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Introduction

ASW?2 is a software for work with semiconductor and stiation spectrometers of gamma,
beta and alpha radiation (suchT&lO, BOSON, AirSPEC, GCD, MCA-527, DSPEC,etc).

ASW?2 ensures simultaneous and independent control othallconnected 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.

ASW2 employs different algorithms for determining adtvin samples (ROI-method with
overdetermined matrix, individual peaks analysishoé, superposition method). For the analysis of
high resolution spectra (spectra received on samdiector spectrometers) there separate tools
(search peaks, Gaussian approximation, identiinatnaking efficiency curves, etc.).

ASW?2 has a multi-window, easily customisable interfacd provides broad opportunities for
work with spectra (mathematical operations, paabkcessing, application of specific algorithms,
conversion and translation to other applicatio®s)tomation of routine measurements can be
implemented using a bar-code system and countgulearchange mechanisms.

ASW?2 has a platform and module structure, which allowgptementing the program with
application modules.

The program 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 andnshar configuration).

System requirements:
Windows XP/Vista/7/8/10;
processor with frequency 1 GHz;
USB 2.0 (for MCA-527, BINOM, AMBER, BOSON, MD198, DL98M analyser)
256 MB RAM;
100 MB of free space on the hard drive;
keyboard,;
mouse.



1 Starting the program

To startASW2, double click with the left mouse button on th8W2 icon on the Windows
desktop, or go t&tart->Programs->ASW2.
b ‘

ASW2

When the program is started, it detects enabletlysers and their status. If there are many
analysers, the starting process may last longet tlae detection progress can be seen on start-up
screen of the program. To terminate the connedtiith enabled analysers, preSsc key on the
keyboard.

2 Structure of the program and its elements

2.1 Main interface elements
When the program has started, the main windovwhefprogram will appear on the display

(Fig.1).
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Figure 1. View ofASW?2 after its launch

The program window contains four main blocks:
- main menu of the program (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 spectnocreact to
the other;
- status bar (Block 4).

2.2 Main menu
The main menu of the program includes the followtegs:

The menu itenfile (see Fig.2):

m Tools Options  Window  Help
Open spectrum Figure 2.File menu items
COASW Z\spe-gh03_mr_ra_ps.asw
CVASW Zispe-ghner. asw

COASW Zispe-gh L0_mr_cs_op.asw
CAASW Z\spe-ghcoB0_0sm.asw

-

Export to Excel

Save spectrum Sawe as picture

Save spectrum as

Exit

With the Open Spectrum menu item, the user may open a previously savedtgpn in a
dialogue window.

The same can be done by clicking but.— in the main window’s toolbar (see Fig. 1, block
2).
The following two or more menu options can be usepromptly open recently saved spectra.
The names of the menu options correspond to thesafthe spectrum files.
Menu optionExport to has a submenu which contains two options:
Excel sends the spectrum data to MS Excel,
Save as picturecreates spectrum image asjpg file.
Menu optionsSave spectrumandSave spectrum asave an opened and active spectrum as
a file with the default name or a new name to lexgigd, respectively.

The itemEXxit is used to closASW?2.

The menu itenTools (see Fig.3):

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

Fack
Database

Scenarium

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

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

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



Item Scenarium will activate the window of modul&cenarium which allows execution of
so called script or sequences of operations inptbgramASW?2, as well as executthe quality
control for spectrometric sections and remote actethe program (see chapter 17).

The menu itenOptions s (see Fig.4):

: Fle Tools | Options | Window  Help

Pararmeters

Figure 4.0ptions menu item

Fassport of source editor
Muchde library editor

Log

Bar-code F5
Device manager
Connect to all analkyzers
Debligger

RLIssiaNn

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

Menu optionNuclide library editor opens a dialogue box to process radionuclidesriibra
files, as well as create and edit user’s librabased on the already existing libraries (see sectio
12).

Log opens a log window, which displays saved resultsoaducted measurements. Data can

.....

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

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

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

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

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

Switch on analyserallows switching on all the available analyseromate. It means that if
analysers are physically connected to the PC arahpers of each connection are entered in the
program, with this item you can skip pressBwgitch On in the Device configurationwindow (see
Fig. 11) for each spectrometric tract separately.

Use Russian/English to switch ASW2 interface language. When you use this item, the
program will warn you than a language will change aill close. When you reopen the program,
the interface language will be different.



The menu itenWindow (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 aCascad®& Minimize all minimizes all the windows of the spectrum to thédra of
the main window.

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

Close allcloses all the windows.

The menu iteniHelp (see Fig.6):

Fla Tocls Optons Window | Help

ABOLIE, . Figure 6.Help menu items

Help
Item About... brings a dialogue with information aboWSW2, as well as contact
information.
Item Help displays information on how to work with the progra

2.3 Main toolbar

ASW?2 toolbar looks as shown on Figure 1 (block 2). phaeel is divided into groups, which
can be moved within the panel, ‘@eparatedfrom the panel and moved to some other area of the
main window of the program.

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

Measurement
~

Figure 7. Groups of the toolbar

_‘Q w‘u'i'“

The first groupDevice managercontains the following buttons:

L - Open spectrum activates a dialog box to opgmeatrum;

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

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



A Measurement parameters displays a window with parameters of measurementhe
spectrometric tract, which is highlighted in tidevice managerright now (Fig.1, block 3,
Channelscolumn)

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

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

The second grou@alibrations contains the following buttons:

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

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

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

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

© - Start, starts a measurement in the spectrometric trdaith is highlighted in th®evice
manager right now (Fig.1, block 3Channels column) If the previous measurement has been
interrupted manually, the user will be asked if thdfer should be cleaned prior to starting thetnex
measurement

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

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

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

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

|Device manager ]
=

Analysers | Channels |

BOSON GCD-30185

| MCAS: ” BOEG-&

Device configuration

Palyrorm BOEG- o000

free

Figure 8. Context menu of tinalyserscolumn



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

| Device manager |

-
Analysers ‘ Channels ‘
BOSOMN GCO-30185

| MCAS27 ||_ BDEG-62 |

‘ Tract configuration

Palyniarn | MeasUrement parameters |

CalcLlation parameters
Spectrum vigw parameters

microfCAS27 ) i
Energy calibration

FiWHM and shape calbraton
Efficiency calibration

Figure 9. Context menu of tli&hannelscolumn

The fourth group is namedption and contains the following buttons:

[ ‘ - Quality Assurance opens the dialog box to adjust the spectrometaict tand control
key metrological characteristics such as resolugdficiency, background etc (see section 15);

- Nuclide library editor opens a dialogue box to process radionuclidesriitiikes, as
well as create and edit user’s libraries basedheratready existing libraries (see section 12)sThi
button is similar to the same named button in tieg@am’s main window;

Q {
- Passport of sources editoopens a dialog box to create source passporffiteggsee
section 13) used when creating efficiency calilorafiles. This button is similar to the same named

button in the program’s main window.
2.4 Device Manager panel

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

To choose the necessary analyser and tract, joktah it with the left mouse button in the
table. When selecting a spectrometric tract inGhannelscolumn, the analyser corresponding to it
is selected automatically. When clicking on theassary analyser in thnalysers column, the
first tract will be selected automatically. (ExaeplOn Fig.8 and 9 the current analyser is
'MCAbS27', the current tract is 'BDEG-63").

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

To add or remove an analyser to fhevice Managerpanel there ar# and = buttons in
the table header (block 1). To remove an analysen the list of used analysers, select the analyser

in theAnalyserstable and pres=.

1C



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

Device manacger

g = Timer to
Anal ch I the end of
natysers anne’s | measurement
BOSCM GCD-20185 | GO0707
MCASZ7 BDEG-63

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 s ;
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 tinesict analyser and
shown in theAnalysers column on théevice Managerpanel.

Analyser typefield —the type of the analyser from the listABW2 - compatible devices.

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

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

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

11



2.4.2Tract configuration window

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

= CohTourton£05!

Type of detector Garnma
Tractname GCO-30185 ‘ Turnan Hy & ‘ Tum offHY & ‘
Channels 16384
5=t HighVoltage {1505
Gain correction factor 0.0005

. MNow H-: 1202
H polarity Hi'+ ‘ INaw Hy'+: 1505 ‘

‘ Additional pararmeters of tracts

Figure 12 Tract configuration window view

In this window, in theéTract name field the user may give the current tract a nantach 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 speutr Options in the
dropdown list of this field depend on the typelwé ainalyser.

Field Set High Voltageis intended for specifying the value of high vgkawhich should be

set for this type of detector. To actually set higiitage, pres:, or press to

remove it.

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

as, for example, the following:

- HV polarity sets the polarity of the high voltage unit of asalyBOSON;

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

- Gain correction factor which displays the control voltage factor indicgtioy which value
the amplification coefficient should be changedhit a peak’s position by one channel.

This parameter is needed for a correct functiorohghe reference peak stabilization
system or auto adjustment of the spectrometry.tract

You can access specific parameters of the anatyysqaressinqw. It opens a
window, which can look differently depending on trealyser type.

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

2.4.3Measurement parameterswindow
When you pres,| 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.

12



heasurement pararmeters. BO!

File name CHRASWZ\spe-ginew.asw
Specirum type *asw
Presettime | Unit 300 rmin
Presettype B realtime
Reading interval, 5 1

Sample data
Sample ID NN
‘Waight | Unit 15 kg
Yalume | Unit 1 I
Distance, mm 1
Geormetry
haterial Soil
Comment 1017434
Coefficient 1
Use |:|
COn 1
Template files termp
lteration 10
Fauze. sec 3
Directory of spectra CAASWsne-g

Figure 13 Measurement parametersvindow view

This window contains parameters related to thesomegnent procedure:

File name — spectrum file name, which will be generated durithgg forthcoming
measurement on this spectrometric tract. The &l 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 presﬂ, which will appear on the right side of the field.

Spectrum type — spectrum format selection window. THeasw format is the standard
default type of spectrum fé&xSW2.

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 samp@at(field).

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

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

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

Geometry stands for the measurement geometry which shoaldply with the name
specified in the efficiency file*(efp) when calculating activity by the peak analysighod. In this
field, one can select one of the geometries froendtopdown list. These geometries are in the
efficiency file loaded for the tract.

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

13



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

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

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

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

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

Coefficient concentration il
Weight sample Weight sample
BEFORE AFTER
concentration, ¢ concentration, ¢
Pl |

“ Radiochemical concentration
Weight sample MWeight sample
BEFORE AFTER
concentration, g concentration, g
Chamical yisld factor, k1
Chemical yield factor, k2
Coefficient concentration
‘ OK ‘ ‘ Cancel

Figure 14 Coefficient of concentrationwindow view

TheRetry of measurementssection contains parameters allowing to specify setdetry 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 thdfigaedirectory Directory of spectrum)
and from the template of field specified in themplate files field, plus iteration number and
resolution.

Example of the first, second, etc. spectrum ferdiuation on Fig.13:

C:\ASW2\spe-g\temp_1l.asw
C:\ASW2\spe-g\temp _2.asw

.C.:;\ASWZ\spe-g\temp_lo.asw

2.4 4Calculation parameterswindow

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

14



Calculation parameters. BOSO

Calculation type

) Poskoomrch |
Activity unit Bq L. limit, ch | B limit, ch 10 16000
Background spectrum CAASW2\on-gfon.asw Lewvel 3
Calibration file (ROlmethod) CAASW2\clb-g\250-constr clb Min. area. 100
Calibration ADER CAASW2ymaed_cs_co_ba_su_th.mad Search type Peaks from library
List of calibration spectra (suparposit| J Background base type O*f:_\ @<
Zone file CAASWSaZ roi Show peaks

R | Update peaks when reading
On measurement date
Date 1303207 Folynomial degree 5
Time 12:39:27 Iteration 1

Directories [
Calibration files CAASWZACh-g Likrary file CARASWEINLIbr
‘Working specira. CAASWE spe-g Efficiancy file CAASWHeiphge Bsm_wa
Background spectra CAASWZfon-g Factor pealk thickness, ch 65
Libraries CAASW2br i Allowable dev, kev 3

Erorand uncertaimy [

L 12

E Corhined st. uncerainty (vpe B1 Q0.1

St. uncertainty of mass 0.05
St. uncerainty of wolume 0.04
St uncerainty of sensitivity 003z
St. uncertainty of method 0.07
St. uncertainty 01 0
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Figure 15 Calculation parameterswindow view

This window contains parameters related to theutation procedure:
Calculation type—the type of calculation, which determines, whiclit will be displayed in
the resulting data table (specific activity, voluastivity, etc.). Where,
‘Specific activity, Bg/kg' means that during the calculation in additiorthe activity the
specific activity in Bg/kg will also be calculated;
Specific activity, Bg/d means that during the calculation in additiorthte activity the
specific activity in Bg/g will also be calculated;
‘Volumetric activity, Bg/l ' means that during the calculation in additioth activity the
volumetric activity in Bg/l will also be calculated
‘Volumetric activity, Bg/ml ' means that during the calculation in additionhe activity
the volumetric activity in Bg/ml will also be calated:;
'RFD, mBg/s-m2 means that the radon flux density will be caltedain mBg/sm? (see
document Methodology of radon flux density measunet);
Volumetric activity of Rn-222, Bg/m”3' means that the volumetric activity of radon
will be calculated in Bg/ri(see document Methodology of radon volumetric dgtimeasurement);
Content means that the radionuclide content will be dakad in the units of
measurement specified by user (this is applicabtee window method, see Section 14).
Activity unit - sets the radioactivity unit (Bq or Ci).
Background spectrumis thepath to the background spectrum for this spectroogact. A
link to this field will be shown in parameters betmeasured spectrum.
Calibration file (ROI-method) — path to the calibration file, which will be usedr fo
calculation of activity using the ROI-method.
Calibration ADER - path to file of calibration by ambient dose equévdlrate, which will
be used automatically, when reading the spectruhdaplaying it.



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

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

SectionError contains parametets andCombined st.uncertainty (type B) Q. The latter
parameter is the total relative standard uncestahtneasurement of type B expressed as a decimal
guantity. The both parameters are considered tulzion of uncertainty of radioactivity (see the
"Description of Algorithms Implementeql. Parameter Q can be readily calculated providettiiea
uncertainty budget (that is, the standard uncdstamalues of the measurement components) is
known. To this end, specify these values in theesponding subfields of parame(@r

St. uncertainty of masstands for the standard uncertainty of a sample'ssma

St. uncertainty of volumestands for the standard uncertainty of a samplelsme;

St. uncertainty of sensitivity stands for the standard uncertainty of the seiitgitiv
coefficients;

St. uncertainty of methodstands for the standard uncertainty of the metippdied;

St. uncertainty Q1stands for the standard uncertainty defined by, user

St. uncertainty Q2stands for the standard uncertainty defined by.user

Note that the two latter fields can be used far domponents specified by the user in
accordance with the measurement method applied, Tdriexample, could be the uncertainty of the
distance from the source.

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

On measurement date- when the value in this field is enabled, activitjl e calculated
as at the measurement date, otherwise the datbeniflken from th®ate andTime field.

