce-144 284.3 days B- Pr-144 (17.28 min.),
Pr144m (7.2min.)
Co-58 70.8 days EC, B+ R
Co-60 5.271 years 8 -
Cr-51 20.704 years EC -
Cs-134 2.062 years EC, B- N
Cs-137 30 years - Ba-137m (2.552 min.)
Fe-59 44529 days B- R
H-3 12.35 years B- h
1-129 157 €7 years B- -
I-131 804 days B- R
K-40 1.28¢9 years EC, B- R
La-140 40.272 hours B- -
Mn-54 3125 days EC R
Nb-95 35.15 days B- R
Pu-239 24065 years a -
Pu-240 6537 years a 7
Ru-106 3682 days - Rh-106 (29.9 sec.)
Sr-90 29.12 years B- Y-90 (64 hours)
Tc-99 14.3 minutes B- B
U-238 4.468¢9 years SF, a -
Zn-65 243.9 days EC, B- -
Zr-95 63.98 days B- B
HE LA 2 A EE WA EADIEA
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A version2 otfet #2 & 38749 l=dc|ole mdnp Makghdt

OIXI H A2 213 FORTRAN source T2 (dec.for)mt @ladcolg md=z o|F

x
w
o
_|
)>
U
Q
@)
ot

- HESZ1 ololy =4 md (317H)
'Ba140','Be7',/C14', 'Cel144' 'Co58','Co60’, 'Cr51','Cs134','Cs137"
'Feb9'H3','1129', '1131''K40’','La140’, 'Mn54''Nb95','Pu239’
'Pu240’,’Ru106’,'Sr90’, 'Tc99','U238','Zn65’, 'Zr95''Pr144’' 'Ba137m’
'Rh106',"Y90','Pr144m’, 'Nb95m’
- L R M ZEEHAQIRL Al Aol AtB == T (57H)
csda_e_intinp: ©Ate] =ollA 2l CSDA (continuous slow down approximation)
(224)
mfp_intinp : photonel 2ol el T 0| S7H2l(mean free path) (L& 4)
paise_int.inp : MAte] 2ol X[ target M oKX ST
paisp_int.inp : photon2| =10l X[ target 2HH ol HX| &+2(F11)
K_organ_int.inp : target organism2l =7| e (F13)
- QR MTEBIACIAL Al ttofl A== AdHO0lH (27H)
K_insoil_ext.inp: XI& S22 target organism 37|, e =22 2ol XY
a

| & o L x| (deposition energy) (D2 EI|) (

0

K_onsoil_extinp: X2 SA=2| target organism Z7|, s =
= b

N == =ololM2e air-kerma (Ka), target®

0

olM st 2712 air cell2t targetel SFolAXl di(r) (2

2ol 22 Hole & HBH "EofXet =8 OlolEl= ICRP38ZFE, csda,2t

mph= 0|= NISTZRE 2-Z3I¥CHR14). paise, paisp, D" Kar, r& organism

specific HIO|E{ 2 5-2H0M 7|&& gHoz H Atz ot HEMakstAtel X} 2 5
2

A s=2 FdEretitel Xt 2h2t A(5-1)2 A(G-222FH, SadejA e XS
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Do = 2050 Y6 (KIESS)
D, =M Da M) Y() (KA SAlE)

2

K-BIOTA-DCCol| 2|slf A&zl

15~ F200 25kt 2f FMdzratdte

w2t =5k ch

A= 2424 chgel Af(5-11)
(5-11)
(5-12)

Lol s Mestabel R

2t 229 HFE ehof

A, T2l (E18, #19)

1

‘ External-DCC-onsoil ‘

f

DOG= Y TAENLE)

