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(1) SHIERIAIS)

= AT MA CHREl =7H0|A R EESHO] AL
St e EHRIAl

ZA0] 'Le Systeme Intenational d' Unites'

Ol A 2 ofolZ A =M EHIAI'E 7talzIct
‘OlEEol2tn 220 AHE3Ho E THelA7}

oriztel 4oz, 1960 d A 114 SH=THES
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o, 03 21740 fEpgls Hoa suist  MiEd
HAO| FOIX e, Length

Time

Temperature

Electric Current
Amount of Substance
Luminous Intensity

International System
of Measurement

Kilogram (kg)
Meter (m)
Second (s)
Kelvin (K)
Ampere (A)
Mole (mol)
Candela (cd)
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(2) = (Calibration)
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(3) 22 M(Traceability)

EA3IE Bojx|x| g2 THO| AF 2 EBl0) SHEUS I|F0| LAl
=% Zate| S40I5, 2 At FEER =0l 7|03t
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RN

rir

Unbroken chain of comparisons to the S| units
all having stated uncertainties

N ‘ NMI
(or Primary dosimetry lab.)
> J
You, the
Consumer
Inaccurate
Measurements
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(4) 2&=(Uncertainty)

~ 1984 SHY(Ch >l YOI 71 & AL 2Kte A
(A measure of the possible error in the estimated value of the measurand as
provided by the result of a measurement)

1984 ~: SH (0l Sof Y HAB LEYE =T
(An estimate characterizing the range of values with which the true value of a
measurand lies (VIM 1))

1993 ~ - SFY A0 BHSO], FYY
EtLi= ZHetolH

rulo
ot

12|50z £ Ztol BUSY

g8
mjo

Lk

(Parameter associated with the result of a measurement, that characterizes the
dispersion of the values that could reasonably be attributed to the measurand
(VIM 2))

2008 ~: AFSSH MEE HIEO 2, SHZto| BAS LIEHLE 20| ofH Thato| &
(Non negative parameter that characterizes the dispersion of the quantity value
that are being attributed to a measurand, based on the information used. (VIM 3))
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312} Z=(Validation and verification)
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- 2 AHd (Radiatio

S (Activity) » Sampling Assay vs Subject Assay

=X CHA HEARM AL _ Sampling Assay Subject Assay
=XCto| Sv/hr Bq ZXCYA Al CHAH| HH
"R A EWXH-HIIRE =Y SHXH-EMXE 2YA =xya Bl ALS (Ba/e) QTSRS (Bg)
= (AN IR B 8lS) (AN gelo] sizajna) (Measured Quantiy)
EF I SEXNEO| 2ot wAde]  SEX|FHOM EE WARMS o g BEICHEALS (B | E H|%ALS
=l 2 q) H £ HI*%ALS (Ba/g)
TOSE  dizmmce) sEREe ERE(cesE) HHTIONA - S T
KEM 2 "Iksv/hr) U El= BAHd BT YAs Rtz 1 GO o 1 BN =
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(58713t Az, xtm) (RHF I, M=, JHFH A IHsSt=S SRt YAt s
jmkS| 9_| '6;|-7:” HEAFAMELO| R A D2/ M Q2 I of Y& A 1], X[ Al o] xto]) 3. Detector FOVOl| CH&A| 21%]
4. RPEQIHA FRL LR
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=X = = AlS .
=30| 0|R0{X|= &t Sampling Assay
[ =1 =] =
« BAS Adps)® SHO| BAES N2 PAN BF ® SunglingBssay
- SHEE Z0RMo| 5= o ghEdiek r](?:H:lI-AJ %}Eng) x A(dps), 4 > Zrow > EX QX = HIO|E £&
= e.28 < R e , > s
- GAM HEV|E 0|83 HOMd =7 > cucw WD > sEvwdomex WD oo
- B Zopdel = W AAEEE N(cps), solid angle 6 r E¥ed ke =

Emission rate (nA) Count rate (N)
+ surface cont

Scattered photon * Inhalation by

* Fishery products contaminated
* Plants and animals contaminated through water uptake

Detector

Unscattered photon

%]

Radioactive
decay Correction factors e
(dps) (%)
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Subject Assay

