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ABSTRACT

The purposes of this study are using the RESRAD-OFFSITE computer
code for the radiological safety assessment of decommissioning nuclear
power plants, the analysis of radiation exposure pathways, and the
simulation of residual radioactive contamination. This study can provide
the process of simulation, the design of parameters, the result of analysis,
and the radiological safety assessment of humans and environments in
using the RESRAD-OFFSITE computer code. The results of this study can
also provide the simulation methodologies and verification techniques with
using the RESRAD-OFFSITE computer code for the radioactive
contaminated buildings, the decommissioning nuclear power plants, and

the radioactive waste storage facilities.
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% 3-2 % R'F 17 Ak Yankee Rowe 2% & 7 I £ T4 3] DCGLs %

% I 4§44 2. DCGLs &%

Summary of DCGLs for Different Media Types

. Building Subsurface , -
. . Soil Partial Concrete Debris
Radionuclide (pCi/g)’ Surface 2.+ | Structures (pCi/g)
(dpm/100 ¢cm™) (p(.‘ifg)§
1.3 9.5E+01 (cella_r holes)
- 3.5E+02 3.4E+08 1.35E+02 2.8E+02 (grading)

C-14 5.2E+00 1.0E+07 2.34E+03 7.2E+00

Fe-55 2.8E+04 4.0E+07 - 1.4E+02

Co-60 3.8E+00 1.8E+04 3.45E+03 4.3E+00

Ni-63 7.7E+02 3.7E+07 6.16E+04 1.0E+02

Sr-90 1.6E+00 1.4E+05 1.39E+01 7.6E-01

Nb-94 6.8E+00 2.6E+04 - 7.0E+00

Tc-99 1.3E+01 1.4E+07 - 6.1E+01
Ag-108m 6.9E+00 2.5E+04 - 7.0E+00

Sb-125 3.0E+01 1.0E+05 - 3.1E+01

Cs-134 4.7E+00 2.9E+04 - 4 7TE+00

Cs-137 8.2E+00 6.3E+04 1.45E+03 6.7E+00

Eu-152 9.5E+00 3.7E+04 - 9.5E+00

Eu-154 9.0E+00 3.4E+04 - 9.1E+00

Eu-155 3.8E+02 6.5E+05 - 3.8E+02

Pu-238 3.1E+01 5.7E+03 - 9.5E+00

Pu-239 2.8E+01 5.1E+03 - 8.8E+00

Pu-241 9.3E+02 2.5E+05 - 1.4E+02
Am-241 2.8E+01 5.0E+03 - 4.1E+00
Cm-243 3.0E+01 7.2E+03 - 4.7E+00

J_r Represents a dose of 23.73 nwem/yr

' Represents a dose of 25 mrem/yr

§ Represents a dose of 0.5 mrem/yr, radionuclides based upon those found in concrete samples as discussed in
Reference 6-11
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Larger x coordinate | .4 % &~ X -80,000 ~
100 et
of the grain fields B A +80,000
Smaller y
EIE - R Y] -80,000 ~
coordinate of the 300 et
B A +80,000
grain fields
Larger y coordinate | 547 % f* Y -80,000 ~
400 S,
of the grain fields JEcg +80,000
Smaller X
Az ®H) X -80,000 -~
coordinate of the 34.375 et
B R +80,000

dwelling site
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Larger x coordinate | A2 % #& * X -80,000 ~
m 65.625 koo
of the dwelling site | A #% +80,000
Smaller y
[ERA N R Y -80,000 ~
coordinate of the m 134 oo
JEcg +80,000
dwelling site
Larger y coordinate | &2 % <y -80,000 ~
m 166 S
of the dwelling site | A # +80,000
Smaller X
F ook AP -80,000 ~
coordinate of the m -100 et o
X B % +80,000
surface-water body
Larger x coordinate
% KRR -80,000 ~
of the surface-water m 200 S
X B +80,000
body
Smaller y
Z m KR -80,000 ~
coordinate of the m 550 oo
y &% +80,000
surface-water body
Larger y coordinate
Fom R AR -80,000 ~
of the surface-water m 850 S
y & +80,000
body

412 3 HHEP AL R
P ERERLLZALFR PP A ER S SR AR
WEHAPFAER LA RBERARL E - SR fEI53 A F -RESRAD T

FLE S &2 200 BT AL Sl AR M T A 42 Y0 o
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F 4-2 2 st P AR R P

FEE Cf | BT bf | Bk | PR WRE W
AR EP AR PR R &
Nuclide 0~
% fﬁ/&ﬁi pCilg 100 SAREPAR S H - st iR
concentration 1E+34
3% o

413 84
PR IE S A F P - A AR 0P N R R e
NIy ToRENE o FHLFE P AL 43 4T o

- P I F RI(t) = Li pp®™@AT() Si (t)
= leach rate for radionuclide i (yr )
pb(®@ = bulk density of the contaminated zone (kg/m?®)
A = area of the contaminated zone (m?)
T(t) = thickness of the contaminated zone at time t (m)
Si(t) = average concentration of the ith principal radionuclide in the contaminated

zone available for leaching at time t (Bg/kg or pCi/kg).

5’}&4}{? éﬁ‘ b}gtﬂ < f"ﬁ- H i~ %E} Tk B S
Release to DR Tk 0 ~ BT v b T 4 R
groundwater, 1lyr 0

NS TS $ oz ) g oy
leach rate e 1E+34 I
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4.1.4 At ik
TP BRB (LA HE 2 AR 8 340w 4.4 6 KT

fh 5ok % g1 2

\ .
LR
W
Tk

i
i)

e

(o))
LR
W

Tk
i)
gn'\

o

~
Ap

P
!
=

T‘T-\m}

gl
R
B

pouil

o

EHAAPAARE T Ok L )2 A B T A AR T o 4 (2

ilic o Slic LFEE P & 4-4 51 o

L 44 2 G Gl

FEER L | FEY 2 LH | Hi ¥ K E o
Contaminated 0 ~
XA A% cm®/g By M
zone 1E+34
Unsaturated 0 ~
2bpfo R cm®/g gy B
zone 1E+34
0 ~
Saturated zone | & fr % cm®/g ayRT M
1E+34
bk AN RN U o - PE URRPE
Sediment in
% kAT A 0o~ ed Rz iz emig e
surface water cm®/g Byfas M
e 1E+34
body
Fruit, grain, | "k % ~ 3P 2L 0 ~
cm/g BT M
nonleafy fields | ¥ £ # % & 1E+34
Leafy vegetable 0 ~
EiEE® cm®/g By M
fields 1E+34
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Pasture, silage | & & ~  F¥ 40 0 ~
cm®/g By M
growing areas | #2 & F 1E+34
Livestock feed | % 4% & 34~ 0 ~
cm/g By M
grain fields Fe 1E+34
Offsite dwelling 0 ~
Fohiiz cm/g gy M
site 1E+34

415 Ak E R
MRSt LS SRR S h R L EES L LR T
B FHCLHE RPN A 4D AT o

4 A5 TAhE B

FlcE e LA | S LA | Hix #F TR E L
0.001 d 5 F e 2 f@ﬁﬁﬁﬂﬁﬁé’ B2 %
Deposition 0 ~
AR m/s 001 (CL 1) | T efug Fodrk a2 d § 18 @ﬁi%]’
velocity 1E+34
0 (Xe) HiEz 0o

4.16 W3 7S

A S S RSP LR AL A TR B 2 ik Bl TS
Pkt Moo 2P #4IgE 4 #1420 11 B RESRAD-OFFSITE ¢
Epf o B ML E R AR TS ()RR € RY 0 Rl LA RP

3 4-6 “i 7
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% 4-6 i T3 R

Flcw e LA | Sl v LR Hi RO ERE S
External  dose (mrem/yr)
LR R R T By | 2 P | FRG-12 arcst P 2 g 4
conversion per
¥+ R 7 B PR e
factors (pCilg)
FGR-11 e s % fd 45 % & > 71 )
TZREAE D WY iz g R
A w4t F] ) > 10 = ~10~100 % ~
*Inhalation dose
B AR B | PR | A0 100 R oo H3 - R st
conversion mrem/pCi
¥+ R 7 B H45 48 0 )4 H-3 - C-14 ~ Ni-59
factors
Ni-63 » & w7 Do gk B 2 B iR
ek 3 FlF o dok Ao 0 N E
F LA BT L 7 e
FGR-11 s st 7 4 2 iE > &P
HERHFFEFNG M AT
*Ingestion dose BB Y FIERR A b o R
o~ A2 gaPf | & PR
conversion mrem/pCi Ry g w453 7000 gt
75 7 M 7 M
factors Bl o R E & B R T R R E i T
F ool 0 208 0 L
mgt;}fi » T3 e ginEE
(risk/yr) FE R b GRS
*Slope factor -- Rt A ]
bynAl S F]+ | per ® * % ¥ o jL  FGR-3
external 7 B 7 B
(pCilg) morbidity/mortality ~ HEAST 1995 -
*Slope factor -- #4048 | # 5 46 | HEAST 2001 morbidity & o 4 % %)
B L B+ risk/pCi
inhalation 7 B 7 B + o FGR-13 $f>twf » k2 &4 3 7
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XSlope factor — | % » &84 4 3 ByfE | 2 fE | sl 5 73 cHEAST 2001 4434w
risk/pCi
food ingestion F+ 7 B 7 B O NSNS SN e )
*Slope factor — | & » 7k AL & 7 R E R A N s
risk/pCi
water ingestion | + G B G M
*Slope factor — | &~ 2 3 4L 3 gy & PR
risk/pCi
soil ingestion ¥+ 7 M 7 M
*Fruit, grain, | "k % ~ &4 ~
IEFEF TS AT SIS
nonleafy L FEEE | (pCikg) | &1ifE | & 1
EARO SR R R B s S VR L ]
vegetables % 7= (pCitkg) | 7 B oM
BRI o
transfer factor
Leafy vegetables | ¥ F#f iz % # | (pCilkg) | &2+:4 | & 2 #&
et
transfer factor # 75 (pCitkg) | 7 B 7 M
*Pasture and
I 2§60 | (pCilkg) | ¥ | & P &
silage transfer et
FEEH TS | (pCitkg) | M | F M
factor
*Livestock feed
B3 | (pCilkg) | 2R | &
grain  transfer Bt
i 3 7] (pCilkg) | 7 B 7 M
factor
*Meat transfer (pCilkg)! | &Hf | & P | 7S F A > KX DPELR A
oA TS
factor (pCi/d) + M R AR RER
*Milk  transfer (pCilL) | &ffE | & 1
2+ i i ] L PR E R ER
factor (pCi/d) 7 B 7 B
Bioaccumulation | & #g 2 # % # | (pCilkg)/ | & | & & | 2+ F FE#H 75 s fik
factor for fish 3 7]+ (pCilL) 7 B oM R ARkt b o
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Bioaccumulation
vER 2 25 R S s Pk
factor for (pCilkg)! | &Hifd | & 1 &
Ay E P B ? B R HAREE & 3ok et
crustacea  and (pCilL) 7 B 3 B
% 7 B o
mollusks
41T W I FH K BB
v gi.;—] R Sl b2 EIENE R E o RNttt B 2 e e g Rk A
BENF R ROFNFE G DEFIRE FNF RFEALFTLRE
B e iz mad S5 Ak o n B E § B EAE{ok lE F

24T LYK HE R
SHcE 2 LA S ¥ | Hi ¥ TR B B

Hieprlgr 8o f k(%
ko E o kBT R o
kB ()G R R R At

Precipitation i 34 m/yr 0~10 1
P o QR ¥ % 2 FHh
S 1%1‘54 @Pllé’k*i pr
m?"i’ °
BME2MeF L2354 0 d

Area of primary 2.2 1“»’#%%?] A E LR X

ARFEE m? Calculated | 10,000 ) L 0w
4 g2l B 4 2

contamination y @R KR EA A R
Rl

Length of
BOEEE A5 kK B eh T

contamination T 5 p ok R 1E-4 ~ 100 AP R BRI o — iE T

m
DR . S ELR L § e

parallel to aquifer | ©° AER 1E+6 AT YR V- RS R
‘»!_"r 3 ’I‘?ﬂ}i °

flow
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Depth  of soil

BT A L2 p REAEY
RS e £ 6 2 o
BB oo KB RGP %
EIER & DY

m 0~1 0.15 . S w
mixing layer FENER TS O FR TS A A
Fwm AR DT EAFR Y 2
f ot bl SRR 2 R 2
FAhdatEa ko
Deposition Bt 54 R hT 0% F
m/s 0~0.01 | 0.001 fos
. ¥ S 17 % 5 o
velocity of dust R AT
AR RPN 2 ETIEEES
Irrigation applied ~ B kR R R PR
EFAOEE | mlyr 0~10 0.2 . o h e e
per year gl o RGN
EoREGEEARGE R L RS
Evapotranspiration FlAF ¢ ER s et
-- 0~0.999 |05 ) T
coefficient Blo 2 K5 R RSP
Eded d - B2l
rETEBEL LAY 8
HFEN IR T FHFEY S
Runoff coefficient -- 0~1 0.2 FooiZinthlaET KT
ERCS R EREE bR ch R
S -
s FLGE R BE TG 0 R R
Rainfall and runoff -- 0~1,000 | 160 R ERED o 2B EY K
PEer R ke S
Slope-length- ¥t e B A2 G 4 K
- 0~10 0.4 )
steepness factor -
Cover and
TR AR RE R E
management -- 0~1 0.003
e 4 o -
factor
Support  practice TBFEL G M e e
AEFERFF | - 0~1 1

factor

WEH S blAe D e %
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KL VAR - gl
Thickness of 1E-5 ~
XAF®EER | m 2 T HEE K EET R DB
contaminated zone 1,000
é@ﬁ- °
Total porosity of | £ 77 4 % % % XAL®TFIHUFE S BN
-- 1E-5~1 0.4
contaminated zone | % L B o
Dry bulk density
AL FHACH 1E-3 ~
of  contaminated glem?® 15 LEAARDFRBA -
FRAE 225
zone
Soil erodibility
£ 4 % 2 | tons/ac B EE YT 2O B T
factor of 0~05 0.4
¥ A ]S re R EA
contaminated zone
XEAGEIERTZE S
HILE 4 FF - 7L &P 0
Field capacity of
%/ﬁ%?v;‘gﬁi - 1E-5~1 0.3 /ﬂ?&i’ﬁﬁ‘?ié”%’}\
contaminated zone
© R RET KPR RE A
fod vk g o
- B B et
Soil b parameter of | % i3 % % 2 3%
-- 0~15 5.3 Maden KE%kZE 8RR %
contaminated zone | b %%
B ¥ R E g e ot Bo
BIE 2 iﬁiﬁﬁ?—lvkﬁﬂié 40 BaR
Hydraulic AR M kA RS
c NI e g 1E-3 ~
conductivity  of m/yr 10 KEE: £ F SRR R -8 =g
LR 1E+10
contaminated zone ..‘%fﬁ JEE: Sm¥ i E- ik e
WoopHE (B fer) -
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Thickness of clean

e E

m 0~100 0 B ARBRE LR TR
cover B
R e ERF
Total porosity of | i %% & & 5%
- 1E-5~1 |04 Foo MIVHL S - Bk Sl
clean cover ICHAE
PNEN S ¥ N
Dry bulk density | 7 /% i@ & % 3t 1E-3 -~
g/lcm® 1.5 REMBEATR -
of clean cover BR 225
Soil erodibility
F % E ® 2 | tonsfac FARFARALETBKET
factor of clean 0~05 0.4
BV A TS re F o
cover
EIEE SN T EES IR
Volumetric water
FRmE R F 77 53V ALK B R et
content of clean -- 0~1 0.05
Mok bl o i B EETED AR D
cover
AL
Area for fruit,
K% 34z 2t dok %o bz AF g
grain, and
EFHEFy | m? Calculated | 1,000 FRX Y EHFRFEED A
nonleafy
W o A it F
vegetables field
Fraction of area
directly over
K% 24z 2t
primary
EEHEFr
contamination for -- 0~1 0 ERLFEAFE TR

fruit, grain, and
nonleafy

vegetables field

B AESA

]
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Irrigation applied

per year for fruit, | "k %34 2 24
grain, and | E FHEE S | miyr 0~10 0.2 LAFAFHRE
nonleafy e £ R
vegetables field
Evapotranspiration
coefficient for | k% ~F42 2t
fruit, grain, and | £ FREFEEH | -- 0~0999 |05 DRENPCR %+ ¥
nonleafy % ATk
vegetables field
Runoff coefficient

SN TS IS
for fruit, grain, and

EEgFEyr |- 0~1 0.2 LRET A A R S o
nonleafy

T i
vegetables field
Depth  of soil
mixing layer or | k%~ 2 2
plow layer for | ¥ ¥ %1 3 ¥ &

m 0~1 0.15 LA ®IERER ¥

fruit, grain, and | %R & 1 3 &
nonleafy #kiER
vegetables field
Volumetric water
content for fruit, | "k %~ 2 2L MR S LT =gl i R
grain, and | EFHHFFHF | - 1E-5~1 |03 o B ER RAQE N TR
nonleafy T KE AT e

vegetables field
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Dry bulk density

of soil for fruit,

EFEHEFr 1E-3 -~
grain, and glem? 1.5 LAiFLTHIBICHUBERAE -
% ORI 22.5
nonleafy
vegetables field
Soil erodibility
K& 34z 2t
factor for fruit,
F U E ¥ | tons/ac
grain, and 0~05 04 LRAiF3%IETLBEF]F o
T EV AN e
nonleafy
F3
vegetables field
Slope-length-
k& 2z 2t
steepness  factor
ERgaEFs LiF4wEF-ER-HAE T
for fruit, grain, and -- 0~10 0.4
W AF-R R - F o
nonleafy
R TS
vegetables field
Cover and
management k% 34 % 2L
factor for fruit, | & ¥ #f & ¥ &
- 0~1 0.003 LAF4wREZ FEFF o
grain, and | "R EFZ2 PR
nonleafy ¥+
vegetables field
K% 34z 2t
Support  practice
RS E
factor for fruit, -- 0~1 1 LIiFA®dAEFRFF
% AR
grain, and
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nonleafy

vegetables field

Area for leafy | & ¥ & &% % dEEHEER X Y B
m? Calculated | 1,000
vegetable field o (SESIR I WA R
Fraction of area
directly over
EEHEFH
primary
ERLALG | - 0~1 0 ERLFLIEFTG ] o
contamination for
fat bl
leafy  vegetable
field
Irrigation applied
EEREE®
per year for leafy m/yr 0~10 0.2 LAFA®EZ
# R
vegetable field
Evapotranspiration
coefficient for | E¥MEE®
- 0~0.999 |05 LRERE S e )
leafy  vegetable | 7 #t ¥k
field
Runoff coefficient
EEHEF®
for leafy vegetable -- 0~1 0.2 DRERRE B AR SRR
s i d
field
Depth  of soil
mixing layer or | E ¥ HFEF ¥
plow layer for| 2 3R & & & | m 0~1 0.15 LA ®wIERER ¥
leafy  vegetable | ## & F A&
field
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Volumetric water

EENEF T Lok s b AEFHEE
content for leafy -- 1E-5~1 0.3
RAAE R R WA ORE S
vegetable field
Dry bulk density | ¥ ¥ & &= ¥ &
1E-3 ~
of soil for leafy | 4 3§z ¥ # % | glem® 1.5 LAFA®IEITHATAR -
22.5
vegetable field B
Soil  erodibility | ¥ ¥ #F 5 ¥ %
tons/ac
factor for leafy | 2 & ¥ & |4 7 0~05 0.4 RAiF4®IET HPFF o
re
vegetable field -+
Slope-length-
EEHEEE
steepness  factor LRAF2%AF - £ R -4
oK CE R - | - 0~10 0.4
for leafy vegetable BFF o
R F+
field
Cover and
EFHEFw
management
REx gA - 0~1 0.003 L34 % REE FRFF o
factor for leafy
3
vegetable field
Support  practice
EFREFF
factor for leafy - 0~1 1 RAFLHRAEFFTHRFS -
a8 Lk
vegetable field
Area for pasture | ¥ fr 5 BT % d R E e iR Xy Rl
m? Calculated | 10,000
and silage field o R RN - ;FW%J N
Fraction of area | ¥ fr b7 %
directly over | B & X545 | - 0~1 0 ERALFEASE TR
primary FE B
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contamination for
pasture and silage

field

Irrigation applied

per year  for

m/yr 0~10 0.2 LB L wRIET
pasture and silage | & f# & i# /%3
field
Evapotranspiration
coefficient for | &x¥ frf 7%
-- 0~0999 |05 RAFLTHFiChEk-

pasture and silage | & f# 7 ¢ (% #ic
field
Runoff coefficient

e ¥ e 7? BT %
for pasture and -- 0~1 0.2 R NP AR &

W F3 i lﬁ‘&
silage field
Depth  of soil
mixing layer or | fx ¥ fo§ p72
plow layer for | 3R & & & # | m 0~1 0.15 LAFA®IHERER ¥
pasture and silage | # & iF &
field
Volumetric water

TEfef i w
content for pasture -- 1E-5~1 |03 LM kR S

RAAE R R
and silage field
Dry bulk density | #c ¥ fr § b7 %

1E-3 ~
of soil for pasture | 2 3 54 f# % | glcm® 15 LAFAEHEICHABRAR -
22.5

and silage field

33




Soil  erodibility | 4 % fo 7 BT %
tons/ac
factor for pasture | * 3 ¥ 4 4 ¥ 0~05 0.4 RAiF4AFHIETRBLETS -
re
and silage field +
Slope-length-
KXoy T
steepness  factor RAFEwHAF-RE-FR T
Bk R - - 0~10 0.4
for pasture and F e
R F+
silage field
Cover and
& e 7? BT T
management
RE2 g™T - 0~1 0.003 RiF3%%REE FRFF o
factor for pasture
3
and silage field
Support  practice
e ¥ e 7? BT %
factor for pasture - 0~1 1 L34 %AETBTFSF o
AR B FS
and silage field
dBAE R X Y Rt E R
Areafor grain field | 2548 % & £ m? Calculated | 10,000
oA R ?‘f@?] » oo
Fraction of area
directly over
P RE ER
primary - 0~1 0 PRLALIERRH G
R AR R
contamination for
grain field
Irrigation applied
B F G
per year for grain m/yr 0~10 0.2 RAFAFHIEL-
B
field
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Evapotranspiration

AR5 B
coefficient for -- 0~0.999 |05 LAF 4w ARk
EEQUE
grain field
Runoff coefficient | 2% % & #f i&
-- 0~1 0.2 AR F AT o
for grain field S i od
Depth  of soil
IR L
mixing layer or
By kiE | Im 0~1 0.15 RAFARIHERER Sl
plow layer for
)i
grain field
Volumetric water
PR EORBAH
content for grain -- 1E-5~1 |03 LA 7K E Sl
field
Dry bulk density
Fi- RSN T 1E-3 -~
of soil for grain g/cm3 15 LAFA®EIEITHARAE -
WHDA 225
field
Soil erodibility
FHE® I ET | tons/ac
factor for grain 0~05 0.4 LAFLEIET HBF]F o
413 F]+ re
field
Slope-length-
B R AT RAFEFRAF-ER-HR T
steepness  factor -- 0~10 0.4
R T + e
for grain field
Cover and
management FEHREZ
- 0~1 0.003 LRAFAFHRER FRFF o
factor for grain | ¥ =%+
field
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Support  practice
B R LEFEF
factor for grain - 0~1 1 LIiFA®dEFEFRFF
N E_F’]_‘}
field
Area of offsite | #* G2 % & d F AR E XY RESE R
m? Calculated | 1,000
dwelling site i @ h Er Jﬁﬁ%] N
Irrigation applied
Pl T B & X
per year to home m/yr 0~10 0.2 RLAFLwRIET
ME RS
garden or lawn
Evapotranspiration
Fhiz %G
coefficient for -- 0~0.999 |05 PR S Py
AT
dwelling site
Runoff coefficient | 3¢ L2 %
-- 0~1 0.2 URERPL I A SRl b ;'
for dwelling site FHZo ik
Depth of soil | L=z & 2
mixing layer for | & & & & # | m 0~1 0.15 LA ®IERER ¥
dwelling site PR ER
Volumetric water
Bk iz F ’J\'
content for -- 1E-5~1 | 0.3 LM kE Sl
Wi R A
dwelling site
Dry bulk density
ez w2 1E-3 ~
of soil for dwelling glem? 15 RAFEw2IHEICHFERR
EicHfA TR 22.5
site
Soil erodibility
H-eh i ® 4| tons/ac
factor for dwelling 0~05 0 LAFA®HIETHBPETFF o
BT AMEFF |re

site
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Slope-length- E RUERE A
LAFAFHRAS-ER-H AT
steepness  factor | 5 -& & - & | -- 0~10 0.4
3 o
for dwelling site ¥+
Cover and
management B iz ER
- 0~1 0.003 LiFdwhiEs s
factor for dwelling | ¥ * ¢ = %]+
site
Support  practice
bz w L
factor for dwelling - 0~1 1 LAFLARIEIRTS -
FF B 5+
site

418 * § @

)

THBIFE -BIEAEE - REFR R CBRBRER -AMPM < 57
ERRAATHEIG SRR S F P FR(EARF LR AP
) R LERTIEHPF 2 STARFEZ b # ~BEEF(h# - b
v A AETER)E 0 FRLHE RPN A 489w o

SRR

FEE LA | S LH | Hiz # FFRE W
Release height | #41% & m 0~100 0 i e BN Z R -

Release  heat

g g calls | 0~1E+10 |0 (&)
flux
Anemometer

b E R m 0~ 100 10 ERIh #E B R o
height
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Ambient b A ER* KPR LS T
BB RE K 250 ~ 320 285
temperature FEIS i S
AM ETHE BERLBR > AT E
PEagaRe BRABAZETIT S LR
atmospheric m 0~ 3,000 400
e B kT3 FREB RGO
mixing height FREAETUL
PM
T I X ?-’F‘ P @
atmospheric m 0~3,000 |1,600 ELTHTEIRLEFR o
%R
mixing height
Briggs
Dispersion AR TS Ll i A ¥ 2
rural/urban, | Pasquill-
model AR i | - 2R E-FAE GRS A
Pasquill- Gifford
coefficients WiT e ) o
Gifford
Windspeed Rural,
B i B35 - Rural FAERFE IR ERRET
Terrain urban
Fruit, grain,
kS~ ghge 2t RE P EE AT A
nonleafy m 0~100 10
E i F F SR TAI
vegetable plot
Leafy EEHFEE EEFFEENHENLETL %5
m 0~100 12
vegetable plot | [F] e
Pasture, silage | 3~ § p7 48 Fod s R L RARET A
m 0~100 20
growing area e SR THAI
Grain fields b m 0~100 14 B REHY LT L RAH -
Dwelling site R m 0~ 100 6 AERRHCLFTLRAA -
Surface water
FR I i m 0~100 26 2 m o REAPHIN LT A RANA

body
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WHE -~ F @ﬁ%lﬂ-* CAFARE B
hREATEBR G AEA @ R A
o5 %k v FlELMaE - §E
Grid  spacing
LR AN o RN BET RFLRE LH
for areal m 0~ 500 100
A BoAR A G L] el B A aE
integration
HREIE 0§ B EE B A
HER L oA K@D { Eek
Fa %ﬁﬁiﬁd °
Joint frequency
of wind speed AEFTHERE R TS
boiE % AR G
and  stability - 0~1 1(StoN) | faspene &t § 1T - o]
2R
class for a 16 BEPER -
sector windrose
0.89, 2.46,
Wind speed B i# m/s 0.001~20 | 4.47, 6.93, | * ** & 4 F #cdy o
9.61,12.52
4.1.9 A& fcF
oAb e g kA 2 FHGR R FHCE AR P T A 4.9 97 .

% 49 Ao RERP
FlE e LA | FEY A | Hi | #F KB W
Unsaturated 0.01 ~
AETCELERE | m 4 e fe® BB o
zone thickness 10,000
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Unsaturated
A& e T 5 B 1E-3 ~
zone dry bulk g/cm® 15 LLFARGCFRTR -
AmAR 22.5
density
Unsaturated
Abrfem d s 1E-5 ~
zone total -- 0.4 a i—;a’”,lrt BE SISk
L 1
porosity
Unsaturated kT RS e o F i A AR
A&Efo R G oo 1E-5 ~
zone effective -- 0.2 ko ol Bk e Rl kit E
YHAE 1
porosity ki ﬁs?l RELEHK o
Unsaturated
1E-5 ~
zone field | 2 & fcH 3 & | - 0.3 VISR AN .
1
capacity
Unsaturated
* &7 fo ok 4 1E-3 ~
zone hydraulic m/lyr 10 LRFARKS GRS S
[ 1E+6
conductivity
Unsaturated
A & ’f‘-" 4 iﬁ;
zone soil b -- 0~15 |53 CIESER- AR S S 3
b %k
parameter
Unsaturated
o T Koo 2T fedt Mok R
zone A A o T K
m 0~100 | 0.1 gt oo B SRS R OER G
longitudinal 2 T e
Moo
dispersivity
4.1.10 &4 %
ez Rk 2 S8k o S EHE RP A 410 AT o
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% 4-10 f2feF R RcELP
FHE S LA oY 2 L Hix # [ TR E B
Thickness of 0 ~ EirRER Y RRE TR L2
o ® &R m 100
saturated zone 1,000 RECPAS T AT
Dry bulk density | 4 - % iz % ## 1E-3 ~
glcm? 15 ARFARIFHHR ¥
of saturated zone TR 225
Saturated ~ zone | 4o % A 3¢ 1E-5 ~
-- 0.4 ﬂa/ﬁ"“/?/if,&??“'li%&"
total porosity 14 1
Saturated zone | A8 e % & ot} 1E-5 ~
- 0.2 DER A S SRy S X
effective porosity | 3“4+ 1
Saturated zone
wfe® k4 @ 1E-3 ~
hydraulic mlyr 100 ARFA®KS BESF S
# ¥ 1E+10
conductivity
Saturated zone
o ok 2 1E-10 TR G el ook 4 R ok
hydraulic gradient -- 0.02
kA HR ~10 S ¢ - ¥ %;*Ev}ciéﬁ%lo
to well
Saturated zone
AL M 0 ~
longitudinal m 3 R S T LR TR S
LA T 1,000
dispersivity to well
Saturated ~ zone | 4F fc % ¥k £ G AN RS S LA I 1]
O ~
hOI’iZOhtal Iateral ’J( T 1’% "é' A %/{ m 04 )f; FE'F e El _‘%;« ’fé-fﬂ; ’}ﬁii .#;. T\E"L“;‘*Lré’
1,000
dispersivity to well | % s Fo e 1/10 3] 1/30 -
Saturated  zone | 4 fo % ¥-k 2
0 ~ £B e A G T lcfodt ok @
vertical lateral | =2 # = &~ 4T | m 0.02
1,000 B R et oo
dispersivity towell | %
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Irrigation rate
(value  averaged
over length of
saturated  zone)

contributing to

well

$ok 2y

T

m/yr

0.2

DREIPL R A e A = 30

Evapotranspiration
coefficient (value
averaged over
length of saturated
zone) contributing

to well

ok F EATh

T

0.999

0.5

UREIRLR A 1 s S

Runoff coefficient
(value  averaged
over length of
saturated  zone)

contributing to

well

$hok 2 Tt

T

0.2

Depth of aquifer
contributing to

well

RR TR

1E-4 ~

1,000

10

Bk = 2035 T kG &E T

Saturated zone
hydraulic gradient
to surface water

body

R 4 G

RAgk A R

1E-10

~10

0.02

BTk ook R ok

facenf ¢ - B R E kB
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Saturated zone

EfoF 4G

longitudinal 0 ~
K A AT | m 10 2 24 o G A FT Sk o
dispersivity to 1,000
e
surface water body
Saturated zone
LA S Sl SRR el ¥ S LAl M L4
horizontal lateral 0 ~
kR T S | m 1 BBt S0 in B 2l ¥ 2
dispersivity to 1,000
D A A3 en 110 3 1/30 »
surface water body
Saturated zone
éﬁ"ft‘ EE- k]
vertical lateral 0 ~ L8 e A m i Glcfeit ok
KB LE S | m 0.06
dispersivity to 1,000 B ant F o
2 F e
surface water body
Irrigation rate
(value averaged
over length of | 1% & -k ##
miyr |0~10 |02 UNERE S A BE Al S )
saturated ~ zone) | I Tt
contributing to
surface water body
Evapotranspiration | ¥ # & -k 8 7% 0 ~
- 0.5 CREIS i A S ik
coefficient body LZE S S 0.999
Runoff coefficient
(value averaged | ¥+ # % -k 88T
- 0~1 0.2 URERE P A R Rl § ;o

over length of

saturated  zone)

i U B g
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contributing to

surface water body

FoKA R A RRIER A% ok
Depth of aquifer

Hi5-ku3 0 - TS TR RE S S IFAE
contributing ~ to m 10
KA R TR 1,000 TRERY R B RES LT
surface water body
4ok g -

4111 k4=

YR AW BB AR KR R E SR )0 F 2 Gl e

341l KA S

FHE S LA | BEY 2 LfE | Hix | BR TR E o

Quantity of

water Bk g ¢ g i b
B4y 42-k & | Liyr | 0~1,000 | 510

consumed by s chif o o

an individual

Fraction of

water from
X
surface  body -- 0~1 0 CE AL R AR B o
7}; ’Eﬂ pL 'm]
for human

consumption

Fraction of
water fromwell | * #g i) 4= 2 -k
- 0~1 1 A ;’;(Fs"j}{’;;.jj Kt B e

for human | +* &

consumption
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Number of

household E N2 I AT
individuals oK e A e | - 0~1,000 |4 FIeB A AL E B * R o
consuming and | B
using water
Quantity of
BAEPNRY KR ik
water for use
TP AR /?V«"-‘/mi“/piﬂtg"‘sg’ﬂ‘liw 7\:’?‘_
indoors of L/d 0~1,000 | 225
k& HAPEARE R - - I 2
dwelling  per
5Lk R o
individual
Fraction of
water from | zp B A&
EPNBARE LR RMARE B
surface body | # & -k #8-k & | -- 0~1 0
ERET RPEEMTF
for use indoors | ' &
of dwelling
Fraction of
water fromwell | T B £ & * FRBEBAGZE KRR BB
- 0~1 1
for use indoors | 2 Jk-k &+ & Br RPEERNEF o
of dwelling
Quantity of poAGr i kg F RIERIE E
water for beef | ¢ 2@ * k& | L/ 0~ 500 50 BE T RT EEE S DAY
cattle Koo
Fraction of | p 2 * & a
- 0~1 0 B2 @ oo KR ] o

water from

KA b
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surface  body

for beef cattle

Fraction of

[ I
water from well -- 0~1 1 T G L I

S|
for beef cattle
Number of
cattle for beef | ¢ 2 #&& - 0~10 2 AR K ERY 50k
cattle
Quantity of FeA @ r anldokE o RIERIE R
water for dairy | s+ * -k & | L/d 0~1,000 | 100 BT RT R ER S MY
COws koo
Fraction of
water from | s+ 2@ * & 5

- 0~1 0 FLABH LG KR B o

surface  body | "kKE8 &) o
for dairy cows
Fraction of

oA @ r Aok
water from well -- 0~1 1 FrERE H Rt e

S|
for dairy cows
Number of
cows for dairy | 5* = #&& - 0~10 2 EOES ‘S-SR - - AR
COWS
Fraction of | %5 -k * 3k
water from | % ~2kag 2t ¥ % & oo RBERIR S BRE 2

- 0~1 0

surface  body

for fruit, grain,

46




and  nonleafy

vegetables

Fraction of

water from well

% R EEK R S B

ks
#
S+

for fruit, grain, -- 0~1
FREFE R gt B3R el B o
and  nonleafy
1)
vegetables
Fraction of
water from
ERA IR % Ao KR F A o
surface  body - 0~1
Zm oK RE B WG o
for leafy
vegetables
Fraction of
water fromwell | # -k # 3t £ ¥
== 0~1 i * A J\/E/%ﬁ%’iﬂ—ﬁwm”‘ UIJ"
for leafy | 28 # ¥ et &
vegetables
Fraction of
water from | % & -k * 3t i
@ o5 KM o F pre
surface  body | ¥ & 5 pF&RAL | - 0~1
bl f}]] o
for pasture and | £+ &
silage
Fraction of
Hoofw KT
water from well
A Rl 0~1 i ORERE fod Rr e b
for pasture and
L ]’}]J

silage
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Fraction of

water from | % & -k #* 3% Rl
Ao R HIEIERG AR
surface  body | J &AL g e | -- 0~1 0
A% ]’}]J o
for  livestock | ** &
feed grain
Fraction of
S &
water from well
Ul g P et | - 0~1 1 i HORGEERG AR B
for  livestock
i
feed grain
Fraction of
water from
) LA
surface  body - 0~1 0 iz R &g KBant 5o
EIM S |
for offsite
dwelling site
Fraction of
water fromwell | 3¢t Az F &
- 0~1 1 NI A I I
for offsite | "kt i
dwelling site
FliEe g RSP Bl
Well pumping 0 ~
H ook B mé/yr 5,100 % RIppF LA AFEGEE 4T
rate 100,000
—r'—, o
Well pumping
HooR ARG
rate needed to
&l 4 9% | m¥yr | Calculated | 5,084.17 (&) -

specified water

use for

g B
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livestock feed

grain

F 4-12 % 5 KRR S BCGRP
FlcE e LA | S RHE | Hix ¥ TR E L
Sediment XFR I EA b X TTE L
TR g - 0~1 1
delivery ratio GoRBE F LT Bt 3 o
Volume of
1 ~
surface  water | #* & -KEEHAE | md 150,000 Foh RREREAE o
1E+34
body
Mean residence
time of water in | % & -k 88 e T 1E-4 ~ FE GG G kA PR A L A
yr 1
surface  water | 32 § PR 1E+34 GooR WM A -
body

4113 3 Tk @ﬁe’?]

