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Introduction

GammaPRO is a software for work with semiconductor and stiation spectrometers of
gamma, beta and alpha radiation (sucifR#0, BOSON,AiIrSPEC, GCD, MCA-527, DSPEC,
etc.).

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

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

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

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

The programme includes plug-in modules:

Pack — processing of series of spectra;
Profile —measurements in motion (car, railway car versiothefspectrometer-radiometer);

WBC -whole body radiation spectrometry (in chair andnechar configuration).

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



1 Starting the programme

To startGammaPRO, double click with the left mouse button on BammaPRO icon on
the Windows desktop, or go &iart->Programs->GammaPRO.
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When the programme is started, it detects enawtedlysers 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).

f_‘r GammaPRO
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[Device mana: ger |
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Block 4

Figure 1. View oiGammaPRO after its launch




The programme window contains four main blocks:

- main menu of the programme (Block 1);

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

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

- status bar (Block 4).

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

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

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

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

Four other items can quickly open recently savextsp.

Exit is used to clos&ammaPRO.

Tools (see Fig.3):

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):

File Tools | Options | Window Help

Passport of soLrce editor Figure 4.0ptions menu item
Log

Parameters

Bar-code FS

Library editor
Device manager
Switch on analyser

Debuigger

RLssian

Passport of source editoropens a window that allows generating files of pagsdata of
source (see section 13), used in the procedurerargtion of efficiency calibration files.




Log opens a log window, which displays saved resdltsoaducted 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 entefeat-code, from which
measurement with automatically completed infornrataddout the source can be started. You can
display such a window automatically by pressingRBéehot key.

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

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

Switch on analyserallows switching on all the available analyserom@ate. It means that if
analysers are physically connected to the PC armhpers of each connection are entered in the
programme, with this item you can skip press8wgtch On in the Device configurationwindow
(see Fig. 11) for each spectrometric tract sepgrate

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

Window (see Fig.5):

Fle Tools ©Cplions | Window | Help

Mosaic Figure 5.Window menu items

Cascade

Minirnize all

Range measuring spectra

Close al

Mosaic displays windows of the spectrum asMosaic . Cascadedisplays windows of the
spectrum as aCascade Minimize all minimizes all the windows of the spectrum to thédmo of
the main window.

Range measuring spectraranges the spectra to be measured (those havintatas s

measurement spectrujrn the sequence of their opening.

Close allcloses all the windows.

Help (see Fig.6):

Fle Tocls Optons  Window | Help

BBOLIE, . Figure 6.Help menu items

Help

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



2.3 Main toolbar

GammaPRO toolbar looks as shown on Figure 1 (block 2). Ppheel 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):

Yevice mana - — Calibrations
W [= m

Figure 7. Groups of the toolbar

The first groupDevice managercontains the following buttons:

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

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

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

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

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

The second grou@alibrations contains the following buttons:

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 tH2evice
manager(Fig.1, block 3Channelscolumn)

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

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

> . Start, starts a measurement in the spectrometric trdgth 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)

- 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);

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

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

|Device manager ]
g =

Analysers | Channels |

BOSON GCD-30185

| MCAS: ” BOEG-&

Device configuration

Palyrorm BOEG- o000

free

Figure 8. Context menu of tialyserscolumn

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

| Device manager |

o=
Analysers ‘ Channels ‘
BOSON GCD-30185

| MCAS2T ||_ BOEG-63 |

‘ Tract configuration

MeasUrement parameters |

Polyriarm |
Calculation parameters

Spectrum view parameters

microfCAS2Y ) i
Energy calibration

FyyHM and shape calbration
Efficiency calibration

Figure 9. Context menu of the Channels column

2.4 Device Manager panel

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

To choose the necessary analyser and tract, jioktanh it with the left mouse button in the
table. When selecting a spectrometric tract inGhannelscolumn, the analyser corresponding to it
is selected automatically. When clicking on theassary analyser in th&nalysers column, the
first tract will be selected automatically. (ExamplOn Fig.8 and 9 the current analyser is
'MCAS527', the current tract is 'BDEG-63').



As it was noted above, button actions on the toollescribed 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 secorsdehamer showing the time of measurement left in
seconds. If the field is empty, measurement ircti@nnel was stopped or has ended (see Fig. 10).

Device manacger

g = Timer to
Anal ch I the end of
natysers anne’s | measurement
BOSCN GCD-30185 | 60707
MCAS27 BDEG-6:3

Figure 10

2.4.1Device configurationwindow

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

Device configuration BOSON i i ;
Analyzer name BOSON
Status Switched on
Analysertype BOSON St @
Address Fort: COM13
Serial number 123

Close

Figure 11 Device configurationwindow view

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

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

Address Port fields —intended for specifying an analysedP 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 evice Manager panel.If the serial number is



unknown, leave this field blank, a serial numbethaf first free device of this type will be popadt
after the establishment of a connection with thaate

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

2.4.2Tract configuration window

When you pres“* on the toolbar or seledract configuration in the context menu of the

Channels column on théelract Manager panel, a window shown on Figure 12 will appear loa t
display.

Tractconfiguration. BOSON. GCD-30185. S
Twpe of detector Garmma
Tract name GCO-30185 ‘ T @Y -Q‘
Channels 2048
Set High Yoltage 100
MNumber of active HV unit 2

Turnoff HY < ‘

Do HY 1: 1202
Mow Hv 2: 1505

Additional parameters of tracts

Close

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 théedtor (gamma, beta or alpha).

In the Channels field, specify the number of channels in the speauotr Options in the
dropdown list of this field depend on the typelw# tinalyser.

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

set for this type of detector. To actually set higiitage, presJ,.M-, 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 analyysquessingw. It opens a
window, which can look differently depending on t@alyser type.

1C



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

2.4.3 Measurememtarameterswindow

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

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

Coefficient

Coetfficient of concentration
1

Use |:|
Is on
L. margin | B margin 750 asn
Intensity, cps 200
T
On
Filename’s prefix ternpss
Spectra count 10
Delay time, sec 3
Directory of spectrurm ChGarmmaPROVspe-g

Figure 13 Measurement parameterswindow view

This window contains parameters related to thesomeanent procedure:

File name — spectrum file name, which will be generated duritihge 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 forngtthe standard
default type of spectrum f@ammaPRO.

