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This project is a four-year scientific development project proposed for
radiation  protection management of nuclear power plant
decommissioning. It aims to establish and improve the calibration and
evaluation techniques required in controlling radiation detectors,
personnel and environmental doses concerning nuclear facility
decommissioning to construct a complete radiation protection control
system. The results of this year’s research are as follow: (1) Investigated
the feasibility of using the background doses or radionuclide
concentrations as a criterion for decommissioning. (2) Analyzed the
parameter sensitivity by using RESRAD-onsite codes. (3) Analyzed the
calibrated results of 567 portable dose rate survey meters and 225
contamination survey meters. (4) Preparation of two kinds of reference

materials (rice and milk powder) and homogeneity testing.

Keyword : nuclear facilities decommissioning; portable survey meters;

reference materials
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Priority 1 Priority 2

Priority 3

Nuclide concentration

Area of contaminated zone

Thickness of contaminated zone

Length parallel to aquifer flow

Cover depth

Cover erosion rate

Contaminated zone total porosity
Contaminated zone erosion rate
Contarinated zone hydraulic conductivity
Contaminated zone b parameter
Evapotranspiration coefficient

Wind speed

Precipitation rate

Runoff coefficient

Saturated zone hydraulic gradient
Saturated zone b parameter

Well pump intake depth

Well pumping rate

Unsaturated zone density

Unsaturated zone total porosity
Unsaturated effective porosity
Unsaturated zone soil-b parameter
Unsaturated zone hydraulic conductivity
Mass loading for inhalation

Indoor dust filtration factor

External gamma shielding factor

Fruit, vegetables, and grain consumption
Milk consumption

Soil ingestion rate

Drinking water ingestion rate

Distribution coefficient

Density of cover material

Density of contaminated zone
Density of saturated zone

Saturated zone total porosity
Saturated zone effective porosity
Saturated zone hydraulic conductivity
Unsaturated zone thickness

Depth of roots

Transfer factors for plant

Number of unsaturated zone

Time since placement of material
Groundwater concentration

Leach rate

Solubility limit

Use plant/soil ratio

Basic radiation dose limit

Time for calculations

Contaminated zone field capacity
Humidity in air

Irrigation mode

Irrigation rate

Watershed area for nearby stream or pond
Accuracy for water soil computation
Saturated zone field capacity

Water table drop rate

Model: nondispersion or mass-balance
Unsaturated zone field capacity
Inhalation rate

Exposure duration

Indoor time fraction

Outdoor time fraction

Shape of the contaminated zone (shape factor flag)
Leafy vegetable consumption

Meat and poultry consumption

Fish consumption

Other seafood consumption

Drinking water contaminated fraction
Household water contaminated fraction
Livestock water contaminated fraction
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Aquatic food contaminated fraction

Depth of soil mixing layer

Wet-weight crop yields for non-leafy vegetables
Weathering removal constant

Wet foliar interception fraction for leafy vegetables
C-14 evasion layer thickness in soil

Transfer factors for meat

Transfer factors for milk

Bioaccurnulation factors for fish

Irrigation water contaminated fraction

Plant food contaminated fraction

Meat contaminated fraction

Milk contaminated fraction

Livestock water intake for meat

Livestock fodder intake for meat

Livestock fodder intake for milk

Livestock water intake for milk

Livestock intake of soil

Mass loading for follar deposition

Groundwater fractional usage for household water
Groundwater fractional usage for livestock water
Groundwater fractional usage for irrigation water
Groundwater fractional usage for drinking water
Wet-weight crop yields for leafy vegetables
Wet-weight crop yields for fodder

Length of growing season for non-leafy vegetables
Length of growing season for leafy vegetables
Length of growing season for fodder
Translocation factor for non-leafy vegetables
Translocation factor for leafy vegetables
Translocation factor for fodder

Wet foliar interception fraction for non-leafy vegetables
Wet foliar interception fraction for fodder

Dry foliar interception fraction for non-leafy vegetables
Dry foliar interception fraction for leafy vegetables
Dry foliar interception fraction for fodder

