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Introduction

AlphaPRO is a software for work with semiconductor and siaiton spectrometers and

radiometers of alpha radiation (suchtbl 012, 018, 0112, TRIO etc.)

AlphaPRO ensures simultaneous and independent control ehaltonnected 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.

The programAlphaPRO is the continuation of the progra@ammaPRO with some
limitations, but focuses on the tasks of alpha spetetry.AlphaPRO employs different algorithms
for determining activity in samples (ROI-method hwibverdetermined matrix, individual peaks
analysis method, superposition method). For théyaisaof high resolution spectra (spectra received
on semiconductor spectrometers) there separats t@elarch peaks, Gaussian approximation,
identification, plotting efficiency curves, etc.).

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

AlphaPRO has a platform and module structure, which allowspgementing the programme
with application modules.

The programme includes plug-in modules:

“Pack’ — processing of series of spectra;

System requirements:
Windows XP/Vista/7/8/10;
processor with frequency 1 GHz;
USB 2.0 (for MCA-527, BOSON, MD198, MD198M analyser
256 MB RAM;
100 MB of free space on the hard drive;
keyboard,;
mouse.



1. Starting the programme

To startAlphaPRO, double click with the left mouse button on #phaPRO icon on the
Windows desktop, or go tetart->Programs->AlphaPRO.

[
AlphaPRO

When the programme is started, it detects enadtedysers and their status. If there are
many analysers, the starting process may last fpagd 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).
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Al ]
S Fle Took Optons Window Help ~
| Device

=

Analysers Channels

HYBRIOL ALPHAL

Block 3

HYBRIDZ ALPHAZ
HYBRID3 ALPHAZ
HYBRID4 ALPHAS
HYBRIDS ALPHAS
HYBRIDG ALPHAS
HYBRID? ALPH&T

HYBRIDS ALPHAB

Figure 1. View ofAlphaPRO 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):

Fie | Tools Optons  Window  Help
Qpen specirum Figure 2.File menu items

CoAAphaPROspe-alPU238_20mm.spe

CoAnhaPROYspe-a420 170202_Chl_background_S0H.spe
CHAAphaPROYspe-ah 20 170905_Chl_Shd_Puz38_70v_test.asw
CoAphaPROYspe-aL20 170905 _Chl_Shd_Pu233 70Y.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 savestisp.

Exit is used to clos@lphaPRO.

Tools (see Fig.3):

Fle | Tools | Options  Window  Help Figure 3.Tools menu items
Fack

Pack opens a window for working with several spectee(section 11).
In theTools section, you will see names of plug-in modulehsagVBC, Profile, etc.

Options (see Fig.4):

: Fle Tools | Options | Window Help

Reference sources library editor Figure 4.0Options menu item
Parameters

Library editor

Log

Bar-code FS

Device manager
Connect to all anatyzers
Cebligger

Ruszian




Passport of source editoropens a window that allows generating files of pagsdata of
source (see section 13), used in the procedurerargtion of efficiency calibration files.
Log opens a log window, which displays saved resudltsoaducted 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 infornmatibout the source can be started. You can
display such a window automatically by pressingRBehot key.

Library editor is for opening a dialogue, where you can work wationuclides library files,
as well as create and edit your libraries usingethisting 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.

Connect to all analyzersallows switching on all the available analysersrate. It means that
if analysers are physically connected to the PCpardmeters of each connection are entered in the
programme, with this item you can skip pressBet connectionin the Device configuration
window (see Fig. 11) for each spectrometric tragasately.

Use Russian/Englishto switchAlphaPRO 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 thédra of
the main window.

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

Close allcloses all the windows.

Help (see Fig.6):

Fla Tocls Optons Window | Help

ABOLIE, . Figure 6.Help menu items

Help

About... brings a dialogue with information aboliphaPRO, as well as contact information.
Help displays information on how to work with the progmae.



2.3 Main toolbar

AlphaPRO toolbar looks as shown on Figure 1 (block 2). Plaeel 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:

w - Device configuration displays a configuration window of the analys#vice), which
is highlighted in thé&evice manageright now (Fig.1, block 3, Analysers column)

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

U.J - Measurement parameters displays a window with parameters of measurementhe
spectrometric tract, which is highlighted in tDevice manageright now (Fig.1, block 3, Channels
column)

L=l - Calculation parameters displays a window with calculation (activity, §tparameters
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 viewtlos
spectrum (colours of elements of the histogramkdpazind, axes, etc.) for the spectrometric tract,
which is highlighted in th®evice manageright now (Fig.1, block 3Channelscolumn)

The second grou@alibrations contains the following buttons:

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

- 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. THesplay 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 conttiesfollowing buttons:

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



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

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

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

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

| Device manager |
g o=

Analysers | Channels |

BOSON GCD-30185

| ICAS: ” BOEG-5

Cevice configuration

Falyrorm BCEG-o0-o0

free

Figure 8. Context menu of tinalyserscolumn

Also, the context menu of tighannelscolumn looks as shown on Figure 9.

| Device manager |

-
Analysers ‘ Channels ‘
BOSOMN GCO-30185

| MCAS27 ||_ BDEG-62 |

‘ Tract configuration

Palyniarn | MeasUrement parameters |

CalcLlation parameters
Spectrum vigw parameters

microfCAS27 ) i
Energy calibration

FiWHM and shape calbraton
Efficiency calibration

Figure 9. Context menu of the Channels column

The fourth groupAdditional control is active only if there is a real connection te #mnalyzer
for the currently selected channel. Also, if theseno possibility or need for additional functions
(control of pumps, valves, drives, etc.) for théested type of analyzer, then this group will be
hidden. The group contains the following buttons:

D - Additional control - starts a dialog box containing control elements tioé
spectrometer. Here, the pump on / off functions lcaravailable to provide vacuum in the alpha-
spectrometer measurement chamber, as well astotbiisr An example of a window for controlling
an alpha spectrometer is shown in Figure 9.1.
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Figure 9.1 Example of an additional control windmwthe alpha spectrometaipha
Spectrometer systenfln.

A detailed description oAdditional control for specific alpha spectrometers is described in
in passport or User's manual of the alpha specterme

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 anducbiprocessing.

To choose the necessary analyser and tract, jioktah 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 thnalysers column, the
first tract will be selected automatically. (ExamplOn Fig.8 and 9 the current analyser is
'MCAS27', the current tract is 'BDEG-63").

As it was noted above, button actions on the toallescribed 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). To remove an analysen the list of used analysers, select the analyser
in theAnalyserstable and pres=.

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

Device manacger

g = Timer to
Anal ch I the end of
natysers anne’s measurement
BOSON 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

Analyser type BOSON Switched on
Address Fort: COM13
Serial number 123

Close

Figure 11 Device configurationwindow view

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

Analyser typefield —the type of the analyser from the listAlbhaPRO-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 ldista connection to the device which has the
corresponding serial number.

In the Serial number field, the user can enter the serial number ofdéeice 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.

1C



2.4.2Tract configuration window

When you pres“* on the toolbar or sele@ract configuration in the context menu of the
Channels column on theTract Manager panel, a window shown on Figure 12 will appear lom t
display.

Trac HYBRI AL PHS N =
Tract iratic BRIDT. AL

Type of detector Alpha
Tract name ALPHAT
Channels 2048
Set High Voltage 100
Number of active HV unit 2

TumonHyY & ‘

Tumott HY & |

| Nowr Hyv 1: 1202 ‘

Additional parameters of tracts

Figure 12 Tract configuration window view

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

TheTract name field is intended for selecting the type of théedéor (gamma, beta or alpha).

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

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

set for this type of detector. To actually set higiltage, pres:, or press to
remove it.

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 whysliould 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 analygesressing = e=r===s= | |t gpens a

window, which can look differently depending on t@alyser type.

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

greyed out.

2.4.3 Measurememtarameterswindow

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

11



[\ easurement paramaters

File name ChalphaPROVest asw
Spectum type *asw

Presettime | Unit 3 haur
Reading interval, s 2

Sample data

Sample ID MMM

Mass | Unit 1 g

Valume | Unit 1 ml

Material

Comment ID17/34

Coefficient 1

Use ]
Generator parameters

lzon

L margin | R margin 750 850

Intensity, cps 200

On []

Filename’s prefix

Spectra count 1a
Delay time, sec 3
Directory of spectrumn— ChAlphaPRO\spe-a

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. The *.asw forngatthe standard
default type of spectrum fé&lphaPRO.