WA TR B R 2R Sl 2t

Wice BRASHEG M FEBEHFE AP DA 413977 o
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% 4-13 = Tk @ﬁi%l B
SEES LfE | SEY v i B | B TR E 5
Well in the -16,000 BiEdE ok ERE D m T (TR
A T3 g0k
direction parallel m ~ 100 FEH o - EAX S AR THES
éi
to aquifer flow +16,000 Hbpnp & iz g o
Surface water
-16,000 BiEdLE ok kR e T TR
body in the | % & kK#-T {7
m ~ 600 PR - FRARSLA R THEES
direction parallel | ** 7 -k &
+16,000 Hepent bR 3T 4 6 R4 ek o
to aquifer flow
Well in  the
-16,000 BOEL 3ok K ind S e ehT (TR
direction Hd-g 3t gk
m ~ 0 FEAE 0 — MR ST A R e
perpendicular to | &
+16,000 Hepenp ¥ chiz g o
aquifer flow
Near edge of
surface water
8 7ok k -16,000 AIET TR R e T (TR
body in the
FERiITEAG R | m ~ -150 FEHE > - EM R R S
direction
Wi B +16,000 Hapent b 1T 4 5 kR gk o
perpendicular  to
aquifer flow
Far edge of
surface water
8 7ok k -16,000 BT T gk kR D e T TR
body in the
Figdrd sk | m ~ 150 FEgE > - EH R R Y S
direction
g R +16,000 Hapcht BB A A G KB Pk o

perpendicular  to

aquifer flow
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Convergence
criterion Romberg # » e & & F o * k3t
T agiE @& - 0~0.1 | 0.001
(fractional EEp Tk A TN ER o
accuracy desired)
Main subzones in 1 ~ iR T NHILS S B R ORHE
BfeF i+ | - 1
saturated zone 1,024 ERE A QL%J%E B o
Main subzones in
& B 1 ~ A BPMpEfoRT ME L L B
each partially -- 1
Fehd 3 R 1,024 ERS: FE AR ﬁ@s&ﬂ?ﬁ B o
saturated zone
Nuclide-specific
retardation in all
AT R
subzones, TREFEMNRFIGET - R
T At o
longitudinal - Yes/No | Yes o ¥R AL L RER NS
ATE RN S
dispersion in all AT A e faa i o
LA TR 54
but the subzone of
transformation
Longitudinal
SR
dispersion in all
AR T AR
subzones, nuclide-
"ﬁ + FpFE
specific
W ofE B - Yes/No | No fe ¥ oo
retardation in all
oo+ R
but the subzone of
MR P fdias &
transformation,
L&
parent retardation
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in zone of

transformation

Longitudinal
dispersion in all
subzones, nuclide-
specific

retardation in all

RS
L T AR

3R R

ofE ot % - Yes/No | No e oo
but the subzone of
F: ) "‘1"")3 + %
transformation,
A ¥ T
progeny
retardation in zone
of transformation
4.1.14 #FHP %
GHKE G F Y T AN EF OFHEIRIRE FRKL
2P A4 414 507
3 4-14 5% Sl
SUcEY LfE | S v iR | B | BR R E S
Drinking water 0 ~
e TS Liyr 510 FAEEPFOGRE
intake 1,000
Fish 0 ~
R~ kglyr 5.4 AAFEFR AT OEL o
consumption 1,000
Other  aquatic
Heps g a A AT ENHA RS FE S AL
food kalyr 0~100 | 0.9
i 45 fp o
consumption
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Fruit, grain,
K% ~gge 2t
nonleafy 0 ~ FAEEPHEARE B EE RN
EFEFEY | kalyr 160
vegetables 1,000 FEerl e o
3
consumption
Leafy
EEWEF FAE R R EFREE L
vegetables kalyr 0~100 | 14
#= A
consumption
Meat
B ORE AL kg/yr | 0~300 | 63 FAEENIp TS gL o
consumption
Milk 0 ~
R L/yr 92 FAEEYE I g E o
consumption 1,000
Soil (incidental) 0 ~
1S alyr 36.5 A AT EIEHRF o
ingestion rate 10,000
Drinking water
LREFPE
intake ~ from -- 0~1 1 EFLHEF AP FA R B o
» AR K
affected area
Fish
consumption XEEwE A X3R4 m RHE A A s
- 0~1 0.5
from affected | #f i 4= B o
area
Other  aquatic
food ZRERRH
XA R A G RS A e AR
consumption s g A | - 0~1 0.5

from affected

area

¥4

5 & fr et ) o
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Fruit, grain,

nonleafy
LRERBL
vegetables EEARERE AP ERE RS
TR S N X g 0~1 |05
consumption EEFRFEE I b o
FREERF A
from affected
area
Leafy
vegetables
LEBRRE RAFLERE A GEEFHEF
consumption - 0~1 0.5
TR EE HL G o

from affected

area

Meat

consumption XEETFE P B AP 255 Lenbel 2 kAT
- 0~1 1

from affected | i) 4= 4 A chp Bl by o

area

Milk

consumption XFRERB L B AP 255 Lenbel 2 kAT
- 0~1 1

from affected | 42 4= 4 A hd dmant 6 o

area

4.1.15 3 &>
PHOE RE G5 ERS > FBCLHE P T A 4-15 97 o

% 4-15 4273 P S g P

SHcES LfE | S fE | B | BF R S




Water intake for

g A4E~-kE | L/day |0~500 |50 poLagEp d AT pHEAKE o
beef cattle
Pasture and | F £ ¥k i &
R ELN LY SRS Tk
silage intake for | # F¥4 4L chp | kg/day | 0~300 | 14
wrE
beef cattle w2
Grain intake for | } 2 ¥ 34 0 poAaiFpg 4 AEp S HE
kg/day | 0~ 300 | 54
beef cattle = -
Soil from
[ 5 i - 4
pasture and pAEEFE SA AR PR oy
¥ qcg prend | kg/day | 0~10 | 0.1
silage intake for prend |~ £ o
RE~ 2
beef cattle
Soil from grain | # =+ &k p %
pAEAER A AR PRGBS D
intake for beef | 4= ¢ 1 & » | kg/day [ 0~10 | 04
IRENE -
cattle =
Water intake for
FPEENLE L/d 0~500 | 160 g R AF pHENARKE o
dairy cows
Pasture and
PR 5 N FrEEFR EA AP RYS G
silage intake for kg/d 0~300 | 44
% prendE ~ 8 ErE
dairy cows
Grain intake for | 5t 2 $f 34 en Frraffpg 52 A5 p RS E
kg/d | 0~300 | 11
dairy cows w2 E
Soil from
AR K
pasture and L 24 AEp j&u&:i«fr—;
¥fedpreahd |kgdd [0~10 |04
silage intake for prent i~ £ o

dairy cows
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Soil from grain
e JoAlagp 52 AR p gy b
intake for dairy kg/d 0~10 |01
R 20 4 T HEENE -
cows
4.1.16 % 7+
BH XAt i 8ot 25 AEBM 0 AEA LM FT ik
WA BE LR R 416 9T

+

4-16 f& 4= F1+ Sdgip

T~

FEES LR | FEY LR | Hi # [ TR E L
Wet weight
crop vyield of | k% ~ 25 %

Himgfiks B2 2EEHF
fruit, grain, and | 2 ¥ 47 5 ¥ | kg/m> | 0.01~3 | 0.7

v oams e o
nonleafy RE AR
vegetables
Duration of
growing season | 2 £ ¥ & -k kE o B AEFWEFTIES
of fruit, grain, | % ~ Z# % 24 | yr 0.01~1 | 0.17 MRV RBEZTL R
and nonleafy | ¥ ¥ e o
vegetables
Foliage to food
transfer kB~ HgE R RAREI e Gk &
coefficient of | £ FM g F & FAog b7- "4 05 2B F Ak

-- 0~1 0.1

fruit, grain, and | + ¥| & 3 chig SopApE AEFREFEEOES
nonleafy e k B ARG AT Gk A o
vegetables
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Weathering
removal
constant of

fruit, grain, and

. T“?F%‘f‘#ﬁ;:

yr  |1~40 |20

e

K% BREE AEFHEEE S

¥
Lo

5k € FIb B ARA B e

EAET L - f&ﬁ%ﬁ#ﬂc% e

nonleafy BAMERRE LR P kAT o
vegetables
Foliar

interception

factor for FlaEEA BT Ak % - HAER 2L
EFEE S
irrigation  of - 0-~-1 0.25 EFHFEEE S i fi sy
BIEE 5 BB
fruit, grain, and FEv b o
%
nonleafy
vegetables
Foliar
interception k% ~ 352
FlaFRETA BT ks~ g
factor for dust | ¥ 3 &f g5 3§ e
- 0~1 0.25 EAFEEEE Y i st
of fruit, grain, | % & ¥ & £ B
B fEL b o
and nonleafy | ¥+
vegetables
Root depth of
k% ~ 232
fruit, grain, and kB~ SRaE R 2LE F R A E A
EFHEFD|m 0~10 |1.2
nonleafy LIER o
FIFER
vegetables
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Wet weight

crop vyield of kg/m? | 0.01~3 |15

2o
leafy vegetables
Duration of
growing season EFREEEFE P mFoRIim

yr 0.01~1]0.25
of leafy MREELTLE RO o
vegetables
Foliage to food RALEF DS Gl I«
transfer Ffegpr-mards iy aEF
I & i | - 0~1 1
coefficient  of g FafE P g s g
leafy vegetables RNTF G A o
Weathering FERFEFEL Y54 ¢ Fb
removal WALA B 0 e BELT LT - B
1iyr 1~40 |20

constant of | b 4% ¥ & B i S AAERRT L4
leafy vegetables BRRERET
Foliar
interception EFHFEE D

Fli@iEa 27 bEFHEGFES
factor for | i@ E 5 & -- 0~1 0.25

d R S A B
irrigation  of | ¥+
leafy vegetables
Foliar
interception ¥FEHHEE

FaFEfi§n BT aEFHESF
factor for dust | % B £ & # -- 0~1 0.25

E P aun st o

of leafy

vegetables

4
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Root depth of

R
Y
o
=5
o
L
5

m 0~3 0.9 EFHEFRMEBAER ©
leafy vegetables | 123R/% &
4.1.17 3 4% 73
PH G L aip b FS R Rl AR WP T A 41T R
2 417 B % TSP
FlE e LA | ST AHE | HiE ¥ FFRE L
Wet weight
crop yield of | e ¥ & § pv48 Hied fiayfof pre e300 aiff
kg/m? |0.01~1 |11
pasture and | #eRE A E E
silage
Duration of
growing season | 2 & ¥ & ik FeX o EEE B ot fe
yr 0.01~1 | 0.08
of pasture and | ¥ fc ¥ ARELLITL RO o
silage
Foliage to food
RAFOEF DS PR o g
transfer FTX fed i E
Fiefpr-dmraFdBny iy
coefficient of | + ¥| & 4 eni | —- 0~1 1
REgR g enE R b oo R s T
pasture and | # T dic
SV B - A
silage
Weathering
FTEfeF prES P54 FIR T
removal
T E e FAED % S BERT U - B
constant of 1iyr 1~40 |20
&TL%%‘$#‘$”»: BEFEREES P SLAEFRF 24
pasture and
TERKELT o
silage
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Foliar

interception
factor for FlREEA B AT fef gy
BEER BB | - 0~1 0.25

irrigation  of Bt RS GUER oF - RLEIE

pasture and

silage
Foliar
interception T o pren
AaFRAfn BT e fofpr
factor for dust | B # & # B | —- 0~1 0.25

by

SRR RS ST oF - RA I
of pasture and | F1+

silage

Root depth of

pasture and m 0~3 0.9 X fof IrtE A IFR -
13 E A
silage
4.1.18 v » 2 $§ ¢t Gamma
e L L e R TR RS SR aE S 3 2
Z:t\' 4-18 ”'L'rT‘l‘ °
% 4-18 ¥ »~ 2 f# ¢k Gamma
FHcE e LA | ST RHE | Hix ¥ TR E L
0 ~
Inhalation rate | = » md/yr 8,400 FELF S
20,000
Mass loading
mrFREE | gm® | 0~2 | 00001 TFYAALIRERLFTRLL
for inhalation
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Mean  onsite | ¥ 323} 2
g/m* | 0~2 |0.0001 FIOFR L KARIIIF
mass loading s

Indoor dust

filtration factor

FPNAAE R REFAERRIEAY B @
(indoor to -- 0~1 04
G [ R S U A . e L
outdoor  dust
AN

concentration)

External
e Gamma B jrFl+ * gy it A
gamma
4 *h Gamma & FPM L gamma SRR S R i
shielding -- 0~1 0.7
Fem Af B4 @B 75 L F * gamma

(penetration)
B — KA o
factor

4.1.19 754k F 5
RELAZHEFLTLE PP E > FH LR WP 4 419 %7 o

F 4-19 A5k F1 5 Sl p

FHE Y LA | FEY 2| Hin # FERE P

Dwelling Onsite or ERE N R R LI N N TR A
R ] -- Offsite

location offsite o o

*RRED SV NE R R

WiFhFe T Bne EBRE
>0 =

s
3

Scale 200 E R 4‘ T dr g /g‘ E* jx;ll%l ERERES
32,000

S8 BRI R AT S8 X XN

XS A% 113 IN
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GRS 3 EER RS S

Dwelling TR P h A2 KA R f A E

location iz X -16,000 ~ BAHEI L% 8 Do by
100

coordinate  in | % +16,000 i ﬁie?l P fl%ﬁ‘%ﬁis?] rEBAZ

X-direction RS BRI E L 2 N K dpge

Rt E L2 o F o

Dwelling

location AR Y & -16,000 ~
0 fe b oo

coordinate in | 1% +16,000

Y-direction
13.25 AR 12BRoRRFELE
26.5 2O o kot Nt it K
39.75 RN WY Ry
53.0 11/12 5 F17 10 B[l s 4 5 B
66.25 B BFZ FahE L85 e §9F
79.5 FAAATNEBRFEA T

Radius Lz Calculated
92.75 ARAY BT LA RN 12 B
106 oo flend o2 & B kS5 f
119.25 WORRE T AR Mg 12 B
1325 e LR R S Rt
145.75 LiErAFALRY FTUNER
159 ﬁ%l oo
0

Fraction | Calculated | 0 et
0
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0.024

0.19
0.24
0.2
0.17
0.15
0.13
0.12
0.052
Shape of the Circular
primary A3 3 RN or Polygonal | & 175 4 %A o
contamination polygonal
ek R FFLFAFERR
T % LA Ak kg |/
X coordinate of
J}ﬁﬁvzgﬂj,ﬁ{@?}% % 8350
the vertices of
154 FiE -16,000 ~ X,y 7B B A A e
polygon of the none
2575 8 X AR +16,000 PAT R RN
primary
F¢ R EEp kg &
contamination
ﬁ? 195 5% ¢ P flz;eﬁ;] ~ %8
A58 gL R o
Y coordinate of
the vertices of
AL E G -16,000 ~
polygon of the none e boe
576 8L Y R +16,000

primary

contamination
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% 4-20 B

s

4

BRI 6] Rl SR

.
N\
pas)
W3
A
)
Vanad

S S

%

SEES LA | SEY Y fE | B | PR PRE wp
Indoor time
fraction on| i34 ®"Fp AGFAHEABT AL CEAP T
-- 0~1 0
primary PR L B FopE L & oo
contamination
AF4A®RA BT A3 TIOER L
Outdoor  time
Fodek ML R ARE 1T E
fraction on| L34 % % ¢
-- 0~1 0 WPhORFRFLIRZS AR
primary PR L B
EAAEE FINAE Y T U4z L
contamination
e i A2 20
Indoor time
fraction on B4z w g
- 0~1 0.5 RALFRFP THBEEF LG
offsite dwelling | P B% v &)
site
Outdoor  time
fraction on|#Fiiz w3 BolizRlth- - AT AT
-- 0~1 0.1
offsite dwelling | *F [ vt ] oh e L B o
site
IS I SN
Time fraction in - X P AR BT B e
EFHEFER| - 0~1 0.1

fruit, grain, and
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nonleafy R L ) O L

vegetable fields FAEELELEES BINA o

Time fraction in

H
H
i
il
B

leafy vegetable -- 0~1 0.1
Al i)
fields

Time fraction in
pasture and -- 0~1 0.1

silage fields

Time fraction in
livestock grain -- 0~1 0.1

fields

4.2 $ B F AP

2 BT

=

AR - BT AT A ] SRR

Mo 5Bl 7 Sl RACILRGE  BURIRBS N LR EE 2 Sl

3. ENWHAER s 02T 2c



4 FH T @ s 10000 T 2 ¢ o

5. W o o ff 5 10,000 T+ 2 ¢ .

R E L P ek B R0 0 B 53 £ R AR Yankee Rowe A
o *ffﬁ”’f%f@jﬁéﬁ‘kf’% 4-21 - "f % ir—?v N 3{}—5" ’EF'” ¥ o> 1<f11‘ Z % £ e B
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AEHAAE 2 T8 %

mrem/year
N

15
1
0.5
0
0 50 100 150 200 250 300 350 400 450 500
year
B 42 03 A 47 3 %
20421 2 A b AR R
P LA ik B (pCilg) ] (%)
Cs-137 4.3 89
Co-60 0.0434 0.89
H-3 0.256 5.3
Ni-63 0.232 4.8

4.2.2 Ry 3 16 ko iR 38
g RRAHITF ERBET N E T FBRRBHRAREE S G A
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T e
i g e o i
e SR = 1
REET | RET A pame | sawE i
wiee) | wic |
(mrem/year) (mrem/year)
External gamma
shielding 1 ¢k Gamma
] . 3.03269 3.90103 13.35815 11.44972 24.8078
(penetration) B i 71+
factor
Fraction of area
directly ~ over )
primary .
. EEFHEF
contamination . ) 3.32955 3.84101 4.877066 9.734991 | 14.6120
_ | EREESS
for fruit, grain,
o)
and  nonleafy
vegetables field
Fraction of area
directly over
) P RE &R
primary 3.22445 4.05078 7.8797 15.72797 23.6076
i I - R
contamination
for grain field
Fraction of area
directly over | ¥ fri I %
primary )
o RS54 3.35068 3.79882 4.273397 8.529652 | 12.8030
contamination
for pasture and | f ¢ &
silage field
Fruit, grain,
nonleafy XEERBL
vegetables IR R
) o 3.32955 3.8417 4.877066 9.754704 14.6317
consumption pi s
from  affected | 4=
area
Grain intake for | F = 2k~ #& »~
3.28528 3.92994 6.141829 12.27566 | 18.4174
beef cattle 2
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Indoor time
fraction on| i 5% %P
) 3.03533 443011 13.28273 26.56517 39.8479
primary PR L B
contamination
Meat XEERRR
) 3.18992 4.14128 8.866199 18.3135 27.1797
consumption wp 4=
Milk XEERBL
] 3.49949 3.71001 0.021998 5.992412 6.01441
consumption 4 i 3
Outdoor  time
fraction on| 2ii5% %%t
2.83632 4.82815 18.96831 37.9369 56.9052
primary 2= Y
contamination
Pasture and | F 2 kp ¥
silage intake for ‘ft‘ prend 3f 3.44456 3.61166 1.59131 3.182621 477393
beef cattle w2
4.2.4 + § B S ARl
#+ RESRAD-OFFSITE #2;% % % %#*® > FEFTREEZTRE % IEH B
TS R e B - ] H 2 RHGRIEY 0 A0 RECTR ERD A
ENVARL TRV N GBI RBPENRER TR EEREF S BERE
Flot i b T B2 L 2 Sodies v 100 B IR B TRIE 0 AT
BhArd 424 SR ek R 100 B RG Br o HW AR AE 5
BN 202 p 0 FI 285G AL BB AL T PR B 2
i 424 % §E R S HA
FHE 2 LH P 2 LH i # 7 FFRE B3g L
Length of contamination | <+ 7 z -k & /e 773 4 & 1E-4 ~
m 100 <1%
parallel to aquifer flow B 1E+6
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Cover and management

hEzgnFs - 0~1 0.003 <1%
factor
Thickness of 1E-5
XA RER m 2 <1%
contaminated zone 1,000
Hydraulic conductivity of 1E-3
XARHRA BESF mlyr 10 <1%
contaminated zone 1E+10
Cover and management | -k % ~ zk4» 2 2L ¥4g
factor for fruit, grain,and | F ¥+ % R E % ¢ =7 | -- 0~1 0.003 <1%
nonleafy vegetables field | +
Cover and management
EFEMEFRRESF
factor for leafy vegetable -- 0~1 0.003 <1%
2 ¥+
field
Cover and management
#’ti'fr% BT {%ﬁwl‘ B
factor for pasture and -- 0~1 0.003 <1%
7+
silage field
Cover and management
FHRREFEEFF | - 0~1 0.003 <1%
factor for grain field
Cover and management | ¥ iz F HF 2 § 2
- 0~1 0.003 <1%
factor for dwelling site ¥+
Saturated zone hydraulic 1E-3
Efrw k4 BEF m/yr 100 <1%
conductivity 1E+10
Saturated zone hydraulic 1E-10
iRk kAR | - 0.02 <1%
gradient to well 10
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Saturated zone

LALES NS LR

longitudinal dispersivity m 0~1,000 | 3 <1%
e
to well
Saturated zone horizontal | 4 fo % ¥k £ -k T #
m 0~1,000 | 0.4 <1%
lateral dispersivity towell | 4 #z%
Saturated zone vertical | & fr % -k ¥ £ »
m 0~1,000 | 0.02 <1%
lateral dispersivity to well | 4 $¢1-
Depth of aquifer
¥Him o kWz REFR
contributing to surface m 0~1,000 | 10 <1%
T4
water body
Number of household
individuals  consuming | RJei® % 422 @& ¥ k| - 0~1,000 | 4 <1%
and using water
0 ~
Well pumping rate ok B m3/yr 5,100 <1%
100,000
Volume of surface water 1 ~
ERIN LR m3 150,000 | <1%
body 1E+34
Mean residence time of
1E-4 ~
water in surface water | % & -K¥ T2 FERF | yr 1 <1%
1E+34
body
Well in the direction -16,000 ~
TEag k> emd Im 100 <1%
parallel to aquifer flow +16,000
Surface water body in the
T FERZ kR D ek -16,000 ~
direction  parallel to m 600 <1%
% K8 +16,000
aquifer flow
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Near edge of surface

water body in the | 2 F kK v fiT -16,000 ~
m -150 <1%
direction perpendicularto | # & -k %8 8 7 +16,000
aquifer flow
Far edge of surface water
body in the direction | -2 ** 7 -k B & v @3t -16,000 ~
m 150 <1%
perpendicular to aquifer | # o -k %8 :f & +16,000
flow
Convergence  criterion
(fractional accuracy | fcagig it -- 0~0.1 0.001 <1%
desired)
Fish consumption BRE A kglyr 0~1,000 | 5.4 <1%
Other  aquatic  food
HApa g a i 4= kalyr 0~100 0.9 <1%
consumption
Soil (incidental) 0 ~
33 P 5 glyr 36.5 <1%
ingestion rate 10,000
Soil from pasture and
Ak Yo e
silage intake for beef kg/day | 0~10 0.1 <1%
1HEErE
cattle
Soil from grain intake for | ¢ 2 %k p £t H %
kg/day | 0~10 0.4 <1%
beef cattle > £
Duration of growing
2EFEEYL R DK
season of pasture and yr 0.01~1 | 0.08 <1%
f’fr—% P

silage
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Mass

inhalation

loading

for

s R

g/m3

0.0001

<1%
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Parameter Selection Process

Select model

Classify as Behavioral,
Metabolic or Physical

v

Behavioral parameter

v

Assign value from
NUREGICR-5512, Vol.3,
NUREG/CR 6697 6755

v

Input parameter
walue

Metabolic parameter

v

Assign value from
NUREGICR-5512, Vol.3,
NUREGI/CR 6697,6755

v

W

v

Physical parameter

Site data
available?

No Yes
¥
Input parameter
E value )

A 4

Classify as
Priority 1 or 2,

or Priority 3

Assign distribution from
NUREG/CR-6697, Att. C or
NUREG/ICR-6755

¥

RESRAD, S; = 0.25
RESRAD-BUILD, S;=0.10

Complete sensitivity analysis
Using RESRAD 6.21 or
RESRAD-BUILD 3.21

v

Classify parameter as
“Sensitive” or *"Non-sensitive®

Prionty 3
) 4

Assign value from NUREG 5512 Vol 3,
NUREG/CR-6697,
NUREG/CR-6755

“Sensitive” if PRCC| 2 5,

v

TEDE positively correlated to
parameter if PRCC =0

v

Assign site-specific value or distribution
or 75 Quantile (or mean)

v

( Input paramater valus ]

¥
“Non-sensitive” if PRCC| < 5, |
¥
v Assign site-specific value,
TEDE negatively correlated to median value or distribution
parameter if PRCC <0

: !

Assign site-specific value or Input parameter value )

distribution or 25 Quantile

M 5-1 RESRAD #25% #j » $-#icif 4 42
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512 3 #&E &R A7
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TS HOB
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Ly

2w - 3 E Y RFACERIER A 1% 1

2B A E T

T E R A

$oo 1t - &Y JACHRIE L AT 10% 0

MRS E O H S RNELE R P B B
¥ v

=20 o
B3 - FEP FARIEE<L% PG F a3 2 20
% 51 $odcE & pH3E
SR CH | PG | S| RTRRERR LER
(7 *) 33
E oK Precipitation P <1% 3
i &= % | Areaof primary o <1% 3
W contamination
Length of <1%
T 5k g- ) 0 3
. contamination
L Rnaagi el ¢ P
arallel to
i P
aquifer flow
FERE Depth of soil 5B <1% 3
LREY mixing layer ’
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. CESRIDY Deposition o <1%
i3 velocity of dust
& &35 4y Irrigation 8 <1%
NRE applied per year
Evapotranspirati <1%
Fac e | opoansh P ’
on coefficient
B Runoff <1%
3a-7n 1,?13( L P
coefficient
A fril Rainfall and p <1%
o runoff
# A5 -£ & | Slope-length- . <1%
-"# & F]+ | steepness factor
. Cover and <1%
mEEE
. management B,P
2 F] 5
factor
& # 9 B | Support practice B p <1%
¥+ factor ’
. Thickness of <1%
St taminated P
con
B R
zone
. .. .. _ | Total porosity of <1%
XPLw . q P
W contaminate
zone
% * % % | Dry bulk density <1%
¥¢ 7 # % | of contaminated | P
;4 zone
o Soil erodibilit <1%
LA R y °
. factor of
T EV A _ P
e contaminated
zone
o Field capacity of <1%
XA E p_ y °
. n contaminated P
rE
zone
£ 7* 2 % | Soil b parameter <1%
23 b % | of contaminated | P
& zone
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£50% Hydrzflu_lic <1%
K4 @ conductl_wty of p
% contaminated
zone
R E Thickness of o <1%
% 5 R clean cover
7%= % | Total porosity of <1%
T B ILTR clean cover P
id
7% %E | Dry bulk density . <1%
%R | of clean cover
7% % | Soil erodibility <1%
% 43 | factor of clean P
A4 T+ cover
TR E Volumetric <1%
% WA z | water contentof | P
kg clean cover
k% 20| Area for fruit, <1%
E BN grain, and B
FREE nonleafy
¥ % % fi | vegetables field
Fraction of area 11~20%
k% 0 25 | directly over
SR primary
¥# % | contamination | B, P
# %24 | forfruit, grain,
- AT and nonleafy
vegetables field
K% o3k Irrigation <1%
=2 2% | applied per year
Faggrg | for fruit, grain, B
PR EE and nonleafy
S vegetables field
k% » 25 | Evapotranspirati <1%
2 2£¥ | on coefficient
i for fruit, grain, P

and nonleafy
vegetables field
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1% R4 Runoff <1%
=2 2£¥ | coefficient for
F#pgr¥ | fruit, grain, and P
B R I nonleafy
oS /3 vegetables field

K& o 2K Depth of soil <1%
% 2£¥ | mixing layer or
3% | plow layer for b B
¥ %R 4e | fruit, grain,and |
2R nonleafy
¥ K iFR | vegetables field
ko 2K Volumetric <1%
2 2% | water content
ZEggig | for fruit, grain, P
% WA and nonleafy

7kg vegetables field
k% > 2% | Dry bulk density <1%
% 22 | of soil for fruit,
E grain, and p
% IE nonleafy
§cHf % | vegetables field

id
k% > 22| Soil erodibility <1%
% L% | factor for fruit,
E grain, and p
% IE nonleafy
¥ 4 £ %] | vegetables field
+
k% » 2L | Slope-length- <1%
2 2% | steepness factor
Faggig | for fruit, grain, .
# % #%-|  andnonleafy
+ B - & | vegetables field
Ik

K% 3K Cover and <1%
PE AR management B P
F4p g ¥ | factor for fruit, ’
*ERE grain, and
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W
T
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i

nonleafy

vegetables field

w g
WL
\F\"

oA

¥
dOTE oW R W

Support practice
factor for fruit,

grain, and
nonleafy

vegetables field

B,P

<1%

=h ;%‘1- o

NA

<1%

ARSI S 2 NS T B S e A
o ook = ow | B o &

&
T o s

T ALE:

NA

B, P

<1%

NA

<1%

bt

R
-\_gu‘\ 5}«1"_
e
=t

NA

<1%

o

SBEOR
-\_gu‘\ 5}«1"_

NA

<1%

SO
-\_gu‘\ 5}«1"_

%
—
!