Cover total porosity

Cover volumetric water content

Cover radon diffusion coefficient

Building foundation thickness

Building foundation density

Building foundation total porosity

Building foundation volumetric water content
Building foundation radon diffusion coefficient
Contamination radon diffusion coefficient
Building indoor area factor

Radon vertical dimension of mixing

Buildino air exchanoe rate

Building height

Foundation depth below ground surface
Radon-222 emanation coefficient

Radon-220 emanation coefficient

Storage times for fruits, non-leafy vegetables, and grain
Storage times for leafy vegetables

Storage times for milk

Storage times for meat

Storage times for fish

Storage times for cnistacea and mollusks

Storage times for well water

Storage times for surface water

Storage times for livestock fodder

C-12 concentration in local water

C-12 concentration in contamination soil

Fraction of vegetation carbon absorbed from soil
Fraction of vegetation carbon adsorbed from air
C-14 evasion flux rate from soil

C-12 evasion flux rate from soil

Grain fraction in livestock feed for beef cattle
Grain fraction in livestock feed for milk cow
Inhalation dose conversion factors

Ingestion dose conversion factors

Slope factor - inhalation

Slope factor - ingestion

Slope factors - extemal

Bioaccum
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BFBLLITHAL BfE2 S8E R 7 % Humboldt
Bay 17 T fix 20 & M4t 17 fh2 6 » S8 TOR L B RAOR A

TR N -5 N A

22 o B5NEY SRR T

Pfb [ EIE S 4 PRCC
“Am | Plant transfer factor for Am 0.93
Thickness of contaminated zone 0.79
Depth of roots -0.59
C | Thickness of contaminated zone 0.98
Depth of roots -0.76
Thickness of evasion layer for *C in soil 0.35
“3Cm | Plant transfer factor for Cm 0.91
Thickness of contaminated zone 0.73
External gamma shielding factor 0.60
Depth of roots -0.56
“Cm | Plant transfer factor for Cm 0.92
Thickness of contaminated zone 0.78
Depth of roots -0.60
“Cm | Plant transfer factor for Cm 0.84
Thickness of contaminated zone 0.80
Depth of roots -0.54
25Cm | Plant transfer factor for Cm 0.92
Thickness of contaminated zone 0.79
Depth of roots -0.60
®Co | External gamma shielding factor 0.95
Plant transfer factor for Co 0.65
Thickness of contaminated zone 0.39
Meat transfer factor for Co 0.35
BCs | Plant transfer factor for Cs 0.86
External gamma shielding factor 0.76
Thickness of contaminated zone 0.58
Milk transfer factor for Cs 0.39
Depth of roots -0.35
Meat transfer factor for Cs 0.28
2Eu | External gamma shielding factor 1.00
Kd of ™®?Eu in contaminated zone 0.26
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™Eu | External gamma shielding factor 0.99
*H Thickness of contaminated zone 0.93
Depth of roots -0.64

Kd of *H in contaminated zone -0.27

1291 | Plant transfer factor for | 0.89
Thickness of contaminated zone 0.75

Milk transfer factor for | 0.60

Depth of roots -0.49

Meat transfer factor for | 0.44

*'Nb | External gamma shielding factor 0.99
Kd of *Nb in contaminated zone 0.32

*Ni | Plant transfer factor for Ni 0.90
Milk transfer factor for Ni 0.81
Thickness of contaminated zone 0.74

Depth of roots -0.54

®Ni | Plant transfer factor for Ni 0.90
Milk transfer factor for Ni 0.81
Thickness of contaminated zone 0.74

