YUADUNTTAATIZH WA AD (Annual Dose)

AN108

%

UGN JARUG

a -4 =
A INEA1gnsLasinalulad

UM INYIAYTI1VNLSeVa



a i

auf)uneu

ed.
g}

=
b3IB

JUNDUNITILASIZY 111A7 AD (Annual Dose)

AN 108

v ¢

WINHAIW JRANUY

AnZINYAEnTLazAlulag

UNINYIAYTIVN FIVA

({9 28AHnT19158YIRNAE YURYING)
AMURAAMZINYAEnTLaZINALUlaT

UN Aue18U 2568



GUETY

304
a3y
FuUABLNITIATIZI 1A AD (Annual Dose) #aelusunsa GammaAcq
TUsunIn GammaAcq

1Uswnsu Gamma Calibration

1Uswnsu DoseRateCalculat



n1sagaledaLlaues (TL wag OSL)

A 4

NTSLA38UNIDENY

Wuseen Uszanas 1,000 n$u

-

!

UALASIDUNIYATLNIIVUIN

180 lulAsiums 971191 300 NSy

-

LENAY 97UU 500 — 600 AU

v 1% v v
o [y

ANMIBULLRTENANILNTA HCL

ANV 50% Uszana 30 Wil

!

!

DUBALANUIUTIAIANNTUTU

A79819lP8N1TINUT LAY

v v

LUV NNNTUASIE U, Th, K

(1,A599 Gamma Spectrometer)

¥ [ 1% |
o [y

ansneunaulnazen (@19uszanas 10 As9) l

AAMIENTA HF ANUINIY 24 %
Uszannd 30 W9 819egUINau (819

Uszuad 10 As9)

ATUIUNIAT
Annual dose (AD)

\ 4

!

1% (% 1% 1%
a

EJ‘U(?hEJEJ’NWJEJ@EJ‘Uﬁ@JiEJUWJ‘EJQﬂJViﬂlI

Y

60 D9AN U 12 T

!

1% (% 1% 1%
a

EJ‘U(?hEJEJ’NWJEJ@EJ‘Uﬁ@JiEJUWJ‘EJQﬂJViﬂlI

Y

60 DIAT U 12 FLa

ATUIUNIAIDIYRN

218
Ooo0ooooooooooa (@

- 00000 0000 (oD)

\ 4

LENTINUMENDDNIINFIDE 1A
\ASDILENULULAAN isodynamic

magnetic separator

ATUIUNIAN

Equivalent dose (ED)

A

S| wsAenwuIaNd




YJUADUNITILATIZH %1A1 AD (Annual Dose)

N19LATI¥M 111A7 AD (Annual Dose) madllusunsudmsunisaiuan 3 Tusunsy A Tusunsy
GammaAca, TUstnsu Gamma Calibration wag TUsunsu DoseRateCalculator
TUsuAsH GammaAcq dmsun1sinaUsinaenssedlusesns

1.1 Walusinsu GammaAcq

/‘ )

(&_ I““l:'m g '

1.2 11 Calibration standards 3@ KUTh mix Eneray Calibration — Cup number ZF135 lalufisatn

oK 906.1 +0.1*
KUTh mix En-
e ZF135 27-Feb-2021 =y 106.7 +0.21** 355.33 533.01
ergy Calibration
22Th 106.6 =1

1.3 ﬂ%ﬂ “Clear/Start”