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

Reading interval,s — spectrum reading and displaying interval, sec.

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

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

Mass Unit —mass and mass unit of the countable sample.

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

Material —name of the material being measured. It is selected the list of materials, for
which there are data on the permissible contergeamo 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. Thesendhbe 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 casésaaliochemical concentration), the user may open
an additional window, where this coefficient wile lzalculated. To open the additional window,

click in the field and pres',j, which will appear on the right side of the fi¢tke Fig.14).

Use — field for enabling or disabling the use of the dm#&fnt of concentration in further
calculations.

12



Coefficient concentration il
‘Weight sample Weight sample
BEFORE AFTER
cancentration, o concentration, o
0 |
* Radiochemical concentration
‘Wieight sample Weight sample
BEFORE AFTER
concentration, g concentration, g
Chemical yield factor, k1 l:l
Chermical yield tactar, k2 l:l
Coefficient concentration

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.

Filename's prefix— file name template.

Spectra count—the number of measurements to be conducted.

Delay time, sec-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 thefsguedirectory Directory of spectrum)
and from the template of field specified in themplate files field, plus iteration number and
resolution.  Example of the first, second, etccspen for the situation on Fig.13:

C:\AlphaPRO\spe-g\temp_1.asw
C:\AlphaPRO\spe-g\temp _2.asw

'(f;\AIphaP RO\spe-g\temp_10.asw

2.4.4Calculation parameterswindow

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

ameters. HYERID1. ALPHAT.

Iculation type  Specific activiy. Ba/g
Background spectrum L limit ch | R.limit ch 120 14000
Calibration file (ROl-me CalphaPROYclb-shcuvetta.clb Level 3
Calibration ADER Min. area 100
List of calibration spect Search type Peaks from librany

Show peaks
Same as measuremen .| Update peaks when rea I:‘
ete man Smooting |
Time 12:3%.27 Palynomial degree 3
Calibration fles CAlphaPRO\clb-a
Waorking spectra ChalphaPROspe-a Library file ChAlphaPRObralpha. lbr
Backgraund spectta.  CiAlphaPRO\bkg-a Efficiency file CAAIphaPROVspe-aipu23g_sffe
MTP 6.5
Calculate I:‘ Allowable dev, ket 3
Subtract background [l
File Ral ] [1f
B
L 1.2
Q 0.1

Close

Figure 15.Calculation parameterswindow view




This window contains parameters related to theutaion procedure:
Calculation type —the type of calculation, which determines, whiclit wnll be displayed in
the resulting data table (specific activity, voluastivity, etc.). Where,
'Specific activity, Bg/kg' — it means that during the calculation in additio the activity
the specific activity in Bg/kg will also be calcted,;
Specific activity, Bg/d — it means that during the calculation in additio the activity
the specific activity in Bg/g will also be calcigat,
‘Volumetric activity, Bg/l ' — it means that during the calculation in additio the activity
the volumetric activity in Bg/l will also be calaikd;
‘Volumetric activity, Bg/ml ' — it means that during the calculation in additio the
activity the volumetric activity in Bg/ml will alsbe calculated;
'RFD, mBqg/s-m2 — it means that during the processing the radar @ensity in
mBq/s-ni will be calculated:;
Volumetric activity of Rn-222, Bg/m”3' — it means that during the processing the radon
volumetric activity in Bg/mwill be calculated:;
Content' - it means that during the processing
the radionuclides content will be determined intsirspecified by the user (used for the ROI-
method).

Background spectrum — path to the background spectrum for this spectrométact. 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.

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.

The Error section contains two parametérsandQ, which are used in the calculation of
errors in the procedure of determining activitisghg 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.

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

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

The ROI section contains parameters allowing to calculageintensity of in the regions of
interest. Such intensities are calculated togethigr and during the calculation of activity usirtget
ROI-method. The result is displayed on the relevalmton the results panel in the spectrum.

Calculate —the parameter enabling and disabling the procedfucalculation of intensity in
regions of interest.

Subtract background — the parameter enabling and disabling subtractiobaskground in
regions of interest, when calculating intensities.

File ROI —path to the file, which contains windows of regiafisnterest.

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

L.limit,ch; R.limit,ch — range values in channels, where the search of pedkde
performed.
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Level is the extreme value of the parameter relatetig¢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 peadgen 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 énsfrectrum $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 mggrln
the process of measurement, when the spectrumniasdly changing. If a peak is added in the
process of measurement, it is recommended to etfa@blparameter, 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 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.

Theldentification section contains parameters participating in tleatification 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 gdime 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
(see section 9).

MTP - peak thickness multiplier, a parameter specifyimg distance, at which peaks are
treated as merged.

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.
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Figure 16.Spectrum view parameterswindow view

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 parameter is enabled, colours will have their diéfealues.

3 Measuring and saving a spectrum

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

It should be noted that the analysers connected vithe USB interface (HYBRID,
BOSON, MCA-527, Polynom, etc.) require installatiorof drivers, which should be installed in
addition, after the programme has been installed. \Wen you have connected your device to the
PC (by connecting a USB cable and switching it onyWindows will discover a new device in the
system and will offer to install a driver, which islocated in the relevant directory of the
programme (by name of the device). Specify this patand then Windows 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 skeé 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.

1€



4% Polynom. BDEG-51_511B. _lasw

Spectrum| £

100 200 300 400 500 600

700 800 500 1000 1100 1200 1300 1400 1500 1600
Channel

1700 1800 1900 2000

Intens.: 1716.4  |[Live time: 6432125, |[Realtime : 6460.72 5. | Dead time: 0.443% Il

Channel._1244

Enery

1964.6 || Court, 13

|
IA|

Indicator of
spectrum
reading from
the analyser

Figure 17. Window of the spectrum to be measured

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

.
I Ba

Figure 18. Group of buttons for control of a specteter on the toolbar of the window of the

spectrum to be measured

The spectrum to be measured has a connection iod.,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 parameterswvindow (see section 2.4.3).

During a measurement, tieevice 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.

5
\i,) Measurement have completed in BOSON, GCD-30185.
Live firme: 55,253 sec

Real ime: 55,258 sec

Save spectrum?

.

HeT |

Figure 19

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

To force-stop writing a spectrum in the processnefasurement, pre:
shown on Figure 19 will appear on the display again

. The message
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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 parameterseofrteasured spectrum after the measurement
has ended, this should be done in 8pectrum parameterswindow (see Fig. 20), which can be

o

opened by pressinZ on the toolbar of the spectrum window. Changeparameters of any
reopened spectrum are made in the same way.

Spectrum parameters |
File name ChialphaPROVspe-ah201709C0 L limit.ch | R. limit, ch 1 8192
Spectrum type * asw Lewel 3
Sample ID Min. area i
Weight | Unit 1 g Search type Search and ldentification
“alume | Unit 1 ull . Show
Vet Smoohing |
Background spectrurn - ChalphaPROYVspe-24,201709C Falynomial degree 5
Calibration file (ROI—me| teration T
Comment gl Identification
Likarary file ChalphaFPROYbAalphalbr
| Cicrcfle
Diate n2.09.2017 Fassportof source ChalphaPROYVspe-ahPUZ238 pl:
Time 01:00:02 HMTR 7
| Alowable dev. keV 3
Dae o097
Time 00:00:00 Power an ]
ROL___________ |

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 itéfite->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 thieedefile 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) j Cancel |

Spectrum ™ bd)
Spectrum Aligas (~ala)
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
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Once a spectrum (spectra) is selected, the s@tdiaplays spectrum window(s) as shown in
Fig. 21. Now, the spectrum (spectra) can be precess

Work with a spectrum may include different tasksy &xample, studying the obtained
energy distribution, spectrum zooming, processifigndividual peaks, printing of a spectrum,
energy calibration and so on.