P

"
\_

NA

P,B

<1%

NA

<1%

NA

<1%

NA

<1%
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R NA <1%
RS-
£R-A i
¥+
EFHe NA <1%
FrhiE
L °F
3
EFHi NA <1%
E L] B,P
7B ¥
+ ¥ {v§ | Area for pasture <1%
T and silage field B
B
Fe¥ et Fra}ction of area 11~20%
- directly over
Bias | PV g
=4 g contamination
by for pasture and
silage field
¥ o Irrigation <1%
T applied per year B
% o ff £ | for pasture and
IS silage field
+ ¥ {r§ | Evapotranspirati <1%
T on coefficient o
% % # # | for pasture and
S EQUE silage field
KX Ao Runoff <1%
T coefficient for o
Fom fif S pasture and
o T silage field
fe¥ et [.)e.pth of soil <1%
v R mixing layer or
ok A plow layer for | P, B
Bk ER pasture and

silage field
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, Volumetric <1%
fE et i
e water content
SR for pasture and g
u
W®R : .
silage field
F¥ {5 | Dry bulk density <1%
PR 2 3R of soil for p
oA % pasture and
B silage field
Soil erodibilit <1%
iiiff"g‘ y 0
R factor for
PT% 1 3E i d P
] S pfals ure _an
silage field
¥ fo5 | Slope-length- <1%
BT % #L 5 - | steepness factor 5
& FB-*%& | for pasture and
¥+ silage field
Cover and <1%
fe¥fet ’
N management
PT ¥ {%E
factor for B, P
2 ¢ I F]
5 pasture and
silage field
, Support practice <1%
el 0
actor for
PR L 4F . d B,P
. p.aS ure .an
silage field
I Area for grain B <1%
i field
Fraction of area 21~30%
B EE directly over
Y primary B,P
o f# v ] | contamination
for grain field
HE R m Irrigation <1%
#% & /% | applied peryear | B
& for grain field
#58 % m | Evapotranspirati <1%
## Z%c | on coefficient P
& for grain field
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B % m Runoff <1%
FE TR TR coefficient for P
#c grain field
CIS IR Depth of soil <1%
M fck & | mixing layer or b B
# &7 | plow layer for ’
B grain field
o Volumetric <1%
é}’lﬁ‘f N
water content P
WhH %A I
for grain field
4% 2 | Dry bulk density <1%
¥ it | ofsoil forgrain | P
PR field
ZHp % 2 | Soil erodibility <1%
¥ #4¢ %] | factor forgrain | P
= field
B T AL Slope-length- <1%
Z-£ K- | steepness factor | P
R T+ for grain field
Cover and <1%
ST R ’
- management B,P
Frim .
. factor for grain
¥+ .
field
FH % L | Support practice <1%
#7 | %] | factor for grain | B, P
+ field
ez | Area of offsite B <1%
% m R dwelling site
, Irrigation <1%
=0 a Iie(iJ er year
A ppliea pery B
. to home garden
R
or lawn
¥-¢k @z | Evapotranspirati <1%
% o ff Z& | on coefficient P
%7 %8k | for dwelling site
Hobiiz Runoff <1%
% o ffiE | coefficient for P
o T B dwelling site
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ooz Depth of soil <1%
% 2 R | mixing layer for
‘ . . P,B
ok &£ dwelling site
¥k RAR
Hebiiz Volumetric <1%
% k484 | water content P
PR for dwelling site
H-¢t @z | Dry bulk density <1%
LR $1a of soil for P
HMERA dwelling site
H-ebdz | Soil erodibility <1%
EEE: $3 factor for P
T F]+ dwelling site
Bz Slope-length- <1%
W #L 5 -£ | steepness factor .
R -4 & F] | for dwelling site
=+
b Cover and <1%
%R management B.P
. factor for
BT .
dwelling site
¥-¢t @z | Support practice <1%
W AR factor for B,P
B ¥+ dwelling site
#9538 & | Release height P <1%
i A Release heat <1%
z flux g
R Anemometer 5 <1%
;4 height
boiE &R Ambient 5 <1%
;4 temperature
+ =< % | AM atmospheric o <1%
Afe®B A | mixing height
T = < % | PM atmospheric o <1%
Rfe® B | mixing height
Py Di:fjézilon . <1%

coefficients
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Windspeed

<1%

b2s Terrain
K&K Fruit, grain, <1%
oo 2bE nonleafy
X% F) | vegetable plot
¥ 355 | Leafy vegetable <1%
¥ [l plot
FH- > § | Pasture, silage <1%
RTeeR 4 growing area
£ W
2P w Grain fields <1%
(BN Dwelling site <1%
e Surface water <1%
body
4 1 % 4 | Grid spacing for <1%
#1732 & | areal integration
Joint frequency <1%
b of wind speed
LR and stability
C& e class for a 16
sector windrose
B i# Wind speed <1%
e Unsaturated <1%
B R zone thickness
b e Unsaturated <1%
¥cF % | zonedry bulk
R density
PP Unsaturated <1%
W 5 zone tc-JtaI
porosity
S Unsaturated <1%
3 =3[ | zone effective
R porosity
PP Unsaturated <1%
- n zone field
i capacity
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b o Unsaturated <1%
k4 @ % | zone hydraulic
b conductivity
ek o Unsaturated <1%
23D 4 zone soil b
#c parameter
n r <1%
St 1% Unsaturated 0
) zone
e A AT -
" longitudinal
B dispersivity
&% 5 | Thickness of <1%
R saturated zone
Dry bulk densit <1%
N of saturated
PRRA
zone
tefc® 4%, | Saturated zone <1%
Yl total porosity
Saturated zone <1%
éﬁ"f‘—"?\: kA . ’
L effective
A )
porosity
Saturated zone <1%
éﬁ"f\—"?\: ’J‘ hvd li ’
Gy | ol
conductivity
4% ¥ | Saturated zone <1%
I hydraulic
¥R gradient to well
Saturated zone <1%
£ fo ¥ H1 N
.y longitudinal
K S gi ity t
P ispersivity to
well
Saturated zone <1%
K op orizonta
lateral
(R e . .
" dispersivity to
- well
f{c% ¥+ | Saturated zone <1%
k2 dw vertical lateral
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dispersivity to

A well
Irrigation rate <1%
(value averaged
ok # | over length of
S TR | saturated zone)
contributing to
well
Evapotranspirati <1%
on coefficient
¥-k# % | (value averaged
$c 8 F | over length of
JI%J% saturated zone)
contributing to
well
Runoff <1%
coefficient
k2 i | (value averaged
s BE | over length of
JI%J% saturated zone)
contributing to
well
k¥ 2 | Depth of aquifer <1%
‘K& FR | contributing to
7t well
Saturated zone <1%
o % ¥ hydraulic
RIS | gradient to
k4 # R | surface water
body
P S;altura}ted 'zone <1%
P 'ongltL.Jd.lnaI
i A B dispersivity to
" surface water
body
st |
2R IS i)
lateral
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KT i

dispersivity to

AR FgEd surface water
body
Saturated zone <1%
v vertical lateral
Zoo kA ) -
S dispersivity to
B ¢ .
ep surface water
body
Irrigation rate <1%
(value averaged
¥4 & -k | over length of
@ %F | saturated zone)
T JI% contributing to
surface water
body
¥4 % -k | Evapotranspirati <1%
¥ Z%c% | on coefficient
Bk body
Runoff <1%
coefficient
, value averaged
a6k | :
o over length of
’Eﬁ 3&1—%11 ]ff: d
saturated zone
ﬁ’{?ﬁf}gk T )
contributing to
surface water
body
Depth of aquifer <1%
g | P
. contributing to
Wh ok ’
ER TR surface water
*~ W3S
/ f body
DS gt ﬁia?] Sediment <1%
& delivery ratio
Volume of <1%
25 kRl ’
surface water
Lk
body
% w -k 48 | Mean residence <1%
T iiEz | time of water in
=
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surface water

body
e A Well in the P,B <1%
s directi
. irection
A el
g parallel to
aquifer flow
PN Surface water P <1%
T T 2 b d o
. ody in the
L
direction
e o oK
parallel to
i) )
aquifer flow
" Well in the P, B <1%
3B 37 o
, direction
R _
o perpendicular to
aquifer flow
435 Near edge of P <1%
L surface water
Ky body in the
ERUER dyf
irection
koag enig _
7 perpendicular to
' aquifer flow
A Far edge of P <1%
R
surface water
7J( %?[ =% .
ket o body in the
BALE W directi
irection
kA g i
7 perpendicular to
' aquifer flow
Convergence P <1%
o criterion(fractio
&g 2
nal accuracy
desired)
4 {c% 1 | Mainsubzones | NA <1%
+ % in saturated zone
# @3%i> | Main subzones | NA <1%
&{r% L | ineach partially
+ % saturated zone
“t% + % | Nuclide-specific | NA <1%
I 3 2 4% | retardation in all
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FEREE L subzones,
TE R longitudinal
M e 4 | dispersion in all
FTME %3 | but the subzone
of
transformation?
Longitudinal NA <1%
“r3 + % | dispersioninall
N g A subzones,
it > #7 | nuclidespecific
3 + % P | retardation in all
#FE_@F | butthe subzone
o of
# > #t3 | transformation,
+ ®p R parent
Pifaae & | retardation in
& zone of
transformation?
Longitudinal NA <1%
“t3 + % | dispersioninall
N S A subzones,
¢ 0 #1 | nuclidespecific
3 =+ % P | retardation in all
2 wF | butthe subzone
ot b of
# > #r3 | transformation,
+ ®% P progeny
¥ fhat Y& retardation in
% zone of
transformation?
B Quantity of M,B <1%
K E water f:on_sgmed
by an individual
Fraction of B,P <1%
A g AL water from
% o -k %8 | surface body for
e human

consumption
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Fraction of B, P <1%
A Bg 4 | water from well
2Rt b for human
consumption
Number of B <1%
FdeB A household
Az R individuals
*oK consuming and
using water
Quantity of M,B <1%
3N A water for use
@ kg indoors of
~ | dwelling per
individual
R4 Fraction of B,P <1%
G g water from
KAk surfaf;e body for
b use indoors of
dwelling
3R A Fraction of B,P <1%
; o water from well
KE B for use indoors
of dwelling
PP Quantity of M,B <1%
K water for beef
B cattle
A Fraction of B,P <1%
45 kAl water from
b surface body for
beef cattle
A Fraction of B,P <1%
A ) water from well
for beef cattle
d A g Number of cattle | B <1%
~ | for beef cattle
PP Quantity of M,B <1%
2 water for dairy

COWS
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P Fraction of B,P <1%
P water from
g o surface body for
dairy cows
P Fraction of B,P <1%
. water from well
for dairy cows
P Number of cows | B <1%
~ | fordairy cows
ka3 Fraction of B,P <1%
o A water from
o ar+e | SUrface body for
j; ; i;‘;" fruit, grain, and
by nonleafy
vegetables
KB A Fraction of B,P <1%
o A water from well
g for fruit, grain,
I 1 i'L :J and nonleafy
vegetables
e Fraction of B,P <1%
i; :; T\ water from
. surface body for
leafy vegetables
R Fraction of B,P <1%
i: i J:: water from well
. for leafy
g vegetables
Fraction of B, P <1%
FE oy water from
p¥4 m -k | surface body for
. A pasture and
silage
[N Fraction of B, P <1%
17 water from well

for pasture and
silage
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Fraction of B,P <1%
5 AL water from
24~ % m | surface body for
KA 5] | livestock feed
grain
ey Fraction of B,P <1%
, water from well
3N 4»,, H ,J(
>~ :
) for livestock
ve B .
feed grain
Fraction of B, P <1%
Hohaz water from
W% % m -k | surface body for
LR offsite dwelling
site
” Fraction of B,P <1%
¥tz
5 2 o water from well
. for offsite
¥4l
dwelling site
# k4P~ | Well pumping | B,P <1%
& rate
2 b Well pumping | B,P <1%
R rate needed to
o LR -
specified water
oK 4 B .
. use for livestock
K feed grain
# » 42k | Drinking water | M,B <1%
£ intake
Fish M,B <1%
AT 4 _ ’
consumption
HAa @ | Other aquatic | M,B <1%
ey food
#= consumption
K& 0K Fruit, grain, M,B <1%
o 22E nonleafy
FREE vegetables
WA consumption
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from affected

i e s Leafy M,B <1%
p
g g vegetables
Fb4 .
consumption
. Meat M,B 21~30%
PR A .
consumption
i ~100
g Milk M,B 1~10%
consumption
2 3P~ | Soil (incidental) | M,B <1%
¥ ingestion rate
£ pET Drinking water | B, P <1%
intake
ok N
from affected
£ 7J\
area
T Fish B,P <1%
T consumption
5 AT P
5 from affected
area
i 0
2B Other aquatic B,P <1%
food
B H AR .
- consumption
. from affected
iy A
area
< BT Fruit, grain, B,P 11~20%
o nonleafy
Bk E
e > 2 vegetablt.es
¥ i consumption
TP from affected
Eapy
area
Leafy B,P <1%
e vegetables
BE ¥4 | consumption
FE 4 | from affected
area
s g Meat B, P <1%
AT consumption
W P

area
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|+ %
4
bl

W
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Milk
consumption
from affected

area

<1%

Ll

wht
|4
v v

Water intake for
beef cattle

<1%

|

wht

"
"
B

4

Pasture and
silage intake for
beef cattle

1~10%

|

v re | %W

wht

A%

Grain intake for
beef cattle

11~20%

* s

Soil from
pasture and
silage intake for
beef cattle

<1%

Soil from grain
intake for beef
cattle

<1%

Water intake for
dairy cows

<1%

Pasture and
silage intake for
dairy cows

<1%

Grain intake for
dairy cows

<1%

i

H

o

) -
= =

NI

4
l4=

.

)1
=k

Soil from
pasture and
silage intake for
dairy cows

<1%

Ag
I

Nan
=

K

2

5

Soil from grain
intake for dairy
COWs

<1%

% % -

P
Im
ok = | Bl e s

Ny

il IR N 7S

>
4

Wet weight crop
yield of pasture
and silage

<1%

o e
P o | el
A4y

¥ 1

Duration of
growing season

<1%
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e 3 e

of pasture and

7R silage
. Foliage to food <1%
ey ey
e transfer
e g fficient of
PR coefficient o
MR asture and
age | POl
silage
Weathering <1%
¥ oy removal
PR 1 # constant of
G S pasture and
silage
Foliar <1%
¥ oy interception
P LR factor for
o AP F] irrigation of
=+ pasture and
silage
o Foliar <1%
FTE Aoy . .
N - interception
T B E
Cow factor for dust of
h AP F]
. pasture and
+ -
silage
EES Nl Root depth of <1%
RTHIIRF pasture and
i 4 silage
k% 0 2| Wet weight crop <1%
X2 2EE | yield of fruit,
EREE grain, and
LR E A nonleafy
i vegetables
Duration of <1%

R

-

o &
W e

W E e
B
5]
W
o

LS jg
&

growing season
of fruit, grain,
and nonleafy
vegetables
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1 0
S Foliage to food <1%
52 E R transfer
] =
j e i coefficient of
A i ) .
R , | fruit, grain, and
+ 3 a4 leafy
Y nonlea
HE 4% T
vegetables
i 0
S Weathering <1%
52 R removal
] % .
j e ” constant of fruit,
ikl rain, and
g | O
nonleafy
&
vegetables
Foliar <1%
S I interception
¥EEFE factor for
O irrigation of
AE G # | fruit, grain, and
P 5]+ nonleafy
vegetables
Foliar <1%
kg | °
SrE interception
%P *
e o ™| factor for dust of
HEF X L
v _ | fruit, grain, and
g s |
B3 nonleafy
vegetables
k% > 22 | Root depth of <1%
X2 E ¥ | fruit, grain, and
MEER nonleafy
IRIFR vegetables
£ F U | Wet weight crop <1%
FeRE | yield of leafy
AT vegetables
2EEE Duration of <1%
#F§4 £ | growing season
R AE of leafy
b vegetables
£ £45# | Foliage to food <1%
FES T transfer
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coefficient of

% leafy vegetables
e e e Weathering P <1%
R BR B
— removal
EFhoiA {ant of leafy
. constant of lea
vegetables
e s Foliar P <1%
T R R Er . .
e interception
FEIER factor f
actor for
h AP F] .
N irrigation of
leafy vegetables
B M Foliar P <1%
A R-E interception
& # B~ %] | factor for dust of
+ leafy vegetables
£ ¥% # | Root depth of P <1%
F133%% | leafy vegetables
)i
B Inhalation rate | M,B <1%
w o~ B & | Mass loading for | P, B <1%
i inhalation
Rl A Mean onsite P,B <1%
F&F 4 | massloading
Indoor dust P,B <1%
filtration factor
EN A (indoor t
indoor to
&k 71
. outdoor dust
concentration)
| 2k External gamma | P 21~30%
' shieldin
gamma & ) t'g
enetration
factor
o Dwelling P <1%
ER=AN ] i
location
? Scale <1%
(ER= L] Dwelling P <1%
X location
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coordinate in X-

direction
Dwelling <1%
iz g location
y &% | coordinate in y-
direction
=i Radius <1%
! Fraction <1%
. Shape of the <1%
2Ly 71}[‘ ¥ :?mar
i
2k Primaty
contamination
X coordinate of <1%
L4 % | the vertices of
5 #3578 | polygon of the
2k X A primary
contamination
Y coordinate of <1%
A7 2% | the vertices of
5 #3578 | polygon of the
2y Ak primary
contamination
B A F] 4+
Y Indoor time 31~40%
LR fraction on
FNPERE .
) primary
4] L
contamination
o Outdoor time 51~60%
AR fraction on
3 pERE .
) primary
4] L
contamination
3 <10
I Ifndoc.)r time 1%
raction on
ERES . .
, offsite dwelling
o .
site
5 <10
PP Ofutdo_ortlme 1%
raction on
BRI csite dwell
e 0 S|e_we ing
Site
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Time fraction in <1% 3
S _
. fruit,
o AE ,
e e e e grain, and B
* R ET R
nonlea
PEE R L B fy
vegetable fields
¥ F# # | Time fraction in <1% 3
F R leafy B
& vegetable fields
¥ fr¢ | Time fraction in <1% 3
BT Ve PR pasture B
B and silage fields
3 4 | Time fraction in <1% 3
W PR L livestock B
B grain fields

5.2 4]* RESRAD #23% # 3! DCGL
~F & %% Maine Yankee DCGL 4 72 74z » i 4] * RESRAD #% 5% #7
452 DSR» kit {7 DCGL 2 3 & o f1* RESRAD OFFSITE #% 5\ a2t B

12 DSR*" B 5-3 1 B 5-6 » £ f|# 2 3¢

DCGL (pCilg) = 25 (mrem/yr)
(mrem/yr)
PSR 1 pcigy
(s 5.1)

TE e E DR a2 DCGLe A 4 45 % 7@ * cpife 3 Cs-137-Co-60-

H-3 2 Ni-63 > & 5 #5482 & » Fpt 3+ 5 DCGL > § & ki3 4 Pifdz
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Fode bt B & AR TR 2 ML 3 & 5200 2T E A A 7% b & P42 DCGL>
TEREE T

Cs-137: 0.89*25/4.3=5.17(pCi/g)= 0.19(Ba/g)

Co-60: 0.0089*25/0.0434=5.13(pCi/g)= 0.19(Bg/g)

H-3: 0.053*25/0.256=5.18(pCi/g)= 0.19(Bq/qg)

Ni-63: 0.048*25/0.232=5.17(pCi/g)= 0.19(Bg/Q)

(1 Ci = 3.7x10%° Bq)

% 52 F AP ARk 00 b

P LA | LR (E) | EACiG) | kA (E /) (%)

Cs-137 30.2 4.3 0.159 89
Co-60 5.3 0.0434 0.0016 0.89
H-3 12.4 0.256 0.0095 5.3

Ni-63 100.1 0.232 0.0086 4.8
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DOSE/SOURCE RATIO: Ni-63, All Pathways Summed
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DOSE/SOURCE RATIO: H-3, All Pathways Summed
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DOSE/SOURCE RATIO: Cs-137, All Pathways Summed
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DOSE/SOURCE RATIO: Co-60, All Pathways Summed
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BRI TR F A ARAETE L P R E A 2 LR -

TECEFRTRE A RO Y AEFR RSO AR A
A AETF R R AP I E R (2 AR L ) WA P EY &

EREREFL AP s RAPALIP RS 272 HE L 5 - BR T

AR P R R A B io e P EERE I R o 1004 £ d F%E R
v RS ehP s & 2 2 ) CNS(Convention on Nuclear Safety)ix 4 vz
- BPaE 2ORERAA KRR - LR 2By 2B PR
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J R (lInternational Nuclear Safety Advisory Group 1999 ) #7if dieny 4 5 @
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% 5-3 Mt AR P M AP RS £ (GRS T 2 7,2010)

B SRR AT
iR L% (R) % & (BQ) VeE
(Ba/g)

C-14 5730 2.32E+13 9.10E-5
Ni-59 7.6E+4 4.00E+12 1.57E-5
Ni-63 100 4. 74E+14 1.86E-3
Sr-90 28.9 1.21E+13 4,74E-5
Mo-93 3.5E+3 4.22E+09 1.65E-8
Nb-94 2E+4 1.10E+10 4.31E-8
Tc-99 2.13E+5 5.92E+11 2.32E-6
1-129 1.57E+7 4.48E+11 1.76E-6
Cs-137 30 1.65E+14 6.47E-4
Np-237 2.14E+6 1.91E+07 7.49E-11
Pu-238 86.4 4.26E+10 1.67E-7
Pu-239 2.4E+4 1.47E+12 5.76E-6
Pu-240 6580 1.22E+12 4,78E-6
Am-241 432.2 9.66E+11 3.79E-6

532 MmN 2 Mt

CEPTRERTEE TR TR R LR TR ki
d 2 F rx A E A (FAZE 0.25mSviyr 2. & Rk st Eam T g ER
R R TR B LR 2 PR B 2V P
35250 B e A IR £ & Pifihed 54 4050 F00E R ALY

AV R FTRF B L BN LR LeFTE
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54 - FRLFERNT RSB EDFFRSELL P

L, B 5 E 4Bz - S N
Aﬁﬁfﬁ ;,_ \T%i{ A\ ”‘ui‘?%
Qi | R e | Do OTRE | STRMT L
| kg | BRPE | RRSE
b 48 o B BILE
Gn) ey |
H-3 1.E+9 1.E+2 1.E+6
C-14 1.E+7 1.E+0 1.E+4
p-32 1.E+5 1.E+3 1.E+3
Co-60 1.E+5 1.E-1 1.E+1
Ni-63 1.E+8 1.E+2 1.E+5
Sr-90 1.E+4 1.E+0 1.E+2
1-129 1.E+5 1.E-1 1.E+2
Cs-137 1.E+4 1.E-1 1.E+1
U-233 1.E+4 1.E+0 1.E+1
U-235 1.E+4 1.E+0 1.E+1
Pu-238 1.E+4 1.E-1 1.E+0
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#8733 F 2 & A7 47 RESRAD-OFFSITE shig * £ 112 £ B2 %
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Hod o~ S BCER A~ F R R dp 3!k L (DCGL){-# £ 4 4 5]+ (DCF)

1L
T

B E

7 =
R

i

4, % =3k 1T RESRAD #7;% 2. it in A2 2 oAk » A k#F~ 7 22 38
B B2 R MR PG R BB S ERE TR R T
@ ™ RESRAD %3¢ 200k (i 1% & e ~ 2 AP ot 4~ MOTHE AR

$o Rl Rk 2 4 % 23T o

5. #7117 RESRAD-OFFSITE #2;% 2 HF8 3k T~ Az ~ 15 R % i 12
FUGKG SRR ST PEFE R E AR B 0 R

PR RS R B A R L PR R P ST 2R

6. RESRAD-OFFSITE #2;\ 2 8% » "R EL 75 BPRASGEHRE

RIS (bl4e: B B8 o §g 5 ﬂ'uj@.—f ;{5!;'7‘ 2NNV BN SN AN

116



KA A P2 FEa)irid & 2 0 HEE ‘f*%élk}i\r)fll 29 gt it K

(Dose/Source Ratio » DSR) ~ e b *&
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& RESRAD OFFSITE #2.;% p 22 & ac & $-#cipl3#® > 233 B 48?7 11

Bis €8 englic B AT G

External gamma shielding (penetration) factor ~ Fraction of area directly
over primary contamination for fruit, grain, and nonleafy vegetables field ~

Fraction of area directly over primary contamination for grain field ~

Fraction of area directly over primary contamination for pasture and silage

field ~ Fruit, grain, nonleafy vegetables consumption from affected area -
Grain intake for beef cattle ~ Indoor time fraction on primary

contamination ~ Meat consumption ~ Milk consumption ~ Outdoor time
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10.

fraction on primary contamination ~ Pasture and silage intake for beef
cattle » 338 1 (T H A3+ Fehi B £ 82 — » 4 F ¥ AA kot ¢ o

Rt A FRAE

& 4.6 #3E F+ ¢ > ikyg RESRAD OFFSITE A28 B3R 0 ki 5 &

1l B Sdc sl @3 P TRAI VAR E D BIAET 6

Inhalation dose conversion factors ~ Ingestion dose conversion factors ~
Slope factor external ~ Slope factor inhalation ~ Slope factor — food
ingestion ~ Slope factor — water ingestion - Slope factor — soil ingestion ~
Fruit, grain, nonleafy vegetables transfer factor - Pasture and silage
transfer factor ~ Livestock feed grain transfer factor ~ Meat transfer

factor ~ Milk transfer factor -

RESRAD-OFFSITE #2543t % I chfic it F 8 HEdR > € 358 13 b e
2 &5tk F(DSR) > 2 2 F 0k R 4R 91k T (DCGL) - i * RESRAD-
OFFSITE #2543+ & ¥ — {2482 % &2 stk 5 (DSR) > ¥ i 2 5 % H
- g FER KT (DCGL) » £ £ RILE 2L F & ARG S

A€ 25 mrem/yr » B 2EE 3 fg N 4o drg
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ABSTRACT

MARSAME is a supplementary report of MARSSIM. The relevant
regulations and specifications are also found in related documents such as
ANSI and NUREG. The purpose of this subproject is to study the
classification and deregulation assessment method and clearance
conditions for materials and equipment according to the above-mentioned
documents. According to the study and analysis results, we can provide
inspection verification strategies and regulatory advices to decommission
of nuclear power plants. The specific research content includes: analysis of
documents and guidelines, calculation example analysis, verification
program design, deregulation investigation methods and application
examples, and studying the decommission plan and related assessment

reports of Chinshan Nuclear Power Plant.
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2.1 F(E(1A) 2 AMSEffT
2EREHE
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= 32t RiEst
2FECHHE 337 EFE
B.SQ;'Q}.%E@UBGR 3. 4§K;egg(
3. REF Bl e B i (E A
6. 81#@3@ 91%!3
B8.10RFEHT
520 = i
5305 EM& ERE
55~58 T ETER B NE 58T S — w
Po—— 4 EBIR AR TRESE AR RS IR

447 ERA
riz)

WRR (TR
510488 A

5.11 (S Wl S dlim 8

® 3.3 MARSAME 3 G o (P2 W TR el KRBT

WA, e 1001E10)

MARSAME f 4 % 18 &% & ¢ (4r ] 3.3 #757) > & F 530 sk # ¢
B~C-D = Bigridao j RILERBLRDEY 57 DA T F o

S0 e A £ MARSAME #4 én33- 4 0 i B RIS 4 7 8130 # i

ERIAp b e i 6 A KR 74 o MARSAME & & & ehf & o™

Chapter 1 Introduction and Overview

Chapter 2 Initial Assessment of Materials and Equipment
Chapter 3 Identify Inputs to the Decision

Chapter 4 Develop a Survey Design

Chapter 5 Implement the Survey Design

Chapter 6 Evaluate the Survey Results

Chapter 7 Statistic Basis for MARSAME Surveys
Chapter 8 [lustrative Examples
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Appendix A Statistics Tables

Appendix B Sources of Background Radioactivity
Appendix C Examples of Common Radionuclides
Appendix D Instrumentation and Measurement Techniques

Appendix E Disposition Criteria

3.1.3 MARSAME F#L & F B fehfdl (7% B fofe 0] 4 44

MARSAME ﬁj\&}i?”‘“ﬁfﬂ%’rﬁ dgmﬁﬁ?ﬁ v B

\“:V
}f"
Y
=
?‘}

MARSSIM 7R 4% % g e v AR P et (7 FHR G Bkt =

/.
®

\\\?{r
&

B EE R R R E LR e e KA
MARSAME ¢k ¥ fricle — B 8 L AFseenib it 4 > FRLLR Y -
FEF 23 &% 1 % (Introduction and Overview) #7#% 2 & F8E 40 B &2 /i 42
B o

FEEG TN LR ER Y

<l
s

=

FERLTF RS9 NI R R AR (& R EE ARt )

2. FHRFFRROG 2B AF) o

3. F KPP R o BOFELEPT R LK

4 TR RFEETALTAH

B, %A AN BB A L FEFT B FMUIE F & T hy e ik 2

AP R e
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MARSAME i #t4e MARSSIM 7845:4% > FlH $ 4 5 5 8
BXRE T ARG - R RA . & MARSAME % 3 £ 41 % 9 DQOs 4% 5
EHHPTAROROAH . 2FIEDE NP R L FHERETR
£ DQOs 425 5 T AN E AWM TG B A7 R EXR
B R g et BARER O Kok A § o AR B B T en
FORARR A B LR F R G BRI A G & BT EE N RIT D
BEOPTZARF TR FRT e g R 2 a5 % A
1223205 R Rl 002 $r PIE R R AR o MNP R R B R
weEF el B gl 4o

MARSSIM A 4] %34 & {g P72 e DQOs 427 2 & » 5 = B 2 ¢
1. State the Problem (F# it £* 4%)

2. Identify the Goal of the Study (45 14 3 B 1)

3. Identify Information Inputs (35 ) 331 mﬁir;f] xHE i)

4. Define the Boundaries of the Study (Z_ &% 7 # )

5. Develop the Analytic Approach (3 & /A& R 2P| 223 73 V)

6. Specify Performance or Acceptance Criteria (45 T+ a 2 Z k- 4)

7. Develop the Detailed Plan for Obtaining Data (F 4 & B~ 3 ciiiimit )

MARSAME i # 51 DQOs 425 fr MARSSIM #p iz » 11 F fd — i % bl

% 83 MARSAME DQOs 42/ e e s * o
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R R Y DQOs 25 RE I - MERAP AN B R F /LT
BeoEFPAL ceWMZ A T 7 EBARZIEME ﬂifw}‘r"!r‘ G E R T
AT TR A ko] D AERE SRR T i
SPRs FAE R A AT B RIS B AR DB TRE ]
By TR P RJLINGE o

BEHMEA AT FhE T T BE S A A ML
i Ffocbtid 5 d o PR WAL L aRTR > $ 5@ DQOs 2R 0 A
PR AR ARG BT
Step 1: State the Problem [# if i* 48
RRAERFFAITLSE TR RAPERAR L ARRRF B e F e
bt R TR iR KRl Horenil § AR P R iR .

Step 2: Identify the Decisions 45 I} i 4

A& g g R A0 B i b ey 0 AR B atfrng + ﬁ;—\;ﬁ
KT S frie it o v R b/ F ey W AT ok AR P BT

HEF 3Gt hIE o ¥ i § & g o™

L &3 EwBiEde & AR PEFRE NP EEGFRIGFE

SRS et gt EREs 02
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4. Bipdm 2 Gl \ IR RS Lo T AR T H? (:}fr",f T¥E e &
T F R EEILEY)

ERE A A R - I A

6. FRBMALIMEAELEALHE?

Step 3: Identify Input to Decisions 35 I} ¥ E ﬁ”ﬁg] iF &

1. Feabfr % 3% % (Historical Site Assessment, HSA)&* % p 5 4 & mgf,é 3
% (scoping survey)#cdp A 4 i & /B F M AL L ¢ RIER
foi i o

2. bt~ P E N R WESH T WAC UE o

BH%ﬁ%ﬁ#}&Eﬁﬁ?ﬁ@ﬁ%ﬁﬂﬁﬁﬁﬂﬁ%;ﬁ%@ﬁ%m;
AZEEFFEAAEF R DR

4. #

feak
ik
—_—
*ﬁm
‘59\-
H
__Cq..
™
A
-.-1"\
=%
=)
e
f‘m
™
= »
o
I
ot
i
3
-
&

5. A st Fenw st fF I RCA] 0 3B 2k & (7 6 2K (action
level) » o+ 178 AN (2 &4 F < ATR PP A WCRB D -

Step 4: Define the Study Boundaries Z_&# 3 # &

# 4 H = (survey unit) & 3t 4% B drii(process knowledge) =i ¥ & & 2 (area

grouping) 5 £ § AF B F o5 AR DT L RBEF AL 0 BHEIEE/R

M b B R E R ke

Step 5: Develop a Decision Rule 2 * j- 5 4B
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ek i () iRER L RILFLEERA WAC RIFFERGFE
e (FERI B AL T RGRE R 7 5505 247 (DED) R -

hod B3R 2 5CI(1.85x10" Bg) > Rz EI@ * Hi /M EE TR 7%

PRl FRIY R REAPASRFATS A4 £ e XG HEPA Wik

S LRSS NS

Step 6: Specify Decision Errors 5 Tt K iF-Z

AR A A A WAC & - DQOs ¢] -2 & WAC "4 7 20% 4 Bl p 2

&‘r

TR G T 5 50%0F A AR B E L U T R o Y A F R
wAZEA S > 5% Walpole ¥ Myers & ¥ 2. Probability and Statistics for

Engineers and Scientists(1985) 7 s 38w 2t 5 5 ¢

_z%s*  (0.67)°(1.6%) _
Cd? (0% ()

n: & A #c(number of samples)

z: ¥R E T8 F ek § AL % #ic(standard normal deviate corresponding to
given probability, 0.67 for 50%)

s: tk A& X (sample standard deviation, 1.6 for example)

d: 73 -k % (confidence level, 20%)

lﬁ]l‘ﬂ* B AT IR - AR T3 0 B X R AR E R ik
WA E Dehgc ] B AR E BRIE o

Step 7: Optimize the Survey Design #& i 34 % & 3+
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F 5B DQOs §HF 7 BEAL H BB A7 - ARBIPE A
S A PRI A R -

PHASE 1 * 47 /- % (% = # 24 %)

1. 1 4 ¥ 37 {4 (accessibility) ;% &

2. ¥ uiE i f5 5 & Bochig ST 5 2R

3. Tk SR AR TR L A F s A

N
‘*?l

A H B BRI TR E LS

5. PAWA &5 ~&frrifp 247

PHASE 2 : A% i+ 5 (WAC 75 i)

1 B2 e SRR e B8 7 RSP 5

2. WP ErFhEd e SRPIE A TRHBEREREER
3 ek TR RFHEREAE @ 2 N gk

4. Z B EPRNUFERE S F B ot 7 & WACHRE

|
W

L= ARG A PEE BRI AR R R IRSH 5 = DQOs
AR R R RS A E RO A R PG LR

Ak 4 2 A AR B AT AR R BB ATEITR L |2 R AL {

E)
w

Gt X L3RR UPE R M hBITR BN A F il o
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32NUREG-1761 2. 4 12 A Sy H HR E ~
AR 312 &9 4 KD A T o dchs i (3R> MARSAME %
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fefle 2 HE > v €L RBPLRIIFIEME D L2
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B ORBEE T IE - B AL OTISE AR B R T R PR
AFE) M REI SRS ENFERY SR HF PP EREESL
R VPRI F ISR AR AR RALBRITEIF R
EAAT B PFELS GRS TEXE RN LR 3
FR T AL F 0T g2 - ot D (1) 3F ) A AP R s
Q) W xR F S 2K Q) TR ELY PP A A EA T

AR TR FRE - WAL WAL FESEF AP
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A2 FACfe £ R HNCE AR R VA B A Sk (5 20 R
f e B T I o
H@ P TR TE fRE A R4 - AP N
Bt B E A S e 0 & MARSSIM A2 g (% H 4 et 4t 4 38
BEbag R Ae FREATEGRE A LR TORE R T HRES
FRAGZALG DL F ARO[ P EORE - FRDERS
¥ o 4ol MARSSIM hif g B AP o @ B 535 450 (i fe 8~ 2~ 03
12 = DCGLs s % o
0P TE Rk g e E Al ¥ 23 F (batch) k & 7 ‘J@?JE% i
TR iR s PUECFRER TP EadkE Ao AT (Bl

kgls) + ¥ L B 4 A

fé’}:ﬁ"% i‘r_ﬁﬁﬁ A B o %3}5{_\%& DQOS ﬁiﬁ’r'&f’f?’}gf’? al-ﬂ,;}'%;}g,, ?ﬁ”ﬁf‘lﬁ.‘

AERARERTEY 2 RS
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Bl 3.4 =3

EENADELATESE o FP 5 H 5B RL R e
EREE BRI Bt F AR

r

BV R E B B2 o (Eric. W. Abelquist
Decommissioning Health Physics: A Handbook for MARSSIM Users, 2" edition)

L EFEER A2 AR R L R B
FEIEAEI LS B E S AR AR PR g
ZBA R BE R R R
NUREG-1761 #-% R4 Fende = 2002 g8 ~ 2 <573 %~
TE R A Ly MRS R P Fa g SR
~ B R B TR

f‘ ¢k T$ \:}%—' gi& l"
% rdp B e
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1. Concreterubble GR %+ 3 #): % p #‘r",lrfféf ALt 25 2 R
RLARR GRS o a1 4 8 R AR L -

2. Concreteslab(GR 522 #4) : 4B 3.5 B & 30cm 7 & & (2.4 g/cm?)iR
A FR G5 12mx18m FHEHFAINGFL FRE-H

R A Gl Bk g o

B 35 BB INR RS BF o

3. Small-borepipe (-] © /L F ) E /L 3 6em> kp SRR FAETRE

B OBRETAAREIER 12-18m> FEPANAT L BAERPREE
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HrEmoems LR LSme v mFyE o SHE A2 IMEE LG R
a2 17m? -

4. Large-borepipe (=~ © /L g i) 4B 3.6 E S~ 6cm kp pE K S
BRABETS R R 12-1.8m> FE N INF 5 BRERRFE T E

=30 ems ER 1Sment v S F g 0 GHeE L2 hmEF AR L T2

QL e

B 3.6 s T Bt v TE o
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5. Structural steel (.ﬁéfﬁé}&) CEE A B2 T T RAEL ] s -

BEE 12-1.8mendeds o & 5 A4 ~ S~ T 5~ B3 ~ i

6. Copperwire (4% %) : ¢ 7 B A 8 (2 £+ 3 0.6cm) ~ 4F 52 [B]
AAR[E £ F 075 o VY Infoto BERI(FHBEE P 2t
FaxgeiEdn): ﬁ-f’ﬁir"‘f%ﬁ?'ﬁﬁﬁ °

2 >+

fSendrd > FIEEE 3 Som F 2 {8 i 4

\

7. Copper ingots (4F4x) @ & %

mAE R 15mPe Vg F B 4o 3.7 T o

~E

Bl 3.7 @ % F B dr A
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8. Soil (4 4): 4 AR Heng o fmA PR > B D [Scm
%‘;m,\_}.z\mﬁﬁ S 50111 °

9. Large items for reuse (* 4| % Jzd~) @ SR B(4rB 3.8 #7771 ) ~ FAKE »

SARKH R AR 0 E B Bk FRATAUERITH RN
B REFRY RIGERFOH GG E FLE Y A EE L Bl S

B 3.8 & FRITEwci®* hPRE o
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10.Scrap metal pile (B & f38) 1 4B 3.9 - e iR & B T AK

SRR ELEN S -BEFBERL LA AR HFE 10m? e

328G )
-072276- 0058

B 3.9 B iFiei7 BRI & e o

11.Scrap equipment and small items for reuse (& & B2/ Al gy )t ¢ 7 /]
:H;EI]%]‘/#» N l% éﬁ;(ﬁ\?g] 3.10 ’—‘”‘i";’r‘) ~ il’?? ~ ',‘-;E"l’/:ﬁ? . }E%‘% liﬁ#‘;’rr‘; ,
LTRSS RV F R EEA B R S

TRT R PS
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Eihde i O R E T R R B T

112 ixfe 4k E % [ 22 DCGLs 53] = enbf @2 $» T e 8 ~eh ) &
o iE L dpenSific o » ,T}u{;’rua 7 class-1 i & 5 ~ cnfe F g € /] % class-2
2 class-3 @ & H ~ » NUREG 1761 3 Table 4.2(4c % 3.3 #7771 )¢ B |7 #icfd
LA FMP T E ] o sk P 88 (Bulk materials) > 4 8 & % )
A 12 75m' B A A RBfeFF A REATLA e ALhi ]
AT KRS RE A RA 10T 100m? s 2 H s Rk

o Z% fmfFiEs H o

32



# 3.3 LA FHMyF T il E ~2 ~ | (NUREG 1761 Table 4.2) -

Solid Materials Examples Survey Unit Sizes
Bulk materials soil, concrete rubble, lto7.5m’
copper ingots (smaller for CSMs)
Few, large pieces of concrete slabs, large items item itself

equipment and material

Small items on a pallet small- and large-bore pipe sections, 10 to 100 m?
structural steel, equipment,
scrap metal, copper wire

3.3 ¥ A 7% ¥ 1% € ANSI/HPS N13.12 ff it
% P B 73% % 2 ¢ (the American National Standards Institute , ANSI)#+ /&
To— I8P A T s B R ek ANSI/HPS N13.12 (1999), “Surface
and Volume Radioactivity Standards for Clearance” > &_f# “fT% HARE Y - &

LA e Rk ¢ sie v e | Rt l(Clearance) | Ry PR #1 me

ETINS

ARSI Ee R e F Hile r SRR - 50 (- %0 jRER

g

o A A g St e ~ (Entry to) #1418 ~ 427 (Exit from) # 1
38~ 1 & priE(Bypass)E #1478 0 H A2 4o ] 3.11 -

# ¢ §g 57 ¥ (Practice) ¥ A T_& & ANSIHR % ¢ » &35 5 B bt
# % H ¢ (International Commission on Radiological Protection, ICRP)3 1 i& i
#EBIT RS RS o i F (International Atomic Energy Agency, IAEA)
S o b T ER TR EPAREEF € A RBRARE L
BRHEHRBEREN LA AR RGTRBRDR BB IT R H 4
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Fﬁ% E\‘Fﬂ%i‘gﬂz , *T’ A ﬁi;i% K LA ]“}(IAEA 1996b)J v B A

FR R XERFELE S A AL FEHREY @ b o

S N L
e e SEUESZ AL Iﬂf’]}
HEERAV(E e Gaseous Effluent
s ALl ke "'—."\ =M
ﬁ?{‘%’*{"k%ﬁ"iﬁ"} %%‘j)ﬁjﬁ‘%g %Héfjf‘%‘g}fﬂ*fﬁ
= AR R A s e ses of Sources sl
%Q‘J’ﬂ?&%x,ﬁ Tﬁ?ﬁ?ﬂﬂ%? E, Conduct of Practices }&%;ﬁLH"rW
]SEOLlrces 011 Itad(liallog Do sources need Liquid Effluents
b;i 0;?;:&:;0 uee to be regulated?
THUEEE (] i o
Land Disposal Clearance of Solids ATREEN A
NGO R R
%[}ﬂ f?#ﬁr"ﬁ 6‘1 Radiation Doses to
HImR VIV = - .

public Individuals

Exemption of Practice Possible

EEFFEER R R BB RS
IR

HIE? Yes A
Do doses need to
be reduced?

