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Decay Series for 238U (234U)

Uranium-234

250,000 years

mbols o and § indicate alpha and beta
decay, and the times shown are half-lives.

An asterisk indicates that the isotope is also
a significant gamma emitter.

Uranium-238 also decays by spontaneous
fission

Polonium-218 Polonium-210

| 3.1 minutes 1 o : o | 140 days

minutes

27 minutes

Lead-2

* Draft OIR(2012)



KAERI

Decay Series for U

Uranium-235* Notes:
— The symbols o« and B indicate alpha and beta
700 million years decay, and the times shown are half-lives.

An asterisk indicates that the isotope is also

Protactinium-231* o _ L
a significant gamma emitter.

33,000 years

Francium-

Bismuth-211*
2.1 minutes
5 minutes Lead-207 (stable)

Lead-211*

* Draft OIR(2012)



KAERI
Isotopic Composition of

% Isotopic % Alpha Alpha activity
[sotope- composition- activity- Ba/g-

U-238- 99.2745- 48.16- 1.23E+04-
U-236- 0.0000- 0.00- 0.00E+00-
U-235- 0.7200- 2.25¢ 5.76E+02-
U-234- 0.0055- 49.59. 1.27E+04-
Total alpha activity, Bg/g - 2.564E+04.
Alpha activity ratio U-234/U-238- 1.030-
Alpha activity ratio U-235/U-238- 0.047-

@ Composition is given as weight % of total U isotopes -
b Alpha activity per gram uranium.

* ICRP Supporting Guidance Document on Interpretation of Bioassay Data(2007)



KAERI

Isotopic Composition of

% Isotopic % Alpha Alpha activity
Isotope- composition-  activity- Ba/g-

U-238. 96.471- 14.73- 1.20E+04-
U-236. 0.0000- 0.00- 0.00E+00-
U-235. 3.5000- 3.44. 2.7992E+03-
U-234. 0.02884- 81.84. 6.6679E+04-
Total alpha activity, Ba/g - 8.1478E+04-
Alpha activity ratio U-234/U-238. 5.556-

Alpha activity ratio U-235/U-238- 0.233.

a2 Composition is given as weight % of total U isotopes -
b Alpha activity per gram uranium.

* ICRP Supporting Guidance Document on Interpretation of Bioassay Data(2007)
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Isotopic Composition of

% Isotopic % Alpha Alpha activity
Isotope- composition-  activity- Bqg/g-

U-238. 6.06. 0.039- 7.51E+02-
U-236- 0.34- 0.428- 8.16E+03-
U-235. 92.8- 3.89. 7.42E+04.
U-234. 0.79. 95.64- 1.82E+06-
Total alpha activity, Bqg/g - 1.91E+06-
Alpha activity ratio U-234/U-238. 2452.

Alpha activity ratio U-235/U-238- 99.8.

2 Composition is given as weight % of total U isotopes -
b Alpha activity per gram uranium.

* ICRP Supporting Guidance Document on Interpretation of Bioassay Data(2007)
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Isotopic Composition of

% Isotopic % Alpha Alpha activity
Isotope- composition-  activity- Ba/g-

U-238- 99.8000- 83.39. 1.24E+04-
U-236- 0.0000- 0.00- 0.00E+00-
U-235- 0.2000- 1.07- 1.60E+02-
U-234. 0.0010- 15.53. 2.31E+03-
Total alpha activity, Ba/g - a a 1.49E+04-
Alpha activity ratio U-234/U-238- a a 0.186-

Alpha activity ratio U-235/U-238- a a 0.013-

a Composition is given as weight % of total U isotopes -
b Alpha activity per gram uranium.

* ICRP Supporting Guidance Document on Interpretation of Bioassay Data(2007)
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Specific Activity

Nuclide- Half-1ife(®:9) (y). Atomic mass(@ (u)- Specific activity (Bqg/g)-
U-234- (2.457 + 0.003) 10°° 234.0409456- 2.3003E+08-
U-235- (7.037+ 0.007) 108. 235.0439231- 7.9973E+04-
U-238- (4.468+ 0.005) 109 238.0507826- 1.2437E+04-

U-236- (2.342+ 0.003) 107- 236.0455619- 2.3928E+06-

(a) Avogadro's number 6.02214E+23.

