DESCRIPTION OF
GammaPRO

2019



Table of Contents

TadeTo (¥ ox 1 o] o EO PP PP PUPPP 4
1 Starting the PrOgraAMIME ........ooiiiiiiiiiceeeee ettt mamsessessessssbssessbessbsnssnnnnnne 5
2 Structure of the programme and itS elemMEeNtS..........ooiiiiiiiiiiiiiie e 5
2.1 Main INterface EIEMENTES ... . ..o e s s bbb senannnnnes 5
2.2 IMIN IMENU ittt eemeee et ettt ettt e et e ee et e et e e te s st e tss st st es e e e e ee e e e e e e eeeeeaeeeeeeeaeeeeeeeeeeeeees 6
2.3 MaIN TOOIDAY ... et e et e st ettt bt e b enbenbnnnennnnnree 8
2.4 Device Manager PANE| .........o et 10
3 Measuring and Saving @ SPECIIUIM ... 17
4 WOrK With @ SPECIIUM . ..ottt e e e e e e e e e et e e e e e e e e e e e eea e 19
v Y =V o I (1] T 1o 1P PP PPPPPPPRTPP 19
4.2 WOTK WITN @ PEAK ...ttt e e e st s bbb 23
4.3 MAterial WINAOW ......ccoieiiiiiiiiiiiiiiieie e e s bbb s bbb bnabsnennennenes 25
4.4 PrompPt WINGOW .....cooiiiiiiiiii ittt s s e s e e bbb s bbe st nnsnenen 25
5 Determining activities of radionuclides by the R@ethod....................ci 26
5.1 Calculation DY 0N SPECIIUM . ... ... ceeeeemiiiiti s e s ae e sensbenensbenennnenes 26
5.2 Common calculation by sample NUMDET ... eiviiiiiiiiiiiiii it 29
5.3 Shared betagamma CalCUIAtION ............oouiiiiiiiiiiiiiiiiei e 30
5.4 SUPErPOSItION METNOM ......ooiiiiiiiiiieceemeee e bbb e nnannee 31
5.5 REQIONS Of INTEIESES ... ettt ettt ettt ettt e e e e e e e e e e e e e e eeeeeeeeeaeeeeeeeeeeees 32
6 Determining activities of radionuclides by thdindual peaks analysis method.................... 34
6.1 GENEIAl STALEIMENTS ... .uuuitiiiiitite s cmmmmms ettt eeeeeetestsetestessssss s sbs e e e ee e e e e e e e eeeeeeeeaeeeeeeeeeeeeees 34
6.2 Procedure of calculation of activities by thdividual peaks analysis method ............... 36
6.3 Adjustment Of fFOUNT PEAKS ..........utuiieeemeei e eneneees 38
6.4 Inserting and deleting PEAKS .......coo i 39
6.5 Sending of a list of peaks to calibDration. ... 41
6.6 DAADASE ...ttt e e e et e e e e e e e et e e e e et et e et e e ateaaaeeeeeeees 42
7 ENEIQY CalIDIALION. .. ..uuiiiiiiiiiiiiiiiet ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaens 44
8 FWHM and shape CaliDration.......... ... iceeeeeiiiiiiiiieiiei ittt e e e e e e e e e e e e ee e e e eeeeeeeeeees 47
S = Tol (=T o Ty Vo= 1 o] = Ui (o o TP TT TR 49
9.1 GeNEral STAEIMENTS .....cciei ittt ettt e e e e e ettt et e e e e e e s sammnre e e e e e s e s b bbeeneeaeaeeeann 49
9.2 Selection of radionuclides for calibration..............ccc.veiiiiii e 50
9.3 Efficiency calibration ProCEAUIE........coeeeeeiiiiiiiiiiiiiieiieiieteeereiee e rrerreeeeeeeaeaeaeaeaeaeeeaees 50
9.4 Management Of SPECIIA .......oii ittt e e e e e e e e e e e e e e e e e ee e 53
9.5 Creating an efficiency file PrOJECT ... 53
9.6 Creating an efficiency file from atexttable.............cccc 54
10 PArBMELEIS ...ttt e 55
i e 1ol Qo ] = =T od 1 - W PP 57
12 RAAIONUCTIAES lIDFArY ©OITO ........vvves e e e e e e e e e e e rsae s a e e e e e e e e e eaa s 62
13 Reference Source lDrary EaITOr. ... ... . cceeeeeeeriieiiiiiiiiiieeiieiieiieieeieee et erereeseeeeeeeeeeeeeeeeeeeeeeeeees 63
14 Calibration for activity calculation by the R@lethod ................ccooo o, 65
14.1 GENETAl PrOVISIONS ...uiiiiiiiis ettt r e a e e s s e e a e e e e e 65
14.2 Creating a Calibration file ............ o eeeeereiiiiiiiiiiiiiiiiiiieiieiee e e e e e e e e e eee e 65
14.3 Calibration for content CalCUlAtioN .....cccee.viiiiiiiiiiiii e 66
14.4 Calibration COETfICIENTS ..........iiiii e 67
(ST o= LS PP PUPPPPPPPPPPP 68
Annex 1. Calibration file StruCtur@.€lb) ..........cooooiii i 69
Annex 2. Efficiency file StruCture 1) ..coooo oo 70



Annex 3. Passport of source file StrUCIUEBKS) .....vvvuuriiiiiiiiiii s rmmmmms e 71

Annex 4. Calculation of confidence interval for rRBEEMENt EITOr ............cvvvvvviiiriririiinnnrnnneennns 72
vt I @ ] B 0 1= g o T PP 72
4.2 Determining activities of radionuclides by thdividual peaks analysis method............ 73..

Annex 5 Calculation of specific effective activitf natural radionuclides ..............cccccoveemeennnne 74

Annex 6. Scenarium MOAUIE ... 75
6.1 APPIICALION....cciiiiiiiiiiiie et 75
6.2 Start of Scenarium MOAUIE ..........coiicoeeeeeii b rrrbrarnnnene 75
6.3 Scenarium mModule INTEITACE ..........ooo i 76
6.4 Quality assurance (ROI-Method) ..........oooiiiiiiiiiiiiiiiiiiiiiiiiiii e eee e 78
6.5 Quality assurance (peak analysiS Method) caae . eeeiiiiiiiiiiiiiiiiiiiiiiiiiiie e 83
6.6 Scenarium Module COMMANTAS .........ovvieeeeeeriiie e e e e e e e e e e e e eeesaa s 85

REVISION HISTORY ..ottt ee ettt e e e ettt e e e e e e e e e et eeaeesnsasseeeeeeaeeeesennnnnnes 94



Introduction

GammaPRO is a software for work with semiconductor and station spectrometers of
gamma, beta and alpha radiation (sucAR8O, BOSON,AirSPEC, GCD, MCA-527, DSPEC,
etc.).

GammaPROensures simultaneous and independent control dieltonnected analysers and
spectrometric devices, and provides all the necessmls for applied spectrometry. It allows
measuring and processing spectra, setting parasratepectrometric tracts and determining all the
relevant metrological characteristics.

GammaPRO employs different algorithms for determining adtvin samples (ROI-method
with overdetermined matrix, individual peaks anaymethod, superposition method). For the
analysis of high resolution spectra (spectra resmbon semiconductor spectrometers) there separate
tools (search peaks, Gaussian approximation, itEatton, plotting efficiency curves, etc.).

GammaPRO has a multi-window, easily customisable interfaced aprovides broad
opportunities for work with spectra (mathematicgemtions, pack processing, application of
specific algorithms, conversion and translation aitver applications). Automation of routine
measurements can be ensured using a bar-code systeoounter samples change mechanisms.

GammaPRO has a platform and module structure, which allowgpptmenting the
programme with application modules.

The programme includes plug-in modules:

“Pack’ — processing of series of spectra;

“Profile” —measurements in motion (car, railway car versiothefspectrometer-radiometer);

“WBC” —whole body radiation spectrometry (in chair andnehar configuration).

System requirements:
Windows XP/Vista/7/8/10;
processor with frequency 1 GHz;
USB 2.0 (for MCA527, BOSON, BINOM, POLYNOM, MD198&)D198M analyser)
256 MB RAM,;
100 MB of free space on the hard drive;
keyboard,;
mouse.



1 Starting the programme

To startGammaPRO, double click with the left mouse button on BammaPRO icon on
the Windows desktop, or go &iart->Programs->GammaPRO.
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When the programme is started, it detects enabtedlysers and their status. If there are
many analysers, the starting process may last tpagd the detection progress can be seen on start-
up screen of the programme. To terminate the cdimmewith enabled analysers, prdssc key on
the keyboard.

2 Structure of the programme and its elements

2.1 Main interface elements
When the programme has started, the main windowh@fprogramme will appear on the
display (Fig.1).

f_‘r GammaPRO

=1ofx]

S Fle Took Optiors  Window  Help

W=TELT PEL2X - DA

[Device mana: ger |

Analysers Channels ‘

BOSON GCD-30185 | B |0 Ck 2
MCAS27 DEG-6 B | O C k 3

Block 4

Figure 1. View oiGammaPRO after its launch




The programme window contains four main blocks:

- main menu of the programme (Block 1);

- main toolbar with buttons providing access to mus®d dialogues (Block 2);

- device manager (Block 3)a-panel, which ensures switching from one spectnoereact to
the other;

- status bar (Block 4).

2.2 Main menu
The main menu of the programme includes the folhgwiems:
File (see Fig.2):

File | Tools Cptons  Window  Help
Qpen spectrurm Figure 2.File menu items

C\GammaPROVspe-gitest_06_mr_th_ps.asw
C\GammaPROVspe-gh13_mr_eu_op.asi
CGammaPROVspe-gh 15 mr_eu_ps.as
CGammaPROVspe-gh 14 _mr_eu_sm.asw

Exit
With the Open Spectrummenu item, the user may open a previously savedtgpn in a
dialogue window.

Four other items can quickly open recently savextsp.

Exit is used to clos&ammaPRO.

Tools (see Fig.3):

* Flle | Tooks | Options  window  Help Figure 3.Tools menu items

Fack
Database

Scenarium

Pack opens a window for working with several spectee(section 11).

In theTools section, you will see names of plug-in moduleshsa®VBC, Profile, etc.

Item Database allows data base window opening, the file is spedifin the window
Parametersat insertFiles (see section 10).

Item Scenarium will activate the window of modul8&cenarium, which allows execution of
so called script or sequences of operations inptiogram GammaPRO, as well as executthe
quality control for spectrometric sections and r&raxcess to the program (See Annex 6).

Options (see Fig.4):



File Tools | Options | Window Help

Passport of soLrce editor Figure 4.0ptions menu item
Log

Parameters

Bar-code FS

Library editor
Device manager
Switch on analyser
Debuigger

RLssian

Passport of source editoropens a window that allows generating files of padsdata of
source (see section 13), used in the procedurerargtion of efficiency calibration files.
Log opens a log window, which displays saved resultsoaducted measurements. Data can

.....

be sent to the log using Add to log in the menuictvitan be displayed by pressi:; (Options)
on the toolbar of the spectrum.

Parameters opens a window with the same name, which contgerseral settings of the
programme (see section 10).

Bar-code opens a window with information about the entefgat-code, from which
measurement with automatically completed infornratdoout the source can be started. You can
display such a window automatically by pressingRBéehot key.

Library editor is for opening a dialogue, where you can work wationuclides library files,
as well as create and edit your libraries usingettisting ones (see section 12).

As Device manager(Block 3, Fig.1) can be separated from the lefteedd the main
programme window and can be closed, therice managercan make this panel visible again.

Switch on analyserallows switching on all the available analyserom@te. It means that if
analysers are physically connected to the PC armhpers of each connection are entered in the
programme, with this item you can skip pressBwgtch On in the Device configurationwindow
(see Fig. 11) for each spectrometric tract seplgrate

UseRussian/Englishto switchGammaPRO interface language. When you use this item, the
programme will warn you than a language will charagel will close. When you reopen the
programme, the interface language will be different

Window (see Fig.5):

Fle Toolz Cplions | Window | Help

Mosaic Figure 5.Window menu items

Cascade

Minimize al
Range measuring spectra

Close all

Mosaic displays windows of the spectrum aSMosaic’. Cascadedisplays windows of the
spectrum as aCascad® Minimize all minimizes all the windows of the spectrum to thédmo of
the main window.

Range measuring spectraranges the spectra to be measured (those havintatas s
“measurement spectrtijnn the sequence of their opening.

Close allcloses all the windows.



Help (see Fig.6):

Fla Tocls Optons Window | Help

BBOLIE, . Figure 6.Help menu items
Help

About... brings a dialogue with information abo®@ammaPRO, as well as contact

information.
Help displays information on how to work with the progmae.

2.3 Main toolbar

GammaPRO toolbar looks as shown on Figure 1 (block 2). pheel is divided into groups,
which can be moved within the panel,“separatedfrom the panel and moved to some other area
of the main window of the programme.

The panel contains three groups (see Fig.7):

Figure 7. Groups of the toolbar

The first groupDevice managercontains the following buttons:

m - Device configuration displays a configuration window of the analys#\ice), which
is highlighted in thdevice manageright now (Fig.1, block 3, Analysers column)

=¥ _Tract configuration, displays a configuration window of the spectramoetact, which
is highlighted in théevice manageright now (Fig.1, block 3, Channels column)

U-:J - Measurement parameters displays a window with parameters of measurenfentte
spectrometric tract, which is highlighted in thevice manageright now (Fig.1, block 3, Channels
columny

==/ - Calculation parameters displays a window with calculation (activity, gtparameters
for the spectrometric tract, which is highlightedthe Device managerright now (Fig.1, block 3,
Channels column)

- - Spectrum view parameters displays a window with parameters of the viewtlod
spectrum (colours of elements of the histogramkdpaxind, axes, etc.) for the spectrometric tract,
which is highlighted in th®evice managerright now (Fig.1, block 3Channelscolumn)

The second grou@alibrations contains the following buttons:

= - Energy calibration, displays energy calibration for the tract, whiglnighlighted in the
Device manageright now (Fig.1, block 3, Channels column)



D - FWHM and shape calibration, displays FWHM (full width at half maximum) and
shape (left edge shape) calibration of the peaktHertract, which is highlighted in theevice
manager(Fig.1, block 3Channelscolumn)

~ - Efficiency calibration, displays a window of efficiency calibration. THisplay of this
window is not related to the currently selectedyse and tract

The third groupMeasurementis active only when there is a real connectiorhvét real
analyser for the current tract. The group conttiesollowing buttons:

> Start, starts a measurement in the spectrometric tsdwth is highlighted in th®evice
managerright now (Fig.1, block 3Channelscolumn)

- Stop, stops a measurement in the spectrometric trdtchws highlighted in th®evice
managerright now (Fig.1, block 3Channelscolumn)

- Read forced reading of the spectrum from an analyseerttie current spectrometric
tract, which is highlighted in thBevice manageright now (Fig.1, block 3, Channels column);

@% - Clear, clears spectrum buffer in the analyser for theeru spectrometric tract, which
is highlighted in théevice manageright now (Fig.1, block 3, Channels column)

The toolbar buttons described above are duplicatede Device managerpopup. Thus, for
instance, the context menu of the Analysers collooks as shown on Fig.8.

|Device manager ]
g =

Analysers | Channels |

BOSON GCD-30185

| MCAS: ” BOEG-&

Device configuration

Palyrorm BOEG- o000

free

Figure 8. Context menu of tifalyserscolumn

Also, the context menu of ti&hannelscolumn looks as shown on Figure 9.

| Device manager |

o=
Analysers ‘ Channels ‘
BOSON GCD-30185

| MCAS2T ||_ BOEG-63 |

‘ Tract configuration

Falynorm | MeasUrement parameters |

Calculation parameters
Spectrum view parameters

microfCAS2Y ) i
Energy calibration

FyyHM and shape calbration
Efficiency calibration

Figure 9. Context menu of the Channels column




2.4 Device Manager panel

The Device Manager panel (Fig.1, block 3) is intended for switchingteen analysers
(devices) and tracts within a single analyseri{@ ainalyser is multi-tract analyser). This solution
allows simultaneously and operatively controllingyaaumber of devices connected to the PC and
spectrometric tracts, to start measurements anducbprocessing.

To choose the necessary analyser and tract, je&tanh it with the left mouse button in the
table. When selecting a spectrometric tract inGhannelscolumn, the analyser corresponding to it
is selected automatically. When clicking on theassary analyser in th&nalysers column, the
first tract will be selected automatically. (ExaeplOn Fig.8 and 9 the current analyser is
'MCAS27', the current tract is 'BDEG-63").

As it was noted above, button actions on the taollescribed in section 2.3 will be used for
the currently selected tract.

To add or remove an analyser to fhevice Managerpanel there ar# and = buttons in

the table header (block 1). Pressing the bu® nwill replicate the analyzer and its tracts anakog
to the current (specified) in the present list.rémove an analyser from the list of used analysers,
select the analyser in tamalyserstable and pres=.

The Channels column is also divided into two columns, first which is intended for
displaying the name of the tract, but the secorsdehamer showing the time of measurement left in
seconds. If the field is empty, measurement ircti@nnel was stopped or has ended (see Fig. 10).

Device manager

g = Timer to
Anal ch I the end of
nalysers anne’s | measurement
BOSOM GCD-30185 | 60707
MCAS27 BDEG-63

Figure 10

2.4.1Device configurationwindow

When you presg on the toolbar or seleEtevice configurationin the context menu of the
Analysers column on théevice Managerpanel, a window shown on Figure 11 will appearion t
display.

Device configuration BOSON

Analyzer name BOSON

Status Switched on
Analysertype BOSON St @
Address Fort: COM13

Serial number 123

Close

Figure 11 Device configurationwindow view
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Analyser namefield —the name of the analyser given by the user to tinesict analyser and
shown in theAnalysers column on théevice Managerpanel.

Analyser type field — the type of the analyser from the list GammaPRO-compatible
devices.

Address Port fields —intended for specifying an analysiP address in the network, or a
device address on the bus, or a serial port nuifabeluding virtual) depending on the type of the
device. If the fieldAddress is not empty, the software attempts to establ@mnection with the
analyzer which has the corresponding IP addreseer®@ise, the software addresses all the available
serial ports, one after another, attempting to lbdista connection to the device which has the
corresponding serial number.

In the Serial number field, the user can enter the serial number ofdbeice to link the
specific analyser to the specific position on thevice Manager panel.If the serial number is
unknown, leave this field blank, a serial numbethef first free device of this type will be popadt
after the establishment of a connection with thaage

PressSwitch on on the right side of théevice configuration window to establish a
connection with an analyser. If the connection besn successfully established, you will see the
greenOn value in theStatus field, but if there is no connection, the prograenmill show a
message about failure to establish a connection.

2.4.2Tract configuration window

When you pres'f"‘"" on the toolbar or seledtract configuration in the context menu of the
Channels column on theTract Manager panel, a window shown on Figure 12 will appear lom t
display. _

o Eoigelion BOSON GCD-30185.
Type of detector Gamma
Tractname GCD-30185 ‘ Tum on HY 3‘
Channels 2048
Set High Yoltage 100
MNumber of active HV unit 2

Turn off HY & ‘

Mo Hv 1:1202
Mow HY 2: 1505

‘ Additional parameters of tracts

Close

Figure 12 Tract configuration window view

In this window, in théTract name field the user may give the current tract a nantach will
be displayed in th€hannelscolumn on théevice Managerpanel.

The Tract name field is intended for selecting the type of theéedtor (gamma, beta or alpha).

In the Channels field, specify the number of channels in the speuotr Options in the
dropdown list of this field depend on the typelwé tinalyser.

The High Voltage field is intended for specifying the value of higbltage, which should be

set for this type of detector. To actually set higiitage, presJ..w-, or press oy #] 4
remove it.

11



Depending on the analyzer’s type, this parameterspgmay have some additional fields such

as, for example, the following:

- Threshold which displays the amplitude discriminator valaearbitrary units. This value
may vary from analyzer to analyzer, this is whyslibuld be set in accordance with a
spectrometer’'sor analyzer's documentation.

- Ratio CV which displays the control voltage factor indiogti by which value the
amplification coefficient should be changed to shipeak’s position by one channel. This
parameter is needed for a correct functioning efréference peak stabilization system or
auto adjustment of the spectrometry tract. _

You can access specific parameters of the anatyysepressing!"““'““““'°°’°'“9‘“°"“‘”. It opens a

window, which can look differently depending on trealyser type.

If the analyser of this tract is inactive, buttdnsthe Tract configuration window will be

greyed out.

2.4.3 Measurememtarameterswindow

When you pres|,—L—.J on the toolbar or seledleasurement parametersin the context menu
of theChannelscolumn on th&8ract Manager panel, a window shown on Figure 13 will appear on
the display.

Measurement parameters. BOSON. GC _
File name ChGammaPROspe-gitempss_1.asw
Spectum type * 5w
Presettime | Unit 00 hour
Reading interval, s 2
Sarmple 1D MMM
hass | Unit 2.2 kg
Volume | Unit 24 il
haterial |M\Ik
Comrment 017434

Coetfficient of concentration

Coefficient 1

Use |:|

Is on

L. margin | B margin 750 asn
Intensity, cps 200

T
On

Filename’s prefix ternpss

Spectra count 10

Delay time, sec 3

Directory of spectrurm ChGarmmaPROVspe-g

Close

Figure 13 Measurement parametersvindow view

This window contains parameters related to thesomeanent procedure:

File name — spectrum file name, which will be generated durithge forthcoming
measurement on this spectrometric tract. The &lme should be specified in full format with a path
to the location, where the file will be located. det to the standard file selection dialogue window

click in the field and pres',j, which will appear on the right side of the field.

Spectrum type — spectrum format selection window. THeasw format is the standard
default type of spectrum f@ammaPRO.

Preset time—exposition of the forthcoming measurement for thast. The time unit for the
Preset timevalue is specified in thignit field.

Reading interval— spectrum reading and displaying interval, sec.

12



The Sample datasection contains parameters related to the sabgig measured. These
data will be further displayed in parameters ofrtieasured spectrum.

Sample ID —the identification number of the countable samp@&t(field).

Weight, Unit — mass and mass unit of the countable sample.

Volume, Unit —volume and volume unit of the countable sample.

Distance, mm -distance between the measuring sample and thetaletdiows recalculate
the registration efficiency at the present distara® the correct account the efficiency fiteefp)
should have efficiency curves for minimum two dites till the detector.

Material —name of the material being measured. It is selefcted the list of materials, for
which there are data on the permissible contergeaamo select a material, click in the field and

pressﬂ, which will appear on the right side of the fieldonfirm selection of the necessary
materials by pressingpply (see section 4.3).

Comment—field for a comment about the forthcoming measurgn(@ text rows).

The Coefficient of concentration section contains parameters related to the metliod o
preparation of the sample to be measured. Thesendtbe further displayed also in parameters of
the measured spectrum.

Coefficient — value of the coefficient of concentration, rel.tsniTo get help in determining
the coefficient of concentration (including casésamliochemical concentration), the user may open
an additional window, where this coefficient wile lzalculated. To open the additional window,

click in the field and presﬂ, which will appear on the right side of the fi¢kke Fig.14).
Use — field for enabling or disabling the use of the dm&Ent of concentration in further
calculations.