Existing Sources of Intervention

Radiation Exposure

bR
Exclusion \ /

Bl 3.11 §5 %R & Xk g (Entry to) ~ 1 (Exit from) £ gt (Bypass) ¢ #1 -

2 % (Exemption) £ d ¥ 4] F H o dp TS T2 4 SR e R
PREEA 0 FIE T S 2 (5B A Rk R B R R
M e BLPFEEL T NERERF BT HE SEET SR bk
Wi T 187 I dEREARY ot~ F > FIH BB o
# ' (Exclusion) & ANSI 28 ¢ 2k 5 Td £ 4 4 by U e R
TR A AT gl B b A L FH g - p K40 oh
fh 5~ ook ¥ X ARl o
¥ ob g2 4 B (Background) s ANSI 228 ¥ % 5% 2 TR B ¢ hp 2Ri5 5

whHE R 0 e 2 e 45 T BN g e X R s[4 T (naturally
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occurring radioactive material that has been technologically enhanced) ; » DOE
Code of Federal. Regulations 10 CFR 835 ® % it & £ it e g 5% F ¢
7 T AALPH 55 X FX 34 5 T (naturally occurring radioactive materials
which have not been technologically enhanced) ;> = —"F’f w3 £ R o

ANSI & # &35 50 A% fcn$ d) & 3% -k T (Derived Screening Levels,
DSLs) > ¥ = 5 Bq/g & Bg/cm? > 2% § % DSL 71 ™ hd & fofl ff 2o % &
e A R T AR BT F UG Y g v P F s

R ER T 10 pSv/y (1 mrem/y) 33 »<#| £ (total effective dose, TED)
BT R DL RBEED R R IEE > FERELS W50 BN P
Fitis 4 B2 (A Y 5 A o4 & DSL £10.1,1,10 & 100 Bg/g = Bg/em?)
2_— ocipBA T EE AFST R EEMFROAH L EFT T TR
7 Rl e £ 323 i< R B - DSL 12 pCilg fv dpm/100 cm? cig s 8 = %
Mo Fw T G- B ooET -

% W st /I8 DOE & * ANSI/HPS N13.12 =1 DSL & %4 10 CFR 835 *¢
# D ¢ "B £ {5 517 L (Occupational Radiation Protection) ; f= DOE Order
5400.5 B IV-1 T = ® 4§ &7 £ (Radiation Protection of the Public and the
Environment) ; * hficie » o/ i/ £ 50 £32 W jp o Ascg > P REF
DOE i# % erffe (¥ fodk 8 {5 6117 i34 ch— R 2 o ANSI #7570 TED 7 4%

U] 2R 23R LR s T GU0E 1B 5K 2 (case-by-case)

35



FRHAITUEREEAF G TR AEB I RARROERT R
£ 38 pr i R R 4R I R en® 23 R 0 2 B £ *LE 1 mSv/y (100 mrem/y)
TED > sz 43 Fenid it > ks £ MARSAME %3 eh g 8 o
ANSI/HPS N13.12 # 4= 3% 1999 & 4] %_» 3+ 2013 £ &7 7 { #7° 2013 5%
FIN % 3373 B A0 JAEA-RS-G-1.7(2004) » 4 40 7 IAEA R4 ik B e B
R BRSSP A (Ba/g)ihk BRITA T LG =R A G 5
TR PHEIN AR F-FE S Ll(emY)hE g FAF T N F A0 f
SFE I AZE | R R T R - R M(ANSHEE RAPROT TR B R T
%5 %) 0 45 TLE 0.1~ 1 o 10 Bg/em? A & 3 AT 4 ~ B-yfrdk R IR 12
L) e g *UE o ANSI/HPS N13.12-2013 % 4 24 eamc st i fa it o

G KT SRR SR T g L U 0 Ak 34 97

# 3.4 ANSINI13.12-2013 enéwiE KT o

(P g ) (%o &@E-kT)  (REffHFE-RT)
Radionuclide Group Surface Volume SL
SL (pCi'g)
(dpm / 100 cm?)
Group 1: High-energy gamma, radium, thorium, 600 3

transuranics, and mobile beta-gamma emitters
(e.g., **Na, *S¢, %Mn, *Co, Co, 5Zn, 1**8b, 13Cs,
151Ey, 1%4Eu)

Group 2: uranium and selected beta-gamma emutters 6,000 30
(e.g., *'Co, ¥Co, *Fe, '"Sn, '+*Sh)
Group 3: General beta-gamma emitters 60,000 300
(e.g., "Be)
Group 4: Low-energy beta-gamma Enutters 600,000 3,000
(e.g.. *H, **Ca, %Ni)
Group 5: Low-energy beta enutters 600,000 30,000
(e.g., **Fe)
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FORANRE R AR Y 2 H =217 2 (1 pCi=0.037 Bg, 1 dpm=1/60 Bq) °
TPom i T Ao 0 THRA A REYFF P LA IS5 FRIAR D

AFHe Ao e SOMFHEEKTAAL 105 - Lia FE KTk -

# 3-5 ANSINI13.12-2013 @B KT (U AT;VHE =5 ) »

P 16 HEKT | WHHELT
(Bg/icm?) (Bg/g)
HEL By -4 & kE~F BEPyiR 0.1 0.1
(l}l . 22Na, 468C, 54Mn, 56C0, 60C0, GSZn, 1255b, 129|’
134CS, 137CS, 152EU, 154Eu)
¥ 2 HE T PyiiR 1 1
(/I}IJ'QL" . 14C, 57C0, 58CO, 59Fe, 113Sn’ 124Sb)
#i 3 - HPyiR 10 10
(514 : 'Be)
#Fi 4 Wi BByRR 100 100
(&4 @ 3H, *°Ca, ®Ni)
¥E5: i ERHIR 100 1,000
(5114 : *Fe)

34FFRERALAMERFL G EEA

(2i# MARSAME hi B3P G 42 R » P HEB AL AR LER > 97
A2 DEFFAT Beitadt FLERFER DR Y R F AL R
EANLI RAPEERE m@])\,m@ﬁ#,pﬁj@_ﬁ%nﬁﬁ A4
HR AL W H AR P AR S A

BTG RBOSTILER i B - RAEA 0 LA R T A
P m B TRAA BBEE R TR L 2 bR H T ¢ A

R F 27 B P B R BT R 5
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A pICERT A AAHERAP AT L - IR EERATER
BRE2Z GEZRIPERIERIENT F 24550 R R KRB B
Bl & £ R FEREHP EAMARSFERL TS PRI TRER
HUBRAS ALY -
R TEARAF LT RAGHIEEAE > ARPF R LA R B
D e AR ER M IR RS CEAFEUE CRA N LR RRS
GRMRB) L PP L PP ARFREF R BRI D ¢ RG

BEUR s G TR R BBAFR C ARERRHE BB K RER SR

257 BB PR E 2 7 R SE D Py P s Plot S A B
SERAEEA LD B AR R E R LS 7 B R P R
ot @I HEER Sk PRI EAAR AR PR APM
Pofit ] Bl o 20t Gl TR o AR 15 £ AR R Ry Al R R
B M AEP 8 Co-60 ~ Cs-137 2 B » - E R 2 BB T o

BRIV ARSTIE R L PE T s RE T g 2 A i B 4 iy 0 Y
AEREREI I S L SRR 3 S A EARRILIE SRR Rt

Hois vb b FIH R 2 B TR o fdR S HARER PR v Bl -
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iy 0o g BT BB AL A

FHR P2 RS e W RETER B TERA 2L
FHR O BALFF R RFPZPERS KA FITFLE
HAAZ RO AT TRY LA LT 2L LI FL E L

Sk B EREFHE - LHRe ~3DHEAFE -

|l

iRl E AR 22 L AR L e AR E S
BRIREAG AR R JI HEBFED AR R LIBE NG T
EPRAGenmLEE LR A G HPERHEER RSB BT Y 2
PRBRASARE T RE T RRASFLPREERS B o
HxtpeoEite s uPEsaiggY L e AR s o TY S
B RMEERAFERALTT L RRERGE SR BT R RS AR

w

GERERAFEBESARIFERGES% L AT R

B ERFRE NI AFE R AR PR ERE S
T RA R
Y PRREEGFC G BFFERERPEELFRTHEE TSP E
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Srd AEIoIZNEE R

4.1 Humboldt Bay % ¢ §* ¥ MARSAME # 2 #2 4 2. § &

-FOSSIL UNITS 1 AND 2 INDEPENDENT SPENT FUEL
STORAGE FACILITY INSTALLATION

NEW: GENERATING STATION

Bl 4.1 # ® Humboldt Bay % 7 F¢

A >t % ®4e Y BEureca 7 Humboldt Bay % 7 & (Humboldt Bay Power
Plant, HBPP)( ] 4.1)5%1%? RAERY 0 FE 25 —‘}‘;K},@? 7 MARSAME =
FOoZBRAFFIRSFTES TS IR E] - KL B FhmTb N
Rt P o B R AT RO Y v e AR PRI

TR ,@Qi‘g;-d;—% ‘éwlﬁmb 9?."1{-&3—% ’?IE‘J_I?‘E‘ E\;j‘o’f@ﬁ_b X R

FOTZERATIRAY A RS I Lenp TR K -



HBPP 3 - & 63 MWe g RIAHA KA F R EFEPFRE & 1963 1
1976 # > sz F B EL_ HBPP ch3 5048 > 2 1 548 {c 2 5L 5 B At it
P TR B F e u5 522 53MWe s ¥ chigy A8 R ISMW -~ AT
KA ﬁ?ﬁ%ﬁv‘\%i"}‘?ﬁk‘ °

Ade Vg ER;E 7 & KB P HBPP «ha B 4 skl e Bl BF ¥
By o 2 RPR B R A% 20T is (SAFSTOR) sk 4 (1986 #) @ 3.4
HBPP v 7 7 st © ¢ Humboldt Generating Station (HBGS)B~ * » &8 - &
Fep 1030 lecnx Rg #F R ko

£ iE30E 12 L HSAFSTORfrig R A Y (P E NE ARG T E 418
2009 # 7 % AcF 4B 7 3 L G ‘frt v it T 2 1 B e 2 5L R
¢ 3+ 2010-2011 = _i’g-f:ra‘ﬁ"‘ﬁ% » HBPP #3j7 #%2& 5.3t 2012-2013 # Fe’?#‘ﬁ“‘f o f
7 :Fr“,f 1 Pacific Gas and Electric (PG&E) 2> @ >t 2013 & 7 & #5227 — 18 < 4|

5 #20 2014 & B d kBB “f F# £~ (System Removal Phase)f#& % T + A i®
% 3+ % (Civil Works Projects Phase) » # 1 174 7" 4o 1 5ui8{o 2 58 7
FrE-oBRXIREOR L BAREE N N e AL L FER (1)
3 K E :Fr"f BRI QI TERFZRE Q)PESKRERER  (DER
Fupble g - BH - Ke G2 ATEFIRERo - BHE- 2 AK

R R . m"f AR 2 a‘fr"ﬁi ~ pfﬁmi“f °

PGRE 2 P 474 7 e BB 0 i v R RS S 375 T2 R~ 12 i
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e

AAARFLEAD EAL RS AR PR Rk B
o TP LRCF RATE TR DT o
& MARSAME * = & » HBPP 3 - % 4828 (v % /i /242 & 2 (HBAP
RCP-6Q) » & 5 13k 35— e 3t (v env 2 2 o {2 F Lk i envh R 1F
$EF3TE o izi» PGKE A2/ ~ # 32010 # 3 " & > 3 5 % B NRC
+2 % » 2 4£48 = T MARSAME Disposition of Materials and Equipment ;» H j

7 A - ¥ MARSAME #2 K 3P 2 R RIL LT {HEBLAT

HFsm > TR tapp g o

1.0 4 F(SCOPE)
WP AR g i ¥ MARSAME kg2t B & PR Rzt & o dp )
MARSAME ¢hje [ 802 e b 0 et ek 8 > o 2 & > mEd > 1
R FE o FE o REoT A ATHTEM N ek K > A BT
HAciF ik o AR R AT AT FERE el 9 25 0 4o NUREG-1575
it %2 i 1( MARSSIM) o

2.0 33 # (DISCUSSION)

- 3P NUREG-1575 # v~ 2 1(MARSSIM)#73 38 P > & 32
* ML) F % R e BB ATLL o AT TR D sk
% o MARSAME # 4c chsfi1% % i H 47 3212 » MARSAME 2 5 B e p 54 45

25 MARSAME * * #37% MARSAME ¥ thf2 & » ¥ fE %2 & adr 2L P eh
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AA# € &k 0 MARSAME il 4 4reiiedh~ 112 L8 4o
E EAR T AR R R - BN e AR e ISR R
R PR & P o @ B R PR R AR

3.0 # = (RESPONSIBILITIES)

SEERE e SRR ST S8 DR El S LS L
Menedrf § @deng @ SROGHPERNLRTEF o 23

MARSAME - [ 223 # fiek 7 i8 (7t & 17 % o

4.0 3 3I(INSTRUCTIONS)

PeFRA Py U MASRAME = 2 ch& 38 méhdp sl > B R P &P 3
PP EPRERA &GP EDP FERE T Te &1 TR
MARSAME * 22 3 o d 8 L B A2 B A L8 cha (78 2241 427 5 &
238 % ! 47403 % (Initial Assessment, [A) ~ 4 #f (Categorization) ~ 4 %
(Classification) ~ F # & & P {%(Data quality objectives, DQOs) ~ € B & & P
#%(Measurement quality objectives, MQOs) °

AR AR S RN T R E e AR R H
FARGHETPEHFEL - RYPRRE AP ARREAFRHINELT 2T AEF R
I AR (P FERE M) 0 B2 £ Pl(sentinel measurements) £_# B 4
B H 73 i £ R £ (biased measurements) 0 14 B4 70 1A P HERFE A

Tl BT A A Fa i o Ak JAD e B g L o 1o

43



R R TR R AT A B A e Rl R (Dot A

BEC A 0 32ARR 2 % AP & MARSAME < ¢ #7131 e0 T R & 58
(non-impacted) | Pdp 2 ¢ 2§ EILAT i ARSHEFHE R A TP
(impacted) | 4p h A5 § £ A b5 LB - S F G L hFi %k £
FHF R AR B AR ooRSt T ERZT AN IA ”H-;]rftx-tm L

B TEAFEFA R FAELALERP TS XG0 F R

AR A HE BB TR R B R 7R S Ak
M AER & %5 5 class 1 ~ 2 ~ 3 - MARSSIM 4 MARSAME & 5§ i e 3% o

FHEE P EDQOS)E* W HEF FE XA i fFHNE P 2y E R
= £ 4f 7 MARSSIM 4= MARSAME * # DQOs ﬁ?ﬁm;ﬁﬁg 1| e -l o
FH(MQOs)iE *» i A2 P “TILEFIE P > B> B L 57 RER ~ £
RIFEE BRI ZNFRPRIRE > UREEERIET o

HH AEdp e MARSAME fd d 2 5 e 4 > % e g & % KT
JedB WHRPT M ek T T F R DTRE o R IA 0T
W F AT A E R & 4793 4 (preliminary surveys) k E AT 7k chdk ¢
SRR ERRREFAHAE MR BT AR F KA

TAHBET 0 FRTRE R U -
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‘”d

™
P
e
+

Fel BHRRF FHL AP RR A e
FePBAE et BRI B T RLE B 0 AR Y R T IR A e

Btk e 3% PR E- DR AFERARERY e 2 R § D
PG HRET TR AE L TRR T ERG DA R
Bl - B RIDE TR Fo el iR T &7 & Rypd 8 iR de
B R o

TSI ZLRY THREFFRDOQA)RA » H 1 iFe 7 @i
DQOs ## &3 % ~ 34 QA fr QC 4p M 38 2 ~ #7233 MDC f= MQOs # & ~ &
W IRERFFHEEDERIGE - REBEFAH THRDFAR ok ¥ L angd
RAFARTH R R RILA Sl VR A R ot R KR
PRI o KA AT RE 2 E e

R P IACAHIA TSR AR R AR R ¥R

I e ] Rl Wie e h3 O b)Y 2 HBPP $tE & &K
R 0y kB P BRA- RV Ty B RESE AT o BT kAN
744 HBPP 1 ¥ 4827 2 8 iy ‘frf e H. 4% (Structural Steel) 2. # #& @

HBPP-SS-001 > :& (7 #7247 o
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4.2 Humboldt Bay % & 8 " MARSAME @ # ¢ & blFirer3t ¥ # ol

HBPP-SS-001 & - i» % & 557 MARSAME o % &< ¢ > %12 HBPP 1

=

B 2 en g i dn 5 A R 2Tl Wk 0 F1H A8iT HBPP3 5L

‘“‘:‘;%

W 32 1

(vw
4\

T2 ARG T oA X B éfﬁap\?%gfﬁ%ﬁﬁﬁ%bdéfi,&
AGERBILIEEIE Th RAEEFY 2 HFIHE P FEEFAT

1.0 OBJECTIVE:

P ERELP RNIE el Wi e¥ % 0 25 HBPP 1 548 % 2 55480 L’}#ﬁ*ﬁ

2.0 BACKGROUND:

ERRE S AR R SR (e T R R
HedE8BF R > AL IINO6BF AeRER T - 2RPEHFEFT R LI
PSSRk o A EHHE | BLSAe 2 BP0 AR
% £ HBAP RCP-6Q 42/ % (4c7 & #7it )22 MARSAME -

3.0 INITIAL ASSESSMENT

TEET IS 28 B Rk A S RS 2009 # 11 7 3 p s
BB L LE > PARKR A (ST 2 F 40 ¢ 45 HBAP D-500(% 2
BT 3 FF ) chg-hh 45 5475 4 AR B <~ 2) s HBPP3 8L ih% 2 7 % % N
DRFFHFRBAF L - 023BS2 ¢ (1 BLB B HEE)

AT le ¢ SRR A S EbE g iU I B B A R

Fom e F hldpE P L K 55%pFRE > HBPP 2L 8Eenf (T » 5 A B o
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< 93200 3] 2000 & K 25%pE R f Ak AR R T AR T ooy §
¢ EREBERID E A G Rk Fla T o RS Ee  b w fol g

SCAE foit e (washout)F 7 it B8R B R B Y SN 4 0 A HATFEINA D

\\\

BB PRS0 (WLIMAEP TP RP ET L BEDRT])
BHHEA AN FOPERF L2008 % 6% 240 52008#8% 190 ¢ 57
$Hi 484 chbeta #4522 T B P > bk hiFE % 8 (protected area) ¥ i {7 ¢
% #cip) € #2142 MDC - #-3f #c% > MDC ¢hip| & (| £ chae 1
Fp ) A7 T HETIHE P 2l BB L (4o 41 977) 0 FER B

WM 25 B LHET o (P FHA & SRR od  ER)

% 4.1 3 #c% *t MDC gt e (8 = 5 dpm/100 em?)

189 212 189
345 282 283
366 542 298
40 21 199
171 153 377
269 263 234 |
211 226 |
516 223
305 159
293 235
263 412
272 189
351 327
281 339 :
198 298 i
Mean 270
Median 266 |
Std Dev 98 |
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4.0 CATEGORIZATION

B L IA R B E R A A SR (LR 2 5L
BB 5 i T AL AL A TIANT 3P e 0 £ PR D)

5.0 CLASSIFICATION

TR EA BBt 25 7 g 25 ALET R OK T DRLAR B A ]
PARGFEAT S class3 H KA o

6.0 DESCRIPTION

AL M e R it > 1995 MARSAME 2.4 & > 4% &4 32 4%
He(F 4.2)2 15 s (£ 4.3)ehds it o

fdh T MRy Y AP SR iR X 9 F BE = 15x10°8 » Al

ﬁ

Felt - WEPINAARCL A EAA(RY Bl g R ERY 3E)
FT FATE R SNt R BT R S B A A M

LR RIS

\4

Rev g fFwie, P S p

A

B AT B TR F
BMF AT A G R AS (e PF] A RSV AT A GRep B AT P o

Bif S Al ARG 0+ E iR B MARSAME 2.4 sidg 51 #4248~ 78 &
AE el A AR AR g s PP S Cs-137 (5 gamma &
B~ e g 0.661 MeV) > 4~ % £ P A A o FH R ERITF B KT 0 A
Hpen® B g?w Bl E_20-270cpm-~ F R (4r¥k 5 A)B453 o F A B 2B A G

BIG A G 52 BT AR o IR A i
48
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Aip s BN TR Al iR o (g ST Ads i e AR 3R P oAEdp )
R TR T AR R 0 R R T A SRR
# 4.2 HBPP & ﬁéﬁg e I8 B fcdy it o
14 (Attribute) $» 1t (Description)
1 FH=9F 3 k2~ 1.5x10° 8 o
(Volume)
i s FRGHEREER ) g2 EE ARG ESHT DT R
(Complexity) 7)o
TR 2 Ry LR S i&*‘r’/ﬁnff#‘rfff R TECAERLE
(Accessibility)
SRS XM T RA T T PR S NN E R AU 2
(Inherent value) e B < R T  )F G
# 4.3 HBPP & ﬁ_éﬁ e B4 ity i o
B 1 (Attribute) %5 it (Description) 7k 7 4% (Data Gaps)
e | f560fasg | # A £ EFOR T
(Radionuclide) (MeV) Yo% A EH T A T oA
H %8 K p L F) e st
Cs-137 | *c 5 (y) 0.661 F RS e g i
R AR R A FRBITFR | IR R Ed - kA2 RIS
(Activity) @ o Fpdp & F 5% 20-270 cpm P8 E TG A o
i WHLER F T b B L LG S | BT T
(Distribution) BA a3 > TR RG A oo
[hadl: | %i—éffﬁ"}i%’x’#.i’ EETEIGER | AT
(Location) BERG ER T E HEIE KRR
P oo

7.0 PRELIMINARY SURVEYS

K39 en




8.0 DISPOSITION OPTIONS

B Em R S Y 0 A EER T v jz(recycle) F § (disposal)
M e Py R F el cdrk A wTIE R I AR D v TR e o
dod 2 G ERAGE T TR R PIAPR et RARIE R T H fﬂ"f AoRFR
ERAAAT B L wACER Aok BT AR AL T iE B A LT
PR EF RS MBS FRLERETE d £ M2 2 7 (USEcology, Inc)
EEHEAIL e F A OM - BATE L FIRA T3 AL o Aok B AR
GEE S RARED FRAE D P RAHE ok RBBAFEL > PlE2
Clive i& {745 22 (3 : Clive Disposal Facility % 3 ENERGYSOLUTIONS = 7
e P e ® 3K %8 0 http://www.energysolutions.com/clive-disposal-facility/) e
(FEEHRARE T ¢ aguEik o % dok (I)... P(then)...cn™ NEFHET >
EIC ARt R N e MR

9.0 SURVEY DESIGN

B AP TR & AL D B BRI S H T eh 3 R %
F 10 4RI > BI04 HiE SRR O BRI 0T fIF BB R L L
Rmk
9.1 Null Hypothesis

158 2 i eniodidh 7 7 SRS AP M I < 0 v 7 e A0 o
(MARSSIM/MARSAME 2% & /% 8 35 iF4ot B o)

9.2 Limits on Decision Errors
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Type I teffds PFs 2 Type I id-Kassfnis & £ T Mk B A R ¥ 5

BT TR R AT T v ek s R LT R R IR R RS

v

FIERA LS PEFRHE > SEEY S%Type [ 45FF v 5 FhBd 4 -

(%z

(TFp N2 AR FNEE > DY BRI ETR T AP RRATT TR
dpile B9 S ARBRFED FAL )

Typell: # 2 e ikt T2 emaanumag e}
R F] N TH AP TR o Bt 25 % Type I A4 L 45355 o
G Type I 34 » F15 8 15 % Bkl & Aenffen 3 § B8] BRA TR
B TSRO AIT URED > ERFBRARABIIES T
9.3 Decision Rule

4o% T AR PR A B TR AR AR T X K AT 7 R F
7'3)}}&“% null hypothesis » izt 4= Z 3 & wyTif 2 & F R A L > P H BB L
E o hrk ﬁ;@ﬁ bR A G By B T A AR TR S AT B (T B AL ;ngiyt;iﬁ'
* null hypothesis ° (iz:f~+ E_#& * 4o%k (If)... P|(then)...eh> Vi {7 » P §

* null hyphothesis i i+ 21| )

9.4 Alternative Actions

S E SRS S ST EN R RE R LR

G

AWE RN P AR AR E R R LT 3 Clive 5 B8 4ok 2 3

SENBHEMOE K FAL RAFLEL R A RN AE S IR
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L6 5% DR T URE L R A(E) A B A R - (4
(Tde g Y iR )
9.5 Radionuclide-of-Concern

Hd * HBPP3 5LiS4k 41 cid (2 Bicdy o i 48 Cs-137 1% 5 BL dmicstis
Pifd o (P fadp o7 L o 48 5 @)
9.6 Action Levels

ERECECRS R il o LR WS FEo - R IR - F R i
t& fodod 440 4 ¢ frighbeta )k & E T - MARSSIM > @ ## MDC
WK MRS HESm L NEHARGL LA FRARLE B RE MDC

EorRr chE S ERE R AERAFTRLE ST ERGEKER

>\4_

] o T

Bz e S

She

TRNE ) e & 44 fod 45 AR T W TS

B N4k e 2 AL E A LS P hiEE A o (iR MARSSIM 374 4§ eh

-\

Fh A0
TRy T el (TR AR 1 B8R 2 SIS 2 T e
PP FigsE M > TP REPIEFT L2 F I EHI5DFR
MDC i eip| 8 #AQB (78 A o(R 7 w e A FEPFRALERIFOT F

1554 i8)
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44 Lo dFm MR(EEFFO)DEE AR

Wit 4 Beta i3 4 ¥ |43 £* 5 -8 3
Radionuclide Detectability Requirements Scan Action Level
for Beta Contamination, (dpm/100 cm?)
(dpm/100 cm?)
Cs-137 5000 (4,9v) b 7 RLER
1000 (7 # %) (Scan MDC)

R JOF: AR

%245 Zodfrh TR(GEELERZ

FAPSECEUNETICE O

WS B UL Pl 8 R
Radionuclide Waste Limit Scan Action Level
(pCilg) (dpm/100 cm?)
Cs-137 15.0 130,000

@ % @ PG&E < i* HBL-10-003 % 1 -
At 2 vt Bkt (% B 7.86 glom’) ik B enig 5 B2 g sidicF o

BT e T B L 5 3 UBGR(upper bound of grey region) °

9.7 Discrimination Limit

#%| ' g (Discrimination Limit, DL)&_

@*QL T /?J;‘E

YRk BT

Ll

TR AER oo iR R Tt A A DL A X F iR e

er)i p?—' é’:‘}lj:/{h"\’ /F' l;)/;

Ji&—ﬁ\z}?—' PF 3 e ® %i&ﬁfmi&ﬁfi&o

i 4 DL % >t LBGR(lower bound of grey region) - (LBGR ¥ 12

AT A5 Sl R R AS > e b

0% & PR B o )

9.8 Survey Type

9.8.1 Measurement Techniques
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Adp dierie ¥ R RIS WP FR R E R IERE ANE S
Wi E 02 o ZA AR E RPIE S 2N AETE(TY R R E
BT RIS o iy b & MR RO LS § R o b B g i
SIS T
9.8.2 Measurement Quality Options (MQO)

Measurement Uncertainty

HBPP i #5143 & # % Ludium43-68 § & % 3% R E~ ¥ >0 4

BER - BHHFEY REL FREDFHFF Y5 20 cpm T 270 cpm
GRRIEF R 4y DR R TR ()i SRR KL R $ 03
Detection Capability

® Fis & ] ¥ P2 #c S (Scan Minimum Detectable Count Rate)
e * MARSSIM 6-9 ;% %_% Ludium 43-68 i ip| B crdf 5 £ 0] ¥ B> Hc ¥

(Scan Minimum Detectable Count Rate) %

MDCR =d' ,/b; (?) @)
H ¥
MDCR: & | ¥ 3+ # 5, cpm
bi: B REBREFE T K

i BEBELRE =23 #
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d’ NUREG-1507 4 6.1 ¥ @ ip{+ %#c > F* 1.38 1 &% i % (True
positive detection rate, or sensitivity)95% -~ 45 3% 18 jp| & (false positive
detection rate, or false alarm rate)60% -

Bk ® B2 8 5 20 cpm 0 P bi= 20 x (2.3 / 60) = 0.77 counts o # »

MDCR 3+ & 2 3£ 7 18 MDCRyoepm= 1.38 x (0.77)%5 x (60/2.3) =31 » %/ %

Fend B3t 8kF o B I adFd MDCR 404 4.6 #7571 o

# 4.6 MDCR & -

TR EF Fdo B ¥ ORI B
Background Count Scan MDCR
Rate (cpm)
(cpm)
20? 31
70 59
120 77
170 92
220 104
270° 116
a.f‘;];:”ﬁﬁ gﬁ,@m—rkflo
b“&:{]‘;:)’?ﬁ %#%}mFKQO

® i & ¥ Pk & (Scan Minimum Detectable Concentration)
45 & ¥ plJE & Scan Minimum Detectable Concentration (MDC) ¢
MARSSIM 6-10 ;% 7_& 4T

MDCR
ScanMDC = ——— 3)

2 Joee,

100

55



MDCR: -] 7 #lik & (cpm)
)t E R R aed

BT EE 05

A: Ludium 43-68 4£ ¢ # > 126 cm® °

€i&s: 5 4y

e e 0 0.12 ¢/d (Ludium 43-68) -

©% 5 4 NUREG-1507 > # &% 0.5 % 0.75 i

£ #-3%  MDCR (&&= % » -5 > B¥ @ % > w Jcb & ety MDC

B &4k 47 -

% 47 wizH & FH MDC & -

ot B 7 RIER

B[ ¥ ORI ECF
MDCR Scan MDC
(cpm) (dpm/100 cm?)
312 31
59 59
77 77
92 92
104 104
116" 116
“3EH % # # T "L MDCR -
P IEH A R F L L5 MDCR -

Detection Capability for Fixed-Point Measurements

® 7= & (Critical Value)

LG EO) A ME 0 &F

§ T i AR MR A AT B
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A, -

%o F 0 mou i e R B PRV S 2 0% - MARSAME # 7.5 ¢

t, [, t
B B

g
T
-ua\-
\_.
Joy
N
Ny
3
-
n}
A

&R

Np: R
ls: W 1 A o

tg: FRIFEFERF 1 & o

Ziw  (l-)REF s ® g A FE =1.645 a=5% -

& MARSAME % 7% § # 3T £S5 7 i % N, X & 7> 640§ a=5%-
t=tg ¥ > S=233 /Ny » B % A R Arend 5758 o)

® I ix k] ¥ Bl E(Minimum detectable value of net instrument

signal)

$H300E R B 2 8 endo | ¥ Rl E Sp MARSAME £ 7.6 8 et B 2 N deT

2 2
zi zZ p
Sp =8¢ + 12’3+:1_ﬂ\/ ‘4’9+SC+R3;‘3[1+—3] 5)

’p

Sei Tk E(GHER) -

Rg: 2y Tiadgek , Rg= o
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Np:  F A8k
s W EBER 1 A
I5: FRHPER 1 A o
Zig: (1-BYIE 4 fi o F 9 A % (& =0.6745 » P=25% -
T 2L b FRER MDC( yp % 77 ) 5 Sp B 14 0.12 c/d e
won s F oo B CEAE 455 48 F1(1/(126/100)=0.7937) 2 K 15 7 JE @ % 8

BIE B 7 ORIE R dpm/100 cm?) o 3 E EE Aok 4.8 froT o

%248 FRELAPM Sl B g% o

Ns Sc Spb yD FHaHFRDEShYD
(counts) (counts) (counts) (dpm) (dpm/100cm?)
20 10 15 128 102
70 19 28 235 187
120 25 37 306 243
170 30 43 363 288
220 35 49 412 327
270 38 55 455 361
i MDC Bt 5 o aF F #Eﬁ] 20-270 cpm id & ¢ o 1€ * iofd
S EE‘*—"H‘F] BWHFFENEPEE O FREANKEIFEAIN S
- % R Benad* Br2bd B P FAAEL AR RBEFHEK M

LA BRI REPFAT TR

WAL b RO T ORLE R e B AR o doBl 4.2 F1A o
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R ERERAT R AN,

\ 4

&t MARSSIM 6-95% 3+ 8 445 &) ¥ Pl dk
(MDCR)
€& Ru RRIPR - LR RS

A 4

& * MARSSIM 6-105% 3+ & # 47 &) ¥ iRk &
(Scan MDC)
& SEC R Fée f

& * MASAME 4 7-5 2> 343+ & =74 ESc
& & %8k type lerror (alpha) ~ & &/% F 3 #cPF R

&* MASAME £ 7-6 2> 543+ 5 & ¥ Bl ESp
¥ & %8k type ll error (beta) ~ 4% &/% B - #epF Y