® Traditional Subject Assay
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ASTP (dps) =

.. ASample (dps) o

NE(eps) | ey __ NE™(eps)
ng X 50 £ 7 ng x A5TP (dps)

Nzample(cps) . Arz_ample(cps)
X si“""’l” npx &g
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(Uncertainty)

£ Y E(Measurement precision): #H5 Z7F35}0] 20f7l
A2t E= 53U 50| X6t B

. *%%ﬂE(Measurement accuracy): S8 FH
£7H0| YK M

« &3 (Ture quantity vaI - Q0| Fo|Qt UX|BH= 2L
X SE50] 4 o8| Hols} BUT oz dmel % 9| mRf
Holof SxelE et AES GiLin B mepk wgrEo

+ @™z (Conventional quantity value): =O{Tl 555 2|3}
%:Ql!oﬂ oI5t0] OfH ol Fojot 7k (2= Eare| =FAU0|
Eict)
=IC}.

AE %t

- SQof = QUMY BREHI - R 5HY BRUE)
- ASon = 2wz Bz - 8Y
- O%t = 20i0%t + ASOX = RASWo| WAUSHFIY - BY

A

29 @ X}(random error) : gH2 =Xo|M 0 =8 4= Q10| BISH= XH QX0 A8 (VIM3, 2007) : X £
B 2 K}(systematic error) : Wh= ZHO|N WSHR| &ALt 01|‘0| THSOHA| Bishe ZHACl Y& DE/EH

Xtz (Accuracy) / MU= (Precision)
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AS2X/AU2A} + SYEET

(SHz gaE)? =
(A typeE SHE)2+ (B type B2 E)?

nY(EF)

=
]
~

- (=

= b4l

= HA

; A correction can be applied to

- x;"{ i compensate for a known systematic
% X I
(RESTEZL) measurement error (VIM 3, 2007)
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« ZEH™ QX Measurement error): S™HZO|A 7|EZHS tH 3t
+ 7| &2k (Reference quantity value) e ==0| o] Z119|
Hlo| 7| Z22 MEE &= 4
X X 20| A Ee §m7+0| S 2 ol MXlo| AL
= %* -T— 81-7‘- SO 2= O 0] A R I:|'
X SS9 B M3 =L
- Yutxo 2 FIt2 o 5 QICtn MZbsiC}
H= E o|of7|2 = giCt E== & o|oF7|3tCt
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H EA‘l/ H; M
HIS M /Tl M
- B2 (Repeatability): Z2 £ =720l 22 5HT=S
@sHo R 2HH0] U2 HIHS A0S YHBE BE
X2 AU BFEEAL HERL BEI)7], A, B2 A2t Y gts
« X514 (Reproducibility): HAE ™= A e =
5 22 ZitE Aol o] Y X|St=
XHE E A ZEYE, ZEYY, BEXL BE SN R =
SNU Nuclear Science_c:“
HsLl=
HHX} A= Gi|o]Eq 34
s ams Wy
s oy IHa
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* k nownas GUM2
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a:gis_q.e EY XA

Joom 1002008
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8 =AM

¢ EEE ST /EE5HESE(standard measurement uncertainty) u(x;)
BHE ZYZENO 225 /HESYESE

(EEE9))AY I}/ Type A evaluation (of uncertainty)
Aol BEZS SANCE BMst0l FUES BIE WY
5; Tg‘?l—/Type B evaluation (of uncertainty)
2ol SAHQl 40| OfL (2 WEoz BHEE HIIH: WY

B[S o)l

| T3

SYZTE 012 72| (HE YATOREE THE O O
HeEFEREe SO (FRE yol EEENUE, ERENT ¥Y)

=
542

e BE

= (expanded measurement uncertainty) U(y)

olslofx| = 2o Titt @ of7|M 2l
20| E&E! Z40|2tD 7|0 El= gfo|Ck Uly) =k x uy)

o E=xak
= SCS%

of thet 2

& & (combined standard measurement uncertainty) v (y)

ELEE

el £

* Guide to the Expression of Uncertainty in Measurements,
(GUM), ISO, 1993.
£Ho| 22t B K|, KRISS-99-070-SP,

cEFANe = =F A B S 2T X|H, KOLAS-G-
002 (2016)

* Guidelines for Evaluating and Expressing the Uncertainty

of NIST Measurement Results, NIST Technical Note 1297,
NIST, 1993.