Interpalstion |4 v, £ RS EIEER
for DCC{E) Properties

+ dlata file

OCGE)

calculation

4 Rz

1 E) Kl E
data file data file

-XEsS=: X Hol, #2AL &7 (F17)
(=18 = = x
A &SE XHO|, &2 AL SFF, 12t &
-K| Al S LR (3F20)
| K-BIOTA-DCC
Internal-DCC
External-DCC-insoil |
External-DCC-water ‘
: 1
Do, = E§.(E, MO+ [ I () B (B, b4, - —
LT ETS (B, 1) J10.(B) 24,0 B, 11)dE) DOCE Y ¥(5) DOG 5)
DCC = F (Y B -6, (B M)+ [N EJE(L- [ E, M)IE) i
'y 7 Y ¥, E, DCCEE)
- RMs decay
Rtz decay Interpolation
BEM=RF X 8, ¥, !
L calculation ‘__l— (] Froperties Pere.rtles
Yy 3 data file 4 EERND
Rescaling factor DCHE)
FrEN i st e
&, Erelel
Rtz
ey (A ]
e [ =
for M, & MR £ Continuous Tn=oil
1 L calculation i t—| #epecirum ?;g;nf"?us.;}
ry i Cig{:'a‘gp (DesdRace, data file
(MIZT) ke |
data il
ELEI FQANISMS Rl
(2. b, c)
data file
Spherical
shape
a9 15 = FE 54 !
AFE 3= K-BIOTA-DCCY +%

MCS

On-z0il
OFgaEnisms
(&, & ¢, M)

data file

ol Usln AFRAARE T 98
K




RIN o xzol | Wra | s=3 By w2 | wmsx | aus | 24T
(ICRP)

Ba140 | 8.20E-03 | 7.90E-03 [ 1.20E-02 | 1.20E-02 | 1.00E-02 | 2.80E-02 | 1.10E-02 | 2.40E-02 | 3.20E-02
Be7 4.60E-06 | 5.20E-06 | 2.20E-05 | 2.70E-05 | 1.40E-05 | 3.70E-04 | 1.70E-05 | 2.90E-04

Cl4 | 6.706-04 | 6.80E-04 | 6.80E-04 | 6.80E-04 | 6.80E-04 | 6.80E-04 | 6.80E-04 | 6.80E-04 | 6.80E-04
Cel44 | 7.60E-03 | 7.50E-03 | 1.50E-02 | 1.50E-02 | 1.20E-02 | 1.90E-02 | 1.30E-02 | 1.90E-02 | 1.80E-02
Co58 | 5.20E-04 | 5.30E-04 | 8.70E-04 | 9.80E-04 | 7.40E-04 | 7.30E-03 | 7.90E-04 | 5.80E-03 | 1.00E-02
Co60 1.40E-03 | 1.50E-03 | 2.20E-03 | 2.40E-03 | 1.90E-03 | 1.70E-02 | 2.00E-03 | 1.40E-02 | 1.80E-02
Crb51 6.90E-05 | 7.00E-05 | 8.20E-05 | 8.50E-05 | 7.70E-05 | 3.10E-04 | 7.90E-05 | 2.60E-04
Cs134 | 2.10E-03 [ 2.10E-03 | 2.80E-03 [ 3.00E-03 | 2.50E-03 | 1.30E-02 | 2.70E-03 | 1.10E-02 | 1.40E-02
Cs137 | 2.90E-03 [ 2.80E-03 | 3.60E-03 | 3.70E-03 | 3.40E-03 | 7.80E-03 | 3.50E-03 | 6.80E-03 | 7.80E-03
Fe59 1.60E-03 | 1.60E-03 | 2.00E-03 | 2.10E-03 | 1.90E-03 | 9.40E-03 | 1.90E-03 | 7.50E-03

H3 7.90E-05 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 7.90E-05 | 7.90E-05
1129 8.90E-04 | 8.90E-04 | 9.30E-04 | 9.40E-04 | 9.10E-04 | 1.20E-03 | 9.20E-04 | 1.10E-03 [ 1.20E-03
1131 2.40E-03 | 2.30E-03 | 2.70E-03 | 2.80E-03 | 2.60E-03 | 5.50E-03 | 2.70E-03 | 4.90E-03 | 5.90E-03
K40 4.40E-03 | 4.10E-03 | 6.60E-03 | 6.70E-03 | 5.80E-03 [ 8.10E-03 | 6.30E-03 | 7.90E-03 | 9.00E-03
La140 | 4.70E-03 [ 4.50E-03 | 7.50E-03 | 7.80E-03 | 6.40E-03 | 2.20E-02 | 7.00E-03 | 1.90E-02 | 2.20E-02
Mn54 1.20E-04 | 1.40E-04 | 3.90E-04 | 4.80E-04 | 2.80E-04 | 5.90E-03 | 3.30E-04 | 4.50E-03