Fdr g ghipl € B FORLE R YD
RS SR SRR Rt S

Bl 4.2 B84k b VRLER e B iR B o
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9.9 Survey Boundaries

CICETE S ASE SRS e O I
9.10 Preparation and Special Instructions

B ERE ) FA IR R OMB A P R R | SRR
# R B SRR AR R T AR FIRER G M B ER &
TEDJIFLIEQ X 2EIEE PFFRE 2R o

R L fﬁf@-*\% I
1 B4 B AR R A LET L B

2. b ERIBHBEFEA LAMAF Ryl DR FRE P LG A L 2

o
Yo
It
I=q
3
=

|l

hT 1 o

Z -

w5 #& Flend B @-MDCR-MDC &3 & & % (4 4-6 2 4-7) > iF

o

=

“w
|

T F I MDC 1 > ¥2edt Ap b & fa
C. ¥ T RA & Sc X zedit £ & o

Ge#7#F- BLAE > 2 THTF EARE 230cpm> R#FRER D 2

inch/s ' < I 1 inch/s)

3R AL S R TERE PR e (FLRAR RS B

] %)

DA AFURIEL L5 E4S 05inch -
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b. * 5w ik B A BB > # A F 42 2 inch/s -
4. % B3 dnom R (< 2T MDC ) > f BT K E AT R 12T B
S 47 B E R
a. drk B B T BRAZMER > Pl T -
b. 4r% A~ ch B dpor G ELT MARE R
OEEZTEINS R-SIES AN S Bl R - BCE ST
Q)% REF B3R FHZ®EE O F R ol
R oo
(B) #if A Afr MR (¥ e 2 Sk dg ) U P RS
AL o
(A) i b B TR 1 AENTZERFTHF > 28 TREEE -
(5) #- A BRI B i 3 e 8 92 0 6 S LPTRA St e
O oSk iEciE ] Se BT MEREN S -
& ok EciE Lt Soo Mg L ¥ ki 3
ﬁ’l’?ié/:]-:]ﬁ_ °

AT AT N AR B RFH G e PR SFEE A

%

A~ gL § g a0 ok 1A s B8R E o/ e

A P A Rl REUTIF G S LR RIE R o
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b. Fi& 785 £ R ik & 7 5 #1538 548 beta-gamma 5 %351 o
C. #&F 1A T BT BEREH{rSci T -
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9.11 QA Requirement
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ABSTRACT

In order to ensure that the nuclear power plant site undergoing
decommissioning can meet the regulatory dose limit set by the regulatory agency
and then release the site safely, the licensee must establish a concentration-based
criterion for compliance demonstration according to the regulatory dose limit
before conducting a final status survey at a site undergoing decommissioning, i.e.
the Derived Concentration Guideline Level (DCGL). DCGL is an important
guideline level for the final status survey of a site undergoing decommissioning.
It can be used to evaluate the residual radioactive concentration of soil or
buildings at a site undergoing decommissioning that can meet the regulatory dose
limit. So far many calculation codes for site-specific radiation dose assessment
have been proposed worldwide. Currently RESRAD-ONSITE code has been
recognized as the most credible radiation dose assessment tool. Also, it has been
widely used to calculate the soil DCGL in nuclear power plant sites undergoing
decommissioning. Therefore, the purpose of this research project is to deeply
understand the computational methodology of the RESRAD-ONSITE code as
well as the analysis models of each environmental transport pathways, such that
we can improve the computational skills of the RESRAD-ONSITE code and also
establish the critical capability to screen site-specific parameters and conduct
sensitivity analysis. By the research project, we completed the analysis of
exposure pathways and dose assessment methods of the RESRAD-ONSITE code.
Moreover, we also studied the strategy of parameter selection for RESRAD-
ONSITE code and performed the sensitivity analysis for the high-priority
parameters using RESRAD-ONSITE code. In addition, the function of the

probability analysis of the RESRAD-ONSITE code which can be used to evaluate
Il



the influence of parameter uncertainty and establish the procedure for
determining the parameter values was also analyzed in this study. Finally, a
decommissioned site, Yankee Nuclear Power Station (YNPS) in US, was referred
to perform the DCGL calculation and then verify the results, such that we can
understand the DCGL calculation process as well as the significant input

parameters for decommissioning nuclear power plants.
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S M R ARE  DCOL ; p pF > Bit 758 P TR Rk #iE3
GIEEPE o Bw % anE R R 2 PEEHCA] 0 ¢ S SRR R R A
FATB T AT R2ZIGH A E AL R h ¥ 1 22 - - RESRAD-
ONSITE #25 A2 F{p 5 H T {ohmh G X RATRE B DEX
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Bl 3.1 #77F = RESRAD #2354 ¢ #74 g hi R gt R E2 5 A W 58
B s ZARRHREEE D E AREHREREX AN 4
BEB AT FERW > AR ERMAEHRE - d I REFN R
REHERPAE L F R BB U E I i s S g A ks
AESREE 0 RE [ WARFEY R # 5 2EFLTE S P B R
BRI B U SR PR e IFR S PR OR T - Rt
Be s 02255 ok & i 2 a0 b 45 548 3 & RESRAD-ONSITE #25¢ ¢ & &
BBt AR GRRET R IR TR SRR e F Y

Birep g R E G L e a S R SRR 7 R

A
7
be
=
TBNL «—%

TEBERT R RIEP T B L g R
PR FREAR D 1 B N R LR MR

FHNF LR AT a4 § (gamma) £2 B s (beta) F 5t 5 B
ISR B I & KR o » £ RESRAD £25% A3t 8 3 3 LR v g endl ol

BHREDLL KR - 2P T CEMARGE T3> DB EF - BB

-

BHRE - BEUEPNAF DR 2 L RIS 5 - g A E

4ol 3.2 #ror [1] o A @ o tbéiﬁ.ﬁé%'&ﬁﬁ%gﬁ g FlF K EEE L H DR

7



BB BHE TN R R 6] 2 5 BB o B

BrREIL I T F R %ﬁ#hi,ﬂs%mfﬁé—%nﬂlw?ﬂ":*fb%ié%
BF eSS BREE s &8RP fad 5 A%/ OEAS R
B P AL B O AT 2 RIFS AR NERT I 552
¥k & & (air/soil concentration ratio) % de g it o Pt BT TR BB A

R EE AR eI FNA A LT RIS SRR B

PR AR T T RN E o g T2 vk S B R G T S P4k
M5 fs K 2 A~ AR GRS E PR B A ek * F]5 (occupancy

2

factor > = B §8 ez ~ ﬁr. EFIpEF I L ’m) % B3 G (mhalatlon rate) % -F-; ) 1%

I #eim 513 7 d ICRP23 g 2 ¢ B8 [2] -

= RESRAD-ONSITE 234 ¢ » L5 fef ~ g g~ 2w~ kA 8 5 %
EA G d o A 0 Y e X TR A G B
Su G (L) AL B AL B TR TS L (2) AR L R

G FP ~ (3) K P NS LB IINEER ~ (4) kPSR IEIE kD
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A RAF LA RS i (leaching) @ F|iE s &7 o

RESRAD-ONSITE #25%+ ¥ i&— 3 M1 b igdt & P g » 25 9738

e

SeFE A LB REME S RARR 0 Bk B R T 45 RN

1)

i
Pt S eplEd R AR BRI 0 T e § Y nd R

[ gk B i TR R 0 5 B R R IRTT Bk e R g X e
BT ke fEd B A 2R D P 2y A ki

JEN B KA S RS o BArp R A B R e auiiEok kiR o Bl

N

<%

oﬂ—bf’]‘ ’

KAR M i TG E AT S e R A KRR KA S

Iifx
s
P

B RS N R EAE ﬁﬂﬁ}gkidﬁr v 4o 1o i * F BRI (ditch
irrigation) » Y5 4 @K I RFE B R E o & ?F/*L K, @ % B 2 ¥

/% (overhead irrigation) » |3 & i f# &2 1320 P T RN EALY o

groon Mg IS ] B TR R R R B TR R AR 2 A 4

iz ~ FF& ST THBE R Ty TR R &

ol
1
o
&

 ITE EGRAE G5 TR SRR E R T I R/IEERVE
(water/soil concentration ratio) & #z i > bt BT T K A5 Aok de I &

PR P oA RY 2 F AR R R E Bl 3377 5 Bk
FEeligr % B [1] » RESRAD 41 % #r3 £ i3 2 "R A SR %5
= B S en® k0] (three-box water-use model) [3]> 7= 3= F A A 205 4 %

Kb feh 1R EfeR o m AT R T R R ER FELL A Sk
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-
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Environmental Exposure Dose or
Source Pathway Pathway Cancer Risk
4
Py R
> <===  OnSie Extemal
@ [«t] Direct Exposure = Radiation >
On-Site Air Dust/
@ | Concentration | fEgt |.||J_3 =N
— - it
[ Bl o S
S LITIIIT T —
@ | On-Site Biotic Contamination | .
t : Inhalation
Residual i + Plant Foods | | 6 Effective
Radioactive — 1 L Dose
Matenal r Equivalent/
In Sail |: 1 Excess
- ] el Cancer Risk
] Livestock i Meat | ! L - to an
1 1
i ” . ik | I: . Individual
L T >
|
5 s R=s >
> 0 Aquterooss | L
1 - -
P ' |
= : ' Ingestion
! I nges
| On-Site Water - m
i % Contamination ! -
S ECEEEEE R e
@ — On-Site Soil
: Contamination -
Bl 3.1~ RESRAD #2:\#7r% 2 = iSRG 2 4 fER% Bkt i
'y
____.--——--""_____ _____________"'“‘x-m Ta=1m
7 -
Va R Ny
: h - 5
| P =cy
— ’_,_,-—’ %
A e A =T
| T ___ Cover Material - - .
N - v
S~ Contaminated Material - f’/
T - CYA4702
B 32 BRFL R 2GSRI B
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f— Ground Surface * * Precipitation
I3 v
T Contaminated \ Radionuclide Paths —#»
Zone \
T |
Unsaturated |
h (Vadose) Zone \ +
T |
¢ Water 9 | |
Table % ‘ + + |+ l
\
% _::V Surface Water
2 Ny

Groundwater Flow

Saturated Zone (Aquifer)

M ﬁ

B33~ -kAiphl 2 R FE2iTT &R

32 shhis f iR
B B R P RESRAGLA § e B s

SRR T AR AT R R S R

"

AT AR R T R R
Hg(t) <Hg, t, <t <ty 0

Y O HE() 5 Rk B A T s A2 (5 0 STt & R
FH OB AL D HTI0E 5 2R E (MSVIY) ~ Hy B 5 &8 e (AP

BB B TR B R U R R R iR S 0.25 mSviy) ¢t 5 %

Rk e S RS RERAZ 1 R A B4 7R g
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(LF TR LE) G0 5 R o4 B e e B R (L

% % 1,000 #£) -

B R RS R Y AR B E R RS TR AL PR 2
23k R 4p 31k (soil concentration guideline » £2 % it 2. DCGL 4p fr) > *
VTR 2 B L R o F ANk atEiE 4ot A ehig SR B SR
FAESE v EEd BN TR BRI - A TS AP SR
BB a AR TS A PR R g S DRI E > R i AR Y

T2V R RE Rk

i

P EFEEEFRATFEA ARG -
Bdp skt FAHe v M et as o ny iy
(backward calculation) 77 ;3 & R8> 7 W f e Fo g 4] g SHH  FUE iE
B2 T g AR HAISH LB RR R LEF AN ST R
P e R B B S TV R F AT uFand ig,&}i:}ﬁ 51k T o i
ARG RRAFEA AL R R AR KNSy F A
BAAzZn e FRBREFE LT RETCBERE - JI* BEFF 2R
FELEEARFE FARE G R E VRS E = d R EUERZ D

’3'%,%. fyfﬁ?*i%/}a)imrleé“mﬁ?dﬁﬁéé'a‘iéﬁﬁ_zga@}EéL

y
Il
=
i

AT ks E B 41 o & RESRAD-ONSITE #25% ¢ » 4 Stk B 4551k T 7

Vg B UE g KR o HB AT
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G;(t) = Hg /DSR; (1) (2)

;P oGO F T BRIk ARIS KT (Ba/g & pCilg) » Hgy &
£ 'UE (MSvly) » DSR,(OR 5 % i B ALFF tEFoRE/IHMERV E
(dose/soil-concentration ratio) ((mSv/y)/(Bg/g) = (mSv/y)/(pCi/g)) - ¢ 3% (2)
Taro B RPAY - BE LTI EERLIRT AR E/IEER
LEY 3T HE SRR LET LR L 2k U

PR R b ERGARE AR blhe BRI R RS R0

;%—*ﬁ BTSRRI G R ER T R \Lj{f 1,000 =
SOPE AT e E R R E o F A &R Eapd PEHE 2 R R dp

S s SR A R b AR RN g £

yEig i » DSR;(E)F £ i&— % £ 7 4ol T B A

DSRy(t) = 5 DSRip(£) 3)
DSRLp(t) ']}’]{Tﬁé N %I%\'h?.@lﬁ-‘“b_l_fﬁﬁ& t FFen®|E /2 3E
ERVE o BELD N ARE BRI E > & RESRAD-ONSITE #25¢ ¢

BEYEALBEEE @ ELL > AulE D WARE (p=1) B S~ (p=2) -
fedk ~ (p=3) B ik~ (p=4)~ 2drE ~ (p=5)~ kA & 5 (p=6)- 4 7

ko (p=7) ~ 2~ (p=8)~ 2 X F RFE (p=9)
(1) 353 75 % #{F ¥ (Homogeneous Release Criterion)
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Hd 2 (2 P h e R E et JORR A KT g £ 4 E - PR R
ROE R TR G AP B F RS E S PR e R

TRl A T R ok 2 RO R S iR
M() =29 = 3, 5,(0) /Gi(D) < 1 )

HP o M)A & v E R (sum of fraction) £ /R & 34 (mixture sum) »
S;(0)5 % i Brfitd 5 100m -~ B& S 0.15m 5 4 % ¢ 4ok B
(Ba/g & pCifg) » + 3¢ fh & 7 o7 BB Pifiik R & B L Ik RIp5K
T2 b EARF PN E N o NG AP A F E A - R
BEIRARIELERBAHMERD FREHDTE P 28 7 2bE o
TIE kAT e 5 T RTIER B IR RS TR TR BT
BIThe 355 100 m? > AdE 2o b avtit P Ak R 7 - RERIY B

B 0.15m dkde T3 e Fp s ikt R R T i B AoT
M®) =%:;50)/6G1) <1, t,<t<t, (5)
o MO GER t T Ghfer S(0)5 % i Bfdid f# 5 100
~ERG015m s 4w P anT sk R (Balg & pCilg) 0 Gi(0) R A
i f@‘f’?fﬁ’ﬁt“ B3 5L EY L_);&F'Bt];&m-l /}E}iip gl KT (BO]/g

pCi/g) ot i g+ ¥ i - 3t W VR BRI R & e
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M=3%,;5(0)/G(ty,) <1 (6)

PGP R E D BRAATEERERERIN (St <ty fTHRaGE

41

12 R AR KT (6= ty) (Ba/g & pCilg) » A 2 Gy(tn) i i it (754

KRR FER 25w %’ﬁd RESRAD-ONSITE #2 5% {8

(2) 2323 5 4 %% F¥ (Inhomogeneous Release Criterion)

2V 0) FEIAAERERE ARVREFNFTLREERSRIBI 5

Frie Rm > J{INFENFALTHED T 0 AR EAINHREY Vi € J IR

N

PPEOERARELFEH RhTHER =B o S A% TR 2
323 73 4 (inhomogeneous contamination) - — 4k @ AR = E R

AL > 230y S A RUAF L

&

B EL o Ra o AR
T FAERERET R ETRET Aol GG AT SRR A2
TG T R A AR B AT REL R B Rk 1
TARBIREFT o P AEFRAEFED L P EF 253 S48
AR R F R AR SR B M T

M) +Mt)<1 ¢t,<t<t, (7)
He M54 Fant@hfc MOF AL H 22 THFR

(averaging zone) it g fr > M AT DTIIOHFE L FRSLFE 0 f
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2100m2ehas S T o Pitihd B BRfeR| T LB BB A mAeT

M*(t) = ¥;[S;(0) — S,(0)]/G; (t) (8)
M(t) = %S, (0)/G;(t) 9
He 5S5/0)5% i BPEAAES S L waw- 40k R (Ba/lg & pCilg) » G/ () =
| BPE LT % Rend kR KT (Ba/g & pCilg)- S, (0) % % i B
PR LR R TR ® T Ia% (6 f 100 m2~ & A& 0.15 m) z T
A 4edk B (Balg 2 pCilg) > Gi(O)R 5 % | B ting 34wt EER
4p31°kE (Balg & pCifg) - I it 1G] (£) %2 G;(t)¥57 4 RESRAD-ONSITE
RN ERE GOV FFLRTHBI HRETGORT RS
AT Do ff RE o P entioy A BRG] S LR E D

AR

ﬂn'\
g0y
W

S SEEE AR R

iﬁ‘al‘

RN Y
104 FAMREE L AR LR AU o A o f i P 25 3
AR (o R B 0 R R B TR R R R R B2

EEI SEETIAE. B2

(3) #h gL (Hot Spot Criterion)

BREEREY - BARSFREFEALFTV I I DR 2 e

mfti,g;,aiﬁﬁz é{’*{ﬁ/TH:fﬂ?ﬁg%jrﬁf ’&‘é% ToRKT R o pHT IS
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AR BREBOFAT R EHEY S RIS S PRER G o

[N 1 A 2 o

%ﬂ

T iA RV &g i (ALARA) & ik K353

b R @ T o e E BT 0T R BRI

M*™=Y,5 /G <1 (10)

e oM™ L fmRant @ {o S5 % i BRALRLTRIE LR (Balg
2 pCilg) G R & % 1 B Bahd kA 45k (Ba/g & pCilg)-

FAE G fF EARN I o ST TR R R R BB eng ff <3 1 m?

2= S Pl 5 TIEkR -

AAL > HBhd fi—ii&ﬁi«‘fﬁ 3l R GF %‘ﬁf\z’ RESRAD-ONSITE #% ;¢
F R RBAT G R o Ra o R A 0 hilF BT
PFREGT R T o G ,%”s’ﬁ‘g} TR RN R F R R E
G = Gi(t,,) x (100/A)*/? (11)
PR oGty F I BRAATRERERPN (L <t <t,) “THRSE
2R RASIRT (t=ty) (Balg & pCilg) » A% # 85 f (m?)
(100/A4) /27 5 # gL 7 %]+ (hot spot multiplication factor) o 7 f ht S35
MRt R s T ERERET L 3L PSRBT R FREEAN
FUiEede FO[1]0 b (10) 2 (11) &g * N HELGG fE ] 2 25 MR

BAEOR R 26mIE o BB 4R Y 353 G AR ETE o A58 (10)
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$ooE G ]t ImPEE s Rl UASIMZBE R o @ B oo 0 (11) ¢ K e iE el
kR 4p 31k T ¢ % RESRAD-ONSITE A28 34 5 % % { 5 = o ptoh > 7
HEFHEY RIARE S 4 100 M5 4 R ¢ T it P iR B % R

SEREER RS E

231 % @ B2 BBk e TS

@A (m?) 2L 3 7 | F
<1 10"

] ~<3 6

3 ~<10 3

10 ~ 25 2

*EAIN ImPRIR I m* # e ET 0 R AURARG 10 AR
E‘J o

d PHEP T Ao 2 B A AP AKR L oL T R A E B
P A AR HENESEE LT R REIHERI KT L DCOL > &
RESRAD-ONSITE #2;% ¢ & ft 8 £iFch- BEAE R 5™ 5 HE/S
¥k B & (dose/soil-concentration ratio » DSR) » 4e3% (2) #77 o B & A
E R R/ RRR L 5 BRI S RER RV EAMEFR
AR R LE o A E D B u g DCGL o F)pt 0 i (7 {5 548 £

FRAR P T LT RE NG PG T T A R rid + PDSR o i
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4ot — B Rkl % 1pCilg ¢ Cs-137 15 % » #5d RESRAD-ONSITE #2 5%
BB AT TR B E BRI LTmSVY S B Eod TR R
#HDSRE 1.7 (mSvly)/(pCilg) » I s ¥ 4% £ L& (0.25 mSvly) i&-

¥ 18 % Bkt eh Cs-137 ¢ DCGL % 0.147 pCilg (0.25 mSvly /1.7

(mSv/y)/(pCilg)) -

—dam g o BRPEERRR LS AApREOHE/IEER &0 2

AT
DSRip(t) = HE,ip (t)/Sl(O) (12)

He DSR,()5 % i BALRPASYS p BRE B ELRE GPFF tpForg &
R B/ ER Y o Hp (D5 T BALEPEZE MRS PES S
P BB LT AR t PR BT L E G eHE (MSVy &

mremly) > S; ()R] 5 % | BAL RV AIHG T L ®F 442k R (Ba/g &

pCi/g) - RESRAD-ONSITE #25% et Az # & i » % 5 hdder 57 B
e Sl RSB E R 4 LR #H 4 RESRAD-ONSITE #2
FET B LR P B G T AR/ E R EDSR, (1)

PES TSI B AN R H LT AT

t+tin
DSR;,(t) = XjDCF; )y X BRF;; X ¥ ft "ETF, Fijpq (1) X SF, lJ pq (r)dtr (12)

4o % DSRy, ()3 & fhd &% B € & B3 #hk %0 A w5 1 (i) DCF

jx@) |
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T 75 (ot dgst 2 H =5 (mSvly)/(Bg/lg) & (mremly)/(PCilg) ;

Hoveg o o R fg S HH = 5 (mSvly) & (mremly))~(ii) BRF;;:

8% % cha L F]3  (branching factor) (& 1=t ) > * *th#E% i BL & A
ERESY | BAN HE (ingrowth) ot B~ (iii) ETF;j,q(t) @ %8 @34

SENCES EE TR R LIEEE s ST SN PR

*a o (gly) > TR RS ] BRASY 2 FRBEEDHELT (V)
SF}j ,q(t) © BHiRis & F1+ (source factor) » @ * ** it % i B 1 & PfE% %
RS [ BRAFIRE N HE AN EER ETER R o
FAET de o H R 4 F1F DCFj T 450 ICRP chdf 2 ¢ B 4 2 RS
BRF; R B~ it & P fb etk 41 > FI0 i @ L 5] 5 ETF,j g (£) 2 547 12

B 53 SFjpg(t) = B HAEFEH DS BLEAS -
(1) & 51+

&tk F1+  (Source Factor) 2 & * 3tz g F it bH T A F R R

R B PEPRRET AR R REA LT AROER &

Sty

SRR AR UEAE L R T EC R RS Y LR R SR T
HHGEFF AT DR fFFF CARFF CFREREFF REFB L

G TG R MmN T - R E Y o T - g At 2

BRFF G RBEEARY OPBERFIRE S MHE - S GBER
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E0E% A F PO MR FS SF; (O A AT
SF;;(t) = S;;(£)/S;(0) (13)

He oS0 5d 1 BAERHPPEER Ifrp HETALTAT N
A% 0% | BALE RSP ALFRt Fak R (Bg/g & pCilg) > S;(0)
FI57A24% % 0B A& st ifad-4ok R (Bg/g & pCilg) - Bl 3.4 #757
SR TS EE P R T LB SE S &2 i gtk F S SF; R
RAPHE R DS TA A ] PR TS o 4o Bl AT 0 2 BT iR
FlF A PR EFRTEBRP > TP ] AT R - BTG

PHE SRR A e Bisd TR A Bk R [5] -

Q)& B @EF+

% 5 B L %)+ (Environmental Transport Factor) i £ & 4% #c5 #-7)

c%‘*

Rfg P e FREEEY DBEFL > 5 BREBEREISG E 8
Sk s LTS oA AR Y AR R G ks BET)S ko PR

k) B U kSR T 2B RESRAD-ONSITE i * £ p muep [1] - 48 ¢

B&TRE QEFTETF (O4 W w B Gcirie s gl G iz o
ETFyy (¢) = FOy X F$iy(8) X FAu(6) X FCDy (6) (14)
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#d 5 FOy 5 &% fok jir (i d (occupancy and shielding factor) » FS;; (¢) 5 2
M T #c (shape factor) » FA;1(t) 5 2 #84p & ch g # % #& (area factor) >

FCD;(t)R] % (=R ¥ % ¥ %8 (depth-and-cover factor) » @ } ifizw B §

o

#

W fok i EFO, Y o - & ¢ B Al R B R R
W Epmd RFSALE v e &P RE DR ey > H MG
S S
FOy = fota + (fina X Fsp) (15)

" foras BRI - £ FLAZ DRV filLus BR- £ Fagp
PP RV G0 F B 5 B8 oM R S0 N B i Cidic o & RESRAD-ONSITE 42 5
P BRI - E¢ FhAz B AT GfERk B s 0252 0500 @
PN IR A B IR K 5 0.70 0 gt TR AT R AT P ATERR PR Y g 5
B E hi 30% 0 Fitiptt hikd® i RESRAD-ONSITE 3+ & pF & /E@?J IN

(]

| %
PR o

4@ 3.2 #7517 » RESRAD-ONSITE #23;% A8 7 {5 843 & 7= 1%

ﬁ
o

BHEYEFL®HYD AL FH 2T egd 25 ADREFRTRE o4

REALSARDEARAT R EX T AT a gFRHL ¥ FRERE

o

GBFCD(MDALE I Y RAFA L ALFTEAHTHARE D

en\m
m@
ot
05
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5% 2 d Eckerman 4= Ryman 1% 225 4 /g & 40 b 0| £ i3 73
(DCFFR) chw g o 47 48 > 4o

DCFFOR[Ty=T(t)]

FCDy; (1) = DCFFOR (T =o0)

—1— Aie—lﬂoKAipng(t) _ Bie—100KBipng(t) (16)

HY s T2 % R tEFabERE (M pifa 74 %2 P ai
2R (glom®) s A, 27 B, L 5 &l (& F1=) KA KB 5 ¥ — 24t & il
(cm?g) ° A; ~ B; ~ KA;2 KB # & T2 ¥ 2 f84p B > % RESRAD-ONSITE 42
NP R ESTREET B [1]- Bl 35 #r7 5 Co-60 1 iE iRA S RE
GRLTAFAFEASREIRFRADRINEA) > 2 RGaR REA DIEE2
THPFLFOLEE FAERE GIEEEEFITL T AR I D H

T aFAEEREDNN03IMPFAET N L v RIMEBEXSEF®ERFTS

REAGDEREERS AT B WA EHRE ORE [5] -

B AR GEFA (ORI * 546 FHBARE BT B 25
FRAOGAGFEEA DT Lo Forg 2 WA RBOHE 2 7
MEAF LR S R RE R SV FE AR A 5]

_ D[R=rTy=1m, T,=Cq(t),Ts=T(t)]
FAy = D[R=00,T,=1m, T,=C4(t),Ts=T(t)] (17)
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B 367 REFAAREE TO:LF4%EAR C(O):REEER
T, 0 % BEEY S BEEE G h3 B (B 2 Im)[1] - F e 2§ % 2 gt
A SR B LI T FERUF A ROBE L DI RE
B E R N e Sz B enbd oo B 3.7 #7575 Co-60 £ Pu-240 +3 44
BAREFE T SARERL2MMERZT > B GEET LR D
BV AR 0 F B FART R VST G ff R BARIT

(]

B L RS ff TRacE L [5] -

Bofs o Ak GBI A R L5 A F AN S A ARAA A S R
SR RB OB P FF A RAK LT Bk RdE 15 205 4k R
BRI RIS A RRIAL R G f Gl 1k R F A e >
B2 RPN FAFN- BRI ERS RFSE AR R 0§ BRK TS
FAUPE TR BB G F2 T AT 6] 0 B2 R G A DS AR

B E A BIAR T 2 S R 2 S B R RA]E LR G Y

Z] 1f][FA11(A]) FAll(A] 1)]

FS;
e FAll[Zj=1 f}(AJ_AJ—l)]

(18)

He A5 jBRERGFERE? L5400 b0 FA;(4) 5 Bk 5 40
% A% 4 #8c o B 3.8 #7517 T 5% RESRAD-ONSITE #2587 4%t 7% .05 4 F

KT G R FF Ui p2ar it FHNELFRAGRNETEF X
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ERBFTROEE > RIATAEBFENI P LSRRG 03
AH L BORITIE B L TR G R e L 0 T T AR
AR ERH2ZFTE 4 T hn ff kL 0 TTFIRPE LT DR

i -

(3)# & & 4 7]+

4egt (12) #0703 SR FIS HIRR LTS 2 o M B TS

AR RER EDERA R > B A K4eT

DCFix = Hg,ix/Eix (19)
H?P v Hppa # 1 BLE RSP PEZ BPUPRAL BRIExDRE T =

SEN IR R NG ey B I R P -D S A R S LY A L - Rl JE xR
B Sl ¥ x=1 P Hp, Gdn R 7H i 54 97ig & 05 22 & (mSvly &

mremly) » E;, B 5 88 *H 45 5+ 0 & Sodic (Bg/g 2 pCilg); % x=2,3 F¥ > H
o wl o o~ B o 2 BN dgEEerid S ) 2 e B (MSvly &
mremly) » Ej Bl 5 5~ 2regon 2 R 5 540 R & S48 (Baly 2 pCily) < 7]
Pooo BB ek dg b2 & B 4 T3 hH = % (mSvy)/(Balg) & (mremly) /
(pCilg) » & » L2ef » 2 RN ff 5 &) & E 3 7] 0H = 5 (mSv/Bg) &

(mrem/pCi) -
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- RESRAD-ONSITE #23% ¢ » 2 53 p - &R @8 FF nipE
FOkE S o Mg SR E HE T+ 5 kp FGR No.12 &2 ICRP 60 3% 4 &
TIEEH s oo 2w 2 B 4§55+ R 5 FGR No.11 & ICRP 72 # 135 3%
ICRP723r2 ¢ » ¥ ik & de RiE* i§ § B £ e F]F o gL oh > & dﬂz),'

VS A R T R K s e £ i TS

(4) R &8

Fitenp F RASRH ST R Y Br Vo o MR Gk E T E 2
BOORCAl o ARFAGTER BHEAS T WAL D AR SR 0 PR B
e 2 g 822 5 R &S gl MR B2 L 2 R R
WE o T SR G R A AT o R g BB R R T

e EREF LT OREEPAORD > 2 TR BB AR g MR B

T F IV ARPRENE ol p B R FET ANE o - BRAF F DR
BIFH € B 5 F % DR E 4B A R s bk E
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=
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~
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SlccuERE 0 £ ¢ AT RATY B S kD

— SFi m SF_j

0.75

0.5 ...-

Source Factor

0.25

Time

B34~ stRFIFEFHF R 25007 LW
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0.0 0.9
08 084
0.7 071
s 06 5 064
E_os 3 05
§ 04 E 044
03 034
0.2 024
0.14 014
o o
0 0.1 02 03 04 05 0 0.05 01 0.15 0.2 0.25 0.3 0.35 04 045 0s
Thickness of Contaminated Zone Cover Depth
B FCD for Co-60 B FCD for Co-60
— Variable Contaminated Zone — Contaminated zone thickness = 2m
Thickness — Variable Cover Thickness
— No cover

F13.5-Co-60 2tz FREREGEES A FE RIS ER D% 3

|
V?fff%ffﬁfﬁﬁfffmfﬁﬁﬁ Te-cao
¥
r PV T.=Ti

CYALTOS

B13.6 ~ iR BLfk A2 % 203 B 6 A Gl S P74 F

0.9
08 —_—Co-60
—Pu-240
07
06
=]
T

1 10 100 1000 10000 100000 1000000
Area [mZ)

] 3.7 ~ C0-60 7 Pu-240 % 6.2 o ## (G HEIS 4 T o A% 0% 1 47
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External Radiation Area Factors

Area: | 380 | m==2
Radiuzs: [Meters) Fraction:
1 1.33333333 |1
2 2 GEEGEGGE6E | 1
3 4 | 1
4 533333333 | .97
5 | 6.6GGEEEEGE | BB
& a 76
7 9.333333337 | .67
8 10. GEGGGEEE | 62
3 1z |.43
10 113.3333333; .22
11 | 14 666GE66E | .1
12 |16 0097
Calculate Clear
Cument ;| 49 Receptor Location: | 25 Hze the lelt mowse bultor fe o
CumentY: | 45 26 | Awation
StatingX: || Line Length:| melers Frezs the Calewlate butfon fo ¢
Starting ¥ Scale: 50 meters | ealedaions.