* Quantifying Uncertainty in Analytical Measurements,
EURACHEM, 1995.
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B8 WL BNESEEE
282 - YV = f(X, Xy .. Xp) - 2@

= D2 ZF0| 2t BE S =efvit
= H¥2 377t 00| E|HEtE EREE VX D2 20| ZEE|0fofF Tt
= DEHO| s BE YHTEWN)2 EEEZ T (u(x)) 7t E7tE|0fOF T

- ¥ =f(x1,%X2, ... Xp)

- age uE)
N
B A f of
- u(y) Z P (xz)+22 P P G 7))
i=1 k =1 j=i+ t

X u(x;, x;): 34 (covariance)
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- Jd&jof 3E5HA ChE & UL
7

— == =y H T =2
Sy i U, X; + u(x))E FHUC 2=} ’g'ﬁl-.-_-ifs E_[f%':fﬂ
7d3ie M, °F 68 % 2| F7ZHconfidence level)ol| S StCE,
99.7% of the data are within
3 standard deviations of the mean
95% within
" 2standarddeviations |

68% within

[«— 1 standard
deviation

u-3a i-20 p-o P H+o  ptzo i+ 30

HHE[O{OF BHCE

- SAMCE ALt

u(x,.):@

- XFSE(M) i n-1
(of: 52|HHE 4™ : v =4)

.

X E(v) : 0.5(100/R)*

- 885

| H1Z2I3tH(R=0 %): v =00(=10%)

- got gt o BES| EEHAIE 73 CH2 T UL BEFEAE F
- S ey
- oot 27|9| tEF

N EEER R
-7|Z2| £colg
-HZA A

1= yEMel He
-8

= ZO|L} CHE FEO| 273t0] 718t e 222 H 7¢
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1 53N ze SY 37, 8Y %
ol mEN
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R

Sample
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E

27|48 90l B
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+ £STD _ gSample
13 _f\;
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A sgg A} st-ls olg 11X x-l'l.
cﬂ:“—l ol: —-oETn_I'J-I-o =A
ol STR Measurement Net peak area(s) | |
100 e . R rate(E) ;
N2 (cps) NP (cps) Ml k ' -
Aﬂn(dps)= E——D- = £§D=ET - g 1836 kev
ng X &g ng x ASTP (dps) 1o g \_L“
Sample Sample ] ) ‘w\\_"J
. ASample (dps) = N (cps) - Ng (cps) 101 W
% sz:ampze N X &0 i ...‘ZD:A oren y..:{; | e
> ASTO, Aol BENY U SHYAE U] AORIFC] YAt &
> NS 6O BEHE AN o] E9l Zotiel ASE U ALTR P e
> Ngsmole, gSomple; Z AR A FA| O L4X| EQ Z0HdS| A48 U ASER 1ot LI
100 J\kul“ d
ALY LA
O BEURE 0|8T AZL22 ZEFPALHL| O|HX|E A28 FRILE b J*MJ ‘
O BFZAE W oHx| EQ! HOHIQ| A8 FESH0 WALS(A)S ALt
-
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1. 4I5S g 2

® o JhO] AbmmpA| A4
« Energy, FWHM, low tail Cert. Energy(eV)Qt Detector@| Energy(Ch)Ite] & 2ta2tA| &4

+ Efficiency ® AEI| 2 AEV| A0 theto] 22 =
2 A5S St HmAARN AY A ® 27| Ul e =8 2T 28
« Peak search, centroid, FWHM
« Net peak area
3 MmIWHo By ke
o a2t E, SUAL, A S
4. HFEE o WALs AL e
« Nuclide_matching, Activity, MDA
5. SR A = =
o
‘Background subtraction, i
Concidene sunmig T . %)
w Ko - 2z
(Ch)=>(ev)—> &
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ML -0 K| v -0 X| v