Nb95 [ 6.60E-04 | 6.80E-04 | 9.20E-04 | 1.00E-03 | 8.20E-04 | 6.00E-03 | 8.60E-04 | 4.80E-03 | 6.30E-03
Pu239 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.10E-02
Pu240 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02 | 7.20E-02
Ru106 | 6.10E-03 | 6.00E-03 | 1.50E-02 | 1.50E-02 | 1.00E-02 | 2.10E-02 | 1.30E-02 | 2.10E-02 | 2.10E-02
s190 | 7.80-03 | 7.606-03 | 1.30-02 | 1.40-02 | 1.10E-02 | 1.508-02 | 1.20E-02 | 1.50E-02 | 1.606-02
Tc99 | 1.30E-03 | 1.30E-03 | 1.40E-03 | 1.40E-03 | 1.40E-03 | 1.40E-03 | 1.40E-03 | 1.40E-08 | 1.40E-03
U238 | 5.90E-02 | 5.90E-02 | 5.90E-02 | 5.90E-02 | 5.90E-02 [ 5.90E-02 | 5.90E-02 | 5.90E-02 | 5.80E-02
Zn65 1.50E-04 | 1.70E-04 | 3.40E-04 | 4.00E-04 | 2.70E-04 | 4.00E-03 | 3.00E-04 | 3.10E-03 | 6.00E-03
Zr95 1.60E-03 | 1.60E-03 [ 1.90E-03 | 2.00E-03 | 1.80E-03 | 6.80E-03 | 1.80E-03 | 5.60E-03 | 7.20E-03
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R/N 7H=2 HEX|
Ba140 1.40E-03 1.50E-03
Be7 2.70E-05 2.80E-05
Cl14 1.70E-08 1.70E-08
Cel44 1.80E-04 2.60E-04
Co58 5.40E-04 5.50E-04
Co60 1.40E-03 1.40E-03
Cr51 1.80E-05 1.80E-05
Cs134 8.70E-04 8.80E-04
Cs137 3.40E-04 3.40E-04
Fe59 6.70E-04 6.70E-04
H3 0.00E+00 1.10E-18
1129 1.20E-05 1.30E-05
1131 2.10E-04 2.20E-04
K40 1.20E-04 1.30E-04
La140 1.30E-03 1.30E-03
Mn54 4.70E-04 4.70E-04
Nb95 4.30E-04 4.30E-04
Pu239 2.00E-07 2.50E-07
Pu240 4.50E-07 5.60E-07
Ru106 3.10E-04 4.10E-04
Sr90 9.00E-05 1.40E-04
Tc99 4.20E-07 4.30E-07
U238 3.30E-07 4.20E-07
Zn65 3.30E-04 3.30E-04
Zr95 4.10E-04 4.20E-04
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17 =4 XE s=2| 2F Mz gkl X}
o 2*
R/N x|gol i of¢ # 7h2]
(Taranenko et al)
Ba140 3.30E-02 3.00E-02 2.30E-02 3.10E-02 3.00E-02
Be7 6.40E-04 6.00E-04 4.40E-04 6.10E-04 6.00E-04
C14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cel44 6.30E-04 5.90E-04 4.20E-04 6.00E-04 5.80E-04
Co58 1.30E-02 1.20E-02 8.90E-03 1.20E-02 1.20E-02
Co60 3.40E-02 3.10E-02 2.30E-02 3.20E-02 3.10E-02
Cr51 3.80E-04 3.60E-04 2.70E-04 3.70E-04 3.60E-04
Cs134 2.10E-02 2.00E-02 1.40E-02 2.00E-02 1.90E-02
Cs137 7.90E-03 7.40E-03 5.40E-03 5.04E-03 7.60E-03 7.30E-03
Fe59 1.60E-02 1.50E-02 1.10E-02 1.50E-02 1.50E-02
H3 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1129 8.60E-05 7.40E-05 2.90E-05 2.64E-05 6.80E-05 6.80E-05
1131 4.80E-03 4.50E-03 3.30E-03 3.12E-03 4.60E-03 4.50E-03
K40 2.10E-03 1.90E-03 1.40E-03 1.42E-03 2.00E-03 1.90E-03
La140 3.10E-02 2.80E-02 2.10E-02 2.90E-02 2.80E-02
Mn54 1.10E-02 1.10E-02 7.70E-03 1.10E-02 1.00E-02
Nb95 1.00E-02 9.70E-03 7.00E-03 9.80E-03 9.50E-03
Pu239 2.30E-06 1.90E-06 5.30E-07 5.04E-07 1.40E-06 1.30E-06
Pu240 4.30E-06 3.60E-06 5.90E-07 3.60E-07 2.50E-06 2.30E-06
Ru106 2.60E-03 2.50E-03 1.80E-03 2.50E-03 2.50E-03
Sr90 4.20E-09 3.50E-09 5.00E-10 2.64E-10 2.40E-09 2.10E-09
Tc99 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U238 3.40E-06 2.70E-06 4.60E-07 1.90E-06 1.70E-06
Zn65 7.90E-03 7.30E-03 5.30E-03 7.40E-03 7.20E-03
Zr95 9.90E-03 9.30E-03 6.80E-03 9.40E-03 9.20E-03
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E 18 =l XA 22| FMZFatitelX} (plane source)