Coefficient concentration LI
Weight sample Weight sample
BEFORE AFTER
concentration, o concentration, g
b \

* Radiochemical concentration
Weight sample Weight sample
BEFORE AFTER
concentration, o concentration, g
Chemical vield factor, k1
Chermical yield factor, k2
Coefficient concentration
‘ 0K ‘ ‘ Cancel

Figure 14 Coefficient of concentrationwindow view

TheRetry of measurementssection contains parameters allowing to specify seidetry of
measurements in the automatic mode.

On —field to enable the retry of measurements mode.

Template files—file name template.

Iterations —the number of measurements to be conducted.

Pause, see-field for setting the time between measurements, se

Directory of spectrum —the path, where any measured spectra will be saved.

The spectra file names are generated from thafguedirectory Directory of spectrum)
and from the template of field specified in themplate files field, plus iteration number and
resolution.



Example of the first, second, etc. spectrum ferdituation on Fig.13:
C:\GammaPro\spe-g\temp_1.asw
C:\GammaPro\spe-g\temp _2.asw
é;\GammaPro\spe-g\temp_lO.asw

2.4.4Calculation parameterswindow

When you pres-,|1'- on the toolbar or sele€alculation parametersin the context menu of
the Channels column on thelTract Manager panel, a window shown in Figure 15 will appear on
the display. This window contains the parameterglwkvill be the spectrum parameters when the
spectrum has been acquired.

Calculation parameters. Binorn. BOEG-76-76.

Calculation type Specific activity, Bo/ky
Background spectrum CAGammaPROkg-gian_sum asw L lirnit. ch | R limit, ch 300 16000
Calibration file (ROFmethod) CAGammaPROYlb-gymarinell.clh Level 3
Calibration ADER. Min. area 1000
List of calibration specira (superposit C:\GammaPRO4clb-gilcs\Marinelmarinell Ics Search type Peaks from library
Zone file | CA\GammaPROYests.roi i Show peaks
T S | Upsee paake wnan e
Sarmn I 0 Smoong
Date 13032017 Palynomial degree 5
Tirme 12:39:27 [teration 1
T
Calibration files CAGammaPRO\lb-g Library file ChGammaPROYbhtest lar
Working specira. CA\GammaPROyspe-g Efficiency file ChGarmmaPROYclb-gymar_ra2?.efp
Background spectra CAGammaPROWbkogg MTP 6.5
Libraries CAGammaFR\br f| Allowsile dev, kel "3
geor |
L 1.96
Q 01
RFD

Close

Figure 15 Calculation parameterswindow view

This window contains parameters related to theutation procedure:
Calculation type—the type of calculation, which determines, whiclit will be displayed in
the resulting data table (specific activity, voluastivity, etc.). Where,
‘Specific activity, Bg/kg' means that during the calculation in additiorthe activity the
specific activity in Bg/kg will also be calculated;
Specific activity, Bg/d means that during the calculation in additiorthte activity the
specific activity in Bg/g will also be calculated,;
"Volumetric activity, Bg/l ' means that during the calculation in additiothi activity the
volumetric activity in Bg/l will also be calculated
'Volumetric activity, Bg/ml ' means that during the calculation in additionth® activity
the volumetric activity in Bg/ml will also be calated:;
'RFD, mBg/s-m2 means that the radon flux density will be caltedain mBg/sm’ (see
document Methodology of radon flux density measuet))
Volumetric activity of Rn-222, Bg/m”3' means that the volumetric activity of radon
will be calculated in Bg/ri(see document Methodology of radon volumetric dgtimeasurement);
Content means that the radionuclide content will be dakad in the units of
measurement specified by user (this is applicabtee ROI-method, see Section 14).
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Background spectrumis thepath to the background spectrum for this spectroogact. A
link to this field will be shown in parameters betmeasured spectrum.

Calibration file (ROI-method) — path to the calibration file, which will be usedr fo
calculation of activity using the ROI-method.

Calibration ADER - path to file of calibration by ambient dose equivdlrate, which will
be used automatically, when reading the spectruhdaplaying it.

List of calibration spectra (superposition method — path to the file list of calibration
(reference) spectra, which will be used when calig) the activity by the superposition method.

Zone file— path to the file*.roi), which contains windows of regions of interest.

The Error section contains two parametérsandQ, which are used in the calculation of
errors in the procedure of determining activitisgng the ROI-method. For the description of values
of the b method see Annex 4.

The Reference datesection contains parameters allowing to set the datactivity in the
measurement results.

On measurement date- when the value in this field is enabled, activityl Wwe calculated
as at the measurement date, otherwise the datbenilken from th®ate andTime field.

The Directories section contains paths tGalibration files, Working spectrum, Bkg
spectraandLibraries. These directories will open by default, when dtad file selection dialogue
windows open.

The Search peakssection contains parameters participating in trercteof peaks in the
spectrum and their displaying.

L.limit , R.limit are the boundary channels of the range wheredaecls of peaks will be
performed.

Level is the extreme value of the parameter relateti¢cstatistical significance of peaks. If
this value is exceeded, a peak is accepted andladdee table; otherwise, the peak is rejecte@ Th
value of parametekevel can vary within the range from 0.5 (all the peadkgen those close to
fluctuation peaks, are accepted) to 5 (only thetrpomminent peaks featuring significant difference
from statistical fluctuations are accepted). Thenopm value of this dimensionless quantity is 3.

Min.area —the limit value of the peak area in impulses. Thaks with the value above this
one are accepted and added to the table, and blewalue are rejected.

Type search— one of two possible types of search for peaks énsfiectrum $earch and
Identification’, 'Peaks from library' ). So, theSearch and Identification' type searches for all the
peaks available in the spectrum and meeting therieriof theSearch peakssection.The Peaks
from library' type envisages application of preliminary markingscording to the loaded
radionuclides library file (see thebrary file field in theldentification section).

Show peaks— parameter for enabling displaying of peaks andrtparameters in the
spectrum.

Update peak when reading- the parameter showing the need to update peak mggrkn
the process of measurement, when the spectrumniardly changing. If a peak is added in the
process of measurement, it is recommended to etfablparameter, otherwise there will be a visual
discrepancy between real peaks and marked peaks.

The Smoothing parameters control polynomial smoothing of a gpectrelevant for a
better peak search and description of peaks bytibnmsc TheSmoothing parameters include:

Polynomial degree. This parameter defines the degree of the polyabsmoothing to be
considered for spectrum peak search. The parametaiue should not exceed 6, and the
recommended value is 5.



Iteration. This parameter defines the number of smoothiagtions for spectrum peak
search. If this value is 0, no smoothing will befpened. Spectra featuring high statistics should
not be smoothed, and the parameter’s value for spebtra should remain O.

Theldentification section contains parameters participating in teatification of the peaks
found in the spectrum.

Library file — path to the radionuclides library file, which wilbrrespond to the measured
spectrum. The library file contains a list of radiclides, their energy values, probability of odgpu
and half-lives. Library files are generated usingltibrary editor dialogue (see section 12) and are
used in the process of calculation of activity gdine peaks analysis method.

Efficiency file — path to the efficiency calibration file, which wiltorrespond to the
measured spectrum. The efficiency calibration fitmtains a dependence of the efficiency of
registration on gamma-quantum energy and is us#tkiprocess of calculation of activity using the
peaks analysis method. The efficiency file is gatest using théfficiency calibration dialogue
(see section 9).

MTP. This parameter is the so called peak thicknes®rfaor, in other words, the distance
at which two peaks are indistinguishable. The valithis parameter is set in arbitrary units in the
range between 3 and 10. In case two peaks closado other are processed separately as if they
were singlets (i.e, each peak has its own backgrasubstrate) but they are supposed to be
processed together (l,e., so that they have a conbmokground substrate), the calculation should
consider this parameter and be repeated untiléh&gare processed together as a multiplet.

Allowable dev., keV—the energy deviation parameter, within which a pmsal be assigned
to a characteristic curve of some radionuclide.

2.4.5Spectrum view parameterswindow

When you pres: on the toolbar or sele@pectrum view parametersin the context
menu of theChannels column on thelract Manager panel, a window shown on Figure 16 will
appear on the display.

Sp - r'iil'rlEtrE: Eiir'll:lr'r.EDEl.:i-E--FE-. ] B
Fanel from 16777215
Panelto 15461355
Spectrum line 16711680
Marker 33023
A 12632256
Giricl 1
Detault colors

Histagram

Result tables

Show Tab 'RO-method"
Show Tab 'Peaks analysis'

Close

Figure 16.Spectrum view parameterswindow view

O =

O

This window contains parameters describing theeapgnce of spectra for this spectrometric
tract such as background colour, histogram of thectsum, grid, axes and marker. When the
Default colors parameters is enabled, colours will have theiadkfvalues.
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3 Measuring and saving a spectrum

For the purposes of measurements, the user nsissélect an analyser and a spectrometric
tract to work with. To do this, left click on thegpective tract in the Device Manager. To perform a
measurement, make sure that the selected ana$ysennected and a connection with it has been
established (see section 2.4.1).

It should be noted that the analysers connected vide USB interface (BOSON, MCA-
527, Polynom, etc.) require installation of driverswhich should be installed in addition, after
the programme has been installed. When you have coected your device to the PC (by
connecting a USB cable and switching it on), Windosvwill discover a new device in the system
and will offer to install a driver, which is located in the relevant directory of the programme
(by name of the device). Specify this path and thewwindows will install the analyser.

Before starting measurements, set the time of meamnt. This can be done in the
Measurement parameterswindow (see section 2.4.3). In this window, youn adso set the file
name, if needed. Other parameters are also seé Mdasurement parameterswindow and in the
Calculation parameterswindow, when needed (see section 2.4.4).

When the analyser is ready, control butto8taft, Stop, Read and Clear) on the main
toolbar will be clickable and coloured in, othergjigll the buttons will be greyed out and inactive.

To start a measurement, pre‘}’% , then a window of the spectrum to be measured will
appear (Fig. 17), which will show a histogram.

Indicator of
spectrum
reading from
the analyser

4% Polynom. BDEG-51_511B. _lasw
100 200 300 400 500 600 700 800 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Spectrum| £

Intens.: 1716.4  |[Live time: 6432125, |[Realtime : 6460.72 5. | Dead time: 0.443% Il | |
Charnet 1244 |[Energy 19646 |[Court. 13 ] 4

Figure 17. Window of the spectrum to be measured

The window of the spectrum to be measured diffessfthe spectrum, which is opened, by
presence of redundant buttons allowing to conhlrelmeasurement on the toolbar (see Fig.18).

PHPR

Figure 18. Group of buttons for control of a specteter on the toolbar of the window of the
spectrum to be measured
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The spectrum to be measured has a connection ind..on the toolbar, showing the event
of programmés contact with the analyser (the indicator gets wdten they exchange data).

After the start, the window with the spectrum idated with the interval specified in the
Measurement parameterswindow (see section 2.4.3).

During a measurement, tievice Managerpanel will display a countdown timer as shown
on Figure 10. When a measurement ends, a messaga sh Figure 19 will appear on the display.

X

i Measurement have completed in BOSON, GCD-30185.
‘\) Live firme: 55,253 sec
Real ime:55.258 sec

Save spectrum?

Oa | HeT |

Figure 19

The message is asking whether you want to savepierum to a disk. If the spectrum was
previously named, then the spectrum will be sawgdmaatically, but if no name was assigned to the
spectrum, the programme will offer to enter a n#gvrfame and specify its saving location.

To force-stop writing a spectrum in the processneasurement, pre!&= . The message
shown on Figure 19 will appear on the display again
If the user closes the spectrum window after a oneasent, it can be restored by pressing

~on the main toolbar of the programme.
If the user needs to enter or edit parameterseofitbasured spectrum after the measurement
has ended, this should be done in 8pectrum parameterswindow (see Fig. 20), which can be

opened by pressin on the toolbar of the spectrum window. Changepamameters of any
reopened spectrum are made in the same way.
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Spectrum parameters X

AC et T

File name CAGarmmaPROspe-ghnew asw L. limit | B lirmit 10 16000

Sample D [RIRIN] Lewvel 3

Spectrum type * Az hin. area 100

‘Weight | Unitsweight 15 q Type search Search and |dentificatior

Yalume | Unitvolume 1.2 rnl i Show

et wate fSmooting
A Pobnoreldegres :

Background Ch\GammaPRO\spe-oibkg asw lteration 1

Calibration CAGammaPRO\clb-gymarinell.olb Identification

Camment 1017434 Library file CHRASWAInl Ibr
Coeficiont concemraion MRS CiGammeROir i

Coefficient 1 Passport of source

Use 0 | owe B5
I | Alovebiedev kv

Galousto 0

Subtract bk ] Power on O

Data filename il |

Close

Figure 20. Spectrum parameters window view

The parameters window can be pinned to the frantbeo§pectrum. To do this, double click
on the window heading, then a window will movehe tight side of the spectrum window.

4 Work with a spectrum
4.1 Main functions

To open a spectrum, click menu itéite->Open spectrum The standard.asw file format
will be suggested by default. However, the softwarable to open and edit files of other types. To
change the type of a spectrum loaded, select thieeddfile type in the dropdown list of fiekle of
type in the standard dialogue window (see Fig. 20.1).

File name: I j Open
Files of type: Spectrum ASW *.asw) | Cancel |

Spectrum(” )
Spectrum Aligas (~.alg)
Spectrum SPC (*spc)
Spectrum TrCarb(™.001

Spectrum ASW (*.asw)

Spectrum SPK (*spk)
Spectrum TRIATHLER (" trh)
Spectrum Spectraline(” spe)

Figure 20.1 Choosing a spectrum type in the stahidading window

Once a spectrum (spectra) is selected, the s@tdiaplays spectrum window(s) as shown in
Fig. 21. Now, the spectrum (spectra) can be preckss

Work with a spectrum may include different taskst &xample, studying the obtained

energy distribution, spectrum zooming, processihgndividual peaks, printing of a spectrum,
energy calibration and so on.
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& work spectrum Ci\GammaPRO\spe-g\test 06 mr th ps.asw =1
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Figure 21. Spectrum window view
Figure 21 displays main elements of the spectrundow.
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The status bar displays live, real time valuesdoosds for this spectrum, as well as dead
time in percent.

The Intens. field of the status bar displays the aggregatelevaif intensity across the
spectrum, i.e. the integral value of the entirectpen divided by live time.

If a calibration ADER (ambient dose equivalent ydile has been uploaded, the last field of
the upper status bar will display the ADER value.

The second status bar displays values of the mard&tion in channels and energy units.
TheCount field displays the count value in the spectrunregponding to this channel.

The main spectrum working mode, when the mouseocuooks standard (white arrow),
provides the possibility to zoom the spectrum amditag (move) it on both axes. To zoom a
spectrum region (i.e. stretch), set a marker inléffteposition of the region, press and hold tHe le
mouse button moving it all the way to the right.the process of dragging, a grey transparent
rectangle showing the boundaries of the selectgmewill appear. A block of information with
data of the range boundaries, area and intensitlyisnrange will appear near the region selection.
When selected, release the mouse button, and detrem will be stretched to the width of the

selected region. To return to the previous zoorellgwesss ~ on the spectrum toolbar. To return

to the initial zoom level (to the full range of thpectrum), double click anywhere in the spectrum.
If you need to move the spectrum left or right aldhe horizontal axis, press the right

mouse button and hold it while moving the cursathim desired direction. The spectrum will move.

The spectrum toolbar contains the following buttons

- a button for displaying spectrum parametershasva on Figure 20.

J - a button for saving spectrum data and parame&aslisk. When you press this button,
any discovered peaks and their parameters aresals to a disk. These data are stored in the file
with the same name as that of the spectrum, bug hat.asr extension, and the location of this file
is the same as that of the spectrum.

D a button for opening the energy calibration vewdor this spectrum (see section 7).
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D - a button for opening the FWHM and shape calibratvindow for this spectrum (see
section 8).

N

Z_% - a button for enabling the mode for work witheak. Thanks to this mode, the user has
the possibility to study any peak or multiplet iatail, as well as adjust the peak with describing
functions. When you press this button, it getsdizad the cursor moving around the spectrum field
looks like two closed brackets ']'.

To select a spectrum region, which will be moved tseparate window for work with the
peak, set a marker to the left position of regiomess and hold the left mouse button moving it all
the way to the right (Fig.22). In the process adgdiing, a dark transparent rectangle showing the
boundaries of the selected region will appear. Ttedease the mouse button and an additional
window with the selected region will appear on dsplay (see Fig.23).

& work spectrum; C:',GammaPR{\spe-qg'itest_06_mr_th.ps.asw . = |EI |i|

1300 : :
17004 :

.....

Mndow:2353-2404 | . & i . |
[Area, imp ; BO22
Intensity. cps :6.73376

16004 PR
Intensity withoutbkg, cps: 046489, | 1 1

pan e
13001
1200} e B

e T T T T T T T T
2400 2500 2600 2700 2800 2200 3000 3100 3200
Channel

T u u T T T
1 800 1300 2000 2100 2200 2300

Inens: 1108.8  |Livetime:8943s.  ||Realtime:1000s,  [Deadtime: 10.6% I
Channel: 2404 |[Energy: 46841 |[Count £9 4

Figure 22

230 23%5 2390 239 2400

Channel

2356 230 235 2370 2375

Channel: 2383 Energy: 464.3

Figure 23. Window for work with a peak view
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- a button displaying a menu with spectrum optidieen you press this button, a menu
shown on Figure 24 will appear.

- button, which provide the measurement resuiepapening.
1

! Results

Addtolog

Fanorama window

Send to pack

Logarithm

Show background
Hide spectrum
Spectrum without bkg
Reference spectrum
Intensity

Energy range

Show ROI

Offer a nuclide
Report
Autocalibration by source 3

Sendto..

-

Figure 24. Men®ptions of the spectrum window

Items in this menu are mainly intended for serand have the following functions:

Results-opens a panel of measurement results.

Add to log - sends measurement results to a log.

Send to pack-opens this spectrum in tiack of spectrawindow.

Panorama window - when opened, this window (see Fig. 24.1) displdat part of a
spectrum which is marked by scaling in the maircspen window. The semi-transparent rectangle
can be moved by user which automatically chandesstaling in the main spectrum window. The
opposite is also true: changing the scale and zogritie spectrum’s regions is automatically
displayed in thé>anorama window.

B4 -k A e s | L S
1 000 535 68 |
15000 x|
14 000
13000
12000
11 000
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& 2000
= &o00
= 7000
6000
5000 iR |_..‘I ; I
4000 T
3000 3amaz |
s oond 20935 24104
2000 "
2704540 30071 32 | 46312
Hd ’, 216.04 I‘ 252 74 o R 21 96 [ 0851 '
; : _1{2;. I BERECH 2 o L
1.200 1400 1600 1800 2000 2200 2400
Channel
Input count rate: 83082 ||Livetime: 1836145, ||Realtme 2000, |Deadtime: 819 %
Channel: 2030 ||Energy: 407,39 || Counts: 111 | 4

Figure 24.1. The Panorama window of a spectrum.
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Logarithm —enables a logarithmic scale for spectrum display.

Show background-shows the background spectrum.

Hide spectrum-hides the spectrum.

Spectrum without bkg —shows the spectrum without spectrum background.

Intensity — switches the vertical axis from the count in impgsl$o intensity in imp/sec.

Energy range-switches the horizontal axis from the channel statbe energy scale.

Show ROI - shows regions of interest (ROI) contained in thigcaion file (*.clb) for the
ROI-method.

Offer a nuclide —a tool aiding in identification of radionuclideshigh highlights regions of
the spectrum, where peaks for the radionuclidecs=defrom the list should be present (see section
4.4).

Report — generates a protocol for printing of a spectrum.

Autocalibration by source (Cs-137, Co-60, Eu-152, Th-228)a tool allowing to perform
automatic calibration by energy, FWHM and shapea spectrum with radionuclides most used in
spectrometry. The procedure may last several siscoAt the end of autocalibration, the
programme will display a message with the resulid @nter the received values in the spectrum
calibration.

Send to (Word, Excel, Matlab) - converts the spectrum to MS Word, MS Excel and
Matlab, respectively.

The M % | L [ X group of buttons is intended for searching peakswell as
calculating activities using the peaks analysishoét(see section 6).

4.2 Work with a peak

In the peak mode, a window as shown on Figure @ays on the display after selecting a
spectrum region.

This window has a toolbar with buttons allowingperform mathematical modelling for the
purposes of describing peaks by dependenciesn ather words, to introduce Gaussian curves (or
other functions) in the selected spectrum region.

The A (Gaussian) button is intended for introductiortted Gaussian curve in the region
of the Peak window. The programme determines automatically teetroid of the peak and
calculates all the parameters related to this pa&k processing results are displayed in a window
as shown on Fig. 25.

Peak list >
Channel | Energy | Intens.cps | Resolution, % |FWHM, kev ‘ FWHI¥, ch. | Left edge, channel ‘ Amplitude Area, imp | To calibration ‘
23755 | 46285 2.8887 0.25962 1.2016 6.1717 5.2414 393.26 25834 En.. |FWHM|

Figure 25. View of thé&eak listwindow with peak processing results

In the table on Fig.25, the last column contains twttons allowing to send the results
received about this peak to energy calibrati@mn.(.) and to FWHM and shape calibration
(FWHM).

Theﬂ_ (Multiplet ) button is intended for introduction of Gaussiamves in the region of
the Peak window for multiplets (several merged or unresdlveeaks). To conduct such a
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processing, the user should put markers in appraeirpositions, where the peak centroid can be
found. Such function allows describing a multiptentaining no more than 3 peaks. Put markers

with a double click in the centroid region. Thelespzl and a calculation will be performed. The
result will be displayed in a window similar to thdisplayed on Fig.25. In case of incorrect

modelling of the describing curve, the user shaelskt markers and the plotted graph vAk-
mark then once again.

TheJL",!-_ (Multiplet with high resolution ) button has the same intention,‘,,_, however, it
is more fit for describing peaks with high resaduati(for example, peaks received on extra-pure
Germanium spectrometers, etc.). The function deisgieach peak has two partdhe Gaussian
part and the so-called left exponential edge. Tiktadce in channels from the centroid to the left,
where the exponential part starts is'theft edge' (see Fig.25).

For a better adjustment, by pressllL, again, you can improve adjustment of the desagibin
curve to experimental values.

To perform processing, you should do preliminarykimy and press thJJt!-_ marker. The
processing result looks as shown on Fig.26.

The ™ (Add peaks to peak list of spectrurbutton on the toolbar in tHeeak window is
intended for adding processed peaks to the specesuits table. If the pe&karea is smaller than
the threshold area (specified in thién. area parameter), then the peak addition command will be
ignored.