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

Reading interval— spectrum reading and displaying interval, sec.

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

Sample ID —the identification number of the countable sampat(field).

Weight, 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 seldcted the list of materials, for
which there are data on the permissible contergeaamo select a material, click in the field and

pressﬂ, which will appear on the right side of the fiel@onfirm selection of the necessary
materials by pressingpply (see section 4.3).
Comment—field for a comment about the forthcoming measurgn(@ text rows).
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The Coefficient of concentration section contains parameters related to the methiod o
preparation of the sample to be measured. Thesendktbe further displayed also in parameters of
the measured spectrum.

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

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

Coefficient concentration LI
Weight sample Weight sample
BEFORE AFTER
concentration, o concentration, g
D |

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

Figure 14 Coefficient of concentrationwindow view

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

On —field to enable the retry of measurements mode.

Template files—file name template.

Iterations —the number of measurements to be conducted.

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

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

The spectra file names are generated from thafiuedirectory 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:\GammaPro\spe-g\temp_1.asw
C:\GammaPro\spe-g\temp _2.asw

C:\GammaPro\spe-g\temp_10.asw

2.4.4Calculation parameterswindow

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

12



GCD-30185

Calculation parameters. BOSO

Calculation type Specific activity, Bo/ly
Ekg spectrum CAGammaPROYbkg-ghfon_sum asw L. lirnit | R limit 10 16000
Calibration file (ROFmett CAGammaPROclb-gymarinell clb Lewel 3
Calibration ADER Min. area 100
List of calibration spectrs CA\GammaPROVclb-ghles\Marinelin | Twpe search Peaks from library

Show peaks O
On measurement date .| Update peaks when read
e I Smooting |
Tirme 12:39:27 Palynomial degree 5

Directoies T |
Calibration files CAGammaPRO\b-g
Working spectrum CA\GammaPROYspe-g Library file CAGammaPROVbRlib_for_c
Bkyg specta CA\GammaPROYbkg-g Efficiency file ChGammaPROYCl-ghmar_r

i MTR 7

Calculate ] 2 Allowable dev, ket 32
Subtract bkg [ E
File ROI

Eror
L 1.2
Q 0.1

Figure 15.Calculation parameterswindow view

This window contains parameters related to theutaion procedure:
Calculation type —the type of calculation, which determines, whiclit will be displayed in
the resulting data table (specific activity, voluastivity, etc.). Where,
'Specific activity, Bg/kg' means that during the calculation in additioriite activity the
specific activity in Bg/kg will also be calculated;
Specific activity, Bg/d means that during the calculation in additiorthte activity the
specific activity in Bg/g will also be calculated,;
‘Volumetric activity, Bg/l ' means that during the calculation in additiothi® activity the
volumetric activity in Bg/l will also be calculated
'Volumetric activity, Bg/ml ' means that during the calculation in additionthe activity
the volumetric activity in Bg/ml will also be calated:;
'RFD, mBg/s-m2 means that the radon flux density will be caltedain mBg/am’ (see
document Methodology of radon flux density measunet))
Volumetric activity of Rn-222, Bg/m”3' means that the volumetric activity of radon
will be calculated in Bg/f(see document Methodology of radon volumetric @gtimeasurement);
Content means that the radionuclide content will be daled in the units of
measurement specified by user (this is applicabtee window method, see Section 14).
Background spectrumis thepath to the background spectrum for this spectrooigact. A
link to this field will be shown in parameters betmeasured spectrum.
Calibration file (ROI-method) — path to the calibration file, which will be usedr fo
calculation of activity using the ROI-method.
Calibration ADER - path to file of calibration by ambient dose equavdlrate, which will
be used automatically, when reading the spectruhdaplaying it.
List of calibration spectra (superposition method — path to the file list of calibration
(reference) spectra, which will be used when caloud) 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 activitisgng the ROI-method. For the description of values
of the b method see Annex 4.
The Reference datesection contains parameters allowing to set the datactivity in the
measurement results.

13



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

The Directories section contains paths alibration files, Working spectrum and Bkg
spectra. These directories will open by defaultemwhtandard file selection dialogue windows open.

The ROI section contains parameters allowing to calculageintensity of in the regions of
interest. Such intensities are calculated togettittr 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 procediucalculation of intensity in
regions of interest.

Subtract bkg —the parameter enabling and disabling subtractidsackground 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 thercteof peaks in the
spectrum and their displaying.

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

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

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

Type search— one of two possible types of search for peaks énsiectrum $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 mggrlkn
the process of measurement, when the spectrumnigasdly 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 bytibmsz TheSmoothing parameters include:

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

Iteration. This parameter defines the number of smoothiatations for spectrum peak
search. If this value is 0, no smoothing will befpenmed. 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 ousou
and half-lives. Library files are generated usingltibrary editor dialogue (see section 12) and are
used in the process of calculation of activity gdine peaks analysis method.
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Efficiency file — path to the efficiency calibration file, which wiltorrespond to the
measured spectrum. The efficiency calibration fitntains 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 thé&fficiency calibration dialogue
(see section 9).

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

Allowable dev., keV—the energy deviation parameter, within which a pmsaly 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 théelract Manager panel, a window shown on Figure 16 will
appear on the display.

Panel fram 16777215
Fanel to 15461355
Spectrum line 16711680
Marker 33023
Axis 12632256
Grid 1

Default colors

W

Histogram

Clase

Figure 16.Spectrum view parameterswindow view

This window contains parameters describing theeagmce of spectra for this spectrometric
tract such as background colour, histogram of §hectsum, grid, axes and marker. When the
Default colors parameters is enabled, colours will have theiadkfvalues.

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

Before starting measurements, set the time of meamnt. This can be done in the
Measurement parameterswindow (see section 2.4.3). In this window, youn Gdso set the file
name, if needed. Other parameters are also skeé Md¢asurement 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, othergjisll the buttons will be greyed out and inactive.

To start a measurement, pref , then a window of the spectrum to be measured will
appear (Fig. 17), which will show a histogram.