(b) Decay Data of the Transactinium Nuclides”, IAEA Technical Report Series no. 261 (1986) (as
recommended by NPL).

r = 365.2422 days as s

* ICRP Supporting Guidance Document on Interpretation of Bioassay Data(2007) 10
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235 =&k, Off [} 234U, 238 &l 2o,

- ORNL (2012), E: %2%U

%*U = 0.0015 + 0.0058E + 0.000054F

i 7 1.08
W / o [ . \

0.72

]_ “’/U lf)} — “’/()
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Direct measurement MDAS

Measurement category Organ MDA
|. Transuranium elements via x-rays Lungs 185 Bqg/A
Il. 241Am Lungs 26 Bq
Il. 234Th Lungs 110 Bq
V. Fission and activation products Lungs 740 Bg/A
VI. Fission and activation products Whole body 740 Bg/A
VIl. Radionuclides in the thyroid Thyroid 740 Bg/A

* From ANSI 13.30

A is the number of photons per nuclear transformation — L x-rays

for transuranium elements, and gamma rays for fission and activation products
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Indirect measurement MDCs (urine)

Measurement Category Nuclide MDC
3H, 14C, 3°S 370 Bq/L
| Beta - Average energy <100 keV 147Ppm 0.37 Bg/L
210p, 228Ra, 241pPu 0.19 Bqg/L
IIl. Beta — Average energy > 100 KeV j;P St or BSr At
I 3.7 Bq/L
210p0’ 226Ra’ 228/230/232Th’
237N, 238/239/240py  241Am, 242/244Cm 2.2 mBq/L
V. Gamma or x-rays Emitters with photons <100 keV 2 Bg LY/A
VI. Gamma or x-rays Emitters with photons > 100 keV 2 Bg L1/A

* From ANSI 13.30

A is the number of photons per nuclear transformation — L x-rays

for transuranium elements, and gamma rays for fission and activation products

14



KAERI

Indirect measurement MDCs (faeces)

Measurement
Category

Nuclide

MDA

’ 228/230/232Th’ 238/239/240PU,
241Am

VIIl. Beta — Average
energy > 100 keV

89/908r or QOSr

0.74 Bg/sample

IX. Gamma or x-rays

Emitters with photons <100 keV

2/A Bg/sample

X. Gamma or x-rays

Emitters with photons > 100 keV

2/A Bg/sample

* Minimum detectable concentration - From ANSI 13.30
A is the number of photons per nuclear transformation — L x-rays for transuranium
elements, and gamma rays for fission and activation products

15
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MTL Values for Direct Measurements

Measurement Category Type Radionuclide MTL
I. Transuranium elements via
Lung 238py 9 kBq
L x-rays
Il. Americium-241 Lung 241 Am 0.1 kBq
: 234Th in equilibrium w/
IIl. Thorium-234 Lung parent 238U 0.5kBq
V. Fission and activation products Any two: %*Mn, %8Co, °Co, 3 kBq
Lung 1#4Ce + 30 kBq
134CS & 137CS/137Ba 3 kBq
VI. Fission and activation products All of: 134Cs, 137Cs/13'mBa,
Total body 60Co & 54Mn 3 kBq
VIl. Radionuclides in the thyroid Thyroid 131] gr 125 3 kBq

* ANSI HPS N13.30(1996)

16
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MTL Values for Indirect Measurements

Measurement category Radionuclide MTL
(per L or per sample)
3H, 14C 2 kBqg
|. BETA activity: average energy < 100keV | %S 20 kBq
228Ra 0.9 kBqg
32p
Il. BETA activity: average energy <100 keV | oo 05 or 905y 4 Bq
228,/230Th or 232Th 0.02 Bq
23'Np 0.01 Bq
238py Qr 239/240py 0.01 Bq
241Am 0.01 Bq
V. Elements (mass/volume) Uranium 20 g
137Cs/13'mBa 2 Bq
V. GAMMA (photon) activity 60Co 2 Bq
L28] 0.4 kBg