% work spectrum: C:\AlphaPR(\spe-a} 20170905 _Ghl Shd. Pui

5000 :

500 fmdie s et me e ae

i N SRR SO 0 N Current
2oood i Pue3BBEBEb ) o selected

Status bars

T ) T i i1 T x T 0 T i T
4400 4 450 4 500 4 550 4600 4 6350

Charnnel
Intens 67192 |[Livetime:3000s.  |[Fealtime 3000355, ||Deadtime: 00117 % [ |
|Channel: 4590 ||Energy: 55726 | Counts: O .

Figure 21 .Spectrum window view
Figure 21 displays main elements of the spectrundow.

The status bar displays live, real time valueseoosds 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 mgdstion in channels and energy units.
TheCount field displays the count value in the spectruntegponding to this channel.

The main spectrum working mode, when the mouseocdooks 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 #etrem will be stretched to the width of the

selected region. To return to the previous zoomellgwesss  on the spectrum toolbar. To return

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

mouse button and hold it while moving the cursathie 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 paramaeaslisk. 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 hav.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).

D - a button for opening the FWHM and shape calibnatvindow for this spectrum (see
section 8).

; \ a button for enabling the mode for work withemg. 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 getsdig@ad 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 display (see Fig.23).

& work spectrum: CihAlphaPRO4spe-a} 20170905 Chl § = |EI | x|

; ; = || wexes " P
o)1 O —

: Fange, ch: 4456 - 4586
U e Range, key : 5409 - 5568
AR e ] Ares, imp 134812
: ! Intensity. cps: 44.9373
Sl B Intensity without bk, cps: 00
oo IR

w i |

s e e

= : ! 4 ! ! !

2500 B e e R
soood-too i L RMECSGSLB ) L
15004 -bommme e R
10004 -tmmmm e e i

SO0 - m e
0d— e - T —— ;
4400 4450 4 500 4 550 4600 4650
Channel
Intens. 67.182 | Livetime:3000s. | Realtime 300035 s. | Deadtime: 0.0117 % | |
Channel; 4586 ||Energy: 5567.7 |[Counts: O |/£
Figure 22
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Figure 23. Window for work with a peak view

- a button displaying a menu with spectrum optidiken you press this button, a menu
shown on Figure 24 will appear.

L Fesults

N Addtolog

Fanorama window

Send to pack

Logarithm

Show background
Hide spectrum
Spectrum without bkg
Reference spectrum
Intensity

Energy range

Shaow ROl

Offer a nuclide

Report

Sendto..

Autocalibration by source 3

-

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 tiRack of spectrawindow.

Panorama window When opened, this window (see Fig. 24.1) displdnzt 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 zogrithe spectrum’s regions is automatically
displayed in théanorama window.

Figure 24. View of th®ptions window menu of the spectrum
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Figure 24.1. The Panorama window of a spectrum

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 imgsl$o intensity in cps.

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

Show ROI - shows regions of interest (ROI) contained in thiébcation 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 radionuclidecssdefrom 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) tool allowing to perform
automatic calibration by energy, FWHM and shapa 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 resutid @nter the received values in the spectrum
calibration.

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

i ! o ,l'l?". | 'F!\ ek . . .
The Ma % | L LY X group of buttons is intended for searching peakswell as
calculating activities using the peaks analysishoet(see section 6).

4.2 Work with a peak

In the peak mode, a window as shown on Figure p&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.
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The b (Gaussian) button is intended for introductiortred Gaussian curve in the region
of the Peak window. The programme determines automatically ¢eetroid of the peak and
calculates all the parameters related to this pRa&k processing results are displayed in a window
as shown on Fig. 25.

-
Channel | Energy | Intens.,cps | Resolution, % |FWHM, kev ‘ FWHI¥1, ch. | Left edge, channel ‘ Amplitude Area, imp | To calibration ‘
23755 | 462.85 2.8887 0.25962 1.2016 6.1717 5.2414 393.26 2583.4 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
processing, the user should put markers in appraeirpositions, where the peak centroid can be
found. Such function allows describing a multipteintaining 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 vallie
mark then once again.

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

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

To perform processing, you should do preliminarykimg and press thJL'WJL 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 spectsuits table. If the pe&karea is smaller than
the threshold area (specified in thkn. area parameter), then the peak addition command will be
ignored.
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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.

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), whichwHomanaging the files containing information
about values dPermission Level(PL). The file with the data on PL has a *.mategsion.

* = ¥ buttons on the toolbar of thelaterial 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.
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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).

& work spectrum: Ci\ASW2\Paul\mar_1L_co60.asw

50 100 150 200 250 300 350 400 450 500 550 800 g50 700 750 800 850 900 950 1000 Pu-233
Channel

Intens.; 157.07 ”L\ve time; 790.34 5 HREE.I tirme : 790.94 5. ”Dead time : 0% H ‘ ‘
Channel: 1024 |[Energy: 33588 |[Count 0 |

Figure 28

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



5 Determining activities of radionuclides by the R@®-method

5.1 Calculation by one spectrum

Sequence of calculation of specific activitiesadipnuclides
Load a working spectruni{le->Open spectrun)j.

Open the spectrum parameter window by pre51g
Load a spectrum background in tBackground field and the necessary calibration file
(*.clb) in theCalibration field.

Then, press the right part of th & " button to open a menu offering variants of
calculation types (see Fig.29).

a ’

Calculation by peak analysis method

S,
ey

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)

Calculation results %]
ROI-method | Peaks analysis MWD& || Library || Passport of source
B WA
Muclide | Activity, BQ | ACETOF., % | Sp.activity, Bgdg | abs.err,,Bgka |
Pu-239 163.8 0.26 163800 16000

Work spectrum:  ChAlphaPROspe-a20170905_Ch1_Shd_Pu238_70W.asw

Background spectrum: ChlAlphaPROVWspe-a\20170302_Ch1_background_50H.asw
Calibration: ChalphaFROwclb-alslim_a.clb

TOOlbar Of the Feference date: 02.09.2017 01:00:02

results table ||Measuring date: 01.09.2017 00:00:00

Liwe time: 3000.00 sec. Real time: 3000.30 sec.

Sample weight: 0.001 kg, Sample wolume: 0.007 |
Carmment:

Figure 30. Results window view

A table with measurement results will appear atlibgom 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.
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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 notessarily be within the spectrum window. It
can be 'separated' from the left edge of the spactsy double clicking on the heading of the
Calculation results panel, or you can drag the panel holding its headio 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 effectiverdie 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 beklated, as well as weight and volume of the
countable sample, if it was taken into account.

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

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

convert data in different way% - saving data to a txt pl’OtOC( - sending data to MS Wor'+
- generating a repol g - sending data to a DB.

To save data to a protocol, write its file namethe Protocol filename field of the
Parameterswindow (Options->Parameters>Files tab). The data will be sent to the end of the set
text file.

To be able to send data MS Word, MS Word should be installed in youVindows
operating system.

When a report is generate-=( button), a window is displayed, where the previgack
displays the table of activities and the block @fnenents (see Fig.31). You can add title information
to the page. This option requires a printer insthih thewindows operating system
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Figure 31.Report generation window view

After changes have been made (title editing, disgl#nabling fields), preddpdate. There
is aPrint button for printing the page shown in the righttp the window (the so-called preview

block). To send the page S Word, press. To save the page in the *.rtf format, pr&sse
When you preszﬁ on the toolbar in the results table, thatabaserecord window will
appear, where you can enter additional data n@dsewvthe spectrum (Fig.32).

=Iclx|

Spectrum filename C\GammaPROspe-g\KOWE4_ga | Geometry  Marinelli
Background flename CA\GammaPROspe-gifonisum 1 | Probetype  Water
Calibration filename CAGammaPROYspe-giclb_giMar Frobe name
\Weight | Unit 1617 g Mprotocal — 17/13
Wolume | Unit 1 | Customer STUK
Live time 2398.756

Realtime 2400

Date of spectum meas 29.11.201316:03:05

Date of activity reduction: 31.10.2013 15:46:52

Tract Garmma

Comment ID17A3

Unit of data Activity, By

Database filename
[Crazweipron_aswmdb| ]

Figure 32 Database recordwindow view
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The window on Figure 32 is divided into two tabtéddields. The left one, which cannot be
edited, contains already known data about the spectbut the right one, which can be edited,
contains fields for entering missing informatiorftek you have filled the fields, make sure that the
Database filenamefield contains the name of the database and pinegsdd button. If the transfer
has been successful, you will see a relevant messag

5.2 Superposition method

The calculation of activity using the superpositimethod serves as some kind of control of
measurements. After a countable sample has beesunedaand 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.
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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 spetis&file (*.Ics), which is necessary
for the calculations. This file is generated at tladibration stage for each measurement geometry
and is supplied in the installation package ofgpectrometer.