8 (=]

ob— — : : : - :
2360 2365 2370 2375 2360 23685 2380 2395
Channel
(Channel: 2383 || Energy: 4643
Peak list |
Channel | Energy | Intens..cps | Resolution, % ‘FWHM, key | FWHM, ch. | Left edge, channel | Amplitude ‘ Area, imp ‘ To calibration |
2375.5 | 462.806 2.883%9 0.25647 1.1871 6.097 5.0189 395.14 2579.1 En... | EWHM|

Figure 26 PeakandPeak listwindow view

The context menu, which pops up, when you rightkctin the graph in thBeak window,
has the same buttons as the toolbar, and also:

Energy range— switching between channel and energy scale;

Logarithm —switching between linear and logarithmic scale;

To printer —printing of the graph in thBeakwindow.
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4.3 Material window

The Material field in theSpectrum parameterswindow is intended for specifying the type

of substance to be measured or its category foptbgramme. When you preﬂ at the edge of
the field, a window opens (see Fig. 27), whichwomanaging the files containing information
about values dPermission Level(PL). The file with the data on PL ha%.mat extension.

* = ¥ buttons on the toolbar of th®laterial window allow editing the table of

materials (to add/delete a material or a radiodeyl ~ B buttons are for saving the edited table
or loading a table saved to a disk.

| o= X

|Chicken meat |E| Apply |
haterial / Muclide | Walug | Unit |A|

[=] Chicken meat Biolky :l
Cs-137 180

~ S0 a0

E| Meatwithout bones Bolkg
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D] 25
H31 300

E|Chees Bo/ky
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. S0 100

[-] Fresh fish Big/kg

L G137 130

[T 100
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| 580 200
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E-F\Dur Bk

|- Cs137 i

.- 580 30

[-] Bread Bo/kg

i - Cs-137 40 =

tems: 15 CHRASWALINKIB02ZYymaterial_enc.mat i

Figure 27 Material window
4.4 Prompt window

Using theOffer a nuclide command in théptions menu (see section 4.1, Fig.24) in the
measured spectrum with distinct peaks, you canallisidentify nuclides from the set library of
nuclideslibrp.dat.  When you activate th®ffer a nuclide menu item, &rompt window, which
will display the list of radionuclides, will appean the display (see Fig.28).
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Figure 28

To select items, press on the row with the namihe@fexpected radionuclide with a mouse
button. Areas in the spectrum in the region of dirté the respective nuclide are highlighted in
white, and are marked with the value of quantundyfier this line.

5 Determining activities of radionuclides by the R®method

5.1 Calculation by one spectrum

Sequence of calculation of specific activitiesadionuclides
Load a working spectruni{le->Open spectrunj.

Open the spectrum parameter window by pres=-hg
Load a spectrum background in tBackground field and the necessary calibration file
(*.cIb) in theCalibration field.

Then, press the right part of s button to open a menu offering variants of

calculation types (see Fig.29).
M) A

Calculation by peak anakysis method

4

e

Calculation {ROl-method)
Shared calculation BG
Common calculation

Calculation by spuperposition method

Figure 29. Variants of calculation types

For this task (calculation of activity by one speot using the ROI-method) select
Calculation (ROI-method)
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Calculation results

ROI-method | Peaks analysis MD& | Library | Passport of source

(B W (5
Nuclide Activity, Bg | AC.error., % | Sp.activity, Bg/g | Abs.error., Bg/g | Rel.err., %(F=0.95) |
Ra22f 112.7 7.53 0.07427 0.01 13.9
Th-232 99.04 371 0.06529 0.0068 10.5
k-40 473.1 6.1 0.3119 0.039 12.5
Cs-137 282.8 0.82 0.2523 0.025 10

Toolbar of the |[ast-187+ 17.4Bgkg

reSL”tS table Work spectrum: ChAGarmmaPRO\spe-gKOWE4_g.asw
Background spectrum: ChGammaPROVspe-gifonisum_10h.asw
_ Calibration: CAGammaPROYspe-giclb_giMarin.clb

Reference date: 31.10.2013 15:46:52

Measuring date: 29.11.2013 16:03:05

Live time: 2398.80 sec. Real time: 2400.00 sec.

Sample weight: 1517 kg, Sample wvalume: 1.000 |

Comment: ID 17113

Figure 30. Results window view

A table with measurement results will appear atlibtom of the spectrum window or in a
separate window. This table contains columns'Narclide', 'Activity °, relative error of spectrum
shape selectioi\t.error,% ', as well as columns for specific activity, abseland relative errors in
their determination. If th&aterial field (in the spectrum parameters window) contamssructions
about the type of substance to be measured, twe codumnsPL (permission level) anBC (factor
of conformity) will appear in the results table.

It should be noted that theActivity' column contains values corresponding to the
countable sample, butSp.activity' (column 4) - those corresponding to the sample. Thus, the
coefficient of concentration is taken into accounghen calculating specific activity (and so on in
column 4).

If relative error in the calculation of activitxeeeds 50%, then the MDA (minimum detected
activity) value is displayed in tHActivity ' field instead of the activity value.

The panel with calculation results should notassarily be within the spectrum window. It
can be 'separated' from the left edge of the gpmctrty double clicking on the heading of the
Calculation results panel, or you can drag the panel holding its hegadio return the panel to the
spectrum window, double click on the heading of @aculation results window with the left
mouse button.

Rows under the table show the value of effectivexgz activity of natural nuclide8.s, the
consolidated factor of conformity, names of thelration file, background file and work spectrum
used, the date as at which the activity has bekmlated, as well as weight and volume of the
countable sample, if it was taken into account.

After the comment, there is a block by regionsntéiiest, if the spectrum parameters include
an indication that it should be calculated and ldiggd.

If you want to save the results table, there isadbar above it containing buttons allowing to

convert data in different wayE% - saving data to a txt pl‘OtOC( - sending data to MS Wor'+
- generating a repor-g - sending data to a DB.

To save data to a protocol, write its file nametle Protocol filename field of the

Parameterswindow Options->Parameters>Files tab). The data will be sent to the end of the set
text file.
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To be able to send data S Word, MS Word should be installed in youwVindows
operating system.

When a report is generate,ﬁ( button), a window is displayed, where the previgack
displays the table of activities and the block @intnents (see Fig.31). You can add title information
to the page. This option requires a printer ingthlh thewindows operating system

. | Preview | Editar \\_

~Ipi x|

Title
[CAGammaPROVeader US|

Table of activity \:‘
CDIUmn] é\\ilﬂ.ll‘u STILVTIFIC
[¥] Columnz INSTRUMENTS

Columnd
[v] Calumnd MEASUREMENT REPORT
Columnb
[¥] ColumnB
] Calumn?

Relerm % P=03|
5

Acenon, % Tpastily, gy | Ak snor, B
15 iyl ool
00857 0005
[N Y]
(Y]

Tt v oy 0 40, G5 = 0, 5050
[] Avetf. iotoNtomity: 0 £0, E+db - 0, 6

Factor of canformity

Additional data. l:‘ I
Signature

|CAGammaPROYooter_US =] |

Coandusion © The mesared mataria] meets the »qimments

[

Update @‘
Page ’jlfmm 1

Figure 31.Report generation window view

After changes have been made (title editing, disghdnabling fields), preddpdate. There
is aPrint button for printing the page shown in the righttpd the window (the so-called preview
block). To send the page kS Word, press. To save the page in thetf format, presSave
Pressing the butto. in instruments panel of results table will cause windowDatabase
of measurements g¢ee.p.6.6 and Fig.4).;hnd additional window for data input, which armat n
saved in spectrum (Fig.32).
When the fields are filled with the data, the botfdd should be pressed. At successful
transfer the corresponding message will appear.

Add to database

M of repart 17479

‘ Add H Cancel ‘

Figure 32. WindowAdd to database
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5.2 Common calculation by sample number

According to the requirements of regulatory docutsethe results of measurements of
specific activities received in different spectrdrieetracts, as well as the consolidated factor of
conformity of the sample being measured, shouldhmsvn in a single protocol of measurement. To

fulfil this requirement, us€ommon calculationin the menu of thés&# = Calculation button (see
Fig.29).

For a correct calculation:

- open spectra of one sample measured in diffeseattrometric tracts (for example, on a
beta and gamma detector);

- make sure that théample 1D field (seeSpectrum parameterswindow) displays the same
identifier for all the spectra;

- conduct a separate calculation for each spectsemsection 5.1);

- for one of the spectra you can sel@immon calculation in the menu of thets °
Calculation button.

When you have received the results table, makethatethere is a note about the common
calculation (Fig.33), as well as confirm adequatthe received results.

If there is specific activity calculated in differespectra, its result is averaged taking into
account the calculated error.

If there is specific activity calculated in one spam (error less than 50%), and only
assessments (equal to MDA) in the other spectrunly, the data containing specific activity are
used in averaging.

If assessments only (equal to MDA) are availablalinthe spectra, the smallest of these
assessments is displayed as the result for thismaclide.

|Caloulation resuls x
ROI-method ]| Peaks analysis \|| D&, \” Library 1| Passport of source \|
ol i
Huclide | Activity, Bg | Ac.errar., % | Sp.activity, Bgkg | Abs.err. Bgkg | Rel.err., %{F=0.95) |
Note about Sr-90 < 0.4703 - <18.96 - -
[-40 11.98 - 483.1 48 9,09
common Ra-226 <0.2788 - <11.24 -
H Th-232 = 0.2578 - < 10.4
CaICu |at|0n Cs-137 = 0.1201 - < 4.843

Astf=B8.2 + 16.6Bq/kg

Comrmon calculate for sample : 17415 ]

Wark spectrurn: CAWASWAComplexifasoll.asw
Background spectrum: ChASWAComplex 0001 asw
Calibration: ChASWAComplex38ml.clh

Reference date: 25.11.2010 09:42:15

Measuring date: 25.11.2010 03:42:15

Live time: 21600.00 sec. Real time: 21600.00 sec.
Sample weight: 0.0248 kg, Sample volurme: 0.038 1

Intens.; 21076 |[Live time: 2169975 5. |[Realtime: 216005, | Dead time: 0.00116 % I
Channel: 916 |[Energy: 26029 |[Count 6

Figure 33. View of the table of the result of coon calculation by sample number




5.3 Shared beta- gamma calculation

In cases, when sample measurement is made on agamihbeta detector, in order to
increase accuracy, it is sometimes necessary tsidsmthe results determined in one of
spectrometric tracts in calculations of the other.oThus, for example, when performing
measurements in a beta tract taking into accouivitgc™>'Cs and*’K in the gamma tract, minimum
detected activity°Sr can be reduced.

For a correct share beta-gamma calculation:

- open spectra of one sample measured in diffespattrometric tracts (on a beta and
gamma detector);

- make sure that tfeample ID field (seeSpectrum parameterswindow) displays the same
identifier for both spectra;

- conduct a separate calculation for the gammatspadsee section 5.1);

- for the spectrum of the beta detector you caect8hared calculation BGin the menu of

the @& " Calculation button.
When you have received the results table, make thatethere is a note about the shared
beta-gamma calculation (Fig.34), as well as confidaquacy of the received results.

Calculation results x
ROI-method “ Peaks analysis 1 MDA ‘ Library T‘ Passpurtufsuurce?
ol e
Note about the
Muclide | Activity, Bg | Ac.error., % | Sp.activity, Bg/kg | Abs.err,,Bgkg | Rel.err., %(F=0.95)
share beta- 590 <0.2755 - <1111 - -
K-40 17.21 694 79 11.4
gam ma Ra-226 =< 0.2788 <1124 - -
. Th-232 < 0.2578 <104
CaICU |at|0n Cs-137 < 0.1201 <4,843
Aeff=87.2 + 25.1Bg/kg
Shared calculation for sample : 17/15 ]
Gfk specium. Complexiasol | asw
Background spectrum: CRASWAComplex0001.asw
Calibration: ChaSWAcomplexi38ml.clo
Feference date: 25.11.2010 09:42:15
Measuring date: 26.11.2010 09:42:15
Live time: 21600.00 sec. Realtime: 21600.00 sec.
Sample weight: 0.0248 kg, Sample volume: 0.0381
Comment
Intens: 21076 |[Live time: 21699.75 5. |[Realtime : 216005, || Dead time : 0.00116 % | |
Channel: 926 | Energy: 2630.7 |[Count: & | 4

Figure 34. View of the table of the result of sfthbeta-gamma calculation
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5.4 Superposition method

The calculation of activity using the superpositimethod serves as some kind of control of
measurements. After a countable sample has beesumedaand the calculation has been conducted,
the accuracy of calculation of activities may bentoolled in the Superposition window by

selecting theCalculation by superposition methodin the menu of th & * Calculation button.

=1o]x|

=

]|E Log
{2 By
: Rin

<:| Block

100 200 300 400 500 =] 700 800 200 1000

marinell.lcs Spectra: 12 Radionuclides : 4

Activity |
: 0
[V Th-23z i
[V K-40 136
v Cs137 i

Block 2 f i

If the calculation has already been performed,pitogramme displays (Fig,35, block 1) the
measured (red) and the estimated (green) spectamvell as estimated values of activities of
radionuclides (Fig.35, block 2). If the measured #me estimated spectra match, this confirms that
the list of radionuclides and their activities ntatbe radionuclide activity of the countable sample

Through visual evaluation of matching of spectra tiser may adjust estimated values until
the spectra fully match. If full match is still immgsible, it may be assumed that the countable sampl
contains other radionuclides in the countable sarapthere is inaccuracy in energy graduation.

Figure 35.Superpositionwindow view

The button is used for selection of a library spetistfile (*.Ics), which is necessary
for the calculations. This file is generated at tladibration stage for each measurement geometry
(see Paragraphl14.2) and is supplied in the installpackage of the spectrometer.

The = button is intended for updating the calculatioreratiploading a new library spectra
list file.

TheLog checkbox shown on Fig.35 (block 3) provides thesgality to change the scale of
the graph of spectra to logarithmic. TBkg checkbox brings the current background spectrum to
the graph. Th&k/n checkbox allows displaying on the graph spectrenohonuclides participating
in plotting of the common spectrum (green).

The status bar of theuperposition window displays information about the currenthaded

library spectra list file, the number of these $peand the number of radionuclides.
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5.5 Regions of Interests

Typical task for spectrometry is the work with m@gs of interest (ROI, zones) in a spectrum.
Regions of interest are intervals in a spectrumcfiannels or energy units), where intencity of ¢oun
rate is important for the activity evaluation ofugmn of other radiometrical tasks.

For operation with ROI the operator should openfiild Caclulation result in a spectrum by

pressing the butto +  in the instruments panel of spectrum window. Theriayjthe TalZonesin the
appeared window (see Fig.35.1)

06_mr_th_ps.asw

_06_mr_ =1o]x]

so00{-
70004---- :
Tyinif e R
£somf -
2 40004----
30004
20004 -
Ky L P B R I e

- ; B ; : ; L
1000 2000 3000 4000 5000 & 000 7000 8000 2000

S -

10000 11000 12000 13000 14 000 15000 16 000

Ca s — . x
| ROI-method | Peaks analysis | MDa| | Zores | ‘ Library ” Source reference data |
+=x B |@a

I | L.border, ch ‘ R border, ch | L border, ke¥ | R _border, ke I Total, pulse ‘ Intensity, cps | Intensity without background, eps |

Input count rate: 1108.8 ”Live fime: 894.3 5. HRea\ time: 1000 s ”Dead time: 10.6 % ” |
Channel: 16384 |[Energy: 3190.3 |/ Counts: 0 |

Figure 35.1. View of the spectrum and T&aines

4

To add ROI to the table the butt® should be pressed over the table.

After the pressing, the first line, filled wittelues on default, will appear. The fields in the
columns L.border,ch, R.border,ch, L.border,keV, R.border,keV are available for editing. The user
could change the boarders of each zone himseléttlirm the table, the corresponding fields in kak
columns will change in accordance to the energpidlon (see Fig.35.2).

Calculation S
‘ ROI-method | Peaks analysis “ MDA | Zores | | Library | Source reference data |
+=-x B | ®@.
Inl | L.border, ch | R border, ch ‘ L border, ke | R border, ke I Total, pulse | Intensity, cps ‘ Intensity without background, cps |
1 1200 1250 233.99 243.72 63947 71.505 54.155
2 2980 580.56 603.92 20553 22.993 17.304
3 4860 007,65 915.44 10222 1143 B8.6352
Input count rate; 1108.8 ”Live time: 834.3 5 ||Pealtime: 1000 5 ”Daad fime : 10.6:% ”

Channel: 7072 |[Energy: 1377.3 |[Counts: 7

™

Figure. 35.2. TaFonesview. ROI set up in the table

The fields of the columngotal, pulse Intesity, cps, Intensity without background,cpsare not
acceptable for the alteration by the user, theutatled values are displayed there by the program. F
ex.: the fields of the columiotal, pulse have sum qualnity of the pulses in the intervagcsied for
the present line. The fields of the colurimiensity,cps have the pulses count rate in the interval,
specified for the present line. And in the fieldg¢hle columnintensity without background,cps there
are the count rate values after deduction of backgt spectrum count rate for the same energy range.
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To delete the lines in the table (delete ROI) tteypuld be marked and the butt™
in the instruments panel over the table shouldressed. To clear the table the butt X should be

pressed.

To save the current table in zones filedi) the buttorE should be pressed. If zones file for the

present spectrum has not been specified, the gmogyill offer to enter the name and indicate the
catalogue for recording via a standard dialoguedain Then zones file will be automatically

connected to the present spectrum and will be @edignto the field Zone file in the window

Spectrum parameters(see. Fig.20). In case there is already a link betwzones file to the spectrum,

the program will offer to rewrite it with a new demnt.
The user could access the record function for ROletinto the report. Then it is necessary to

press the butto A over the table, then the window will appear asashim Fig 35.2.

& Report on zones

=

=l x|

Report on zones

Spectrum: ChiGammaPROWspe-gitest 06_mr_th_ps asw

|tensity without

I L border, ch E border, ch L border, kel R border, key/ Total, pulse | Intensity, cps
backdround, cps
1 1200 1250 233.09 24372 653847 71505 54 155
g 2980 3100 580.56 603.92 20563 22.993 17.304
3 4860 4700 907.66 915.44 10222 11.43 8.6352

The content of the report is available to print ant copy into other text editors and electronic

tables.

Fig. 35.3. Report window by ROI



6 Determining activities of radionuclides by the inlividual peaks analysis
method

6.1 General statements

The principle of determining activities of radiotides using the individual peaks analysis
method is the possibility to search for peaks aatorally, describe each of them using the Gaussian
curve (with protracted left exponential edge), tiert calculate the area and, finally, calculate
activities by each identified radionuclide. Theli#pito identify is conditioned by the possibilitp
connect to the spectrum a radionuclides libramy, fithich contains reference data on characteristic
energy lines, values of their quantum vyield, ets, iSthere is a spectrum of a countable sample, a
library file (*.lbr,*.bib) and an efficiency file(*.efp), the user may calculate activities of
radionuclides.

For the method to work accurately, the user millahffields in the Spectrum parameters
window with relevant values. Main parameters deteimg the work of the method being described
are concentrated in the right table of parametee® (Fig. 36) inSearch Peaks, Smoothing,
Identification groups.

Spectrum parameters ||
ADC |Channel 1 1 [Search peaks
File name ChGammaPROspe-gy L. limit | R, limit 100 14000
Sample D 18/15 Level 3 \
Spectuntype e M. cree 1o Main parameters
Weight \ Unitweight 0.21 kg Type search Search and Identification
Yaolume | Unitvalume 1 | Show for the
Material calculation using
Docangime | Ve ; atior
Background CrGammaPROysperghl lteration 1 the |nd|v|d ual
Calibration Bl Identification .
Comment Librany file ChGammaPROYbAli_fo peaks anaIySIS
Coefficient concentration Efficiency file ChGammaPROYb-gime method
=| Passportofsource /
WMTP 65
Allowahle dew. ke 3
Fower on [l

Figure 36

TheSearch peakggroup contains the following parameters:

L.limit, R.limit — range values in channels, where the search of pe#lkbe performed.
Peaks will not be searched for and identified ai&$his range.

Level —the limit value of the parameter related to théigtiaal importance of peaks, above
which the found peak is accepted and added toable,tand below which the peak is rejected,
usually assumed as being equal to 3.

Min.area —the limit value of the peak area in impulses. Thaks with the value above this
one are accepted and added to the table, and blewalue are rejected.

Type search— one of two possible types of search for peaks énsfectrum $earch and
Identification’, 'Peaks from library' ). So, theSearch and Identification’ type searches for all the
peaks available in the spectrum and meeting therieriof theSearch peakssection.The Peaks
from library’ type envisages application of preliminary markingscording to the loaded
radionuclides library file (see tHabrary file field in theldentification section). If the user faces
the task of determining the activity of certainicadiclides only,Peaks from library' should be
used.
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Show peaks— parameter for enabling displaying of peaks andrtparameters in the
spectrum.

The Smoothing parameters control polynomial smoothing of a gpectrelevant for a
better peak search and description of peaks bytibmsc TheSmoothing parameters include:

Polynomial degree. This parameter defines the degree of the polyabamoothing to be
considered for spectrum peak search. The parametafue should not exceed 6, and the
recommended value is 5.

Iteration. This parameter defines the number of smoothiagtions for spectrum peak
search. If this value is 0, no smoothing will befpened. Spectra featuring high statistics should
not be smoothed, and the parameter’s value for spebtra should remain O.

The ldentification group contains parameters participating in thetifleation of the peaks
found in the spectrum.

Library file — path to the radionuclides library file, which wilbrrespond to the measured
spectrum. The library file contains a list of radiclides, their energy values, probability of ouspu
and half-lives. Library files are generated usihg ltibrary editor dialogue window (see section
12) and are used in the process of calculatiohefttivity using the peaks analysis method.

Efficiency file — path to the efficiency calibration file, which wiltorrespond to the
measured spectrum. The efficiency calibration fitmtains a dependence of the efficiency of
registration on gamma-quantum energy and is us#tkiprocess of calculation of activity using the
peaks analysis method. The efficiency file is gatezt using théfficiency calibration dialogue
window (see section 9).

Passport of source-a link to the file containing parameters of thersewf calibration. The
file must contain the list of radionuclides presenthe source, description of their geometry, mass
volume, activity and the date of its adjustmente plassport of source file is generated inEd#or
of source passportsdialogue window, which can be opened from the nm@iogramme menu
Options->Editor of source passports It should be noted that the passport of souteeshiould be
specified only during calibration (i.e. to create tefficiency file). To perform calculations foreth
purposes of determining activities, this field sladoe left blank.

MTP. This parameter is the so called peak thicknest®raor, in other words, the distance
at which two peaks are indistinguishable. The valtithis parameter is set in arbitrary units in the
range between 3 and 10. In case two peaks closado other are processed separately as if they
were singlets (i.e, each peak has its own backgrasubstrate) but they are supposed to be
processed together (l,e., so that they have a coniraokground substrate), the calculation should
consider this parameter and be repeated untiléhkspare processed together as a multiplet

Allowable dev., keV—the energy deviation parameter, within which a pmsaly be assigned
to a characteristic curve of some radionuclide

In the realisation of the individual peaks anaysiethod, calibration of the spectrometric
tract (or the spectrum) by peak energy, FWHM andpshbecomes special. Therefore, before
performing the calculation, make sure that the @esye calibrations have been made (see sections
7, 8).