]
Bl Detector Help
acss 0

swe |

Res tme
[o:01:44
Desd tme (%)
[0.00315746
Bvents

[1354

” I MH 11

| < ’ il

w
[355375

Mo

36

oota

[0.0625

Autosave: C:/Users/SKRU.GAMMA/ Desktop/NS/test/ sample300-".rgs

Stop

Resume

Sawve

Clear/Start




Data files

Default save directory:

| €1 JUsers/SKRU, GAMMA, Desktop/NS test/

Default filename: |sample3DD = rgs

Placeholder characters: * = date-time % = count
Autosave
(" Mo autosave

(* Save and continue acquisition

(" Save and restart acquisition

Time interval: |1 minutes
ClearStart Cancel

| 250 300 350 400 450 500 530 600 650 700 730 a
Channels

1.5 asvelna “ZF135-*rgs” 1dantonnistuiinlia uagsaanlunisin

Data files

Default save directory:

| €1 JUsers/SKRU, GAMMA, Desktop/NS test/

Default filename: |sample3DD = rgs

Placeholder characters: * = date-time % = count
Autosave
" Mo autosave
(% Save and continue acquisition

(" Save and restart acquisition

Time interval: |1 minutes

Clear/5tart Cancel

| 250 300 350 400 450 500 530 600 650 700 730 a
Channels
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1.6 solMA3es Gamma Spectrometer naudaiagala wagyinn1singaiu Calibration standards
yndadail
KUTh mix Energy Calibration — Cup number ZF135 Tnesadelnian “ZF135-*rgs”
Calibration background — Cup number 25020 Iﬂ&l@l’jﬁalﬁ/\léﬁ “Z5020-*.rgs”
K40 — Cup number ZF160 Tnadedolnan “ZF160-* res”
K40 — Cup number ZF166 Tnesedelnan “ZF166-*.res”
K40 — Cup number ZF175 Tnesedelnain “ZF175-* rs”
U238 — Cup number ZF142 Tngsedelnann “ZF142-* rgs”
U238 - Cup number ZF151 Tnedsdalnian “ZF151-* rgs”
U238 — Cup number ZF156 ngsadelnaan “ZF156-* rs”
Th232 - Cup number ZF121 Tnesatolan “ZF121-* rgs”
Th232 — Cup number ZF125 lnesedelnann “ZF125* res”
Th232 - Cup number ZF128 Tnessdelnaan “ZF128-* res”

2. Calibration Standards Specification

= g Activity Uncertainty Sample
Calibration Activity in Cup ) i Cup Total
Cup Cast No. Cast Date from Source Maternial Weight in ;
Standard (Bq) Weight (g)
(%) Cup (g)
ZF160 04-Mar-2021 3194 354.89 532.34
K ZF166 04-Mar-2021 3283 +0.1* 364 .81 547.21
ZF175 04-Mar-2021 3264 362.63 54394
ZF142 02-Mar-2021 906.7 360.04 540.06
8y ZF151 02-Mar-2021 910.3 +0.21** 361.41 542.12
ZF156 02-Mar-2021 907.9 360.50 540.75
ZF121 26-Feb-2021 278.2 355.08 532 62
32Th ZF125 26-Feb-2021 286.5 < i 365.59 543.38
ZF128 26-Feb-2021 288.4 368.07 552.10
40K 906.1 +0.1*
KUTh mix En-
e ZF135 27-Feb-2021 238 106.7 +0.21** 355.33 533.01
ergy Calibration
22Th 106.6 i bigied
Calibration
ZS020 08-Mar-2021 ~0 ~0 130.16 390
background
Pure wax sam-
ZY020 08-Mar-2021 0 0 0 311
ple background