The %+ button is intended for updating the calculatioematiploading a new library spectra
list file.



The Log checkbox shown on Fig.35 (block 3) provides thesality to change the scale of
the graph of spectra to logarithmic. TB&g checkbox brings the current background spectrum to
the graph. Th&/n checkbox allows displaying on the graph spectrenohonuclides participating
in plotting of the common spectrum (green).

The status bar of thBuperposition window displays information about the currentlpded

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

6 Calculation activities of radionuclides by the idividual 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), liert calculate the area and, finally, calculate
activities by each identified radionuclide. Theligpito identify is conditioned by the possibilitp
connect to the spectrum a radionuclides libramy, fivhich contains reference data on characteristic
energy lines, values of their quantum vyield, etw, 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 deieimg the work of the method being described
are concentrated in the right table of parameteee (Fig. 36) inPeak search, Smoothing,
Identification groups.

Spectrum parameters
ADC | Channel 1 1 [Peak search
File name ChAlphaPRO\spe-a4201 7080 L. limit. ch | R limit.ch 1 8192
Spectrum type * B Level 3 . \
Sample ID Min. area 1000 Maln parameters
Weight | Unit 1 ] Search type Search and Identification for the
valums Uit 1 i o how calculation using
Material Smoothing h . d d I
Backoround spectrurm |C:\,AIphaPRO\spe—a\2m?DSE ;| Polynomial degree 5 the Indivi ua‘
Calibration file (ROlme: C\AlphsPRO\clb-ahslim_s.cl [ Meration ! peaks analysis
dlldentification
Library file ChalphaPROYbAalpha.lbr methOd
| Effciencyfile CiytphaPRO\spe-alpuZ3s_eff /
Date 0z.09.2017 Fassport of source
Time 01:00:02 A MTP 7
Nalowable dov_ ke 3 M
Time 00:00:00
ROl |

Figure 36

ThePeak searchgroup contains the following parameters:

L.limit,ch; R.limit,ch — range values in channels, where the search of pedkse
performed. Peaks will not be searched for and ifiedtoutside this range.

Level —the limit value of the parameter related to théisgtiaal 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.
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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.

Search type— one of two possible types of search for peaks ensppectrum Search and
Identification’, 'Peaks from library' ). So, theSearch and Identification’ type searches for all the
peaks available in the spectrum and meeting thereiof thePeak searchsection.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.

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 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 smoothiamtions 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 odgpu
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 @itentains 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).

Source reference data—a link to the file containing parameters of thersewf calibration.
The file must contain the list of radionuclides g@et in the source, description of their geometry,
mass, volume, activity and the date of its adjustmehe passport of source file is generated in the
Reference source library editordialogue window, which can be opened from the npaagramme
menuOptions->Reference source library editor It should be noted that the passport of soutee fi
should be specified only during calibration (i@cteate the efficiency file). To perform calcubeis
for the purposes of determining activities, theddishould be left blank.

MTP. This parameter is the so called peak thicknest®raor, 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&gpare 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 eeype calibrations have been made (see sections
7, 8).

31



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 enteeddrb, 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, the&Spectrum
parameterswindow should be used (see Fig. 36)

6.2.4 Depending on the task, specify one of se&ypks (Search and ldentification’,
'Peaks from library") in theSearch typefield (Fig.36).

6.2.4 Among the fields of th8pectrum parameterswindow, which should be completed,
there is arkEfficiency file field. You should enter the name of the calibraigdficiency file there-:
button). The operator selects the efficiency fible@ding 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 éstimple being measured.

6.2.6 Then, select th€alculation by peak analysis methodin the menu of thews -
Calculation button (see Fig.29). Then, a panel with resultmefsurements with tieeak 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 thelgpdcame.

6.2.7. On the.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 windouilgrary file field).

ROI-methad 1 Peaks analysis MDA, 1 Library ] Passport of source 1

Muclide/Erergy, ket Half-life, day / Quantum efficiency, %
v Pu-238 32010.5
[ Pu-232 5500150

Figure 37 Library tab view

6.2.8 On the toolbar of the spectrum window (Figl@8ck 1), pres:¥« (New search peak
and calculation). If the spectrum has correct calibration by egefgWHM and shape of the
spectrum, thdPeak analysistab of the measurement results panel will dispiégrmation 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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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 compnts.

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 linaelative expanded uncertainly in the
calculation of activity exceeds 50%, then the MDAI{imum 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 actiatimay be converted to a protocol, MS
Word, report or database. For these purposes, itherdoolbar similar to that described in section

5.1 and located above ti®und Peakstable % - saving data to a txt protocc - 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, preser. After that, when you open this spectrum, markintdp 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 an *.asr eatens

To consider background in the calculation of attei 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 processeiiarly 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 loadsattie bf 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 accordintpgégoarameters specified in spectrum parameters
(search range, smoothing, etc.), and all the peaating 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 arehalso 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 pea&g bre 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 anelimit (seeSpectrum parameterswindow).

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

make a recalculation by pressi*: on the toolbar. For the other peaks (which arebeochmarks),
their estimated height for further processing Ww#l calculated. Thus, the credibility of splittin o
multiplets into components will increase.
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6.4 Inserting and deleting peaks
The toolbar of the spectrum window contains a grolughree buttons as shown on Figure 39
(in a frame).

Figure 39.Identification button group view

Thus, th(—:ﬁ'ﬁb (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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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 pe¥k’s title, there appears a pop-up hint which
displays the Peak-to-Compton ratio. For the 5.9 &k, 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.

3€



40007

35004

S\ Show peak in separate window e eI e

30004
: Send fo energy calbration
g 25004 9v

E‘ 2o Send o FWHM and shape calbratior

[=] '
<1 s00q

10004
s004:

ok T T T : ; ; T T ; ; i ; T ;
2960 2985 2970 2975 2980 2985 2990 2995 3000 3005 3010 3015 3020 3025 3030 3035
Channel

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 vieweértergy calibration and FWHM and shape
calibration.

The L (Delete peal button of the toolbar of the spectrum window n$ended for the
deletion of a peak from the list of found peaks.

The procedure of deletion of a peak is as folldist the insert peak mode by pressZi:
again, so that the cursor returns to its standeaw.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 kp@all have a bold green outline and the row

corresponding to it will get selected in the tatWhen a peak has been selected, p£%son 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 buttorld) (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 evenghahe 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 FWHMsdrape 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 (A (Send
selected peaks to FWHM and shape calibrationdepending on the target calibration.
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Cal jor results
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Figure 41. Selection of peaks for sending to catibn

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

7 Energy calibration

Before identification, it is necessary to match émergy value with the analy$grchannel
number, i.e. perform energy calibration of the smaweter. Spectra of standard sourcesy of
radiation are entered for this purpose. The spettwhich participates in energy calibration, must
contain several well-shaped peaks. The procedurelcive 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.

3 and a dialogue windows will appear on the dis@ayshown on
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Figure 42 Energy calibration window

On the left side of the window, there is a talfteg@d2, 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
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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,phogramme 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. Qudltdo this, set the value & in the
Polynomial degreefield.

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

If you want to start generating a new calibratitrere 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 4F2g,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 opernbaaty window (see Fig.43.1). This function is
available, if a library file is specified in thgbrary file field.

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

4% Energy calibration. BOSON. GCD-30185.

& o= X
# Channel | Energy (library) | Energy (calc.) |
2993.43 993.19 583.19
3126.76 3 o ] 609,31
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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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 functionamignce for energy calibration, it should
be applied to the current spectrometric tract. ddldhat, pres®\pply at the bottom of th&nergy
calibration window.

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

TheEnergy calibration window allows the user to generate a text reporéteive and print
summary information. For this purpose, there Regort button in the bottom part of the window.
When the calibration is over and you press thisdothe window shown on Fig.44 will appear.