6.2 Procedure of calculation of activities by thendividual peaks analysis method

6.2.1 Measure the spectrum of the countable saordiead an available spectrum using the
main programme mertile->Open spectrum

6.2.2 Information about the source may be enteedadrb, during and after the measurement.
In the first and second case, parameters are gakaifthe fields oMeasurement parametersand
Calculation parameterswindows.

6.2.3 If parameters of any measured spectrum needbet changed, theSpectrum
parameterswindow should be used (see Fig. 36)

6.2.4 Depending on the task, specify one of setypks (Search and Identification’,
'Peaks from library') in theType searchfield (Fig.36).

6.2.4 Among the fields of th8pectrum parameterswindow, which should be completed,
there is arkfficiency file field. You should enter the name of the calibragdficiency file there-:
button). The operator selects the efficiency fileading to the type of the countable sample and
parameters of geometry of measurement and entensoitthe programme using a standard file
selection dialogue window.

6.2.5 In thelLibrary file field in the Spectrum parametersvindow, specify the name of the
radionuclides library file, which contains data ab@nergy lines and other information about
radionuclides, which are presumably contained énsiimple being measured.

6.2.6 Then, select th€alculation by peak analysis methodin the menu of thets °
Calculation button (see Fig.29). Then, a panel with resultme&surements with tHeeak analysis
tab selected will appear at the bottom of the wimdas it was mentioned in p.5.1, the panel with
measurement results can be separated from thespecame.

6.2.7. On thd.ibrary tab of the table, check those radionuclides, ttivity of which the
user intends to determine. This tab displays datatained in the library file specified in the
spectrum parameters windoilfrary file field).

ROI-rmethod 1| Peaks analysis T0 A 1 Library | Passport of source 1
Muclide/Energy, ke Half-life, day / Quanturm efficiency, % |

el 466607000000

[ coeo 1926,1

v Cs-137 10989.6

[~ Mn-s4 312,12

[ Ra-226 SE4630

¥ Th-z3=2 5133780000000

[~ Cs-124 754.68

¥ Eu-152 4868,678526

¥ arn-241 157657 6E2402422

¥ pa-133 3849,652738

Figure 37 Library tab view

6.2.8 On the toolbar of the spectrum window (Figla8ck 1), pres:#« (New search peak
and calculation). If the spectrum has correct calibration by egefWHM and shape of the
spectrum, thé>eak analysistab of the measurement results panel will disptdgrmation on any
discovered peaks (Fig.38, block 3). Also, foundhhghted peaks with titles will appear on the
spectrum graph (see Fig.38, block 2).
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Am-241 < 74.81 < 356.2
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Intens. 68082 | Livetime: 183614 5. | Fealtime:2000s.  |Deadtime: 819% I |

Channel: 4675 |[Energy: 910.78 |[Count: 1055 ]

Figure 38. Spectrum window view after peak search

The results panel, under the table wiound peaks has another tabl&kesult by
radionuclides, which contains estimated values of activitiesanfionuclides

TheFound peakstable has the following fields:

‘Number' —number in sequence of the found peak;

‘Channel' - position of peak centroid in channels;

‘Energy' —energy value, keV;

'Line' —characteristic energy lines of gamma radiatiortlierspecified radionuclide;

'‘Area’ —peak area in channels;

'Intensity’ - peak intensity in imp/sec;

'Activity, Bq' -radionuclide activity value determined only forghine;

'Stand.uncert.,%' - standard relative uncertainty of activity calcwatfor this line;

'‘Benchmark' — sign of acceptance of this line as a benchmarkdUse the purposes of
improving splitting of merged multiplets into compmts.

TheResult by radionuclidestable contains the following fields:

Nuclide —name of the radionuclide, on which this row corgainformation;

Activity, Bq - weighted average activity in Bqg received by averggactivities from the
Found peakstable considering the uncertainly for each lingeltive expanded uncertainly in the
calculation of activity exceeds 50%, then the MDAIriimum detected activity) value is displayed
in this field instead of the activity value.

Sp.activity, Bg/kg - specific activity in Bg/kg (parameter depending thie calculation
type);
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Exp., uncert.% - expanded uncertainly of the result of measuremetit eoverage factor
k=2.

The Result by radionuclidestable, which is being described, may contain telmnsPL
(permission level) anBC (factor of conformity), which were described ircsen 5.1.

In the Result by radionuclidestable, for each radionuclide, for which activitpshbeen
calculated, you can see lines, on which this agtiwias calculated. To do this, you should press on
thel+] icon located in front of the name of the radioidel

6.2.9 Visually analyse adequacy of the plotted mattical model for each found peak, i.e.
evaluate the quality and correctness of descrippbrthe Gaussian curve peak. If the peak
description is unsatisfactory, it should be delaieadjusted (see section 19.1). For the purpokes o
such a visual analysis, for fast zooming of thekpaecording to the size of the spectrum window,

double click on the peak title with the left moumeéton, or pres#  to return to normal zoom.
6.2.10 Then, the result of determining of actiwtimay be converted to a protocol, MS
Word, report or database. For these purposes, therdoolbar similar to that described in section

5.1 and located above tik®und Peakstable % - saving data to a txt protoc< - sending data

to MS Word; - - generating a repol g - sending data to a DB).

6.2.11 To save the found peaks and all the otheanpeters entered in th8pectrum
parameters window, pres:J. After that, when you open this spectrum, markiitp found peaks
will be done automatically. The list of peaks ahdit parameters are saved in the file having the
same name as the spectrum, but with.asr extension.

To consider background in the calculation of at#ei it is necessary to link it in the
Background field in the Spectrum parameters window. The spectrum background should be
measured with good statistics, as well as processettarly to the work spectrum. The table of
found and identified peaks of the background spettis saved automatically together with the
spectrum in the same way. The programme loadsatile of background peaks, when opening the
work spectrum or when the background spectrumenatbrk spectrum changes.

6.3 Adjustment of found peaks

Peaks can be searched in two mo&esirch and Identification' and'Peaks from library'.
In the first case, the search is made accordinfp¢oparameters specified in spectrum parameters
(search range, smoothing, etc.), and all the peaeating these requirements are recorded. In the
second case, only those peaks are highlighted, hwimatch the energy lines specified on the
Library tab.

As shown in section 6.2, when you pr#«, a new search for peaks is performed. To adjust

found peaks in order to recalculate their peak areghalso activity, us® (Update calculation for
found peaks, which is also located on the toolbar of the spme window. It is used, if the position
of peaks is correct, but the description of thairve is incorrect, or when adjustment by the
benchmark peak is used.

As peaks are identified automatically, some peaéyg be recognised incorrectly, therefore,
the identification result may be adjusted manuallythe Line' column of the table using the
dropdown list with energy lines getting in the agelimit (seeSpectrum parameterswindow).

If spectra are complex, you can use curve desonptdjustment of some peaks by
benchmark. If the radionuclide has several peakk @are singlet, the latter may be taken as a
benchmark by checkin@enchmark’ in the table. Then, having loaded the efficients; fyou can

make a recalculation by pressi*s on the toolbar. For the other peaks (which aréoeochmarks),
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their estimated height for further processing Ww#l calculated. Thus, the credibility of splittin o
multiplets into components will increase.

6.4 Inserting and deleting peaks

The toolbar of the spectrum window contains a grolughree buttons as shown on Figure 39
(in a frame).

hi & \L&; L "34

Figure 39.Identification button group view

Thus, theﬁﬁb (Insert peak modg button is intended for toggling to the insert lp@aode.
In this mode, the mouse cursor becomes a green daww (see Fig.40.1). To insert a found peak
to the specified position, set a marker in the peahktroid region and double click with the left
mouse button, then the peak will be highlighted added to the table of found peaks (see Fig. 40.2,
block 3). For insertion, you can use double cliclpess the Insert key on the keyboard.
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Figure 40.1. Preparation of a marker for peak tnser
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Figure 40.2. New inserted peak
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Figure 40.3

A found and described peak in the spectrum hasus$ian curve outline as shown on Figure
40.3. There is a peak title near the Gaussian cdegeribing the peak (see Fig.40.2, block 1, and
Fig.40.3). If the peak has been identified, thée titontains peak energy and the name of the
radionuclide.

When hovering a cursor over the peak title, a popompt appears (see Fig.40.2, block 2)
containing peak parameters, such as channel, enedjpnuclide name, FWHM, resolution, area
and intensity. Once the cursor is at the 1332.5 ge¥k’s title, there appears a pop-up hint which
displays the Peak-to-Compton ratio. For the 5.9 kedk, the Peak-to-Background ratio will be
shown.

To select a peak, left click on its title. If yalouble click on the title, this peak will stretch
according to the length of the spectrum.

If you right click on the title, a popup menu walbpear as shown on Figure 40.4.
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Figure 40.4

In this menu,Show peak in separate windowselects this peak and opens it in Beak
window (see section 4.2).

Send to energy calibrationand Send toFWHM and shape calibration make it possible
for the user to add data of the peak being vieveeértergy calibration and FWHM and shape
calibration.

Theﬁ‘&? (Delete peal button of the toolbar of the spectrum window nsended for the
deletion of a peak from the list of found peaks.

The procedure of deletion of a peak is as folld#st the insert peak mode by pressZ:
again, so that the cursor returns to its standeawd.v Then select a peak to delete. To do this, you
can use peak selection in the table by selectiagpéak you need. You can also select a peak by left
clicking on the peak title. In either case, the ko@all have a bold green outline and the row

Al
corresponding to it will get selected in the talWhen a peak has been selected, p£3son the
toolbar of the spectrum menu.

If you want to delete all the found peaks, thera *¢ (Delete al) button.

6.5 Sending of a list of peaks to calibration

The toolbar above the table Bbund Peakscontains additional buttorl ) (4l (see Fig.38,
block 5). These buttons are intended for sendindata about found peaks to peak FWHM and
shape calibration. It should be noted that evenghdhe information about the FWHM and shape
value is not available in theound Peakstable, this information is stored in the programamel
may be sent to dialogue windows generating FWHMsrape calibrations.

To send data to calibration, in the tables of tbpeaks select those peaks, which you want
to convert (see Fig.41), and pre@; (Send selected peaks to energy calibratipror [ (Send
selected peaks to FWHM and shape calibrationdepending on the target calibration.
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Calculation
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Figure 41. Selection of peaks for sending to catibn

When you press these buttons, a dialogue windaWweofelevant calibration will open.

6.6 Database

The progranfGammaPRQO" allows not only to save the measurement results database
(DB) file but also to operate with it directly irhé program. For successful work with DB, the
availability of those database fil&.gccdb is required and the path to it is specified ie thindow
Parametersin insertFiles in the fieldDatabase filenamgsee section 10, Fig.52.1).

To activate the database the operator shoutttsele itemlools->Databasein the program
main menu'GammaPRO". The windowDatabase of measurementwill appear as presented in Fig
41.1. The figure shows that the window has sewen#@k. Unit 1 (Fig.41.1) comprises the list of the
saved records as a Table, where the spectrum nsangple number as well as the data and the
measurement time of the present record spectrurspa@fied. Unit 2 — instrument panel for the relco
table control, it contains the button for the spatt restoration from DB, record delete and filtati
(search) adjustment button by DB.
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Unit 5

Unit 3 has standard fields with the parametéth@current spectrum (selected in Unit 1 table).
Unit 4 has two tabROI-method andPeaks analysisEach of the inserts has a table with the

Figure 41.1. WindovbDatabase of measurements

calculation results of the activity, errors etc,iethwere obtained on the stage of calculation wivtlork
with the current spectrum (see p.p. 5.1, 5.2, &3). In dependence on the calculation methoddéta
are kept on one or another insert. And if the datcan was made by both methods, then the databeill

presented on both inserts accordingly. For additigignalization on the calculation results presenc

for the current record, there is a m@knear the name of the insert. Above the table thighcalculation

results there is a butt(o, which allow to see in a separate window the &ultil data on the executed
measurement (see Fig.41.2).

The unit 5 (Fig.41.1) shows the diagram of thectjum, marked in table, where there are

MEr_Cs_ 0. asw

ctrumn: CAASWZndonesial 701\RefSpectralymar_cs_op.asw
nd spectum: CABSNndonesial 701\RefSpectraibackgr.asw
Calibration: ChaSW2iclb-gimarinell.clh

Reference date: 01.12.2015 13:16:19

Measuring date: 24.17.2017 13:16:19

Work spe
Backgrou

Live time: 600.34 sec. Real time: 601.03 sec.
Geometry: Marinelli 1L. Sample weight: 0.17 kg, Sample wolume: 1.000 |
Comment:

Close

Figure 41.2. Additional data window on the executaltulation

channels by X axis and count rate values in puges axis.

New records in DB could be added directly frome spectrum window by the buttd ,
situated in the inserROI-method andPeaks analysisplaced in the windowCalculation results (see
Fig.30 and Fig.38, unit 5)




To filtrate the records by database there isagich instrument which is activated by the button
114
41 in instruments panel (Fig.41.1, unit 2). When taiton is pressed, the winddwilter appears as

shown in Fig. 41.3.

Field |Sample D | |cantsin | |ce137] |
[ 1 Measurements AFTER ID4.11.2018 _;1_|

[ 1 teasurements BEFORE 504.1 12018 ;]|

‘ Filter ‘ ‘ Reset ‘ Close

Figure 41.3. WindowFilter

Changing the values of the present window fiettle user can make filtration and search by
data base, switching the time period for spectragueement. For the application of the specifiedctea
parameters the buttdrilter should be pressed, the table (Fig.41.1, unit 1) display only records
which correspond the specified search criteria.

As data base save all content of the measueszirem, it could be restored and a new spectrum
will be absolutely identical to the initial one,clnding the name of the file. To execute the presen

procedure, the required record in the table shbaeldnarked and the buttoﬁ should be pressed. If
the spectrum file with that name already exists e program will inform that. To avoid the rewrg
of the existing spectrum with the same name, tineenaf the file will added with_db.

7 Energy calibration

Before identification, it is necessary to match émergy value with the analyserchannel
number, i.e. perform energy calibration of the smeveter. Spectra of standard sourcesy of
radiation are entered for this purpose. The spettwhich participates in energy calibration, must
contain several well-shaped peaks. The proceduweldibe periodically repeated depending on the
stability of operation of the source of high vokagmplifier and analyser.

For energy calibration of a selected spectromdtact, select this tract on thBevice

manager panel. Then, presd
Figure 42.

and a dialogue window will appear on the displayshown on
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Figure 42 Energy calibration window

On the left side of the window, there is a talitgy (@42, block 1) containing three columns
'‘Channel’, 'Energy (library)' , 'Energy (calc.). The table contains information about lines (gak
which are the basis for energy calibration.

Thus, Fig.42 shows calibration consisting of tvwaonps, which describes the dependence of
energy on channel in the spectrum. To calculatetfomal dependence, the user should press the
Calc calibration button (Fig.42, block 3), and the received formuld be displayed in th&kesult
field. Also, after the calculation, the graph (B, block 3) will show the found dependence.

If there are more than two points in the table,plogramme may determine the parameter of
integral nonlinearity (INL), which is displayed ihe INL field in block 3. Also, in this case a
polynomial dependence of second degree can be. Qugltdo this, set the value & in the
Polynomial degreefield.

The user may add and remove points from the tdldedo this, usel (Add item) and==
(Delete item), which are located above the table. Thus, if goess¥, a new row will appear in the
table, which the user should fill with values oétheld in the'Channel' and 'Energy (library)'
columns.

If you want to start generating a new calibratithere is a¥ (Delete al) button located
above the table. When you press this button, thke taill keep two rows, which are minimally
necessary for plotting a straight-line correlatidiou can edit the table by editing fields in these
rows.

Data can be brought to the table in several ways:

- from the table of found peaks in a processedtsp® (section 6.5, Fig.41);

- from the window for work with peak (section 4Rig,25);

- from the peak title context menu (section 6ig, 0.4).

To get a prompt of the library energy value in fieéd of the'Energy (library)’ column, in
the editing mode there is a possibility to operibsaty window (see Fig.43.1). This function is
available, if a library file is specified in thébrary file field.

To open the library window, pre’l at the right edge of the field.

4% Energy calibration. BOSON. GCD-30185.

=X
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Figure 43.1



Then, a window for selection of an energy linenfrthe library will appear on the display

(Fig.43.2).
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Figure 43.2 Window of energy selection from thediy

The user may select a radionuclide and a line fifoenlist provided in the left table. When
you double click on the selected energy, the liprindow will close and the energy value will be
populated in the table field of tlnergy calibration window.

You can also use library search. For this, inEhergy, kevfield in the right portion of the
Radionuclide library window, specify an approximate energy value, wiibbuld be found in the
library and having specified the range of searcthénext field, presSearch As a result, the right
table will display lines corresponding to the semdition. The user may select the required variant
from the list by double clicking on the respectiegv with the left mouse button.

When you have received the searched functionarignce for energy calibration, it should
be applied to the current spectrometric tract. ddldht, pres®\pply at the bottom of th&nergy
calibration window.

To save to a file and load all the calibrationagdaiseSaveandOpen, respectively.

TheEnergy calibration window allows the user to generate a text reporéteive and print
summary information. For this purpose, there Report button in the bottom part of the window.
When the calibration is over and you press thisoothe window shown on Fig.44 will appear.
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To print a report, pres[g].
To perform energy calibration for the specific wapectrum, open this spectrum and press

D on the toolbar of the spectrum window, and thehiadogue window similar to that shown on
Figure 42 will appear. The only difference will thee availability of an additional buttokpply to
tract at the bottom of th&nergy calibration window. This button is intended for the applicabfe
the new calculated calibration to the spectrométect, which corresponds to the spectrum being
viewed.

8 FWHM and shape calibration

FWHM (full width at half maximum) calibration is procedure of searching functional
dependence of the FWHM parameter on the chanrbkegispectrum.

The term‘peak shape calibratiom GammaPROis defined as a search for dependence of T
parameter (the so-callekkft edge) on the peak centroid channel in the spectrumararpeter is the
distance in channels from the peak centroid tol¢fie after which the peak is described with
exponential dependence rather than Gauss (se&kFig.4

L 1 e i
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Figure 45. Shape of the graph describing a peak
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For FWHM and shape calibration of a selected spewtric tract, select this tract on the

Device managerpanel. Then, pres;[:] and a dialogue windows will appear on the dismay
shown on Figure 46.

& FwHM and shape calibration, BOSON, GCD-30185,
= X
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Figure 46 FWHM and shape calibration window

On the left side of the window, there is a talitey (@46, block 1) containing three columns
'‘Channel', FWHM' , 'Left edge (shape) The table contains information about lines (g@aWhich
are the basis for FWHM and shape calibration.

Thus, Fig.46 shows calibration consisting of aaiernumber of points, which describe the
dependence of FWHM and shape on channel in thérapecTo calculate functional dependences,
the user should pres€zalc calibration (Fig.46, block 3), and the received formula wi tisplayed
in theResult for FWHM andResult for shapefields. Also, after the calculation, the graphg(B6,
block 3) will show the found dependences.

If there are more than two points in the tabldypamial dependences of second degree can
be built. To do this, set the value &fin the Polynomial degree for FWHM and Polynomial
degree for shapdields.

The user may add and remove points from the tdldedo this, usel (Add item) and==
(Delete item), which are located above the table. Thus, if goess¥, a new row will appear in the
table, which the user should fill with values oétfeld in the'Channel’, 'FWHM" and'Left edge
(shape)'columns.

If you want to start generating a new calibratithere is a¥ (Delete al) button located
above the table. When you press this button, thke taill keep two rows, which are minimally
necessary for plotting a straight-line correlatidiou can edit the table by editing fields in these
rows.

Data can be brought to the table in several ways:

- from the table of found peaks in a processedtsypm (section 6.5, Fig.41);

- from the window for work with peak (section 4Rtg,25);

- from the peak title context menu (section 6ig, 0.4).

When you have received the searched functionakrtgnces for FWHM and shape
calibration, they should be applied to the cursgrgctrometric tract. To do that, pregsply at the
bottom of theFWHM and shape calibration window.
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To save to a file and load all the calibratioragdaiseSaveandOpen, respectively.

The FWHM and shape calibration window allows the user to generate a text report to
receive and print summary information. For thisgoge, there is Report button in the bottom part
of the window. When the calibration is over and ywess this button, the window shown on Fig.47
will appear.
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Spectrometric tract: BOSON . GCD-30185
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Figure 47. FWHM and shape calibration report view

To print a report, presfg].

To perform FWHM and shape calibration for the sfeeiork spectrum, open this spectrum

and presD on the toolbar of the spectrum window, and thefiadogue window similar to that
shown on Figure 46 will appear. The only differemil be the availability of an additional button
Apply to tract at the bottom of thEWHM and shape calibration window. This button is intended
for the applicable of the new calculated calibratio the spectrometric tract, which corresponds to
the spectrum being viewed.

9 Efficiency calibration

9.1 General statements

The calibration of a spectrometer by registratifficiency is performed using the activity
measures reproducing the geometry and propertieganfma-ray absorption of the countable
sample.



As a result of calibration, energy dependence gistetion efficiency in peaks of complete
absorption of gamma quanta radiated by samplerémée) measures is determined. When it is
necessary to take into account absorption of gaumaata in the material of a bulk spectrometric
preparation, energy dependences of registratiggapfma-quanta are determined using several sets
of reference bulk measures with different densitijller materials.

The calibration process is conditionally broken damto four stages:

— measurement of spectra of sample activity measuresceiving these spectra via calculations
using a specialised programme, which simulatesant®n of radiation with the substance;

— processing of spectra for the purposes of searchdegtification and determining areas of
peaks;

— calculation of efficiency of registration of gammaanta based on gathered spectra of the set of
sample measures and approximation of energy depeesleof efficiency of registration of
gamma-quanta;

— creation and saving of &refp calibration file.

The dependence of efficiency of registration gefon energy of gamma-quant, is
described by functional dependence 9.1:

£,(E,)=exp(A + AINE, + A(nE, )’ + A(nE, )’ + A(nE, )"+ A(InE,)° + A(nE,)") (9.1)
where A are polynomic coefficients determined in the pescef calibration, i=0..6.

Annex 2shows art.efp file format.

Since registration efficiency calibration is thesisafor correctness and accuracy of
measurements, these operations must be fulfilled highly qualified specialist, or a representative
of the company in charge of supply and settindgnefgamma spectrometer.

9.2 Selection of radionuclides for calibration

Calibration requires sample measures of activitgadibration sources (hereinafter referred
to as calibration sources) with activity within thenge (1 - 100) kBq, produced based on working
standards of radionuclide solutions of th& drder >*Mn, °’Co,"°Cd, **%sn, *'Cs, **Ce, »**Eu,
24Am, 2*3Am, **Ra (with daughtersf?®Th (with daughters), etc.

The activity of the calibration source is chosasddl on the condition that, when setting a
spectrum in the working geometry of measurentatgad time does not exceed (4-5)%.