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

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

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

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

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

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

Background base typesets either linear or step background base fdt pescessing.

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

Update peak when reading- the parameter showing the need to update peak mggrkn
the process of measurement, when the spectrumni&ardly changing. If a peak is added in the
process of measurement, it is recommended to etfablparameter, otherwise there will be a visual
discrepancy between real peaks and marked peaks.
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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 smoothiations for spectrum peak
search. If this value is 0, no smoothing will befpened. Spectra featuring high statistics should
not be smoothed, and the parameter’s value for spebtra should remain O.

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

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

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

Factor peak thickness, ch 4is the peak thickness factor, or, in other woths, distance at
which two peaks are indistinguishable. The valuehad parameter is set in arbitrary units in the
range between 3 and 10. In case two peaks closado other are processed separately as if they
were singlets (i.e, each peak has its own backgrasubstrate) but they are supposed to be
processed together (l,e., so that they have a conbmokground substrate), the calculation should
consider this parameter and be repeated untiléh&gpare processed together as a multiplet.

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

2.4.5Spectrum view parameterswindow

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

FPanel from | Panelto 4259584 B5280
Spectrum line 16744703
Marker B&2E0
Audis 16777215
Grid 16777215
Default colars

Zones colors
ot active from | Active to 12615808 12615935
Mot active to | Active fram 16777215 4227200
Fixed marker 65635

Histagrarn I:‘
Show Tab 'ROFmethod
Show Tah 'Peaks analysis'

Figure 16.Spectrum view parameterswindow view
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This window contains parameters describing theeapgnce of spectra for this spectrometric
tract such as background colour, histogram of thectsum, grid, axes and marker. When the
Default colors parameters is enabled, colours will have theiadkfvalues.

SubsectionZones colorssets colours of the zones of interest in a spectiThis setting
concerns the colours of both selected and the athregs. Note that the colours can also be chosen
by gradient setting.

FieldsShow Tab 'ROI-method' andShow Tab 'peaks analysisenable or disable the tools
related to the corresponding spectrum processpgy iR Ol-method or peak analysis method).

3 Measuring and saving a spectrum

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

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

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

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

To start a measurement, pre > , then a window of the spectrum to be measured will
appear (Fig. 17), which will show a histogram.
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Charnel 1244 | [Eneigy: 1964.6 |[Count: 13

Figure 17. Window of the spectrum to be measured

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

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 indi. on the toolbar, showing the
event of progrars 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, tigevice Managerpanel will display a countdown timer as shown
on Figure 10. When a measurement ends, a messaga sh Figure 19 will appear on the display.

5

@B Measurement have completed in Polynom. Polynom 1.
{ ' Live time:894.99 sec
= Real time:395 sec

Save spectrum?

Yes Mo

Figure 19



The message is asking whether you want to savepthetrum 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 program will offer to enter a new fiame and specify its saving location.

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

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

o

opened by pressin2 on the toolbar of the spectrum window. Changeparameters of any

o)

reopened spectrum are made in the same way.

Spectrum parameters x|
avabser  (Chamel  BosoN  GoD-nes | |RLCEEL
File name CHASW\spe-ginew. asw L. limit. ch | B limit, ch 100 14000
Spectrum type * g Lewvel 3
Sample ID ID_17/21 hin. area 100
Waight | Unit 021 kg Search tvpe Feaks fram library
“olume | Unit 1 | Background hase type OQ @-.Q\
Distance, mm 1 s Show
Geomety Wernel fSmooting |
Material Polynomial degree 5
Background spectum CAASWZispe-gisum_10h.asw Iteration 1
Calibration file (ROFmethod) CAASW2\clb-gimarin-constr.clb Identification
Zone file CAASW2itestclb-gibbh roi Library file CAASW2ybnlib_for_calc.lbr
Comment z|  Efficiency file CAASWZ\efpymar_full efp
T S | Po:soro sourcs
S | Foctor peakhickness, o 7
Date 18.08.2018 Allowahble dew. ke 3
Time 13:4407
Paveran ;| O
Date 18.09.2012
Time 13:47:.09

Concentration coefficient
D
GPS

||
5

Close

Figure 20. Spectrum parameters window view
Window Spectrum parameterscan be pinned to the frame of the spectrum. Tahog

double click on the window heading, then a windoW move to the right side of the spectrum
window.
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4 Work with a spectrum
4.1 Main functions

To open a spectrum, click menu itéite->Open spectrum,alternatively, click buttor——
in the toolbar of the program’s main windoWhe standard.asw file format will be suggested by
default. However, the software is able to open edit files of other types. To change the type of a
spectrum loaded, select the desired file type & dropdown list of fieldFiles of type in the

standard dialogue window (see Fig. 20.1).

File: name: I

Files of type: Spectrum ASW (*.asw)

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 s@tdiaplays spectrum window(s) as shown in

Fig. 21. Now, the spectrum (spectra) can be preckss
Work with a spectrum may include different taskst &xample, studying the obtained

energy distribution, spectrum zooming, processifigndividual peaks, printing of a spectrum,
energy calibration and so on.

WASW2'\spe-g'\test_06_mr_th_ps.asw

Wark spe(trum i

~The ‘23;? 23663

Current
selected
peal

30004 hemmmeneeeeeeat : - :
25m/ T3 “?m TR 53319 Peak
20004 ?419133232 e eebes label
L) eben %8 _________ A A I S 7 A
N Ellh %EI f%% S O R =7 ok 2 M
: | | I I I L I | I
2000 4000 5 000 8 000 10000 12000 14 000 16 000
Channel
IntensN 1088 [Livetime: 69435 |Realtime:1000s. | Deadtime: 106% |
Channel: 11489 |[Energy: 22372 [[Counts: B | 7

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

The first (upper) status bar displays live, reaidivalues in seconds for this spectrum, as
well as dead time in percent.

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

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

The second (lower) status bar displays valueseihrker position in channels and energy
units. FieldCounts displays the count value in the spectrum corregimgnto this channel.

The main spectrum working mode, when the mouseocuo®ks standard (white arrow),
provides the possibility to zoom the spectrum amddtag (move) it on both axes. To zoom a
spectrum region (i.e. stretch), set a marker inléfteposition 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 #wtrem will be stretched to the width of the

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

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

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

The spectrum toolbar contains the following buttons

. button for displaying spectrum parameters asvshon Figure 20.

J button for saving spectrum data and paraméteasdisk. 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, bwg bat.asr extension, and the location of this file
is the same as that of the spectrum.

To the right of this button, there is an arrow.cKiing the arrow opens menu with the
following options:

Savesaves a spectrum preserving its current name;

Save as. saves a spectrum with a new name specified itarzdard dialog box for file
saving;

Save spectrum without backgroundsaves the current spectrum without the backgroand:
new spectrum appears on the screen and gets savdis® The name of this file additionally
contains_'wb. For example, if the name of the original féei\asw2\spe_g\test.aswthen the
name of the spectrum without background:iasw2\spe g\testvb.asw

J - button for opening the energy calibration windimwthis spectrum (see section 7).

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

2\ - button for enabling the mode for work with a ke@hanks 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 brackef$'.
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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 adgiiing, 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).
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Figure 23. Window for work with a peak view



Additional peak processing options are describeskation 4.2.

- this button opens the measurement results panel

samew

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

Fesults
Addto log

Fanorama window

Send to pack

Logarithm

Show background
Hide spectrum
Spectrurm without bkg
Reference spectrum
Intensity

Energy range

Shaow ROI

Show fixed marker

Offer a nuclide
Feport 3
Autocalibration by source 3

Sendto.. 3 Send to Word

Send to Excel

Send to Matlab
v picture 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) displdy part of a
spectrum which is marked by scaling in the maircgpen window. The semi-transparent rectangle
can be moved by user which automatically chandesstaling in the main spectrum window. The
opposite is also true: changing the scale and zogrithe spectrum’s regions is automatically
displayed in théanorama window.
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Work spectrum: C:\ASW2\spe-g\test_06_mr_th
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Figure 24.1. The Panorama window of a spectrum.

Logarithm —enables a logarithmic scale for spectrum display.

Show background-shows the background spectrum.

Hide spectrum-hides the spectrum.

Spectrum without bkg — shows the spectrum without spectrum background.

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

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

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

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

Report suggests two options:

Report — generates a protocol for printing the spectrum.

Add to current report - adds a current spectrum histogram to the so catledent”
report that enables creation of a protocol contgrany kind of data (table, text, image) in any
sequence.

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

Send to(Word, Excel, Matlab, Save picturg sends the spectrum to MS Word, MS Excel
or Matlab, respectively, or saves it asjpg image.

E opens the current report’s window for overviewitiad and printing. More information
on the current report can be found in section 4.5.



Dﬂﬁ enables the zones of interest mode. When therbigtolicked, it gets locked, and the

cursor changes its appearanclfoThe user can now choose zones of the spectruttidking and
holding the left mouse button. When a zone of egeis selected, it is automatically sent to the
table in talZonesin the bottom measurement results panel (seebid.in section 5.5).
— o -"I?"-.l f Laup . .
The M = ‘L; 43 % group of buttons is intended for searching peaksyell as
calculating activities using the peaks analysishoét(see section 6).

-

S is a separate button which control the functicriated to activity calculation by the
ROI-method that is thoroughly described in secBon

4.2 Work with a peak

In the peak mode, a window as shown on Figure @ays on the display after selecting a
spectrum region.
This window has a toolbar with buttons allowingperform mathematical modelling for the

purposes of describing peaks by dependenciesn ather words, to introduce Gaussian curves (or
other functions) in the selected spectrum region.

The A (Gaussian) button is intended for introductiortted Gaussian curve in the region
of the Peak window. The program determines automatically thetid of the peak and calculates

all the parameters related to this peak. Peak psoug results are displayed in a window as shown
on Fig. 25.

Peak i x|
Peak 1 |
Channel 12236 |
Energy 23859
 Intens,cps 47,599
Resolution, % 0,404
 PWHM,keV 0.963
 PWHM,ch. 4.95
Left edge, channel 78
Amplitude 21375
 Areaimp 42936
To calibration Energy
FiyHM and Shape

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

The bottom string in Fig. 25 contains two buttortsall send the data on the peak to energy
calibration (buttorEnergy) and FWHM and peak shape calibration (buHM and Shape).

|
Button Multiplet with high resolution Mk provides Gaussian approximation for a multiplet
(up to three merging peaks) in windéeak To perform this, the user should set a markers@)
to the centroid channel of each assumed peak. Aands set by double clicking the left mouse

|
button in the vicinity of a peak centroid. When thié markers are set, click buttclll. to perform
calculation. The result of it will be shown in thndow similar to that shown in Fig. 25. Should the
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approximation curve be wrong, the user has to daheemarkers and the curve by but-< and

reset the markers.

Each peak is approximated by a function which «issof a Gaussian and a so called
exponential left edge. Parameteeft edge' stands for the distance (in channels) between kpea
centroid and the starting point of the left edg=e(5ig. 25).

Additional clicking buttor;L"J-_ might even improve approximation of the peakshg/rmodel
curve.
Button * Add peaks to peak list of spectrumon the toolbar in thé®eak window is

intended for adding processed peaks to the specesuits table. If the pe&karea is smaller than
the threshold area (specified in thién. area parameter), then the peak addition command will be

ignored.

=1o| x|
5000 |Peak list |
4 500 Peak 1 ‘
pms Channel 5578 ]
3 500 5 Energy 80066
3 000 i Intens.cps 21561
2500 - Resolution, % 0183
2D : FWHM, keV 147
1500 : FWHM, ch. 12
1000  Left edge, channel 13.2
200 E Amplitude 5088
- ] 2 2 ] 2 h H H H Area, imp F4984
6540 6550 G560 6570 6480 G590 GGO0 BG10 GE20 To calibration nergy |
Channel FwvHM and Shape |
Channel: 6537 Energy: 7956.5

Figure 26. WindowPeak

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 foptbgram. When you prez,ﬂ at the edge of the
field, a window opens (see Fig. 27), which allowanaging the files containing information about
values ofPermission Level(PL). The file with the data on PL ha%.mat extension.

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

=]

materials (to add/delete a material or a radiodegl — B buttons are for saving the edited table
or loading a table saved to a disk.
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Material
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Figure 27 Material window

4.4 Prompt window

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

will display the list of radionuclides, will appean the display (see Fig.28).

Work spectrum: C:\ASW2%Paulymar_1L_coG0.asw
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Figure 28

To select items, press on the row with the namih@fexpected radionuclide with a mouse
button. Areas in the spectrum in the region of direé the respective nuclide are highlighted in

white, and are marked with the value of quantundyfier this line.




4.5 Current report

Current report conception enables receiving am@ton of any kind of spectrum data in
arbitrary sequence. For example, a protocol coimmgia table with activity values calculated and a
spectrum image can be readily generated by clickinjon Add tables of results to current
report located above the results table (see Fig. 30)faenl clicking buttorAdd to current report
in the spectrum menu (see Fig. 24). After this,dlmeent spectrum window will appear as shown in
Fig. 28.1:

S
=
Muclide Activity Bg Sp.activity Baskg Exp. uncert.,%(k=2) Detection limit.Bg
Th-232 5278 5865 215 618
K40 <128 <142 _ 717
Co-60 < 8.95 <994 - 153
Cs-137 <15.5 <172 - 259
Min-54 <15 < 16.6 . 251
Ra-228 < 28.2 <313 - 47.1
Cs-134 <123 <136 - 205
Eu-152 LIBTR <418 - 62.8
Am-241 < 164 <216 - 322
Aeff =05 5 + 34 8Bg/kg
10000 f———————— - - - -
90004 - ------Th-232-238.63-- )
201 o SUUURRRN W A
70004---- :
B 11 e S
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10004--4 113 & rhfﬁ%ﬁ-r gég%ﬁ?ﬁ‘rh-zazzms
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Figure 28.1

The protocol generated can be immedeately prioyedicking button[%].
The objects exported to the protocol are listethleft, in windowCurrent report. This

sequence can be saved as a template by clickimgnk “ in the toolbar above the list. In order to
generate a protocol with similar data sequencek diiuttong in the toolbar of the spectrum

window to open windowCurrent report and then click buttoﬁ' (Generate current report by
template).
Additionally, the list of the protocol’s objectsut be deleted or cleaned by clicking button

1

L or -, respectively. The data objects in the protocalloa edited or deleted as it is done in a
standard text editor.
The data sent to window get not deleted, so thiagfthe protocol can be resumed after the

window is reopened by clicking butt in the spectrum window.

5 Determining activities of radionuclides by the R®method

5.1 Calculation by one spectrum

To calculate (specific/volumetric) activity of radaclides, do the following:



Load a working spectruni{le->Open spectrunj.