4% Polynom. BDEG-51_511B. _lasw

Spectrum §

Intens. 17164 ||Live time: 543212 5| Real time - 646072 5. | Dead time: 0.443 % Il | |
Charnet 1244 |[Energy: 1964.6 || Court: 13 ]

Figure 17. Window of the spectrum to be measured

Indicator of
spectrum
reading from
the analyser

700 800 500 1000 1100 1200 1300 1400 1500 1600
Channel

100 200 300 400 300 600 1700 1800 1300 2000

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

13 B

Figure 18. Group of buttons for control of a speateter on the toolbar of the window of the
spectrum to be measured

The spectrum to be measured has a connection ind..on the toolbar, showing the event
of programmes 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, tlgevice 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.
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f i ) MeasUrement have completed in BOSOM, GCD-30185.
Live time:55.258 sec
Real ime:55.258 sec

Save spectrum?

Oa | HeT |

Figure 19

The message is asking whether you want to savepietrum 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 n#gvrfame and specify its saving location.

To force-stop writing a spectrum in the processnefasurement, pre:,i. The message
shown on Figure 19 will appear on the display again
If the user closes the spectrum window after a omeasent, 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

opened by pressinir,-- on the toolbar of the spectrum window. Changepamameters of any

reopened spectrum are made in the same way.

Cac  loeme oo

File namea C.\GammaPRO\,spe ghnE asw L. limit | R lirmit 10 16000

Sample ID RIRIN Lewvel 3

Spectrum type * asw hin. area 100

‘eaight | Unitweight 15 q Type search Search and ldentificatior

Yalume | Unitwolurme 1.2 rnl i Show

veorl e T ——
Pobnomildegree

Background ChGammaPROspe-gibkyg.asw lterstian

Calibratian CrGammaPROclk-gmarinel b

Comment 1D 17434 2 Libranyfile CARASWAInLIbr
Eiency s C\GammepAC\dogin

Coefficient Passport of source

Use | owTe 55
_ Alovable dev. e

Calcute

Subtract bkg |:| Pawer on O

Data filename | |

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.
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4 Work with a spectrum
4.1 Main functions

To open a spectrum, click menu itéfile->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 COpen

Files of type: Spectrum ASW {~.asw) j Cancel |

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

Spectrum ASW (*.asw)

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

Figure 20.1 Choosing a spectrum type in the stahidading window

Once a spectrum (spectra) is selected, the satdiaplays 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:\GammaPRO\spe-gi\test_06_mr_th_ps.asu N =1
il (o ; . Ty E ~ | #e2ee 5 3 :
Toolbar B8] 36 @@)A L | e Jye
000~ = - Thepp PIRET
gsoof - !

- Marker
[~

£ soomf -

Current
selected
peal

1sonf |

‘ = i Peak marker

B 1 N G W —
Channs!
intens. 11088 |Livetime:8343s | Realtime 10005 ||Deadtime: 106 % I |‘

Channel: 10769 |[Energy: 2101 |/Count: 18 |
Figure 21. Spectrum window view
Figure 21 displays main elements of the spectrundow.

S Themete

The status bar displays live, real time valuesdoosds for this spectrum, as well as dead
time in percent.

The Intens. field of the status bar displays the aggregatelevaif intensity across the
spectrum, i.e. the integral value of the entirectipen divided by live time.
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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 magdstion in channels and energy units.
TheCount field displays the count value in the spectrunregponding 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 inleffteposition 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 detresm will be stretched to the width of the

selected region. To return to the previous zoorellgwesss  on the spectrum toolbar. To return
to the initial zoom level (to the full range of 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 paramaaslisk. When you press this button,
any discovered peaks and their parameters aresalsal 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).

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

2% - a button for enabling the mode for work withesag. 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 getsdigad the cursor moving around the spectrum field
looks like two closed brackets '[]'.

To select a spectrum region, which will be moveatseparate window for work with the
peak, set a marker to the left position of regimmess 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. Tredease the mouse button and an additional
window with the selected region will appear on display (see Fig.23).



& work spectrum: C:\GammaPRO\spe-g'itest 06_mr_th_ps.asws
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Figure 23. Window for work with a peak view

[XITT)
I

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

N Addtolog

Fanorama window

Send to pack

Logarithm

Show background
Hide spectrum
Spectrum without bkg
Reference spactrum
Intensity

Energy range

Shaw ROI

Offer a nuclide
Feport

Autocalibration by source ’

Send to...

-

Figure 24. Men®ptions of the spectrum window

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

Results-opens a panel of measurement results.

Add to log - sends measurement results to a log.

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

Panorama window - when opened, this window (see Fig. 24.1) displdat part of a
spectrum which is marked by scaling in the maircspen window. The semi-transparent rectangle
can be moved by user which automatically chandesstaling in the main spectrum window. The
opposite is also true: changing the scale and zogritie spectrum’s regions is automatically
displayed in thé>anorama window.
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Input count rate: 83082 ||Livetime: 1836145, ||Realtme 2000, |Deadtime: 819 %
Channel: 2030 ||Energy: 407,39 || Counts: 111 | 4

Figure 24.1. The Panorama window of a spectrum.
Logarithm —enables a logarithmic scale for spectrum display.
Show background-shows the background spectrum.
Hide spectrum-hides the spectrum.
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Spectrum without bkg —shows the spectrum without spectrum background.

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

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

Show ROI - shows regions of interest (ROI) contained in thiédcation 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)a tool allowing to perform
automatic calibration by energy, FWHM and shapea spectrum with radionuclides most used in
spectrometry. The procedure may last several siscoAt the end of autocalibration, the
programme will display a message with the resulid @nter the received values in the spectrum
calibration.

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

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

4.2 Work with a peak

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

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

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

-
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@m () 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 multipteihtaining no more than 3 peaks. Put markers

with a double click in the centroid region. Theresml and a calculation will be performed. The

22



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 v&,
mark then once again.

TheJL"J-_ (Multiplet with high resolution ) button has the same intentionA_, however, it
is more fit for describing peaks with high resabuti(for example, peaks received on extra-pure
Germanium spectrometers, etc.). The function deisgieach peak has two partdhe Gaussian
part and the so-called left exponential edge. 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 preliminarykimy and press thJJJ-_ marker. The
processing result looks as shown on Fig.26.