@® Channel vs Energy

® Channel vs Energy, Alignment [ Energy Calibration Curves ] X
Curve
» Offset : @ trey (" Shape
> Gain 5 Measured Caleuated
=
pe 1500 =]
o=
e Odderolthe =1 [ .
o pomorniat
500 = ‘/0’ Penk
0 iy [k
No zero offset 0 1024 2048 3072 4096 5120 6144 7168 8192
Channel
Datasource: E:\201612 cal\d50mL M.B.CNF
E -6.476e-002 keV +2.502e-001"Ch
—— 601e-001 ke +2.981e-002°€"1/2
Zoro Chemnel number e 8176001 keV  +7.808e-004
offset [ Cancel Help Print
L

Energy = Offset + Slope + (quadratic term)
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M- X] A Peak 2M& S5t Energy 13

® Channel vs Energy, Alignment ® Peak shape vs Peak energy

7344-352=6992 [ energy Calibration Curves ] |
| | - Curve
" Energy (@ Shape
0~ FWHM —a— Low Tai
ud |
25
K2y e
6 ~ s greisble ([
P e ESRE 1 —
: [ ook |
0 500 1000 1500 2000 2500
Energy (keV)
Datasource: EAZ01612 caliS0nL MB CNF
Enewy = 64760002keV  +2 .

Ch
FWHM = 6601000 ke + 23810 002E°1/2
LoTal = 78176001 ke +7.8080004E

| [ ok Cancel Help Piint
e

500 1000 1500 2000 PY

LAVt
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Peak Tailing2| 215k e &2 Uy iy

® Tailing vs Peak energy ® 1 Relative Method
Point
[ energy Calibration Curves. I | [ > =HCjAD EUBE ZH 7|80 b=
Curve
Comy @ | | BEEHY AR
~—8— FWHM —8— Low Tai lLucite
. I : > BEEMQU0| Y HET| BEEES Holder
25
PRI %g.' = SOl SYEA Mg e
v o3 g
& | > SHYSE S 24
0 500 1000 [
3 X7
Datasource: E:\201612 cal\450mL M.B.CNF K‘"OI_I’ =- d
Energy = 64760002 keV'

k >
. + 2502 001°Ch
PO - GENeON e+ 2o UZE 2 = BEUY 2FOHA el Hez A |
Cancel Help =2 R
5 - SYUc, SYYY, SYFYIIs
i S A ) =1 ~ 4 7ts
® Tailing2 S AN UOL SSBH 2 2AE
- SPUYI R HYU TAS2 /A
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HE7| 28 ud 7| 28 ud Y

Cert. Activity(Bq)1t Detector Activity(c/s)2| AZFEHA & A ® 2. Computer Code Method oy T permentelspectmorint

. o %i
® guizioz TMo Hej U SO BAE D0 hTrEAS M
®

= S3al k= » MCNPX Code

1000

=
Zt2t2| GeometryOf CHsHAf et » Geant4 Code

» Gespeco Code

Counts / Channel (0.2 keV)
8

Detector > Hst =A '
Spectrum for 000 20000 40000 60000 80000  1000.00
Source — Detector Mode\ing Energy (keV) Exp =black, MCNP = red

(cPs)

~ Subject Geometry Modeling

— Shielding Geometry Modeling

= Verification & Validation

(CPS)->(GPS)->(Ba)
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HEY| 58 0 WY

® 3. Semi Empirical Method

» ISOCS Code

= Detector Modeling —Detector

Characterization from Manufacture

= Measure the deviation between real

detector and standard detector

= S/W - Standard Detector Efficiency Cal

S E =

- Subject & Shield Geometry Modeling

= Verification & Validation

SNU Nuclear Sciences“'é

52 WA (Efficiency Curve)

Curve
' Dual € Linear
¢ Empiical

Scale

@ Efficiency Curve

LowEnergy o Measured == High Energy |

=& 13 (Efficiency Curve)

In commercial Softwares (Gamma Vision, Genie 2K),

Polynomial fitting

——
b b - oo | [P
— r=— . el

e e o e | e
] e H T o
| [ G o dl
16565 SI92E-002 S Sag4E-0¢ R OR):%
Fad  Soire-ane S Satreoncs . Ehceny Cabaron &
i Fehtey Hrite ik ik
mi Hivray Hprra treey e R
e Aei i e T ) &
S e izt |t — A
@ Erficiency Gragh Pk
|| (o] e || | Mn | Sme. | o w2

b

B e é]l

oo ‘s
o .
Fati
m O e -
B T i F e o0 s = =
it ) ey oo o R=F
8% 02 1 63328-002 1 66308-002 [ [ Cuert Tt 5 oa |
i e E
@ ercency Gooh P e ~ e
] e | o | | < p AR I |
T i =
Quadratic fitting
P B v g
ercero]
e e gomee,
Fal
J
= 1 ErerpV] =
- nn
SNU Nuclear Science 51