Depth of roots -0.53

“'Np | Plant transfer factor for Np 0.92
Thickness of contaminated zone 0.79

Depth of roots -0.60

2%py | Plant transfer factor for Pu 0.92
Thickness of contaminated zone 0.79

Depth of roots -0.62

2%py | Plant transfer factor for Pu 0.93
Thickness of contaminated zone 0.79

Depth of roots -0.60

“py | Plant transfer factor for Pu 0.92
Thickness of contaminated zone 0.79

Depth of roots -0.60

“py | Plant transfer factor for Am 0.84
Thickness of contaminated zone 0.75

Depth of roots -0.51

Kd of **Pu in contaminated zone 0.25

%5y | Plant transfer factor for Sr 0.93
Thickness of contaminated zone 0.78

Depth of roots -0.58

“Tc | Plant transfer factor for Tc 0.91
Thickness of contaminated zone 0.80
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Depth of roots -0.54
Kd of Tc-99 in contaminated zone 0.26
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FeZ S BACH B2 % 252 75 | A imdk
RESRAD
(SR S VEPE A ki
25th 75th
Thickness of contaminated zone | “*Am, **C, “*****Cm, ®*Co, **'Cs, 2.67E+00
(m) 3H 129| 59Ni 63Ni 237Np
238-'241|:,L'j 908; 99Tc; ’
Depth of roots (m) “2Am, 1'C, #*#*°Ccm, *°Co, **'Cs, | 1.22E+00
3H, 129|’ 59Ni, 63Ni, 237Np,
238-241Pu’ 9OSr, 99-|-C
External shielding factor Sme, %Co, ¥'Cs, ?Eu, ™*Eu, 3.98E-01
Nb
Thickness of evasion layer (m) | *'C 4.27E-01
Plant transfer factor “LAm (the plant transfer factor 1.83E-03
(pCi/g plant per pCi/g soil) was also found sensitive for the
2 Am as a daughter product for
241py))
1.83E-03
243-29%Cm 1.46E-01
%Co 7.82E-02
B7Cs 3.67E-02
129 9.12E-02
> BN 3.67E-02
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90gy 9.16E+00
®1C
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Milk transfer factor for Co

Ik AR
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Dose limit = 0.25 mSv/yr

R%E_ R, PRCC for 1¥7Cs
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Plant transfer factor for Cs E——
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Meat transfer factor for Cs —
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Saturated zone total porosity m
Density of saturated zone
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I P EESRE SRR E R BE-RRY
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ALOKA 1 |FLIR 5 |SE 58
ATMOTEX 134 | FLUKE 4 | S.EA. 1
AUTOMESS 42 | GE 2 | SAPHYMO 7
BICRON 1 | GRAETZ 6 |TACP 1
C.E. 1 | IDENTIFINDER | 20 | TARGET 1
CANBERRA 10 | INER 39 | TELETECTOR 3
CARDINAL 1 | INOVISION TENMARS 2
CUJJT 7 | LUDLUM THERMO 101
CYPHER 2 | MINI 9 |VICTOREEN 10
EBERLINE 6 | NDS 2 O 11
ECOTEST 1 | NOVELEC 17 £2@) 14
ESM 1 | POLIMASTER 7
EXPLORANIUM | 2 | RADOS 1
FAG/ FHZ 140 14 |ROTEM 10 &3 o567
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APTEC 2 |F&] 1 |S.E. 33
ATOMTEX 5 |FAG 2 |S.EA. 37
AUTOMESS 11 |FLUKE 3 |SAPHYMO 4
BERLINE 1 |INER 1 SOUTHERN 8

SCIENTIFIC
BERTHOLD 19 | LUDLUM 20 | SPECTECH 4
BICRON 2 | M.E.D. 4 | THERMO 52
BLADEWERX | 1 |MORGAN 1 |[TSA 1
BgSv 2 |RADHOUND | 1 |VICTOREEN| 6
EBERLINE 3 |RADOS 1 &3 225
Ao PR RSRE S e BE R -k fEAR
ik kE | FA(0)
Fa 370 65.3
P 8 143 25.2
AL 41 7.2
PEE Y 6 1.1
R 5 0.9
Sl 1 0.2
bk i 1 0.2
B3t 567 100
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AR ST E R

= 0E 393

by e e 22t 4
= PO FE PR 5 B

Ry EE A 2R

XEARA

RUAETRPIE S FRIEEE 7

=7 2%
nOpE

£ ¢ (TAF) RI#4A 2 %R

-rr /?J
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FaE TR

R

BB (2 2 %5 ¢ TAF-CNLA-T09)® - F 2 = 5

BT REE )T
I R RIEE R R F
o BT Uurisag PR FA K

£ FP45 ISOGUIDE 35 & & » it (7303 B ifl3# -

o

i#| 2 (AMDA) & 2. 10-100 & 75 & # B > 7 4c 7 3
7 %ﬂ__%_&r]'/}g‘l(—krz\ i) 9 T' 'f ’l‘l‘ //\5‘?1 1% ’H i’?%

—‘Ff;tg’gf?