* ANSI HPS N13.30(1996)

17
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Measurements Technigues for U

Techmque Measurement | Detection detection limit
lelt
il PO o
spectrometr
spectromeftr

Isotope Monitoring Method of | Typical Achievable
Technique Measurement Detection detection limit
Limit

Urlne Bmassay a spectrornetry 0.3 mquL 0.05 mBqIL

(0.016 E.q;L
mBg/L
' Faeces Bloaasay a spectrornetry
L LR Ao Lo L
Sp e-::tr::rmetr

Whole Body | w-ray 60 Bq 40 Bq
Counting spectrometr

* Draft OIR(2012)
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Measurements Technigues for U

Isotope Monitoring Method of | Typical Achievable
Technique Measurement Detection detection limit
Limit
specirometry | 0.3 mea/L | 0.05 me/L
=By Urine Bioassay | ICPM/S 0.0015 pg/L | 0.002mBq/L
] 0.03 mBag/L
EEISU

Urine Bioassay 0.06 ug/L

Urine Bioassay | Fluorimetry 1 ug/L _
a spectrometry | 2 mBqg/24h 0.2 mBqg/24h

U Lung Counting ¥-ray 50 Bq of Th- | 30 Bg of Th-
spectrometry of | 234 234
2_‘!4-|-h

* Draft OIR(2012)

19
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Typical uncertainties for U lung counting

Source of Uncertainty Estlmat_ed
Uncertainty
Chest Depth 12%
Chest Wall Thickness 15%
Activity Location 5%
Detector Placement 5%
Subject Background 10%
Calibration 5%
Counting Statistics 40%
Total Estimated Uncertainty 90%

* From Toohey, et al

20
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Human EXcreta

e Drutman and Mordasheva (1985)
- Natural U, 24 h collection (254 women, 229 men)
483 urine samples 1.4 &+ 0.1 pg
318 feces samples 2.3 & 0.2 ng

e |CRP-23 (1975)
- Reference Man
Urinary excretion : 0.05 ~ 0.5 ng-d-
Fecal excretion : 14~18 pg-d?

< \Wrenn et al. (1985)

- 37 samples: 0.098 £ 0.2 ng-L* = 0.137 pg-d+

e it
* NCRP SC 57-15 (1999) l4L.d 21
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*1SO 20553 (2006)
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HAlES = J}ISHEHEHH XS A
HF A0 [HE ZAISHE SR
Required monitoring data
- ¢ D <1 mSv 1 mSv<D<6mSv 6mSvsD
Radionuclide| ' YP®©
monitoring
Number Time range Number Time range Number Time range
(days) (days) (days)
Urine - - 2 30 3 60
U-235 Faeces 1 - 2 30 3 60
Lungs - - 2 60 4 120

* |CRP Guidance(2007) 25
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Compartment

Model for Internal Dosimetry

Respiratory tract model

Gl Track

[ ]
2 |

) [ i

KN EN EN Tor s or 8l 51 | 41 ]

Other Soft
Tissues

Skeleton
Cortical:Volume
<>

Non-exch : Exch

Trabecular Volume

Non-exch : Exch

Urinary
Bladder
Contents

5 |
I\Ellllﬂ El &N KB
10

2] 1] or[or 1]

=N

LN bbb

THb
I

Rapid Intermediate Slow
Turnover(STO) M Turnover(ST1) @ Turnover(ST2)

Plasma = [EECESESEEEEee i GastrOinteStinal

Trabecular
Surface RBC
Other Kidney l
Tissue

tract model

==

Faeces
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Diagram of the biokinetic model for U

Other Intermediate Rapid Slow
soft turnover turnover turnover

tissue (ST1) (STO) (ST2)

Skeleton

Nonexch Exch Cortical l Plasma Liver
cortical cortical surface :
volume I .