R/N NEL = = 7H=2 # L2
Ba140 3.50E-04 2.30E-04 2.20E-04 2.20E-04 2.20E-04 1.20E-04
Be7 5.40E-06 5.40E-06 5.30E-06 5.20E-06 5.20E-06 2.60E-06
Cl14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cel44 1.20E-05 1.20E-05 1.10E-05 1.00E-05 9.80E-06 3.90E-06
Co58 1.90E-04 1.00E-04 1.00E-04 9.80E-05 9.70E-05 5.00E-05
Co60 2.20E-04 2.20E-04 2.20E-04 2.20E-04 2.20E-04 1.20E-04
Cr51 7.00E-06 6.60E-06 5.20E-06 4.40E-06 4.10E-06 2.00E-06
Cs134 1.60E-04 1.60E-04 1.60E-04 1.60E-04 1.50E-04 7.90E-05
Cs137 6.30E-05 6.30E-05 6.20E-05 6.10E-05 6.10E-05 3.10E-05
Fe59 1.10E-04 1.10E-04 1.10E-04 1.10E-04 1.00E-04 5.70E-05
H3 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1129 1.30E-05 1.30E-05 1.20E-05 1.10E-05 1.10E-05 2.50E-06
1131 4.30E-05 4.30E-05 4.30E-05 4.20E-05 4.20E-05 2.10E-05
K40 1.30E-05 1.30E-05 1.30E-05 1.30E-05 1.30E-05 7.10E-06
La140 3.20E-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04 1.10E-04
Mn54 3.60E-04 8.30E-05 8.20E-05 8.20E-05 8.10E-05 4.20E-05
Nb95 7.80E-05 7.80E-05 7.70E-05 7.60E-05 7.50E-05 3.90E-05
Pu239 1.70E-06 1.60E-06 1.30E-06 9.60E-07 8.10E-07 1.90E-07
Pu240 4.20E-06 4.00E-06 3.10E-06 2.40E-06 2.00E-06 4.70E-07
Ru106 2.40E-05 2.10E-05 2.10E-05 2.10E-05 2.00E-05 1.00E-05
Sr90 4.10E-09 3.90E-09 3.10E-09 2.30E-09 2.00E-09 4.80E-10
Tc99 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U238 3.70E-06 3.60E-06 2.70E-06 2.00E-06 1.70E-06 4.00E-07
Zn65 6.70E-05 6.60E-05 5.90E-05 5.60E-05 5.50E-05 2.90E-05
Zr95 7.60E-05 7.60E-05 7.50E-05 7.40E-05 7.30E-05 3.80E-05
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Z 19 7 XA 22| FMZFaAelX}L (volume source)