The quantity and radionuclide composition of caltion sources for the efficiency calibration
task in the range of energies 503800 keV is chosen, assuming that no less tharficiegicy
values, which correspond to different energiesashga-quanta, should be received in the interval
of energies 50-200 keV, and also energies musespond to the beginning, middle and end of the
energy range, and no less than 4 efficiency valesgting the same requirements should be
received in the interval of energies 200-3000 keV.

9.3 Efficiency calibration procedure

9.3.1 Measure spectra of sample measures or sentllase spectra using the programme
implementing calculation methods.

9.3.2 Generate files of passport data of calibnatiources. To do this, use tRassport of
source editorwindow, which can be opened from the main progranmenuOptions-> Passport
of source editor(see section 13).
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9.3.3 Process the spectra received in p.9.3.Thiopurposes of searching, identification and
determining areas of peaks as described in se@tion

9.3.4 For each spectrum of the calibration sowgeeits own file of passport data. To do this,
specify a link to the file of passport data in tRassport of sourcefield in the Spectrum
parameterswindow of each spectrum.

9.3.5 Save processed spectra to a disc.

9.3.6 Open thé&fficiency calibration window (see Fig. 48) by pressit- on the toolbar
of the programme. Choose t&Hiciency calibration which is the first tab in the window’s title.

4% Efficiency calibration
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Figure 48 Efficiency calibration window view

.3.7 In talEfficiency calibration, usingAdd on the toolbar, load all the calibration spectra,
then range them in such a way that the spectra avithdensity (or other parameter) are grouped.
(See example on Fig.49).
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Figure 49. Ranging of spectra
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9.3.8 Set parameters of the efficiency curve (&8.block 1):

- Polynomial degree— the parameter determining the polynomial degreachwhvill be
calculated for the purposes of describing expertaledtependence of registration efficiency on the
energy of gamma-quanta.

- Range, keV - the range of energies, within which the dependesfcéhe registration
efficiency on the energy of gamma-quanta will bétbu

- Geometry — name of geometry of measurement, for which catiiin by efficiency is
created. It is not optional text parameter, whietue will be saved in the efficiency file and will
show in the data field about implemented calcufafgee fig. 41.2). In the drop list of this fiell i
offered conventional labels for often used georast{iMar' — Marinelli, 1L; '38 ' — container, 38ml,
'250' — cuvette, 250ml; etc.).

9.3.9 Pres<alculate calibration (Fig. 48, block 1), then the table (Fig. 48, bldtkand
Fig.50) will show a tree with data on efficienciesd the graph below will display the curves
approximating calculated points of values of effiaties (Fig. 48, block 3, and Fig.50).

For each parameter (density), polynomial coeffitseof approximation are displayed (near
the value of this density), which look like thiscéenple):

Eff=f(-1343, 1307, -5133, -1649, 248.2, -19.85 598)

9.3.10 The points, which are at a good distanom fthe curve, are rejected by unchecking
the relevant row in the table, and the appearahtieeacurve changes automatically. To change the

energy range for calculation of efficiency curveesify the values in the fields and click bul¥In

9.3.11 To explore the shape of received curves,cam toggle the scale to the logarithmic
mode. To do this, you should chelclag located on the panel (Fig.48, block 1). The appeee of
the graph will change, and will look as shown ig.B0.1.

9.3.12 When the appearance of efficiency curvedihally shaped, an efficiency calibration
file for the accepted measurement geometry is @deathich has a unique name and*afp
extension. To do this, pre§xeate file and then enter the name of the new calibratianifil a
standard dialogue.
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Figure 50.1 View of efficiency curves on a logamiib scale

9.4 Management of spectra

To load and delete spectra in tEBéficiency calibration window, use Ajd Delete ciér
buttons on the toolbar of the window.

After spectra have been loaded, their list appeeasstable (Fig.48, block 4) or as shown on
Figure 50. Histograms of spectra are displayed graph (Fig.48, block 4 or Fig.50).

To show or hide a histogram of a spectrum, cheakhoheck it in the firsiN’ column of the
table.

The information with parameters of the currentgsted in the table) spectrum is displayed
on the panel under the graph of spectra (see Fipld8k 6). To be noted, the histogram of the
current spectrum is displayed on a graph with d bedl line.

To move the current spectrum up or down the tatsle® or # buttons.

9.5 Creating an efficiency file project

As creation of an efficiency file may take a longiene, saving a current configuration of
calibration spectra, selected energies and parasnetefurther operation might be relevant. To this
end, one can save the current configuration aparae project file. What is more, all the spectra,
library files and passport data files will be moverd a common directory featuring a certain
structure.

To create a project file, click buttc=¢ in the toolbar of talEfficiency calibration. A
window will appear on the screen. In this windowedafy the name of the project and directory,
where the project itself and all the relevant fig be moved (one is recommended to create a new
directory) (see Fig. 50.2).

Froject name

|spec |

Froject directony
|C:\GammaPRO\test2\ _||

‘ Save ‘ ‘ Cancel ‘

Figure 50.2 Window requesting the name of an efficy file project and a directory for it

Click button Save to create three subdirectori&PC, LBR and PKS in the project’s
directory specified by user. The spectra, libralgsfand passport data files related to them vall b
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automatically copied to the respective subdireetorin the project’s directory, there will appear a
*.pef file which contains the data on the project’s pagters.
Later on, wherGammaPRO is closed and then opened again, the user widlbe to load

the project by clicking buttor=> in the toolbar of talEfficiency calibration and selecting the
saved project’s file there. The software will autdimally load all the spectra and restore the
configuration saved, so that the user will be ableontinue creating the efficiency calibratiorefil

9.6 Creating an efficiency file from a text table

TabConverting in window Efficiency calibration is used to convert the text table (text file)
which contains three value columns (energy, efficieand standard uncertainty) to the efficiency
file of the GammaPRO format.

To this end, the user should chooseQalmverting (see Fig. 50.3) and open the text file by

clicking button in the tab’s toolbar. Once the file is opened, shéware immediately starts to
perform calculation in accordance with the paranse{edegree of a polynomial, energy range)
specified in the toolbar. These parameters are ggthnn the same way as in t&fficiency
calibration. The values in the table can also be turned oncéinldy ticking each row in the first
column named Energy. The resulting polynomial fiorcof the detection efficiency versus energy
will be displayed in the toolbar.

When calibration is created, it should be savedrgsefp file by clicking buttonCreate file
in the tab’s toolbar.

4% Efficiency calibration -0 1‘
Efficiency caliatation N Converting N

Parameter Polynomial degree Range, ke
_ Create file ofi=1-1910.87. 1795.96. 708,278, 147.993, -1 7.4191, 1.09163, -0.028455 )
P - | o |Jesm0 Liog
ficien

Enert Cale sfiici... | Standuncert,calc.eft,% [ Appr. & Stand.uncer,... | Dev, % =

IclEE] ZAR3E-10 3.7 2496E-10 £ 14 ||
¥ 8 300366 200 204356 312 2
-7 138 6509E-6 269 687356 254 56
[~ 189 7851E6 313 TE43E6 249 26
7 239 774566 203 7565E-6 213 23
-7 289 7.379E6 152 7.328E-6 1.78 -0.69
-7 333 708766 1.08 708766 1.48 0.0051
7 389 684566 119 6.859E-6 1.29 034
[ 433 GEAIEE 119 6ET3E6 1.8 049
-7 489 6.4B4E-D 1.21 6.495E-6 112 052
7 533 6.309E-6 1.23 6.339E-6 11 0.48
7§88 5171E6 1.24 619566 11 038
¥ 639 504866 1.25 6.054E-6 112 0.8
[~ 689 593766 124 534566 14 013 =
770° : ‘I\R
7.2410°
6.7-10° / o=
£.2+10° /’"
674107 f R
5240° f R

Efficiency

200 400 500 00 1000 1200 1400 1600 1800 2000
Ensray

Figure 50.3. Tab Converting
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10 Parameters

The Parameters window of the table is intended for setting sonsads of work of the
programme. It can be opened from the main m@mions->Parameters and contains 4 tabs
General, Files, View, Calculation (see Fig.51).

|
General Files | “iew | Calculation

GFS

COM port
Baud rate | 4800 T

GPS coordinate
Latitucle, * |D-D | .

Longitude, * |D-D |

[ Ask userwhen launch

‘ oK ‘ ‘ Cancel ‘

Figure 51 Parameterswindow view

The General tab (Fig. 51) contains a block of paramet&RS, which has two fields for
setting a GPS satellite navigation unit. If a GRSeiver is connected and data are correct, the
current coordinates can be sent to fields ofGR&S coordinategroup.

The Files tab (Fig. 52.1) contains the name of the dataliéesdor saving the results of
calculation of activities of radionuclidePD#tabase filenamefield) and the protocol filename
(Protocol filename field), which can contain the consolidated resfltmeasurements in a text
format.

General W| Files ]| Wiew 1| Calculatiunw
Protocal filename

| =

Database filename
(CAASW2\prob_asw mdb -

Figure 52.1Files tab view

TheView tab (Fig.52.2) is intended for setting the extemrface of the device manager.
General 1‘ Files ]| ey ]| Calculatiunw

Show panel for add analyser ‘
Figure 52.2View tab view

The Calculation tab (Fig.52.3) is intended for setting some aspeglated to measurements
and the procedure of calculation of activities.



General 1| Files 1| e 7| Calculation

Calculate Acff

Save measurements inlog

Signal about measurement finish
Type of view results with uncert. more 0%
® MDA (recommended)

O MDAJZ £100%

Catalogue
Service files

|c\gammapr0 _I‘
Figure 52.3Calculation tab view

TheCalculation tab contains several blocks containing the foltayfields:
Calculate Aeff —an indicator telling the programme that it needsatzulate a parameter of
efficient activity, which is determined accordirgformula 10.1 (for details see Annex 5):

Aeff = ARa+1-30ATh +0090AK (101)

whereAg, is specific activity of radionuclide Ra-226, Bgrkg

A Is specific activity of radionuclide Th-232, Bg/kg

A is specific activity of radionuclide K-40, Bg/kg.

Efficiency activity is determined, when activitiase calculated according to the ROI-method
or peak analysis method and is displayed on thétsesanel as shown on Fig.30. The calculation is
made, if there is a calibration for determining\ates of natural radionuclides (NRN).

Save measurement in log-an indicator telling the programme that it needautomatically
send the measurement results to a log in the ppadfesaving a measured spectrum.

Signal about measurement finish- a checkbox, which allows to enable and disableuado
signal at the end of spectrum writing.

Type of view results with uncert. more 50%- an item for choosing the format of display
of the measurement result with expanded uncertaibbye 50%. Values may be displayed in two
formats:

"<MDA"

"MDA/2 £+ 100%".

The first result output variant is more correchirthe point of view of metrology.
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11 Pack of spectra

ThePack of spectramodule is opened from the main programme mEowois->Pack It is
intended for work with any series of spectra (digplmathematical operations, determination of
stability, calculation of activities, etc.).

Switching between linear and

ogarithmi |

& Pack of spectra ; e ;Iglil
P + - ES [
SWItChlng Add Delete Clear  Update
between countand| [,

intensity 5

[ Log
~

5]

Tmp./sec]

+ 3§ rrent | hath. operations Stahility | Activity | Calibration G
Spectrum | B
ChiGammaPRO\spe-gistablcs_1.asw

CAGammaPRO\spe-gistablcs_2 asw Parameters {Add\huna\

CAGammaPRO\spe-gistablcs_3 asw File name CAGammaPRO\spe-gistablcs_10.asw
ChGammaPRO\spe-gistablcs_d. asw Sample ID
ChGammaPRO\spe-gistablcs_5 asw Spectum type * B
ChiGammaPRO\spe-gistablcs_b.asw Realtime ROO
CAGammaPRO\spe-gistablcs_7 asw Live time 5995
CAGammaPRO\spe-gistablcs_B asw
! aPR
P

Gl W e =

Energy calibration

@

B|OCk 1 - | | PHM and shape| ...
k| Weight |Unit |1 ['kg
Wolume | Unit 1 |1
+Date and time
Carmrnent |
+Koefficient concentration
Background |
Calibration |
+GPS
+WBC
+ROI
+RFD
haterial |

\'\emperature |D

0 i : - i i i - - : -
0 100 200 300 400 &00 500 700 300 300 1000
Channel:555 Energy: 1708

RIS IC AU IR I P

=

Figure 53 Pack of spectramodule E ]
Block 3

ThePack of spectramodule consists of three main blocks and a meiguy®).
Block 1 is a table, which contains the list ofded spectra. The first column of the table
contains a spectrum number in sequence and a atveakhich shows whether this spectrum should

be displayed in block 2. When you press on the rnnlllneadel, it enables or disables
displaying of all the spectra.

The second column contains filename of spectra wieir paths. Columns 3, 4 and 5 are
intended for the display of results by determinmatd stability (see below).

If a cursor is set in any row, the spectrum coneédris shown on the graph in red. You can
select one, two and even all the rows in the talite last selected spectrum has a red bold line on
the graph. To select several spectra, press amdCtdl on the keyboard and press on the row you
want to select with the left mouse button. If yoanwvto deselect a row, press with a left mouse
button on any selected table cell. A left doubliekclon any row causes standard opening of a
spectrum withirGammaPRO.
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Block 2 contains a graph, which displays on thiecied spectra in the table on a single
automatic scale.

L . =
Press thesss button in the menu to add spectra to the tableyress thepeiete button to

b
delete, first selecting necessary spectra in thie td o delete all the spectra at once, pCleas

Block 3 is intended for management and all kinflogerations in théPack of spectra
module. It consists of several talfSu(rent, Math. operations, Stability, Activity, Calibration,
Sensitivity control, Background control, Normalizaton, Map), each of which is responsible for
respective functions.

The Current tab (see Fig.53) displays all the information d@bparameters of the last
selected spectrum in the table (block 1). Thedigbarameters on thearameters and Additional
tabs fully duplicates the list provided on tfepectrum parameter$ tab (see Fig.20 and Fig.36)
when you work with the spectrum window.

There are two buttons on the toolbar of Gerent tab: E (Save current changgand "
(Template). The first is for saving changes made to fieltithe ParametersandAdditional tabs.

The " button provides the user withTemplate tool, which is intended for measuring one or
several parameters of selected spectra. When yess pphis button, th&emplate of parameters
window (see Fig.54) will open.

emplate of parameters
Apphy ]
Farameters  Additional
Spectrum type * asw ]
Sample ID ]
‘Waight | Unit 1 | kg | [v]
Yolume | Unit 1 [l | [v]
- Reference date
Date 20.08.2010 [ ]
Timne 16:10:06 []
Caomment F20bd: 16045860 | |
- Coefficient concentration
Coefficient 1 :
Use |:| | |
Calibration file ChGammaPROepe-ghclb_oies Z
Background spectrum | ]
+WBC
-ROI
Calculate [ ] | |
Subtract bky [ ] [ ]
Data filename :
+RFD
hiaterial [ [ ]

Figure 54.Template of parameterswindow

Edit one or more parameters and check this fieldhe right. Then, in the main list of
spectra, select the spectra, to which these chaigesd be applied, then pre&pply in the header
of theTemplate of parameterswindow. As a result, you will see a message ablmimanipulation
you have made.

The & (Get parameters of current spectrun) button is necessary in the cases, when it is
necessary to get parameters of one spectrum arttiereeas a template for other spectra.

The Math. operations tab consists of 3 blocks (Fig.55) and is intenédsumming and
subtracting spectra.
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Operstion Ext. parameters Result

(& Spectrum O Mask for new spectra
o | ~] | Fiename_

O Energy O Constant @ Filename far new spectum

|: ___I Autoopen
Calculate

Sum time

Figure 55Math. operations tab content

To add several spectra and make them one:
- select the spectra intended for summing imtle table (Fig.53, block 1);
- selectSun’ in the dropdown list of th®peration field (Fig.55);
- select the option corresponding to the typeswhming (channel-by-channel or in the
energy scale);
- in theExt.parameters block, selectSpectrum as shown on Fig. 55, the field with the
dropdown list should be empty;
- in theResult block, selecFilename for new spectrum pressﬂ in the field below and
select a path and the name for the sum spectrum.
- pres<Lalculate. A new summary spectrum will be created as a reduhe actions above.
There is &Sum time checkbox in théxt.parameters block. It is intended for changing the
type of the resulting summary spectrum by timeedioh. Thus, for instance, you should check this
checkbox, when summing spectra of the same typsvest from one detector or from one source.
By doing this, you will sum count and time in thesulting spectrum. Thus, we will receive an
averaged spectrum with improved statistics. In ott@se, when summing spectra from difference
sources, disable th&Sum time” mode. Then the resulting spectrum will have timethaes first
spectrum being summed (the so-called adjustmehettime of the first spectrum).
To add several spectra with one spectrum:
- select the spectra intended for summing imtlae table (Fig.53, block 1);
- selectSun’ in the dropdown list of th®peration field (Fig.55);
- select the option corresponding to the typeswhming (channel-by-channel or in the
energy scale);
- in theExt.parameters block select Spectrum as shown on Fig. 55;
- in the field with the dropdown list select tBpectrum, with which you will sum the
spectra selected in the table;
- in theResult block, selecMask for new spectra and in the field below enter a mask, for
new spectra, to make them different from the oafones;
- presCalculate.
As a result of this, files of spectra summed witie spectrum will be created on a disk.

To subtract a spectrum from several spectra, yawldhdo the same operations with the
exception of the type of operation in t@geration field. You should selecSub’ here.

Spectra can be summed and subtracted with a con$tawmlo this, in the above-mentioned
algorithms speciffConstantinstead ofSpectrum and enter the constant value in the field below.

The Stability tab is intended for determining stability of thgestrometric tract by spectra.
Thus, for instance, to receive a graph of deperelefiche’*'Cs radionuclide peak position in a
spectrum on time, the set of spectra should be unedsn an automatic mode. Load the received
pack of spectra to theack of spectramodule. Select all the spectra. On 8tability tab (Fig.56,
block 1) in theFind in range block, specify the approximate location of thelpedheckCentre and
pressCalculate. Fill in columns 3, 4 and 5 in the module tableeTgraph on th&tability tab will
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show the dependence you seek. You can copy thleveet graph to clipboard by pressiig
clipboard. To make selection of the window with the peakiezasise Auto (in thé&ind in range
block). This button gets fixed in this state, whgyu press it. Then, you can double click with a
marker on the spectrum in the place of the leftdoim edge and then in the place of the right edge.
The graph range will get selected (see Fig.56)nToel can presSalculate again.
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Figure 56

Sigma, Resolution Integral andIntensity checkboxes are intended for displaying on the
graph not only the centroid of the peak, but al$gHM (full width at half maximum) value,
resolution value calculated based on the peak stapeell as integral and intensity. Thimd in
range group contains an option for entering window edgashannels and in energy values (keV).

The Sensitivity control tab (Fig. 57) is intended for detector sensitivdgntrol. The
programme evaluates the difference between measamneld passport values of activities of
radionuclides in the control sample taking intocaat errors in their determining.

Math. operations | Stability | Activity | Calibration | Sensitivity control 4]0

File of parameters ‘ ChAGammaPRO\spe-g\clb_ghtest pks _||

Biackground spectum ‘C:\GammaPRO\spe—g\fon\sum_1Dh.asw _||

Calibration file ‘ CAGammaPRO\spe-g\clb_gitest.clb _||
X Spectum | Th-232
CAGammaPRO\spe-gihi119_13_1.asw Mormal
2 CiGammaPRO\spe-ghi119_13_2.asw Maormal
3 CAGammaPRO\spe-gihi119_13_Jasw Mormal

Figure 57 Sensitivity control tab view
Select necessary spectra in the main table toyerthe control. In tab fields, consecutively

load the file of passport data of the control saspithe background spectrum and the file of
calibration by ROI-method. Pre€ontrol. The result looks as shown on Fig. 57.

6C



The Background control tab (Fig.58) is intended for a standard matherahtiperation,
which allows evaluating the unchangeability of tn@t background by comparing the measured
spectrum with the background spectrum.

Math. operations | Stahbility | Activity | Calibration Sensitivity contral | Background contral

Background spectrurm |C:\GammaPP\O\Spe—g\fon\sumj Oh.asw _||
© Calibration file |C:\GammaPRO\Spe-g\clb_g\test.clb _|| Control
O Zaone file |C:\GammaPRO\test‘\tests.roi _||
1N | Spectrurm | Fesult
CAGammaPROspe-gifonifon_... MNormal
3 ChGammaPRO\spe-gifonifon_... MNormal
4 | ChGammaPRO\spe-gifonifon_... MNormal
5 ChGammaPRO\spe-gifonifon_... 37
6 | ChGammaPRO\spe-gifonifon_.. MNormal
7 ChGammaPRO\spe-gifonifon_... MNormal
CAGammaPROspe-gifonifon_... MNormal
CAGammaPROspe-gifonifon_... MNormal
CAGammaPROspe-gifonifon_... MNormal
CAGammaPROspe-gifonifon_... B.1%
12 ChGammaPRO\spe-gifonifon_... MNormal
13 ChGammaPRO\spe-gifonifon_... MNormal
14 ChGammaPRO\spe-gifonifon_... MNormal

Figure 58 Background control tab view

The required spectra are selected in the maire t@béxecute that operation. In insert fields
Background control sequentially load the background spectrum andiedion file for windows
method (or ROI file). Press the butt@ontrol. The result looks as it is shown in Fig. 58. From
calibration file in the present case the prograkesaonly energy windows which also could be
specified in ROI file {.roi).

TheActivity tab (Fig.59) is intended for the calculation afivdty of radionuclides using the
ROI-method. For a series of spectra, the proceduitee same as for a single spectrum (see section
5.1).

Current | Math. operations | Stability | Activity | Calibration | Sensitivity control Background control i

Result
Background spectrum |C:\GammaPRO\spe-g\fDn\sumjDh.asw _|| estl

QO File ® Report E——
Calibration file [CAGammaPAOspe-tclh_giMarinclh || Calculste | O mSard O DB
Calculation type |Specw1ic activity, Bolkg L"

Calculate MDA
o [ Activity Ac.errar Sp.activity Abs er [ Unit Relerr OprL OFC

1 Spectrum Activity. By | Aceror, % | Specific activity Bojkg | Abser | Reler, z(P=035)
1 [ Agif =209 + 26 Bo/kg L Block 2
- Rig-226 197.7 43 106.9 1161 109
Block 1 - Th232 40.03 913 21,65 3.345 154
- K-40 1509 181 816.2 78.01 956
Cs-137 32.26 9.59 17.45 2.821 16.2
2 [-] CAGammaPRO\spe-g\... = Aeff=85+ 13 Bog/kg
- Pirr226 <8368 - <5185 - -
- Th-232 32.04 147 19.85 3.493 176
K-40 968.4 376 600 62.97 105
Cs-137 <3534 - <213 - -
3 [ CA\GammaPRO\spe-g\.. = Aeff=91+ 20 Bokg
- Rig-226 2632 568 14.76 178 121
Th-232 21.27 292 124 1.243 10
K-40 1148 0.412 669.2 66.92 10
-~ Cs-137 <3389 - <1475 - -

Figure 59 Activity tab view

It is possible to calculate activities for a serad spectra from théctivity tab only using
one calibration file and one background spectrumd® this, select necessary spectra in the main
table. In tab fields, consecutively load the baokud spectrum and the calibration file. Press the
Calculate button. The result looks as shown on Fig. 59.
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Block 1 on Fig. 59 has checkboxes, which will shilm column in the results. Calculated
activities and errors are shown in table as a ffeelook at the values of any specific spectrum,

press or- = Fin the respective row and hidden data fields sfpear. If you need to show all the

values at once, press on tBpectrum column heading, when you press again, all thedielill be
hidden.