113

Bl 3.8 ~ RESRAD #2353 ¥ &4+ 7 P54 % T3k T &

232 A FREFBZ T HRBNIGHRBE R

RELE

ol
>)‘+.
oR
x

MEFR | TRIAFE | REERE

v v

A b o Bk %

B B’

RARN

A BN

ISES RN

N

BN

EI3EHA

L |2 ||| |2 |<L (<L (<L
X [2-|X [ X | X [<_|<2_|<_
X [2.|X | X |X | X |<_|<_
X |2 | < | X [ | X [2 |2 |<

&N
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2 ¥ B RBRRXER NEER THEIAH b A G
o % 8% R F 30 30 25 30
BARE m’/y 8,400 8.400 11,400 14,000
FAEMLs : 0.5 0.5 0.17 0
F SR e * 0.25 0.25 0.06 0.006
BARYZ TR
B
RS * 0.5 0.1 & o &
3 %8 * 1.0 = 2 2
P A * 1.0 3 & 3
KAE 4 * 0.5 3 E:3 £
EX" L YN S 36.5 36.5 36.5 36.5
A K ® A it 510 3 3 &

'RESRAD 3t H Ak a9 ik 145 T 344 » 8400 m'/y = $f& 4% 3] % EPA Exposure
Factor Handbook Z 152 m¥/d &§F 3998 Ak & o TAF & 9145 2515 B 2, )4k 442
EPA Exposure Factor Handbook 2 1.3 m*/h 2 1.6 m*/h &4 :% $c18 -

2 RESRAD 3% E X ER AN EE R ¢t 50%0 M A A5 k£ > M T/EH A€
BA—R 6 ¥ (— 4 1,500 o¥) aBF A 407 R REAEE N ¢

TR AT R EM

‘RESRAD 3% B Xk & RSB B R & 10 25% e 05 P A 4235 Bk £ 4h > M T AR £ R &
—R 2/0BF (—4F 500 /NBF) B9BFRIFRAES R F S -

TR KRR TRER (>20,000m%) BB AR HBmRRY LT R LS -

S kT REEZABETR

"RESRAD # M 36.5 gy #9 £ 3REAE » AL LREANERLARAESE BT
AT AR

SRESRAD R # /& & £ B R 098k A A% > 3k 510 Liy @9 A% -
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s FEERREEERRAN
41 $HEBRR

RESRAD-ONSITE #2:% & & B R iz B R E -G # a > %%‘é =
RGEEEAPTHEPFT o WA RE - ZF2 O RG Fr TLBE
BT S N R B E - RESRAD-ONSITE #7258 #-p 22 07348 2 & ens
Flf A Sl FEd S#icenig st s ¥ e £ RESRAD-ONSITE 4258 ¢ =74 §
E S HET] TR S ERGE R BRER BB T g AR o Bk
RESRAD-ONSITE #2 3 fa = -k @ 3 73] 7 £k * = 5% % k03] (three-
box water-use model) %= 4 3 ¢ grcstd s d %05 (infiltration) ~ =%

¢ (sorption) ~ ;% 1 (leaching) % iv* @ #B4 1 +» T -k 2 k& (groundwater
aquifer) HB:EF 5 > By ¥ R E AR ® Y kehBiES (infiltrationrate) %
P faes 5 (leachingrate) [3,6]° 5 &c i # pt * AR HA I frde 5 B 2483
BT hiliis G oo "\’»‘ﬁﬁﬁﬁfaﬁﬁj * Rk e R4 Sl @3

AR R s feR E A DER R R >~ BRIV F (total porosity)
3 »xdt 4 & (effective porosity) ~ % -k & (field capacity) ~ x4k 5 (erosion
rate) ~ -k 4 & % % (hydraulic conductivity) ~ 2 3 # % ehdp B S 8 (b
parameter) ~ 2t 4r o % ch R #ic ~ ¢ fr % kK 4 & (saturated zone hydraulic

gradient) ~ 7 %7 % # (evapotranspiration coefficient) ~ "# & & (precipitation

rate) ~ ;g% (irrigation rate) ~ i iw T dc (runoff coefficient) = - Jg .- Hoke
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RESRAD-ONSITE 274 @ 5,35 ) F #i 145 B 48> £ ¢ 38 49w
PR AT E AP B R B Rl
RESRAD-ONSITE #25% ¢ % 4 2 k4 * iRk & o %@ > o% e 7 HE
TEHEFERF I R R IEY AN PEOREIFRE 0 A & RIpRaan

FL R ¥ A h i o B 3ER AT R 0 FE IR R LSBT R

BEEFRRRZS o P R R BT IR SEE G EY & FiE
- EF R rBER R AHBE AEEFEA LA L Bl EA L

FHNE B A R AT R

“ % Bt g ¢ NUREG/CR6697 ehftjir~ i ¢ » ¢ 44+ RESRAD-

ONSITE f#i' enS B HE 4|2 - & it o= 58 » F L 49T 5 5

LN~

-

-~

B iR T4 .H} g;h;gt/\ % [7] P‘;}i,{ﬁ‘? = ¢ » 3 RESRAD-ONSITE #&

Roenglcm e BHE KGR EBAEA AU S TR AR
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B T T LR R e A LR

(1) #4p B £ (relevance)

FBAD MR AR T O T S

1‘

(AR S SR AR I L
MEFEFLIRE Y ABTM AR - FHLT F R G R
kA B R RRE IR EUAF Sk o F LB
TEEEAPM B RIS R

€9 4

- RESRAD-ONSITE #2.5% ¢ 17 4p
= S Y

:(-) * ** RESRAD-ONSITE #4] ¢ i

2 ] 3

BT R
B L H AR

NS T RE g F
PR E R e

DB 44k (overhead irrigation ~
ditch irrigation) 3t L 3F o (=

¥ 6=

) = RESRAD-ONSITE #g.;' ¢

G e S SR A

T

v Sl 0 ke B
L ZHRRT R R RMF RSN T UFF S A APM S
IR SF- g

2

7}?_;}';7 ) ]i Lk\Fl ) ._v&]f)m"jjll‘“‘ /I;I:_l,’.
i F R ARK

\\\?{r
o
—~

S) PRk
A 0 g 1m’}§ém » TR

S WL P AR E B R A e
FA) ko 4ot p oA ¥ ks R MK Y K BT Reni Bt ] Tk

GTARH RSP F R S F AR R S JEIRT LAt ) E o d 2T Sl

e T S kg i ARG A ARM g o p L ik eD7 Ap
Bz ek o H A

TS
SRS AP Sl L 04 o

2

(2) #&Ix¥ B} (data availability)
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BT AR R R SRR R T BRFA LA
Al A s h i (-) B ¢ rldp v B M Sl iR Sl B A
AF T D RSB L R PR A RFAL Y 40F @ 4o D NRC
7 NUREG/CR-5512 Hjir~ i 7 4-%t DandD 3+ & #25% ° #7é * cngficid &
TR o4 [8,9]; ¥ b > 2 DOE + 4-%t1 3/ kens fie ik
(distribution coefficient » Kg) & 7FiF»#23 » VEBHF L adp 4 ¥ 2 &
WETiEE Rk ApRiscE [10] 0 F)p o SRR W R R R

R LR Ty SR S RN E Y S L

AT R e iy 0 FR O Ok

&
i
o
4ot
fon
E:
W
i
l Aﬁ
&
>
i
I
s
~my
3
(
‘.
\59 %tm

R S NS |
GESTANLE U & L SIS TEF EE R X TP E S

FpoU e AR A WSS 1A 34 5 A s i
(3) ###E A (parameter type)

SR Al g R -k B RS ST ] T E S
TR &z A M A Sl B TR T L (-) A4

#ic (Physical Parameter (P)) @ o #7 %8 ? SEX Mea % > d /6~ % - Rt



i TR T A S T AR R R AN - ()

7] %#c (Behavioral Parameter (B)) © u* #f % #icB~ 4>t % 48 e

\
T
%

k)
=
avs

A A BRE L LA NFEHENT RN FRBITH 0
ol &R g S8 B A8 ahik * %13 (occupancy factor) # oo
(=) 3% (Metabolic Parameter (M)) : pt 2 S8t >t 3y i A X J ik
Mg BREFBEN > 2 H A BREEET R A v EREHEA g o

B S G A A - KBTI SEkE B EE T FEE B EFEWOET S

‘\_-r
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=
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1 E & E £ (Normalized dose difference » NDD) %#c [7] > 2 i i 7% 4o

-

NDD = (Prigh=Piow) 40, (20)
base

#eo Dhign ~ Diow * Dpgse”™ W % & T 7 e BiciE X T B ~ K~ 2 A

BT EAE o 50 REM Y SRS NDD B B Sl
M SR AT R LMK LS AE 0 M FDF s 2 AE
guEzx B 12 4+ NUREG/CR-6697 # s~ it » ¥ & * RESRAD-ONSITE
A2 eh§ AT R A 47 (sensitivity analysis) # iv k3P SR ¥R E B
Fenf o d WHMER BRI TG S R ERE T G ETE LA R
TR E - F i o NDD g £ 0 B 7B pE e Jf 444 Co-60 -~ Sr-
90 ~ Cs-137 ~ Ra-226 ~ Th-230 ~ U-238 ~ Pu-239 ~ Am-241 & ~ f& % & M7 48
TS B PIER Y S EPfETIE 2 Bt NDD Bl s 2] T8 E
=L kg o 40k 4.1 2757 > NDD B4 ixyp4c™ - NDD > 1000 : 1
~300<NDD <1000 :2 % ~100<NDD <300 :3 % ~50<NDD<100:

4% ~10<NDD<50:5% ~3<NDD<10:6 4 ~NDD<3:7 4 o
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% 4.1 - NUREG/CR-6697 % #cif % W v& (i ip L 2 fre o L

AR R ¥ BIR R
i 05
Gl P RPN
BERACiETRFHEG S 1 o
BETRAN |FLEHRAER 0O EE 3o
SEURE SO L Sy
MIER L]
eS¢ kil ITAR LSy
KAHA D9 5
HBNDDE ey EE s 1575 > wF k-
¥ & B 4y NDD{& = x
1 1000 < x
2 300 < x < 1000
BEHE 3 100 < x < 300
4 50 < x < 100
5 10 < x <50
6 3<x<10
7 Xx<3

43 3L BB ERRASVHRE

B e BiEGARE  F AL SHCTER A S0 2 BT
RH B L KA L P ENERPPEE T EFT SO Bodrdk 42 7 0 B
SEATHRE DR AR AT 36 AR RIGFEE S 3 1 B Rlh

m-
1) 3

BT 10 AL PIFSE L B2 BAEI 11 A Pl
3o SWERP PR T LR F 82 83 ERMGF D hHT

Fom B A B R R B 2

EE o LD BRI T hd Rk

’gi
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ZE TR R A SRR Sy T gl SLARNEAR SR S R SR RO Y T A

KB RE S H R PR R e kR G2 8 > NUREG/CR-6697 3R 2

¢ 4% RESRAD-ONSITE #25% # 145 B $#icg 7o %> H ¢ ETF &

gh’(

1engdcd 10 B> $5% 2n%dct 39 > %% 3 5 HpF 96 B 0 k37

LFEHNTEERLIEZ B2 N5 H L 43279 BERo

2

>

51 R RFE R RE R E NUREG/CR-6697 #it % c 4 #uiE 4% v

RE

A7 R %41 RESRAD-ONSITE #4258 ch@& AR 2 77 50 8 3 % 1

\\\?{r

S Sag)

110 B S RGeS EAPTHE R F AT B RE R L
NDD #ciE » o ¥ > & HReik 5 b i e Bt RB:2 7 8 5 1 $8hi A &
Sl FES B R TR TR A PR TN R 1 P ER

A3 4rie % o RESRAD-ONSITE #2358 5 7.2 4% > i@ % sfdcif {4 7 fi 4 4
FAL KR A ICRP 38~ 48 # B #3735 7 A 5 FGR 11 - 48 b 3 £ s 3%
FlF+ FAE 5 FGR12> @ #15 e dr~ b 55~ = 4o i 4% F e (transfer factor)
2R A 8 Fd % ff Fl#c (bioaccumulation factor) B i€ * RESRAD-
ONSITE #25% s 22 fic it o & (7 § A0 R AR #T i * chff R B 8 4R
Ko Plp ¥ aRAWE > TRAFRADE FHFELE S S r 2

BOTOR PG SRRG T BRE FRBELDRT pE FAE

BT A AT 5B ¢ H oA 2 ficihiicie Bt B pFie T_f s @ (base
values) » @ & R E PFRIA B 7 F B i F B A EAME B3
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\\\?{r

B d S A R B E

5

Dhigh ~ Diow ~ Dpase > ¥ #2246 5 NDD &2 .~ cANDD fg o d 3+ 5 %% 7
I B SBNDD B EREE A P i fat PR 0 L B R WP
AP E HET b ORI o A AR SR T
FES €F AP o Fpt o it (T NDD E a5 pF > e PR 5 BN A
P8 NDD & > ¥ iF T & 4 NDD & (NDDmax) s &8 # 3530 chkd
o4t E L B - PR ET 3 2 ik L o & NUREG/CR-
6697 thip 2 P T FZ BT EF AR MERGRE DR LB RS
NDD g3t 5 » H o mant 2 By fae 3 - Co-60 ~ Sr-90 ~ Cs-137 ~ Ra-
226 ~ Th-230 ~ U-238 ~ Pu-239 ~ Am-241 - £ % > o * C-14 &2 H-3 & § jp#
TR B BRI ERBLE A2 NDDHER LI 203 B
A0 B e~ Slics Rz E Mbde ~ A BRESONDD R o ¥ - G o £
§ 4 T3 R ey~ Sodico it (7 NDD A £ 82 54 17 RI F e~ Ca-45-Ra-
228~ Cf-252 746> 1 & H.d = BRfEL § REDL R o ¥ H30
& L iR ST R § RATF T o 135 NDD i g % AAT g S £ 3T
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% 4.3 ~ NUREG/CR-6697 #7é#:E2. &% 1 2 5 % 2 44k

N

241

2% 2

Distribution coefficient (%~ &2 14 $)
Density of cover material (f§ & /& &
)

Density of contaminated zone (5 %
& F )

Density of saturated zone (2 #v & %
)

Saturated zone total porosity (£2Fv &
Ml &)

Saturated zone effective porosity (£
FoB A IR E)

Saturated zone hydraulic
conductivity (£ Fo0 & K {4 5 )
Unsaturated zone thickness (JE 4840
&R AE)

Depth of roots (R 2} )

Transfer factors for plant (44 4% #& 4%
A -F)

Nuclide concentration (#% #8 ;& 5 )

Area of contaminated zone (;5 # & @ %)

Thickness of contaminated zone (35 % & & )

Length parallel to aquifer flow (FF- 474K & i 8y &9 & F)
Cover depth (& 5 & &)

Cover erosion rate (7§ % & 1540 %)

Contaminated zone total porosity (;5 % & 4a3L[4 %)
Contaminated zone erosion rate (;5 ¥ & 43 fik %)

Contaminated zone hydraulic conductivity (;5 % & 7K /7 1% % )
Contaminated zone b parameter (;5 & b 4 #k)
Evapotranspiration coefficient ( 7 #i 1% £0)

Wind speed (li&)

Precipitation rate (4w %)

Runoff coefficient (;& % 14 #%)

Saturated zone hydraulic gradient (f24v & 7K 77 46 &)

Saturated zone b parameter (#1240 & b 4 $)

Well pump intake depth (3 7k 4 BUE )

Well pumping rate (3 7k 3h B i %)

Unsaturated zone density (FE482Fv & % )

Unsaturated zone total porosity (FE 48 Fv & 4870 F7 %)
Unsaturated effective porosity (JEfaF0 & & 2 FL1HE %)
Unsaturated zone soil-b parameter (FE¢840 & £3E b £ %p)
Unsaturated zone hydraulic conductivity (JF 40 & /K 77 1% %
)

Mass loading for inhalation (B A Z % & & )

Indoor dust filtration factor (£ P9 4 B i@ 8 1% 30)

External gamma shielding factor (#% 4} o & & i B )

Fruit, vegetables, and grain consumption (ZK % ~ 4% ~ %484
#£)

Milk consumption (4474 #£)

Soil ingestion rate (L 3g A )

Drinking water ingestion rate (£x B 7K %k A 3 )

Aquatic food contaminated fraction (7K 4 £ &5 % %)

Depth of soil mixing layer (£ 3884 & 5 &)

Wet-weight crop yields for non-leafy vegetables (FF 3 #8 #% 3 &
BEEMAEE)

Weathering removal constant ( f1% #5 I % $%)

Wet foliar interception fraction for leafy vegetables (3 % &3 &
WAL )

C-14 evasion layer thickness in soil (£3f & C-14 L% & J7 &)
Transfer factors for meat (7 #8 42 4% & +)

Transfer factors for milk (447 &% £ E F)

Bioaccumulation factors for fish (& #8541 E#5 B F)
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% 4.4~ 4]* RESRAD-ONSITE #2;% 444 % % 1 £ NDD 3+ & 2 %

;& ¢ ﬁ- " E | i 8 % & P ﬁ Diow Dpase Dhigh NDD(%) NDDmax

Co-60 5.69E+00 5.74E+00 5.742 8.88E-01

Sr-90 5.43E-01 5.53E-01 5.60E-01 3.06E+00

Cs-137 1.32E+00 1.32E+00 1.32E+00 0.00E+00

Distribution coefficients Y o ) Ra-226 4.87E+00 4.90E+00 4.91E+00 6.74E-01
(A pe th¥) %% NUREGICR-6607i1#B % 1:3.2 Th-230 9.32E-01 7.31E-01 | 1.29E-01 1.10E+02 1.10E+02

U-238 1.56E+00 1.56E+00 7.66E-02 9.51E+01

Pu-239 3.18E+00 3.18E+00 9.76E-02 9.69E+01

Am-241 1.19E-01 1.19E-01 1.19E-01 0.00E+00

Co-60 7.58E-01 2.18E-01 1.14E-01 2.95E+02

Sr-90 5.34E-01 5.33E-01 5.33E-01 7.50E-02

Cs-137 1.34E+01 4.83E+00 3.56E+00 2.04E+02

Density of cover material Ra-226 4,55E+00 4.54E+00 4.54E+00 1.98E-01
(REAER) 086 14312 176 Th-230 1.48E+00 | 1.48E+00 | 1.48E+00 0.00Er00 | Z9°F2

U-238 1.58E+00 1.58E+00 1.58E+00 0.00E+00

Pu-239 3.50E+00 3.50E+00 3.50E+00 0.00E+00

Am-241 5.82E-02 5.82E-02 5.82E-02 1.20E-01

Co-60 4.60E+00 5.74E+00 6.13E+00 2.66E+01

Sr-90 5.45E-01 5.53E-01 5.55E-01 1.70E+00

Cs-137 1.06E+00 1.32E+00 1.40E+00 2.57E+01
Density 01‘ c_ontammated zone 0.86 14312 176 Ra-226 4.07E+00 4.90E+00 5.18E+00 2.28E+01 6.09E+01

FRwRAR) Th-230 5.81E-01 7.31E-01 7.84E-01 2.78E+01

U-238 9.44E-01 1.56E+00 1.90E+00 6.09E+01

Pu-239 1.98E+00 3.18E+00 3.83E+00 5.81E+01

Am-241 1.19E-01 1.19E-01 1.19E-01 2.52E-01

Co-60 5.74E+00 5.74E+00 5.74E+00 0.00E+00

Sr-90 5.53E-01 5.53E-01 5.53E-01 0.00E+00

Cs-137 1.32E+00 1.32E+00 1.32E+00 0.00E+00

Density of saturated zone Ra-226 4.90E+00 4.90E+00 4.90E+00 0.00E+00
% HR) 086 | 14312 176 Th-230 1.25E+00 | 7.31E-01 | 5.45E-01 i

U-238 2.87E+00 1.56E+00 1.60E+00 8.08E+01

Pu-239 5.21E+00 3.18E+00 2.59E+00 8.23E+01

Am-241 1.19E-01 1.19E-01 1.19E-01 0.00E+00
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(1 F)
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Co-60 5.74E+00 5.74E+00 5.74E+00 0.00E+00

Sr-90 5.53E-01 5.53E-01 5.53E-01 0.00E+00

Cs-137 1.32E+00 1.32E+00 1.32E+00 0.00E+00

Saturated zone total porosity Ra-226 4,90E+00 4.90E+00 4.90E+00 0.00E+00
(R BIHF) 0-34 04599 068 Th-230 4.70E-01 7.31E-01 1.18E+00 9.75E+01 9.75E+01

U-238 1.20E+00 1.56E+00 2.13E+00 5.97E+01

Pu-239 2.36E+00 3.18E+00 4.65E+00 7.20E+01

Am-241 1.19E-01 1.19E-01 1.19E-01 0.00E+00

Co-60 5.74E+00 5.74E+00 5.74E+00 0.00E+00

Sr-90 5.53E-01 5.53E-01 5.53E-01 0.00E+00

Cs-137 1.32E+00 1.32E+00 1.32E+00 0.00E+00
Saturated zone effective porosity 01 0.2 04 Ra-226 4.90E+00 4.90E+00 4.90E+00 0.00E+00 1.57E402

(44 % § 22 B ) Th-230 1.35E+00 7.31E-01 2.04E-01 1.57E+02

U-238 3.07E+00 1.56E+00 7.83E-01 1.46E+02

Pu-239 6.35E+00 3.18E+00 1.59E+00 1.50E+02

Am-241 1.19E-01 1.19E-01 1.19E-01 0.00E+00

Co-60 5.74E+00 5.74E+00 5.74E+00 0.00E+00

Sr-90 5.53E-01 5.53E-01 5.53E-01 0.00E+00

Cs-137 1.32E+00 1.32E+00 1.32E+00 0.00E+00

Saturated zone hydraulic conductivity Ra-226 4.90E+00 4.90E+00 4.90E+00 0.00E+00
Rk BER) 0.001 10 200 Th-230 8.70E-02 7.31E-01 6.44E-01 7.62E+01 1.18E+02

U-238 5.67E-02 1.56E+00 1.85E+00 1.15E+02

Pu-239 9.39E-02 3.18E+00 3.85E+00 1.18E+02

Am-241 1.19E-01 1.19E-01 1.19E-01 0.00E+00

Co-60 5.74E+00 5.74E+00 5.74E+00 0.00E+00

Sr-90 5.53E-01 5.53E-01 5.53E-01 0.00E+00

Cs-137 1.32E+00 1.32E+00 1.32E+00 0.00E+00

Unsaturated zone thickness Ra-226 4.90E+00 4.90E+00 4.90E+00 0.00E+00
(R ER) 03 1.2288 316 Th-230 8.07E-01 7.31E-01 | 8.70E-02 9.85E+01 9.85E+01

U-238 1.56E+00 1.56E+00 1.57E+00 1.92E-01

Pu-239 3.18E+00 3.18E+00 9.39E-02 9.71E+01

Am-241 1.19E-01 1.19E-01 1.19E-01 0.00E+00
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Co-60 5.79E+00 5.74E+00 5.72E+00 1.17E+00
Sr-90 1.62E+00 5.53E-01 1.81E-01 2.60E+02
Cs-137 1.37E+00 1.32E+00 1.30E+00 5.53E+00
Depth of roots 03 0.9 3 Ra-226 6.36E+00 4.90E+00 4.45E+00 3.91E+01 2 60E+02
(RIMFR) Th-230 7.31E-01 7.31E-01 7.31E-01 0.00E+00
U-238 1.56E+00 1.56E+00 1.56E+00 0.00E+00
Pu-239 3.18E+00 3.18E+00 3.18E+00 0.00E+00
Am-241 2.00E-01 1.19E-01 9.09E-02 9.12E+01
Co-60 5.72E+00 5.74E+00 5.74E+00 4.35E-01
Sr-90 5.11E-02 5.53E-01 5.53E-01 9.07E+01
Cs-137 1.29E+00 1.32E+00 1.35E+00 4.02E+00
Transfer factors for plants Y e ., Ra-226 4.33E+00 4.90E+00 1.14E+01 1.45E+02
(X3 T 23K % NUREGICR-6607 1t &8 1:3.2 Th-230 122E+00 | 7.31E-01 | 1.22E+00 1a7E0r | S4EH02
U-238 1.56E+00 1.56E+00 1.56E+00 0.00E+00
Pu-239 3.18E+00 3.18E+00 3.18E+00 0.00E+00
Am-241 8.29E-02 1.19E-01 4.81E-01 3.34E+02
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feo &3

RARERLA A A ficte B

P DD LRGREE S wn | v
max
AN | TRAW | 288 | HIELE
Distribution coefficients (cm?/g)
1.10E+02 0 1 1 3 5 1
oL AR 3
Density of cover material (g/cm?®)
. . 2.95E+02 0 1 1 3 5 1
AAREA
Density of contaminated zone
o 6.09E+01 0 1 1 4 6 |
(g/em?) FHREFE
Density of saturated zone (g/m?)
. 9.69E+01 0 1 1 L 6 1
ARG ER
Saturated zone total porosity
9.75E+01 0 1 1 4 6 1
B fo @ MBI
Saturated zone effective porosity
3 1.57E+02 0 1 1 3 5 1
ffo & A AL £
Saturated zone hydraulic
conductivity (m/year) ffo &K 1.18E+02 0 1 1 3 5 1
kg
Unsaturated zone thickness (m)
- 9.85E+01 0 1 1 4 6 1
I XSy
Depth of roots (m)
N 2.60E+02 0 1 1 3 5 1
AR R
Transfer factors for plants
3.34E+02 0 1 3 2 6 1
Mt 45 B T
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246~ Fl S8 FEILAHZ HTF B4
2H L% HA A% W3 & R BAFR B

Distribution - ERMHEHHAGELEE BT P ey AR KS
coefficients (cm®*/g) ) AR AR | a9 et A 0 gh A BT sk AR — B A S M A%
Bt = MAEGRE - AMFE « R E S S
Density of cover . EEBLERHMORBEL L 2BT ATR
material (g/cm?) w0 1.5 B BARBFCD, () TR Bp B A H #3048
RERMHER 4 Bl e FRAZ

ERFEBORBEL L EHTHREH TR
Density of RAMA LR AT F > bR AR
contamination zone e s %A pCi/ g BB » AbEELET T HEMN
(g/cm’) Gl N MA PG EE o sh o A A s
ARBER A e & o B b s A BH PR RIS

ERBAENOVE
Density of saturated RABPENIRE & ATk &ﬁ% o
zone (g/em’) 43 L @%%ﬂ@fﬂmm@mannﬁimﬁ%'
BB TR il ' ST B 7S M S A R B A 9 A5

B 3|5 8 @ RT S AT 6901

€ & i Fo @ oy 7L I A8 A 9L s o @ 48 58 Fr Ytk
Salurglcd zone total - > BRSNS ARG o)t R T
porosity ] 0.4 (retardation factor) st & EE Bl 14 + T B 33 B4t
o IR % e PEAZ AR 30 F AR A b M 4 A5 B 155 5 B RCF

3 15 L5 P F o) B ]

B & Ao B P KT A P B2 TUTR 69 8 B s
Saturated zone fof0 & AR A oY LL A 0 AR BPABTLIR F BErR AN
effective porosity 43 02 é@?LE#ff%iH#iﬁ%bﬂ:@%#@i@iﬁﬁb%ﬁ*ﬂl:é?ﬂiPﬁ
‘%’,f“@’gﬁ;?tf‘%% Al 15 é’]?tf‘éiﬁﬁifﬁ#]%%i ? "Iﬁ$§§+33i%

MAZAEE T K L G825 L ERT

W 15 G P F o B ]

EELE—AKNBEZT - afBE P LEAREK
ﬁ;;”rgﬁg o activiy | 032 B A1 o PR ARG A A B b 3 K 0 ik «
(m/year) 1 100 Fo@ o AN R EF RN R T TRRR  B4H
t oK A BA KR BIK 615 A BF F] SUR K P S

8 e AR -

&N TR BRI T H fod T AR 2 k&Y
Unsaturated zone RFERBEHEE - GARMEEERS
thickness (m) i 4 %@ﬁﬂ&ﬁ?*@mﬁﬁoﬁﬁﬁﬁm%m
A B 7l BB (breakthrough time) # & - Kk o B &

WEAHEEAGN RS e EED

Mo F KA A 8§ -

EE MM E T 895 RARIRE > A

CHEHMBRBRIOS SN T - £ F
Depth of roots (m) 43 0.9 HADT LA Rd RPARE - E¥msHf- -5
ARSR IR A ' B ERER) 2P BABRLARETEY

—# 0 B AN MR- F SRR eERE

ARKEE R LR -

Transfer factors for SE A W AR PR B 0 BT A SR 4 A
plam‘s ) 2 . AR AR LR P AR Z L
BB ET Al BB ERRELEAY AE - FERE

REOBEET
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T PRSP SNE R G A 4
51 $-#ciEiE T indg

oA gE L v ow o FArit 0§ 1% RESRAD A%3% iE (758 F b
BAE A B 50 AJL R 5 HRESRAD 3-8 chdp B S8 0 5 4
¥ % 17 4% NUREG/CR-6697 4 2 fif4k A @ £ 4 ;
#F 7 417 RESRAD AL ¥ #7 i g 40 A 45 7 it > & i i NUREG/CR-
6697 2% 2 Fitdr B ¢ AT T Ak Sk Sl i o Jput T AR E T g
AR k] %L SdicehE B % o & NUREG/CR-6697 chdf 2 ¢ ¢ 4-4f b if
GRS S S SR - A en2 R IR g2 e R
FEELOLE HNBMAEL G AL ORT > w2 R KRR EE
A BT WA PR R A S ) Ripd Slcendic® o Fpt 0 g
SHcn B E R R K21 T - B IS RESRAD 42503 B prik
iﬂﬁﬁﬁ’#%%%@@%%%&%ﬁiﬁ%§ﬁé%iﬁ%*§%%

TR hk e R o

it * RESRAD A2 % i& {7 ¥ B % 5 chf il § & 2 57 DCGL
AR 5 At s A B P ehd s R licr 2B N PR B o F1

H> ¢ F R E >R 22 DCOL chE & S8 Pl PRI en 50
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PE-FPE 2V AP REET ZEHFF FRDCEME - A T

EH S RGE AR E A T Z B AR RRII(L) 75 Sl A B 4

Belt GETR IR Y MR 5 A T A SHE T AR M o 4 el i

SR G R R A B A T odiE o (2) A Sl REF A B Ruaken
B (¥

Pla g LRRCEEFRT

i 2T L) R R

T RALILS N P B o (3) HATE E BT T R R B e A Sl

'~\

SO AFRA RO E R MY > R R F AN EE R LR D

Bl AR L& g o

Bl 5.1 #757 % %% SW. Taylor % 4 »+ 2003 & #74% 41 ch— £ S #ici® iF 2

AR M RE R BB R £ R R R T R AR T Rk B

=f

BOpEs N 2o E PR ATER P entag2 o 4o Yankee Nuclear Plant Station~
Maine Yankee Atomic Power Company ~ Haddam Neck Plant % [11-14] o 4]

G B AR S BB L P 0 B AR AR SRS AL S A B



Hyh- 2B Rk FRF2RC > B LHEET L gF 2 R o dok ik
SV AT LT AL PR R TP EREEBEM > BV #
BAFRZ AN SE Ak Y g2 RO REW > HET § e nhdieh
FARLAS R S IR Sl A AR S BB bR R s R s R

4%

LA

)

POk B g § M AEA R Eeamp v A A2
i o PR R S Al S S B B R AR
7 %#’\%ﬂ’— /Aiﬁ.ﬁ] i miﬁ;; Q‘F Lmﬁi:m — VY N4 Fﬁéﬁi—i‘ﬁ

FHR T O E 7T o F]P > 13 g i@V B 51 NUREG/CR-5512,

—\

L

El o

Vol. 3 ¥ #ii% g dicim [15] » & 4 * RESRAD #23% thph 22 55 %

p LA S E g2 B W R T > TR AR 5L ¢ ek R
B Sdcie > HnAede™ (1) 4P NUREG/CR-6697 3% & "4 B ¥ #rdg )

SHARM N BB T BT s B AP LS B RERGF A

—

/4T =% I 2 2, o2 T
PERE B oF e RZE

#..
e
=)
:\;?
%%,
/”
_%N
o
u\\

,\
3*”
w
"ﬁr

PI¥ 2 4%4%* RESRAD #2353\ ¢ ik m & %7 & (4 : NUREG/CR-5512,
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2 A S BET i BEFF BT E Mg oo oA H R
DCGL » #3852 % 2 /f 245 NUREG/CR-6697 3F 2 ¥tk C th™ j2 & (7:%
BB R B S M4 58 £ 4 17 (probabilistic analysis) & 7 Fxd A 47
(uncertainty analysis) > # *ﬁf Lok A T T $ 18 A Rl EOY AR 1 Sl 2EAT

R 5Hco(3) § *g PEF A SA A 7S % 0 T LS d SliohBo R st

AR R RE S 2 HE M EEDBE S 5B % (partial rank

\f“lﬂ
.sf

correlation coefficient > PRCC) » I # 5 #* 4& % ]

£ PRCC faliccn@ %118 < 3t 025 P4 737 S8 s 2R 1 2 5 20

PRCC 2| &>t 255 2 S8y > RIZ 5BV B o4k ™ 3% Sds  cnv

N

Rt B2 T 0 L ARET B A F T5%F A o lic @ &

£

il
|

Lol A F P ko B REA S - 2 G o § 3 ST g S
a7 F @2 PRCCEHE X025 HE @& 5 f #&F > 47 2 28®
HEEZ BRI M ARITHTE2 T MESEKERNTEE LS
25%F & it s endicis o d b bV G PR Mg S £ A w;rt? LIRS E
FEF L EHBMEDP L 0 AP R R T R RS
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DCGL 35 pF » A B 2% 20t (7 2B B E Tend B 4 et 3 3 o

5.2 $E% fLig SEME A 45 3 ] 4

NRC 73 B KRB E L & 5 3=k anik it % 434 (Standard

=F

ReviewPlan > SRP) FF » T B 43w A £ i35 2 fEF A 78 4 FE 20 7
E &M > 5 Flpt NRC * 1999 £t N LA R RrF %R T 0 7

RESRAD #23% ¥ A7 il Ap i# P53 {245 St 40 R 4 47 st &0 o Jf 248 P18

,
9
f
)
I

e FE TR B A o B ARGE (TR PG S E A T A

AT RGAMETEEF ARG IRy o 2t 2 2
SRR AR R AT > 4 T e BEE T I E bk S R
K> % - B 52 %7 5 RESRAD-ONSITE #2;% z_ /x T |+ 4 +7 (deterministic
analysis) £ #£5 4+ 4 47 (probability analysis) = f&7% I 4 45 #-5% ePL 4 o1

LB [16] - ¥ m e A H o AR E R BRI 7T mﬁi%]% %

B RBE - B HEE > RisantE 2%k 13‘@] - BH - B E B

AT B R SR R F T RO RE R e L

\\\?{r

WHAAETET R EROFREE o pHE O MEFELITHSRE S "3@?]”

\\\?{r

FeihF FE A o M AR E R h i AP AT L iRdp SR R

PR Sl TS BN AL T o K RRA T BRI R
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e AR AT S TlE o d R - B AR H -
FEE Sd bR E2 57 d ,f‘:é%ﬁ%]:'!f??ﬂ% s B R M o
£/ SBT3 IR R L R R e S |

8L Scadp M o 12T 44 RESRAD-ONSITE #2358 e 4. 45

WA AT FEFRR [17]
(1) 255 Bk Te3p

RESRAD-ONSITE i S R RE A IR A PR
[ A 45 B EE 0 B4 2 ¢ 0 7 T RESRAD-ONSITE #2538 % =34 /7 6 %

g K AR - N K R - B - R

-k

L
LR BGR TS A 47 0 RpF > RESRAD-ONSITE #25¢ 4 ¢ &=
SR AT BT E I BT o R F PR A F A
{ren S gl By ~ f 48T F8 et it4 » RESRAD A23% o § p o f e o
Wk 2 F o RERTERNEFE 206 P74 37 hd s
I ﬁiﬂ 4 (Interactive Output) F & ¢ F4i% S 8cAp b chsis A 455 %

4o @] 5.3 #777 o
EORETRR S
B 5.4 #777 5= RESRAD-ONSITE 42 ;% e a9 2 F o 0 = & 35
7 E; /\'E" .
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(-)F54@) % 2BAFa LT 6 > 7 HPR ARSI A g
oo LT HON A TS F A Sl Rl e B 5.5 47T ihge b
q_iE3k U-238 & fie f2dic i Lognormal distribution » = H & # cn3i2t 4p B
%5 1=4.84,0=313 » 1|* RESRAD A2:$ij ) #7 17 & $f e s <

T eh o % A s F B (cumulative density function) o

(=)®B 54 (b) 5 BB T & ¥ H T R A PR g
(random seed) ~ B~#: =t #ir (number of observations) ~ 12 2 B~k e E 4f =X
#c (number of repetitions) » ¥ ¥ :E & # * 3+ + % (Monte Carlo) P~k

;% & Latin Hypercube B~ (LHS) -

(=)® 54 (c) g‘ﬁﬁ”ﬁfﬁgﬁﬁ S B2 B entp M MK ’l%q*'?{‘f'.tﬂ:pd.‘,frlg
BB R WM 0 T AT 6 S B R B K (M
ﬁ‘ﬁi%@ hst-l~1) e bldr ! T4 HRNBREF ¢ £ s 3R % (total

porosity) % IR j Ap B PR Tk 0 R R G4 MAER AT 60 80 B S

N\

3P B e 0 RESRAD 4258 T ¢ R ot M (iR (7355 B S 8oinPik o
B 5.6 #7177 T H KT AT R R BRI Fagp i Rk 25 -0.8 pFenBe
HEE A A BP AT R EAE 3Bk F S Bofkdic s 300 ehi %

F R pEd iR B BT e PR

(2 )81 54 (d) I 5FEd 2495 % ok 2 F &

&
-
fod
=)
)
e
R
S
tz\
ik
Jreks
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(peak total dose) ~ kg fa e B FZ R [T EHE ~ M E L LT E
T IORE R gt R H T ORI R B R R EE R AT

S éisa] DFE 2 B p b o T L E Bt A AR B (Rl ) @
%  PCC (partial correlation coefficient) ~ SRC (standardized regression

coefficient) -~ PRCC (partial rank correlation coefficient) - SRRC

(standardized rank regression coefficient) -
(3) $-dcB-4 2

do b oorif o i RESRAD 238 7 ¥ MR TenBoi 2 i @ 7 F e + BB
i% 22 Latin Hypercube B~4£i2 & f& o H ¢ » 3 + BBogki2 B * N %

MRS A F P B E BN R R DN T E

A

2. PE S SN K=
P E PR B A 3

~.

