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Reasons for develeping new program for airborne survey

- Results coming from our IRIS not satisfactory. Producer is not willing to
make any changes

- PRAGA4 used for post-processing developed in old-fashion
environment and is not user-friendly

- Many separate software packages (project preparation, data post-
processing, browsing, data converter, etc.)

- Other detectors are used for airborne measurements (mainly HPGe
detectors and plastic detectors)

Project Name:

Recovery Management Strategy for Affected Areas after Radiation Emergency

Period:
2017 — 2020

Responsible authority: National Radiation Protection Institute (SURO), CZ
Co-operation: Nuvia CZ, a.s., software development
Spectronica, Australia , software development
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PRAGA 4

post processing software
for Nal(Tl) detectors

PRAGA 4 capabilities:

Originally designed for geophysics

LSQ - Least square method using Monte Carlo code (for
11 radionuclides, i.e. K, U, Th,Cs-137, Cs-134, Co-60, Ru-
103, M0-99,1-131, Ar-41 and Kr-88)

Standard window (ROI) method based on processing IAEA
standards (K, U, Th)

Dose rate in nGy/h from power spectrum, dose rate from
K, U a Th windows and from TC (used in geophysics 410 -
2800 keV)

NASVD/MNF (methods for noise removal in spectra)

Radon removal

AGAMA - NEW

post processing software
for Nal(Tl) detectors

AGAMA new capabilities:
Designed for emergency monitoring

LSQ - Least square method using Monte Carlo code (for K, U, Th, Cs-137, Cs-134,
Ru-103, I-131 — non-negative values)

Extended window (ROI) method based on processing IAEA standards (K, U, Th,
Cs-137)

Dose rate in nGy/h from power spectrum, recalculated to 1m above the ground
plus dose rate from activities (+ TC from PRAGA4)

Cosmic dose rate calculation (depending on altitude above sea level)

MDA calculation—Currie and SO IEC 11929-2010

Project preparation and data displayed in open free maps (replacing PEIConvert )
Data browsing and quick data processing (replacing PEIDataViewer)

Input /output data formats — PEI binary, ASCII, ERS 2.0 ANSI N.42 , KLM/KLZ
output



AGAMA software package

s
Other Nal(TIl) non-standard volumes, NASVD/(MNF) methods, radon removal

* HPGe — separate software package ready as separate package ?"".

’

W
Man — made nuclide activities calculation on ground using MCNP simulation, dose rate on ground calculation ‘

* Plastic detectors - ready as separate package
» UAV - different detectors

BASIC PRINCIPALS:

* Helicopter background and cosmics

» Extended Windows Methods (K, U, Th, Cs-137 activities, dose rates from activities)

 MCNP response matrixes for LSQ method + some EWM parameters

* Dose rates calculation from power spectrum

» LSQ method (including non-negative values ) for natural radionuclides, Cs-137, Cs-134, Ru-103, 1-131)
» Minimum detectable activities according to ISO-IEC 11929-2010
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Helicopter background and cosmics

Mi-17 helicopter (90-95%) Bell 412 (5-10%)

Pilot
Guidance
Display

GPS IRIS Radar
receiver spectrometer altimeter

IRIS-SURO

Plastic

Crew: 2 pilots + 1 navigator Crew: 1 pilot + 1 navigator
Operators: 6 to 8 persons Operators: 1 IRIS operator
Availability: 2 to 6 days per year Only IRIS system on board
Availability: Occasionally
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Helicopter background and cosmics

Helicopter background and cosmic contribution important both for window and LSQ methods

North Sea BELARUS

 No sea Central
» Small water areas unsuitable Europe
* Flights over larger water areas prohibited in CZ