Under block 2 (Fig.59), there is tialculate MDA checkbox. When checked, the table will
display minimum detected activity and specific (wak) activity instead of activity, when relative
error is higher than 50%.

Block 2 on theActivity tab is for exporting results to data storagesgef@ample, a text file,
MS Word, a report and a database. Check one of the optiobck 2 and pressransfer. The
content of the resulting table will be transferemttording to the selection.

12 Radionuclides library editor

The radionuclides library editor is intended fomggtion of files, which are used in the
calculation of activities, identification of radiodides and for other spectrometric tasks. Thdss fi
should be shown in thdbrary file field in theldentification section of th&Spectrum parameters
window (Fig.20 and Fig.36).

A library file contains the list of radionuclidesitiv respective energy lines and their
guantum outputs. The programme can handle libriéey bf two types*.bib and*.lbr). The first
one ¢.bib) is a text file and has a structure of the soechihi-file; the second oné.lpr) is also a
text file, but it has other, more old-fashionedusture. Both files may be formatted and edited
manually (in any text editor), or you can also tieeRadionuclides library editor module.

To open the editor, sele@ptions->Library editor in the main programme menu. A
window shown on Figure 60 will appear on the digpla

% Radionuclides library editor x|

= A He E Wi B X = A He E Hi B X
Muclide [ Haltlife time [ Cuant_ | Errar |d Muclide [ HalHite time [ Cuant.._ | Error |

[+] 1159232 [-}[v Ba-133 332610000.5832

[+] 24615360 [ 8 KR
[+] 89937239328 v 276.39999 7.321
- 6713280 _I [+ 30285001 18.71)1
[+ 23480928 ~[# 356.01001 62581
- B127142.4 [+ 38385001 4.891
[=] 655192696765 [=}[¥ ©s-134 B5070351.57696

5 9991 [ 56322699 5.351

: v 99.98241 [ BEG315 16431
|7 Cr-51 2393280 E\ [ BD4.69897 97.561
[ Cs128 115416 [# 79554497 B5.44 1
¥ cs-132 559440 -[¥ 801.93201 8.731
[~ Cs134 F5070361.57696 = [¥ 1187.337.. 1.805 1
¥ C=-136 1137024 v Co57 23480928

[-l[* Cs137 952138687 537 - 1441 9541
( [ GE1.55397 8511 [ 122083 §5.591
|7 Cu-67 222912 v 136.476 106111
g Dy-159 12476159136

[+]|» Eu-148 396576

Block 1 -|7 Eu-147 2073600 ~|

CAFRE cood40 lasonnnn

Sort Parameters Sort Farameters

() By energy Tz @ By energy T

O Quantum yield ‘\ O Quantum yield

=

Block 4 Block 6 Block 5 Block 2

Figure 60Radionuclides library editor window view
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It looks like two symmetrically located blocks, wh contain a table (block 1 and 2, Fig.
60), a toolbar and a block of display parametelscis 3 and 4). The functionality of the blocks is
absolutely the same, which allows forming librariesng elements of both. Use arrow buttons
(block 5, Fig. 60) to move radionuclides from oitedry to the other.

The GammaPRO installation package usually contains one or mimaries, from which
you can make individual libraries for specific tasko do this, you need to load an already availabl

library from the toolbar editor to the left blocking . Then select necessary radionuclides and

pressB (Copy selected radionuclides Selected items will appear in the right tabernt you can
add something to it, edit and save it. ltems friwn ight table can be copied to the left tablenmm t
same way.

To edit names of radionuclides, energies, etaplioclick on the current value with the left
mouse button and the field will switch to the editmode. To finish editing, press Enter.

To add a radionuclide to the table, pr#¥;(Add radionuclide). A new row with the name
of the radionuclideNu' with one energy line will appear. The new rowlvappear above the
currently selected row. To add a radionuclide ® e¢hd of the table, deselect the current selection.
To do this, left click on the field under the taltie the right of thBarametersgroup (Block 6, Fig.
60). The new row should be edited according toanttaristics of the item to be added.

To add energy line of a radionuclide, select thesn with a cursor and prefE (Add
energy) on the toolbar. In the new row, you should replaefault values with necessary ones
(energy, quantum output, quantum output error).

To remove a radionuclide and its energy lines, (i 2(Delete selected radionuclidgsand
B: (Delete selected energiesyespectively. To clear the entire table, use ZigRemove al)
button.

When you have finished editing the table, you sawve it in any of the two formats. To save,

press 5| (Save library file) on the respective toolbar. Please note that.the library format does
not support saving of the so-callechecking/unchecking of items and their lines.

13 Reference source library editor

The Reference source library editor is intendedgeneration of files of passport data of
sources, which are used during efficiency calibratof the spectrometer. These files should be
shown in theSource reference datafield in the ldentification section of theSpectrum
parameterswindow (Fig.20 and Fig.36).

To open the editor, sele@®ptions-> Reference sources library editorin the main
programme menu. A window shown on Figure 61 wippegr on the display.



<% Passport of source editor = |EI |i|

| Open | | Sawve |
e
File Ch\GammaPRO\spe-gipksil3n |/ Radionuclide | Activity, Bq Abs. exp. uncert., Bq (k=2) ‘
Geometry | Marinelli 1L | Eu-152 5820 o0
‘eight | Unit 170 i Am-241 4640 o0
“alume | Unit 1000 ml 3

Feference date 01.01.2008
Feference time 12:00:00
1D source 12/08

Library: CAGammaPROVbABIGLIBR new LBR

Figure 61. Passport of source editor window

A passport of source file contains a list of radidides, their activity, uncertainly, as well as
other parameters describing the source.

Figure 61 shows an example of completion of thenfin the Reference sources library
editor window.

Complete the following fields in the left partthie window:

Geometry — source geometry, the text field may be filled mdiyuar its value can be
selected from a dropdown list.

Mass | Unit—source weight and weight unit.

Volume | Unit —source volume and volume unit.

Reference dateandReference time— date and time of adjustment of activities specified
the table to the right. Please note that all theviies in the table must be adjusted to this datd
time.

ID source—source identifier or number, a text field.

On the right side of thReference sources library editowindow there is a table, where the
user should enter data about radionuclides presetite source. To add a row, preds (Add
radionuclide) above the table. Then, it is necessary to filpgniields with values from the source
certificate. To make it easier to enter the dataudlthe name of the radionuclide, the user may
select it from the list, which appears in the edjtmode in théRadionuclide' field (see Fig.61.1).

=X

+  Radionuclide Activity, Bg
5820
4640

Figure 61.1 Selection of a radionuclide from thoedry

To make a dropdown list available, it should bedied from a library file in format described
in Section 12. To load a library file, double cliok the status bar of the windaand load the
required file using a standard file selection digie. The name of the loaded file will be shown on
the status bar.

To delete a row or clear all the list of radiondet shown in the table, u= (Delete
radionuclide) and® (Delete all radionuclide$ buttons, respectively.
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To finish the creation of a passport of source, flave it as a file. To do this, pr&sveon
the toolbar of the window and specify a new fileam
To load an existing passport of source file f@wing and editing, use tl@pen button.

14 Calibration for activity calculation by the ROI-method

14.1 General provisions

The GammaPRO software enables calculation of (specific) acyivif radionuclides in a
count sample by the ROI-method considering calidnatiles which contain calibration sensitivity
coefficients calculated in accordance with paralgrbp.4.

The software also enables direct calculation bbtion sensitivity coefficients.

Calibration of detection sensitivity of a specteder is performed by means of activity
reference samples featuring the shape of and gamawiration absorption within the count sample.

The calibration can be regarded to consist of dflewing stages:

— acquisition of spectra irradiated by referencevigtisamples or calculation of such
spectra by means of special purpose software wéitilates interaction between
radiation and matter;

— acquisition of background spectrum;

— creating &.clb calibration file and saving it.

The format of &.clb file can be found in Appendix 1.

A proper calibration underlies correct and accunadasurements. This is why such an operation
shall be performed by a skilled expert, alterndgivan employee responsible for delivery and
adjustment of the spectrometer.

14.2 Creating a calibration file

14.2.1 Acquire spectra of reference samples orlsimuhese spectra be means of software
which implements calculation methods.

14.2.2 Load modulPack of spectra(see section 11).

14.2.3 Load all the calibration spectra into thizdule and then sort them, so that the spectra
of a radionuclide are grouped together (refer éoekample in Fig. 49.

14.2.4 Make sure that the parameters of the sahgpestra such as mass, volume, energy
calibration are correct, and background spectruchasen. These parameters are displayed in tab
Current-Parameters and additional taurrent- Additional (see Fig. 53, block 3).

14.2.5 Select talCalibration in modulePack of spectraand specify a radionuclide, its
activity (in Bq) and the corresponding certificatidate for each spectrum in blo&krior activity
of current spectrum (see Fig. 2, block A).



Block B

s
rs

ity | Activity | Calibrafion | Sensitivity control | Background control | Normalization | hap

- Block C k

nt | hath. operations
ChASWAspe-g\01_ms_ra_op.asw \El

Eommen 1t Background without count sample

Gamma Detection Unit N1 |

C\ASWAspe-gil2_ms_ra_sm asw

CaliEE

Calculate Create list of

EAFNER I

N
[
,E st S
v ChASWAspe-0\03_ms_ra_ps.asw ‘ | Create fil ‘ | ch t
,7 CASWAsps-at04_rms_th_op s CAGamMmaPROWINDS _I calibration reatetle calibration spectra_| | SPECUM BlE0se
cd CAASWAspe-gh05_ms_th_sm asw ﬁ&pr\m activity current spectumm \ Calibration data:
[V 1 C\ASWAspe-gilE_ms_th_ps.asw += H Muclide/DensitySpectum | Activingimens. | DaefER | Screening coefficient |
|l CAASWAspe-g07_ms_k_op.asw Nuclide Adtivity | Data | -] Ra-226
[¥ 6 CIASWispe-gi08_ms_k_sm.asw Thadz SED 07.01.2008 [} 0204
|l CHASWAspe-gi19_ms_k_ps asw Tos7 N [} ChaSWAspe-gi0T_m 1770 01.01.2008
[¥ 10 CiaSWi\spe-gi10_ms_cs_op.asw Ce-138 B12-709 16.458499 0.00933
M1 CAASWAspe-gi11_ms_cs_sm.asw Te99 J 870-1000 5.80475 000328
i ©99m

CHYASWAspe-gh12_ms_cs_ps asw -1068-1178 6.894768 0.00390
5137
Fiac225 1677184
Anzel 2500 - 2720
Thees 1,098
= 1.86
|+ Th-232

K-10
Cs-137

-~ 1385-1540 0.00234
0.00257

0.00005

' Block A Figure 62
Block E Block D

To this end, mark the first spectrum in the spenuttist (Fig. 62, block E) and click buttc
(see Fig. 62, block A). In columNuclide of the string which will appear below, choose the
radionuclide from the drop-down list. Specify thetidty or radionuclide concentration in the
reference sample in columictivity . Specify the certification date of the radionuelidctivity or
concentration in columtDate’. Then click buttorB to save the data. The procedure described is
applied to each spectrum in the main table (Figb&itk E).

14.2.6 Choose appropriate geometry in fiéledometry (Marinelli 1L, 0.25L vessel and so
on, see Fig. 62, block B).

14.2.7 In fieldWindow (see Fig. 2, block C), specify the file which aint the data on the
energy regions to be considered in calculation gseagraph 4.1 of Appendix 4).

14.2.8 If necessary, fill in fiel@omment.

14.2.9 Click buttorCalculate calibration.

14.2.10 All the calculated calibration sensitivatyefficients will appear as a tree structure in
field Calibration data (see Fig. 62, block D).

14.2.11 Click buttorCreate file to save the calculation results as a calibratien(¥.clb) to
disc (see Appendix 1).

14.2.12 By clicking buttorCreate list of calibration spectrg one can create a calibration
spectra list filg(*.Ics) which is used for activity calculation by the sgposition method (see section
5.4). It is recommended to create separate foldersalibration spectra, background spectra and lis
file.

14.3 Calibration for content calculation

In case the spectrometer should be calibrated ils obhmeasurement different from Bq, for
example, mass fraction, percent and so on, thbraéibbn procedure remains the same as described
in section 14.2. The certified values of the sam@aled their units of measurement are specified in
the table (Fig. 62, block A) with no changes acoaydo paragraph 14.2.5. At the same time, one
must additionally edit the output calibration f{teclb) and specify the proper units of measurement
in the string containing the radionuclide’s namelaswn in the example below.
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Cs-137  (Unit="kBg/sg.m")
1 1.000

K-40 (Unit="Bg/kg")

1 1.000

Ra-226  (Unit="%")

1 1.000

Th-232  (Unit="ppm")

1 1.000

If the measurement unit is not specified, it isqgumed to be Bqg by default.
In order to obtain the result of calculation of icadiclide content in user’s units of
measurement, switch the calculation mod€dmtent (see section 2.4.4, Fig. 15).

14.4 Calibration coefficients

The ultimate goal of calibration of a spectroneetract by the ROI-method is generation of a
matrix of calibration coefficients, each of whichresponds to the energy window, radionuclide
and density of a reference sample.

The number of energy windows is selected to be lequaxceeding the number of the
radionuclides used for calibration. The energydesins as such are determined by regions of
interest which are related to full energy peaksefaech radionuclide used for calibration.

Calibration sensitivity coefficients are calculatacaccordance with the formula for count rate
in each j:th window of an acquired spectrum of antsample:

X
S = ZAESJi +S, i=1m (14.4.1),

where m is the number of unknown radionuclideshiexdount sample;

X; is the unknown activity (to be calculated) of il radionuclide in the count sample
featuring a certain densipy, Bq (Bqg/kg);

A is the activity of the:th radionuclide in the “reference” sample featgrancertain density
px: B (Ba/kg);

S;,is the count rate in theth window of the “reference” spectrum of théh radionuclide

excluding the background count rate, cps;
S, is the count rate in theth window of the background spectrurit, s

S

Ii
Value A in formula (14.4.1) is the sensitivity coefficiefdr window j, radionuclidei

and densityy . Considering this, the formula for calculationcalibration sensitivity coefficient s is
as follows:
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— jir

ijr A , I'=po.pa (14.4.2)
r

wherepo. pqis the density of reference samples used for alibr, g/cni;
C, is the sensitivity coefficient for windoyvand radionuclide in the spectrum of a sample
featuring density, cps/Bq (cps/BdQ);

po.paare the density values of the reference samplesfosealibration, g/cr

dis the number of density values used for calibrgtio

S].ir is the count rate in windoyvof the spectrum of reference sample with radiadedl

featuring density excluding background count rate, cps;
A is the activity of radionuclidein the reference sample featuring densitBq (Bqg/kg).

For each measurement geometry, the result of edlior (a*.clb file) is an own matrix of
sensitivity coefficients in accordance with formak.4.2.

15 License

A standard version ocammaPRO s protected by a USB license dongle. This mehas t
the USB license dongle should be inserted in thewP@n the software is being launched or
operated. The root directory of the dongle mustaiorfile sn_key.datThe file mentioned contains
the generated coded data on the dongle in quedfitimere is no license data, the software will
perform in the demo mode during 10 minutes, thewilit warn about demo version status and
terminate the operation. During this 10 minute demmde, measurements cannot be started, and
there will appear messages warning about misstegde.

Thus,GammaPROis in the demo mode if:
« no USB licence dongle is inserted in the PC;

- there is n@sn_key.dafile in the root directory of the license dongle;
- the USB licence dongle does not comply with the daintained in filsn_key.dat
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Annex 1. Calibration file structure (-.clb)

The content of the calibration file is italicised.

Mar i nel

ADC Pol ynom S/'N 16

BDEG- 63-

6
612.
870.

1068.

1385.

1677.

2500.

4

Ra- 226

3 0.200

Th-232

3 0.200

K- 40

3 0.200

Cs- 137

3 0.200

[cNoNoNoNoNe)

. 012518
. 012386
. 011181

[eNeoNe]

. 008251
. 007594
. 007546

[eNeoNe]

. 000385
. 000364
. 000343

[eNeoNe]

. 030660
. 028320
. 027240

[eNeoNe]

63
709.0 0.99 0.97 0.95
1000.0 0.99 0.97 0.95
1178.0 0.98 0.95 0.92
1540.0 0.99 0.97 0.95
1846.0 0.99 0.97 0.95
2720.0 0.99 0.97 0.95
(Uni t="kBqg/ sq. n")
0.900 1.700
0.900 1.700
0.900 1.700
0.900 1.700
0.004974 0.006181
0.004851 0.005869
0.004716 0.005408
0.016280 0.002369
0.014390 0.002190
0.013330 0.002031
0. 000529 0. 000504
0. 000570 0. 000556
0.000473 0.000474
0.000012 0.000003
0. 000020 0. 000006
0. 000025 0.000008

[eNeoNe] [eNeoNe]

[eNeoNe]

ceoe
coo

Nanme of geonetry of measurenments
Three rows for

any conments

Nunber of worki ng wi ndows

Bottom and

Nunber of

top edges of

work w ndows, as well
coefficients of shielding for each density and w ndow.

radi onuclides in the matrix

Radi onucl i de and units of neasurement
Nurmber of attested densities and density in g/cn?

. 004008
. 003725
. 003491

. 002162
. 001980
. 001896

. 001908
. 002064
. 001720

[eNeoNe]

[eNeoNe]

coo
coo

ceoe
coo

. 004754
. 004530
. 004011

. 001555
. 001367
. 001381

[eNeoNe]

[eNeoNe]

coo
coo

ceoe
coo

. 000082
. 000085
. 000103

. 004037
. 003551
. 003587

Sensitivity,

for the first
nuclide (c'Bg?)
in work w ndows
(rows) and for
each density
(col ums)

as



Annex 2. Efficiency file structure ¢.efp)

Efficiency Eff calculation for energ, is made using the formula:
Eff(En)=EXp[Ao+A1INE+A*(INE )+ As(INEp)*+A4(INEn) *+As+(INEp)° +Ae+(INEy)°.

[ Mai n]
Count =3
En_1=50
En_2=3000
[ITtem1]
Ro=0. 19
dA=0. 000120673701486547
A0=100. 952521999333
Al=-193. 624766139809
A2=113. 539550219905
A3=-31. 4152431368484
Ad=4.55284676290508
A5=0
A6=0
A_up0=-239. 089407209938
A upl=154. 712894929183
A _up2=-37. 6090565833576
A _up3=4.0180585277374
A up4=-0.160073518024323
A up5=0
A up6=0
A _down0=-242. 411794019549
A _downl1=156.961174786668
A down2=- 38. 1739234808294
A down3=4.07993324404847
A _down4=-0. 162573133753684
A down5=0
A _down6=0

Count _poi nt _ef f=8

Poi nt _ef f 1=Ra- 226; 186. 1; 0. 0289146; 0. 036
Poi nt _ef f 2=Ra- 226; 241. 98; 0. 0230479; 0. 036
Poi nt _ef f 3=Ra- 226; 295. 21; 0. 0201344; 0. 036
Poi nt _ef f 4=Ra- 226; 351. 92; 0. 0176451; 0. 036
Poi nt _ef f 5=Ra- 226; 609. 31; 0. 01006; 0. 036
Poi nt _ef f 6=Ra- 226; 768. 36; 0. 00867296; 0. 036
Poi nt _ef f 7=Ra- 226; 1120. 3; 0. 00628238; 0. 036
Poi nt _ef f 8=Ra- 226; 1764. 5; 0. 00447472; 0. 036
[Item 2]

Ro=1

dA=6. 98283591165722E-5
AO=-472.240982213604

A1=394. 832631929211

A2=-135. 275425911041

A3=24. 0371788273522

Ad=-2.32009207827529

A5=0. 113556756070361

A6=-0. 00213719932431744

Mai n bl ock headi ng.

Nunmber of densities.

Interval of energies,

to which the curve corresponds.

First curve bl ock heading

Density corresponding to the first curve.
First error approximtion error.
Coefficient A

Coefficient A

-/ -

-] -

-/ -

-] -

-] -

Polynomial coefficients of the upper boundary of

the confidence interval of the efficiency curve

Polynomial coefficients of the lower boundary of
the confidence interval of the efficiency curve
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Annex 3. Passport of source file structure-(pks)
The content of the passport of source file isataéd. The file has a structure of a standard

INI file.

[ Mai n]
Count _nucl i de=4
Date_reference=43412. 9568

Massa=0. 314

Vol une=0. 25

Uni t _wei ght =kg
Unit _vol une=|
Ceonetry=Marinel | i
Number =11/ 17

[ Nuclide_1]
Acti vi t y=5400
Abs Err =540
Name=Ra- 226

[ Nucl i de_2]
Activity=2100
Abs Err=210
Name=Th- 232

Mai n secti on nane.

Nunber of nuclides in KO

Dat a, on whi ch t he activity IS
adj ust ed.

Mass of the source.

Vol ume of the source.

Mass unit.

Vol une unit.

Nanme of geonetry

Tabl e nunber of source

Fi rst radi onuclide section nane.
Activity, Bq.

Absol ute error, Bqg.

Fi rst radi onuclide name.

Second radi onucli de section nane.
Activity, Bg.

Absol ute error, Bqg.

Fi rst radi onuclide name.
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as:

Annex 4. Calculation of confidence interval for meaurement error

4.1 ROI-method

(S)* count in each “window” in the spectrum of the countable sample may beepted

X, A

(3)*?2?&3)‘, (1)
i

whereX; is unknown (sought) activity ¢f nuclide in the countable sample, Bq;

A is activity ofi" radionuclide, Bq in the reference sample;
(S)' is count ini™ window of the library (reference) spectrumiBhuclide,c™.

The process of calculations is as follows:

calculate the speed of count in windows; subtrackbround count speeds from measured
ones;

select activities of nuclides in the mixture usitg method of the least-square method
according to the system of linear equations (1);

calculate random errors in activities  of radionuclides
(5).

A random error includes a statistical component anderror due to mismatch of the

measured spectrum with the sum of contributionsifspectra of sample sources.

The error range of the activity measurement regsitecific activity) 4(0,95) (with

confidence probability=0,95) is found according to the formula (in petgen

A(0.95)=K[Q+¢], 2)

where Q is the non-excluded systematic error ohsueement. The value of Q is set in

window Calculation parameters of subsection Ersee(section 2.4.4),

&jis confidence random error componeni'dfadionuclide:
8j:L*O'j, 3
where Student’s criterion L=1.96 (at confidencebadaility P=0.95). The value of L is set in
window Calculation parameters of subsection Ersee(section 2.4.4);
K is coefficient determined from the table depenainghe®/ o; relationship.