HPGe H=7|

€ Linear

Order of low
energy poly: D ;I _I
Order of the
0.0001 s + -
10 100 1000 jogop  Pelnomiat E] —I —I
Energy (keY) Peak: I_ Drep Rk

Datasource: D:AGENIE2K\CAMFILES\NESSTD.CNF
In(EA) = 166804002 +1.127e+0027(E) - 2.938e+0017n(E)"2 + 3.828e+D00(E]"3

2330007 hEN 4 + 53126 00FHE]'S
0K | Concel | Heb | LstPks. | pin |
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““““““ Outline of 3'x3" Nal crystal

(100% relative efficiency)

m.

0000t ;;;3:,:ﬁ:;,¥ —$

0000000004

e LN MDA ratio GC2018 vs GC9018
\ oY Marinelli 1 gal. Disk geometry|
\ % ©- Co-60 Co60
\ A-Cs137 4 Cs137
S [-0-Am241 - Am241
. % ol
i,
! +—2—g—3

Outline of 353" Nal crystal
GCa018 (100% relative effciency)
45.7% e GC9018
90.9
BES5030 i
454%
10—l vound il il
i [Marineli 1 gal. geometry|
i GC4018 detector
" A - Co-60
10" 1) * Am- 25
[BES030 detector
Co-60 @
O Am-241 > .
- 3 20 R
8 3 .
= 3
= S 2 A
] | @
= 10° [Disk geometry E o
3 |(10 em diam) §
{ |oc4018 detector] g
104 |-®- CoB0 2
3 [-a- Am-241 i
BES030 detector 8
| Co-60 g
& Am-241
e RS
10° 100 10? o 5
10 10

Acquisition time (s)

i 10% 10° 10* 10° 108

Acquisition time (s)
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Peak Search

+ DAy =4
O WALK: ~ME| 2% 025 E S BY
S

+ Gaussian-shaped functions have negative
near the maximum peak height (centroid)

O mWawd =A:n'() < —sxo ()
-n(i): ZH Mg oMol Al=g, n"(i): n()2 24 O] &8¢

econd derivatives at points

- o) n' (e SAHLX "

- I AN BiZE, v on ;
sensitivity or significance,
2~3 ° B -

+ Mixed gamma EE 8 (Eckert & Ziegler) O m=asd M 23 - L B

« #F: Am-241, Cd-109, Co-57, Ce-139, Cr-51, o o LixG el -

Sn-113, Sr-85, Cs-137, Co-60, Y88 % peak centroid = 5o o
« MBI 50 ~ 300 gamma/s)t T T HESN 5|4 % =) e L
N SHELESTE PR i SN
c HEHMR YX! 1 g/cm3 :
= 0 - 11}
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SHAT0 CHE HHOIA} Net Peak Area

N OSumming 2 gross area — continuum
« AT I (singlet)Ofl CHal &-8: default

mXxexXyXts w ONon-linear LSQ fitting % &: Gaussian fitting

. -sﬁ'.‘lllﬂ(mulgplet Yoll H5H Gau55|an fltt|n|g\°§ 22| A Ak default

L H A L
O A: gtAHs (Bg/kg or Bg/L) OGaussian fittingS 0| &¢t TFA I 39| HA AL Option
O N: &= A== (net counts) — SH At
Om:Ag 8A £&= 24| kg, L)
O & A=2& (counting efficiency, peak efficiency), Y& 1 g/cm? Singlet
. ZHOFAM(E) HEESHE
O RN SRR - Tkt summing g 2Lt fitting0f 2| st
Ot ASAZE (seq) 270 2T« 92
Ok sgzn =gt N, N, N, > Fit singlets &M AF8: Genie2000
— Ky Ky BFAIZE S0 7| E A Ztol| TS HEAME S0l 27 > Direct fit §M A}2: GammaVision