Brdy hills,
. cz
CRgren= CRy: i + S. X CR ~ Bohemian-
BKGD_ B'Hell c COS BELGIUM b o '. Moravian
. Uplands, CZ
o - Zugersee,
CRgkep IS the combined cosmic and aircraft background in each spectral window, CH
CRg e IS the helicopter background in the window,
CR¢,s is the cosmic channel count, FRANCE
and S, is the cosmic stripping factor for the window ROMANA
Location . . GPSposition . Water (ground) level above sea  : Altitudes above sea level
Switzerland, Zugersee : 47.1504803N, 8.4833119E  : 417 m (water); Zugersee : 507,597, 717, 1017, 1617, 2217
...................... oo oEERNA 81T
CZ-Bohemian-Moravian : 49.430764N, 16.055372E : 1 2059m
Uplands : 49.432796N, 15.899040E  : approx. 600 m (ground) : 2490m
...................... - A9.449088N, 15.773195E - 23028
CZ-Brdy : 49.597313N, 13.606682E 1 2215m
: 49.581171N, 13.420710E  : approx. 450-500m (ground) : 2607m
: 49.564342N, 13.183040F . 3167m
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Helicopter background and cosmics

CRgkep= CRg peli + Sc X CRcqs

350.0 q
1 Cos [cps]
300.0
CR¢.= 79.622 + 0.00734*h + 0.000017157*h*h
] A ..‘i
250.0 o
200.0 - A
_ 0..
A.’
S N s A S s R Fit
........ i m  Brdy Hills-ACR
............ + Brdy Hills-SURO
100.0 - .9 |
o 0.0 A Bohemian-Moravian Uplands
] O Zuger See, Switzerland
50.0 -
- Altitude above sea level [m]
0-0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
100 600 1100 1600 2100 2600 3100 3600
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Helicopter background and cosmics

CRgkep= CRp peli + S¢ X CRcos

14.0 ~
T Cosmic contribution to spectra from 700m to 2800m

120 |4 above sea Mi-17 helicopter background

10.0

8.0 1 [

6.0
11 \ = Mi-17 helicopter background

4.0 ] Cosmic spectra from 700m to 2800 m

Channels

0 100 200 300 400 500 600
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Helicopter background and cosmics

12.0
CRg, yeii [CPS]
10.0
—— Smoothed Mi-17 bkgd TC 0834 - Zuger See
8.0 Smoothed Mi-17 bkgd TC 0849 - Vysocina
------- Smoothed Mi-17 bkgd TC 0849 - Brdy
o 239 keV
2 352 keV
4.0 \l'
609 keV
1460 keV
2.0 1120 keV
‘l’ l 1763 keV 2614 keV
‘l’ \L Channels
0.0 -J
0 100 200 300 400 500 600
CRgkep™ CRp el + Sc X CReos
Nuclide | Windows S. Nuclide | Windows CR: uoii
ZugerSee | Vysoc€ina Brdy ZugerSee | Vysocina Brdy
Cs-l37(lm) 105-120 0.0805 0.0805  0.0805 Cs-137pgpy | 105-120 20.6 15.4 214
Cs-137 o, 98-130 0.17759 01775  0.1775 Cs-137 o, 98-130 35.6 26.8 37.0
K 232-267 0.0631] 0.0631 0.0631 K 232-267 12.8 10.7 11.8
U 283-317 0.0534 0.0534] 0.0534 U 283-317 6.6 3.8 7.1
Th 411-480 0.0664 0.0664] 0.0664 Th 411-480 0.7 0.7 0.1
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Helicopter background and cosmics

Mi-17 and Bell 412 helicopter bkgd spectra PRAGA4 bkgd model versus data measured

12.0

i q . 30
] Mi17 and Bell 412 backgrgund and cosmics |
cps | ” cps]
10.0 - ]
1 | et Mi17 bag¢xkground 25 i
et Bell 412 packground ] —— PRAGA4 Cosmics+ Aircrdft 2800 m abqve sea
20
++es+<+ Cosmics at 500 m aboye sea level et Smoothedfmeasured aircraft+cosmics
15
.'.. .-.-': 3 : 10 ]
. 0 ;.M!': .
% 5 channets
AN {! Energy [keV] i
|||||||||||—|—|" e e e e R ———— T T 0-|||||||||||||—|—|—|—||||||||
0 500 1000 1500 2000 2500 3000 3500 0 100 200 300 400 500 600
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Helicopter background and cosmics