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

ignored.
=lo|x]

230 2386 230 2375 230 235 230 2395
Channel
Chonnsl: 2383 || Ensrgy: 4643
Peak list i E
Channel | Energy | Intens..cps | Resolution, % ‘FWHM, kevl FWHM, ch. | Left edge, channel | Amplitude ‘ Area, imp ‘ To calibration |
2375.5 | 462.806 2.883%9 0.25647 1.1871 5.097 5.0189 395.14 2579.1 Efe | FHM

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
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the field, a window opens (see Fig. 27), whichwomanaging the files containing information
about values dPermission Level(PL). The file with the data on PL has a *.mategion.

* = ¥ 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.

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).

Figure 28
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To select items, press on the row with the namih@fexpected radionuclide with a mouse
button. Areas in the spectrum in the region of dirté the respective nuclide are highlighted in
white, and are marked with the value of quantundyfier this line.

5 Determining activities of radionuclides by the R@®method

5.1 Calculation by one spectrum
Sequence of calculation of specific activitiesadionuclides
Load a working spectruni{le->Open spectrunj.

Open the spectrum parameter window by pressing

Load a spectrum background in tBackground field and the necessary calibration file
(*.cIb) in theCalibration field.

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

Figure 29. Variants of calculation types

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

Toolbar of the
results table

Figure 30. Results window view



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

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

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

The panel with calculation results should notessarily be within the spectrum window. It
can be 'separated' from the left edge of the spmctsy 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 effectivaxgje activity of natural nuclide8.s, the
consolidated factor of conformity, names of thelration file, background file and work spectrum
used, the date as at which the activity has bekmlated, as well as weight and volume of the
countable sample, if it was taken into account.

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

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

convert data in different ways ( - saving data to a txt protocol; - sending data to MS Word,;
- generating a report; - sending data to a DB.

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

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

When a report is generated (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 insthlh 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 righttpd the window (the so-called preview

block). To send the page S Word, press . To save the page in the *.rtf format, pr&€swe

When you press on the toolbar in the results table, thatabaserecord window will
appear, where you can enter additional data n&dsewvthe spectrum (Fig.32).

27



Figure 32 Database recordwindow view

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

5.2 Common calculation by sample number

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

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

For a correct calculation:

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

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

- conduct a separate calculation for each spectsemsection 5.1);

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

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

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

If there is specific activity calculated in one spam (error less than 50%), and only
assessments (equal to MDA) in the other spectrunly, the data containing specific activity are
used in averaging.
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If assessments only (equal to MDA) are availablalinthe spectra, the smallest of these
assessments is displayed as the result for thismaclide.

Note about
common

calculation

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

5.3 Shared beta- gamma calculation

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

For a correct share beta-gamma calculation:

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

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

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

- for the spectrum of the beta detector you caecs8hared calculation BGin the menu of

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



Note about the
share beta-
gamma

calculation

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

5.4 Superposition method

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

selecting theCalculation by superposition methodin the menu of the Calculation button.

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

Figure 35.Superpositionwindow view
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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.

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

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

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

The status bar of thBuperposition window displays information about the currentladied

library spectra list file, the number of these $peeand the number of radionuclides.
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6 Determining activities of radionuclides by the inlividual peaks analysis
method

6.1 General statements

The principle of determining activities of radiotides using the individual peaks analysis
method is the possibility to search for peaks aatorally, describe each of them using the Gaussian
curve (with protracted left exponential edge), Hiert calculate the area and, finally, calculate
activities by each identified radionuclide. Thelidpito 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 yield, etw, iSthere is a spectrum of a countable sample, a
library file (*.Ibr,*.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 parametee® (Fig. 36) inSearch Peaks, Smoothing,

Identification groups.

Main parameteg
for the
calculation using
the individual
peaks analysis
method j

\ /

Figure 36

TheSearch peakgyroup contains the following parameters:

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

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

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

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

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

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

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

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

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

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

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

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

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

6.2 Procedure of calculation of activities by thendividual peaks analysis method

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



6.2.2 Information about the source may be enteeddrb, during and after the measurement.
In the first and second case, parameters are ggakaifthe 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 Identification’,
'Peaks from library") in theType searchfield (Fig.36).

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

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

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

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

Figure 37 Library tab view

6.2.8 On the toolbar of the spectrum window (Figld8ck 1), press (New search peak
and calculation). If the spectrum has correct calibration by egefgWHM and shape of the
spectrum, thé>eak analysistab of the measurement results panel will disptdgrmation on any
discovered peaks (Fig.38, block 3). Also, foundhhghted peaks with titles will appear on the
spectrum graph (see Fig.38, block 2).
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Figure 38. Spectrum window view after peak search

The results panel, under the table wiBound 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 lingelative expanded uncertainly in the
calculation of activity exceeds 50%, then the MDAIriimum detected activity) value is displayed
in this field instead of the activity value.

Sp.activity, Bg/kg - specific activity in Bg/kg (parameter depending thre calculation
type);

3¢



Exp., uncert.% - expanded uncertainly of the result of measuremetit goverage factor
k=2.

The Result by radionuclidestable, which is being described, may contain telumnsPL
(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
the icon located in front of the name of the radiomiel

6.2.9 Visually analyse adequacy of the plotted maidtical model for each found peak, i.e.
evaluate the quality and correctness of descriptbrthe 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 press to return to normal zoom.
6.2.10 Then, the result of determining of actiwtimay be converted to a protocol, MS
Word, report or database. For these purposes, therdoolbar similar to that described in section

5.1 and located above ti®und Peakstable ( - saving data to a txt protocol; - sending data

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

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

To consider background in the calculation of at#ei it is necessary to link it in the
Background field in the Spectrum parameters window. The spectrum background should be
measured with good statistics, as well as processeiarly to the work spectrum. The table of
found and identified peaks of the background spettrs 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 accordinfp¢oparameters 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, hwiiatch the energy lines specified on the
Library tab.

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

found peaks in order to recalculate their peak areghalso activity, use (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 peaéy be recognised incorrectly, therefore,
the identification result may be adjusted manuallythe Line' column of the table using the
dropdown list with energy lines getting in the agelimit (seeSpectrum parameterswindow).