R/N x|gol =2 = H=el # ==
Ba140 1.20E-02 1.20E-02 1.20E-02 1.20E-02 1.20E-02 6.40E-03
Be7 2.60E-04 2.60E-04 2.50E-04 2.50E-04 2.50E-04 1.20E-04
C14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Celd4 2.60E-04 2.60E-04 2.60E-04 2.50E-04 2.50E-04 1.30E-04
Co58 5.00E-03 5.00E-03 4.90E-03 4.90E-03 4.80E-03 2.50E-03
Co60 1.20E-02 1.20E-02 1.20E-02 1.20E-02 1.20E-02 6.50E-03
Cr51 1.60E-04 1.60E-04 1.60E-04 1.60E-04 1.60E-04 8.00E-05
Cs134 8.00E-03 8.00E-03 7.90E-03 7.80E-03 7.80E-03 4.00E-03
Cs137 3.10E-03 3.10E-03 3.00E-03 3.00E-03 3.00E-03 1.50E-03
Fe59 5.90E-03 5.90E-03 5.80E-03 5.80E-03 5.70E-03 3.10E-03
H3 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1129 4.60E-05 4.60E-05 4.60E-05 4.30E-05 4.00E-05 9.80E-06
1131 2.00E-03 2.00E-03 2.00E-03 1.90E-03 1.90E-03 9.60E-04
K40 7.50E-04 7.50E-04 7.40E-04 7.40E-04 7.30E-04 4.00E-04
La140 1.10E-02 1.10E-02 1.10E-02 1.10E-02 1.10E-02 5.90E-03
Mn54 4.30E-03 4.30E-03 4.20E-03 4.20E-03 4.10E-03 2.20E-03
Nb95 3.90E-03 3.90E-03 3.90E-03 3.90E-03 3.80E-03 2.00E-03
Pu239 1.10E-06 1.10E-06 8.90E-07 7.30E-07 6.50E-07 2.10E-07
Pu240 2.30E-06 2.20E-06 1.80E-06 1.40E-06 1.20E-06 2.90E-07
Ru106 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 5.10E-04
Sr90 2.20E-09 2.10E-09 1.70E-09 1.20E-09 1.10E-09 2.60E-10
Tc99 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U238 1.70E-06 1.70E-06 1.30E-06 1.00E-06 8.60E-07 2.20E-07
Zn65 2.90E-03 2.90E-03 2.80E-03 2.80E-03 2.80E-03 1.50E-03
Zr95 3.80E-03 3.80E-03 3.80E-03 3.70E-03 3.70E-03 1.90E-03
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# 20 = LbF o o FM sl Xt
AN Plane source Volume source
WGy/d per Ba/m® uGy/d per Ba/kg

Ba140 1.80E-04 9.60E-03
Be7 4.20E-06 2.00E-04
C14 0.00E+00 0.00E+00
Cel44 6.50E-06 2.00E-04
Cob58 7.90E-05 3.90E-03
Co60 1.80E-04 9.60E-03
Cr51 2.80E-06 1.30E-04
Cs134 1.30E-04 6.30E-03
Cs137 5.00E-05 2.40E-03
Fe59 8.80E-05 4.60E-03
H3 0.00E+00 0.00E+00
1129 5.00E-06 2.00E-05
1131 3.30E-05 1.50E-03
K40 1.10E-05 5.90E-04
La140 1.70E-04 8.80E-03
Mn54 6.70E-05 3.30E-03
Nb95 6.20E-05 3.10E-03
Pu239 8.00E-08 2.30E-07
Pu240 1.90E-07 2.00E-07
Ru106 1.70E-05 8.10E-04
Sr90 1.60E-10 1.00E-10
Tc99 0.00E+00 0.00E+00
U238 1.30E-07 1.40E-07
Zn65 4.40E-05 2.30E-03
Zr95 6.00E-05 3.00E-03
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