&, Report about energy calibration ;Iglil

Report about energy calibration. [~ |

Spectrometric tract. BOSON . GCD-30185

Report date: 30.06.2017 10:49:52 Figure 44. Energy

The equation of dependence: E=-46 15+3.18x

o calibration report view

Table of values involved in the calibration

Channel Energy (library) Energy (calc )
222.11 661.66 660.07
297.308 898.04 899.16
383.883 1173.2 1174.4
591.738 1836.1 1835.3

1900,
1800 s
1700
16m
150
1400

Ew:«m
1200,
1100 A

1000

ool

20 200 =) A 450 0 0 o0

To print a report, pres[gj.
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 spectrometect, 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 chanribeispectrum.

The term‘peak shape calibratioim AlphaPRO is 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&Fig.4
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Figure 45. Shape of the graph describing a peak

For FWHM and shape calibration of a selected spewtric tract, select this tract on the

Device managerpanel. Then, press[:] and a dialogue windows will appear on the disay
shown on Figure 46.

& PwHM and shape calibration. BOSON. GCD-30185.
=X

# channel | FWHM Left edge (shape) ‘ BlOCk 2
I 383.62 4.8982 4.3774

395,212 46793 4.2824

447.1 58888 4.4059

510,194 52712 4.4348 E

590,99 43317 4.4709 5“’

662.061 46771 4.503

1073.25 5.0117 4.6387

1223.85 52345 4.7569

1385.9 5.4584 4.8301 \5 : ; : : ; : :

168239 55271 4.9638 T T T T T T T

o1z 65093 p— 2000 4000 5000 Cham‘nm 10000 12000 mna( BlOCk 3

200342 65132 S5.0702 f

3733.86 7.2453 5.2000 Falynomial degree for PHR - _—

296503 7.3692 5.9952 Palynamial degres for shape e calioretion

\‘:i“? 7258 a.my Resultfor FHM E-4733+0 0005412x
815747 9.559 7.8896 .
Fesultfor shape E=4.208+0.0004646x-3.867E-10x"2
432.6 11,789 10.273 \
| Open | ‘ Save | Report | Apply ‘ | Close ‘

Figure 46 FWHM and shape calibration window

On the left side of the window, there is a taliteg@6, 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 therapecTo calculate functional dependences,
the user should pre€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 tabldypomial dependences of second degree can
be built. To do this, set the value &fin the Polynomial degree for FWHM and Polynomial
degree for shapdields.
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The user may add and remove points from the tdldedo this, usel (Add item) and==
(Delete iten), which are located above the table. Thus, if poass®, a new row will appear in the
table, which the user should fill with values oétheld in the'Channel’, 'FWHM' and’Left edge
(shape)'columns.

If you want to start generating a new calibratithere is aX (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 4F2g,25);

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

When you have received the searched functionakrtignces for FWHM and shape
calibration, they should be applied to the cursgrectrometric tract. To do that, pregsply at the
bottom of theFWHM and shape calibration window.

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

-1l x|
heport about FWHM and shape calibration. Bl
Spectrometric tract: BOSON . GCD-30185
Report date: 30.06.2017 14:44:05
The equation of FVWHM dependence: E=4.799+0.00054 12x
The equation of shape dependence: E=4.208+0.0004646x-3. 867E-10x"2
Table of values involved in the calibration

Channel FyyHWM Left edge {(shape)
38362 4.8982 4.3774
395212 4.6793 4.3824
4471 5.8888 4.4058
510.194 52712 4.4348
590,93 4.3317 4.4708
662.061 46771 4.503
107325 5.0117 4.6887
122385 5.2345 4.7569
1385.9 54584 4.8301
1662.39 5.5271 4.8638
26212 6.5923 5.388
2993 43 6.5132 5.9703
373386 7.2483 5.8808
3965.03 7.3692 5.9952
428047 7.5584 6.1425
8157.47 9.559 7.8806
134326 11.789 10.273
13433 11.779 10.511
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Figure 47. FWHM and shape calibration report view

To print a report, pres[gj.

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
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shown on Figure 46 will appear. The only differemal 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 calibmatio 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 propertieslattion absorption of the countable sample.

As a result of calibration, energy dependence gfstetion efficiency in the full-energy
peaks of gamma quanta or peaks from alpha-partieldisted by sample (reference) measures is
determined. When it is necessary to take into aticalbisorption of gamma-quanta in the material of

a bulk spectrometric preparation, energy dependerafe registration of gamma-quanta are

determined using several sets of reference bullsurea with different density of filler materials.

The calibration process is conditionally broken danto four stages:

— measurement of spectra of sample activity measuresceiving these spectra via calculations
using a specialised programme, which simulatesaot®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 patés based on gathered spectra of the set of
sample measures and approximation of energy depeesleof efficiency of registration of
particles;

— creation and saving of arefp calibration file.

The dependence of efficiency of registratiore,pbn energy of particles, is described by
functional dependence 9.1:

£,(E,)=exp( A, + AINE, + A(InE,)* + A(InE, )’ + A(InE, )" + A(InE, )° + Al(InE, )") (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 settindnefgamma spectrometer.

9.2 Selection of radionuclides for calibration

For calibration of alpha spectrometers it is recanded to use reference alpha emitting
radiation sources ghereinafter referred to as idn sources) with activity in the range of 1-100
kBq, radionuclide$**Pu,?%u,?*'Am, etc.

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

9.3 Efficiency calibration procedure

9.3.1 Measure spectra of sample measures or senthlase spectra using the programme
implementing calculation methods.
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9.3.2 Generate files of passport data of calibnaources. To do this, use tReference
source library editor window, which can be opened from the main progranmenuOptions->
Reference source library editor(see section 13).

9.3.3 Process the spectra received in p.9.3.IThiopurposes 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 tBeurce reference datafield 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 tBHiciency calibration which is the first tab in the window’s title.

=lof x|

& Efficiency calibration

+ = * -
A Delete  Clear  Update N
/" ¥ Palynamial degreiLimits, kel Calculate P
N Specirum ~| 1500 | [JLog calibration reate il

Block 4 Pommeter (Fuergy | Nuclde | Specum 'F%

[ o) == |

wannel Energy.
P fe
File name ‘ - ................................................................ /
Sample IT L. fimit | R. firmit
Spectrum Lewvel
Live ime i Mn. area
Real time Type search BIOCk 3
Comment - Show
werl s
Wolu | Unit Pelynomial deg N g
Koefficient concentration
Backgrour [+] | Lbrary y

Figure 48 Efficiency calibration window view

9.3.7 In talEfficiency calibration, usingAdd on the toolbar, load all the calibration spectra.
In case of thin-layer alpha sources, grouping specta table by density or another parameter is no
necessary.

9.3.8 Set parameters of the efficiency curve (&8.block 1):

- Parameter (Density) —the parameter, according to which the programmeé plot
different curves. Thus, for instance, when the disspectra contains samples with three different
densities of material 0.2 g/éml g/cn? and 2 g/cy the programme will plot three independent
efficiency curves. Then, when a file with thesevesris used, the programme will interpolate values
of efficiencies taking into account the real densit material of the countable sample.

- Polynomial degree— the parameter determining the polynomial degredactwhvill be
calculated for the purposes of describing expertaledtependence of registration efficiency on the
energy.The parameter can vary from 1 to 6. For a degreg, dhe curve will be a straight line
parallel to the abscissa axis.
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- Range, keV - the range of energies, within which the dependesfcéhe registration
efficiency on the energy of particles will be built

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 efficiencies)d the graph below will display the curves
approximating calculated points of values of eéfiwies (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, -19.8559B)

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 appearahteeccurve 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 appese 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 etgaihich has a unique name and an *.efp
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 logamiik scale

9.4 Management of spectra

To load and delete spectra in tB#ficiency calibration window, use Ajd Delete cﬁfm
buttons on the toolbar of the window.

After spectra have been loaded, their list appeasstable (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 currentgsied 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 talsle® 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 apargee project file. What is more, all the spectra,
library files and passport data files will be movex 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 windoweafy the name of the project and directory,
where the project itself and all the relevant firg be moved (one is recommended to create a new
directory) (see Fig. 50.2).