volume

= o tvert |
Nonexch Exch - Trabecular J/

trabecular trabecular surface
volume volume
M Gl tract content

Other

ddney [T Faeces
Urinary tissue
bladder
content

* |CRP-69, 78 model, ICRP Guidance(2007), Draft OIR(2012)



KAERI Transfer rates for the U systemic model (d-1)

*ICRP-78(1997),
ICRP Guidance(2007),
Draft OIR(2012)

Plasma to STO

Plasma to RBC

Plasma to urinary bladder

Plasma to urinary path

Plasma to other kidney tissue

Plasma to ULI contents

Plasma to liver 1

Plasma to ST1

Plasma to ST2

Plasma to trabecular surfaces

Plasma to cortical surfaces

STO to plasma

RBC to plasma

Urinary path to urinary bladder

Other kidney tissue to plasma

Liver 1 to plasma

Liver 1 to liver 2

ST1 to plasma

ST2 to plasma

Bone surfaces to plasma

Bone surfaces to exchangeable volume
Liver 2 to plasma

Non-exchangeable trabecular volume to plasma
Non-exchangeable cortical volume to plasma
Exchangeable bone volume to bone surfaces

Exchangeable bone volume to non-exchangeable volume

1.05E+01
2.45E-01

1.543E+01

2.94E+00
1.22E-02
1.22E-01
3.67E-01
1.63E+00
7.35E-02
2.04E+00
1.63E+00
8.32E+00
3.47E-01
9.90E-02
3.80E-04
9.20E-02
6.93E-03
3.47E-02
1.90E-05
6.93E-02
6.93E-02
1.90E-04
4.93E-04
8.21E-05
1.73E-02
5.78E-03

29
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Human Alimentary Tract Model (HATM)

] Oral mucosa General
| circula-

. tion
Stomach | Respiratory |
Oesophagus L _

Fast | Slow

Ingestion Ingestion——=| Oralcavity o
contents !

Blood :

or Stomach ac
Small contents
A secretory |
Intestine I i
organs /
mall intesting Small intestine
& .1-1

i o S
(including contents

Tpper Large Rcig :tt ;::{[]Son Right colon
Iniestine wall

1 Leftcolon ] Leftcolon
184 contents wall

Lower L_ﬂlgt'- Rectosigmoid Sigmoid colon
Iniestine contents wvall

Faeces

Gl Tract Model (ICRP-30) HATM (ICRP-100)

= Ingestion Retention Fraction : nearly same (f; = f,)

= Committed Effective Dose : nearly same

30
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Human Alimentary Tract Model (HATM)

HAT model transfer coefficients for total diet
for the reference worker

From

Ofal cavity contents
Oral cavity contents
Oesophagus Fast
Oesophagus Slow

Stomach contents
SI contents

RC contents

LC contents

To

Oesophagus Fast
Oesophagus slow
Stomach contents
Stomach contents

Small intestine contents
Right colon contents
Left colon contents
Rectosigmoid contents
Faeces

* |CRP-100(2006), ICRP Guidance(2007), Draft OIR(2012)

Transfer coefficient © (d™)
6480

720

12343

2160

20.57

6

31
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Human Respiratory Tract Model (HRTM)

Environment, 48

I D T

Bound Material

K%

Blood, 32

* |CRP-66, 78, ICRP Guidance(2007)

GI Tract(Stomach, 28)

32
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Human Respiratory Tract Model (HRTM)

ICRP-66(1993) Oric Draft OIR(2012)
(ICRP-78, ICRP Guidance(2007))

Anterior T ! Extrathoracic
nasal i

1
Naso- ) i . 10 Posterior nasal, i
grophawnm < pharynx, larynx : LNer ETeeq
larynx ! 0.001

Bronchi

Bronchial

- BBieq
0.001
Bronchioles

) 0.2 [}
ﬁ Bronchiolar LN - b
Alveolar 0.00002 o
-y 3 2

interstitial 0.002

Thoracic
Alveolar- —
interstitial 0.00003 0.001

Thoracic

a.0.C

Deposition (%) Region Deposition (%)
'Region~ Male 5 pm AMAD

ETie ET, 47.94

ETE‘J ET 2
BB+ BB

Bbe bb
Ala 5.3 AT

Total+ 82 Total

Regional deposition for Reference Workers engaged in light work 33
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AMADs for different industries