\ : K 599 Bq/kg
Spectrum plus helicopter bkgd/cosmics U 39 Bq/kg
Th 43 Bq/kg
140.0 - Cs137 < MDA
] TPC3 spectrum, Mi17 / Bell 412 background and . .
B - ] T ¢ / Mi-17 helicopter bkgd ~ 9 to 12%
] Cosmics ~3to 5%
100.0 — Mi17 bacxkground
] Bell 412 background
altlivl ——— TPC3 spectrum
60.0 1
40.0
20.0 E Energy [keV]
] Energy [keV] A —
00 1= 0 500 1000 1500 2000 2500 3000
0 500 1000 1500 2000 2500 3000

The background spectra were used in:

« Extended windows method (background in windows 137Cs, 40K, 214Bi and 28T])
* Air dose rate claculation at 1m above ground from power spectrum

» Background file in LSQ and NN-LSQ method
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Extended window method

What is needed for
standard windows methods

URAMILM

Total cps: ny, Ny, Ny,
Stripping factors: a, B, y, a
Stripping increase per 1m: Aa, Af3, 4y, Aa

THORILM

—

; 77/ - .
Airborne: ///

What is needed for
extended windows methods

1.00
Cs
. Ncs=Nascs+t0 X Nkk+e X NuutT X Nhn
nl:a.ﬂs
0.50
Ncs.k
0.25 ]
Ncs.u . .
NceT 1 -
0.00 [ | 0 ‘L
0.00 1.5 3.0
Energy [MeV)
Airborne:

Total cps: nee, Ny, Ny, Ny,
Stripping factors: a, B, v, a, 8, &, T (b=g=d=e=t=0)
Stripping increase per 1m: Aa, Af, Ay, Aa, A6, A¢, At

Reference altitude to ground correction: ~ exponential Reference altitude to ground correction: ~ exponential

Sensitivities for reference altitude: A v, Ay ys A h

Sensitivities for reference altitude: Ac; s, Ax ks Auus Arhh
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Extended window method — Portable ground spectrometers

n; net count rate in ii-th window — background corrected,
c;; activity concentration or surface activity — background corrected,
A;; detection sensitivity

AbsCs A:SK AYZSU AbsTh nCsCs nCsK rlCsU rlCsTh CCSCS CCsK CCsU CCS Th
AKCS AKK AKU AKTh nKCS nKK nKU nKTh CKCS CKK CKU CKTh
X
AJCS AJK AJU AJTh nUCS I”lUK nUU nUTh cUCS CUK CUU cUTh
AT hCs AT hK AT hu AT hTh nTth nThK nThU nThTh cTth cThK cThU cThTh
Six new stripping factors

1.00 T
Cs
s Mos=NGscitd X ke X NutTX Mo "2
nCs‘Cs
0.50 ; L Kl
Ncsk ‘
0.25 | .
Ncs.u 8
Ncs,mh 1 -
0.00 .
0.00 15 3.0

Energy [MeV]

Solution of four equations with four unknown variables

Negs = Neges T O XNy +EXNY, +T XNy oy
ne =dx Nesos TNk TV XNy +ﬂanh,Th
Ny =€XNgges T IXNg  +Nyy +a XNy p

My =X Neg s +hbx Ne x TaXNyy + Ny

IAEA rocommended energy windows

m Energy [keV] IAEA [keV] PEI [keV]

137Cs 618 -705 574-762
40K 1460 1370- 1570 1371-1571
214Bj (uran) 1765 1660 — 1860 1664 — 1864
2087} (thorium) 2614 2410- 2810 2414-2801

Standard windows method

Stripping factors a, B,y, a,b=g=0

Extended windows method

8 (K — Cs) d=e=t=0

¢ (U — Cs)

o (Th = Cs) Final solution

Ny, —axny
(1a><a)

Nroh =

Calibration
pads
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Extended window method — Airborne spectrometers
Calibration on calibration pads

The Nal(Tl) 4“ x 4“ x 16" crystals were calibrated on standard four calibration pads in Diamo, s.p.
Straz pod Ralskem (K, U, Th and BKGD pads).