Creation project of efficiency calibration

Froject name

|spec |

Froject directony
|CAGammaPROYest?) B

‘ Sawve ‘ ‘ Cancal ‘

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

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

project by clicking buttor=< in the toolbar of talifficiency calibration and selecting the saved
project’s file there. The software will automatigadbad all the spectra and restore the configarati
saved, so that the user will be able to contineatang the efficiency calibration file.

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 AlphaPRO format.

To this end, the user should chooseGalmverting (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 paramse{degree of a polynomial, energy range)
specified in the toolbar. These parameters are gdthrin the same way as in t&fficiency
calibration. The values in the table can also be turned onaéinldy 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 savedrasefp file by clicking buttorCreate file
in the tab’s toolbar.

Efficiency calibration b Converting N
E Parameter Palynomial degree  Range, ke " ~ _ y
_I oy eft=f-1910.87, 1795 36, -706.278, 147.993,-17.4191, 1.09169, -0.028455 )
Energy Cale eftici... | Stand.uncertcalc.eft.% | Appr. efficiency | Stancluncert... | Dev. % [«]
¥ 39 24B3E-10 36.7 2 49BE-10 3.6 14 |
[ 89 3003E-6 299 2.943E-6 312 -2
¥ 138 6.509E6 259 6.873E6 284 56
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Figure 50.3. TalConverting
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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 part
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 GReSeiver 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 dataliésdor 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 ]| i B 1| Calc:ulationw
Protocal filename

| =

Database filename
(CHASW2\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 1| ey ]| Calu:ulatiun?

Show panel for add analkyser ‘
Figure 52.2View tab view

The Calculation tab (Fig.52.3) is intended for setting some aspeslted to measurements
and the procedure of calculation of activities.
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General W| Files 1| i “ Calculation

Calculate Aeff

Save measurements inlog

Signal about measurement finish
Type of view results with uncert. more 50%
@ MDA (recommended)
O MDAJZ £100%

Catalogue
Service files

|c\gammapr0 _I‘
Figure 52.3alculation tab view

TheCalculation tab contains several blocks containing the foltayields:

Save measurement in log an indicator telling the programme that it needautomatically
send the measurement results to a log in the ppafesaving 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:

II<MDAII
"MDA/2 £+ 100%".
The first result output variant is more correchirthe point of view of metrology.



11 Pack of spectra

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

Switching between linear and
arithmic scale

& Pack of spectra ;Iglil
: . + = = (<]
SWItChlng Add Delete Clear Update

between count and
intensity 5

[N

Tmp/sec]

in
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Spectrum | B
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CAGammaPRO\spe-gistablcs_ 3 asw File name CAGammaPRO\spe-gistablcs_10.asw
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Figure 53 Pack of spectramodule E j
Block 3

ThePack of spectramodule consists of three main blocks and a meiquyg).
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 ahweckhich shows whether this spectrum should

be displayed in block 2. When you press on the mnlllneade|, 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 determimatd stability (see below).

If a cursor is set in any row, the spectrum conedris shown on the graph in red. You can
select one, two and even all the rows in the talthe last selected spectrum has a red bold line on
the graph. To select several spectra, press amtdCtdl on the keyboard and press on the row you
want to select with the left mouse button. If yoanto deselect a row, press with a left mouse
button on any selected table cell. A left doublekclon any row causes standard opening of a
spectrum withinrAlphaPRO.

Block 2 contains a graph, which displays on thiecied spectra in the table on a single
automatic scale.
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+ -
Press thesdd button in the menu to add spectra to the tablgress thebelete button to
X
delete, first selecting necessary spectra in thie tdo delete all the spectra at once, pClear

Block 3 is intended for management and all kinflgerations in thePack of spectra
module. It consists of several talfSufrent, 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). Thedigharameters on thearametersand Additional
tabs fully duplicates the list provided on tffépectrum parameters’ tab (see Fig.20 and Fig.36)
when you work with the spectrum window.

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

The " button provides the user withT@mplate 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
Apply ]
Farameters  Additional
Spectrurm type * g ]
Sarnple ID [ ]
‘Waight | Unit 1 | kg | [v]
Yolume | Unit 1 [l | [v]
- Reference date
Date 20082010 | |
Time 161006 [ ]
Comment F20h:16045860F [ ]
- Coefficient concentration
Coefficient 1 | |
Use [] [ ]
Calibration file CAGammaPRO\spe-g\clh_gites Z
Background spectrum | [T1
+WBC
-ROI
Calculate : :
Subtract bkg | | | |
Data filename | |
+RFD
Material | ‘ ]

Figure 54 Template of parameterswindow

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

The -2 (Get parameters of current spectrum button is necessary in the cases, when it is
necessary to get parameters of one spectrum antierseas a template for other spectra.

The Math. operations tab consists of 3 blocks (Fig.55) and is intenfl@dsumming 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

Calculate

[] Sum time
Figure 55Math. operations tab content

To add several spectra and make them one:
- 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, 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.
- presCalculate. 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 timeedain. 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 timethees 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 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 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 spectrg and in the field below enter a mask, for
new spectra, to make them different from the oegones;
- presCalculate.
As a result of this, files of spectra summed witle 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 tBgeration field. You should selecSub’ here.

Spectra can be summed and subtracted with a con3tawlo 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 une@dsn an automatic mode. Load the received
pack of spectra to thieack of spectramodule. Select all the spectra. On 8tability tab (Fig.56,
block 1) in theFind in range block, specify the approximate location of thekpedeckCentre and
pressCalculate. Fill in columns 3, 4 and 5 in the module tableeTgraph on th&tability tab will
show the dependence you seek. You can copy tlevesc graph to clipboard by pressiig
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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 algHM (full width at half maximum) value,
resolution value calculated based on the peak slaspevell as integral and intensity. Thmd in
range group contains an option for entering window edgeshannels and in energy values (keV).

The Sensitivity control tab (Fig. 57) is intended for detector sensitivigntrol. 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.

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



Math. operations | Stability | Activity | Calibration | Sensitivity contral | Background contral ar
Biackground spectium |C:\GammaPRO\spefg\fDn\fonj asw _||
Calibration fle |CAGammaPRO\spe-giclh_gigSmiclh - | Cormel
N | Spectrum | Fesult | -
CAGammaPROv:pe-gifonifon_1 asw Marmal
2 [Ch\GammaPROywspe-gifonifon_2 asw Marmal B
3 Ch\GammaPROywspe-gifonifon_3.asw Mormal
4 [Ch\GammaPROywspe-gifonifon_4.asw Mormal
5 [Ch\GammaPROywspe-gifonifon_5.asw Marmal
b Ch\GammaPROywspe-gifonifon_B.asw Mormal
ChAGammaPROspe-gifonifon_7 asw Mormal
ChAGammaPROspe-gifonifon_i asw Mormal
CAGammaPRO\spe-gifonifor_9 asw Mormal
CAGammaPROspe-gifonifon_1 D.asw 3%
11 [ Ch\GammaPROispe-gifonifon_11.asw Mormal
12 [Ch\GammaPROspe-gifonifon_12 asw Mormal
13 [Ch\GammaPROyspe-gifonifon_13.asw MNormal
14 [Ch\GammaPROYspe-gifonifon_T4.asw Morrmal
15 [Ch\GammaPROwspe-gifonifon_15.asw Marmal LI

Figure 58 Background control tab view

Select necessary spectra in the main table tooqmerthis operation.
Background control tab consecutively load the background spectrumthedile of calibration by
ROI-method. PresSontrol. The result looks as shown on Figure 58.