: Range of AMAD Median Recommended
Type of industry
(Hm) (Hm) AMAD (pm)
All work places 0.12-25 4.4 5
Nuclear power 0.28-7.2 3.9 4
industry
Uranium mills 0.5-16 6.8 7
Fuel handling 0.34-16.5 3.8 4
facilities

ICRP Guidance(2007)

34



KAERI ICRP-78 Recommendation

Absorption type

- Type F : 100% absorbed with a half-time of 10 minutes

- Type M : 10% absorbed with a half-time of 10 minutes and 90%
with a half-time of 140 d

- Type S : 0.1% absorbed with a half-time of 10 minutes and 99.9%
with a half-time of 7000 d

Absorption type for the compounds of uranium
Soluble compounds . UF4, UO,F,, UO,(NO,), Type F
Less soluble compounds : UO,, UF,, UCI, Type M

Highly insoluble compounds : UO,, U;0q4 Type S

35
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Compartment model representing time-dependent dissolution,
followed by instantaneous uptake to body fluids (ICRP-66, 78)

Deposition
Particles in Spt Particles in
" » Transformed
Initial state
state
>p l lst
Body fluids
Default absorption rates
Type F (fast) M (moderate) S (slow)
Model parameters (d-1)
Sp 100 10 0.1
Spt 0 90 100

St - 0.005 0.0001 36
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Update default absorption parameter values for Type F, M, S

I Vvpe M:

100% absorbed instantaneously. Regional deposition does not need to
be assessed for such materials. because in dose calculations they can be
treated as if they were injected directly into body fluids.

100% absorbed with a half-time of ~30 minutes. There 1s rapid
absorption of almost all material deposited in bb and AI. ~80% of
material deposited i BB. and ~25% of matenal deposited in ET». The
other material deposited in BB and ET; 1s cleared to the alimentary
tract by particle transport.

20% absorbed with a half-time of ~6 hours and 80% with a half-tume
of ~140 d. There 1s rapid absorption of ~20%. 5% and 0.5% of material
deposited in bb, BB and ET,. respectively. About 80% of the deposit in
Al eventually reaches body fluids.

1% absorbed with a half-time of ~6 hours and 99% with a half-time of
~7000 d. There is rapid absorption of ~1%. 0.25% and 0.03% of
material deposited in bb. BB and ET,;. respectively. About 30% of the
deposit in Al eventually reaches body fluids.

37
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Alternative compartment models representing
time-dependent absorption to body fluids

(a) Deposition Deposition Deposition

Particles in Particles in
initial state transformed state

Bound material

Body fluids Body fluids

38
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Absorption parameter for each compound of uranium

Absorption parameter

values?® Absorption from

the alimentary
Inhaled particulate materials fr s (d7Y) ss (d7H) tract, fa9

b

Specific parameter values
Uranyl Tri-Butyl-Phosphate (U-TBP) 12 0.002 0.02
Uranyl nitrate, UO2(NO3)z . 3 0.005 0.02
Uranium peroxide hydrate UO4 . 0.9 0.02 0.01
Ammonium diuranate, ADU . 0.7 0.02 0.02
Uranium trioxide UQOs . 1 0.01 0.01
Uranium tetrafluoride UF,4 . 0.005 2x10™
Triuranium octoxide UzOg 6x10™* 2x10™
Uranium dioxide UO> 5x107* 2x10™

Uranium aluminide UAlx c 0.002

Default parameter valuesd®*®

Absorption Type Assigned forms
F Uranium hexafluoride, UFg

M Uranyl acetylacetonate; DU
aerosols from use of kinetic
energy penetrators; vaporized U
metal; all unspecified forms'

Ingested materials

Soluble forms (Type F)

Relatively insoluble forms (as assigned to Types M
and S for inhalation)




KAERI

Absorption parameter for each compound of uranium

It is assumed that for uranium the bound state can be neglected, i.e., ft = 0.0. The value of 5 for
Type F forms of uranium (10 d™1) is element-specific. The values for Types M and S (3 d-1) are the
general default values.
e text for summary of information on which parameter values are based, and on ranges of
arameter values observed for individual materials. For uranium specific parameter values are used

for dissolution in the lungs, and where information is available for absorption from the alimentary
tract. For other materials, the default value of fa is used (footnote d).