Table 1
K 0.76 0.74 0.71 0.73 0.76 0.78 0.79 0.8 0.8%
O/ o 0.8 1 2 3 4 5 6 7 8

O value in percent is determined according to thméda
6=110/67+62 +62 + 67, (4)
where@®; is spectrometer sensitivity coefficient err@y(=7 %);
0, is countable sample measurement eréy £1 %);
0O; is error due to a countable sample density e@3=@ %);
@, is methodical error due to mismatch between thentble sample and sample
composition @4 =5 %).
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If the ratio @/ ¢; <0.8, the value of the confidence error of specétctivity measurement
result of thej™ radionuclide in the countable sample is assumedetcequal to the random

component of the measurement ewspr
A (095, = K¢
If the ratio @/ ¢; > 8, the value of the confidence error of activityeasurement result
(specific activity) of radionuclides in the countalsample is assumed to be equal to the confidence
residual bias of the range of the measurementtr€sul

A (095),= Q.

In GammaPRQO, the following values of coefficients are used whealculating the
confidence range of measurement error:
L=1.96; (see parameter L in section 2.4.4)

Q=0.1 (10 %) (see parameter L in section 2.4.4).

4.2 Determining activities of radionuclides by thendividual peaks analysis method

Select a single peak or a multiplet in the measspttrum. Determine areas of the peaks.
Calculate the radionuclide activity of a single paacording to the formula:
S
= , 5
A= ek (5)
whereA, is the radionuclide’s activity, Bq;
Sis peak area, imp;
t is live spectrum writing time, sec;
k is quantum output of the selected radionuclide;lin
& is full efficiency of registration of quanta of shénergy¢™/Bq.
Efficiency is found according to the formula:

£, =exp(A, + AINE, + A(NE,)* + A(nE,)*+A(nE)"+ A(nE,)* + A(NnE,)"), (6)

whereE, is energy corresponding to the gravity centrenefgeak, keV;
A is polynomial coefficients approximating dependentefficiency on energy.

The standard total relative uncertainty of thewatstiis calculated in the following way:

R 2

where Ug is the standard relative uncertainty of peak &ea

Ug is the standard relative uncertainty of detectfiitiency g,

Us is determined in the following way:

1 n+20n,

u = I ©
S, t (8)
wherens is the count rate in the peak without taking baokgud into account, pulse/sec;

N is the count rate delivered by both the sourcethadbackground, pulse/sec;
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Ny is the count rate delivered by background onlyseisec;
U, is determined by the value of the uncertainty @f éfficiency which is considered as a
polynomial function similar to (6) and calculatedize stage of efficiency calibration.

Activity values calculated for a few peak} ¢f one and the same radionuclide are averaged

in the following way:
2
W,
A — Z A 2| ’
2w ©

w; is the contribution of peak This value is inverse ol ,; ;

A is the activity of the radionuclide calculatedfmaki, Bq;
The total relative uncertainty of the activity isrftce equal to:

wherei is the peak number;

1

2
2% 10)

The expanded uncertainty of the activity measusezkpressed by the following formula:

u, =

UA :uA[k (11)

where k is the coverage factor, k=2.

Annex 5 Calculation of specific effective activityof natural radionuclides

The value of specific effective activitg, is calculated bysammaPROusing the formula:
Agft = Ara+1.30Arh+0.090A;
wheredr, AmandAx are specific activities dfRa, ?**Th and*’K in the countable sample,
respectively.
Absolute errorA;; (4 ) is calculated according to the formula:

Oy =-[ &y + (130% 4,,)7 + (0090x 4, )? ,
wherelr,, AthandAg are absolute errors of specific activities’@Ra, ***Th and*K in the

countable sample, respectively.
The results of calculation of specific effectivetiaity in natural radionuclides in countable

samples are recorded as:

Agy = 4y Balkg.
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Annex 6. Scenarium Module
6.1 Application

The moduleScenarium presents the detached program, which could beclathfrom the
program"'GammaPRO" and separately as well. The module is intendedh®isequences of spectrum
procession operations and other actions in theranogGammaPRO". Module Scenarium also
provides the remote access to the progi@ammaPRO" by internet by the specified IP address.

As module Scenarium actually provides the access to the instrumentsthef program
"GammaPRO" by protocol TCP/IP, the user could create own mogmodules which will send the
commands identified by the progrdif@ammaPRQO". The list and description of the commands of
module Scenarium executed by the progralbammaPRO" is listed in section 6.6 of the present
annex.

6.2 Start of Scenarium module

To launch the modul8cenariumfrom the programniGammaPRO" it is necessary to select
the item MuHcTpymentbi->Cuenapuym” in the main menu or start the progracen-mod.exa work
catalog of the prograftGammaPRO" .

At the start ofscen-mod.exavith parameter "1", module interface will be in 93ian, with
parameter "0" - in English. Also the parametarhect could be applied as a second one. In that case
after the module launch automatically will be mé#ue attempt to connect the server. For example:

C:\gammapro\Scen-mod.exe 2 connect //Module start in manual mode with English
interface and automated connection

When module is opened, the window will appearhendcreen as shown in Fig. A6.1.

Module Scenarium is connected to the prograttammaPRQO" via IP. At the start of the
module directly fronfGammaPRQ" , the automated connection is made and the £gmfection with
127.0.0.1 (see Fig. A6.1, unit 4) appears. If connecti®iset up, the control buttons in the instruments
panel will be color as shown in Figure A6.1(Un)jit Otherwise several buttons will be grey color.

If connection is absent it could be set up pressiegfirst button ©* in instruments panel of the
window Scenarium. The moduleScenariumafter the successful connection automatically satd the
require command for the presented in"GammaPRO" spectrometric  sections
(GET_TRACTS_NAME), and also make the control buttons in the insami® panel available.



Unit 1. Tool bar Unit 2. Script field

New scenario: 17.11.2018 17:49:48
Gend: GET TRACTS MAME ()
GET TRACTS_WNAME> DATA TRACTL (Binom,BDEG-76-76), TRACTZ (Binom,BDEB-70), TRACTS (MCASZT,3rIZ)

=E T_TRACTS_NAME=OK
End of scenario
Unit 4. Status b

Cannected with 127.0.0 1 —

Figure A6.1. Main window o$cenarium modul ] :
Unit 3. Status fiel j

Application TCP/IP as data base exchange protgrolide possibility to send the
commands from the modul&cenarium to the program GammaPRQO' (server) by network in
remote mode. At the module start from the remotewP@re the programGammaPRO" is not
installed, the destination IP address and comgtbeconnect and send commands) portal number
should be specmed It should be done with adjestimvindow (see Fig.A6.2), which is initiated by

the button “** (Parameters) in instruments panel.

Server P 127.001 port 37563

Close

Figure A6.2. Access adjustment window to the progt&ammaPRO’

6.3 Scenarium module interface

Fig A.6.1 shows the outer views of the mod8tenarium In the upper part of the window
the instruments panel is placed (see Fig. A6.3):

_ —. 0 Lt
e A = L8] TS 2
g ASh O [ | U :

Figure A6.3 Instruments panel of mod@eenarium

The panel has the following buttons:

g
s . Connection to server Press this button and connect to the progi@ammaPRO"
with application of the parameters, shown in Fig2A6
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- Parameters call the window of parameters connection to the serfprogram
"GammaPROQO").

- Scenarium execution start Pressing this button will start the mod@eenarium,
start the execution of the commands (script) secpiespecified in the field below the instruments
panel (see Fig. A6.1, unit 2).

- Stop scenarium executionPressing this button, the mod@eenariumwill stop the
current script as well as send the commBREEAK to stop the executing command on the server.

L1 - Open scenarium file.Call for the standard dialogue window to load shbefore
scenarium file*(.srm).

- Save scenarium file Call for the standard dialogue window to savedisc the
current scenarium of displayed in scenarium f(skk Fig A6.1, unit 2).

D Quiality assurance (ROI-method) Call for the window Quality assurance (ROI-
method), which provide the quality assuranpeocedures by the ROI-method procession (see
section 6.4 in the present annex).

Lr_"] - Quality assurance (peaks analysis method)Call for the window Quality
assurance (peaks analysis methodyvhich provide the Quality assurance procedurethbypeaks
analysis method (see section 6.5 of the presemann

The script field is below the instruments panethe window of the modul&cenarium
There the user is able to create its own scriptherbasis of the commands, available in the section
6.6 of the present attachment.

To make the script compilation easier the userldca@pply so called tip for available
commands list. Press the butto@fl+Spacewill display the drop dawn list of the commands,
available in the module. The user can select thaired command in the list by the buttons arrows
on the keyboard and predsnter, then the specified command will appear in thepsdreld (see
Fig.A6.4).

When the available command name is entered, trdul@@utomatically offers to enter the
command parameters in the specified sequenceolganized as a pop-up tip (See Fig.A6.4).

-lofx|
= i) “

s o O B HE

1 SET_PRESET(IOO)

»Z |3

SET_TRACT(MCA_name:string. Channel_name:string) -
START() ]
STOP)

SET_PRESET(Time_secinteger)

SAVE_CUR_SPC_FILE(Spc_filename:string)

New S gET_CLB_FILE_CURSPG(CIh_filename:string

Send: SET_BKG_FILE_CURSPC(Bkg_filename string)

GET T SET_EFP_FILE_CURSPC(Efp_filename:string) rIz},
- SET_LBR_FILE_CURSPC(Lbr_filename:string)
SET_ZONES_FILE_CURSPC{Zones_filename:string)
SET_CLB_FILE_TRACT(Clb_filename:string)
____ SET_BKG_FILE_TRACT(Ekg_filename:string)

End o SET_EFP_FILE_TRACT (Efp_filename:string)
SET_LBR_FILE_TRACT(Lbr_filename:string)
SET_ZONES_FILE_TRACT(Zones_| f\lename string) LI

CERID._DIRR memtale ol ntriv e Cetore o cbeiv e

Connected with 127.0.0.1

Figure A6.4 Drop down commands list
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il
& oA == [T '_\'/ o

g @ [1Q B E
i SET_PRESET(].OO)

%2 |SET _ENERGY CLB CURSPC (2
|Puint_cuunt:integer,0h1 integer.Entinteger[ChZinteger EnZinteger. Ch3integer.EnZinteger] i

Figure A6.5. Pop up tip for command parametersthanl order

The command parameters listed in the tip in sqheaekets are not obligatory and could be
absent. Thus, for example, figure A6.5 shows thep-ygo tip for the command
SET_ENERGY_CLB_CURSPC, set the energy calibration values where trst parameter of
the command is the number of dependence point® teeb up. Further the second and the third
parameters of the command are the number of thenehand energy value of the first point. If the
first parameter of the present command is equal| tee. only one calibration point is specifieddan
then no more parameters will be required. If thetfparameter is equal to 2 and more than the
channel number value and energies for the poimd2naore accordingly should be specified.

Below the script field there is a state field eféthe modul&cenariumdisplays the data on
the current execution of the script, display tmeeticlip of script start, sent commands and received
replies. Thus, Fig. A6.6 shows the state field vielere the script execution result, comprising two
commandsSET_PRESETandOPEN_SPC_FILE is shown.

~lolx|
S = [T - -

S ©X (:) rJ l! [;J
1 |SET_PRESET(100)

#2 |OPEN_SPC_FILE(C:‘\GammaPRO\test\test_cs137.asw)

New scenario: 17.11.2018 17:50:34

Send: SET_PRESET{100]

SET_PRESET=0K

Send: OPEN_SPC_FILE{C:‘\GammaPRC\testltest cs137.asw)
OPEN_SPC_FILE=OK

End of scenario

Connected with 127.0.0.1

Figure A6.6 Module window after script execution

The very bottom of the moduf&cenariumwindow has the state line where in the first field
the information on the connection to server staspiecified (see Fig. A6.1, unit 4).

6.4 Quality assurance (ROI-method)

The pressing the buttc —| module opens the windo@uality assurance (ROI-method)(see
Fig.A6.7). That window is intended for executionte$t measurement sequence to form the results to
evaluate the correct operation of the spectromegitions. The application of that chapter uses the
procession methods based on ROI-method, appliechlyn&dr scintillation spectrometers of low
resolution.
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As shown in figure A6.7, the spectrometric satt@uality assurance comprises several tasks
Gain adjustment, Energy calibration adjustment, Background test Sensitivity test Those tasks
parameters are collected in groups. The preseks tal be executed consequently at the start ef th
present chapter.

The preliminary stage of control also is the settiof the present section where the
operations are executed (see Fig. A6.7, unit 1).

Clus zurance (RO-method)

. Gamma detector N17
I
Unit 6 F[
[ [] Set tract

Set as current Binom.BDE G-76-76 ﬁ

Gain adjustment

Measurementtime of one iteration, s 120 [] Peak parahola

\ Target channe! 2z search inrange * 100 with accuracy + 1

Energy calibration adjustment

[

Measurementtirme, s an

W 1H T

Peak search range, +- channsl
Energy calibration file
\ |C\GammaPRO\lest\test_gamma.cen _||
Background test
Measurementtime, s
Zone file
\ |C\GammaPRO\lest\tests.rm _||
/T EE
D se spen:trum frorm energy calibration adjustment
Measurementtirme, s 300
Calibration file (ROFmethod)
|C \GammaPROYestiest clb _||
Fazsport of source
\ |C\GammaPRO\lest\test_cs.pks _ﬂ,
Quality assurance results
| Start | | Cancel |

Figure A6.7 WindowQuality assurance (ROI-method)

The quality assurance sta@ain adjustment makes the setting ("adjustment”) of peak into
the specified spectrum channel by the amplificatiactor change for the present spectrometric
section. As the present process is iteration dreejrhportant parameter in the current adjustment is
Ratio CV (See section 2.4.2). The paramdgasurement time of one iteration,s shows the
program the measurement time of one spectrumhidl definition of the current position of the
searched peak which should be set up in positipegied in the fieldTarget channel The peaks
search is made in value range specified in thel fisbarch in rangex from target channel. The
adjustment is over when the peak is in the positibthe target channel = value specified in the
field with accuracy +(see Fig.A6.7, unit 2).

For some special cases there could be necessgjutly the peak not as Gauss curve but as
parabad. It could be useful for the search of quasi-cedtio the alpha radiation spectrum, received on
scintillation spectrometer based on ZnS(Ag) chysiee Fig. A6.8).
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= Work spectrum: C

1 GammaPRO\ test test_ii\m;"lii L a&w

3504

3004

Counts

250

200§

1504

1004

S04

N0 e oo et Wy e ot i et e e SRS IR SN SRS e AR
50100 150 200 250 300 350 400 450 500 550 600 &350 700 750 3800 &850 900 %50 1000
Channel

Input countrate: 32403 |[Livetime: 3599.22 5. |[Realtime 3600s.  |Deadtime: 0.0216 % |
Channel: 1084 |[Enercr: 81516 | Counts: 0 |4

Figure A6.8 Alpha radiation spectrum on the spmugter based on ZnS(AQ)

For this case the checkmdrkak parabolashould be selected.

Quality assurance stadgenergy calibration adjustment (fig.A6.7, unit 3) makesthe peaks
search in the specified range and assigns themadeguate energy values, specified in energy
calibration file ¢.cen). The parameterMeasurement time,s indicates to the program the exposition
for spectrum measurement where peaks search witiduke. The range (one for all peaks) for the search
of the peaks there are specified in the fielehks search rangeThe path and energy calibration file
name, in accordance to which the peaks searchbeilione, should be specified in the fi@ldergy
calibration file. Thus, for example, in accordance to figure A@. The calibration file has two points
220 channel (661.7 keV) and 830 channel (2614.5 kidén the program will search in the measured
spectrum he peak within the range of 170 — 270wobla and will assign it the energy value of 661.7
keV, then the peak search in the range of 780 —c8&@nel will be made and the value of 2614.5 keV
will be assigned.

For some cases, for example, for the adjustmebietd spectrometric section (see Fig. A6.9),
possible adjustment of energy calibration only e @oint could be required. Then the calibratida fi
should have only one point.

& work spectrum: C:\GammaPRO\test\test_sr_cs.asw =g
Bl d G- M) AL
2400 =1o] x|
2200 =X ]
Channel| Energy (lbrary) |  Energy (cale) | _ 20001
2000 g |
205 624 624 5 15001
1500 i e
1600 > : : :
200 300 400 500 600 700 800
1400 Channel
2
= =]
21200 Polynomial degres [1 —]
é Cale calibration
1000 Library file | CIAS WYL lbr _”
800 Result E-69.81+2.763x NL%: -
s Save ‘ Report ‘ ‘ Applyto tract | Apply ‘ ‘ Close ‘
400
200
S‘U lEIIU IS‘U ZE‘IU 25'0 EUIU SS‘U 460 QS‘U SE‘IU SS‘U 660 65‘0 760 75'0 SUIU SSIU EEIU 95'0 1 U‘UU
Channel
Input countrate: 75873 [[Live time: 49877 5. |Realtime:500s.  |[Deadtime; 0.246 % |ADER. 0.3 psum | ‘
Channel: 1024 |[Energy: 28989 | Counts: 35 ]

Figure A6.9 Radionuclides Sr-90-Y-90+Cs-137 speautan the spectrometer based on
scintillation plastic and calibration window by egg
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The Quality assurance stagackground test (Fig.A6.7, unit 4) valuates the background
spectrum change in comparison to the current backgr spectrum specified in the sect@alculation
parametersin the programiGammaPRQO" (see section 2.4.4). The content of the backgraamdrol
procedure in the present operation is the sambkagrsin section 11 of the present document. Thes, t
program vauates the deviation of the count ratehan specified windows with the account of the
statistical component in measured again and cusaved background spectrum. The result (norm or
significant deviation) are displayed in the stégddfas well as the report on the Quality assurance

In the fieldMeasurement timethe exposition of the background spectrum acqarsifor the
control should be specified. The path and file ngfmei) with energy ranges to evaluate the deviations,
should be specified in the fiekbne file.

The Quality assurance sta@ensitivity test (fig.A6.7, unit 5) makes the evaluation of the
spectrometer sensitivity change in time. The castehthe sensitivity control procedure in the prés
operation are the same as listed in section 1heoptesent document. The program makes the standard
sample spectrum measurement, calculates radioeschdtivity and compares the obtained results to
the passport data for the samples with errors aatcdithe result (norm or significant deviation) is
displayed in the state field as well as Qualityuaasce report.

The standard sample spectrum acquisition exposighould be specified in the field
Measurement time If the standard samples for energy calibratiod sensitivity control are the same,
then the spectrum obtained on the stagEradrgy calibration adjustment could be applied. Then set
up only checkmark in indicatddse spectrum from energy calibration adjustment.The additional
measurement will not be done then.

The path and calibration file nam&dfb) are specified in the fiel€Calibration file (ROI-
method) by activity of calibration factors, which allow calation of radionuclide activities in the
standard sample (see section 5.1). The sourcedésthsample) passport data fitepks) is specified in
the field Passport of sourcesee section13).

When parameters in the windd@wality assurance (ROI-method)(fig. A6.7) are filled, the
user could start the control operations executiorhe buttonStart in window bottom should be
pressed, and then the module will compile scripthenbasis of the specified parameters and witidau
its execution. The process of the executing op@ratcould be seen in state field (see fig. A6.10).

To secure the logic and remote access during thealy assurance execution, the user should
not operate with spectra in the program "GammaPR@S5 it could result in the change of the current
path or close of the seen current spectrum.
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Displaying of the
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implementation

Gamma detectar N17

Set tract

Set a5 current Binom BDEG-76-76
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Gain adjustment

Measurementtime of ane iteration, s 120

220 ‘ searchin range £

Energy calibration adjustment

Target channel

Measurement time, s

Peak search range, +- channel

i

| [ Pesk parabala

100 with accuracy + E

Energy calibration file

|CAGammaPROVestest_gamma.cen

B

B

Measurementtime,

test
New scenario: 17.11.2018 18:16:34
Send: SET_TRACT(BEinom,BDEG-T76-76)
SET TRACT=OK Zanefle

%C:\GammaPRO\tesmests rai

---------------- =]
Send: ADIUST GATN(120,320,220,1,120)
ADJUST GAIN=DO

Sensitivity test

[ Use spectrum from ensrgy calibration adjustment

w
=1
=

Measurementtime, 5

Calibration file (ROMmethodl])
|CAGammaPROVestest oo

=
=

Close

FPassport of source
EC'\GammaPRO\test’\last_:s pks

Quality assurance resutts

Ci cted with 127.0.0.1 m m
Figure A6.10. State field in the process of Quadisgurance

When the Quality assurance script is over, thex oeuld see and analyze the control results in
the report clicking the sigQuality assurance results...in the bottom of the window.

The necessity to have Quality assurance parasnéereach path is obvious as the program
"GammaPRO" provides measurements by several spectrometriosectThe concept «template» is
applied to simplify the task.

To create the parameters templates for the prespectrometric path, the user should fill them

duely in the windowQuality assurance (ROI-method).Then press the buttc..# in instruments panel
of that window and the window with the nar@uality assurance templates(cm.puc.A6.12) will
appear.

nce templates

=X
| Gamma detectar N17
Beta detector N3

Double-click for template select

i
| Close

Figure A6.12. WindowQuality assurance templates

Further press the buttc® (Create a new template base on the current parametsyin
instruments panel of that window and enter the nafa new template in appeared dialogue
window. A new template will appear after pressihg buttonOK in the list of the windowQuality
assurance templatesTo call the parameters of any template, its nahwild be clicked in the list
by double click.
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6.5 Quality assurance (peak analysis method)

Pressing the buttowu the module will open the windowWuality assurance (peak
analysis method)(see Fig.A6.13). Analogue to the previous typéest, described in section 6.4 of
the present attachment, this window is intendedefacution of test measurements sequence to
form the results for correct and duly operatiorspéctrometric paths. The application of the present

section applies the procession methods, based ak pealysis method, applied for precision
spectrometers with high resolution.

Quality assurance (peak

& GCD-40190
Set tract
Set as current MCAB27. GCD-40120 =
( Gain adjustment BHOK 2
Presettime for one iteration, s 300
Y Target channel aa findl in the range = with accuracy = |1
/ Resolution and efficiency test
| Add to cards ‘ | Cards ‘ BHOK 3
Prasettime for measurement s 300|
Reference spectrum with peaks
|C\GammaPRO\tesf\test_coED_et.asw _”
Passport of source
\ |C\GammaPRO\tesf\test_co.pks _”
(" Background test
Presettime for measurement, s 3000
Zone file
\_ |C\GammaPRO\tesf\tests.rol _”
Quality assurance results
(o ] [ o |

Figure A6.13. WindowQuality assurance (peak analysis method)

The figure A6.13 shows that the Quality assurancgpectrometric path for peaks analysis
method comprises the following task&ain adjustment, Resolution and efficiency test,
Background test Those tasks parameters are collected in groups. gresent tasks will be
executed sequentially at the start of the presstia.