2. 1nlUsunsu Gamma Calibration ievins Calibration w583 Gamma Spectrometer

2.1 Aan “1.Load Spectrum” Fenlwa “ZF135-*rgs” AM open

(1 GammaCalieation¥ 2

s0aan
- T T T T T T3
1000 - Spectium Scake
F k| OLug © tinear
H 3 3 soscrmvew
E E © Channel OV
w0 —
|7 1 | 1 1 | | | | | 1 ]
00 20 300 00 00 00 70 00 00 1000
Channal
K, Standards
1. Load Spectrum | 2. Save Data. | 1. Load Spectra 2. Enter Cup Informatian
— = s
unting Time [kl Chear Spactrum
B o | — - . . S
| il o | w— - . T
Counting Time .
4
« »
2.2 Aan “2.Save Data
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | |
| & Load one or more K, U, Th Energy Calibration Standard Spectra
€ E O T « Calibration Standards > Spectra of Calibration Standards > Mix » ZF135 v &) Search ZF135
Organize * MNew folder =~ O
£) Home MName Date modified Type Size
ZF135 RC4479-20221012-232009. 12/10/2022 23:20 RGS Fil 8KB
R Galery 7 on g rgs 2/10/ ile
> @ OneDrive - Persi
" RisoeData #
i Local Disk (C #
G Desktop »
T test25022024
T Amm
T NS
File name: | ZF135 on eRC4478-20221012-232009.rgs | (frgs)
Open Cancel

L —

[TRTITE




i GammaCatibeationV1 2

Q

Source Material
Uncertainty 1%}

2.3 15en Folder Nlagtuiin fatalnain “Energy Calxlsx”

2.4 pidn “Load Spectrum” Tused Calibration Background

i GammaCatbrationv 2

(<}

Actty
Ba
o | — ~ [ .




2.5 Fonlla “Z5020-*.rgs” N open

| & Load one or more Laboratory Background Spectra >

“ > ~ o Bl = Spectra of Calibration Standards » Calibration BG » Z5020 b ) Search 25020 yel
A Organize = Mew folder = - () o
£3 Home MName - Date modified Type Size
R Gallery D 75020 on eRC4479-20221016-043505.rgs 16/10/2022 4:35 RGS File TKB
> @ OneDrive - Persi
e
" RisoeData #
e Local Disk (C #
2 Desktop »
TONS
T test
" Screenshots
File name: | Z5020 on eRC4479-20221016-043505.rgs o (*.rgs) -~
Open Cancel
| Calibration Stan e m— WL K. Th Detection Effciency Cal

2.6 TUsuNIULEAS Spectrum ¥4 Energy Calibration Standards wag Calibration Background

URALLL AL

210° 3
: \f\ 3
3 ] Spectrum View —————
102 = © Chamnel Okev
4 W N 1
(o T e e T
l . Vi ey S
10‘;‘
‘onAAAIIIIA(III\II\IIIIIIIIllxllIIAlAIIIIAlAII‘IA!I
100 200 300 400 500 600 700 800 %00 1000
Channel
Energy C: K. Standards
1.Losd Spectrum 2 Save Osta | 1.Lowd Spectra 2. tnter Cup Information
— —
Counting Time _ fks] Clear Spectrum
T e | — o o

Load Spectrum Clear Spectrum
| | e | - n




2.7 ¥msdenivanazsuiinliadmdu K, U, Th Detection Efficiency Calibration Standards lag
¥ 3 ads il
nguil 1
- pian “K-60” Fonlia “ZF160-*rgs” wagnsenvexa K_nat: Activity = 3194 B, Source
Material Uncertainty 0.1 %
_pan “U-238” i@enlvia “ZF142-*rgs” LLazﬂiaﬂ‘t’Jjﬁlga U nat: Activity = 906.7 Bg, Source
Material Uncertainty 0.21 %
 pian “Th-232” 1denlwla “ZF121-*rgs” uagnsonvaya Th nat: Activity = 278.2 Bq, Source
Material Uncertainty 1.0 %
- AAN “Save Data” fedola “KUTh CAL 1.xisx”

lll. K,U,Th Detection Efficiency Calibration
1. Load Spectra 2. Enter Cup Information
Counting Time A[CS:I]W SU(;UET: ;;:Ini;e[gal
T _ [ks] K_nat 0 0 3. Save Data
u2ss I U_nat 5 )
Clear Spectra
Th-232 _ [ks] Th_nat o 0

nguil 2
_pan “Clear Spectra”
_pan “K-40” @enlva “ZF166-*rgs” LLazﬂiaﬂ%a%a K_nat: Activity = 3283 Bg, Source
Material Uncertainty 0.1 %
_pan “U-238” @enlva “ZF151-*rgs” LLaSﬂiaﬂ%@%a U_nat: Activity = 910.3 Bg, Source
Material Uncertainty 0.21 %
_ pian “Th-232” 1enlwla “ZF125-*rgs” uagnsondaya Th nat: Activity = 286.5 Bq, Source
Material Uncertainty 1.0 %
- paN “Save Data” futolwa “KUTh CAL 2.xisx”

nguil 3
- AN “Clear Spectra”
- Aan “K-60” donlwa “ZF175-*rgs” Wagnsenueya K_nat: Activity = 3264 Bq, Source