Pl 150 BofRd 157 A 5 18P~ (random sampling) ~ 4 & B~

% (stratified random sampling) & ,% P~k (systematic sampling) > *

R AV € &; i E T

&R g o

e BRNEAFRBEHLE ] o B

R RRUERE I RTR TR
 dmzR| 2% | 2% TR LY
pogg PEORER £ () | R | RHE | iR o2 (%)
(=) | @ | @ | (Bag  (k=1)
Cs 4532.36 + 0.90% 8.95655 | 250.32 155.00 *= 0.90%
[¢]0]
Co 4525.24 + 0.60% 9.05428 | 250.29 126.57 + 0.60%
134
Cs 40729.58 + 0.90% 0.98052 | 250.29 82.62 + 0.90%
8b
Sr 7864766.21 + 0.90% 0.85277 49.83 65.19 + 0.90%
9u
Sr | 4059264.26 + 0.90% 0.10362 | 249.73 1606.81 =+ 0.90%
PRI R AT E B 10 FT R &-:E 7 between-bottle FFL € 45 14

BRI 3= fEk &2

E12 300 g 5
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AT kR e 3 £ JF 9 one way ANOVA(E 7]+ % 8 s

$7) 2 5% 3 1 between-bottle cnE AF AR B B L 2 FEH L > H &

BRI RPIFEES T 215.0% ) ok L~ £ L - Brg) o
B A 03 BRI S
f 46 50C 134~ 13705 855, %0g,
O the repeatability 0.91% 0.58% 0.37% 0.56% 0.56%
O the between-bottle 4.86% 4.04% 3.39% 4.30% 4.30%
ESEN S 4.86% 4.04% 3.39% 4.30% 4.30%
FLt- SR RPREESR
Pt “Co Cs ¥iCs %Sy sy
O the repeatability 1.26% 2.10% 0.67% 0.34% 0.34%
O the between-bottle 3.70% 4.70% 4.20% 2.90% 2.90%
23 RPEE 3.70% 4.70% 4.20% 2.90% 2.90%

FERAI N EST RS, > cRAPEZ A EEA
(k=1)4 =] % ®Co : 4.90% ~ *'Cs : 4.14% ~ *¥'Cs : 3.51% ~ ®Sr :
4.39% - °Sr: 2.68% ; 2 S %Y b RS 0 LA
7 2 B (k=1) A~ % % ®C0:3.75%~1*'Cs: 4.79%- "*¥"Cs : 4.30% -
Sr: 3.04% ~ Sr 1 2.29% » & m AT el S e oA 2
FRETP TR A SRS FLL 245 F- R Lk EFL

DI A S
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FAG FH40F2 | ¥% 34| 0.06~1.3 ~1.0
Victoreen 440RFD Mapir | 0.04~1.3 ~1.0
ROTEM RI-02 Mar | 0.04~2.0 ~1.0

INER 99A Fa 0.06~1.3 ~1.0

S.E. Inspector | % ;¢ | 0.06~1.3 ~1.0
Thermo identiF2 | # f*4 | 0.06~1.3 ~1.0
Eberline FH40G Fa N 0.06~1.3 ~10
Thermo RadEye PRD | # it 4 | 0.06~1.3 ~1.0

ATOMTEX AT1121 PR 0.04~2.0 ~10
GRAETZ X5C Fi:| 006~13 ~10
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Thermo RADEYE-B20 | P #4 | 19.6 cm? a~p 999 cps
S.E. Inspector ¥ | 159cm? By 5.0 keps

Syph iniTRACE e
épm%/mo mlnB| C10 54 | 15.2cm? By 9.9 keps

Thersmo FHA0G mosay | 155ecm? | By 9.9 keps
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FLUKE 190F-S| 5 | 16.6 cm? B~y 99 kepm
Southen ] )

RADHOUND FElgql | 18.1cm a~p 999 cps
Sci.