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

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

calculation types (see Fig.29).
-+ BRI

Calculation {ROI-method])

B Shared calculation BG
Comimon calculation

Calculation by superposition method

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

|Caleulation resUlts / x|
‘ ROkFmethod ]‘ Peaks analysis DA \|| Zones \| | Library \|| Source reference data?
0| BELG O
Muclide | Activity, Big | Aceror, % | Spaciviy, Bokg | AbsemBghka | Relem.%(P=0.95) | FLEgky | FC |
Fa-226 2134 6.52 1154 19 16.7 200 0.5771
Th-232 3297 1816 1783 65 36.3 300 0.05544
K-40 1766 2.46 955.4 110 114 - -
Cs-137 3774 11.91 2041 5.2 25.6 1000 0.02041
Agff =225  38.6Bo/kg
Taotal factar of confarmity - 06565 + 0.0986, B+dB = 0.7558, B-dB = 0.5551

Input count rate: 77.367  |[Live ime: 2398.98s. | Realtime . 24005, ||Dead time: 0.0425% |[ADER= 0.0041 pSwih. U=20%(k=2) ‘
Channel: 275 |[Energy: 84083 |[Counts: 98

Figure 30. Calculation results window view

A table with measurement results will appear atlibgom of the spectrum window or in a
separate window. This table contains columnsNaiclide', 'Activity °, relative accidental error of
spectrum shape selectioAc:error,% ', as well as columns for specific activity, abseland
relative errors in their determination. If tivaterial field (in the spectrum parameters window)
contains instructions about the type of substandeetmeasured, two more coluni?is (permission
level) andFC (factor of conformity) will appear in the resuttble.

It should be noted that theActivity' column contains values corresponding to the
counting sample, butSp.activity' (column 4)— those corresponding to the material of sample.
Thus, the coefficient of concentration is taken mtaccount, when calculating specific activity
(and so on in column 4).
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If relative error in the calculation of activitxeeeds 50%, then the MDA (minimum detected
activity) value is displayed in tHActivity ' field instead of the activity value.

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

Specific activity valuéd ¢ of the natural radionuclides and total conformagtbr are shown
in the additional field below the table.

Click button ™ above the results table to open a window whiclpldis additional data
related to the calculation performed (see Fig.)30.1

Background spectrum:; CMASWE\spe-gifanisum_10h.asw
Calibration: CAASWZspe-giclb_gikarin.clb

Feference date: 31.10.2013 15:46:52

heasuring date: 23.11.2013 16:03:.05

Live time: 2395.80 sec. Real time; 2400.00 sec.

Geometry : Mar. Sample weight: 1.577 kg, Sample valume: 1.0001

Cormment 1D 1713

Figure 30.1. Additional data window

The additional data window displays the names efdalibration files applied, background
spectrum and working spectrum, activity referedate, mass and volume of the count sample and
concentration coefficient (if the latter was taketo account).

The toolbar above the results table contains bsttorsave the data in the table in various

ways. Namely, buttol® saves the data as.tt text file; button® sends the data to MS word,;

button= generates report; buttcg sends the data to a database.

To save the data in the text protocol, the nameheffile should be specified in field
Protocol filename in window Parameters (main menuOptions->Parameters>tab Files). The
data will be appended to the text file specified.

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

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

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

block). To send the page kS Word, press. To save the page in thetf format, presSave

Pressing the butto. in instruments panel of results table will cause windowDatabase
of measurements gee.p.6.6 and Fig.4).and additional window for data input, which arma n
saved in spectrum (Fig.32).

When the fields are filled with the data, the botfedd should be pressed. At successful
transfer the corresponding message will appear.

Add to database

M of repart

‘ Add ‘ ‘ Cancel ‘

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

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

fulfil this requirement, us€ommon calculationin the menu of thés# * Calculation button (see
Fig.29).
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For a correct calculation:

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

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

- conduct a separate calculation for each spectsemsection 5.1);

- for one of the spectra you can sel@immon calculation in the menu of thews -
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 sppam (error less than 50%), and only
assessments (equal to MDA) in the other spectrunly, the data containing specific activity are
used in averaging.

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

|Caloulation resuls x
ROI-method ]| Peaks analysis \|| D&, \” Library 1| Passport of source \|
[l i
Huclide | Activity, Bg | Ac.errar., % | Sp.activity, Bgkg | Abs.err. Bgkg | Rel.err., %{F=0.95) |
Note abo ut Sr-90 < 0.4703 - <18.96 - -
[-40 11.98 - 483.1 48 9,09
common Ra-226 <0278 - <1124 -
1 Th-232 = 0.2578 - < 10.4
CaICUIatlon Cs-137 = 0.1201 - < 4.843

Astf=B8.2 + 16.6Bq/kg

Comrmon calculate for sample : 17415 ]
Wark spectrurn: CAWASWAComplexifasoll.asw
Background spectrum: ChASWAComplex 0001 asw

Calibration: ChASWAComplex38ml.clh
Reference date: 25.11.2010 09:42:15

Measuring date: 25.11.2010 03:42:15

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

Intens.; 21076 |[Live time: 2169975 5. |[Realtime: 216005, | Dead time: 0.00116 % I
Channel: 916 |[Energy: 26029 |[Count 6 4

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

5.3 Combined beta- gamma calculation

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

For a correct share beta-gamma calculation:

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

- make sure that theample 1D 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 caacs€lombined calculation BGin the menu

of the w& " Calculation button.

When you have received the results table, make thatethere is a notification about the
combined beta-gamma calculation (Fig. 34), as agltonfirm correctness of the results obtained.

|Caleulation resLits

x|

ROI-method “ Peaks analysis 1 MDA ‘ Library W‘ Passpnrtnfsmur’cew

B
NOte abOUt the Muclide | Activity, Bg | AC.error., % | Sp.activity, Bgkg | Abs.err.,Bgkg | Rel.err., % (F=0.95)
combined Sr-00 <0.2755 - <1111 - -
K-40 17.21 694 79 11.4
beta-gam ma Ra-226 < 0.2788 <1124 - -
. Th-232 < 0.2578 < 10.4
Ca|cu|at|on Cs-137 < 0.1201 < 4,843

Aeff=87.2 £ 25 1Bqrkg

ElE T COMplexTasol asw
Background spectrum: CIASWAComplexi0001.asw
Calibration: CAVASWAComplexd38ml.clh
Reference date: 25.11.2010 09:42:15
Measuring date: 25.11.2010 09:42:15
Live time: 21600.00 sec. Real time: 21600.00 sec.
Sample weight: 00248 kg, Sample valume: 0.0351
Comment:

Intens.; 2.1076  ||Live time: 2159375 5. ||Realtime : 216005, |[Dead time : 0.00116 %

Channel: 926 |Energy: 2630.7 |[Count: 8

Figure 34.

5.4 Superposition method

View of the table of the result of antned beta-gamma calculation

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

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

Superposition

=10l x|

Block 1

[ Log
.| [4 By
[ R

—

500

S0 1000

Block 2 f

300 60D
marinell.cs ) Spectra: 12 ) Badionuclides : 4 .=
Radionuclide Activity |
v 0
v Th232 0
[ K-40 136
L [¥ Cs137 0

J Block

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

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

The button is used for selection of a library spetistfile (*.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 calculatiorematiploading 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 currentladed
library spectra list file, the number of these $peand the number of radionuclides.

5.5 Regions of Interests

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

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

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

Work spectrum: Ci\ASW2'\spe-gitest_06_mr_th_ps.asw B ;!E]j]

Lo | Thbsesa3ie [
TH-2385338:32 -~ | oo oo
2-32[51

R -}T-h—
o I |

500 600 700

f-77---

sk |
HE i

1100 1200 1300 1400 1500 1600 1700 1800

| Caleulation results

| ROFmethad | Peaks analysis || MDAW ‘ Library || Passportof saurce |

+ - X E||+F.T

=

N I L‘border; ch | R baorder, ch ‘ L border, ke | R border, ke¥ I Total, pulse ‘ Intensity, cps ‘ Intensity without background, cps |
1 955 1550 186.29 302.13 208185 232,79 23175
2 3174 542,59 618.33 25347 40.084 39.788
3 4459 5200 870.47 1012.8 25604 28.63 28.395

Iten=: 11088 [Livetime:8343s  |[Realtime 1000z |[Deactima: 106% [ |
Channel: 9642 ||Energy. 1877.7 |[Counts: & I

Figure 35.1. View of the spectrum and Taines




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

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

Calculation resits

‘ ROl-method | Peaks analysis H MDA | Zores | | Lirary | Source reference data |
+=x A | @Q

M | L.border, ch | R border, ch ‘ L border, key | R border, ke I Tota, pulse | Intensity, cps ‘ Intensity without background, cps |
1 1200 1250 233.99 243.72 63947 71.505 54.155
2
3

2980 580,58 603,92 20563 22,993 17.304
4660 907,68 915.44 10222 1143 £.6352

Input count rate; HDE“S I!Li\/e tirne: 6943 5 I|Real tirne : 1000 5 i Deadtime : 10.6:% Ii ‘
Channel: 7072  ||Energy: 1377 3 || Counts: 7

Figure 35.2. TalZonesview. ROI set up in the table

Zones’ boundaries can also be adjusted in a speatindow. To this end, set the cursor to the
either boundary of a zone, click and hold theteftuse button and shift the boundary to the lefigit.
The boundary value for the zone in question willralpe automatically in the table.

The transparent background of a zone selecteckitathie (the active zone) can be different from
the other zones of ineterest. These colours ara sgindow Spectrum view parameters(see section
2.4.5).

To add a zone to the table, one can also activaggeaial mode by clicking buttcﬁﬂﬁ in the
toolbar of the spectrum window (see Fig. 35.1, bl When the button is clicked, it gets lockedd a

the cursor changes its appearanc'i"';oThe user can now choose zones in the spectruchidiyng and
holding the left mouse button. When a zone of egers selected, it is automatically sent to tiweta

The fields of the column$otal, pulse, Intensity, cps Intensity without background,cps are
not acceptable for the alteration by the user,ctileulated values are displayed there by the progra
For ex.: the fields of the columFotal, pulse have sum qualnity of the pulses in the intervagcsed
for the present line. The fields of the colummtensity,cps have the pulses count rate in the interval,
specified for the present line. And in the fieldglee columnintensity without background,cps there
are the count rate values after deduction of backgt spectrum count rate for the same energy range.

To delete the lines in the table (delete ROI) ttepuld be marked and the butt™

in the instruments panel over the table shouldressed. To clear the table the butt ® should be
pressed.

To save the current table in zones fitedi) the buttorE should be pressed. If zones file for the
present spectrum has not been specified, the qmogyill offer to enter the name and indicate the
catalogue for recording via a standard dialoguedain Then zones file will be automatically
connected to the present spectrum and will be masdignto the field Zone file in the window
Spectrum parameters(see. Fig.20). In case there is already a link betwzones file to the spectrum,
the program will offer to rewrite it with a new dent.

The user could access the record function for R®Oletinto the report. Then it is necessary to

press the butto' = over the table, then the window will appear asashim Fig 35.2.
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~lolx|

Report on zones [ |

Spectrum: CAASW Aspe-gitest_06_mr_th_ps.asw

M L border, ch R.border, ch L border, ke R.border, kel Total, pulse Intensity, cps Intensity without
background, cps

1 a55 15850 186.29 302.13 208185 232.79 231.75

2 2785 3174 54250 518.33 35847 40.084 30.788

3 4469 5200 87047 1012.8 25604 28.63 25.395

Figure 35.3. Report window by ROI

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

The data in the table for zones of interest can ks sent to the current report by clicking
button=1 above the table. This opens the current reportiovin

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), liert calculate the area and, finally, calculate
activities by each identified radionuclide. Theli#pito identify is conditioned by the possibilitp
connect to the spectrum a radionuclides libramy, fithich contains reference data on characteristic
energy lines, values of their quantum vyield, et, iSthere is a spectrum of a countable sample, a
library file (*.lbr,*.bib) and an efficiency file(*.efp), the user may calculate activities of
radionuclides.

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

37



Spectrum parameters x|

Anclyssr [Chennel  BOSON | GCD-30185
CHiASW2\spe-gitest_06_mr_ L limitch | R limitch 100 14000

File narme

Spectrum type * asw Level 3 . \
Sample IO 18415 hin. area 3000 Ma'n parameters
Weight | Unit 0.21 kg Search type Pealks from library
: N for the

“Wolume | Unit 1 | Background base type O<Ly @,
Distance. mm i | _Shaw calculation using
— . L
Material Palynomial degree 5 the IndIVIdual
Background spectrum CHASW2ispe-gifor_sum10H. [teration 1 peaks an alySIS
Calfratonile (ROHmthod) denticaton | hod
Zane file (] .J;E Library file CAAEW2YBRib_for_clblb met (0]
Camment Efficiency file CHASWZ\efpymar_full.efp

Date and time Fassport of source

Factor peak thickness. ch &

Date 18.08.2010 Allowable dev., ke 3
Time 143538 i

Foweror [l
Date 18.08.2010
Time 143538
Figure 36

TheSearch peakggroup contains the following parameters:

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

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

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

Background base type -sets the type of the background base for peakepsing to be
chosen between the linear and the step type.

Search type— one of two possible types of search for peaks ensgpectrum Search 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.

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

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

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

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

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

Efficiency file — path to the efficiency calibration file, which wiltorrespond to the
measured spectrum. The efficiency calibration fintains 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 gatext 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 passportglialogue window, which can be opened from the npaaogram menptions-
>Editor of source passports It should be noted that the passport of souteesfiould be specified
only during calibration (i.e. to create the effiooy file). To perform calculations for the purposés
determining activities, this field should be lefabk.

Factor peak thickess, ch this is the peak thickness factor, or, in otherdspthe 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 pmsal 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 eesype 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 program menkile->Open spectrum

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

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

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

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



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

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

6.2.7. On thelibrary 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).

| ROl-method 1| Peaks analysis 1| MDA, W| Zones} | Librany ]| Source reference data}
MNuclide/Energy, ke | Half-life, day / Quantum efficiency, % |

[+][¥ K-40 4BEE07000000

[+][" Cao-60 1926.1

[+][¥ Cs137 10989.6

[ hn-54 31212

[+][" Ra-228 584630

[+][* Th-232 5133780000000

[+ Cs-134 75468

il | 4568.678526

[ Am-241 157857.682492422

Input count rate: 1108.8 ||Live time: 894.3 s. ||Rea| time : 1000 s. ||Dead fime: 10.6 % ||

Channel: 15685 ||Energy: 30542 ||CDunts: 1] || 4

Figure 37 Library tab view

6.2.8 On the toolbar of the spectrum window (Figl8ck 1), pres:¥« (New search peak
and calculation). If the spectrum has correct calibration by egefWHM and shape of the
spectrum, thé>eak analysistab of the measurement results panel will dispidgrmation on any
discovered peaks (Fig.38, block 3). Also, foundhhghted peaks with titles will appear on the
spectrum graph (see Fig.38, block 2).
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Figure 38. Spectrum window view after peak search

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

TheFound peakstable has the following fields:

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

'‘Channel' - position of peak centroid in channels;

'‘Energy' —energy value, keV;

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

*' —indicates that additional library energies cluséhe peak energy in question are likely
to be in the spectrum;

'Peak area'— is the peak area, counts;

'Peak intensity' — is peak intensity, counts per second,;

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

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

'Gross area’' —is the area of the peak itself and background lzmets;

'FWHM' — is the width of the peak at the half of its heidt&y;

'FWTM' — is the width of the peak at 0.1 of its height, keV;

'‘Residual’ —is the discrepancy parameter describing how wp#ak is approximated;

'‘Decision threshold, Bg' — Decision threshold, Bgaccording to 1ISO11929;

'‘Detection limit, Bg' — Detection limit, Bq according to 1SO11929;

'‘Best estimate, Bq' — Best estimate, Bgccording to 1ISO11929;

41



'Stand.uncert. of Best estimate, %" —s the standard uncertainty of the best estimate, %
according to 1S011929;

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

TheResult by radionuclidestable contains the following fields (see Fig. 3@ck 4):

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

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

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

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

'MDA, Bq' — is the value of the minimum detectable activity,; Bq

'‘Decision threshold, Bq', 'Detection limit, Bq', 'Best estimate, Bq', 'Stand.uncert. of
Best estimate,%' -are the average values of the same-named paraniet¢rsre described above
for tableResult by radionuclides.