— Ky M8 1ty E5 2
— Ky S gitof cis 27 if S,=Np—BiN;— BNy <0
— Kg: SA| gHito] s 23
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Peak Area 23 Net Peak Arealj CHst EA

< Summing 0f Ofeh | 3 - FE MO PE R
0T389 3 baseline 2% 43 > Blank A| 2 AHE 0| M 2OIE 0|3 E0| 2 W (H8)2 A2

- o339 €3 o329 MofHx BA DD 2olHx] FAH M) Fel T ANE e
~l=p— L6FWHM, h=p+ LAFWHM, h—1 = 3FWHM EE’*"—%O o i .
— Baseline @2 A& M| HX| baseline A} TOJLX| baseline Z7A Xo| > AE7|0f| LALE Z0HM 0] electronicsE A Z[E mMcad] 7| S &= S¢t

- HOILITIE~D HA: 1> (- DA Fadt gArE gAdol Al dd
- DN (W ~h")ZA: B~ R =2 - DOlN Fagt > =0 AHH|M Live time 2 25 E cps A| 4t
O WIS, Ab « AT random summing or pulse pileup) 27
= Sp = Np = BilNe — Bulh, - A2 & (input count rate, ICR)0| 2| E5}= &

- Step baseline: g, =, g, = 2% > T2 Q29| pulser((E£ point sources)= 0| 8310 £7
P L7 owy ) PR qwy,
- Linear baseline: :7/ . %A| %Fﬁ(coincidence summing) EXO-I
; 5 N - o
g = Yelianmin) o v ) ] > 27l 0| & 2| ZDHI S cascade HENZ HEA| SAI0| HEE|0f SfLES] HA
L wy(rren ) P T whp(nien ) T 3 MBS 2 SHAE| = A=A
V — H - — [
: > && Software0| 2F7|s &
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« Gaussian fitting 28 0] 2|ot =o|3HH

ol
i=]
HC
o
ox

Peak Area AH HIAIE S

- e Atm—t
O ZHshe SoH 270 ofpt BE - 4, =) 4 g

5 22 L
; 3 : [i=o ]
{
] 7] g o - (-
E Y i O MAa|ste S0t 21/0f o8t BH — 4, = e Mt x 4, = f, X f; X Apy
oo ! :
n 4 t
Ul 2 G # =25 = _ At o
N IEASEI a 1455 1460 1465 = 1470 1475 1580 1685 1530 1635 1600 1805 1610 C> )\EHEEOIDPE %9—" %]'—l 0" 9—‘ Ol_l- Exé - AO T T —a—Alte—ta)] X AS - fS X fz X fI X Am
v 3 : ! : ! | e \
e 5o e . | {5 I —— |
;o 4 : i — i s As | Aol
FRET -3 I o | I 1 d Ao J e A,
1450 1455 1480 1465 1470 1475 1580 1685 1830 1595 1800 1805 1610 e =S A o to MEY AR A
) ) . ) . . . ! Te—r Ct = AZH
> Nonfolverllapplng single peaks WI” be fitted by Gaussian functions only if : e R ":”ﬁ‘:ﬂﬁm Alf‘m
the “Fit singlets” box is checked in Peak Area setup 3 s 4N BR A
= (not normally recommended, but can be useful for some applications) ! S AT AIZH
> Peaks considered as multiplets are always fit with Gaussian functions uEY L | A= | .G AE BE AT
» Calculation of peak areas for these conditions is performed by integrating | | | L
the Gaussian function within the channel range of the established ROI g 4 5 N

- nn - nn
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103 ~ 1.5 g/em?

: 1 g/em?

XSk AEAIRS BEX
Xf: f5TD o pSample

- £5TD . gSample

o

UE (afem)
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O HPGe HE7| 3 Al=0] CHEH 2R
« Siumlated detector : HPGe detector (30%)
+ Sample geometry : 1 L Marinelli beaker
« Source distribution in a MB: uniform
+ Sample density : 0.3 ~ 1.5 g/em?