Calibration hall layout in StraZ pod Ralskem IRIS pack (2 x 2 litres Nal(Tl) on K calibration pads
) N e 2D
' N L] NI
™ P L oirm P
v
PK 2m
f hO67m
/ O
(1] L L]
o [

Activity concentrations on calibration pads

Standard %K ppm el ppm eTh
PK 15,33 2,4 2,1 K Straz pod Ralskem
PU 0,24 29,2 2,4
PTh 0,29 51 94,6
Prague
PO 0,02 0,3 0,9

. X ; .
1.95m diam. — infinite area Cs calibration pad missing !!!
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Extended window method — Airborne spectrometers
137 Cs calibration pad

Finally, the Cs-137 pad simulation data in Monte Carlo and K, U, Th data from measurement were
. : 4 " combined. The net background corrected cps n;; were calculated from count rates n; in i- energy windows
The Cs-137 pad was simulated in Monte Carlo simulation. The net background corrected cps n;; were (K, U, Th, Cs) . '

calculated from count rates n; in i- energy windows (K, U, Th, Cs) and stripping factors were determined. Pr—

MCNP response matrixes for
) ) ) - e calibration pads in Straz pod Ralskem
MCNP simulation of calibration pads in Vised 24E

1 ChAmenpiiles\Nal-4xdx16-K-pad-5

== [#] micnpfiles\Nal-4xdx 16-K-pad-5 4.00E-05

3.50E-05

—K-40

====Utseries
3.00E-05
f f

seeee Theseries

--- Cs-137x10-2
2 50E-05

2.00E-05

1.00E-05
|

5.00E-06

0.00E+00

0.00 0.50 1.00 150

Energy[MeV]
K-pad (measurement) and K-pad (simulation * K, U, Th calibration pads simulated

 137Cs simulated flat calibration pad located on standard calibration pads
- i K-40 calibration pad
e

K-pad (measurement) and + 13’Cs (simulation)
Source - biasing

2,00 2.50 3.00 3.50

e
gi 14000
4 Counts
i

O | 12000
LI

A

hd

s Monte Carlo

?}L 10000 ~——K-pad (bkgd corrected) 600s
000 a -=- Measurement
M
]
k)
®

Model MCNP K40
- Model MCNP U-series
- Model MCNP Th-series
m—=137Cs (MCNP) + K-pad (measured) sum
6000
d A

8000

#

§ 4000
. it
+ = 8

) 2000
f
{
0 =
.00 1.00 150 200 250 300 350

11111

Energy [MeV]
| | EEEm

0.00 0.50 1.00

1.50 2.00 2.50 3.00



Imulation —resp
X

(su

i ";‘_ :

0.0025

0.003

0.0020

0.002 |
0.001
o
o i o
Eneroy [keV] 800 -mun ‘T;c’m a0 Height [m]
137Cs — relaxation depth
1 0.8
0.5
0.6
0.4
0.2,
o

Energy [keV/] 3000 500 Haight frm]

225Ra — homogeneous distribution

Spectra -]

Specira [-]

0.8 _

0.6

0.4

0.2

Energy [keV]

o Cl

cm-3
rgy 3 MeV
A) B
: K 1, U-series 31, Th-
s-134 - 9.
Exponential
Deposition [Surface|(relaxation length
3 cm)
Radius Radius
Height [m] [m] [m]
0
1 150 50
25 300 300
o ' 50 400 400
60
70
80
500 500

0 o -
2500 400 Height [m]

3000 500

232Th — homogeneous distribution

219 nOMm ™y




INTERNATIONAL MEETING ON AIRBORNE GAMMA-RAY SPECTROMETRIC SOFTWARE
PRAGUE 21 -22 May 2019
Extended window method — Airborne spectrometers

Additionally to the standard stripping factors o, B, y and &, new stripping factors &£ (U — Cs) z (Th — Cs) & (K — Cs)
for Cs-137 were introduced.