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

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

6.2.9 Visually analyse adequacy of the plotted mattical model for each found peak, i.e.
evaluate the quality and correctness of descrippbrthe Gaussian curve peak. If the peak
description is unsatisfactory, it should be delateddjusted (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 moumeton, or pres<  to return to normal zoom.
6.2.10 Then, the result of determining of actiatimay be converted to a protocol, MS
Word, report or database. For these purposes, itherdoolbar similar to that described in section

5.1 and located above ti®und Peakstable % - saving data to a txt protocc - sending data

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

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

To consider background in the calculation of attei it is necessary to link it in the
Background field in the Spectrum parameters window. The spectrum background should be
measured with good statistics, as well as processettarly to the work spectrum. The table of
found and identified peaks of the background spettis saved automatically together with the
spectrum in the same way. The program loads the @bbackground peaks, when opening the
work spectrum or when the background spectrumemtbrk spectrum changes.
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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, hwimatch the energy lines specified on the
Library tab.

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

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

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

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

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

6.4 Inserting and deleting peaks

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

[ -'I?I' T -'I?" =i

Figure 39.Identification button group view

i)
Thus, thests (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.



Work spectrum: C:*ASW2'\spe-g'\new2.asw
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Figure 40.1. Preparation of a marker for peak tiser

- |of =
D e i | ' [Ae B %
................ l....l......... ..._n,232..SspTg.].....................:........................
: S — = = Chennel | 2393 4 T
: | |[Radionuciide | Th-232
: Ensroy, kel 58319 f
; TIPaHM 651301 289 Kevy [ |
. Rezalubon - 02182 1 e B|0Ck 2
3 lAren imp 25080 ]
Imensuy cps- 1366
2!;50 30’.‘!3 31rnn 31’.';0
b
|Calouiation results %]
Block 3 ROlmethod | Pesks anabysi | MDA | Libeary | Passportofsaurce |
BE LG @
P
(Mim..| Chaoeel |  Enecgy | Line I*|  hrea | ntensity | Activity By |Stand uncer. [Benc...|
1 20934 sea.26  Th2se seie x| 25080 13.66 42247 7.0 L ]
Iens 58082 |Live (me: 1836.145. | Fimslime-2000s. | Dead time: 818 % I
Channel: 3024 | Energy: 589.22 ||Count 56 o

Figure 40.2. New inserted peak
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Figure 40.3

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

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

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

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

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

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

Theﬁé‘-@ (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 folldist the insert peak mode by pressZi:
again, so that the cursor returns to its standeaw.v Then select a peak to delete. To do this, you
can use peak selection in the table by selectiagpéak you need. You can also select a peak by left
clicking on the peak title. In either case, the kp@all have a bold green outline and the row



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

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

6.5 Sending of a list of peaks to calibration

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

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

Calculation results

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

B 4 [3 | @ @ |
Found peaks
mum.. |  Channel | Energy | Ling |5 Area | Intensity | Actiity, Bg |Stand, uncert...| Benc... |
1 652,06 129.02 Th-232 129.06 5233 2.85 42095 7.78 I_
7545 4.154 7.33 [
T T T N

3260 1.776 7.87 I

2 " s W
4663 7.3 -

Eu-152 964,13 2653 1.445
10 13433 2614.9 Th-232  2614.5 7958 4.334 4207.5 7.09 -

Figure 41. Selection of peaks for sending to catibn

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

6.6 Database

The progranASW2 allows not only to save the measurement resultsdatabase (DB) file but
also to operate with it directly in the program.r Baccessful work with DB, the availability of theos
database file*(accdb) is required and the path to it is specified ia thindowParametersin insert
Filesin the fieldDatabase filenamgsee section 10, Fig.52.1).

To activate the database the operator shoutttstie itemTools->Databasein the program
main mentASW2. The windowDatabase of measurementwill appear as presented in Fig 41.1. The
figure shows that the window has several unitst Wr{Fig.41.1) comprises the list of the saved réso
as a Table, where the spectrum name, sample nuasbeell as the data and the measurement time of
the present record spectrum are specified. Uniti@strument panel for the record table control, it
contains the button for the spectrum restoratioomfrDB, record delete and filtration (search)
adjustment button by DB.
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<% Database of measurements

1o x|

SpecTom ST deveanetme—— | |/ File name CASW2Indonesial 701 4|
| c\GammaPROest_bshi 4_mi_eu_sm asw 20082010 16.10.08 Fhctapin 50,77
CAGammaPRO\spe-ginewZ.asw 16/15 16.09.2012 1347.09 Eustomor. TALS
| CAGammaPROe7. 2w HRN 16.09.2017 165953 Sample ID s
CHASWIndonesial 701\RefSpectaimar_cs_op.asw 24112017 13.76:19 | B | Uit 017 %
¥ CiASWaIndnesial 701 iHefSpectaimar_cs_ap.asw A voume  |Unk 1 |

Unit 4

]

4 Distance mm 1
A Material

4 Backaround spectrum

1 zonefie

1 Comment
Live time, s BO0.341
Realtime, s 607.027

. Measurement date and tir 24.11.2017 1316719
___________________________ rence date and time  01.12.201513:16:19

C\BShindonesial 7014
A Calibration file (RO-methe CAASW2\clb-ghmarinell.

Feskssns —— )

L limit. ch | R limit, ch 10

Leve|
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.| searchiype
A show

unlh‘lng *
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| Efiiciency fils

MTP

Source reference date
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1024
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7
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Figure 41.1. WindovbDatabase of measurements

Block 3 has standard fields with the parametdrshe current spectrum (selected in Unit 1

table).

Block 4 has two tabROI-method andPeaks analysisEach of the tabs has a table with the
calculation results of the activity, errors etchigh were obtained on the stage of calculation it
current spectrum (see p.p. 5.1, 5.2, 5.3, 6.2)lejpendence on the calculation method, the datkegte
on one or another insert. And if the calculationswaade by both methods, then the data will be
presented on both inserts accordingly. For additi@gnalization on the calculation results presenc
for the current record, there is a m®knear the name of the insert. Above the table thighcalculation

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

Work spectrum: CAVASWZ\ndonesial 701 \RefSpectraymar_cs_op.asw
Background spectrum: CABSMndonesial 701\RefSpectralbackgr.asw
Calibration: ChaSW2iclb-gimarinell.clh

Reference date: 01.12.2015 13:16:19

Measuring date: 24.17.2017 13:16:19

Live time: 600.34 sec. Real time: 601.03 sec.

Geometry: Marinelli 1L. Sample weight: 0.17 kg, Sample wolume: 1.000 |

Comment

Close

Figure 41.2. Additional data window on the executaltulation

Block 5 (Fig.41.1) shows the diagram of the spauot marked in table, where there are channels
by X axis and count rate values in pulses by Y.axis
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New records in DB could be added directly frame spectrum window by the buttcd |
situated in the inserROI-method and Peaks analysisplaced in the windovCalculation results (see
Fig.30 and Fig.38, unit 5)

To filtrate the records by database there isaach instrument which is activated by the button
114

41 in instruments panel (Fig.41.1, unit 2). When thatton is pressed, the winddwilter appears as
shown in Fig. 41.3.

Field |Sample D | |contain | [ce137] |
] tdeasurements AFTER !D4_11_201B .;l_|
[ 1 Measurements BEFORE 504.11.2018 L_]|

‘ Filter ‘ ‘ Reset ‘ Close

Figure 41.3. WindowFilter

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

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

procedure, the required record in the table shbeldnarked and the buttoﬁ should be pressed. If
the spectrum file with that name already exists tte program will inform that. To avoid the rewrg
of the existing spectrum with the same name, timeenaf the file will added with_tb.

7 Energy calibration

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

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

manager panel. Then, pres:
Figure 42.

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

On the left side of the window, there is a talfteg@d2, block 1) containing three columns
'‘Channel’, 'Energy (library)' , 'Energy (calc.). The table contains information about lines (gak
which are the basis for energy calibration.

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

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

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

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

Data can be brought to the table in several ways:

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

- from the window for work with peak (section 4F2g,25);

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

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

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

Energy calibration. BOSON, GCD-30185.

=X
/ Channel | Energy (library) | Energy (calc.) |
2993 583.2 582.04
3127 [ | ] 609,47
Figure 43.1



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

(Fig.43.2).

Radionuclide library
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Figure 43.2 Window of energy selection from thediy

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

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

When you have received the searched functionarignce for energy calibration, it should
be applied to the current spectrometric tract. datdat, 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 Regort button in the bottom part of the window.
When the calibration is over and you press thisdothe window shown on Fig.44 will appear.

laix!
Report about energy calibration. |
Spectrometric tract BOSON - GCD-30185
Report date: 30.06 2017 10:49:52
The equation of dependence: E=-46 15+3 18x
INL: 0.241%
Table of values involved in the calibration
Channel Energy (library) Energy (calc )
222.11 661.66 660.07
297.308 898.04 898.16
283.883 11732 11744
591.738 1836.1 1835.3
1900
1500 <2
1700
1600
1500
1400
E 1300;
1 200;
1100 A
1000
900
500
o0l
20 300 30 4 450 500 0 a0
Charrel
|

Figure 44, Energy
calibration report view
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To print a report, pres[g].
To perform energy calibration for the specific Wapectrum, open this spectrum and press

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

8 FWHM and shape calibration

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

The term‘peak shape calibrationn ASW?2 is defined as a search for dependence of T
parameter (the so-callekkft edge) on the peak centroid channel in the spectrumararpeter is the
distance in channels from the peak centroid tol¢fie after which the peak is described with
exponential dependence rather than Gauss (se&kFig.4
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[ e S S S S |
10 20 30 T40 X B0 70 B8O 90 100
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Figure 45. Shape of the graph describing a peak

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

Device managerpanel. Then, pres;[:] and a dialogue windows will appear on the dismay
shown on Figure 46.
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& PwHM and shape calibration. BOSON, GCD-30185. o] x
=X
# channel | FWHM Left edge (shape) ‘ 12 BlOCk 2
I 283.62 4.2082 4.3774 11
395,212 4.6793 4.3824 10
447.1 5.8068 4.4039
; 510,194 52712 4.4348 29
590,99 43317 4.4709 g 8
662,061 46771 4,502 7
1073.25 5.0117 4.6887
122385 52345 4.7369 3
1385.9 54584 4.8301 5} ; ; : ; i : ;
lzzaiig ::2; ‘;Z?: k 20 4 0 £ 0 o ‘n'nn 10 000 12 0m mﬁa{ BlOCk 3
200343 6.5132 5.9703 i
3733.86 7.2453 5.8009 Palynomial degree for PHR
3965.03 7.3692 5.9952 Paolynomial degree for shape
2ena7 7a5E 51423 Fesult for PyHM E=4793+0.000541 2%
8157.47 9.559 7.8896
\N&Zﬁ 11,789 1D.273J Resultfor shape E=4208+0.0004646x-3 867E-10x"2
| Cpen | ‘ Save | Feport | Apply ‘ | Close ‘

Figure 46 FWHM and shape calibration window

On the left side of the window, there is a taliteg@d6, block 1) containing three columns
‘Channel’', FWHM' , 'Left edge (shape) The table contains information about lines (@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(Bb,
block 3) will show the found dependences.

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

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

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

Data can be brought to the table in several ways:

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

- from the window for work with peak (section 4F2g,25);

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

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

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

The FWHM and shape calibration window allows the user to generate a text report to
receive and print summary information. For thisgoge, there is Report button in the bottom part
of the window. When the calibration is over and ywess this button, the window shown on Fig.47
will appear.
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heport about FWHM and shape calibration. |
Spectrometric tract: BOSON . GCD-30185
Report date: 30.06.2017 14:44:05
The equation of FVWHM dependence: E=4 799+0 00054 12x
The equation of shape dependence: E=4 208+0.0004646x-3 86TE-10x"2
Table of values involved in the calibration
Channel FAVWHM Left edge [shape)
38382 4.8982 4.3774
395212 4. 6793 4.3824
4471 5.8888 4.4059
510.194 5.2712 4.4348
590,99 4.3317 4.4709
662.061 46771 4.503
1073.25 5.01M7 4.6887
122385 5.2345 4.7569
1385.9 5.4584 4.8301
1682.39 5.52M 4.9638
2621.2 6.5923 5.388
299343 6.5132 5.9703
3733.86 7.2483 5.8908
3965.03 7.3692 5.9952
4290.47 7.5584 6.1435
8157.47 9.559 7.8896
134326 11.789 10.273
13433 11.779 10.511
4
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Figure 47. FWHM and shape calibration report view

To print a report, presfg].

Toigjrform FWHM and shape calibration for the sfieevork spectrum, open this spectrum

and pres< J on the toolbar of the spectrum window, and thethatogue 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 registratitiitiency is performed using the reference
samples reproducing the geometry and propertigamima-ray absorption of the measured sample.

As a result of calibration, energy dependence gikteation efficiency in peaks of complete
absorption of gamma quanta radiated by samplerémde) 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 registratiaqganfma-quanta are determined using several sets
of reference bulk measures with different densitijller materials.

The calibration process is conditionally broken danto four stages:
— measurement of spectra of sample activity measuresceiving these spectra via calculations

using a specialised program, which simulates iotera of radiation with the substance;



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

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

— creation and saving of &refp calibration file.

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

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

Appendix 2shows art.efp file format.

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

9.2 Selection of radionuclides for calibration

Calibration requires sample measures of activitgalibration sources (hereinafter referred
to as calibration sources) with activity within thenge (1 - 100) kBq, produced based on working
standards of radionuclide solutions of thH& drder >*Mn, *’Co,'%°Cd, **%sn, *'Cs, **°Ce, *%Eu,
241Am, 2*3Am, **Ra (with daughtersf?®Th (with daughters), etc.

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

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

9.3 Management of spectra

To load and delete spectra in tEéficiency calibration window, use Ajd Delete ciér
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, cheaknoheck it in the firsiN’ column of the
table.

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

To move the current spectrum up or down the tatsle® or # buttons.
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9.4 Efficiency calibration procedure

9.4.1 Measure spectra of reference samples fogeametry or simulate these spectra using
the programme implementing calculation methodsc®ador various distances between the sample
and the detector can be used for the same geometry.