In fields of the

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

Current | Math. operations | Stability | Activity | Calibration | Sensitivity control Background control i
Background spectrum |C:\GammaPRO\spe-g\iDn\sumj Oh.asw _|| Re::g Repnn
- T i
Calibration file |C:\GammaPRO\spefg\clbfg\Marm.clb _|| Caleulate | ) S Ward C
Calculation type |5F390‘“C activity. Bofkg L" [4] Calculate MDA
o [ Activity Ac.errar. Sp.activity Ahser. [ Unit [¥] Relerr pPL
M Spectrurm Activity. Bg | Aceror, % |Spemflcac1|vny Eq,’kg| Abserr | Relerr, #%(F= DSS >
1 [ Agff =209 + 26 Bg/kg BIOCk 2
- Rar22b 1977 43 1064 11.61 109
Block 1 Th-232 40.03 913 2165 3345 154
K-40 1509 1.8 816.2 78.01 9.56
- Ce-137 32.25 9.89 17.45 2821 16.2
2 [-] CAGammaPRO\spe-g\... = Aeff=85+ 19 Bg/kg
Ra-226 < 8.368 - <5185 - -
Th-232 32.04 14.7 19.85 3.493 17.6
- K-40 968.4 376 E00 52.97 105
- Ce-137 <3534 - <219 - -
3 [l cAGammaPRO\spe-g\... Aeff =91 + 20 Bfkg
Fia-226 25.32 568 14.76 1.78 1241
- Th-232 21.27 292 12.4 1.243 10
- K40 1148 0412 BE9.2 B6.92 10
Cs-137 <3.309 - <1.975 - -

Figure 59 Activity tab view

It is possible to calculate activities for a sergd 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 baokegd spectrum and the calibration file. Press the
Calculate button. The result looks as shown on Fig. 59.

Block 1 on Fig. 59 has checkboxes, which will shilme column in the results. Calculated
activities and errors are shown in table as a ffeelook at the values of any specific spectrum,

) F

press or in the respective row and hidden data fields agplpear. If you need to show all the
values at once, press on tBpectrum column heading, when you press again, all thedielill be
hidden.
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Under block 2 (Fig.59), there is tialculate MDA checkbox. When checked, the table will
display minimum detected activity and specific (wok) 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 transfereetording to the selection.

12 Radionuclides library editor

The radionuclides library editor is intended fomgeation of files, which are used in the
calculation of activities, identification of radiodlides and for other spectrometric tasks. Thdss fi
should be shown in thgbrary file field in theldentification section of the&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 libiéey 6f two types*.bib and*.lbr). The first
one ¢.bib) is a text file and has a structure of the soechihi-file; the second oné .(br) 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 Ll
=l tw E Mi R X ~ B he E Hi B X
MNuclice | Haltlife ime | Quant... | Error |:| Nuclide | Haltlitetime | Quant... | Error |

[+]]¥ Ce143 118737 -]+ Ba-133 332610000.8632

Gl Ce-1a4 24G15360 [+ &1 32821
[+}[¥ Cmr243 £99372393.26 ~[v 27639399 .32
|7 Co-5E 5713280 J -[v 30285001 18.711
[+][¥ Co57 23480928 [+ 356.01001 62581
|7 Co-58 B127142.4 -[¥ 38335001 8897
[-][¥ Co-60 B551926.96768 [1]¥ Cs-134 B5070381.57696

99.91 [* BE3.22699 5.381

- =¥ 1332500.. 99.9824 1 ~[v 569315 15431
|7 Cr-51 2393280 E -[v 60469397 97.561
[ Ce-123 115416 [# 79554497 £5.441
[+][v Cs132 559440 -[¥ §01.93201 8731
[+][¥ Cs134 55070361.57696 > vl 1167.937... 1.8051
G ce138 1137024 ¥ Ca-57 23460926

[-][¥ Cs137 952198667537 [ 1441 8.541
" ¥ 66165997 3511 [ 122063 85.691
[ Cut? 599612 -[¥ 136.476 10611
|E Crn-158 12476159.136

[+}]v Eu-146 396576

Block 1 -|7 Eu-1 47 2073600 |

FF cCoo440 a=s;anan

Sort Pararmeters Sort Pararmeters

(3 By energy Tz (@) By energy T m

O Quantum yield ‘\ O Quantum yield

=

Block 4 Block 6 Block 5 Block 2

Figure 60Radionuclides library editor window view

It looks like two symmetrically located blocks, wh contain a table (block 1 and 2, Fig.
60), a toolbar and a block of display parametelscids 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 AlphaPRO installation package usually contains one or ntibraries, from which you
can make individual libraries for specific task® do this, you need to load an already available
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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 tabtert you can
add something to it, edit and save it. ltems frtvn ight table can be copied to the left tablenm t
same way.

To edit names of radionuclides, energies, etapbioclick 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 rowlvéppear above the
currently selected row. To add a radionuclide ® ¢hd of the table, deselect the current selection.
To do this, left click on the field under the tabie the right of thBarametersgroup (Block 6, Fig.
60). The new row should be edited according toasttaristics of the item to be added.

To add energy line of a radionuclide, select thesn with a cursor and presE (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, - 2(Delete selected radionuclidgsand

B< (Delete selected energiesyespectively. To clear the entire table, use *gRemove al)
button.
When you have finished editing the table, you sawve it in any of the two formats. To save,

pressE (Save library file) on the respective toolbar. Please note that ibe ltbrary 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 intendadgeneration 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.

< Reference sources library editor -ol x|
‘ Open ‘ ‘ Save ‘

Parameters e + - X
File ChialphaPROYspe-alPUZ38 phs Radionuclide | Activity, Bg 5. exp. uncert., Bg (k:|
Geometry Pa | | Pu-238 | 1500 5
Mass | Unit 1 g
Yalume | Unit 1 ml :

Eeference date 01.09.2017
Reference time 00:00:00
Source D 117409

Library: CAGammaPROYbMlib_for_calclbr
Figure 61 Reference source library editorwindow

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.
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Complete the following fields in the left parttbie 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 pregetite 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
4 Radionuclide ‘ Activity, Bg |
Eu-152 5520
24 4640

Figure 61.1 Selection of a radionuclide from thedry

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 dimle. The name of the loaded file will be shown on
the status bar.

To delete a row or clear all the list of radiondes shown in the table, u®= (Delete
radionuclide) andX (Delete all radionuclides buttons, respectively.

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.
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14 Calibration for activity calculation by the ROI-method

14.1 General provisions

The GammaPRO software enables calculation of (specific) acywif 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 specteter is performed by means of activity
reference samples featuring the shape of and gamwfistion absorption within the count sample.

The calibration can be regarded to consist of tlewing stages:

— acquisition of spectra irradiated by referencevégtisamples or calculation of such
spectra by means of special purpose software wéiidlates 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 accuna¢asurements. 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 orlateuhese 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 thisdule 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 safmgpestra such as mass, volume, energy
calibration are correct, and background spectruchasen. These parameters are displayed in tab
Current-Parameters and additional talCurrent- Additional (see Fig. 53, block 3).

14.2.5 Select tal€Calibration 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).

58



Block C

+ 3 brt | Math operations oty | Activity | Calibration | Sensitivity control | Background control | Normalization | Map
N [ Spectum Comment Backgraund without count sample
¥ 1  C\ASWAspe-gill_ms_ra_op asw Gamma Datection Unit N1 [ B
¥ 2 C\ASWiepe-gi02_me_ra_sm.asw 9 CRITiIE ——
alculgate reate |11 0l
,’z j g&gmig;g:gj*:?{s*jﬁ ::‘: CAGammaPROWINDS. _I calibration GieBils calibration spectra. spgm:um‘ﬁj‘dl?se
¥ 5  CAASWAspe-gil5_ms_th_sm.asw (Aprior activity current spectium ~\ Calibration data:
Icd CHASWAspe-gh0B_ms_th_ps.asw +=- H Nuclide/Density/Spectrum | Adiivityflntens. | DatefEft | Screenin g coefiicient |
[V 7 C\ASMAspe-ghI7_ms k_op asw Hodlide Aoty | Dae ||| Ra-226
[V 5 CiASWhspe-gi08_ms k_sm.asw Tho3? SGE 07072000 L1 o204
[l CAASWAspe-gi09_ms_k_ps.asw ] - [-] CraSvhepe-g\l1_m 1770 01.01.2008
[¥ 10 CAASW\spe-ghi0_ms_cs_op asw o138 612-709 1648433 0.00933 1
[ 11 C\ASWispe-gil_ms_cs_sm.asw rocam | 870-1000 580475 0.00326 1
7 12 C\ASWAspe-gi12_ms_cs_ps.asw oA 1068-1178 0.00330 1
Ce137 1385 - 1540 000234 1
Fiac22b - 1677-1846 000257 1
Anzed - 2500 - 2720 000008 1
Th-228 1.098
=2 1.86
|+ Th-232
K-10
Cs-137

' Block A Figure 62
Block E Block D

To this end, mark the first spectrum in the spemttist (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 colun#ctivity . Specify the certification date of the radionuelidctivity or
concentration in columtDate’. Then click buttorE 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 ains the data on the
energy regions to be considered in calculation gseagraph 4.1 of Appendix 4).