Thermo |RADEYE-AB100| P4 | 102 cm? o~ P 100 kcps
Ludlum 3 .5 | 100 cm? By 9.9 kepm
S.E.A. COMO170 gl | 150 cm? o~ P 9.9 keps
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% ¥k e/ ® Hi> %3 '\"Ifk St F T iaE
- A fik
LA VS ST N
HE 0.25 msviy | LT RFEREEF LT
_ﬁ.
AR Sk
R 10,000 m? RESRAD default
SAYER 2 m RESRAD default
5O A T F e T oK
R j . k 100 m RESRAD default
A AE ot ik
- bounded NUREG/CR-6697, Att
, i ,
A ke o B lognormal-n m C, p3-21. 2.296 1.276 0.18 320 4
NUREG/CR-6697, Att
Abfed 2 3B AR | Truncated lognomal glem® C, Table 3.1-1. Generic 1.52 0.23 0.001 0.999 15
soil type.
ST TR NUREG/CR-66_97,Att
o Truncated lognomal - C, p3-5. Generic soil 0.425 0.867 0.001 0.999 0.4
. = type.
) S , NUREG/CR-6697, Att
éﬁ i 7 ? - ’ -
i%‘ j;% L Truncated lognomal - C, p3-8. Generic soil 0.355 0.0906 0.001 0.999 0.2
< RS type.
RESRAD default
et v W EFH 0.2 - Field capacity=23,3" [4. - - - -
-3 PRdt HF
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NUREG/CR-6697, Att

* & {oF -k 4 @ % | bounded ic Soi
N lognormal-n mly Sy,p[f-ll. Generic soil 2.3 2.11 0.004 9250 10
bounded NUREG/CR-6697, Att
AeEfod R4 R - C, p3-18. Generic soil -5.11 1.77 | 0.00007 0.5 0.02
lognormal-n
type.
it Sk
NUREG/CR-6697, Att
et L EDR Truncated lognomal glem® C, Table 3.1-1. Generic 1.52 0.23 0.001 0.999 1.5
soil type.
B ok T NUREG/CR-66_97,Att
53 Truncated lognomal - C, p3-5. Generic soil 0.425 0.867 0.001 0.999 0.4
B type.
Bqod 2 G et NUREG/CR-GQQ?,Att
b Truncated lognomal - C, p3-8. Generic soil 0.355 0.0906 | 0.001 0.999 0.2
- type.
RESRAD default
et v W EH 0.2 - Ffield capacity=3%3" [4. - - - -
g kit
bounded NUREG/CR-6697, Att
efed k4 BER mly C, p3-11. Generic soil 2.3 2.11 0.004 9250 10
lognormal-n type
bounded NUREG/CR-6697, Att
fed k4 R - C, p3-18. Generic soil -5.11 1.77 | 0.00007 0.5 0.02
lognormal-n type
bounded NUREG/CR-6697, Att
#feF b S | - C, p3-15. Generic soil 1.06 0.66 0.5 30 5.3
ognormal-n

type.
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B TR T TR AR 0.001 mly RESRAD default - - - -
meters
B TORFER Triangular below water NUREG/CR-6697, Att 6 10 30 10
C, p3-40.
table.
BOTOOR U dg R B . : .
4 R Nondispersion - 5 4 % #£>1,000 m° - - - -
=+
e
NUREG/CR-6697, Att
2ok Beig 5 if ’l C, section 310, =535 1173 1973 250
K4 B3¢ 5 Uniform m°ly bt R B A - - 5
B TR ORE S FL A
& ok e
REFIE
hEvER 0 m RESRAD default - - - .
NUREG/CR-6697, Att
AT RAE Truncated lognomal glem® C, Table 3.1-1. Generic 1.52 0.23 0.001 0.999 15
soil type.
VI A TR 0.001 m/y RESRAD default - - - -
Ty NUREGICR-6697, Al
& Truncated lognomal - C, p3-5. Generic soil 0.425 0.867 0.001 0.999 0.4
- type.
RESRAD default.
AR e R 0.2 - Field capacity=23,3 I4 - - - -
g oeit B
bounded NUREG/CR-6697, Att
E AL 4 ) 0
ANk BER lognormal-n mly C, p3-11. Generic soil 2.3 2.11 0.004 9250 10