X . — |
O ™Rt Atk K3 =*/e,., 00 . . v v
e — o
|- 1 - HPGe detector (30 %) . 1220k v 1365 kv
0051 Geometry: 11 Marinel besker . e 4 ey
-
R o
e e
o] \\\
by
g
; \\
£ Ll \
£
s
s
s T s S
& : .
e — — ’
. e :
001} - o + - -
: : s
% i A i
00 04 08 12 16

Density, glem’
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Az 2= EHE

Uz 2FAE (K)
O MEANz AZEE ¥ 03 ~ 1.5 g/em?

 CjCh MEARC AZEETHL g/em® O|3H2 Ol

O EE EFA 2 Hat

¢ ANE BE(p) <1g/em’ —» B BFHALK,) > 1
c MEB 2E(p) > 1g/em’ — 22 BFARK) <1

o UAS B S
O 48 SWol BNAT0| UE HHAS X
- U= 2 B3 2HT= 2 o8

ASample _
O 2= =2¥A+0XE

* AE 2E(p) <1g/em? — HAts 2M
* NE BE(p) > Lg/em® - A5 24

olgs Ay
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= o— = o
008 —————T T T T T T T 0.04 r . . .
* MCNP simuiation resuits
—=— sample density: 1.0 glcm® - HPGe detector (30 %) = 346.5 keV of I-131
0.05 - max.fE% cirunse © sample density: 0.3 glem’ 4 - Geometry: 1 L Marinelli beaker © 6047 keV of Cs-134
& sample density: 0.6 glem® 003 A 6617keVofCs137 | |
¥ sample density: 0.8 g/cm’
5 004 - sample density: 1.2g/em’ o 2
g —<— sample density: 1.5 glem’ &
2 S oo2f J
S 003 4 &
b * MCNP sim @
® - HPGe detector (30 %) =
K] - Geometry: 1 L Marinelli beaker &
$ 002 b 001 max. 8% dffrence | max. 6% difleronce R
a
= =03 gion’ -1 gem® pe 15 gt
001 - max. 10% difrence E Pt o o= 18 g
0.00 L L n .
00 04 08 12 16
0.00 L L - B

IR S PR SO
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Energy, keV

Density, g/lcm®
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0

> it
<= ok [
o
27y
N pm
Ju 1o
LA
£l
"'EO?A.
0z

3

<

O %
cdorx C

2 o

o 2

-> O

random summing, pulse pile-up)

H+80] 2/Z (energy, geometry 22
+ Pulserg 0|83t B 7t5

O&Algtt(coincidence summing, cascade summing)
- #3E 21Rx0f OofF, SAED [N 24
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e
>
o

*

OOOO on

2 8O Tl rx

Am
0x

N

Bz
1)
B

Ho [

7| Atole] AHalof HiH| |

o gy
2
N

pa]

1
u\.l

I

HE7101 M= XM SAIZN =3t

JHIL A FE, SAIE =k R

i
oz
ro Y

Energy ke,

= f
SNU Nuclear Science &5 67

SAl ettt 2

TR

& & o
=Y dE7(0M 21t SO i T
At %EH ‘ Py

A

o
LY SAEL =21t
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SA| gHdtoll

Qg FE oIX}

SAl B B - AR B4

OUEH2kinternal conversion) 1+

o LIRFSEXIo| WER SIS K-ZH(L, M, ..) LHel FHAF ZYHIX] 2P0l Af
S4 X-M0| 2EE|0, 0fQt yMato| SAIBA

0 s e
PGS

1 Emssin mnsies
er 100 Gemegraons.

mors
st 22 ey

a0
oy
Sl 120

La

o= ey

Energy Price  Multipolarity ax
KoV 100

a an ar Energy Photons
keV' per 100 disint.