9.4.2 Generate files of passport data of calibnagources. To do this, use tReference
source certificate editorwindow, which can be opened from the main programmenuOptions->
Reference source certificate editof(see section 13).

9.4.3 Process the spectra received in p.9.3.IThiopurposes of searching, identification and
determining areas of peaks as described in se@tion

9.4.4 For each spectrum of the calibration sowseeits 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.

9.4.5 Save processed spectra to a disc.

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

Block 1
Etficiency colibration Canverting Calibration managsr
+ - x [ ] E B
Add  Delete Cleor Updatle = = =g

L) \ Fobnomial degies  Fonge keV  Geomety N e
11 s =| w0 |00 ([ -] calibration

—
Brameter | Energy | Nuclde | Spactrum | Cale. eicency | Stand uncert . | Appr. eficancy | Standunesr.. | De&

Cloar |
calibration

H Crasta fls | Sawetable | [

Block 4

.

_ I Blocks ]

b Channel 0 Ency

a ) . L\

e name il Search peaks
Sample 1D L. Imit | R, bmit

N
7\

Spectrum type Level

Live tme Min, area ;

Real tme | Type search B 10 Lk 3

Comment i Show v

Mass | Unt Smoothing 7] :\
Volme | Unk i Polynomi

Distance, mm Iteration

Material [Tdentification &l

Calbration - Library .)/

9.4.7 In talEfficiency calibration, usingAdd on the toolbar, load all the calibration spectra,
then range them in such a way that the spectra avithdensity (or other parameter) are grouped.
(See example on Fig.49).

Figure 48. WindovEfficiency calibration



| Specium |
1 C:\ASwhepchl _me_ra_op.asw 1
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3 ChASWAspchD7_ms_k_op.asw density 0.2 g/cth

C:hasSvwhepc 10 me_cs_op.asw

C:AASwhepchl2_ms_ra_sm.asw
C:ha5SwhepchB_ms_th_zm.asw

Spectra of samples with

>~ .
C:haSwhepoh 08 _me_k_smoasw denS|ty 1 g/cn°’1
C:hAa5Wwhepch 11 _me_cz_smoasw
C:AASwhepch3_ms_ra_ps.asw

-

i
VAN

Spectra of samples with

10
density 2 g/crh

1

RRRRRR AR RR RN = | o
&n

C spch12_me o psoasw iy,

Figure 49. Ranging of spectra

=]

9.4.8 Set parameters of the efficiency curve (#8j.block 1):

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

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

- Geometry — name of geometry of measurement, for which catiin by efficiency is
created. It is a mandatory text parameter, whosgewaill be saved in the efficiency file and will
show in the data field about implemented calcutafgee Fig. 41.2). In the drop list of this fietd i
offered conventional labels for often used georast({iMar' — Marinelli, 1L; ‘38 ' — container, 38ml,
'250' — cuvette, 250ml; etc.). Radioactivity cadtidn can only be performed if measurement
geometry is specified in the efficiency file.

9.4.9 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 effiaies (Fig. 48, block 3, and Fig.50).

The coefficients of the approximation polynom drgplayed near the density value for each
parameter combination (density and distance). [Bloks like this:

Eff=f(-1343, 1307, -5133, -1649, 248.2, -19.85 59B)

9.4.10 The points, which are at a good distanam fthe curve, are rejected by unchecking
the relevant row in the table, and the appearahtieeccurve changes automatically. To change the
energy range for calculation of efficiency curveedsfy the values in the fields and click bul¥In

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

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

9.4.13 If necessary, implement all the stages dtmutation of efficiency curves (see sections
9.4.1 - 9.4.12) for other geometries.
9.4.14 In order to merge all the efficiency filag a file, choose talalibration manager

(see Fig. 50.2) and load the files created by stepd - 9.4.13 by means of butt. The data
from the files loaded will be shown in a table, wdas the efficiency curves will be shown in a plot
under the table.

Choose a calibration row in the table to highlithte corresponding curve in the plot with red
color. To hide a curve in the plot, untick the espgonding row in the first column of the table.

The Distance and Density values can be changed for each curve by chanpagdlues in
the same-named columns in the table.
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Figure 50.2. Tab Calibration manager

9.4.15 Lastly, click buttow and specify a new name to save the efficiencycfilmprising
a few efficiency curves. Prior to saving, the curéieat are not relevant can be deleted by clicking

button.

9.5 Creating an efficiency file project

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

To create a project file, click buttc™+ in the toolbar of tatEfficiency calibration. A
window will appear on the screen. In this windowedafy the name of the project and directory,
where the project itself and all the relevant fig be moved (one is recommended to create a new
directory) (see Fig. 50.3).

Creation project of efficie alibration

Project name

|spec |

Project directony
|C\GammaPROYest2) ~

‘ Sawve ‘ ‘ Cancal ‘

Figure 50.3. Window requesting the name of efficiefile project and a directory for it
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Click button Save to create three subdirectori&?C, LBR and PKS in the project’s
directory specified by user. The spectra, libralgsfand passport data files related to them véll b
automatically copied to the respective subdireetorin the project’s directory, there will appear a
*.pef file which contains the data on the project’s paeters.

Later on, whemPASW?2 is closed and then opened again, the user wikhlide to load the

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

9.6 Creating an efficiency file from a text table

TabConverting in window Efficiency calibration is used to convert the text table (text file)
which contains three value columns (energy, efficieand standard uncertainty) to the efficiency
file of the ASW2 format.

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

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

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

| Cficencyeslibraion | Comveming -
Parameter Polynomial degree  Range, ke o ; y y
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Figure 50.3. Tab Converting



10 Parameters

The Parameters window of the table is intended for setting sonsads of work of the
program. It can be opened from the main méptions->Parametersand contains 4 taliSeneral,
Files, View, Calculation (see Fig.51).

|
General Files | “iew | Calculation

GFS

COM port
Baud rate | 4800 T

GPS coordinate
Latitucle, * |D-D | .

Longitude, * |D-D |

[ Ask userwhen launch

‘ oK ‘ ‘ Cancel ‘

Figure 51 Parameterswindow view

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

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

General W| Files H e 1| Calculation \|| MDAW
Protocol filename

|C:\ASW2\data.m _||

Database filename
| CHASW2\ull_date.accdd -

Figure 52.1Files tab view

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

Show panel for add analyser ‘
Figure 52.2View tab view

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

[ Calculate seff
[ Show the class

Save measurements in log

] Finished measurement signal

Catalogue
Service files:

(Chagwe -

Figure 52.3alculation tab view

TheCalculation tab contains several blocks containing the foltayfields:

Calculate Aeff —an indicator telling the program that it needs &tcclate a parameter of
efficient activity, which is determined according formula 10.1 (see théDescription of
Algorithms Implementet):

Aett = ARat1.30A1,+0.090A« (10.1)

whereAg, is specific activity of radionuclide Ra-226, Bgr/kg

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

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

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

Show the classndicates if the danger class of the material shbel determined.

Aert < 370 Bg/kg — danger class |I;

370 Bg/kg < Ag < 740 Bg/kg — danger dlass II;

740 Bg/kg < Ax < 1500 Bg/kg — danger class lll;

1500 Bg/kg < A« < 4000 Bg/kg — danger dlass IV;

4000 Bg/kg < A« — danger class cannot be determined.

This data including & will be displayed in the results panel providedtthatural
radionuclides Ra-226, Th-232 and K-40 are in the li

Save measurement in log- an indicator telling the program that it needs wtoenatically
send the measurement results to a log in the pafesaving a measured spectrum.

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

x
General Files | “iew | Calculation RDA,

Farrmula for caloulating kDA

a+2k[2N,,
g d-T

where the parameter k:|1| | a:lU |

Fesults view with an uncertainty of mare than 50%
® MDA {recommended)

O MD&2 £ 100%

Ok ‘ ‘ Cancel ‘

Figure 52.4MDA tab view
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The MDA (fig.52.4) tab is designed to configure some aspexssociated with the
calculation of the minimum detectable activity (MPA

TheMDA tab contains several blocks containing the follayfields:

where the parameter k and & sets the value of the coefficiektanda in the formula
shown in Figure 52.4. This formula calculates theAWNalue.

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 correchirthe point of view of metrology.

11 Pack of spectra

The Pack of spectramodule is opened from the main program mé&iools->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
Pack of spectra -0 il

+ - * L]
Add Delete Clear Update

Switching
between count and
intensity

Log

Tmp./sec |

0 - > - - - - - - - - )
] 100 200 300 400 500 500 700 800 900 1000
Channel:820 Energy: 2638
t+ 3 Current ]‘ Math. operations 1| Stahility 1‘ Activity W| Callhrallnn} EI
M | Spectum | B @
[Eal] CAASWZ\spe-gistabics_T.asw
BlOCk 2 ¥ 2 C\ASW2\spe-gistabics_2 asw Parameters \Lgddmonal
¥ 3 ChWASW2spe-ghstabics_3.asw File name ‘C\ASWZ\spefg\stab\csjD.asw
[¥ 4 C\ASW2\spe-gistabics_d.asw Samplz ID
¥ 5 CAASWZ\spe-gistabics_b.asw "
Ica CHASWE\spe-ghstablcs_B.asw S (S sl
[V 7 [C\ASW2\spe-ghstalics_7.asw Faal time 600
[ CAASWZ\spe-gistabics_B.asw Live time E99.5
[7 9 CiaSWeispe-gistabies 9.asw Energy calibration .
ca

10 ChWASWAspe-gistakics_1D.asw FwHM and shape

Weight | Unit 1 kg

Yolume | Unit 1 |
Background spect

Block 1 graung sp
Calibration file (RC

Comment

Material

Temperature 0

Figure 53 Pack of spectramodule

ThePack of spectramodule consists of three main blocks and a meiqu58).
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
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be displayed in block 2. When you press on the mnlllneadel, it enables or disables
displaying of all the spectra.

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

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

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

+ .
Press thesss button in the menu to add spectra to the tablegress thepeiete button to
X
delete, first selecting necessary spectra in thie td o delete all the spectra at once, pClean

Block 3 is intended for management and all kinflogerations in théPack 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 tfepectrum parameter$ tab (see Fig.20 and Fig.36)
when you work with the spectrum window.

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

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

Apply ]

“Parameters | Additianal
Spectrum type asw
Sample D
Mass | Unit 1.6 kg
Vaolume | Unit 1 |

Distance, mm
Geometry
Comment

{Background spectrum i Ch\GammaPROVspe-gifon.as
Calibration file (ROFmethod |

haterial |

Energy calibration |
Data flename |
PyvHr and shape calibratic|

o ) o e

|

Coefiicient |1
Usze |

‘D
O

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

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

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

Operstion Ext. parameters Result

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

O Energy O Constant @ Filename far new spectum

Calculate

[] Sum time
Figure 55Math. operations tab content

To add several spectra and make them one:
- select the spectra intended for summing imtle table (Fig.53, block 1);
- selectSun’ in the dropdown list of th®peration field (Fig.55);
- select the option corresponding to the typeswhming (channel-by-channel or in the
energy scale);
- in theExt.parameters block, selectSpectrum as shown on Fig. 55, the field with the
dropdown list should be empty;
- in theResult block, selecFilename for new spectrum pressﬂ in the field below and
select a path and the name for the sum spectrum.
- pres<Lalculate. A new summary spectrum will be created as a reduhe actions above.
There is &Sum time checkbox in théxt.parameters block. It is intended for changing the
type of the resulting summary spectrum by timeedioh. Thus, for instance, you should check this
checkbox, when summing spectra of the same typsvest from one detector or from one source.
By doing this, you will sum count and time in thesulting spectrum. Thus, we will receive an
averaged spectrum with improved statistics. In ott@se, when summing spectra from difference
sources, disable th&Sum time” mode. Then the resulting spectrum will have timethaes first
spectrum being summed (the so-called adjustmehettime of the first spectrum).
To add several spectra with one spectrum:
- select the spectra intended for summing imtle table (Fig.53, block 1);
- selectSun’ in the dropdown list of th®peration field (Fig.55);
- select the option corresponding to the typeswhming (channel-by-channel or in the
energy scale);
- in theExt.parameters block select Spectrum as shown on Fig. 55;
- in the field with the dropdown list select tBpectrum, with which you will sum the
spectra selected in the table;
- in theResult block, selecMask for new 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.
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Spectra can be summed and subtracted with a con3tawlo this, in the above-mentioned
algorithms speciffConstantinstead ofSpectrum and enter the constant value in the field below.

The Stability tab is intended for determining stability of thgestrometric tract by spectra.
Thus, for instance, to receive a graph of deperglefiche®'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 thelkpedheckCentre 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 thleveel 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)nTuel can presSalculate again.

Pack of spectra o] x|
+ - X o
Add Delete  Clear Update
4 e [ Log
T N P —
Ly
) [ S
ol
S IEE R ) AR
. o)
o 100 200 300 400 500 600 700 800 900 1000
Channel:401 Energy: 1228
+ & Current | Math. operations | Stability | Activity | Calibration | Sensitivity contral R
N | Spectrum | Centre | Sigma | Resoluti | Integral 7 Find in range: N\
¥ 1 [CrASWRispe-gistabics_1.asw 2200 59 90,1 055 | 196 [[250 | [ | o W oy Calculats To clipbaard
[ Sigma. [ Intensity
[ 2 ClASW2ispe-glistablos 2. asw 2200 58 8a.5 36701 @ Channel [ -
[¥ 3 |C\ASW2\spe-ghstabics_3.asw 21494 58 88.2 36458 & Instak.2e | 00958
¥ 4 CHASW2ispe-gistablcs_4.asw 2198 58 881 36654 L . J
¥ 5 CHASW2ispe-gistablcs_B.asw 2200 58 89.1 36699 T i
¥ 6 |C\ASW2\spe-gistab\os_6.asw 220.0 58 89.0 36604 201§ :
¥ 7 |C\ASW2\spe-g\stab\os_7.asw 220.1 54 305 36566 22005¢-
¥ 8 |C\ASW2\spe-g\stab\os_6.asw 220.0 54 32.7 36472 2204+
7 9 [C\ASW2\spe-gistablcs_0.asw 2200 58 87.2 36332 219564
¥ 10 [C\ABW\spe-ghstablcs_10.asw 2201 50 341 35310 SR
21985

Figure 56 E Blojck 1

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

TheSensitivity control tab (Fig. 57) is intended for detector sensitigtytrol. The program
evaluates the difference between measured and@assues of activities of radionuclides in the
control sample taking into account errors in tlgitermining.



Current | Math. operations | Stahility | Activity | Calibration | Sensitivity control P

I File of parameters |CZ\ASW2\SPE'g\tESt.ka _||
Background spectrum |C:'\GammaPRO\spe—g’\fon\sum_1 Oh.asw _||
Calibration fils (CHASWZicl-giestalb B

N Spectrum | Th-232

CAASW i spe-githi119_13_. Mormal
2 |CAASWHspe-ogithi 11813 Mormal
3 |CAASWspe-aithh 11913 .. Mormal

Figure 57 Sensitivity control tab view

Select necessary spectra in the main table t@erthe control. In tab fields, consecutively
load the file of passport data of the control sasplthe 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 matherabtperation,
which allows evaluating the unchangeability of th@t background by comparing the measured
spectrum with the background spectrum.