Material Uncertainty 0.1 %



~@an “U-238” denlvia “ZF156-*rgs” warni@NYeya U_nat: Activity = 907.9 Bg, Source
Material Uncertainty 0.21 %

- ﬂ%ﬂ “Th-232” Fenlwa “ZF128-*rgs” Wagn3anuaya Th_nat: Activity = 288.4 Bg, Source
Material Uncertainty 1.0 %

- ﬂ%ﬂ “Save Data” é}"ﬂ%’eﬂ‘ﬂlé “KUTh CAL 3.xlsx”

3. WalUswnsy DoseRateCalculator

A

[DEECRETCEC

3.1 pan “Load Energy Calib. Standards Data”

T T T T T T T T T
L E| Spectrum Scale
OLog Unear
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O Show O Hide
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B. Sample Background
Couting Time
Lo A —— I S
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koo (uas Jmam e s
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Estimated Field Radon Loss (%] 2 Uncertainty [%] 10 im Data e
Caiculate
Froms e . Sample Weight
Actvty Concentration Random Systematic Tot Dose Rate
° L] Borg Uncensety Lacedanty Uncertainty [Oyha) Uncenay V1. Append Main Sample Oatal
=
K40 v [ 0 Ll e i
. Define ROI
vpae
sacn enscn L] o ) (e o comms [N NN Done Rate ey
B o Uperd ° i . ° T I S S



3.2 Fonlvla “Energy Calslxs” na “Open” TUSWASHLERAS Spectrum V84 Energy Calibration
Standard

B OoveRatec a
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sen e v o .- =
B A ol N S s e . E— e e
3.3 Aan “Load Detection Efficiency Calb. Data”
B SoneRateCalculaior a
Spectrum Scale
OLog O Lingar
Spectrum View
O Channel O kv
ROU
© show O Hice

e |

I
C. New Sample
s Duan Omm Causing Tine IV, Calculate Activity Concentration & Dose Rate e
L B Estmated Fisd Radon Loss (%] == Unaaretel R ke ol
1. Load Spectrum ’ L. Somple Weight Caiculate
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3.4 Lﬁaﬂl‘V\lé “KUTh Cal 1.slxs”, “KUTh Cal 2.slxs”, “KUTh Cal 3.slxs” nm “Open”

s

E Load Detection Efficiency Calibration Standard Spectrum Data from one or more Excel files *
< > v " « Calibration Standards » Calibration Data Files w @] Search Calibration Data Files @
Organize = New folder =~ [ o
A —
) Home Name Date modified Type Size :IH:IJ'
E] Gallery @ Energy Cal 30/5/2023 19:22 Microsoft Bxcel W... 13KB
KUTh CAL 1 2023 19:24 Microsoft Excel W... 97 KB
NP o (s e
@ KUTh CAL 2 30/5/2023 19:25 Microsoft Excel W.. 97 KB
o £34| KUTh CAL 3 30/5/2023 19:26 Microsoft Bccel W.. 97KE B
" RisoeData #
File name: | KUTh CAL 3" "KUTh CAL 1" "KUTh CAL 2" | (Fxlsx) ~
Open Cancel

3.5 M190IUTINGMUIA “Check_Calb_Quality” Tasnm LPlot D T, ILRemove Outline, IIlPlot

Histogram #u&a1au

Bl Choeek_Calib_Quality

(=]