See text: sp = 1x10%d™?, sy = 4x107d™?, s¢ = 4x107°d™?, with fa taken to be 0.002.

For mhalwd rnater'ial deposited in the respiratory tract and subsequent cleared by particle transport to
the alimentary tract, the default fa values for inhaled materials are applied: i.e., the (rounded)
product of f. for the absorption Type (or specific value where given) and the fa value for ingested
soluble forms of uranium (0.02).

Materials (e.g. UFg) are listed here where there is sufficient information to assign to a default
absorption Type, but not to give specific parameter values (see text).

Default Type M is recommended for use in the absence of specific information, i.e., if the form is

unknown, or if the form is known but there is no information available on the absorption of that form
from the respiratory tract.

40
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Internal Dose Assessment [Sv/Bq]
Acute Intake |, Chronic Intake |,
M(t) M(t)
F(t)

|c = x D

|A=

Fe(t)

Time after intake, t

— -
- o
-— —
- -
- [
- ~
-~
-~

Intake, | Measurement, M(t)

| J
| i

1 Bq

= [Bg]l x € [Sv/Bd]
50

* ICRP-68(1994) 41



KAERI
Intake Retention Fraction due to Absor

Uranium, Inhalation, 5um, Lung : predicted values following acute intake

0.1

Absorption Type
— Type M
—Type S

>
=
P
0
@®©
i®]
5
©
e
k=
Y
o
c
Q
0
©
S
LL

100 100
Time after intake [days]

* |CRP-78(1997)
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Effective Dose Coefficients [Sv/Bqg]

Inhalation, e

(50) Ingestion,

inh'
Nuclide 1
1 4t AMAD 5y AMAD £,

0.020 4.0 x 10% 4.7 x 10° 0.020
U 0.020 7.2x10° 48x10° 0.002
0.002 3.5x10° 6 x10°
0.020 5.7 x 107 x 107 0.020
0.020 3.2 x 10° 2 x10° 0.002
0.002 8.7 x 10° x 10°
B 0.020 5.5 x 107 x 107 0.020
24405y 0.020 3.1x10° 2.1x10° 0.002
0.002 8.5 x 10° x 10°¢

0.020 5.1 x 107 x 107 0.020

7.04(08) y

0.020 7.2x10% 48 x10° 0.002

0.002 7.7 x 10° x 10°

0.020 5.2 =107 5.1 % 107 0.020

2.34(07) y N X
; 0.020 2.9 x 10" 9= 10" 0.002

0.002 7.9x10° x 10°

0.020 4.7 x 107 8x 107 0.020

4.47(09) y . X
- 0.020 2.6 = 10° B x10F 0.002

0.002 7.3 x10° 7 x10°

* |CRP-68(1994)
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V. Hlu 2c}
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H SAls =3 &t
- KAERI H &AlS Hl==7| (BEGe 6530)

—

EEOLEE SN B O MYeE BN N

Aygns Yz

L= .« o} 210

* KAERI (2014)
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* KAERI (2014)
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KIr

Lu|

e LLNL HEo| I Al

47

* KAERI (2014)
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1991/4/3 Energy(keV) ield(%)

Am-241
(4.21E+04 Bq)

Eu-152
(1.396+04 Baq)

* KAERI (2014)

7
. 7.5

24469 | 75
344.27
778.89

GPS
5558.5
8211.5
2021.3
1010.6

15159.6
3936.2

1038.1
3672.9

1765.8
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* KAERI (2014)