Stabilty | Activity | Calibration | Sensitivity control | Background contral <
Background spectrum | CAHASWZispe-gifontfon_T.asw _||
Cantrol
Calibration file (C\ASW2\ape-giclh_giMarin.clb B
I+ | Spectrum | Result
1 CAASWE spe-gifonifon_1.asw Formal
2 CWASWHspe-ghforifon_2 asw Maormal
3 CAVASWspe-giforifon_3.asw MNarmal
4 CWASWspe-giforifon_d.asw MHormal
5 CAVASW2spe-giforifon_basw MHaormal
CARASW spe-gifonifon_B.asw Mormal
CAASW S spe-aiforifon_7 asw Maormal
CAASWE spe-gifonifon_8.asw Formal
CAASWHspe-giforifon_3.asw Maormal
10 ChASWahspe-giforifon_T0.asw 6.3 %
11 ChWAaSWaspe-gifomfon_11.asw MHormal
12 ChASWaspe-giforifon_1Z2.asw MHaormal
13 ChaSWhspe-gifomfon_13.asw Mormal
14 ChASWspe-ghforifon_14 asw Maormal
CAASWEH spe-gifonifon_15.asw Formal

Figure 58 Background control tab view

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

TheActivity tab (Fig.59) is intended for the calculation afivdty of radionuclides using the

ROI-method. For a series of spectra, the proceduitee same as for a single spectrum (see section
5.1).
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Current | Math. operations Stahility m Calibration Sensitivity cantrol Background contral MNormalization Map
Background specium |C:\ASW2\5pe—g\fon\5um_1 Oh.asw _|| RB’S:::; ® Rsport
Calibration file CiASWAspe-ghdlo_giharin clo || caleuete | O Mswerd O DB
Calculation type |5P9'3'f"3 activity, Bokg L|| Calculate MD
s Activity AC.BITor. Sp.activity Ahs.err [ Unit Fel.erm. OprL
N | Spectrum | Activity, By | Ac.eror, % | Specific activity. Bofko | Abs.ermr. | Rel err.,%mJ
1 [ C\ASW2\spe-g\Marin{1... Asfi=24 11 Bokg Block 2
Ra-226 <1127 - <1285 - -
Block 1 - Th-23z 3.951 17.8 4542 0.9704 214
- K40 <52.21 - <6002 - -
- Cg-137 44939 n.012z2 BE77 5677 10
2 [-] CAASWZ\spe-g\Mariny0... Aeff=9238 + 920 Bokg
- Ra-226 10100 0.000123 9182 918.2 10
- Th-232 <21.47 - <19.52 - -
- K40 <3739 <3399
- Cg-137 < 48.69 <4427
3 [ CAASW2\spe-g\MarinyD... A=ff=3206 £ 205 Bofky
- Ra-226 <2217 - <21.95 - -
Th-232 2630 0.000228 2608 2606 10
K40 < 76.47 - <7573 - -
- Cg-137 <10.38 <10.28
4 [C] CAASW2\spe-g\Marin\0___ Asfi=1403 + 464 Boykg
- Ra-226 <7688 <7.382 -
- Th-232 <B6.819 - <B.557 - -
- k-0 16100 0.0283 15480 1548 10
- Cs-137 < 8502 - <8175 - -

Figure 59 Activity tab view

It is possible to calculate activities for a sergd spectra from théctivity tab only using
one calibration file and one background spectrumd® this, select necessary spectra in the main
table. In tab fields, consecutively load the baokd 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 or = Fin the respective row and hidden data fields spear. 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 tikalculate MDA checkbox. When checked, the table will
display minimum detected activity and specific (wak) activity instead of activity, when relative
error is higher than 50%.

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

12 Radionuclides library editor

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

A library file contains the list of radionuclidesitiv respective energy lines and their
guantum outputs. The program can handle librags fdf two types*(bib and*.lbr). The first one
(*.bib) is a text file and has a structure of the soechlhi-file; the second ong.lbr) is also a text
file, but it has other, more old-fashioned struetuBoth files may be formatted and edited manually
(in any text editor), or you can also use Redionuclides library editor module.
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To open the editor, sele@iptions->Library editor in the main program menu. A window
shown on Figure 60 will appear on the display.

Radionuclides library editor Ll
== He E e B X = A Hue E HNE B X
MNuclide | Half-life time | Cuant... | Errar |;| MNuclide | Half-life time | Cuant... | Error |
|7 Co-56 5713280 E||7 Ba-133 332610000.8832
¥ cos7 23480928 -[v 81 32921
[+][ Co-58 E127142.4 v 276.39999 7321
[-]]¥ CoB0 6 [9EG1926 96768 -[¥ 302 85001 18711
S 99.91 _I v 35601001 62.581
T 9998241 -[¥| 383.85001 8.591
|7 Cr-51 2393280 [—:”7 Cs-134 RA070381.576490
[+][¥ Cs-129 115416 -[v BE3.22699 8.381
GV cs-132 EE0440 ~[v BRY.315 15.431
L1 Ce-134 BE070361 57696 B [ 60469357 97.56 1
|7 Cs-136 1137024 -[v 795.84497 45.441
CIV ce137 952198687.537... -[v 801.93201 8.731
[ BB1.65997 8511 = ~[v 1167.937.. 1.8051
IV Cub? 299912 [-I[¥ Co-60 & 855192696765
[+][¥ Dy-159 12476159.136 - 1173237, 899.91
[+][¥ Eu-146 396576 [ 1332500.. 99.95241
|7 Eu-147 2073600
[+][¥ Eu-148 4708800
[+][¥ Eu-143 A043840
[+][v Eu-150 45432
IT|I7 Fi-1R2 APNRERIRTS RARA LI
Sort Parameters Sort Parameters
(3 By energy T (3 By energy T
O Quantum vield ‘\ O Quantum vield
=

Block 4

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

The ASW?2 installation package usually contains one or ntibraries, from which you can
make individual libraries for specific tasks. To tthis, you need to load an already available Iyprar

from the toolbar editor to the left block usi —? Then select necessary radionuclides and press

Block 6 Block 5 Block 2

Figure 60Radionuclides library editor window view

B (Copy selected radionuclides Selected items will appear in the right tablent you can add
something to it, edit and save it. Items from fightrtable can be copied to the left table in thme
way.

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

To add a radionuclide to the table, pr™¥;(Add radionuclide). A new row with the name
of the radionuclideNu' with one energy line will appear. The new 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 taltie the right of thé>arametersgroup (Block 6, Fig.
60). The new row should be edited according toatdtaristics of the item to be added.

To add energy line of a radionuclide, select ihésn with a cursor and pre:E (Add
energy) on the toolbar. In the new row, you should replaefault values with necessary ones
(energy, quantum output, quantum output error).
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To remove a radionuclide and its energy lines, (i 2(Delete selected radionuclidgsand

B< (Delete selected energiesyespectively. To clear the entire table, use *gRemove al)
button.

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

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

13 Passport of source editor

ThePassport of source editoiis intended for generation of files of passporadatsources,
which are used during efficiency calibration of #pectrometer. These files should be shown in the
Source reference datdfield in the Identification section of theSpectrum parameterswindow
(Fig.20 and Fig.36).

To open the_eQitor, choose menu opt@ptions-> Passport of source editoin the main

menu or click buttol. " in the toolbar. A window shown on Figure 61 witlpear on the display.

Passport of source editor iy | il

[ o~ | = b

File

+ =X
Abs. expanded Rel. expanded
BT uncertainty,Bq(k=2) uncertainty,%(k=2)

Waight ‘ Unit Eu-152 2650 o0 3.4
Volume | Unit 1000 il L 270 o 33
Reference date 09.09,2020 :

Reference time 16:43:55

Source ID 12/08

7 Radionuclide Activity, Bq

Librany:

Figure 61 Passport of source editowindow

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

Figure 61 shows an example of completion of thenfn the Passport of sourceeditor
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.

Source ID-source identifier or number, a text field.

On the right side of thReference sources library editowindow there is a table, where the
user should enter data about radionuclides pregetite source. To add a row, pre¥s (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).
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=X

+  Radionuclide Activity, Bg
5820
4640

Figure 61.1 Selection of a radionuclide from thedry

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

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

If data is changed in columnAbs.expanded uncertainty, the value in column
'Rel.expanded uncertainty'change automatically and vice versa since the gdluéhese columns
correlate. The user can introduce the data in re@¢bleimn considereng which type of uncertainty is
specified in the source’s certificate.

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.

Additionally, one can calculate a radionuclide’siaty for any date. To this end, choose a

radionuclide in the certificate’s list and click ttan in the toolbar of windowReference
sources certificate editorto open windowDecay calculationas shown in Fig. 61.2:

Decay calculation X
Radionuclide: Euw-152 Half - life tirne: 13.34 years
Original activity, Be 1870 ondate [15.062020 v [ |16:25.49 |
Final activity, By 177554 ondate [15.062022 v [ |16:25:49 [
‘ Apply ‘ ‘ Cancel ‘

Figure 61.2 Window Decay calculation

To calculate activity for a date, specify the ora activity in field Original activity ,
specify original and target date and time and cliokonCalculate. The activity for the new date
will appear in fieldFinal activity. The new data including activity and date can xj@o#eed to the
main table by clicking buttoApply. To close windowDecay calculation click buttonCancel
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14 Calibration for activity calculation by the ROI-method

14.1 General provisions

The ASW2 software enables calculation of (specific) acyiviff radionuclides in a count
sample by the ROI-method considering calibratidesfiwhich 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 the gample and gamma radiation absorption within
the count sample, alternatively, by means of spgcigpose software for spectrum simulation by
the Monte Carlo method.

The calibration can be regarded to consist of dlewing stages:

— acquisition of spectra irradiated by referencevigtisamples 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 ac@inateasurements. This is why such an
operation shall be performed by a skilled expdtéraatively, an employee responsible for delivery
and adjustment of the spectrometer.

14.2 Creating a calibration file

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

14.2.2 Load modulPack of spectra(see section 11).

14.2.3 Load all the calibration spectra into 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 saigpestra such as mass, volume, energy
calibration are correct, and background spectruchasen. These parameters are displayed in tab
Current-Parameters and additional talCurrent- Additional (see Fig. 53, block 3).

14.2.5 Select tal€Calibration in modulePack of spectraand specify a radionuclide, its

activity (in Bq) and the corresponding certificatidate for each spectrum in blo8krior activity
of current spectrum (see Fig. 2, block A).
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CAASWAspe-g\12_ms_ra_sm.asw
CAASWAspe-gh\03_ms_ra_ps.asw
CAASWASpe-g\04_ms_th_op.asw

CAASWAspe-g\01_ms_ra_op.asw
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Block C

urrent | Math. operations

Block B

Gamma Detection Unit N1

=

«Whility | Activity ~ Calibration | Sensitivity control | Background contral Narmalization tap
Background without count sample

(ROI-method)

Create
calibration file
(ROl-method)

Create list of

calibration spectra

Caleulate calibration

CAASWispe-g\0E_ms_th_sm.asw / Aprior activity current spectrum \ Calibration data
6 [CiaSwW\spe-g\06_ms_th_ps.asw += B & Nuclide/Density/Spectum I Adiivity/intens. I Date/Eff | Screening coefficient I
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11 CVASWAspe-g\11_ms_cs_sm.asw Co-B0 670-1000 5.80475 0.00328 1
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~2h00-2720 0.05098 0.00005 1
Re-226 1.096
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U || Thease
[+] K-40
[+} Cs-137

Block E

Block A Figure 62

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

If the drop-down list of colummuclide is empty, load a radionuclide library by clicking
button™ above the table (see Fig. 62, block A) and chapsirproper file in the standard dialog
box.

Block D

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

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

14.2.8 If necessary, fill in fiel@omment.

14.2.9 Click buttorCalculate calibration.

14.2.10 All the calculated calibration 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 calibratien(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 sgposition method (see section
5.4). It is recommended to create separate foldersalibration spectra, background spectra and lis
file.

14.3 Calibration for content calculation

In case the spectrometer should be calibrated ils obhmeasurement different from Bq, for
example, mass fraction, percent and so on, 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 acoaydo paragraph 14.2.5. At the same time, one
must additionally edit the output calibration f{teclb) and specify the proper units of measurement
in the string containing the radionuclide’s nameslaswn in the example below.
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Cs-137  (Unit="kBg/sg.m")
1 1.000

K-40 (Unit="Bqg/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 isqumed 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 iath 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 = ZAESJi S, i=1m (14.4.1),

where m is the number of unknown radionuclideshiexdount sample;

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

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

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

excluding the background count rate, cps;
S,; is the count rate in thieth window of the background spectrurit, s
Sji
Value A in formula (14.4.1) is the sensitivity coefficiefdr window j, radionuclidei

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

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




wherepo._pgis the density of reference samples used for elior, g/cn;
C, is the sensitivity coefficient for windoyand radionuclide in the spectrum of a sample

featuring density, cps/Bq (cps/Bdqg);
po..paare the density values of the reference samplesfosealibration, g/cr
dis the number of density values used for calibrgtio

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

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

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

15 Quality assurance

To control metrological and technical performanta spectrometric tract, control and test
measurements are performed, then the data obt#@nsdved, diagrams are plotted, reports are
created.

Quality assurance can include the following fuorcs:

- adjustment of quality assurance parameters;

- gain test;

- energy calibration;

- efficiency and resolution test;

- sensitivity test;

- background test;

- Generation of reports and control diagrams wihlisiplay monitoring results;

To perform qulaity assurance, click butt‘,,,l in the toolbar which opens windoQuality
assurance(see. Fig. 63).
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& Quality assurance, BOSON, GCD-30185 = [ m] ﬂ

ROlmethod H Peaks analysis | ‘ Report

Gamma detector N17

(" [ Gain adjustment

Presettime for one teration. s 300 [l Paak parabiola

: .
Target channel 220 | search in range + ﬂ 00 with accuracy + :1 |

/ Energy calibration adjustment

Presettime for measuremant, s 300 |

Peak search range, +/- channel TUE'

Energy calibration file

|C\GammaPRO\na| cen _|| BIOCk 3
\

Background test

Presettime for measurement s 300 ‘

Zane file BIOCk 4
N |C\GammaPRO\test.rm _||

/ Sensitivity test

Use spectrum from energy calibration adjustment

0 by

Presettine far measirement s |;:u[|
Calibration file (ROFmethodd)
|c {GammaPROVclb-ghtest clb =
Pazsport of source
\ |C\GammaPRO\:lb-g\test.pks _||

| Start ‘ | Cancel |

Close

Figure 63. TallROI-method of window Quality assurance

This window provides a sequence of test measurertée results of which are used to
estimate how duly and correctly spectrometric grform. The window contains 3 tab¥OI-
method, Peaks analysisandReport. TabROI-method implements control procedures relevant for
the ROI-method. This tab is usually used for lowsetation spectrometers. TdPeaks analysis
implements control procedures relevant for the paadysis method. This tab is usually used for

high-resolution spectrometers. TReport displays the results of the quality assurance quoes
performed.