N B e A B T T
!\\ = Quality Check on the Calibration Standards
P B |
A/
s \, Ralative difference D_t between standard deviation and uncertainty on mean value, after averaging 3 of more detection of 3
oS \ - (presented in sach channel).
T N g 0_r = (STD_counts_per_ks_Bq*2 - Unc_Ave_counts_per_ks 8q+2) / Ave_counts_per_ks_Bqr2 Bl
1 1 1
08 08 08 1. PlotD.r | 4
8 Quality Check Warning = ¥ )1
08 08 06 Pwv
1. DONOT CLICK OK" b CLOSE s *Quaibty Chach Warnisg! mes sage b [
befor ya fineh checking! 04 04 04
| 2 Follow each 5309 n e pop.up widow “Chack, Calb_Qualty” o 02 % 1L Remove Ouiers
o'
3 Folbow e posstio warrng messages in aach Hap D hice
0 0 0
4 The pop< window “Check_Cali_Qually” wit cose itse aftur you
Cplic iy hpinlSiinayScery oronticar 5| o 02 04 06 08 1 0 02 04 06 08 1 o 02 04 06 08 1
| E D_r Histogram
— - 1 1 1
08 08 08
o Sumiddy | . Plot Histogram
| c , 08 06 06
| "
| o4 04 04 o0 Outa
{ | o2 02 02 E
B. Sample Background — 0 0 o | -
| D 02 04 06 08 1 o 02 04 06 08 1 0 02 04 05 08 1
Load Background kground.
Accept
1’ Ralative Overdisparsion OD_r: 00_r = sqri(D_r_Centroid), i D_s_Centroid >=0, or: 00_r = -5qrt{abs(D_r_Centroid), if O_r_Centroid <0 -
& | -
| C. New Sample | K400Ds O W U23800r 0 W 23200 8 W Reject
Couting Time +
Cx4a Doz Omae Results
LB [W’r ‘ T Raaree
L Losd Spectrum 1 Samgle Weight e
Actvty Concentration Rangom Systematic Totst Tose Rate
_ sl mars) Uncerisnty Uncartanty Uncerarty [Gyka) Uncortanyy V1. Apend Main Samole Oatal
10 Log Fike
. o N S
. Define ROI - AT oo
sadcn enacn i o = = conms NN N e e
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3.6 NA
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o \ AJ\ Quality Check on the Calibration Standards
\/\ Ralative difference D_r between standard deviation and uncentainty on mean value, after averaging 3 or ction 3
10t e pa— (presented in sach channel).
~—’ N 0.1 = (STD_counts_per_ks_Bq*2 - Unc_Ave_counts_per_ks 8q+2) / Ave_counts_per_ks Bq*2 B Linmar
410 g0t 4 xt0? F
0 [——F-400utr Romover]
o
— 2 05
107 i p o | nd
1 "OK" b CLOSE s messiage bar. o I
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| “ 2
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C. New Sample K400Dr 081 DM 23800 0% DM ™23200 04 Reject i
Couting Time —
=) Duz O mae
- ] |
1 Load Spectrum 1L Sample Weight
. e
o Log fie
. Define ROI o]
Update.
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C I
] o
« ”
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I 5l Check_Coib_Ouality - o —
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10°
3 \ A_/\ / Quality Check on the Calibration Standards
F uncertainty on mean value, after averaging 3 or more detection of
F avs L
R
E TR SN 0_r = (STD_counts_per_ks_Bq*2 - Unc_Ave_counts_per_ks Bq+2)/ Ave_counts_per_ks_Bq*2 Biiosar
4200 sl 4 z107
K40 Outher Rerovod | “ ‘
L 2 J 05 l o
ity Check Warning! = x 2 L LU l 1 4 1.Plot D_r
&) Warengg = ,. B
1 0K b CLOSE tis message bax 0 s Vo
‘befor yau fineh checkng!
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3.8 Aan “Load Background” Genlwa Background
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