L r AT FERIP DERFE o RO AR LT
AP RLEEY ARLWIHEFR > A VAL RS ENLE o

1 ¥ o Latin Hypercube B~452 B € A B~fim » LB # R %k 5 & F

B3, 52 P EWFEFIE > 2TH A O IR BRI ARE TP died 2o
Bofs W A in S RV IR 2 B FRES B R o T 5 @ % Latin Hypercube

PR T L RE PR A AR TR A A o A BT R
ADET E AREFL - A2 BAREOT e BB T
3-8 5 B Peid ehfeac o B 5.7 47 Tf]* RESRAD Azt 5 + B

B-4%/Z &2 Latin Hypercube B~k 2 & 7 U-238 & fie M fcenP~i B % (% A ¥k
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5 100~ €45t 8 1000 # P g d ol MR T B dk) PR
B IRE Y R+ BBk % % 5 B 47 0 @ Latin Hypercube B 4&
Btk B % R 49 { 5 ik 1T Lognormal distribution g4 # o Tl s i (T
PEF Mo 7P o 2Rk @ * Latin Hypercube B~4%72 > #4425 3

®OACR Oy~ Sl
(4) 4p B 5 BcE )

PEFE AR T UREREEDRAFWIAF > PR T v
AT R AR R R Sl B inta i e dEd AP M T licen
A R = SR R R A D Sub S A HER  pk b
Fotpl G HE G T 0~12 B BT 04 T8 FEEHE R
FAPH  BRT L RAT AR FEEHERE LG RARM o dod i

RESRAD #%3;\ ¥ 1 3% ik enjp i 2 fcg 3] ¢ 7 PCC~SRC~PRCC~ 2 2 SRRC

|~

> 3g o H¥Y » PCC & ;é?@l» FEEHE BDE BRFAFT 0 AR P UG
B~ Sl B 2 s B 5 5 SRC A 37 PRI L v i~ Sl H R
B gcE ([BE-ToE)REL) A7 @ LF P Sl FFFE -8
B rig S end R ¥ 0 FECOPHE L2 kA PCC & SRC
AT R YRR B Sl AR o § A F 2B s it

ML ChpE o R A Slcd P DI EFEA S ARPEASELERT

jF~ 17 > @ PRCC & SRRC Al & e S8t A 2 18 > ¥ B B2 HRF I deiE
57



@ EE AT E AR it - A T R BT E S A F LA
B %~ B A F B F S RE A F Rayp o @ * PRCC & SRCC it i

1P B8 TR s 47 A PR £ iR o

5.3 ﬁﬁ > S Bch F R

d @it 2. ffcs 858 A s {1 7 5 0 RESRAD-ONSITE #2.5¢ m@] INE 3
TRELEEPRET UL L E % 1~ % 3od 20 E % 3 hfice §d £

BERERMNI) RN R LR 5 D B R E PP BB R EH R
FREBWDEL D Lo FRPEHE NS ME % 3 S8r 2 §REFMF
Mot a7 EEREY FTHKE e > a1 B35 2 2K R
BAOERBM ) APEFPEREAIAIM RS Y > 2 SHHE R 1 BE s 2
R e gdcdy TR A F AT P e R AR A e [7,17,18]

BEARp Sy 3 AR, AT Y R EMFEHE AT 0 A g

pAS

HEFT R REERF S ¥ - BARRY REBEREY &
EEREE A ZREEFESIBEAE ST - £ 51 57 RESRAD-
ONSITE #2548 ¢ < 3Ro g & S8z %83~ 13 22 B orEikeans
F A [18] o dod Arom o X FMA ARG RE A F AN N FES T 512 I

2 %% > #X humidity in air ~ indoor fraction ~ 12 2 inhalation rate & 2% " %

B3 M RSt AY S R AE AT AR PRFILN Z B REL
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RESRAD-BUILD 425 ¥ #LEF4F 5 & 5 2 Sodicr 7ot &gt
A HEEA] o b ¢ » RESRAD-ONSITE A28 ehddic A # e 2 A &R¥ A4 5
23 4% (uniform distribution) ~ # i 4 # (normal distribution) ~ %+#c¥ i
/% (Lognormal distribution) ~ = & 254 # (triangular distribution) ~ 14 2

B 5% (empirical) %7 /A2 > MY L A F A M G H B P 4o

(<) By AF S EAENAE > PR KSR AT - BEFL P R
Wodp % o 4o 5.8 “77 o & RESRAD-ONSITE #25% ¢ 47 % fc 3 35

FAFERPETH LT RS EEE < E THY Hadbe

(=) ¥t 12 %i;;:g;%”m\# » ERPE Lo L I e o
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(a } Uncertainty Analysis Input Summary

Sample ificati : i Input Rank Correlations 1 Qutput specifications
[ Variable D [ Statistics of U in variable
of contaminated zone . Contaminated zone total porosity
ated zone total porosity o
Distribution  [TRUNCATED NORMAL ;I Default
Mean [Mu) | 425
Standard deviation (Sigma) | 0867
Lower quantile | po1
Upper quantile | 939

(b)

s Input Summary

] Parameter distributions ] Input Rank C 1ati ]

Dutput ificati

Sampling r

Random Seed: _1 000
Number of Observations:

Number of Repetitions:

Sampling Technique

@ Latin Hypercube
O Mente Carlo

about cumrent

Itis desirable to repeat the uncertainty analysis a number
of imes in order to estimate the tolerance limits on the
uncertainty { probability statistics

Forexample if 500 observations and 10 repetitions are
specifiied, 10 sets of 500 sample values will be generated
for each input variable selected for uncerainty /
probabilistic analysis. Each set of 500 sample values will
coverthe entire distribution specified for the variable.
Each set of 500 obsenvations will produce a set of 500
RESRAD outputs. The uncertainty { probability statistics
can be computed for each set of 500 outputs. The 10 sets
of repetitions will be used to compute the tolerance limits
on the uncertainty / probability statistics
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- Dutput-lnput lation and options
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# 5.1 ~ RESRAD-ONSITE #2;' € & %82, & %% ~ 5 7] 2 2k e # 3| ¢

Assigned
Parameter Priority® Type® Distribution Type
Density of contaminated zone (g/cm?) 1 P Normal
Density of cover material (g/cm?) 1 P Normal
Density of saturated zone (g/m”) 1 P Normal
Depth of roots (m) 1 P Uniform
Distribution coefficients (contaminated zone, unsaturated 1 P Lognormal
zones, and saturated zone)(cm®¥g)

Saturated zone effective porosity 1 P Normal
Saturated zone hydraulic conductivity (m/yr) 1 P Lognormal
Saturated zone total porosity 1 P Normal
Transfer factors for plants 1 P Lognormal
Unsaturated zone thickness (m) 1 P Lognormal
Aquatic food contaminated fraction 2 B,P Triangular
Bioaccumulation factors for fish [(pCi/kg)/(pCi/L)] 2 P Lognormal
C-14 evasion layer thickness in soil (m) 2 P Triangular
Contaminated zone b parameter 2 P Lognormal
Contaminated zone erosion rate (m/yr) 2 P.B Empirical
Contaminated zone hydraulic conductivity (m/yr) 2 P Lognormal
Contaminated zone total porosity 2 P Normal
Cover depth (m) 2 P None recommended
Cover erosion rate (m/yr) 2 P.B Empirical
Depth of soil mixing layer (m) 2 P Triangular
Drinking water intake (L/yr) 2 M.B Lognormal
Evapotranspiration coefficient 2 P Uniform
External gamma shielding factor 2 P Lognormal
Fruit, vegetables, and grain consumption (ka/yr) 2 M.B Triangular
Indoor dust filtration factor 2 P.B Uniform
Mass loading for inhalation (ug/m®) 2 P.B Empirical
Milk consumption (L/yr) 2 M,B Triangular
Precipitation rate (m/yr) 2 P None recommended
Runoff coefficient 2 P Uniform
Saturated zone b parameter 2 P Lognormal
Saturated zone hydraulic gradient 2 P Lognormal
Soil ingestion rate (g/yr) 2 M,B Triangular
Transfer factors for meat [(pCilkg)/(pCi/d)] 2 P Lognormal
Transfer factors for milk [(pCi/L)/(pCi/d)] 2 P Lognormal
Unsaturated zone density (g/em®) 2 P Normal
Unsaturated zone effective porosity 2 P Normal
Unsaturated zone hydraulic conductivity (m/yr) 2 P Lognormal
Unsaturated zone, soil-b parameter 2 P Lognormal
Unsaturated zone total porosity 2 P Normal
Weathering removal constant (1/yr) 2 P Triangular
Well pumping rate (m*/yr) 2 B,P None recommended
Well pump intake depth (below water table) (m) 2 P Triangular
Wet foliar interception fraction for leafy vegetables 2 P Triangular
Wet-weight crop yields for nonleafy vegetables (kg/m?) 2 P Lognormal
Wind speed (m/s) 2 P Lognormal
Humidity in air (g/m*)* 3 P Lognormal
Indoor fraction? 3 B Empirical
Inhalation rate (m*/yr)® 3 M,P Triangular

?  Priority as determined in Cheng et al. (1999). For RESRAD, Priority 2 parameters exclude nuclide concentration, area

of contamination, length parallel to aquifer flow, and thickness of contaminated zone. These parameters are directly
measurable as input from a site, and no meaningful distributions can be developed. For RESRAD-BUILD, excluded
parameters include radionuclide concentration and source length or area.

P = physical, B = behavioral, M = metabolic, when more than one type is listed, the first is primary and the next is
secondary.

¢ Section of this report providing the distribution assigned to the parameter.

Priorily 3 parameters wilh corresponding Priorily 2 paramelers in RESRAD-BUILD.
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DOSE: All Nuclides Summed, All Pathways Summed
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% 6.1~YNPS ¥ % fe2 M > 4% 2 L % ¥

Radionuclide Half-Life (in vears)
H-3 1.228E01
C-14 5.730E03
Fe-55 2.700E00
Co-60 5.271E00
Ni-63 1.001E02
Sr-90 2.860E01
Nb-94 2.030E04
Te-99 2.130E05
Ag-108m 1.270E02
Sb-125 2.770E00
Cs-134 2.062E00
Cs-137 3.017E01
Fu-152 1.360E01
Fu-154 8.800E00
Eu-155 4.960E00
Pu-238 8.775E01
Pu-239,240 2.413E04
Pu-241 1.440E01
Am-241 4.322E02
Cm-243,244 2.850E01

# 6.2~ YNPS ¥+ & fu#rid > 2. b T %82 H #icig

¥ LM e 5 &1
Area of the Contamination Zone ;5 ¥ & @ & 13,022 m?
Contaminated Zone Erosion Rate ;5 % & /% ¢k % 8.5E-04 m/y
Humidity in Air % 5% & 6.1 g/m’
Average Annual Wind Speed &34 )a:& 2.03 m/s
Precipitation [ fh % 1.2 mly
Irrigation Rate i Bt % 0.435 m/y
Contaminated Zone Total Porosity 75 # & 43L& & 0.43
Contaminated Zone Effective Porosity 5 4 & % # L[ % 0.383
Unsaturated Zone Total Porosity Jf48fv @ #7014 % 0.43
Unsaturated Zone Effective Porosity 40 & # 24 FLIE % 0.383
Saturated Zone Total Porosity 48 Fv & 48 7L 4 £ 043
Saturated Zone Effective Porosity 4440 % 2 FL[4 % 0.383
Saturated Zone Hydraulic Gradient ffo & 7K /7 # & 0.1 feet/foot
Well Pumping Rate # 7K 3d B & 376 mily
Watershed for Nearby Stream or Pond F 3 J% i 2%, it 38 7 3% 7.77E+05 m?
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# 6.3~ YNPS 2 % B ¥ At 12 %% # PRCC #ciE & ¥4 Ji 5 25% ¢ 75%

A SEE
(X1 UL PRCC | Value for 25% or 75% quantile
Depth of roots (m) #R2F7F A -0.59 1.17E+00 (25%)
H-3 Kq of contaminated zone (cm¥/g) 5 i & 4 B2 1% 8¢ -0.54 4.30E-02 (25%)
Thickness of contaminated zone (m) F £ &EF E 045 2.89E+00 (75%)
Depth of roots (m) R R -0.59 1.17E+00 (25%)
C-14 Thickness of contaminated zone (m) 5 % & & & 0.48 2.89E+00 (75%)
Thickness of evasion layer of C (m) #6936 i & & & 0.35 427E-01 (75%)
Meat transfer factor for Fe (pCi/kg per pCi/day) . - 0y (750,
] Fe 2 i 5445 B F 092 3.91E-02 (75%)
Fe-35 Plant transfer factor for Fe (pCi/g plant per pCi/g soil)
Fe 2 #i 445 B F 0.68 1.83E-03 (75%)
Plant transter factor for Ni (pCi/g plant per pCi/g soil) . o
Ni 2 4 #4445 B F 090 9-11E-02 (75%)
Ni-63 Milk transfer factor for Ni (pCi/l per pCi/day)
Ni 2 44448 B F 0.80 3.21E-02 (75%)
Depth of roots (m) R 2FFE A -0.49 1.17E+00 (25%)
External gamma shielding factor 4% 4 #o % /& ik B 0.95 3.98E-01 (75%)
Plant transfer factor for Co (pCi/g plant per pCi/g soil) . o
Co-60 Co 2 #i i 45 H F 0.67 1.46E-01 (75%)
Meat transter factor for Co (pCi/kg per pCi/day) - 4 (<0
Coz A ET 0.36 5.86E-02 (75%)
Plant transfer factor for Sr (pCi/g plant per pCi/g soil) : <o
Sr-90 Sr 2 #i 4 5 BE 3 0.93 5.90E-01 (75%)
Depth of roots (m) #R2F7E -0.53 1.17E+00 (25%)
Nb.o4 External gamma shielding factor 4% b Ao % & ik B -+ 0.99 3.98E-01 (75%)
i Kd of contaminated zone (cm¥/g) 5§ & 4 &2 {4 2t 0.30 3.31E+03 (75%)
Plant transfer factor for Tc (pCi/g plant per pCi/g soil) . o
L To 2 i B 3 0.88 9.16E-+00 (75%)
“ Depth of roots (m) R 2F A& 044 T17E100 (25%)
Kd of contaminated zone (cm?/g) 5 i & 4 &2 15 # 0.49 4.28E+00 (75%)
Ag-108m | External gamma shielding factor #% # 4o & & it B F 1.00 3.98E-01 (75%)
Sb-125 External gamma shielding factor 4% ¥k Ao % & i B F 0.99 3.98E-01 (75%)
T Kd of contaminated zone (cm/g) 5 i & 4 & 15 # 0.29 3.31E+03 (75%)
External gamma shielding factor 4% k fo & B it B 0.84 3.98E-01 (75%)
Plant transfer factor for Cs (pCi/g plant per pCi/g soil) ey
Cs 2 #i i # AT 0.84 7.82E-02 (75%)
Cs-134 Depth of roots (m) 4R A -0.33 1.17E+00 (25%)
' Milk transfer factor for Cs (pCi/l per pCi/day) 0
Cs 2 % 45 4 45 B F- 0.32 1.39E-02 (75%)
Meat transfer factor for Cs (pCi/kg per pCi/day) 0
Cs = A SRR 15 B F 0.35 6.51E-02 (75%)
Plant transfer factor for Cs (pCi/g plant per pCi/g soil) 0
Cs = i b 15 B F 0.88 7.82E-02 (75%)
External gamma shielding factor #§ Mo % B ik Bl -F 0.75 3.98E-01 (75%)
Cs-137 Depth of roots (m) #R 3R K -0.39 1.17E+00 (25%)
Milk transfer factor for Cs (pCi/l per pCi/day) . o
Cs 2 44548 B F 0.39 1.39E-02 (75%)
Meat transfer factor for Cs (pCikg per pCi/day) : 0
Cs = ) S8k 5 B F 031 6.51E-02 (75%)
Fu-152 External gamma shielding factor 4% sk 4o & & it B F 0.99 3.98E-01 (75%)
Eu-154 External gamma shielding factor 4% sk 4o & B it B 0.99 3.98E-01 (75%)
Eu-155 External gamma shielding factor §% b 4o & & i B F 0.99 3.98E-01 (75%)
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(1 FE)

Plant transfer factor for Eu (pCi/g plant per pCi/g soil)

o 0
Eu 2 #4458 3 0.29 4.21E-03 (75%)

Plant transfer factor for Pu (pCi/g plant per pCi/g soil) . o
Pu-238 Pu 2 4 #4845 B 7 0.92 1.83E-03 (75%)
Depth of roots (m) #3FEE -0.54 1.17E+00 (25%)

Plant transfer factor for Pu (pCi/g plant per pCi/g soil) o

- Ve
Pu239 Pu 2 {45 B F 0.92 1.83E-03 (75%)
Depth of roots (m) 3 EE -0.53 1.17E+00 (25%)

Plant transfer factor for Am (pCi/g plant per pCi/g soil) . o
. Am Z 454 5 B T 0.85 1.83E-03 (75%)
u- Depth of roots (m) #23FFE -0.44 1.17E+00 (25%)
Kd of contaminated zone (cm’/g) i5 4 & 4~ At 14 8% 0.28 1.20E+04 (75%)

Plant transfer factor for Am (pCi/g plant per pCi/g soil) : 0
Am-24] Am 4 #5 B F 0.92 1.83E-03 (75%)
Depth of roots (m) 4R 3R A -0.54 1.17E+00 (25%)

Plant transfer factor for Cm (pCi/g plant per pCi/g soil) o
s Cm z #4445 B T 0.91 1.83E-03 (75%)
m- External gamma shielding factor 4% #h 4o % B it B 0.58 3.98E-01 (75%)
Depth of roots (m) # 3FF L -0.50 1.17E+00 (25%)
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# 6.4 ~ YNPS 2 T B2 2 3% DCGL =%

2l o4k L &5
Ei R BRI R

YNPS #E B (RESRAD 6.21)

A% (RESRAD 7.2)

i (mr?ﬁfi o DCGL (mr:)]:/li . | DCGL | DCGL3sim2
pCi/:q,)p (pCi/g) pci/}_r,)P (pCi/g) (%)
H-3 6.79E-02 3.7E-02 6.82E-02 3.7E+02 0.00
C-14 450E-00 55E-00 4.06E+00 6.2E+00 12.73
Fe-55 8 57E-04 2 OE-04 0 10E-04 2 7E+04 26.90
Co-60 6.21E+00 4.0E+00 6.29E+00 4.0E+00 0.00
Ni-63 3.07E-02 8. 1E-02 3.45E-02 73E+02 20.88
5r-90 456101 175100 1736101 145100 17.65
Nb-94 3.46E+00 7 2E+00 3.46E+00 7 2E+00 0.00
Tc-99 1.76E+00 1 4E+01 1.97E-00 1 3E+01 7.14
Ao-108m | 3.44E+00 7 3E+00 3.45E+00 7 3E+00 0.00
Sb-125 7.82E-01 32601 7 79E-01 32E101 0.00
Cs-134 5026100 50500 5 300100 475100 ~6.00
Cs-137 2.92E+00 8.6E-00 3 14E-00 8.0E+00 26.98
Fu-152 2 43E-00 .0E+01 2 45E+00 1.0E+01 0.00
Fu-154 2.63E+00 9.5E-00 2.65E-00 9 4E+00 _1.05
Eu-155 6.20E-02 10E-02 6.31E-02 4.0E+02 0.00
Pu-238 7.48E-01 33E+01 8 43E-01 3.0E+01 29.09
Pu-239 8 30E-01 3.0E+01 9.36E-01 2 7E+01 210.00
Pu-241 2 54-02 98E+02 2 95E-02 RSE102 1327
Am-241 8 50E-01 2 9E+01 0 72E-01 2 6E+01 210,34
Cm-243 7 85E-01 32E-01 8 55E-01 2 9E+01 2038
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Abstract

This objective of this sub-project is to establish the preliminary guideline of
the Scheduling and Work Breakdown Structure(WBS) for reviewing the
decommissioning plan of Taiwan from the experiences of decommissioning
nuclear power plants of USA, Germany and other countries. In this sub-project,
we study and analysis the experience of the Scheduling and WBS on

decommissioning nuclear power plants.

In this study, information of USA, Germany and the related regulatory
guides of TAEA were collected and studied. @ The detailed studies and
comparisons among them were performed. Moreover, the top priorities and key
issues for the decommissioning, further administration recommendations, and the
preliminary guideline of the Scheduling and Work Breakdown Structure(WBS)
from the studied results are proposed to elevate the auditing technology of the

decommissioning plans.
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Example U.S Transition Plan (Planned Shutdown to DECON)

Years from Permanent Shutdown

3 2 R 1 2 3
| 1 | |
~ ] Tl v
-8 Trans‘liﬁ%:?erriod 1 pant Transton by
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Requests for NRC Orders Rescission - 1
Emergency/Severe Weather Security Exemption 1 . 1 BNRC mpﬂnm
CFH Training Program i | I
Site-Specific DCE Prep & Submittal 1
Permanently Shutdown Emergency_PIan (PsEP) N : : - :
Decommissioning QA Pian [N = 1
Initial Site Characterization (Including Non-Rad) _ 1
EP Exemption Request /| PDEP L ' : m !
PSDAR Prep & Submitta !
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DTF Access Exemption Request BEERREEERRERRREan 1
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= Generic DTF Amount Implement PDTS, CFH, DQAP, Security Plan to DTF
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I
I
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Years fom Permanent Shutdown
-1 0 1 2 3 4 5

~2.3 Year Transition Period —»:
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20 Year Plan

™ 20
Quarter | Quarter |37 Quader| 4% Quarder| 1MQuarer | o, |3 Quorer| o e

SYSTEM RETIREMENT

DEC procass and procedure fevisions 10 turn off systems ® ALL SYSTEMS RETIRED
IMPLEMENT COLD AND DARK

Systerms dé-energized, effluents eiminated. arlgopping. and temporary power ring ’ PLANT COLD & DARK
ostobished

DECOMMISSIONING POWER RING
Tempdeary power ring supples ol equipmin! for Cold end Dark |

SPENT FUEL POOL ISLANDING v
Engineering ond modificotion implementation

PERMANENTLY DEFUELED TECHNICAL SPECIFICATIONS

‘ Approvad
Submitted
| TECHNICAL SPJCIFICAT!ONS IMPLEMENTED
E-PLAN SUBMITTAL s
’Appfovad |
e SFSI OFFLOAD CAMPAIGN

ISFS| PROJECT | §

gﬁ ﬁ I; Ei &&&( ISFSI)X_ Engineering and Procurement fl | I

ISES| Permit Amendment |
e ISFSI PAD: E){PANSION
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SAFSTOR WET
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08 2004 2015 5
2014 2014 2015 2 201§ o | 2006 217 2018 2019 2020 | 2021 | 2022 2023 2024 | 2025 | 2026 | 2027

MAJOR
D&D
COMPLETE

0 Major Milestone

COMPLETION OF REMAINING SITE

2028 2029 | 2030 2031 2032 2033
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I 1 108 4 WTERMINATION PLAN,RESTORATION
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Phase 2: D gts: . Phasze 4: Phase 5: Phase &: PhaseT:
Department SF Transfer to Duriryn D::!;m Diry Storage Only|Ory Storage Only| ISFSI License ISFSI
Dry Storage (l_lr?iis 13) ’ (Units 1-3) (Unit2 & 3) Terminaion | Demolifon
Spent Fuel Shipping 0 0 2 2 0 0
Decommissioning 0 0 0 0 1 1
Enginesring 1 1 1 1 0 1
Maintenance and Work Control 3 0 0 0 0 0
Operafions 45 1 1 1 0 0
Qversight and Nuclear Safety 1 025 0.23 023 0 0
Radiation Protection and Chemistry 6 4 4 4 1 2
Regulatory and Emergency Planning 0 0 0 0 1 1
Secunty Admin 14 10 8 8 1 1
Security Guard Force 178 39 35 33 5 5
Site Management and Administration 0 0 0 0 1 1
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Jan-97 Jan-98 Jan-99 Jan-00 Jan-01

1
Power Operations — I

«(— Transition Penod ~

e A AR M C R R A R 7
— AT i‘*ﬁé

Initial Characterization Surveys (ICS)
Permanently Defueled T echnical Specifications Submitted I

&

QA Program Changes Submitted 1 | "
DSAR Submittedto NRC |
RCS Decontamination | [ RCS _)SE.\' baEy .é;l;_,)‘b %_i_ Fﬁ ;::é-
Asbestos Removal | —— |
Permanently Defueled T echnical Specifications Approved | I :
SFPI Completed | [ FH ‘f z’(]'.’a .%J}J"@:/F t

SFPI Fan Modifications Completed
Transtion to New Control Room Completed
All Mechanical Systems Abandoned
Site-Specific DCE and PSDAR Revision Submited 1
Plant Achieves “Cold and Dark”™ |
Hot Spot Reduction
First RCP Removed
LTP, Rev. 0 Submitted to NRC
Pressurizer Removed
ISFS| Construction Permit Received |

| T AR Rl e

PR ELIR S

ISFSI Construction Begins
RVI Segmentation Begins

|
# oA BT %e (ISFSI) ¢
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Jan-96
Power Operations  [INEEEG_N
Defueling ‘ ||
Permanent Shutdown |

Jan-97

Jan-98 Jan-99

Jan-00

Permanent Shutdown Announced To NRC |

Initial Decommissioning Planning/Site Scoping Survey

Improved Health Physics Program Development

PSDAR Submitted |

Decommissioning Public Mesting

Initial Site Characterization and Historical Site Assessment

Bulk Asbestos Insulation Removal

DSAR Submitted

Full System Chemical Decontamination
Operating License Amended to Reflect Permanent Shutdown

Fuel Building Upgrades Completed

Subcontrad to Decommissioning Operations Contractor »‘T-

=g

Steam Generator/Pressurizer Removals *

Operating License Amended to Reflect Decommissioning *

Reactor Pressure Vessel Internal Segmentation Project *

License Termination Plan Submitted *

Site Characterization Report Submitted to NRC *

B 3.6 &

& 41 Pk

=23
7?

| I
— Transition Period ~ 3 Years —>:

PR PR BT IR S 2 A i e

Jan-01

*Work to support activitiy possibly begun during transition period
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Brokdorf PWR | 1395 1976-01 1986-12 2021
Emsland PWR | 1363 1982-08 1988-06 2022
Grohnde PWR | 1394 1976-06 1985-02 2021
Gundremmingen C | BWR | 1308 1976-07 1985-01 2021
Isar 2 PWR | 1410 1982-09 1988-04 2022
Neckarwestheim 2 | PWR | 1365 1982-11 1989-04 2022
Philippsburg 2 PWR |1390 1977-07 1985-04 2019
Gundremmingen B | BWR | 1300 1976-07 1984-07 2017
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% 3.10 LRz T B hiw 2

Name Code Status (at end 2011) Key date
Biblis A&B KWB Shut down Since 2011
Brokdorf KBR Operating Shutdown 2021
Brunsbuettel KKB Shut down Since 2011
Emsland KKE Operating Shutdown 2022
Grafenrheinfeld KKG Operating Shutdown 2015

Neckarwestheim 1

Shut down

Gundremmingen B| KRB-B Shut down Since 2017
Gundremmingen C| KRB-C Operating Shutdown 2021
Isar 1 KKI-1 Shut down Since 2011
Isar 2 KKI-2 Operating Shutdown 2022
Kruemmel KKK Shut down Since 2011
Lingen KWL Safe enclosure Since 1988

Since 2011

Neckarwestheim

Philippsburg 1

Operating

Shut down

Shutdown 2022

Since 2011

Philippsburg 2

Operating

Shutdown 2019

THTR-300 THTR-300 Safe enclosure Since 1997

KB RF s 1iERTHe S XAPp e &35 (1) f 5 ¥
BRI 0 U A2 R e EE @)%éﬂﬁ
RS RIE AL T SR b RESMA S 2 HA AP

B S PRI ST 2 4
>z wP 5 (4)

“rig S BIPH

T 1 (3) [ FRi

FE e (75 a0

52

& M2 {1
245 ST AT

\2’7]:;]57{1—



Firo B9 § gy gl 2 2002 £ Y A TR
Eﬁi%%ivﬁﬁﬁﬁéié’Jvu%ﬂﬁﬁﬁﬁiiiﬁﬁﬂi4

VA A RBEMAL TERREEN e F MBI 2w E e

GRFEEE TER 3AY S RFRRERE AHE TR AL -
PR F R R HNR R AL AT R BB 5 a2

Ad o DHETEFOSAH - 30 @R RS AT R FR R

P27 HBEOP S ERAP IR EFF RS E -0 FRAR
FReE e TiEY 1w,$%ﬁﬁwé%*“wn,?Q?wjﬁkﬁﬁﬂ
FROLG AT R SNE DA RIT R R R LE: I ¥
s T R RPpiR s ER TS 2 fnji’%%ﬁ’iTgﬁ SR SR R SR
PAEL c HWER - PR B B 29 0P c LR
RS d F -3 DECON {wg » A &4 5 %5 UL 48 k5w ¥ b4y
LT Gle SRR TR R R B AL S 2 R RERAAD
BplF GokEH AR ot il o ER A RGBT o

ETINS

B R F aF v3Fe XA B %K% DECON £ x@bi#ﬁ'“/f A S
FEFIRr it AN RBERIAZF RN T E %K/»\;,{%éﬂ,ért?}i ~ IR
Wﬁ*ﬁ%m@%ﬁ 5 E AP Y BARR RG] P Y BARR IF 5|4
CEPELRE URARS ~ R R R PETE R oﬁ;q%;gg;%ﬁg,z.\;g

PR BT 2 f 2o fé;‘;‘“’iﬂ”;‘i—f“",ﬁ%&%i“%ﬁ’ﬂi‘?% 2R

PR A BT R IR R G A RS SERERY

R ARG v BRI - RPN S & 7 BRI R b
53



BFREA AL BT RPN
Lig R RN R L

BAl o d7f 5 3 BA IR G S Sop Rehif b L ARl B xR T L A

BoEr (FFRE)FREAARE Ao &2 2o R R

BIFEER ) RAFEA AR FEDTG R 2 EE R M SEIFE

BRwmp /e MERRREF RS L fEE F AR

A
YL
S
&
[N
i):\\
peu)

EHAABR S A o B @GP T DECON & 435 - B

2R R RS R ALY
FREATE KA AT IR AT 0 e oG B Stade PR AR IR F
SRRAITEFA AR eE s FoRAE AR RS E

L i e iEs X R "ffy T oo eitz By ;%’-;ﬁ’uﬂg EREE: JH

BEATE PR AL AR

=5
e

WEHFRARF AL E5 ) M2 P RREE 1" 220 L4057
ZAFERAEP PR g FIRNAEE c RFRF NS O IE 0 LRI
PRFEATE LR BB F RRE 1Y & O P T R 0 2001 #
82 1P 2a®2ZATHHMIFEEG > TSR 2 kg g4I
Hwd - RPE TR E LR iy 0 T L R o RIpIERATEE 5
[P0 % 20 iF > ORIE G AR AR AL DR B TR F IRE
AP AR R T R f AR SR A sAIE ] 3 10uSvy o A E 7 T
XRREDI%F]A T g Ao

WRLFFRDZRL T A BRRAABPE > 5 202 &
Fop FAIA S PR T R BT FRWP K TR
T R R R FIERRRT A TR T Bl B RN A BB

/\

A _&E-ffﬂ

~

FRERFTEETRPRE > 2 FTIE o R LH > TRORA B
g 2

TR EREFE” (AR ) T A T RGP B o R

u



(2) # i F Wen ISFSI > 2048 3 ) crpr 333 > 33T ¥
PP AR

(3) HHEF TR Y 5 AR 4 A2

(4) 2R % % mf,ﬂa’éfg‘}_,]‘sc“’lbﬁfﬁ

(B) &3z Pk

(6) ?bﬁﬁ?ﬁﬂ&?@ﬁﬁﬁ‘r% (et 723 ~ BB H )

(7) Renbfiiad &

?&*@ﬁ%ﬁmﬁﬁﬁﬁﬁﬂ?&*ﬁ@ﬁﬁ%lﬁ’E?&%W
R% R Y AL IR

Poie ¥ BRARA 15 6] (AVIV) ¢ 3 2 Z4em B F % KRR 2 3
RIEH ~ pAREEZ v & 230 (BMU) 3.3 & ‘ff LER R G A
4 i ¢

7=

g

e R e N O

(1) TRAL 2 & FRP
(2) ‘f?}i‘ﬁi“% ( DECON &t x&zﬁ.;}fruf)
(3) % wATRE G A 0 R R
(4) 5%
(5) A TR S
(6) it £325
(7) % RSB RBF R
(8) 5 FfEr 455 ;
(9) & ##
W39 2 @BAPE R R EEE HIF - B 310 3 @BIF RAEF P

55



AP A F H S BN EARRHENE e 0 R
B % A RadE e

R T R e TF e 3R iy Yo RFETES TR AT B AT
Ae ABRPE T W EBY e B 311 H@Eﬂ“f Rt I““ffxm' &
Az LA §5 6] § & ™ >t Stade 2 Obrigheim T R 'f & o 4537 & 8 2
FEFETRCFERARY RO 12E ARG P35 E o
%Ti",f%irﬁs@ﬁt FEf i 2 5859 47 # - Stade T B X A 28w 2.4 & ik
N% - PR RRY > A AN ERGFEL T 1.8 & -
v ¥ 2 R DECON ~ B 4778 88 & chih & > % /i hap 3
B > @ B P B R IR T BB T R R TIRE R 3
EMTOMB i = d % 3.10 53 LB T Ak B R A FTH P > 5 Stade fr

Obrigheim &_7 A4 K i3 10 2 p SEXEERD DT R > T RAE

B LT AT RS

Interface
N
Operational license Decommissioning Iicense(s)\)
Power operation Post-operational Decommissioning
phase (Residual operation and dismantling)

Phased approach is possible [

Release from Atomic Energy Act

(First) decommissioning license

Final shut down

* Fe-deral Office
& S far the Safety of
Nuclear Waste Management

Application for decommissioning

B 3.9 1t K% ?I‘r&% T ITEE 4 2

56



General public

Application

: Licensing authority :
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Decommissioning timetable

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

On-load operation

Building

Dismantlement of non-nuclear components o
demolition

Dismantlement of nuclear components

Phase |
Phase I
Phase Il

Phase IV

Storage facility for radioactive waste

Construction Operation III
\
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Proiect Reactor Authorization/Safety Final Public Inquiry Decommissioning
) Size/Type Case File Issued Shutdown Period Complete Decree Issued
Creys 1240 MW g y §
Malville East Breeder May-2003 1997 Apr-2004 Mar-2006
Brennilis oMW July-2008 1985 0ct-2009 Jul-2011
Heavy Water
Chooz A 300 MW PWR Nov-2004 1991 Aug-2006 Sept-2007
540 MW
Bugey 1 Gas Graphite Sept-2005 1994 Aug-2006 Nov-2008
480 MW (A1) and
St. Laurent : 1990 (A1) and ) :
A and A2 515 MW (AZ) Oct-2008 1992 (A2) Jan-2007 May-2010
Gas Graphite
: 480 MW
Chinon A3 Gas Graphite Sept-2006 1990 Mar-2007 May-2010
Chinon A1 70 MW (A1) and
and A2 200 MW (A2) f 191758%“(226)”" / /
[Note 1] Gas Graphite
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ABSTRACT

The project mainly uses the RESRAD-BUILD program to evaluate the
radiation dose that may be caused by personnel (including staff, inspectors,
etc.) who are active inside the building for the residual activity in the
building. The sensitivity analysis of each parameter in this computer code
(including the type of source, source intensity distribution, room
ventilation rate, etc.) is carried out to understand the importance of each
parameter, and as a reference for the regulatory agency to request the Tai-

power company (TPC) to conduct parameter survey.
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4.44,2.22,1.76
(East Wall)
2.22,0,1.76
(South Wall)
19.71 (Floor)
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Ingestion Rate 0 1.34E-06 0 #iES
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Removable Bk 10% & £4777 2 (B SR
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Radon
Emanation 0.2 Not Required - £3 F
Fraction
Source Not Required .
Material Concrete | (Area Source) | COncrete PR
B j %% (Shielding Parameters)
Shielding P
Thickness 0 0 0 o B
Shielding PN
Density 2.4 0 0 &5 Pkt
Shielding P
Material Concrete None None BB R
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IAEA EMEAS 1