15.1 Quality assurance (ROI-method)

Quality assurance by ROI-method is performed bgmeeof tatROI-method.

Quality assurance for a spectrometric tract co®$ the procedures shown in Fig. 63,
namely: Gain adjustment, Energy calibration adjustment, Ba&ground test, Sensitivity test.
The parameters of these procedures are dividedgnaaps. The procedures are implemented, one
after another, when this section is run.

StageGain adjustment sets a peak to the target channel by changingdire factor for a
spectrometric tract in question. Since this procedwonsists of a few iteration§ain correction
factor (see section 2.4.2) is a very important paramfgerit. ParametePreset time for one
iteration sets the duration of a spectrum acquisition wipiehvides the position of the target peak
to be set to the channel specified in fidldrget channel The peaks are searched for within the
region around the target channel the boundariasha¢h are specified in fieldearch in rangex
The procedure is finished when the target peak matéarther than the value specified in figlth
accuracy = from the target channel (see Fig. 63, block 2).

In some special cases, it could be wise to trgaak as a parabola rather than a Gaussian.
For example, this could be useful when searchin@ fguasi-centroid in an alpha spectrum acquired

by a ZnS(Ag) scintillation spectrometer-radiomefsee Fig. 64). In this case, tick bd&eak
parabola.
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Figure 64. An alpha spectrum acquired by a ZnSg&gjtillation spectrometer-radiometer

StageEnergy calibration adjustment (Fig. 63, block 3) provides peak search within the
range specified and sets one of the energy valpesifed in an energy calibration file applied
(*.cen) for each peak found. ParameRreset time for measuremensets the acquisition time for
the spectrum where the peaks are to be searche@iferrange for peak search is set in fieehk
search range.The full name of the energy calibration file to dmnsidered for peak search should
be specified in fiel&Energy calibration file. For example, if the calibration file contains twoits
— channel 220 (661.7 keV) and channel 830 (261d\p k then, in accordance with Fig. 63, peak
search in the spectrum measured will first be edrout between channels 120 and 320 and the
energy value of 661.7 keV will be set for the pdaknd, then peak search wil be carried out
between channels 730 and 930 and the energy vaR&14.5 keV will be set for the peak found. In
some cases, for example, when adjusting a traet lméta spectrometer (see Fig. 65), it might be
necessary to carry out energy calibration consideonly one point. In this case the calibratioe fil
has to contain only one point.

2, wWork spectrum: C:\GammaPRO\clb-bitest_sr_cs.asw - = il
ll - energy calibration W =lolxl|
i ERbe i ; e e e ]
Ehannel‘ Energy (library) ‘ Energy (calc.) | & H . f
| ST | 624 63617 185 200 05 210 215
a7 | Channel
Palynomial degres 1 E
- : 41 Cale calibration
! Library file |zamwtin tor _|| .
C Fesul E=60.81+2 76 INL%: - )
800
500 — Open Save ‘Applymlram ‘ Apphy ‘ I Cloze ‘
50 100 150 200 250 3o 350 400 450 500 550 500 B50 700 750 800 850 200 %50 1000
Channel
|Inputcountrate: 75873 |[Livetime: 498.77 5. ||Realtime 500 5. | Dearitime : 0.246 % ||ADER- 0.36 S, U-20%(k-2) |
|Channel: 868 ||Energy: 2743 | Counts: 0 I I

Figure 65. A spectrum of radionuclides Sr-90+Y-98+37 acquired by a spectrometer based on a
plastic scintillator and the calibration window

Quiality assurance staggackground test (Fig. 63, block 4)estimates how the background
spectrum measured has changed as compared to ¢kgrdnand spectrum currently specified in
section Calculation parameters (see section 2.4.4). When implementing this proomdthe
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program estimates the discrepancy between cowsd matthe regions of interest in the background
spectrum newly measured and the spectrum specitedackground taking into account the
statistical component. The result of this comparignorm or significant discrepancyyill be
displayed in the status field and sent to the gualssurance reporote that the acquisition time
for the background spectrum to be measured shoaldsgecified in fieldPreset time for
measuremenf whereas the full name of thegoi file which contains the energy regions where the
comparison will be carried out should be specifretield Zone file.

Quality assurance stagensitivity test (Fig. 63, block 5) estimates how the sensitivity o
the spectrometer has changed. When implementisgotbcedure, the program provides acquisition
of a spectrum of a control sample, calculation divity of radionuclides and comparison of the
results obtained with the data specified in thetifteate of the sample taking into account
uncertainty values. The result of this comparisworif or significant discrepancwill be displayed
in the status field and sent to the quality assteaeport. Note that the acquisition time for the
control sample spectrum to be measured should éxzfigal in fieldPreset time for measurement
If the spectrum to be used for sensitivity contsothe same as that used for adjustment of energy
calibration, one can make use of the spectrum esdjait stag&nergy calibration adjustment. To
this end, tick boXUse spectrum from energy calibration adjustment.in this case, no additional
spectrum acquisition for sensitivity control wile lperformed. The full name of theclb activity
calibration file which contains calibration coeféats for calculation of activity of the radionudxis
of the control sample (see section 5.1) shouldpeeiBed in fieldCalibration file (ROI-method) .
The full name of the'.pks passport data file of the control sample shouldspecified in field
Passport of sourcgsee section 13).

When tabROI-method is filled in (see Fig. 63), one can start the guahssurance
procedure. To start the measurements, click bi&tart in the bottom of the window. The program
will compile a scenario considering the paramesaisand run the scenario. The current status is
displayed in the status field (see Fig. 63) tortgbt of the tab.

If one or more control operations (Gain adjustmeBhergy calibration adjustment,
Background test, Sensitivity test) should be skibpentick a box (or boxes) to the left of the
name(s) of the corresponding operation(s).

The results of implementation of the quality aseaeascenario can be checked and analyzed
in a report (see Fig. 66) that is opened by cligketbReport.
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Figure 66. TalReport

SinceASW?2 allows for measurements in several spectromataicty, this is wise to have

guality assurance parameters for each tract. Tilitéde this, templates are used.

To create a parameter template for a spectronteaict, specify properly the parameters and

Garnma detector M17
Beta detector M3

Close

Figure 67. WindowQuality assurance templates (ROI-method)

click button'# (see Fig. 63, block 1). Windo®uality assurance templates (ROI-methodvill
appear then (see Fig. 67).

Then click buttord® (Create a new template using the current parametejsn the toolbar

of this window. In the dialog box which will appeapecify the name of the new template and click
buttonOK. The new template will appear in the list of wimdQuality assurance templatesTo
open the parameters of a template, double clickeimplate’s name in the list.
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15.2 Quality assurance (peak analysis method)

Quality assurance by the peak analysis methodri®pned by means of tdkeaks analysis
(see Fig. 68).

Quality assurance. BOSON. Channel 1

FOl-method | Peaks analysis Report
[ o GCD-30185 Bl
: ock1

[ Gain adjustment

Presettime for one iteration, s 100

Target channe! 3600 search inrange + with accuracy +

/ Resolution and efficiency test

Presettime for measurement, s 300 ‘ A to cards | Cards ‘

Rieference spectrum with peaks

e

|Craswzclb-giest asw B

Passport of source
\| [craswadb-oiestpks (=]
1 Background test

Presettime for measurement, s

Zone file BlOCk 4
N |Craswzici-gibkg roi B

| Start ‘ | Cancal |

Close

Figure 68 Window Quality assurance tabPeaks analysis

Similarly to the previous quality assurance metld®scribed in section 15.2, this tab
implements a sequence of test measurements thesrebwhich are used to estimate correctness of
performance of spectrometric tracts. In this cdbe, processing methods are based on the peak
analysis method usually applied to high precisipectrometers featuring good resolution.

As shown in Fig. 68, the quality assurance by pieak analysis method consists of the
following tests: Gain adjustment, Resolution andicieincy test and Background test. The
parameters of these tests are divided into grolipsse tests are carried out one after another when
this section has been started.

Quality assurance stag&ain adjustment andBackground testare completely similar to
those carried out in accordance with the ROI-mef{seé section 15.1).

Quality assurance stageesolution and efficiency tesprovides estimate of stability of such
spectrometric characteristics as peak positiohénspectrum of a control sample, energy resolution
and detection efficiency in full energy peaks. Bofprm this stage of quality assurance, the user ha
to specify acquisition time for a spectrum of thenttol sample in fieldPreset time for
measurement This spectrum will be used to estimate the megickl characteristics mentioned.
Additionally, the reference spectrum of the consainple {.asw) and the file of the passport data
(*.pks) of the source (control sample) should be spetifiefieldsReference spectrum with peaks
andPassport of sourcerespectively.

The reference spectrum of the control sample inage the data on peaks found, so that the
program can control the peak position, resolutiod detection efficiency. This kind of data is
stored in the file which has the same name as pbetrmm itself, but different extensiongsr).
This file must be in the directory specified inldidReference spectrum with peaksThe spectrum
of the reference sample must be prepared in aduanoseans oASW?2, that is, energy calibration
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and peak shape and FWHM calibration should beezhiout for this spectrum. Additionally, the
peaks should be added to the found peaks table.sBmdd not choose too many peaks to avoid
excess of statistical data at the report stages ®hienough to consider peaks in the beginning,
middle and end of the energy range of the spectrum.

When the parameters in tBleaks analysisare specified (see Fig. 68), the user can start th
quality assurance procedure by clicking but&tart in the bottom of the window. The program will
compile a scenario considering the parameters @tran the scenario. The current status is
displayed in the status field.

If one or more control operations (Gain adjustmeRresolution and efficiency test,
Background test) should be skipped, untick a baxb@xes) to the left of the name(s) of the
corresponding operation(s) similarly to the quatisgurance by the ROI-method.

The results of implementation of the quality aseaeascenario can be checked and analyzed
in a report (see Fig. 69) that is opened by cligkebReport.

& Quality assurance, BOSON, GCD-30185
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Close

Figure 69. TaliReport

To save the results and update the statisticseotlitfaracteristics, the data obtained can be
saved by clicking buttoAdd to card (see Fig. 68, block 3). To check the statisticgsh@nquality

assurance procedures performed earlier, open win@avwds by clicking button Cards (see
Fig. 70).
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Figure 70.Window Cards

Window Cards contains a few blocks.

Block 1 contains a field with a drop-down list parameters, namely, peak position,
resolution, efficiency, intensity. For the parametlkosen, charts showing its change over time will
be displayed, and the data on quality assuranagegures performed earlier will be exported from
the database and shown in the table in block 2 {#y

In field Line of block 3, choose an energy from the drop-dowh Tihe data in the chart will
be shown for this energy. Additionally, use theioadttons to specify the type of the card (X —
average, Rm — deviation). Considering the parameiet; the charts of the values measured and the
values of parameters CL (central line)s upper control level), & (lower control level) will be
shown in block 4 (see Fig. 70). Additionally, theeeage value and the average deviation value are
shown in the panel above the chart (block 3).

In order to change the color of the charts, clickidn ™. This opens a dialog box where

one can set the colors for the charts (see Fig. 71)

YWalues

tMean
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Low contral level Lol

Close

Figure 71. WindowChart parameters




User can open the general record list which sunzesrquality assurance procedures

performed earlier and saved by clicking buttnD in block 1 (see Fig. 70). This will open the
window shown in Fig. 72.

M | Date ‘ Reference spectrum ‘ Line, ke | Charinel ref, ‘ Charnel eur. | Resolution ref, keV ‘ Resolution cur, key |Efﬁcwemcy ref. ‘ Efficiency cur.
09,01,2020 14:33:28 R10_Co-60_882_08_2018.a5w 11732 B410,9 64109 1.59 159 0,002 0,00208
09.01.2020 14:54:30 13325 7279.2 7279.2 1.67 1.68 0.00179 0.00186

09,01,2020 14:35:14 R10_Co-60_882_08_2018.a5w 11732 B410,9 64109 1.59 159 0,002 0,00208
09.01.2020 14:55:59 13325 7279.2 7279.2 1.67 167 0.00179 0.00187

3 09,01,2020 14:57:29 R10_Co-60_882_08_2018.a5w 11732 B410,9 64109 1.59 159 0,002 0,00208
09.01.2020 14:58:17 13325 7279.2 7279.2 1.67 167 0.00179 0.00187

Y 09,01,2020 15:14:38 R10_Co-60_882_08_2018.a5w 11732 B410,9 64109 1.59 159 0,002 0,00208
09.01.2020 15:15:03 13325 7279.2 7279.2 1.67 167 0.00179 0.00187

5 09,01,2020 15:23:18 R10_Co-60_882_08_2018.a5w 11732 B410,9 64109 1.59 159 0,002 0,00209
09.01.2020 15:22:46 1332.5 7279.2 7279.2 1.67 168 0.00179 0.00189

Figure 72. WindowGeneral record list

The window displays in a compact way all the ddtaesl. Click button== to delete an
irrelevant record. Click buttoX to clear the list. Note that this will also delélie data from main
window Cards.

16 Licence

A standard version cASW?2 is protected by a USB license dongle. This mehatsthe USB
license dongle should be inserted in the PC whersttware is being launched or operated. The
root directory of the dongle must contain fie_key.datThe file mentioned contains the generated
coded data on the dongle in question. If thereoidicense data, the software will perform in the
demo mode during 10 minutes, then it will warn abdemo version status and terminate the
operation. During this 10 minute demo mode, measents cannot be started, and there will appear
messages warning about missing license.

Thus,ASW2 is in the demo mode if:
« no USB licence dongle is inserted in the PC;

- there is n@en_key.dafile in the root directory of the license dongle;
- the USB licence dongle does not comply with the daitained in filsn_key.dat
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17 Scenarium Module

17.1 Application

Module Scenarium presents the detached program, which could bectathfrom the program
ASW?2 and separately as well. The module is intendedtlier sequences of spectrum procession
operations and other actions in the progis®&W?2. ModuleScenariumalso provides the remote access
to the programASW2 by internet by the specified IP address.

As moduleScenariumactually provides the access to the instrumenteeprogramASW2 by
protocol TCP/IP, the user could create own progmamdules which will send the commands identified
by the programASW?2. The list and description of the commands of med@denarium, executed by
the programASW2 is listed in section 17.6.

17.2 Start of Scenarium module

To launch the modul&cenarium from the programASW?2 it is necessary to select the item
"Tools->Scenarium in the main menu or start the prograsoen-mod.exén work catalog of the
programASW2.

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

C:\asw2\Scen-mod.exe 2 connect //Module start in manual mode with English
interface and automated connection

When module is opened, the window will appearhendcreen as shown in Fig. 73.1.

Module Scenarium is connected to the progratiSW2 via IP. At the start of the module
directly from ASW2, the automated connection is made and the sigmfiection with 127.0.0!Xsee
Fig. 73.1, block 4) appears. If connection istggtthe control buttons in the instruments pandllve
color as shown in Fig. 73.1 (block 1). Otherwiseesal buttons will be grey color.