Juo(la) 1658576 (11) 100,00 (1) ML 02116 (10)

00258 (6) 00060 (2) 02516 (7) | | mofle) 1658575 (11) 79,90 (1)
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14Cs(2.0 yr.) Decay Scheme
2.0yr.
e
a=120/ '33CS |a=20587
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! 02354y ¥ | § - 140059 T 2
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—8—WIO coincidence correction
© Wi coincidence correction
Detector: HPGe (Canberra i)

R eftcency: 263 %
Guomery 480 mi W8

3

[~=-wo concdence|
®- Wi Coincidence

R omconey 3%
‘Guomery: 1008 L WS,

> >
f’\
g g
B 1071 / “\ 4 & o . \ ]
. .-
]
Rn 00 Toco 10000 10 0 1000 10000
Energy, keV Energy, keV

Energy Uncorrected / Corrected

(=% 450 mL 1000 mL

898.04 0.937 0.949

1173.23 0.911 0.928

1332.49 0.904 0.921

1836.05 0911 0.928
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ZZ1212|(Quality Assurance)

® 2 1 5l= QA Parameter®| & 9| (82 AF2) - Step-2
» System Gain(AlAE 2| 0|S &)
-390 =2 e ¥ 3o s HEHXE 0186tH =H
» System Efficiency(Al A BI2| &)

- Mo HE(LHE HEA Iji)DI 3o HsE T= S0 ME

AL SI 3 S HMSE 0186tH FH
» Detector resolution (Peak Shape ZEI|9 2olls (T2
g¥))
- AH EHE 032 BIXES 0/856t01 THQAAS0 ALE5t=
AsEZA M0l “Use fixed FWHM'S & 01 M2 ZI Xl &2 0HOF =3
Fo: 20N ASE EF &= M WIEXI" T/ 3(60 - 662keV) X
7 i

2 Ol XI™ 1 S(>1332keV)0ll CHEH A 242t 2= 54 OF &

1o

&)

[ 0ot A& Eu-152 (Am-2412 & & L &S| =), Co-60+Cs-
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ZZ1213|(Quality Assurance)

® 2 1 5t= QA Parameter®| &2 (& & 0| AFHE) - Step-2
» System Background(Al*E*'ol THYALS)

- ANHUAIS HE ~(LEE HSAIZH) E= AAHAES HEES
olsst ==&

- SHE ABEO £2) (A0 S NS AS NS4S O
XM UU K ~10%, Z D0l L X ~ 90%)

- A2st AHYAS HSE UHAX HS Z00 YAS 2 MDA Z 10H0ll
darzg 018

- S3S <ol JHA Lo 2

= “Environmental Backgroun
ME=Moa @)= ) 8=

01| 0]1Zi0| =Af---

D3 G amma - GOOD1GEF.CNF
File MCA Caliate Display Analyze Edit Options Datasource Help

SleilEERIm| wle] (5] ki@l —[ols]HsS]

Counts: 0 Preset: 0/18805.52

[_[=Tx]

/ Net peak area

ROl Index:

= =4

ROL: region of interest
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Minimum Detectable Amount (MDA)

Region | Region I Region Il
Unreliable detection Défection : qualitative analysis| Determination : quantitative analysis
ENoY (ZNEH ¥y ZR 2 HE 2N HE X BT BT WS
(HEFH 0%
ko, | ko,
| koo,
1
\i_/
i Activity
T
i
0 I Ly L, Currie Equation

Lc: Critical Level (EXHEFESH|, AAIES]) Lo 22-33\,/!;
Lp: Detection Limit(Z&HA]) Lp=2.71+4.65./uz

Lo: Quantitative Limit(HZFZA™EHA)) L =501+ [1+ 7% )
¢ 125
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MARKER INFO
Left Marker: 1 03keV FWHM. FWTM: 0.000. 0.000 keV'
[Next] Right Marker: 8132 : 2048.0 ke¥ Gaussian Ratio: 0.000
Centroid: 0 0.0kev ROI Type:
Arca 0 x000% Integral: 628170
. nn
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- BANR 2T AHAZEAE) |- Az AlR37|, EHA|Z X7
-HORRE 9F U ZFAZHH B+ S A0 53 Al &#H E
22E U HEASAIZ QT Ye BY — SEFoE 2
-AE7| 1Rel &4 -AE7 EG+AFEE 2 R
=3
L 2.71+4.65,/ 1t
MDA = d = L5
t,, <V (or m)xng 1, xV(or m)xexy
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Minimizing MDA

» MDA

& MDAE W&a{®? — A|ZHE ASIT H|S

MDA
3.0 Ba’kg
1.0 Ba/kg HAls
0.3 Ba/kg
MDA - 2.71+4.65\/;

tm xV{(orm)xexy

/
Well type.
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