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

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

6.4 Inserting and deleting peaks

The toolbar of the spectrum window contains a grolughree buttons as shown on Figure 39

(in a frame).

Figure 39.Identification button group view

Thus, the (Insert peak modg button is intended for toggling to the insert lp@aode.
In this mode, the mouse cursor becomes a green doww (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.

Figure 40.1. Preparation of a marker for peak tnser
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Figure 40.2. New inserted peak

Figure 40.3

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

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

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

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

38



Figure 40.4

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

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

The (Delete peal button of the toolbar of the spectrum window nsended for the
deletion of a peak from the list of found peaks.

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

corresponding to it will get selected in the tatéhen a peak has been selected, presson the
toolbar of the spectrum menu.

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

6.5 Sending of a list of peaks to calibration

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

To send data to calibration, in the tables of tbpeaks select those peaks, which you want
to convert (see Fig.41), and press (Send selected peaks to energy calibratipror (Send
selected peaks to FWHM and shape calibrationdepending on the target calibration.



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 analysgrchannel
number, i.e. perform energy calibration of the smeveter. Spectra of standard sources of
radiation are entered for this purpose. The spegtwhich participates in energy calibration, must
contain several well-shaped peaks. The procedureldibe 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, pres: and a dialogue windows will appear on the disglayshown on
Figure 42.

Y N

[ |

\ /
( N | Block 3

Figure 42 Energy calibration window

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

Thus, Fig.42 shows calibration consisting of twongs, 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,ghogramme 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. Agltdo this, set the value & in the
Polynomial degreefield.

The user may add and remove points from the tdldedo this, use (Add item) and
(Delete item), 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 calibratithrere is a  (Delete al) button located
above the table. When you press this button, thke taill keep two rows, which are minimally
necessary for plotting a straight-line correlatidiou can edit the table by editing fields in these
rows.

Data can be brought to the table in several ways:

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

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

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

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

To open the library window, press at the right edge of the field.

[ )

Figure 43.1

Then, a window for selection of an energy linenfrthe library will appear on the display
(Fig.43.2).
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Figure 43.2 Window of energy selection from thediy

The user may select a radionuclide and a line fifoenlist provided in the left table. When
you double click on the selected energy, the lipraindow will close and the energy value will be
populated in the table field of tlinergy 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 respectregv with the left mouse button.

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

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

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

Figure 44, Energy
calibration report view

To print a report, press
To perform energy calibration for the specific Wapectrum, open this spectrum and press

_ Y on the toolbar of the spectrum window, and thefatogue 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 spectromdtect, which corresponds to the spectrum being
viewed.

8 FWHM and shape calibration

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

The term peak shape calibratiom GammaPROis defined as a search for dependence of T
parameter (the so-callekft edge) on the peak centroid channel in the spectrumarémeter is the
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distance in channels from the peak centroid tolé¢fie after which the peak is described with
exponential dependence rather than Gauss (seéFig.4

Figure 45. Shape of the graph describing a peak

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

Device managerpanel. Then, press and a dialogue windows will appear on the disgay
shown on Figure 46.

e ™ 4 N Block 2
\ /W]

o N\ )

Figure 46 FWHM and shape calibration window

~N

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

Thus, Fig.46 shows calibration consisting of aaiernumber of points, which describe the
dependence of FWHM and shape on channel in 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.
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If there are more than two points in the tabldympomial dependences of second degree can
be built. To do this, set the value &fin the Polynomial degree for FWHM and Polynomial
degree for shapdields.

The user may add and remove points from the tdldedo this, use (Add item) and
(Delete item), 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 calibratithrere is a  (Delete al) button located
above the table. When you press this button, thke taill keep two rows, which are minimally
necessary for plotting a straight-line correlatidiou can edit the table by editing fields in these
rows.

Data can be brought to the table in several ways:

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

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

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

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

To save to afile and load all the calibratiornagdaiseSaveandOpen, 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.

Figure 47. FWHM and shape calibration report view
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To print a report, press

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

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

9 Efficiency calibration

9.1 General statements

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

As a result of calibration, energy dependence gistetion efficiency in peaks of complete
absorption of gamma quanta radiated by samplerémfe) measures is determined. When it is
necessary to take into account absorption of gaoumaata in the material of a bulk spectrometric
preparation, energy dependences of registratiayanfma-quanta are determined using several sets
of reference bulk measures with different densitjlier 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 simulatesadnt®n of radiation with the substance;

- processing of spectra for the purposes of searchidegtification and determining areas of
peaks;

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

- creation and saving of arefp calibration file.

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

e (E,)=exp(A, + AINE +A(NE )*+A(nE *+A(nE )+ A(NE )*+A(nE )°) (9.1)

where A are polynomic coefficients determined in the pescef calibration, i=0..6.

Annex 2shows an *.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 settindiefgamma spectrometer.

9.2 Selection of radionuclides for calibration

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

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

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

9.3 Efficiency calibration procedure

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

9.3.2 Generate files of passport data of calibnatiources. To do this, use tRassport of
source editorwindow, which can be opened from the main progranmenuOptions-> Passport
of source editor(see section 13).

9.3.3 Process the spectra received in p.9.3.lhoptrposes of searching, identification and
determining areas of peaks as described in se6tion

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

9.3.5 Save processed spectra to a disc.

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

@

Block 4 /

Figure 48 Efficiency calibration window view
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9.3.7 In takEfficiency calibration, usingAdd on the toolbar, load all the calibration spectra,
then range them in such a way that the spectra avithdensity (or other parameter) are grouped.
(See example on Fig.49).

Spectra of samples with
density 0.2 g/cth

Spectra of samples with
e density 1 g/crh

J\

Spectra of samples with
density 2 g/crh

Figure 49. Ranging of spectra

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

- Parameter (Density) —the parameter, according to which the programmé pldt
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/cry 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 degredachviwill be
calculated for the purposes of describing expertaledtependence of registration efficiency on the
energy of gamma-quanta.