Stripping factors were calculated based on MCN P simulation

Stripping factorso, B, v, a

1.000 based on our MCNP matrix responses
-+ Measured on calibration pads
0.800 i :::::l
| SUROIRIS | ACRIRIS Grasty
0.500 — ' r a 0.343 0.330 0.254
IR i e B | 0415 0463 0.386
-‘_,_.—l—"‘—'_' e *® L v
L e — T y 0.855 0.839 0.760
[ [ b= 1 [ [ | | | | a | 0048 0.041 005
e ; .._.i-l‘fk';‘w 5 0.278 0.272 *
0.200 - DetaIAEA e | 2080 2125 *
se-- gama-l1AEA
| - - - JAEA T 1.243 1.186 *
. T RRIELTEEET ST LY PR g AR W A sy g Sy Ry SRR R g S 1 Altitude [m]
0.000
0 100 200 300 400 500 600
Calculated by Monte Carlo
Stripping factor 7, €, 4 increase per 1m
based on MCNP simulation .
- SUROIRIS | ACRIRIS Grasty
2.000 S oA G
R L = Aa | 0.000169 0.000169 0.00049
il = o —At Ag | 0.000205 0.000205 0.00065
1.500 T Ay | 0.0000281 | 0.0000281 0.00069
A& | 0.000684 0.000684 *
9600068 oo o NN As | -0.00106 -0.00106 *
1.000 5 """°*-*-—f—ff-,; Az | -0.000583 -0.000583 *
& B S Y
a @
0.500 N AA

ot doas.
aAAABS e

0.000 Altitude above ground [m]

0 100 200 300 400 500 600
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Extended window method — Airborne spectrometers

«Sensitivities for natural radionuclides were measured during hovering Mi-17 helicopter

*Due to low Cs-137 activity (<MDA) at the reference area, the
at the altitude of 100 m over the reference area near VySkov. sensitivity for Cs-137 was determined using Monte Carlo
*The ground activity concentrations were determined using ground simulation.
*HPGe measurements (in-situ).

» Surface activity of Cs-137 simulated and compared to a point source
with activity of 2.646 GBq

60
:3 NR + {s-137 Measuremerj on TPC3
50
: e Only NR MCNP simulatiorf on TPC3
40 E NR+(ds137 surface cimilakinn
------ NR + (Qs137 relax simulatipn
30
20
10 .
A | Engrgy [keV]
0 L G
f 0 1000 2000 3000 4000
Military

Training Area
hfaiar Vyskov

Cs-137 K-40 U Th
[cps/kBa/m?] [cps/Ba/kg] | [cps/Ba/kg]l | [cps/Ba/kg]

(5.8+1.9) (0.127 + 0.015) (0.271+0.031) (0.586 + 0.050)
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Extended window method — Airborne spectrometers

. Airborne
Czech Republic Airborne
1400 -
Ba/kg - - e
1200 ] K-40 WND TPCS reference area 40K [Bqg/kg] (599+98) (587+125)  (556+110)
1000 l 4 1 214gj [Bq/ke] (397) (38+23) (43£16)
! 8 208T|[Bq/kg] (43+7) (42£11) (39+9)
800 Q
137Cs[Bq/kg] (1.80.5) <MDA N/A
600
A0CH 140 1—sqfke
P L 1 9 ! 3 Tl-208 —— |VND-PRAGA4
2 1 *—+—WNIPRAGAG 120 WN —.—{VND-AGAMA
] —e— WNO-AGAMA 100 1
0 +¥b—+--v-—"—r+-—-—--+—--~> 7t 1
0 500 1000 1500 2000 30 1
Records ]
60 J
3
IR Bi-214
1 WND —e— WND-PRAGA4
Ba/ke —«— WND-AGAMA
130 4 0 500 1000 1500 2000
Records
40
E kB 2 = —=e—{ LSQ-standard-P)
ag 1 KBa/m Cs-137 —
30 E WNJD_ MDA-Currie
MDA Currie 8.6 kBg/m? 2 ] Iy 2D
MDA ISO 9.4 kBg/m? E
20 3