- 7le9Y X[G AT EE X FH
Adipose  chest Wall
Mass
Configuration Fraction Thickness
(%) (cm)
Torso Plate 0 1.77
Torso Plate + B1 12.8 2.40
Torso Plate + B2 204 3.05
Torso Plate + B3 24.3 3.93
Torso Plate + B4 27.4 4.05

49




ME /YA WS

Energy Calibration Curve

] Measured - Calculated |

1024 1536 2048
Channel

Datasource; BEGE_1

Energy = -8.962e-002 keV +2.001e-001*Ch - 4,640e-009*Ch*2
FWHM = 2.594e-001 keV + 3.377e-002*E*/2

Lo Tail = 1.881e-001 keV + 4.808e-003"E

* KAERI (2014)




ME /YA WS

_Shape Callbration Curves

G FWHM — — - Low Tail |
|
|

|

300 400 500
Energy (keV)

Datasource: BEGE_1

Energy = -8.962e-002keV  +2.001e-001"Ch - 4.640e-009*Ch*2
FWHM = 2 554e-001 keV + 3.377e-002"EM/2

Lo Tall = 1.981e-001 keV + 4 896e-003"E

* KAERI (2014)




Cantroid
Channel

Centraid
arnor

70.18
£88.47
104,64
13226
29793
60856
1222.21
1719649

0.0
0.33
0.22
(.00
0.00
0.02
0.02
002

DET M

Oid Xl / FWHM w8

Energy FWHM
[kaWl Chnnals

FiwHbM
BIror

FyHM
(ke

ol

Centraid
Channel

Centroid
arror

70.08
89.27
104.74
132.10
297.74
608,41
1222.27
1719.80

0.02
0.20
0.22
0.00
0.00
0.02
.01
.01

DET 02

Centroid
Channel

Caniroid
error

70.21
44,44
105.33
132.27
207.96
GOH,.ED
&2, af
1718.79

002
0,24
0.22
0.00
o.M
o.M
0.0
0.01

SUM

==

Eneray FWHRI
(keV) | Chnnels

FwHM
BITOT

TFWHM
(ka\)

Enargy
(ke

FWHM
Chnnels

FHM
efror

FeH
fkeW)

13.9 2.2
17.7 2.22
209 3.23
26.4 2.20
585 2.52
121.8 3.04
244.7 3.06
44,0 4,71

0.03
0.64
0.48
0.m
0.M
0.02
0.03
.03

0.39
.40
0.4
043
0.52
063
0.ra
0.89

13.9 2.10
17.7 2.17
20.9 3.19
26.4 2.0
84.5 2.42
1218 2.95
2447 3.83
344.0 4,41

0.04
0.39
0.440
0.0
0.0
0.03
0.03
0.02

0.35
0.37
0.38
0.40
.49
(.60
0.76
0.85

1349
7.7
2049
26.4
58.5
121.4
2447
244.0

2.24
236
4.52
2.23
2.54
2.06
2.83
4.64

0.04
0.45
044
0.01
0.0
0.04
002
0.02

0.39
0,40
0.42
044
053
064
0.BD
0.91

* FWHM(keV) = 0.258 + 0.034=E™1/2

* KAERI (2014)

» FWHM{keV] = 0.241 + 0.034=E71,2

« PWHM(ke\) = 0,256 + 0.035=E71/2
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488 ud

CWT
1.77

energy
(keV)

17.7  5.00E-04
209 1.67E-03
264  6,18E-03
59.5 1.57E-02
121.8  1.66E-02
2447  1.19E-02
3440  9.65E-03

* KAERI (2014)

under 26.4 :224]

Calcu Eff Measu Eff

5.00E-04
1.67E-03
6.19E-03
1.56E-02
1.67E-02
1.18E-02
9.69E-03

Measu
err(%)

3.59
3.55
3.53
3.50
3.81
3.84
3.81

[CWT=1.77 cm, Ol X&)

over 26.4 3214

Dev.(%)