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

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 eéfiaies (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 thisxéenple):

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 curveeaify the values in the fields and click button

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

9.3.12 When the appearance of efficiency curvedihally shaped, an efficiency calibration
file for the accepted measurement geometry is edeavhich has a unique name and an *.efp
extension. To do this, pre€reate file and then enter the name of the new calibratianifil a
standard dialogue.
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Figure 50Efficiency calibration window view after calculation of dependence ofogéhcies on
energy

Figure 50.1 View of efficiency curves on a logamiik scale

9.4 Management of spectra

To load and delete spectra in tE#ficiency calibration window, use
buttons on the toolbar of the window.

After spectra have been loaded, their list appeaastable (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 talde, or buttons.
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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 parasnfetefurther operation might be relevant. To this
end, one can save the current configuration aparaee 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 button 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 fig be moved (one is recommended to create a new
directory) (see Fig. 50.2).

Figure 50.2 Window requesting the name of an eficy 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
* peffile which contains the data on the project’'s paters.

Later on, wherGammaPRO is closed and then opened again, the user widlbe to load

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

9.6 Creating an efficiency file from a text table

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

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

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

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



Figure 50.3. Tab Converting

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 mé@mpions->Parameters and contains 4 tabs
General, Files, View, Calculation (see Fig.51).

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 GR8eiver is connected and data are correct, the
current coordinates can be sent to fields ofGRS coordinategroup.
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The Files tab (Fig. 52.1) contains the name of the dataliéesdor saving the results of
calculation of activities of radionuclidePD#tabase filenamefield) and the protocol filename
(Protocol filename field), which can contain the consolidated resafftmeasurements in a text
format.

Figure 52.1Files tab view

TheView tab (Fig.52.2) is intended for setting the extemirface of the device manager.

Figure 52.2VView tab view

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

Figure 52.3alculation tab view

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

off — Ra+1-3OATh +0090AK (101)
where g, is specific activity of radionuclide Ra-226, Bgrkg
Th IS specific activity of radionuclide Th-232, Bg/kg
k IS specific activity of radionuclide K-40, Bg/kg.

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

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

Signal about measurement finish- a checkbox, which allows to enable and disableuado
signal at the end of spectrum writing.
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Type of view results with uncert. more 50%- an item for choosing the format of display
of the measurement result with expanded uncertabbye 50%. Values may be displayed in two
formats:

"<MDA"

"MDA/2 + 100%".

The first result output variant is more correchfrthe point of view of metrology.

11 Pack of spectra

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

Switching between linear and
logarithmic scale

Switching
between count and
intensity

Figure 53 Pack of spectramodule

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

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

The second column contains filename of spectra wieir paths. Columns 3, 4 and 5 are
intended for the display of results by determinmatd stability (see below).
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If a cursor is set in any row, the spectrum coneéris shown on the graph in red. You can
select one, two and even all the rows in the talite last selected spectrum has a red bold line on
the graph. To select several spectra, press amdCtdl on the keyboard and press on the row you
want to select with the left mouse button. If yoanvto 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 withirGammaPRO.

Block 2 contains a graph, which displays on thiecied spectra in the table on a single
automatic scale.

Press the  button in the menu to add spectra to the tablgress the button to

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

Block 3 is intended for management and all kinflmerations in thePack of spectra
module. It consists of several tali3u¢rent, Math. operations, Stability, Activity, Calibration,
Sensitivity control, Background control, Normalizaton, Map), each of which is responsible for
respective functions.

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

There are two buttons on the toolbar of therent tab:  (Save current changg and
(Template). The first is for saving changes made to fieltithe ParametersandAdditional tabs.

The button provides the user withTe@mplate tool, which is intended for measuring one or
several parameters of selected spectra. When ye=ss phis button, th&emplate of parameters
window (see Fig.54) will open.

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 chaigesd be applied, then presgply in the header
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of theTemplate of parameterswindow. As a result, you will see a message ablmimanipulation
you have made.

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

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

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);
- select Sum 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 press in the field below and
select a path and the name for the sum spectrum.
- pres<Lalculate. A new summary spectrum will be created as a reduhe actions above.
There is &Sum time checkbox in théxt.parameters block. It is intended for changing the
type of the resulting summary spectrum by timeecdioin. 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 ottese, when summing spectra from difference
sources, disable theéSum time mode. Then the resulting spectrum will have timethaes first
spectrum being summed (the so-called adjustmehettime of the first spectrum).
To add several spectra with one spectrum:
- select the spectra intended for summing imtlae table (Fig.53, block 1);
- select Sum in the dropdown list of th®peration field (Fig.55);
- select the option corresponding to the typeswhming (channel-by-channel or in the
energy scale);
- in theExt.parameters block select Spectrum as shown on Fig. 55;
- in the field with the dropdown list select tBpectrum, with which you will sum the
spectra selected in the table;
- in theResult block, selecMask for new spectra and in the field below enter a mask, for
new spectra, to make them different from the oafones;
- presCalculate.
As a result of this, files of spectra summed witie spectrum will be created on a disk.

To subtract a spectrum from several spectra, yawldhdo the same operations with the
exception of the type of operation in t@geration field. You should selecSub here.

Spectra can be summed and subtracted with a con$twmlo this, in the above-mentioned
algorithms speciffConstantinstead ofSpectrum and enter the constant value in the field below.
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The Stability tab is intended for determining stability of th@estrometric tract by spectra.
Thus, for instance, to receive a graph of deperglefidhe®'Cs radionuclide peak position in a
spectrum on time, the set of spectra should be unedsn an automatic mode. Load the received
pack of spectra to theack of spectramodule. Select all the spectra. On 8tability tab (Fig.56,
block 1) in theFind in range block, specify the approximate location of thelpedheckCentre and
pressCalculate. Fill in columns 3, 4 and 5 in the module tableeTgraph on th&tability tab will
show the dependence you seek. You can copy tleveelt graph to clipboard by pressiig
clipboard. To make selection of the window with the peakiezasise Auto (in thé&ind in range
block). This button gets fixed in this state, whgyu press it. Then, you can double click with a
marker on the spectrum in the place of the leftdoim edge and then in the place of the right edge.
The graph range will get selected (see Fig.56)nTueli can presSalculate again.

[ ]

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 slzpevell 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.