00 *

Records

Records
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Extended window method — Airborne spectrometers

TPC3 —reference area — Czech Republic

Result comparison
AGAMA x Ground measurements

] Ajr Dose|Rates o

] —o— Activities

] TP

] Military Training Area —T—Cosmigs-1m

— ,.Activities+cosmi(

.il[" I'uﬂa*“; L lﬁﬁ&'f ‘

I‘

o

200

400

600 800

1000

Records

1200 1400 1600 1800

2000

ADR,

ADR,,

Ground Airborne
HPGe AGAMA
[nGy/h] [nG/h]
(82+5) (85+12)
@ (32.9+0.3)

Airborne

PRAGA4
[nG/h]

(67%9)

*
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Extended window method — Airborne spectrometers
RM2 —90m - Switzerland - reference area

1450 . L — —
1 WA - K-40 L|n_th Plain .
R Switzerland

450

o !
0 500 1000 1500 N AR
200 - S = | —
Ba/kg Bi-214 | L
150 | Al sellEs
I N\
100 | I| i \‘---;\‘(B|'2214)

HPGe ground
00 meas l‘l-ils!;ﬂementsﬂnmﬂ

P et

Created
directly in
AGAMA open
free map .
: b ;
i = g
Ll = e J
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Extended window method — Airborne spectrometers
RM2 — 90m - Switzerland - reference area

80 = — —
Ba/kg TI-208 ~ar
| . | Th=series

e - (T1-208)

0 500 1000 1500

Data comparison — RM2-90m
*Ground data
*PRAGA-LSQ
55 *PRAGA-WND
kBq/mp *IRIS
+— Surfage activity €s-137 *AGAMA-WND
45 - .
CS'13 ‘7 | MDA Currie
MDA |SO 400
35
3so
25 | 300
mIRIS
250
B AGAMA-WND
200 PRAGA-LSQ
150 PRAGA-WND

Swizs-Ground

31 3925 27 28
22 m 11

ADR_nGy/h  K_Ba/ke U _Bgfkg Th_Bag/ke
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Extended window method — Airborne spectrometers
Sumava Mountains - Czech Republic — Chernobyl Cs-137 contaminated

Some areas contaminated by Chernobyl's 13’Cs in 1986

Sumava
WND_Cs137 [kBg/m2]

® Mountains
40 % %,

30 :

20 o,

10
: )
-10 .
T T T T T T T T T T T T T T T T T T T T e
0 500 1,000 1,500 2,000 2500 3,000 3500 4,000 4500 5,000 5500 6000 6500 7,000 7,500 8000 8500 9,000 9,500 fffi’
@ Airspec - [ij%:. :ﬂgﬁ
Project Tools Help
+ . o o
o P .
Favorite projects Project: Sumava_2016 CO p e d fro m
4[5 Active projects
TPC3_2017 AGA M A
RM_90m Record |1 of 9671 | wp wp]
RM-140
=) Sumava_2016 Source data | Output data| Map
R TPC3_2017-Cs137-1001 Q Q. @ e - 2.9 kBq/m2 33,51 keg/m2
(7] Archived projects
Parameter Selection < 1 T covore
b Hojsava Stré2 Ty de.
Input e '
o iR 145
®) Output N\ N N .
WND_Cs
Position Chium
Longitude: X
Latitude: ;
Altitude: ¥ Hartmanice
Abs. altitude: Y #
value Y
Rec. No.: 0