The preliminary stage of the control is the setif the specified path where operations will be
executed (see Fig. A6.13, unit 1).

The Quality assurance stad@eain adjustment and Background tesiare absolutely identical to
the Quality assurance by ROI-method (see sectibrobthe present annex).

The Quality assurance stagesolution and efficiency tesis intended to evaluate permanence
and repeatability of spectrometric characterisigpeaks position in standard sample, energy tesolu
and registration efficiency of gamma quanta by &ldsorption peaks. Within the frames of the present
control the user should fill the fielePreset time for measurement,s, where standard sapmple
measurement exposition, which is applied to valhe mentioned metrological characteristics, is
specified. Also the reference spectrum of the abrgample {.asw) in the fieldReference spectrum
with peaks should be specified as well as the source (starstarple) passport data filegks) in the
field Passport of source Reference spectrum of the standard sample sh@avd marking, i.e. have
information of the searched peaks, used by the ranogto control the position, resolution and
efficiency. As information of the found peaks arethe file with the same name as the spectrum but
with resolution*.asr, the user should draw attention to the presendkabffile in the catalogue, written
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in the fieldReference spectrum with peaksReference sample spectrum should be prepared kbafore
the program GammaPRQ", i.e. energy calibration and calibration by FWHNdgeak form should be
made. Also the peaks to the searched peaks tatltdsbe selected (added). A large peak numbertis no
recommended because it will provide the excest@ftatistic information on the stage of resultrfor
in the report. With the account of the radionudidle the available control sample it is enoughdgeh
the points at the beginning, middle and end of g@neainge.

When parameters in the windo@uality assurance (peak analysis methodis filled (fig.
A6.13) the user start the control operations. Tago Start in the bottom of the window should be
pressed, then the module will compile the scriptebaon the specified parameters and will start its
execution. The executing operations run could lee e state field.

When Quality assurance script is over, the cémsults could be seen and analyzed in the
report, activating it by the sigQuality assurance results..in window bottom.

To save the results and run the characterishiagge in time statistics, the obtained data could
be saved. Press the button Add to cards (see Bid.3Aunit 3). To see the statistics by the exaxtut
controls, the user should press the bu@ands and the windowCards will appear on display (see Fig.
A6.15).

=X
N | Date | Tract ‘ Reference spectrum ‘ Line, ke | Charnel ref, | Channel cur. ‘ Resolution ref kel ‘ Resolution cur. kel ‘ Efficiency ref. ‘ Efficiency cur. ‘
- 23.09.2018 17:15:41 BINOM test_cob0_et.asw B61.7 3395.3 3395.2 121 125 0.00314 0.00313
! 23.09.2018 17:16:10 BDEG-76-76 13325 7059.1 7059.3 175 1.73 0.00207 0.00198
24.09.2018 17:18:03 BINOM test_cobD_et.asw 661.7 33052 3295.3 121 123 0.00214 0.00312
2 24.09,2018 17:18:32 BDEG-76-78 13325 7059.1 7099.2 175 173 0.00207 0.00199
25.09.2018 17:19:58 BINOM test_cob0_et.asw B61.7 3395.3 33948 121 12 0.00314 0.0031
N 25.09.2018 17:20:28 BDEG-76-76 13325 7059.1 7058.7 175 172 0.00207 0.00208
26.09.2018 17:30:11 BINOM test_coG_et.asw 661.7 33052 3296.4 121 119 0.00214 0.003
4 26.09.2018 17:30:41 BDEG-76-78 13325 7059.1 70599 175 179 0.00207 0.00212
28.09.2018 17:32:.07 BINOM test_cob0_et.asw B61.7 3395.3 3394.7 121 12 0.00314 0.00319
s 26.09.2018 17:32:36 BDEG-76-76 13325 7059.1 7058.2 175 175 0.00207 0.00205

1} 1 2 3 4

Figure A6.15. WindowCards

Window Cards has two units. The first unit has common inform@ation the executed
procedures of resolution and efficiency controldigital view. The lower unit shows the graphical
information. The diagram has three relative pa@kanne] Resolutionand Efficiency Each part of
diagram synchronously reflects the table data. umabers of the executed control by order are shown
in X axis. The total line for all graphics connettte data, which belong to one energy line. If ssaey

the graphics colors could be changed, the bL should be pressed and graphic type should be
selected. Appears windo@hart parameter and the lines color could be selected as well sglaly of
the graphic could be switched off (see Fig A6.16).
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Chart parameters

Feak position chart

S

Figure A6.15. WindowChart parameters

6.6 Scenarium module commands

When script is formed the several rules shouldiiserved:
- all commands should start from the first symbdir in script field;
- no empty lines between the lines with commands;
- only one command in one line;
- no spacings when commands parameters are specified;
- no spacings and punctuation marks in the namecofranand.

The following nominations are used at each linentation:

COMMAND(Param1:string,[Param2:integer])

COMMAND - command name.
Paraml and Param2 — command parameters. Parameters, marked withresdquackets,
could be absent.
string, integer — parameter type:
string — line, symbols set except the comma,;
integer — integer-valued,;
real —real.

Program'GammaPRO" will revert the line when any command is over:
COMMAND=0OK#10#13
For example, reply to the comma8&&T_TRACT(BOSONBDEG) will be as follows:
SET_TRACT=0OK#10#13
If the command is not immediate, i.e. continudbs, programfGammaPRO" will first return
the line:
COMMAND=DO#10#13
and then, after it is over
COMMAND=0OK#10#13
If the commands were executed with error, for edamgue to incorrect parameters, the reply
will be as follows:
COMMAND=ER#10#13
#10#13 — ASCII symbols of line end Lk(e feed and CR ¢arriage returr) accordingly. |If
the command means the return of any result, thly nefl be as a line and format depends on the
command itself (see commands description below).
For example, the full reply to the commaRiND_PEAK_FOR_EN(100300,661.7,0 will be
as follows:
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FIND_PEAK_FOR_EN> CH=220.5
FIND_PEAK_FOR_EN=0K
Each line, returned by the server, has the syndmitshination at the enéll0#13.

The program GammaPRO' provide execution of the following commands:

SET_TRACT(MCA_name:string,Channel_name:strjng

The command of path set up with the na@iannel_namén analyzet™CA_namecurrent.

MCA_name — the name of the analyzer, specified in the @ogr'GammaPRO";

Channel_name- the name of the channel, specified in the progi@ammaPRQO" for the
analyzer with the nam@CA_name

BREAK
Command to break the current executing commantb fommand is running, the command
is ignored.

START
Command to start measurement in the current path.

STOP
Command to stop measurement in the current path.

SET_PRESET(Time_sec:integer
Command to set up the measurement time for tirerpath.
Time_sec- measurement time, s.

PAUSA(Time_sec:integer
Command to pause in the script with duratibme_sec
Time_sec- pause duration, s.

ADJUST_GAIN (Left_border:integer,Right_border:integer,Target_anel:integer,
Allowed_deviation:integer,Time_sec:inteyer

Command to start amplification adjustment procediar the current path. It sets up the
searched peak in the specified range in the tao@nnel by iteration method, changing
theamplification factor (or control voltage in @gglence on analyzer type). The adjustment
procedure stops when the peak is in the rang€asfet_channet Allowed_deviation

Left_border, Right_border left and right interval boarder in a spectrurheve peak search
will be made, channel;

Target_channe} target channel where the program will try tolgethe searched peak;

Allowed_deviation- allowed deviation from the target channel wheeeprocedure will be
stopped, channel;

Time_seec measurement time of one iteration at the fitbhg peak, s.

ADJUST_GAIN_PARAB (Left_border:integer,Right_border:integer,Target_ahnal:intege
r,
Allowed_deviation:integer, Time_sec:inteper

Command executes the analogue procedure as ADJESIN, but at the peak procession
with the aim to define centroid as a descriptivection is not Gauss function but a parabola.
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FIND_PEAK_FOR_EN(Left_border:integer,Right_border:integer,Energy:tdgpe:intege
r,[Num_point:integer)

Command makes the peak search in the specifisgval for the current spectrum.
Additionally in dependence on the type specifiedaiparameter Type the command makes the
following functions:

Type=0 - no functions;

Type=1 - adds point to calibration by energy for pinesent spectrum and makes the
recalculation of the functional dependence fordheent spectrum;

Type= 2 - corrects the value of the point in calitbatby energy with a number

Num_point for the present spectrum and makes the recalooladf the

functional dependence for the current spectrumcamnent path.
For the cas@ype= 1 orType= 2 the valueEnergyis taken as the energy value for a new or
correcting point in calibration. For the cabge= 0 orType= 1 the valu&Num_pointshould not be
specified.

Left_border, Right_border the left and the right interval boarder in acipenm,
where the peak search will be done, channel.

If the peak is found, the command returns theltes a line:

FIND_PEAK_FOR_EN > CH=220.5

FIND_PEAK_PARAB_FOR_EN(Left_border:integer,Right_border:integer,Energy:tda
ype:integer,[Num_point:integey]

Command makes the analogue procedure as FINDKPEAR_EN, but at the peak
procession with the aim to define centroid as acmietsve function is not Gauss function but
parabol.

OPEN_SPC_FILE(Spc_filename:string

Command opens the spectrum with the n&pe _filenamelf the path for the present file is
not specified then the program will search the spetin the catalogue by default, specified in a
section Calculation parameters (see section 2.4.4).

SAVE_CUR_SPC_FILE(Spc_filename:string
Command saves the current spectrum under the r&poefilename

CALC_ROI_METHOD
Command calculates radionuclide activity by ROItmoe for the current spectrum with the
application o fthe calibration file and backgrousgectrum, specified in the present current

spectrum.  Actually the present command emultitesbutton press®# "-> Calculation (ROI-
method) ¢m. Section 5.1 the present document).

SET_CLB_FILE_CURSPC(CIb_filename:striny

Command links the calibration fitelb_filename(*.clb) with the current spectrum. When the
present command is executed in the window Spectrarameter for the current spectrum in the
field Calibration file (ROI-method) will be spewtl Clb_filename If the path for the present
calibration file is not specified, the program wékearch that file in the calibration catalogue by
default, specified in the section Calculation pagtars (see section 2.4.4).

SET_BKG_FILE_CURSPC(Bkg_filename:string
Command sets up the spectrum fB&g_filenames background for the current spectrum.
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After the execution of the present command in thedaw Spectrum parameters for the current
spectrum in the field Background spectrum the f8&g_filenamewill be specified. If the path for
the spectrumBkg_filenamas not specified, then the program will searctt the in the background
catalogue by default, specified in the section @alkon parameters (see section 2.4.4).

SET_EFP_FILE_CURSPQEfp_filename:striny

Command links the efficiencies file Efp_filenaffieefp) with the current spectrum.
After the execution of the present command in thedew Spectrum parameters for the current
spectrum in the field Efficiency file will be spéed the file Efp_filenamef the path for the file
Efp_filenames not specified, the program will search that fih calibration catalogue by default,
specified in the section Calculation parameters égtion 2.4.4).

SET_LBR_FILE_CURSPC(Lbr_filename:string

Command links library fileLbr_filename (*.Ibr) with the current spectrum. After the
execution of the present command in the window c8pm parametessfor the current spectrum in
the field Library the fileLbr_filenamewill be specified. If the path for the filébr_filenameis not
specified, then the program will search that fiiehe calibration catalogue by default, specified i
the section Calculation parameters (see sectiad)2.4

SET_ZONES_FILE_CURSPQZones_filename:string

Command links the region of interests #lenes_filenamé.roi) with the current spectrum.
After the execution of the present command in thedaw Spectrum parameters for the current
spectrum in the field Region of Interest file file Zones_filenamevill be specified. If the path is
not specified for the fileZones_filenamethe program will search that file in the calilbwat
catalogue by default, specified in the section @alkon parameters (see section 2.4.4).

SET_CLB_FILE_TRACT (Clb_filename:striny

Command analogue to SET_CLB_FILE_CURSPC, but ttierarefers to the current path.
After the execution of the present command the @lb_filenamewill be specified in the field
Calibration file (ROI-method) in the window Calation parameters (see secton pasn.2.4.4).

SET_BKG_FILE_TRACT (Bkg_filename:string

Command analogue to SET_BKG_FILE_CURSPC, but ttierarefers to the current path.
After the execution of the current command the Bleg_filename will be specified in the field
Background spectrum in the window Calculation paatars (see section 2.4.4).

SET_EFP_FILE_TRACT (Efp_filename:striny

Command analogue to SET_EFP_FILE_CURSPC, butdtienareferse to the current path.
After the execution of the present command the Eip_filenamewyill be specified in the field
Efficiency file in the window Calculation parametdsee section 2.4.4).

SET_LBR_FILE_TRACT (Lbr_filename:string

Command analogue to SET_LBR_FILE_ CURSPC, but thierarefers to the current path.
After the execution of the present command the lfibe filenamewill be specified in the field
Library in the window Calculation parameters (seetisn 2.4.4).

SET_ZONES_FILE_TRACT (Zones_filename:string
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Command analogue ®ET_ZONES_FILE_CURSPC but the action refers to the current
path. After the execution of the present commamdfille Zones_filenamavill be specified in the
field Region of interests file in the window Calation parameters (see section 2.4.4).

PEAKS_CLEAR_ALL

Command clears the list of the searched peak$&énctirrent spectrum (see p.6.4 of the
present document).

PEAKS_FIND_NEW
Command searched the peaks in the current spedtriaocordance to its parameters and
modes (see p.6.2.8 of the present document).

PEAKS_UPDATE
Command updates the characteristics of the sehrpkaks in the current spectrum in
accordance to its parameters and modes (see & present document).

PEAKS_FIND_PARAMS(Left_border:integer,Right_border:integer,Min_sq:t8ype_sea
rch:integer,Smoothing_range:integer,Smoothing_contatger, MTP:real,Energy_dev:repl

Command of the parameters setting for the cometivity calculation by the peak analysis
method (see p.6.1 of the present document).

Left_border, Right_border left and right interval boarders where the pesdarch is made,
channel;

Min_sqg— minimal peak area to discard the peaks in sqatess, pulses;

Type_searck search type: 0 — search and identification,ebkp of library;

Smoothing_range smoothing polynomial degree (2-6);

Smoothing_count smoothing iterations quantity;

MTP — peak thickness multiplier (3-10);

Energy_dev— energy deviation, where in the limits the peakild be recorded by a
characteristic line of a certain radionuclide, keV.

SEND_DB(N_protokol:string,Customer:string
Command to send all measurements results inbde
N_protokol- protocol number;  Customer- customer name.

SEND_WORD (Type_calc:integer

Command to send the measurements results tablehi@ editor MS Word. In dependence
to the parametefype_calcthe data will be sent to MS Word from the caldolattable by ROI-
method and calculation table by peaks analysis:

Type_calc- results table search: 0 — ROI-method, 1- paak$ysis method.

SEND_REPORT(Type_calc:integer,DoPrintNow:integer

Command opens master report window and compikeséport for the current spectrum in
accordance to the current parameters (see p.Bb.@lgdendence to the paraméigpe_caladata will
be sent to MS Word from calculation table by RGdthod and calculation table by peaks analysis
method:

Type_calc- results table selection: 0 — ROI-method, 1kpemalysis method;

DoPrintNow — parameter, pointing the necessity of report iiiiate print: O - do not print,
1- print right now.



SET_REPEAT_MEAS_PARAM(IsOn:integer,lteration_count:integer,Pausa:integer,

Template:string,Directory:string

Command allows to specify the parameters of tipeated measurements (see p.2.4.3) for
the current path.

IsOn— switch on (IsOn=1)/switch off (IsOn=0) measuratsaepetition mode;

Iteration_count- measurements repetition quantity;

Pausa— pause duration between the measurements, s;

Template- template for spectrum name file;

Directory — path to the catalogue where the measured speetisaved in the catalogue.

SET_HV(IsOn:integer,Value_HV:integer,Type_value:integer)

Command for high voltage ON and OFF for the qurpath.

IsOn— switch on ksOn=1)/switch off (sOn=0) of high voltage;

Value HV - target value of the setting high voltage. In etefence on analyzer type
Value_HVcould be so called control voltage (See Analyzanlal).

Type_value- value type/alue_HV 0 — high voltage, 1 — control voltage.

SET_ENERGY_CLB_TRACT (Point_count:integer,Chl:integer,Enl:integer,[Ch2eger
,En2:integer,Ch3:integer,En3:integér]

Command executes the setting for energy calibrgimints values for the current path and
automatically recalculates a new functional enelgyendence on the channel.

Point_count— number of the point to be set up. In dependesrceéhese parameter the
number of channel-energy pairs are defined as peamfor the present command.

Ch1l, Ch2, Ch3tc. — the channel number in a spectrum for thetunder number 1, 2, 3
etc. accordingly;

Enl, En2, En3- energy for the point under number 1, 2, 3 etoatingly.

For example:

Command SET_ENERGY_CLB_TRACT (3,220,661.7,677,1173.2,820,264.provides
energy calibration as shown in Fig. A6.16:

<% Energy calibration. MCA527. GCD-40120. [ 3
=X 1 400 F———— ——— — — —  —— —

s ChannEI| Energy (library) | Energy (calc.) | 2 12004 S =S R S
220 G617 861,78 2000 -oeeee pr R e
Uogond L b coomn B oo L oomons b
677 1173.2 11728 :r -E :’ ? i :'
820 LR 13328 300 400 500 500 700 800
Channeal
Falynomial degree -1 :
E E - Calc calibration
Library e~ | B
Result E=415.8+1.118x INL26:  0.0263

(o J[ o | [ J[ o= |

Figure A6.16. Window Energy calibration

SET_ENERGY_CLB_CURSPQPoint_count:integer,Chl:integer,Enl:integer,[Ch2ege
r,En2:integer,Ch3:integer,En3:integgr]

Command analogue 8ET_ENERGY_CLB_TRACT, but the action refers to the current
spectrum.
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TEST_BKG(Zones_filename:string,[Base_bkg_filename:string])

Command executes the procedure of backgroundatdotrthe current spectrum. In case if
optional parametdBase_bkg_filenamis not specified, the current spectrum will be paned to the
current background spectrum for the present path.

Zones_filename region of interests file* foi). Statistic comparison will be made by energy
intervals specified in that file.

Base_bkg_filename background file, which could act as basic orsteiad of current path
background spectrum.

Command provides the result as a message:

TEST_BKG> OK

What means that the background is normal, or :

TEST_BKG> DEV=nn

What means the background is out of a norm amhtien is significant and is equal to
nn%.

TEST_SENJCIb_filename:string,Pks_filename:string,[Base_bkigname:string)

Command executes the sensitivity control proocedar the current spectrum. In case the
optional parametdBase bkg_filenamis not specified, the control will be made witle taccount of
the current background spectrum for the preset pat

Clb_filename- calibration file for activity calculation by Rémhethod {.clb);

Pks_filename- passport data file for a source (reference sanfppks);

Base bkg_filename background spectrum, which could act as a bas& instead of
current path background spectrum.

Command provides the result as a message:

TEST_SENS> OK

What means that sensitivity is normal, or :

TEST_SENS> RN1(Cs-137)anl, RN2(Ra-226)+n2,

What means that sensitivity is out of a norm aediation is significant for radionuclide
number number 1 and number 2 and maked% andnn2% accordingly. In brackets at key word
RN1 and RN2 the name of radionuclide and deviasapecified.

TEST_SENS_TEMRNum_saved_spc:integer;Clb_filename:string,Pks_&lan:string,
[Base_bkg_filename:string]

Command analogue TEST_SENS but the action refers not to the current spectoutnto
the spectrum saved in memory by the comm&T®ORAGE_CURSPC_TEMP.

Num_saved_spe spectrum number saved in the memory of the pragGammaPRO".

STORAGE_CURSPC_TEMPRNum_spc:integgr
Command of the current spectrum record into thegg@@am memory under the number
Num_gc. ParameteNum_spchould be equal not more than 2.

TEST_RESEFHEtalon_spc_filename:string,Pks_filename:stjing

Command executes the control procedure of rasaluand efficiency for the current
spectrum.

Etalon_spc_filename- name and path to reference sample standardrgpedtie. The
present spectrum should have marks, i.e. the fille the same name and extenstaasr should be
in the same catalogue as reference spectrum, B&eld);

Pks_filename- passport data for a source (reference sampj@sf. Command provides
the result as a message:
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TEST_RESEFF> OK
What means, that resolution and efficiency amenad, or :
TEST_RESEFF> NOT_OK
What means the resolution and efficiency areobat norm.
With no dependence to positive or negative redudttest the info line will follow:
TEST_RESEFF> DATA PEAKX(en,ch_et,ch,ch_Ok,res_et,res,res_Ok,eff_et,efDkjf
PEAK2nN,ch_et,ch,ch_Ok,res_et,res,res_OKk,eff_et,efDkf...

whereen- line energy, keV,

ch_et— peak position in standard spectrum, channel;

ch— peak position in the current spectrum, channel,

ch_OK- feature of negligible deviation of peak positiGn- deviation is out of a norm, 1-
normal;

res_et— peak resolution in spectrum of a standard, keV;

res— peak resolution in the current spectrum, keV;

res_OK — feature of negligible resolution deviation: Odeviation is out of a norm, 1-
normal;

eff_et— efficiency by a peak in spectrum of a standandnoel;

eff— efficiency by peak in the present spectrum, nbgn

res_OK- feature of neglibible efficiency deviation.

For example:
TEST_RESEFF> DATA PEAK1(661.7,220.0,220.1,1, 1.7,1.8,0,0.0021,0.0021,1
PEAK2(1332.5,770.0,770.1,1, 1.5,1.5,1,0.0018,0.0018This reply means that the standard
spectrum marks have two peaks with energies 66\7akad 1332.5.

WAIT_MEAS_END

Command executes waiting for the completion ef ¢hrrent measure for the current path.
In case if the measurement is not over the commeaiidise as follows:

WAIT_MEAS_END=DO

At a moment when measurement is over or stopghedyrogram will return the command:

WAIT_MEAS_END=0OK

GET_TRACTS_NAME

Request command for the list of the availablecBpenetric paths in the program
"GammaPROQO". In reply to the present command thky gl return as follows:

GET_TRACTS_NAME> DATA TRACT1 (name_mca,name_chanel

TRACTZ2 (name_mca,name_chanpelRACT3 (name_mca,name_chanpel where

name_mca analyzer name; name_channet channel name in analyzer name_mca.

For example:

GET_TRACTS_NAME> DATA TRACT1 (BOSON,GCD-4020

TRACT2(BINOM,BDEG-63-63 TRACT3BINOM,BDEG-76-7§

That reply means that at the present moment inptbgram GammaPRO' in devices
manager (see Fig.1, unit 3) has three paths: oakyzer with the nam@&OSONwith one path with
the nameGCD-402Q and one analyz&INOM with two path88DEG-
63-63andBDEG-76-76
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REQUEST_MESSAGHEStr:string,[Caption:string)

The present command does not send the requebke tprogram GammaPRO', but just
stops the execution of the script, started from rtte@lule Scenarium and provides the message,
specified inStr. Optional parameter &ption allows to put the line in the name of the message
dialogue window.
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