Figure 57 Sensitivity control tab view



Select necessary spectra in the main table toqerthe 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.

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

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

=5

Figure 59 Activity tab view
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It is possible to calculate activities for a sergd spectra from théctivity tab only using
one calibration file and one background spectrumd®d this, select necessary spectra in the main
table. In tab fields, consecutively load the baokagd 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 shilm column in the results. Calculated
activities and errors are shown in table as a ffeelook at the values of any specific spectrum,

press on in the respective row and hidden data fields agpear. If you need to show all the
values at once, press on tBpectrum column heading, when you press again, all thedielill be
hidden.

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

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

12 Radionuclides library editor

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

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

To open the editor, sele@ptions->Library editor in the main programme menu. A
window shown on Figure 60 will appear on the digpla
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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 GammaPRO installation package usually contains one or mimaries, from which
you can make individual libraries for specific tasko do this, you need to load an already availabl

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

press (Copy selected radionuclides Selected items will appear in the right tabern you can
add something to it, edit and save it. ltems frown ight table can be copied to the left tablenim t
same way.

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

To add a radionuclide to the table, press(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 takie the right of thBarametersgroup (Block 6, Fig.
60). The new row should be edited according toanttaristics of the item to be added.

To add energy line of a radionuclide, select thesn with a cursor and press (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, use(Delete selected radionuclidgsand

(Delete selected energiesyespectively. To clear the entire table, use thgRemove al)
button.
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When you have finished editing the table, you sawe it in any of the two formats. To save,

press (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 intendedgeneration of files of passport data of
sources, which are used during efficiency calibratof the spectrometer. These files should be
shown in theSource reference datafield in the Identification 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.

Figure 61. Passport of source editor window

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

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

Complete the following fields in the left 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 presetite source. To add a row, press(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).



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 click 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, use (Delete
radionuclide) and (Delete all radionuclideg 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 fileeam

To load an existing passport of source file f@wing and editing, use tl@pen button.

14 Calibration for activity calculation by the ROI-method

14.1 General provisions

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

The software also enables direct calculation bbtion sensitivity coefficients.

Calibration of detection sensitivity of a specteter is performed by means of activity
reference samples featuring the shape of and gamawfigtion 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 wéitllates 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 accunaéasurements. This is why such an operation
shall be performed by a skilled expert, alterndgiven employee responsible for delivery and
adjustment of the spectrometer.

14.2 Creating a calibration file

14.2.1 Acquire spectra of reference samples orlaimuhese spectra be means of software
which implements calculation methods.
14.2.2 Load modulPack of spectra(see section 11).
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14.2.3 Load all the calibration spectra into thizdule and then sort them, so that the spectra
of a radionuclide are grouped together (refer éoekample in Fig. 49.

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

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

)

~

(& J

To this end, mark the first spectrum in the spemttist (Fig. 62, block E) and click button
(see Fig. 62, block A). In columNuclide of the string which will appear below, choose the
radionuclide from the drop-down list. Specify thetiaty or radionuclide concentration in the
reference sample in columictivity . Specify the certification date of the radionuelidctivity or
concentration in columitDate'. Then click button 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 fiéldometry (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 fseagraph 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.
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14.3 Calibration for content calculation

In case the spectrometer should be calibrated itls ohmeasurement different from Bq, for
example, mass fraction, percent and so on, thbraéibn 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 fiteclb) and specify the proper units of measurement
in the string containing the radionuclide’s nameslaswn in the example below.

4

Cs-137  (Unit="kBg/sg.m")
1 1.000

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

1 1.000

Ra-226  (Unit="%")

1 1.000

Th-232  (Unit="ppm")

1 1.000

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

14.4 Calibration coefficients

The ultimate goal of calibration of a spectroneetract by the 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:

— Xi
S = Axsji +S), i=1m (14.4.1),
|

where m is the number of unknown radionuclide\&n¢ount sample;

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

A is the activity of the:th radionuclide in the “reference” sample featgrancertain density

x BQ (Barkg);
S;,is the count rate in theth window of the “reference” spectrum of théh radionuclide

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

Sji

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

and density x . Considering this, the formula for calculationcafibration sensitivity coefficient s is
as follows:

— iy

Ci _AT’ r=o.q (14.4.2)

where o.. gis the density of reference samples used for elior, g/cn;
C,. is the sensitivity coefficient for windoyvand radionuclide in the spectrum of a sample

ijr
featuring density, cps/Bq (cps/B&g);
o.. gare the density values of the reference samplesfosealibration, g/cr)
dis the number of density values used for calibratio

S].ir 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 edlior (a*.clb file) is an own matrix of
sensitivity coefficients in accordance with formak.4.2.



15 Licence

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

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

there is nesn_key.dafile in the root directory of the license dongle;
the USB licence dongle does not comply with thedaintained in filsn_key.dat
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Annex 1. Calibration file structure.€lb)

The content of the calibration file is italicised.

Marinelli

ADC Polynom S/N 16
BDEG-63-63

6

612.0 709.0 0.99 0.97 0.95

870.0 1000.0 0.99 0.97 0.95
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
Ra-226

(Unit="kBqg/sgq.m")

3 0.200 0.900 1.700

Th-232

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
0.012386
0.011181

0.008251
0.007594
0.007546

0.000385
0.000364
0.000343

0.030660
0.028320
0.027240

0.004974 0.006181 0.004008
0.003725
0.003491

0.004851
0.004716

0.016280
0.014390
0.013330

0.000529
0.000570
0.000473

0.000012
0.000020
0.000025

0.005869
0.005408

0.002369
0.002190
0.002031

0.000504
0.000556
0.000474

0.000003
0.000006
0.000008

0.002162
0.001980
0.001896

0.001908
0.002064
0.001720

0.0
0.0
0.0

0.0
0.0
0.0

Name of geometry of measurements
Three rows for any comments

Number of working windows
Bottom and top edges of work windows, as well as
coefficients of shielding for each density and wind ow.