0.00
0.00
-0.08
0.38
-0.81
0.89
-0.41
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HE=S S W™ (cWT=1.77 cm, OIXI&)

Dual Efficiency Calibration Curve
Low Energy B Measured High Energy |

Energy (keV)

Datasource: CAABACOSZK\CTRSWCTROTWARROT\EFO30045.NEW
In(Eff) = -6.566e+001 + 3.241e+001*In(E) - 4.247e+000*In(E)"2
In(Eff) =-2.702e+001 + 1.300e+001*In(E) - 2.375e+000°In(E)*2 + 1.379e-001*In(E)*3

* KAERI (2014)



KAERI
d=8= A (cwry, oiyxig)

' '"—’mwm_";__ﬁéisﬁé?T""_  HighBregy
H i f

|
Dual Efficiency Caliibratiun Curve

i.ow Energy i Measured
|

CWI= GD%

400 5
Energy (keV)

Datasource; CAABACOSZK\CTRS\WCTRO1\VARRO1YEFO30050. NEW
IN(Ef =-6.566e+001 + 3.241e+001*In(E) - 4.247e+000"In(E)*2
In(Eff) = -2.702e+001 + 1.300e+001*In(E) - 2.375e+000*In(E)*2 + 1.379e-001*In(E)*3

* KAERI (2014)
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=9 = nl™ (185.7 key,

Efficiency vs CWT Calibration Curve

[ ] Maasurad Calculated

2.77 377
Chest Wall Thickness [at 185.7 keV]

Datasource: CMBACOSZK\TEMP\EFFS22.TMP
log(Eff) =-1.317e-001"CWT - 1.619e+000

* KAERI (2014)



cwt 1.77 cm cwt 240 cm 05 5 cwt 4.05 cm
dHEE| 2 dHHE| £ = AUHEE | 2 AEAHESE) [FHEUE | S

U-233 5,956 4 -0.1637 d -0.1495 L -0. d -0.1505 . -0. -0.1875 0.0831

Nuclide | Energy(keV) | Acivitv(Bg)

U-235 27 0035 -0. -0. -0.0291 -0.032 I 0.0150

FoAM e FHE . .
FHAAL] %o . o 1Se 1 B BMSE =

DEas Low @ 27t

High : 3%}

=23 A 7F - 1800sec 5 : -0.25 = HRAYEHEED
SCHEY = | 55 |

Root Mean Squared Error

RMSE = /B2 + Se? < 0.25
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- U-235 5§84 & AS5HFEE B7t (4l 3)

I, Pt e e Noaln Solfwae "_F!

m—— - I| 22l HAIS
- | 0314, 4.07 Bq
- 06/07, 4.36 Bqg
- 09/09, 4.11 Bq
-11/29, 4.43 Bq

7| 22t 4%
-1=7]: 0.429 Bqg/d
-2&7]: 0.191 Bg/d
B -327|: 0  Bg/d

o | [ . e . . ..... a—— . _ 4_I|f_ 0267 Bq/d
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MW &I HFHSEIL
- 2ohE 4F T Bt
235 M| (Bq) = 2%5U H&4%E(Ba/d) x H%71ZHd)
234U M FZF(Bq) = 235U AFIZ(Bq) x (fra4/ f235)
238y MFE[F(Bqg) = 225U AFZF(Bg) x (frag/ f235)

- 235U T %Y U MEAHS Ol TS 24U, 250, 28U AHS E B

foxs f238

0.1848 0.0102 0.8050
0.4680 0.0234 0.5085

w0 | oss | oo

* KAERI (2014) 59
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- Hgop: REHE SMHF ol ME of
- loag, loas, loss = 234U, 235U, 225U M FIZ(Bq)

* KAERI (2014)

:"55 mh \

. 234, 235,238(] O
€inn(50)234, 235, 238 * UL

of

|E}

25 1 b3s

(50 ) 938

1 'J’]!- B\

FEME (Sv)

|.

ﬂ

M

£ &A1= (Sv/Bq)



KAERI

Thank you !

EEOLE SN B W E BN N
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