Map parameters
Map source:

Basic map

Cursor position

Longitude: 13° 22.778' E
Latitude: 49° 12.208' N
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Air dose rate from power spectrum

Principle of calibration

Spectrum "—) Do\ erspectrum

Energy independent

<N(E,) s ,
_ I Ea N Ea dEa Calibration was done at Low Background Chamber at SURO for a
ma — range from 26 nGy/h to 120 nGy/h and at Calibration Room at

t University of Defence, NBC Department for > 120 nGy/h

E

140
1 Air kerma rate vrs| powispect rum in Jow le

i E.xN(E,) 120 ] cham
Epp = ] P

t 1
1 Air kerma rate |AKR [nGy/h] )/ﬁ/
80 (‘,

P

|
/

or
T

] Co4160 - 1 box
60 ®

Where . O Cs-137 -1 bHox
Ena is the relative absorption energy rate in MeV/s, ] ‘ A E::lfzhmll e
tis the live time, 40

j is the initial channel number ]

n is the final channel number 20

N(E,) is the number of counts with an energy E, in the interval E,,

i =1 E... [MeV/s]
E, + dE, in a channel over the measuring time t.

0 500 1000 1500 2000 2500 3000 3500 4000 4500
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Air dose rate from power spectrum

Angular dependence
1.00
s
[R(O)=—do
N, 2 dé
N, ¥
J'd(Ddg
2 do
90° <
75° pg
....... t
B - = 778 keV R(H):Fi
=====-964 keV E
e 1112 eV Final calibration for 1 IRIS pack 2 x 4 litre Nal(Tl) crystals

—-—1408 ke

K, =23.2398 + 2.717x102x1.18XE,, + 9.7791x10x1.182XE,, 2

K, is air kerma (dose) rate in nGy/h
E, .. is relative absorbed kerma rate in MeV/s

90°

K, corresponds to local air kerma (dose)
rate AKR,,. on board

AKR,,. ~ terrestrial + aircraft + cosmics

60°
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Air dose rate from power spectrum

Needed:

Galt .......... altitude above sea level [m]
UsedAlt...... altitude above ground [m]
Cos .......... Cps in cosmic channel

Spectrum ... in range up to 3 MeV

Example:

Average data on TPC3 reference area
Galt =540 m

UsedAlt= 99 m

STP height =H =92 m

AVGR SPECTRUM

=5 = 2019 MeV/s
Ema (Heli+cos) = 244 MeV/s
Ema~ Ema (Heli+cos) = 1775 MeV/s (2 packs)

—
—)

Power spectrum — AKR|,

K.= AKR,, = 47 nGyl/h

AKR; - or = 80 nGy/h

Average spectrum and powerspectrum

140 -
cps
120 H

100 -

P Spegtrum

80 -
++ Powerspectrum

60 1

40 \
20

\ Energy [keV]

e N A m

0 500 1000 1500 2000 2500 3000

K,=AKR,,, =23.2398 + 2.717x102x1.18XE,,, +
9.7791x109(1.18)2XE, 2

AKRgr.1m= AKR|,/(1.0071xexp(-0.00582xH)

H ... STP height I

MCNP calculated

Exponential function slightly different for

man-made nuclides
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Air dose rate from power spectrum

Air Kerma Rate — TPC3 Vyskov reference area

o0 JAKR [nGy/h]
180 }————w—-naiRpraga-fserinGyrhi
E AKRloc [nGy/h] n |
160 ] = AKR1m-ter|[nGy/h] ”
140 I eeeees AKR1m-cod n ﬂ
. STP [m] n Iu }
) /‘ﬁ J! A [
100 f | A A .h
80 7
60
j ™ o My AL
A . T T SO
20 -
N Records
0 a T T T T T T T T T T T T T T T T
0 500 1000 1500 2000