14.2.8 If necessatry, fill in fiel@omment.

14.2.9 Click buttorCalculate calibration.

14.2.10 All the calculated calibration sensitivityefficients 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 calibratilen(f.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 sygposition 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 actaydo 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 nameslaswn in the example below.
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Cs137  (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 isgumed to be Bg 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 windows method is generation
of a matrix of calibration coefficients, each of ialh corresponds 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 energydeins 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 = ZAES“ S i=1m (14.4.1),

where m is the number of unknown radionuclideh\endount sample;

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

A is the activity of the radionucliden the “reference” sample featuring a certain dgns,
Bq (Ba/kg);

S, is the count rate in the windoyof the “reference” spectrum of thieh radionuclide

excluding the background count rate, cps;
S, is the count rate in the windagvof the background spectrum, cps.
S.

Ji

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

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

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

wherepo.. pqis the density of reference samples used for clior, g/cni;
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C,. is the sensitivity coefficient for windoyand radionuclide in the spectrum of a sample

featuring density, cps/Bq (cps/B&g);
po..paare the density values of the reference samplasfosealibration, g/cr)
d is the number of density values used for calibratio

S;,, is the count rate in windoyvof the spectrum of reference sample with radiadadl

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

For each measurement geometry, the result of edlilr (a*.clb file) is an own matrix of
sensitivity coefficients in accordance with formadké4.2.

15 Licence

A standard version ocBammaPRO 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 mustaiarfile sn_key.dat . The file mentioned contains
the generated coded data on the dongle in quedfidinere 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 demude, 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 nen_key.dat file in the root directory of the license dongle;

« the USB licence dongle does not comply with thedattained in filesn_key.dat.
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Annex 1. Calibration file structure (-.clb)
The content of the calibration file is italicised.

Mari nel |'i Nanme of geonetry of neasurenents

ADC Pol ynom S/ N 16 Three rows for any comments

BDEG 63- 63

6 Nurmber of wor ki ng wi ndows

612.0  709.0 0.99 0.97 0.95 pBottom and top edges of work windows, as wel
870.0 1000.0 0.99 0.97 0.95  coefficients of shielding for each density and wi ndow.

1068.0 1178.0 0.98 0.95 0.92

1385.0 1540.0 0.99 0.97 0.95

1677.0 1846.0 0.99 0.97 0.95

2500.0 2720.0 0.99 0.97 0.95

4 Nurmber of radionuclides in the matrix

Ra- 226 (Uni t="kBq/ sq. nt") Radi onucl i de and units of neasurenent

?h gégoo 0.900 1.700 Nunmber of attested densities and density in g/cn?

3 0.200 0.900 1.700

K- 40

3 0.200 0.900 1.700

Cs- 137

3 0.200 0.900 1.700

0.012518 0.004974 0.006181 0.004008 0.004754 0.000082 Sensitivity,

0.012386 0.004851 0.005869 0.003725 0.004530 0.000085 for the first

0.011181 0.004716 0.005408 0.003491 0.004011 0.000103 nucl i de (cps/Bq)
in work w ndows
(rows) and for

0.008251 0.016280 0.002369 0.002162 0.001555 0.004037 each density

0.007594 0.014390 0.002190 0.001980 0.001367 0.003551 (col ums)

0. 007546 0.013330 0.002031 0.001896 0.001381 0.003587

0. 000385 0.000529 0.000504 0.001908 0.0 0.0

0. 000364 0.000570 0.000556 0.002064 0.0 0.0

0. 000343 0.000473 0.000474 0.001720 0.0 0.0

0. 030660 0.000012 0.000003 0.0 0.0 0.0

0. 028320 0.000020 0.000006 0.0 0.0 0.0

0. 027240 0.000025 0.000008 0.0 0.0 0.0

as
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Annex 2. Efficiency file structure (.efp)

Efficiency Eff calculation for energk, is made using the formula:
Eff(En)=EXp[Ao+A1INEx+A2*(INE ) *+As(INEn)*+A4+(INE;) *+As+(INEp)° +As+(INE,)°.

[ 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
A4=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

AO0=-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 approximation error.
Coefficient Ay

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



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

Dat e _reference=18. 04. 06

Massa=0. 314

Vol unme=0. 25

Uni t _wei ght =kg
Uni t _vol une=l
Geonetry=Mari nel |

[ Nuclide_1]
Acti vi t y=5400
Abs_Err =540
Nanme=Ra- 226

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

Mai n secti on nane.
Nunber of nucli des
Data, on which the
KO nass.

KO vol urme.

KO nass unit.

KO vol unme unit.
Nane of geonetry

Fi rst radi onuclide
Activity, Bqg.

Absol ute error, Bq.

Fi rst radi onuclide

in KO
activity is adjusted.

secti on nane.

nane.

Second radi onucl i de secti on nane.

Activity, Bq.

Absol ute error, Bq.

Fi rst radi onuclide

nane.

64



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, _
(S.)XPZTJE(S)', (1)
i B

whereX; is unknown (sought) activity ¢ 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) spectrumjBhuclide, cps.

The process of calculations is as follows:
calculate the speed of count in windows; subtrackground count speeds from measured
ones;
select activities of nuclides in the mixture usithgg method of the least-square method
according to the system of linear equations (1);
calculate random errors in activities  of radionuclides
G))

i7.

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+g], (2)
where Q is the non-excluded systematic error chsueement. 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 confidencebadality 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 dependinghe@/ 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 thenéda
6=110/62 +62 +62 + 67 , (4)
where@; is spectrometer sensitivity coefficient err@(=7 %);
0, is countable sample measurement ey £1 %);
0O; is error due to a countable sample density ea=G %);
0, is methodical error due to mismatch between thentble sample and sample
composition @4 =5 %).




If the ratio @/ ¢; <0.8, the value of the confidence error of specéctivity measurement
result of thej™ radionuclide in the countable sample is assumedetcequal to the random

component of the measurement ewpr
A (099, = ng

If the ratio @/ ¢; > 8, the value of the confidence error of activityeasurement result
(specific activity) of radionuclides in the coun@alsample 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 measspegttrum. Determine areas of the peaks.
Calculate the radionuclide activity of a single aacording to the formula:

A= 5)

tek’
whereA, is the radionuclide’s activity, Bq;
Sis peak area, imp;
t is live spectrum writing time, sec;
kis quantum output of the selected radionuclide;lin
&, is full efficiency of registration of quanta of ghénergy, cps/Bg.
Efficiency is found according to the formula:

£, =exp(A +AINE, + A(nE,)*+A(nE,)* +A(nE,)"+ A(nE,)’ + A(nE,)®), (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:

_ 2 2
U, =-/Ustu; (7)

where Ug is the standard relative uncertainty of peak &ea

U, is the standard relative uncertainty of detectifitiency &,

Ug is determined in the following way:

1 n+20n,
e (8)
n, t
whereng is the count rate in the peak without taking baokgd into account, cps;
N is the count rate delivered by both the sourcethadhackground, cps;
Ny is the count rate delivered by background only; cps

6€



U, is determined by the value of the uncertainty &f d¢fficiency which is considered as a
polynomial function similar to (6) and calculatddize 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,
W,
' 9)

w; is the contribution of peakThis value is inverse ofly; ;

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

wherei is the peak number;

1

2
2% 10)

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

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:
Aef = Arat+ 130ATh +0090AK,
wheredr,, AmandAg are specific activities dfRa, >**Th and*’K in the countable sample,

respectively.
Absolute errorA;, (4 ) is calculated according to the formula:

Ay =4, +(130% 4,,)7 +(0.090%x 4, )7,
whereAr., At andAx are absolute errors of specific activities"@Ra,”**Th and*X in the

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

samples are recorded as:

A = 4y Balkg.
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