type.
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NUREG/CR-6697, Att

o bounded s
SAH b Fc lognormal-n gl,p[éB 15. Generic soil 1.06 0.66 0.5 30 53
TF7RAE 8 g/m’ RESRAD default - - - -
PRTE Uniform i NUREGICR-6687, At 0.5 0.75 : i 0.5
P RR B E 2
: FoooAK S Sk
R i# 11 m/s TR - - - -
AR b oiETIE
% 1 mly RESRAD default - - - -
i#E Uniform mly QUSE?/EC F;'?Sg?' Alt 0.36 0.76 - - 0.2
YR <
NUREG/CR-6697, Att
C, Section 4.2. i&jx i
:ﬁ_;ﬁﬂ/ukﬁﬂ : 3‘2_
i e Uniform : gf% A gl 0.1 0.8 - : 0.2
% £ (infiltration)- 7 %%
# (Evapotranspiration)
W 1,000,000 m RESRAD default
b T3
R ag 8,400 m3ly RESRAD default - - - -
B ek 5] 5 continuous with 3 NUREG/CR-6697, Att i i i i
[ linear interpolation g/m C, p4-15. 0.0001
R &P 30 y RESRAD default - - - - -
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NUREG/CR-6697, Att

PN BB Uniform - C, p7-1. 0.15 0.95 - 0.4
Wk g BT | Ogﬂg?r?;?n . QUPF;E;/ CR-6697, Att 13 059 | 0.044 0.7
R 0.5 - RESRAD default - - - -
Tk iEr F]F 0.25 - RESRAD default - . . -
FEROREES X 279 kaly B4 ¢ faTfri - - - -
EEagEa S 63.4 kgly R L = - - - -
2iniEa X 15.6 Y B4 gHa T i - - - -
(R R 93 kgly BZ gHra T i - - - -
A HES ¥ 18.4 koly BL ghma T i - - - -
Hiu a2 A2#HEa 5 13.862 kgly B4 ¢gHraTgrd - - - -
CEE 37 gly p A H12 47 2 - - - -
&k 610 Ity p A& H12 4% - - - -
A HKF R0 By 1 - 20K B AT S - - - -
T KT L 1 - 230K ER A 4 - - - -
HHART R 1 - 2K BR T S - - - -
BIEKS A 1 - 220K B AT % - - - -
B A S L By 0.5 - NUREG/CR-5512, vol 3. - - - -
E*ﬂ FEEEAT -1 - NUREG/CR-5512, vol 3. - - - -
PR R b -1 - NUREG/CR-5512, vol 3. - - - -
B A -1 - NUREG/CR-5512, vol 3. - - - -

e
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AR 2L EES NUREG/CR-5512, vol

2 60 kglday | 3 table 6.87 ] ] ] ]

AL BEES NUREG/CR-5512, vol

2 55 kglday | 3 table 6.87 ] ] ] ]
, NUREG/CR-5512, vol

AR EHGLE 50 \fday 3 LtJabIeGG/CE,;Y Polave i i i i

AP kR 160 Uday | Do CR12 Vol i : . .

FHIEHESE 0.5 kg/day RESRAD default - - - -

BRIy | R 0.0001 g/m® 3N lﬁaFéIIEeGé(él;-%lZ, vol - - - -

1R IER Triangular m QUREG/CR'GGW'AH 0 0.15 0.6 0.15

R R Uniform m QUREG/ CR-6697, At 0.3 4 i 0.9

BT RO A A A 2R T

* 2y ! ' gy ' ' ' '

BOTOR R SR A 1 A S Y

* 2L l’;’?l] - }\ |i"_}l’% - - - -

BOTRE AN B E 2 1 2FCRBEK T T

G ) K ) ) ) )
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