ADR
[nGy/h]

GROUND

AKRPRAGA-LSQ

AKR, - AGAMA

AKR,,. ... -AGAMA- Pws

AKR. ..air kerma rate,
ADR... air dose rate
Prerequisite:

ADR= AKR

(82+5)
(67 +9)
(85 £ 12)

(80£5)
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Air dose rate from power spectrum — RM2 - Switzerland

Linth Plain
Switzerland

350

AKR [nGy/h]

300 —— AKRpraga-wnd [nGy/h]

— AKRloc [nGy/h]

250 " [ARRIM-ter [nGyyhi
—— AKR1m-cos [nGy/h]
200 STPfmi

150

ADR
[nGy/h]

100

GROUND (61+5)
AKRpgpcn (67+9)
50 PRAGA-LSQ
AKR, - AGAMA (60 +21)
0 AKR,,. 1o, - AGAMA- Pws (711 8)

0 200 400 600 800 1000 1200 1400
Records
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Air dose rate from power spectrum — Sumava

300

250

200

150

100

5

o

AKR [nGy/h]

—— AKRloc [nGy

——#— AKR1m-ter

/h]
nGy/h]

AKR1m-cos
STP [m]

[nGy/h]

wgl I

' ﬂﬂ]m%! ﬂ‘

8000

Records

10000

ADR
[nGy/h]

GROUND
AKRPRAGA-LSQ
AKR, - AGAMA (5121)

AKR,,. ... -AGAMA- Pws (64 + 16)



Airborne HPGe spectrometry SUUR®)

le mea
module
electable ROIs
saved in csv file
a saved in selected time interva
| spectra displayed in GAMWIN
lime

1a-ray spectrometry
eV at 1.3 MeV (UNOB)

/ at 1.3 MeV (SURI

Eentn i thamir o
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Méfeni Zpracovanidat Log | O aplikaci

Soubory méfeni
C:\Users\Marcel\Documents\2016-I\Leteckd gamaspeltromatd

Analyzdtor
Index analyzatoru ORTEC v 9

as masen 5] [od - do]
2700 e
o s

GPS
[v] Pouzit modul GPS

GAMWIN

~ software
produced by

Com port modulu GPS vl g

Vyska nad terénem

PouZit modul vySku nad terénem

CSV soubor H
Com port modulu vy&ky Nuvia CZ
D:\Nejdek.csv
Okno méfeni [s] Krok [s]
10 1 Spustit zpracovani dat
Nastaveni
Priibéh zpracovéni méfeni
= R e
Nowy Smazat UloZit
CNT DATE_TIME LIVETIME ~ FIX ALT LON LAT A
- - - » 1 16.04.2015 07:25:12 10 1 630 14,235753 50,0
i i Kanal od Kanal do 2 16.04.2015 07:25:13 10 1 630 14,235207 50,0
Tc 80 4096 3 16.04.2015 07:25:14 10 1 631 14,234867 50,
609keV 811 820 4 16.04.2015 07:25:15 10 1 632 14,234463 50,( “
1460keV 1949 1961 5 16.04.2015 07:25:17 10 . .
795keV 1057 1073 6 16.04.2015 07:25:18 1 | ¢as méfeni [s]: [od - do] n
e pr o 7 16.04.2015 07:25:19 10 EUSIC T e
= 8 16.04.2015 07:25:20 10 |2 717,33/ 14 686,41/
2614keV 3490 3508 9 16.04.2015 07:25:20 10
10 16.04.2015 07:25:21 10 (0,00 11617,58|

spectra (step, mmss) DIITIUZE D
floating avgr.) 13 16002015 07225024 .

<







Terrestrial component of air kerma rate 1m above
ground

IRIS -PRAGA4

L Prilepoy ¢
iPecnoua Lhata™ ~

Terrestrial component of air kerma rate 1m above
ground
Plastic detector 30x30x5cm

Pilepoy Py
e J
Pechova Lhata”
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