Number of radionuclides in the matrix
Radionuclide and units of measurement

Number of attested densities and density in g/cm

0.004754 0.
0.004530 0
0.004011 O

0.001555 0
0.001367 0O
0.001381 0O

0.0 0
0.0 0
0.0 0

000082 Sensitivity,
.000085 for the first
.000103 nuclide ( 1Bg?)

in work windows
(rows) and for

.004037 each density
.003551 (columns)

.003587

.0

.0

.0

.0

.0

.0



Annex 2. Efficiency file structure ¢.efp)

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

[Main] Main block heading.

Count=3 Number of densities.

En_1=50 Interval of energies,

En_2=3000 to which the curve corresponds.

[Item_1] First curve block heading.

R0=0.19 Density corresponding to the first curve.
dA=0.000120673701486547 First error approximation error.

A0=100.952521999333 Coefficient A 0

A1=-193.624766139809 Coefficient A 1

A2=113.539550219905 -Il-

A3=-31.4152431368484 -Il-

A4=4.55284676290508 -Il-

A5=0 -Il-

A6=0 -Il-

A_up0=-239.089407209938 Polynomial coefficients of the upper boundary of
AUp1=154. 712894929183 the confidence interval of the efficienc
A_up2=-37.6090565833576 y curve

A_up3=4.0180585277374
A_up4=-0.160073518024323

A_up5=0

A_up6=0 . o

A_down0=-242.411794019549 Polynomial coefficients of the lower boundary of
A_down1=156.961174786668 the confidence interval of the efficiency curve

A_down2=-38.1739234808294
A_down3=4.07993324404847
A_down4=-0.162573133753684
A_down5=0

A_down6=0

Count_point_eff=8
Point_eff1=Ra-226;186.1;0.0289146;0.036
Point_eff2=Ra-226;241.98;0.0230479;0.036
Point_eff3=Ra-226;295.21;0.0201344,0.036
Point_eff4=Ra-226;351.92;0.0176451,0.036
Point_eff5=Ra-226;609.31;0.01006;0.036
Point_eff6=Ra-226;768.36;0.00867296;0.036
Point_eff7=Ra-226;1120.3;0.00628238;0.036
Point_eff8=Ra-226;1764.5;0.00447472;0.036
[Item_2]

Ro=1

dA=6.98283591165722E-5
A0=-472.240982213604
A1=394.832631929211
A2=-135.275425911041
A3=24.0371788273522
A4=-2.32009207827529
A5=0.113556756070361
A6=-0.00213719932431744
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Annex 3. Passport of source file structure-(pks)

The content of the passport of source file isataéd. The file has a structure of a standard
INI file.

[Main] Main section name.
Count_nuclide=4 Number of nuclides in KO.
Date_reference=18.04.06 Data, on which the activity is adjusted.
Massa=0.314 KO mass.

Volume=0.25 KO volume.

Unit_weight=kg KO mass unit.

Unit_volume=I KO volume unit.
Geometry=Marinelli Name of geometry

[Nuclide_1] First radionuclide section name.
Activity=5400 Activity, Bq.

Abs_Err=540 Absolute error, Bq.

Name=Ra-226 First radionuclide name.
[Nuclide_2] Second radionuclide section name.
Activity=2100 Activity, Bq.

Abs_Err=210 Absolute error, Bq.

Name=Th-232 First radionuclide name.
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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
as:

X, ‘
(8)= —-+x8), 1)
i A
whereX; is unknown (sought) activity ¢f nuclide in the countable sample, Bq;
A is activity ofi" radionuclide, Bq in the reference sample;
(S)' is count ini™ window of the library (reference) spectrumiBhuclide, ™.

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

(0.95)= [Q+ ], (2)
where Q is the non-excluded systematic error ohsueement. The value of Q is set in
window Calculation parameters of subsection Ersee(section 2.4.4),
jis confidence random error componenj'dfadionuclide:
j:L* i 3
where Student’s criterion L=1.96 (at confidenceladaility 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 / ; relationship.

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

value in percent is determined according to theéda
g=11x/G2 +q2 +q2 +q_ , 4
where 1 is spectrometer sensitivity coefficient errory(=7 %);
2 IS countable sample measurement errof £1 %);
3 is error due to a countable sample density errar=3 %);
4 1S methodical error due to mismatch between thentable sample and sample
composition ( 4 =5 %).
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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 errpr
D(099,= |
If the ratio / ; > 8, the value of the confidence error of activityeeasurement result
(specific activity) of radionuclides in the countalsample is assumed to be equal to the confidence
residual bias of the range of the measurementtr€sul

D(095) = Q.

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

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

4.2 Determining activities of radionuclides by thendividual peaks analysis method

Select a single peak or a multiplet in the measspttrum. Determine areas of the peaks.
Calculate the radionuclide activity of a single paacording to the formula:
S
, 5

tek ®)
whereA is the radionuclide’s activity, Bq;
Sis peak area, imp;
t is live spectrum writing time, sec;
k is quantum output of the selected radionuclide;lin
e is full efficiency of registration of quanta of shenergy, */Bq.
Efficiency is found according to the formula:

e =exp(A, + AINE +A(NE )+ A(NE )+ A(nE )"+ A(nE )+ A(NE)®), ()

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

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

R 2

where Ug is the standard relative uncertainty of peak &ea

U, is the standard relative uncertainty of detecéffitiency e

Us is determined in the following way:

1 n+2x,

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

N is the count rate delivered by both the sourcethadbackground, pulse/sec;



Ny is the count rate delivered by background onlyseisec;

U, is determined by the value of the uncertainty @f éfficiency which is considered as a
polynomial function similar to (6) and calculatedize stage of efficiency calibration.

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

! 9)
wherei is the peak number;
w; is the contribution of peakThis value is inverse ol ,; ;

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

1

2

' (10)

u, =

The expanded uncertainty of the activity measusezkpressed by the following formula:
U, =u,X (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 bfsammaPROusing the formula:
ef = Rrat1.30Ar+0.090A;
where ra ArmandAx are specific activities d¥°Ra, ?**Th and*’K in the countable sample,
respectively.
Absolute errorA; (L., ) is calculated according to the formula:

Dy =0+ (130" B,)° +(0090" . )*,
whereDgrs, DrnandDx are absolute errors of specific activities’SRa, >*Th and*’K in the

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

samples are recorded as:

Ay £ Ly, Balkg.
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