Model Validation

Probabdistic
RESRAD-BIOTA

f‘ﬂj’ RESRHD-ED I 1.5 Code Releasad
| RESRAD-OFFSITE 2.0
lssued with Manual

RESRAD-BIOTA,

2010

RESRAD-OFFSITE
with Expanded
Bource Terms

RESRAD-OFFSITE 2.5
Released

NRC-Probabilistic
RESRAD 6.0 and F;Egma‘ija
AESRAD-BUILD 3.0 ety s
Codas lesuad
2 2003 IAEA EN_‘FLRS
A and International International
Validation (BIOMASS) Joint Model Validation
DOEMRAC
Devalopment
of RESRAD-
OFFSITE

RESRAD-BUILD
and Family of Codes

HESHAD-
RECYCLE 3.0
Released

RESRAD 5.0
lssuad with Manual

Gited in DOE Order
5400.5 for Claanup

First PC
Version lssued

| Draft Mainframe
| Mersion lssued

ANL bogan RESRAD developenant in carly 1580's

@ 3.1 : RESRAD #2%42;\ % B ¢ 7 & B

RESRAD-
ECORISK

B 3.2 FIR 7 fickes i 91 = 22 RESRAD 2% 7 ;¢
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|8 RESRAD-BUILD : C\RESRAD_Family\BUILD\3.5\Source52.bld TP A - —
File Wiew Modify Help

Relerence Case - 2001 80328]

RESRAD Delault Transfer factor ~

m Shielding Parameters
023 |

Evaluation Times

Building Parameters ¥ S i :

Source 1 7 Receptor 1

EI Meters X
Reset
Scale

@ 3.3 : RESRAD-BUILD 3¢ * 4 &

[2a] RESRAD-BUILD : C:ARESRAD_Family\BUILD\3.5\Source52.bld PRI - — e ——
File View Modify Help

Reference Case - 20180328
Cancel |
Times for Calculation [years):

RESRBAD Default Transfer factor ~ @ @

10 1000 10000

1N =\

Remove A 2) 10

0.23 3 100

Evaluation Times

M aximum number of points for:

Dose/Risk 17

B 3.4 1 pr S8 ~ FIi=
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[ RESRAD-BUILD : CARESRAD_Family\BUILD\3 S\Source52bld |
File Modify Help

LI (] =] (P4 ocr][#2] [7

| Building Parameters

Building Exchange Rate [1/h]

Aoom 1

Area [m2 1 26
Height [m] 3
Exchange Rate [0 3
[1/h]

oK | Cancel |

B35 ¢ & Al Sl » Wi

RESRAD—BU[LD : CARESRAD_Family\BUILDN3.5\Source52.bld
File View Modify Help
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8] RESRAD-BUILD : C:\RESRAD_Family\BUILD\3.5\Source52.bld G A —
File View Modify Help

&5+ Details for Source # 1
- Geometry r Contamination

 Circular  Rectangular
Length along [m):

o
YE ]

Concentration

Bqg/g
Delete
Nuclide
rRelease

Air Fraction

Direct Ingestion [g/h]

Mumber of Wall Regions 1 - AG-105 LI 1 Add
Regions —————— Material Type ICont:lele ,l Nuclide

e | ayer Region Palameleml

Radionuclide

Area [m2]

Contaminated
Thickness [cm]

Density [g/cc] 24 OK Cancel |
Erosion [cm/d] 2 40E-08

114 | Cancel |

B 3.7 - SfiR -dchy ~ B

[8] RESRAD-BUILD : C\RESRAD_Family4BUILD\3.5\Source52.bld DA A w—
File View Modify Help

Shielding Parameters

Source 1 f Receptor 1 Source #

(- ot ‘ ! °
i 3 3 9 12

|I].I]I]I]1 2.4 2.4 2.4 2.4

m Receptor # IEonctete _~|Concrete ~|Concrete r|Concrete - |Concrete LI

View Table Copy Shielding Save and Exit Cancel |
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% v § RESRAD-BUILD %% &5 A 4+ 7

4.1 $EcRp
£ S deenl k4] 4 RESRAD-BUILD eéhfficih &+ 7 A 4 = 4 4

- %5 2Ap ki sg (Physical » P2 ) 3 B/ ht B HAph > o5 4 5 B

BESEEA A FAPHEEFR AR TR A TR RN B

A2 3% % D45 7 5 ip k47 (Behavioral > B #f ) 1 & B A 48

(FatpM 4o RED T~ F 2 AP Db

b

DA A s e R A o B8 R Z 85 AT e M

(Metabolic- Mg )> 1 & & foX MEX G2 (54 2K RApAE > 4ot ot

ig 5 € # % 4 ¥ ( External Dose Conversion Factor ) -

Submersion )] € #& 3% 4 #ic~ *% > (Inhalation )| £ #& 4 % #c~ % » (Ingestion)

A gk Sk -

7 ML AR £ 43 Sdc(ref. 12, ref. 14) > p = RESRAD-BUILD 3g %

E E ik 5 ICRP-26 547 £ 74 & ) chm 20 4y 4% 4 (Federal Guidance Report,

FGR) % 1112~ 2 13 8.3R 2 ; ¥ — BiE 3 Pl L k¥ ICRP-60 3 2 #73% &

cdf A B Sdicfe ICRP-T2 4R 2 ik 35 4 # 5] chws » fok o~ 3k i

v

O BRAR AT RO (8§27 7 %2 RESRAD-BUILD g3k & 5 %

;}7%,\0
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4.2 v A BT
A 72 4EF T RESRAD 4 (2 4 B &I R &1 (88903 f ~ o = i §4¢
RN T TR E o1 PR R TR
4| fe & RESRAD-BUILD #2582+ 5 > 7 M3TRre i1 (FA B A ¥ AP &

F R B SE AR OR R T BRI T b (T

—H

BB o FEd A RHCNRACR A T HIR AT AHE R {2

"y
s
2
P
=
:-\\\
>~
it
|
=
oo
Kz
]
4
S
P
=
=
P
B

% I VIR i (o1 (F A
AR TR EERE S REZ R F B E) TE IR R D
AE o TG 1 RS S A A o

gt - HA P W4 R E - 5 & (One-roommodel )~ 5 & & f 36m2(6m
X6m) >3 & 3IM~FLAE D FE2IHDIHMBESR (5E 15 28 )

%

s
fuz

S RFIY L EE AT R s ESE A H wﬁg],\ S B g it
AR R FlAet - 204 3.6 97 o

# RESRAD-BUILD #| &% ¢ » HEDORFILE o 2 HE >3
Ao A A SRIRR RS L FRROE A
i #% ( Directexternal dose )~ it # >t & & i3 4 47 #7i¢ = 48 *+ & £ ( Deposition
dose)~ 11 2 ZE> 7 F ¢ 5 LR ISk ATiE = cnfg eh & £ (Immersion dose ) ;
S BB DR HTA G IS ZEMR(f FERATRIFNGE) fTig e

#|¥ (Inhalationdose)~ ™ % F53 % # A& 2

#r3¢ & @ £ (Radondose) ;5 v



*EEORRFT R 5 EEE R4 L RATE S ~ R B e s T3
EHORITAR S R A e A H VR AREAY  FF L R A F T Pen
AA S ALY BASEPREDT S FU A BB R K kAP
(Z46) fox » # R (- f8)

- BHAFBEY | B S FFL RSN T Sl R B
HE (D () fAd 7 rqlr 41()7E £

n ED s~
D, () = (22)FynFiCL () DCEPFE (4.1)

ED:RBHF (=% );

ngiﬁﬁﬁﬁﬁﬁié@ﬁﬁﬁkﬁmm@;

n
DCF ¥ &' (A2 B A& TS ) MAMREET M EE

% %% > (mrem/yr)/(pCilg) ;
Fo @ AWEIS 0 T KB R T BT SR AL
Benigr oo ABd THZHFE B

Fco IER B }; <13 i+ F]+ (depth-and-cover factor) ;

F v w % 2 #Hkig & ¥+ (area and material factor) ;

Forror © e 2 & %5 (off-set factor) ;

26



B HERARY FR T FERRNLTE T EL Mot F V02

RN EL LY T P SO AN RS S S S X T

(VdC/dt) # md 5B p hF & TRt o © 4 540 4.2(3Y) ¢

V dC/dt = I — QC = AVC +AVC, =AoVC +ArhoVC/(Aa+L) (4.2)

| @ R 40 AR 5 3 iAok e~ (340 )
QC: s e g enadt (7))
AWC: Pz f? he%® (B2
AVCp : d * P& #9742 (34 )
AMVC ! s BR Bl E e (R );
ARADVC/(ARtL) @ ifh b v 22 5 A E3TRET 25 7 (34 ) o
3% & F i 48 p 5 RESRAD-BUILD ¢3F 2% & &_i% # ICRP-
26 B4 2 ordn ) com2ndy #4824 FGR-11~ FGR-12~ 2 FGR-13: ¥ - 1
iE 78 P kg5 ICRP-60 #F 2 #73% ol ¢k & £ #& 4% S 8cfe ICRP-72 38 2 i&
PpE# g o~ o~ i Rl SO GFRAA VRO BT B

12 RESRAD-BUILD g3k & 5 &9k o

4.3 F BT AR P

4ol 4.1 & 913t > RESRAD-BUILD & 58 $-8c? > B30 % - 85 i en

\'

SHA R R AR M 0 2 - VR AR B W R e R
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B (s F#ged - 5B o120 8) AL FRiTHEORASLEFRA R
(brF AP BEER S FAEE AN EE AL .5 ) &7 Gk R

mfé%]""%#\%: “;‘Ef‘ﬂ#flrﬁg E"’”K@:E ‘ﬂk’ff’%%gf”ﬁwﬁﬁg’“‘

\4

R T oa FIRSH 1 (vt (deZ f AFEF v mppdF L RigdF 5
APErZF B FAFBEL LB AR E T - O HRE R
Fp G L BRFRARASTI NG TR A IR 5k 1 &
BB R B S8 A3 4 %P RESRAD-BUILD 3g 2k 8 % 4 o
P kg 0t ROk R R 5§ 6] 444 RESRAD-BUILD i & 4k
BTRAAR AT TP AT L
(1) B % P % 4 3+ ¥ B3 > Maximum Time Integration Points
(POINT) :
AFEAAERREFEPN - R E T chbox 3 E Bk
% X0 1,2, 3,59, 17, 33, 65, 129, 257 ¥ & 3+ pr A A A
Ehghce bk EH 1> &7 RESRAD-BUILD #-ridp 2 pF ¥ <
BREMEFRFEREDTALHE (- BRI FT) o
%41 F V@A fEH kst ifa (Co-60 2 1-131) » fI* % o3t
PEEFRTEOEE (G ERE LB BB R R - ).
REE S E BB e 0 P BB R FEH T AARNET ) 27 B PAT

RS R -LIES PR T R ) ST R TS SOy
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—BA T FTFR-ERBIFOHRE PEE RS AT EUT 3B
PRBEG K F PSR NG B R BhikE I B 33 1B

o ERTAGRAARE G SERPAE I X R P REDPAELL R

‘—H

BErEADT R R E 0 FMEH RESRAD-BUILD % & 17

E*&
xﬁ

(2) 7t % & > Deposition Velocity (UD) :

AEBE LA TEAMP T F 7 DTSR AR R o YT
B BT RS o] o ATIUIE TR IR GE R ORES B R S A T BN AR

|~ (B 4.2 % RESRAD-BUILD #7:# & 2 it ffid & &+ < ] i3
B ad &) > #icie 9 43 IX1I0 T ~1x10° 2 BF » A2t F 7r é.t“%@ﬁ—f‘ &
AR PR o

F 4.2 F AP v R ERCA T 2 i R OERE frid S i iR o
FOUAE RS AP d YT P G o5 248 4 0 $ 3% Deposition #7
oo R R B R A 5 R IS ZRER RS > R Immersion
efl ¢b &I E ~ 12 % Inhalation e ~ B R 4 P RS o

Sk AR RS BPET B0 & A3 A A ORISR R T 0
/A & (ref. Roed and Cannell,1987) > e p =+ RESRAD-BUILD =73+

BB o IR R P F MR ) s SRS PR o
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Bds b ARk g o o VIS R4 XA AR DA & R

AR E HET LR ¥4 Cs-137 T sy i 0 B 1x 10

(3) £ B %% » Resuspension Rate (DKSUS) :
ERES (Fp) GEATFE T OF TN 20 2 S FEAT
REDIZMZF P hd 5o - LEAMBFIELIF m AP RTFOREE
(drZ B s A A4S FPFH.E) - LRIFE N EBRE
tHEAM G AR RS FPELE - P B RESRAD-
BUILD # % & é7%7 5 48 4 %87 2 #c g 4+ 2.5x1011~1.3x10° 2 ¥ » F]

Ahd S v At g R T R AR PIGE

T,

2R
'g_ o

“‘“?‘2

F 4.4 FA* v gl RO T 2 LR E SRR E g S g
EREFR AP BRZFERN S 0 Flet Immersion 48 ¢HH £ ~ 1
% Inhalation #wx » F| R4 Mgz B4 0 R F L RIEF AL S 2P
- ] 2R FIR AN ITAE S L rrid S e R E BT 2 P A o

RS B SN T T SRS EY S EY RS R o

=

FUCL R P IR~ BE A TR B 5X 107 (Us) AT

\

LA EAI L DRI ELERPER S S FIFRAE T A o

(4) 7 § 2 #% ¥ > Air Exchange Rate (LAMBDAT ~ LINPUT) :
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3

ERAFA STz f 2 (P ) FSARHEAF AT ASHE

S

P%K’“;F

-~

R
L (Lih) 2 (5 /) Mg T3ox B #- 3§ 3§ L#
Fozd isadk g I Mo F AP R ARG F 0~ FEFRR
BiRl® e

2 45 A1 A AT 2 7§ LR S A E T 2 e
BAAIEIE A ZPIFRATIZIETF TR K Fp
Deposition ~ Immersion 48 ¢+ & & ~ 12 %2 [nhalation =3 » #| & » &2
BRI o B IR R HIREE R o FR R EHET R 2R L B

ERR N BB TR L O RERME R YRR

=

B P PR iR AR 0 M

il
=
o

fuu e
=
b
S
SRy
=1
ks
=hg
T
S

(5)  # B3 &) » Air Release Fraction (AIRFR) :
FoA R DR R4 TT R RAS S AT T e A
R RN EES IR S SR T 2
(Erosion) 423 &~ chB B i > bldodr o 1S B4 Sl RT4E ¢
FRURFOFAPA S LR ERRIIZF O 0E A el (B
S IRA A FEA AR R E Al ETT B RIFE RS B

# d41) fﬁl (Dusting) 7## ¢ E R M ehizaid 5 > LipHRF an
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b ¢ B F F ¢ e A(Vacuuming )R] ¥ g 3k % B % ehizes &
e g ] cna ¢ AR 2 F 0 (Flaft - A g REY )o
bt A FHn A ) R 2B FeniTE SN Tt A E AT Bk

b 10O~ 1.0 45 i (7 FACR I -

NS

%046 A7 AR ERA AT 2 3 e Gl E i 4 eng

[e]

o ¥ 7 7 P |3 4o pF o 5% Deposition, Immersion, % Inhalation

B E 5 L2 B 4o o gt b 5 d 22 RESRAD-BUILD 3+ 5 42 ¢ L ¥ g i3
B R A “f ‘(Removable Fraction » i #* »* 2L ~ 2 ~ 5 & R) & &4
(Erosion Rate » i * ** 8 A &tiR) > R4 ¥ H Y 3 5 B e@FES LB

W PE L E B e & ] g5 )0 )0 External Dose chiv E| A %o

FAER o
(6) &k =48 & » Source Erosion Rate — for Volume source (EROSO) :
A SBGE Y YA R AT AH RN (X)) R4E R
BeaglE (AT 3222054 4dmhER) c HRhZEHSFEFTLTA
FREEARMERG ROM G bR S A R RAREA A

£

WREA R EAF TR A T 500 F 2 ARTENEBAH
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(5 AHhe F AR MRRBFTRARE S o Flt > A RIRR
D 0~0.12 B (7 & ATR B o

£ AT )T R K ST L SR R RN E g 2

\\\

=
EE AR B4 8 < P 33k Deposition, Immersion, % Inhalation |
T A2 R o Rm f LA R EA S K RT o B gt
{55+ € (External) 4 ¢ PR ) > F & R EAFHFRT (4o
<5.6x 10°7) - External #| & &I a3 % o
KR E IR kg EARAAEEV R EREE D &
AT 0 BAEITS LG T/‘i A R TR e R oo
(7) &+ik 5 R) 3% » Source Description Test :
BEAR P P TE SR Y G A H T S g SR E TR
Ho LEr PR ?‘ﬁ%m EFRE ARSI LS RDEERE >
HHFASROPA S FR AR EEZ L35 Ft s A F

v R AR P hsR G g A 0 R 2R SRR 5 0 4R?

% RESRAD-BUILD *® #* 5 hentiht » 7 7 El’—*bﬁéf] > 10 T &
B B P E BARB AT A S 5K o Tl ot BUAERT Y 6
] 4'-&'1'/),‘?37(%@7}‘*-@1'/)57 )%‘fi 15 '\/’v\) 7}'\)"‘% gk = 7f§ by 15‘—1”*%%?‘.’

e As(A)asEE - WA RIS L 5k o &K 324 (B)¥R Al
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(8)

- M RES Z BB OB MR F BHRT G - BB oA) 2
PEMIRE DR 0 YRR 2 R AR SRR RGBS (C)F
W (B)2 33t v (e 2t B SURIT i B A 4k B ¥ e Rkt o

2A8K TR IR R AHARHE T 2 PR o 4p
footimIL e NBEEHER AR Bk g3 2k LR
+ (+]'**5%) o iz RESRAD-BUILD %3+ 5 %8 ¢t 2 3545 545 & pF > $30

BB SHRT 0 BRI MR R AR SH 0 A BE T g

B grthR > g At B BRI i B ’Fﬁs‘] » Bk et o B3R
WA EREHBEHERLEF & (doim(C)z Hin)

RESRAD-BUILD s &5 S 87 ic &2 B W feabeniF 123 B > 407 2

SEHRE ~SEAAM T FAAPREER ~F4FF - S43AE B

Frksh B A TR RO E A M e TS AR
RMFLZP O - LHRBDET g r F5F o gl S

EERRBEAWPLETL T A > Fa LR RAFE 48R Ete
Hh Y
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44 3 HEZ PRFAEHR

hofe bo& it v 012 1 B SN ACR A 7% % 0 RESRAD-BUILD %
B o B ag (P3g) chodicd & fofehb AR B > 2t - 302 R
B BN Rk R SR A R (e PR SR LA A B ) R
SRR FEHMRRGTAERA L (WFAPREEER AR RS S
AAIN - E)od NP LB BERFFELPN RN EF L o WL
FRRELE FELIPERSFLE FFAHFIRFRASET LR T R
FRfy g322 A% e T3] F RS & SR oy i (7 1
a & %;:.éqh]t}_ﬁ;ﬁé_& HER RN Z B&hA GHF A AR ﬁz
SR B)LLE ) F G SR EF WS LR G B8Rk

e

e ES LAR RS FYTEE TIOIRES S Sty 2

S GT TS R FE S (dof F RS A S R S
AR S-S ERUIRE E 4 T IO E DLEEE R L 3y

Blgh o d NN SR RARFRP FAIERAAM T BB REY E A

Bk SR R bl RIS SRR E Rent

%:n
W
o
el
nﬂa
z:*
¥
g
e

ko BT RS BRI ASHE G (SR RES) Rl SRR
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£ AL PR e

Co-60 (Ty2=5.27 &) -131 (T1,=8.04 =)
1.0000 1.0000
0.9399 0.5000
0.9356 0.1663
0.9356 0.0835
0.9356 0.0449
0.9356 0.0336
0.9356 0.0319
0.9356 0.0318
0.9356 0.0318
0.9356 0.0318

Dep03|_t|on External Deposition Immersion Inhalation

Velocity
(mis) (mSv) (mSv) (mSv) (mSv)

1x 10'1 5.86E-01 6.03E-07 6.92E-10 1.08E-07
1x 10'2 5.86E-01 6.03E-07 6.92E-09 1.08E-06
1x 10'3 5.86E-01 6.02E-07 6.91E-08 1.08E-05
1x 10'4 5.86E-01 5.94E-07 6.82E-07 1.07E-04
1x10° 5.86E-01 5.24E-07 6.01E-06 9.39E-04
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% 4.3 % s P g h T 3o A R

T 3 A% i R (M/S)

Cs-137 6.4 x 107
Cs-134 6.2x10°
I-131 (particulate) 1.1x10*
Be-7 7.1x10°
Ru-103 2.0x10*
Ru-106 1.7 x 10
Ce-141 3.1x10*
Ce-144 3.9x10*
Zr-95 5.8 x 10*
Nb-95 1.9 x 10

%440 LRSS HAE TS S PR

Resuspension

Rate External Deposition Immersion Inhalation
(1/s) (mSv) (mSv) (mSv) (mSv)
1x10 5.86E-01 6.03E-07 5.74E-11 8.96E-09
1x10°" 5.86E-01 6.03E-07 5.86E-11 9.15E-09
1x10° 5.86E-01 6.03E-07 7.09E-11 1.11E-08
1x10° 5.86E-01 6.03E-07 1.94E-10 3.04E-08
1x10° 5.86E-01 6.03E-07 1.43E-09 2.23E-07
1x10° 5.86E-01 6.03E-07 1.38E-08 2.15E-06
1x10° 5.86E-01 6.01E-07 1.37E-07 2.14E-05
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Air Exchange Rate External Deposition Immersion Inhalation

(1/h) (MSv) (MSv) (MSv) (MSv)

0 5.86E-01 6.01E-07 1.37E-07 2.14E-05
0.1 5.86E-01 2.87E-08 3.54E-09 1.02E-06
0.2 5.86E-01 1.47E-08 3.35E-09 5.23E-07
0.4 5.86E-01 7.44E-09 1.70E-09 2.65E-07
0.6 5.86E-01 4.98E-09 1.13E-09 1.77E-07
0.8 5.86E-01 3.74E-09 8.53E-10 1.33E-07
1.0 5.86E-01 3.00E-09 6.83E-10 1.07E-07

1046 % F FON GIHANE g S R

Air Release

Eraction External Deposition Immersion Inhalation
(Unitless) (s (mSv) (mSv) (mSv)
1x10 5.86E-01 9.88E-14 2.25E-14 3.52E-12
1x10° 5.86E-01 9.88E-11 2.25E-11 3.52E-09
1x10° 5.86E-01 9.88E-09 2.25E-09 3.52E-07
5x 10 5.86E-01 4.94E-08 1.13E-08 1.76E-06
1x10 " 5.86E-01 9.88E-08 2.25E-08 3.52E-06
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F AT D BRERA IR E TiE S R
SOUIED |=5EsTe External Deposition Immersion Inhalation
Rate
(cm/d) (MSv) (mSv) (mSv) (mSv)

0 5.86E-01 0 0 0
1x10° 5.86E-01 4.12E-10 9.38E-11 1.47E-08
1x10° 5.86E-01 4.12E-08 9.38E-09 1.47E-06
1x10 5.86E-01 4.12E-06 9.38E-07 1.47E-04
1x10° 5.84E-01 4.12E-04 9.38E-05 1.47E-02
1x10° 1.67E-01 1.69E-02 3.86E-03 6.03E-01
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3481 pk SR~ A B RS SR A AR i S el R

Accumulated

Source Description

Dose (mSv)
1 Volume Source - 1 region
(e 1 5.86E-01 5.86E-01
1 2.16E-01
e ) 2 1.66E-01
HR(A) s 5.96E-01
1 Volume Source - 5 regions 3 1.09E-01 (+1.7%)
(3cm/region) 4 6.63E-02
5 3.90E-02
1 2.25E-01
o . 2 1.71E-01
HeR(B) - 6.09E-01
5 Volume Source - 1 region (3cm/source) 3 1.09E-01 (+3.92%)
With shielding 4 6.59E-02 '
5 3.86E-02
1 2.25E-01
o . 2 2.20E-01
1t (C) - 1.08E+00
5 Volume Source - 1 region (3cm/source) 3 2.16E-01 (+84.3%)
Without shielding 4 2 11E-01 '
5 2.08E-01
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W 4.1 - gk B

1.E+00

1.E-01

1.E-02 jff};fxfﬁ;ﬁ
1. E-03 f~

AN /
~

1.E-06 T . T T
1.00E-03 100E-02 100E-01 100E+00 1.00E+01 1.00E+02

1.E-05

Deposition Velocity (m/s)

Particle Diameter (y m)

Bl 4.2 A BB+ <) b i d R(RESRAD-BUILD #23%)
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v 7 ¥ RESRAD-BUILD #23" %%

= 1127 RESRAD-BUILD ;' &2 f %k blehded 27 7 EF 5 &

A

A5 da (il C-137 545 22 A)ms: BEFATHRTD B2
RFIGHERT RGFEmAF AN A 2 F P 2 REHHE S RE

&% P F A = M)‘L A ;‘L%m%vﬁ- v iEm A *JL T FQ%E_}\' mj@#_’ﬁ_}i

S12%pHEaETEER

§ % 1970 & - f =B A FHEF TR Cs137 MRm kip EA B R R
AEIERFOEPEIEARSFIRT BA R A EE B R ¢ 33%4-137
bR 2 BSHE S REART 4 R R SRASE G O IR S 4 LB AR
BALEFFAEPN 0 X a6 & KT ARG KE MR

& 71977 & > RfteriE A (Sl e 42) Bips 1 22 5 %
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B % 2166Bq/g (4 5.2 & ¥rif ) H s £ &

\\\Xr

iR & 50w tE i & (Deposition
velocity) : 0.01 ~ £ #7% % & (Resuspension rate) : 5E-7 ~ 7 # < # & (Building
exchange rate) : 0 ~ & % p v &)(Indoor fraction) : 1 ~ | £ d# 3% S #ch| 3% *
RESRAD K B °

Bt — T >4 RESRAD-BUILD #2587 3 ¥ & iy o 1 2
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25125 e - 101 24P A TR S (6B FARCHRZE 5

%125 ¥ 2 B E % 3B E % 4 B E % 5w e % 6 5
WL | HEE | O F i waeE | E waemE | HeE | i HEE | E
(kg) | (Ba/kg) (kg) | (Barkg) |  (kg) (Barkg) (kg) | (Bakg) | (kg) | (Bakg) | (kg) | (Ba/kg)
1 0.271 267 0.189 158 0.275 4.8 0.205 36 0.303 738 | 0.167 0
2 0.219 0 0.194 10 0.286 22.6 0.252 0 0.233 0 0.160 0
3 0.231 0 0.242 18.5 0.279 48.1 0.261 0 0.248 0 0.158 0
4 0.241 0 0.219 57.1 0.272 3830 0.236 0 0.239 6.3 0.132 0
5 0.225 0 0.253 214 0.244 23700 0.273 0 0.245 41.8 | 0.184 0
6 0.243 0 0.238 409 0.263 3.6 0.232 293 0.154 122
7 0.222 0 0.226 | 4480 0.270 45.8 0.253 3470 | 0.158 238
8 0.244 1680 0.251 | 1420 0.360 712 0.227 | 57800 | 0.173 287
9 0.138 807
10 0.139 2110
11 0.123 1250
?Bif 482.277 1569.168 6845.764 277.0128 14100.59 664.449
REE
1.896 1.812 1.356 2.120 1.980 1.686
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#0520 2 kg gk b1 G M SHRIT L R S lch B
(= ¥ RAGERE | AP Ak
Number of Sources(& % 38 ) Unitless 1 2
Source Room/ Primary .
room( % ¥ #) Unitless 1 1
Source Type(&+ik =7 i) Unitless Volume Volume
TP . . Xaxis (K &)
Source Direction(é+im = =) Unitless X axis Y axis (3 # )
I, -0.125,3.6,1.5 (4 @)
S Location(¥4ik = % Met 0,0,0 L ,
ource Location(%4ik i % ) eters (m) 235.7.325. 15 (3 7)
Source Length/Area m2 36 72x3(hm)
(SR & R 15 13) 47x3 (3 )
Air Release Fraction .
D(Z_; fﬁ = 1;3:-;14 ‘T:JQ) Unitless 0.1 0.1
irect Ingestion Rate
(2 % » %) gh 0 0
Removable Fraction . Not Required
(#5% v )) Unitless 0.5 (Volume source)
Source Lifetime Not Required
(iR T P ) Days (d) 365 (Volume source)
Radon Release Fraction . .
(F § Mo o)) Unitless 0.1 Not Required
Radionuclide Activity/m? (area .
Concentration/Activity source);Activity/g Olf FC)Z%I/E?O 20]}%2?%/79
(o PR ER) (volume source)
Number of Regions in
Volume Source Unitless 1 2
(8 4% &4 % 32 ¥c)
Contaminated Region
(Volume Source) Unitless 1 1
(MRS L FE)
Source Region Thickness
(Volume Source) cm 15 25
(REAEBHR5 % B R)
Source Density
(Volume Source) g/lcm? 2.4 1.8
(R Ak 5 % R )
Source Erosion Rate
(Volume Source) cm/d 2.4 %1078 2.4 %108
(F 432 %)
Source Porosity . .
) Unitless 0.1 Not Required
Radon Effective Diffusion
Coefficient m?/s 2x10° Not Required
E;? # 3 PRypAT i iK)
Radon Emanation Fraction . .
(5 7 15 b4 A #) Unitless 0.2 Not Required
Source Material (&4 ik 44 #L) Unitless Concrete Concrete
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253 AP HEs g7 R s THE ?E‘};;Ui ( Three-rooms model )

Dose/year Dose rate
Room # Source # v E (%)
(mSv) (uSv/h)

Room 1 Source 1 0.09730 0.01111 63.88%

(101 %) Source 2 0.05200 0.00594 34.14%

Room 2 Source 3 0.00038 0.00004 0.25%

(201 %) Source 4 0.00060 0.00007 0.39%
Room 3

Source 5 0.00203 0.00023 1.33%

(103 %)

53




* b

()

Lad

CAEW R T AT RS -
kA TARDEDE ERANL @A TAZHBEEAME B &TA

FEHBMELSHEE (0.10~0.15p8v/h) -

RSl 23 pesglF 2 AL TN 4a (2012 )

54

A004 k014 * 004 0.04% e 0029 1,029 0,02 0,024 e .02 002 wB
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0059
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B101 ~ & 42
CPS=176

1 (Raeitg) 0.189 158
2 0.194 10.0
3 0.242 18.5
4 0.219 57.1
5 0.253 214
6 0.238 409
7 0.226 4480
8 0.251 1420

9 (7h4c B ) 0.247 -
10 0.259 -
11 0.316 -
12 0.255 -

- R M EMT PR

Bl 5.2 25 PHe4l0l 3Rits 42 4002 BRA TS
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( EMRIFEEREE )
B101=
(One-Room Model)

FEEIME (4118 )
470cm x 300cm x 40cm
Density : 1.8 g/cm?®

A 5% (contaminated)
&5 : 220cm x 140cm

REIME (418§ )
720cm x 300cm x 40cm
Density : 1.8 g/cm?
753~ (contaminated)

B 5 : 180cm x 140cm x 3

EMREE (=08 )
720cm x 300cm x 15cm
Density : 1.0 g/cm?

#8575 % (uncontaminated)

( FSHIRIEEE )

B m=RRaz5 &
EEWF?UW : 15+5+20 Density : 1.0 g/cm3

BE : 5cm ; JEE : 10.83Bqlg 4255 2% (uncontaminated)

(F8 6 (B8O BV A RS ) 7RF3 - 1000 x 2006m

bEfRER (220 ) -
470cm x 300cm x 15¢cm

B 53: 2 FH = 4101 2 %7 & B(One-room model)
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% 32 & £41* RESRAD-BUILD :#& % & f'r&",!f iR XA

AERAETY FEA AR R LR DB RPEER G- P

B2 4 2 % WP 4T

(1) BEFEFTHF2ZAEEZ P ERER = K,ért = 2_ % = Bi(Yankee Rowe) -
A F % 24 2 (License Termination Plan) ¥ 4 =] 414434 g ¢ 1F pF
4§ 05 B AR T1 RESRAD-BUILD i& i73=f (4p By » %k
4vd 36) o FriEHAM2Z 4w 54 DCGL *Lie f] 12 RESRAD-BUILD

32l ~ XA RPN F R Y FH KPHE o

(2) #3-% ® % % RESRAD-BUILD 2 % %82 ipl3# » & 444 & A5 ~ Sdicie
Fas Bfas - B r PP RLE > L RF1E FHDFRAS
1o AR P PR NS R HCA e B 4.1 RS #7457 RESRAD *%

BAR AR E L FHTL R
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PHPRARGRT T ERALFEERIRLED > P F EHRF

RESRAD-BUILD g i % % &8 5% > 4% J1iE K407 ¢

1)

(2)

3)

it 3% RESRAD-BUILD =5 2. % » B3 p 1 4 R AL 18 ko p»
AT S TS R BRI A g SRR - 2R AR
g S B B (P AR) RSB R S R 5 A N (e
GoRR REHR)G M o P F AL FREGETRRES (S T)LT

FHA TIPS T EFFeDE AR EEEREL) -
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3
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RAd T e BTl TSR B BRI RZABHEAR-F 4
IR M BT E AL (P TR EFRE AT LR
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RESRAD-BUILD # * 4“"% RiERDRE TR EEE R A iiﬂl;’i”,ffi

Fa~2HPEHTIFH R (Wfn) 7B Fhide &

k)

i i ] (Removable Fraction) ~ &tk 3 & (Source Lifetime) ~ &k

%4 i# 5 (Source Erosion Rate) ~ 7 5 %<+t | (Air Release Fraction)
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“User’s manual for RESRAD-BUILD 3”, ANL/EAD/03-1 (2003).

“Data Collection Handbook to Support Modeling Impacts of Radioactive
Material in Soil and Building Structures”, ANL/EVS/TM-14/4, ANL 2015.

“Development of Probabilistic RESRAD 6.0 and RESRAD-BUILD 3.0
Computer Codes”, NUREG/CR-6697, ANL/EAD/TM-98 (2000).

“Technical Basis for Calculating Radiation Doses for the Building
Occupancy Scenario Using the Probabilistic RESRAD-BUILD 3.0 Code”,
NUREG/CR-6755, ANL/EAD/TM/02-1, ANL 2002.

“Probabilistic Modules for the RESRAD and RESRAD-BUILD Computer
Codes”, NUREG/CR-6692, ANL/EAD/TM-91, ANL 2000.

“Guide to Assessing Radiological Elements for License Termination of
Nuclear Power Plants”. EPRI, Palo Alto, CA: 2002. 1003196.

US Nuclear Regulatory Commission, “Multi-agency radiation survey and
site investigation manual (MARSSIM)”. NUREG-1575, Rev. 1, 2000.

US Nuclear Regulatory Commission, “Standard Review Plan for Evaluating
Nuclear Power Reactor License Termination Plans (NUREG-1700)”.
NUREG-1700, April, 2000.

US Nuclear Regulatory Commission, “NMSS decommissioning standard
review plan (NUREG-1727)”. Washington, DC: US NRC, 2000.

“License Termination Plan Revision 4”. February 28, 2005, Maine Yankee
Atomic Power Company.

“Maine Yankee Decommissioning — Experience Report: Detailed
Experiences 1997-2004”, EPRI, Palo Alto, CA: 2005. 1011734.
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“External Exposure to Radionuclides in Air, Water, and Soil”, Federal
Guidance Report No. 12, EPA-402-R-93-081, 1993.

“R&D and Innovation Needs for Decommissioning Nuclear Facilities”, NEA
No. 7191, OECD 2014.

“Use of NORM-containing products in construction Using RESRAD-
BUILD to assess the external dose from the natural radioactivity of building
materials”, Construction and Building Materials, Vol. 168, pp.1003-1007,
2018.

MARSSIM (2002), “Multi-Agency Radiation Survey and Site Investigation
Manual (Revision 1)”, Nuclear Regulatory Commission NUREG-1575 Rev.
1, Environmental Protection Agency EPA 402-R-97-016 Rev.1, Department
of Energy EH-0624 Rev. 1.

Eric. W. Abelquist, Decommissioning Health Physics: A Handbook for
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