If connection is absent it could be set up pressiegfirst button ©* in instruments panel of the
window Scenarium. The moduleScenariumafter the successful connection automatically sald the
require command for the presentedABW?2 spectrometric section&GET_TRACTS_NAME), and
also make the control buttons in the instrumentsepavailable.



Block 1. Tool bar

=1olx|

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

Cannected with 127.0.0 1 —

Figure 73.1. Main window dbcenariummodul :
Block 3. Status flehj

Application TCP/IP as data base exchange protgrolvide possibility to send the
commands from the modu&cenariumto the programtASW2 (server) by network in remote mode.
At the module start from the remote PC where tlog@amASW?2 is not installed, the destination IP
address and computer (to connect and send commaorda) number should be specified. It should

be done with adjustment window (see Fig. 73.2),cWwhs initiated by the buttor " (Parameters)
in instruments panel.

Server P 127.001 port 37563

Close

Figure 73.2. Access adjustment window to the progh&W2

17.3 Scenarium module interface

Fig 73.1 shows the outer views of the modatenarium In the upper part of the window
the instruments panel is placed (see Fig. 73.3):

& o, [137 -
[y ey | — 3 -

Figure 73.3 Instruments panel of mod8leenarium

The panel has the following buttons:
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& . Connection to server Press this button and connect to the progleBhV2 with

application of the parameters, shown in Fig. 73.2.

- Parameters call the window of parameters connection to the eserfprogram
ASW2)

- Scenarium execution start Pressing this button will start the mod@eenarium,
start the execution of the commands (script) secpiespecified in the field below the instruments
panel (see Fig. 73.1, block 2).

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

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

- Save scenarium file Call for the standard dialogue window to savedisc the
current scenarium of displayed in scenarium f(skk Fig 73.1, block 2).

D Quality assurance (ROI-method) Call for the window Quality assurance (ROI-
method), which provide the quality assuranpeocedures by the ROI-method procession (see
section 17.4).

=

L1 - Quality assurance (peaks analysis method)Call for the window Quality
assurance (peaks analysis methodyvhich provide the Quality assurance procedurethbypeaks
analysis method (see section 17.5).

The script field is below the instruments panekthe window of the modul&cenarium
There the user is able to create its own scripherbasis of the commands, available in the section
17.6.

To make the script compilation easier the userdca@pply so called tip for available
commands list. Press the butto@fl+Spacewill display the drop dawn list of the commands,
available in the module. The user can select theired command in the list by the buttons arrows
on the keyboard and predsnter, then the specified command will appear in thepsdreld (see
Fig. 73.4).

When the available command name is entered, tllul@@utomatically offers to enter the
command parameters in the specified sequenceolganized as a pop-up tip (see Fig. 73.4).

: -lo/x|

1 |SET PRESET (100}
*Z (5

SET_TRACTMCA_name:string, Channel_name:string) -
START( ]
STOP)

SET_PRESET(Time_secintager)

SAVE_CUR_SPC _FILE(Spc filename:string)

New S gET_CLB_FILE_CURSPC(CIh_filename:string)

Send: SET_BKG_FILE_CURSPCI(Bkg_filenarme:string)

GET T SET_EFP_FILE_CURSPC(Efp_filename:string) rIz},
- SET_LBR_FILE_CURSPCILbr_filename:string)

SET_ZONES_FILE_CURSPC(Zones_filename:string) —
SET_CLB_FILE_TRACTI(Clb_filename:string)

“““ SET_BKG_FILE_TRACTI(Ekg_filename:string)

End o SET_EFP_FILE_TRACT(Efp_filename:string)

SET_LBR_FILE_TRACT (Lbr_filename:string)

SET_ZONES_FILE_TRACT(Zones_filename:string) ﬂ

CERIN._ DR memtalo ol etriv o Ce i e cbein s

Connected with 127.0.0.1

Figure 73.4 Drop down commands list
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i SET_PRESET(].OO)
L ¥4 3ET ENERGY CLE CURS3PC (2

|Puint_cuunt:integer,0h1 integer.Entinteger[ChZinteger EnZinteger. Ch3integer.EnZinteger] i

Figure 73.5. Pop up tip for command parameterslagid order

The command parameters listed in the tip in sgheaekets are not obligatory and could be
absent. Thus, for example, figure 73.5 shows thep-yp tip for the command
SET_ENERGY_CLB_CURSPC, set the energy calibration values where trst parameter of
the command is the number of dependence point® teeb up. Further the second and the third
parameters of the command are the number of thenehand energy value of the first point. If the
first parameter of the present command is equa| te. only one calibration point is specifieddan
then no more parameters will be required. If thstfparameter is equal to 2 and more than the
channel number value and energies for the poimid2naore accordingly should be specified.

Below the script field there is a state field efdthe modul&cenariumdisplays the data on
the current execution of the script, display tmeeticlip of script start, sent commands and received
replies. Thus, Fig. 73.6 shows the state field wewvere the script execution result, comprising two
commandsSET_PRESETandOPEN_SPC_FILE is shown.

~lolx|
S = [T - -

f& & (:) rJ l! [;J

1 |SET_PRESET(100)

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

New scenario: 17.11.2018 17:50:34

Send: SET_PRESET{100]

SET_PRESET=0K

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

End of scenario

Connected with 127.0.0.1

Figure 73.6 Module window after script execution

The very bottom of the moduf&cenariumwindow has the state line where in the first field
the information on the connection to server statgpiecified (see Fig. 73.1, block 4).

17.4 Quality assurance (ROI-method)

The pressing the buttc | module opens the windoQuality assurance (ROI-method)(see
Fig. 73.7). That window is intended for executidnest measurement sequence to form the results to
evaluate the correct operation of the spectromsgitions. The application of that chapter uses the
procession methods based on ROI-method, appliechlyn&r scintillation spectrometers of low
resolution.
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As shown in figure 73.7, the spectrometric sectQuality assurance comprises several tasks
Gain adjustment, Energy calibration adjustment, Background test Sensitivity test Those tasks
parameters are collected in groups. The preseks tadl be executed consequently at the start ef th
present chapter.

The preliminary stage of control also is the isgttof the present section where the
operations are executed (see Fig. 73.7, block 1).

Qg surance (ROFmethod)

Gamma detector N17
Block 6 =
[ Set tract

Set as current Binarn,BOEG-76-76 ﬁ

Gain adjustment

Measurement tifme of one iteration, s 120 [ Peak parabola

|
\ Target channe! 220 search in range & 100 with accuracy * ’1—|
/ Energy calibration adjustment
Measurementtime. s
Feak search range, +- channel
Enetgy calibration file
\ |C\GammaPP\O\test‘\testfgamma.cen _|| B|OCk 4
Background test
Measurementtime, s
Zone file
\ |C\GammaPRO\test‘\tests.rm _||
/" EBensitivitytest
[ rurn frarn energy calibration adjustment
Measurementtifme, s 300
Calibration file (ROlFmethod)
|C\GammaPROtestest b B
Fassport of source
\ |C\GammaPRO\teat‘\testfcs.pks _ﬂ,
Quality assurance results
| Start | | Cancel |

Figure 73.7 WindowQuality assurance (ROI-method)

The quality assurance staGain adjustment makes the setting ("adjustment”) of peak into
the specified spectrum channel by the amplificafiactor change for the present spectrometric
section. As the present process is iteration dreejmhportant parameter in the current adjustment is
Gain correction factor (see section 2.4.2). The paramd#gasurement time of one iteration,s
shows the program the measurement time of onerspedill the definition of the current position
of the searched peak which should be set up iniposspecified in the fieldarget channel The
peaks search is made in value range specifiederfi¢td search in range+ from target channel.
The adjustment is over when the peak is in thetiposof the target channel + value specified in the
field with accuracy *(see Fig. 73.7, block 2).

For some special cases there could be necessgjutly the peak not as Gauss curve but as
parabad. It could be useful for the search of quasi-cedtio the alpha radiation spectrum, received on
scintillation spectrometer based on ZnS(Ag) cry&ae Fig. 73.8).

(o]
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= Work spectrum: C

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

3504

3004

Counts

250

200§

1504

1004

S04

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

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

Figure 73.8 Alpha radiation spectrum on the speoéter based on ZnS(AQ)

For this case the checkmdrkak parabolashould be selected.

Quality assurance sta@mergy calibration adjustment (Fig. 73.7, block 3makesthe peaks
search in the specified range and assigns themadeguate energy values, specified in energy
calibration file ¢.cen). The parameterMeasurement time,s indicates to the program the exposition
for spectrum measurement where peaks search witiduke. The range (one for all peaks) for the search
of the peaks there are specified in the fielehks search rangeThe path and energy calibration file
name, in accordance to which the peaks searchbeilione, should be specified in the fi@ldergy
calibration file. Thus, for example, in accordance to figure 78.%e calibration file has two points
220 channel (661.7 keV) and 830 channel (2614.5 kidién the program will search in the measured
spectrum he peak within the range of 170 — 270wobla and will assign it the energy value of 661.7
keV, then the peak search in the range of 780 —c8&@nel will be made and the value of 2614.5 keV
will be assigned.

For some cases, for example, for the adjustmetvietd spectrometric section (see Fig. 73.9),
possible adjustment of energy calibration only e @oint could be required. Then the calibratida fi
should have only one point.

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

Figure 73.9 Radionuclides Sr-90-Y-90+Cs-137 spatton the spectrometer based on
scintillation plastic and calibration window by egg

88



The Quality assurance staBackground test (Fig. 73.7, block 4) valuates the background
spectrum change in comparison to the current backgr spectrum specified in the sect@alculation
parametersin the programntASW?2 (see section 2.4.4). The content of the backgraamdrol procedure
in the present operation is the same as shownciiosel5 of the present document. Thus, the program
vauates the deviation of the count rate in the ipdcwindows with the account of the statistical
component in measured again and current saved tmacikd) spectrum. The result (norm or significant
deviation) are displayed in the state field as aslthe report on the Quality assurance.

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

The Quality assurance sta§ensitivity test (Fig. 73.7, block 5)makes the evaluation of the
spectrometer sensitivity change in time. The cadstehthe sensitivity control procedure in the prés
operation are the same as listed in section 1Beoptesent document. The program makes the standard
sample spectrum measurement, calculates radioesdictivity and compares the obtained resultsdo th
passport data for the samples with errors accdumd.result (norm or significant deviation) is desypgd
in the state field as well as Quality assurancentep

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

The path and calibration file nam&c{b) are specified in the fiel€alibration file (ROI-
method) by activity of calibration factors, which allow calation of radionuclide activities in the
standard sample (see section 5.1). The sourcaléthsample) passport data fitgpks) is specified in
the field Passport of sourcgsee section 13).

When parameters in the wind®@uality assurance (ROI-method)(Fig. 73.7) are filled, the
user could start the control operations executibime buttorStart in window bottom should be pressed,
and then the module will compile script on the badithe specified parameters and will launch its
execution. The process of the executing operattonfd be seen in state field (see Fig. 73.10).

To secure the logic and remote access during thealy assurance execution, the user should
not operate with spectra in the program ASW2 asauld result in the change of the current path or
close of the seen current spectrum.
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New scenario: 17.11.2018 18:16:34

Send: SET TRACT(Binom,BDEG-76-76) R et o 1800
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________________ iC:\GammaPRO\tesmests rai _I‘
Send: ADJUST GAIN{(1Z0,32Z0,220,1,.120) Sensitivity test
ADJUST GAIN=DO

,,,,,, . [ Use spectrum from ensrgy calibration adjustment

i

Measurementtime, 5 300

Calibration file (ROMmethodl])
|CAGammaPROVestest oo &)

FPassport of source
‘C'\GammaPRO\test’\last_:s pks J‘

Quality assurance resutts

. S Start Cancel Close
Figure 73.10. State field in the procesufality assurance

When the Quality assurance script is over, thex oeuld see and analyze the control results in
the report (see Fig. 73.11) clicking the s{@uality assurance results.. in the bottom of the window.

[ oreer commoms o ol x|
OT14er no pe3ynbTataMm NPoBegeHHOro KOHTRPONA Ka4vyecTBa. :I

Hata 1 BpemA Havana: 23.08.2018 10:57:17
[ara v BpemA 3aBeplueHnA: 23.09.2018 1005747
TpakT: BINOM, BDEG-76-76

MpoBeaeHHsIe onepaLin
KoHTpoNE YeWNeHna: BeinonHeH
PeayneTar: YonewHo

KoHTponk aHepreTvyeckoi Kanibpoeky: BeinonHeH
MNapameTpel

daiin kanwbposk No sHepriv: CAASW 2itestitest gamma.cen
PeayneTar: YonewHo

KoHTponk doHa: BeinomHeH

MNapameTpel

aiin 30K WHTepeca CAASYWAtestigamma. roi
FeayneTar: YcnewHo

PoH He B HopMe, OTKNOHEHKe: 15.3 %

HOHTPOME YYBCTEMTENEHOCTH: BhiNonHeH
MNapameTpel
hain kanvbpoBoK (MeTod okoH ) CAASYWestitest_gamma.clb
Pain gaHHelx MCToqHKMKEa: CAASVY 2itestitest_source.pks
PeayneTat: YonewHo
YyBCTBHTENMEHOCTE HE B HOpMe
Cs-137  Hopmwa
Co-60:22 %

Figure 73.11. Report window

The necessity to have Quality assurance param@éiereach path is obvious as the program

ASW?2 provides measurements by several spectrometripssciThe concept «template» is applied to
simplify the task.

9C



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

duely in the windowQuality assurance (ROI-method).Then press the buttc. # in instruments panel
of that window and the window with the nar@uality assurance templates(see Fig. 73.12) will
appeatr.

ance templates

=X Double-click for template select

| Gamma detector N17
Beta detectar N3

i
| Close

Figure 73.12. WindowQuality assurance templates

Further press the buttc# (Create a new template base on the current parametsyrin
instruments panel of that window and enter the nafa new template in appeared dialogue
window. A new template will appear after pressing buttonOK in the list of the windowQuality
assurance templatesTo call the parameters of any template, its nahwild be clicked in the list
by double click.

17.5 Quality assurance (peak analysis method)

Pressing the buttmu the module will open the windowuality assurance (peak
analysis method)(see Fig. 73.13). Analogue to the previous typeest, described in section 17.4
of the present attachment, this window is intenfit@écexecution of test measurements sequence to
form the results for correct and duly operatiorspéctrometric paths. The application of the present
section applies the procession methods, based ak @ealysis method, applied for precision
spectrometers with high resolution.

4 GCD-40190
Set tract
Set as current MCAB27. GCD-40120 =
( Gain adjustment Block 2
Presettime for one iteration, s 300
Y Target channel aa findl in the range = with accuracy = |1
/ Resolution and efficiency test
| Add to cards ‘ | Cards ‘ BlOCk 3
Prasettime for measurement s 300|
Reference spectrum with peaks
|C\GammaPRO\tesf\test_coED_et.asw _”
Passport of source
\ |C\GammaPRO\tesf\test_co.pks _”
(" Background test BIOCk 4
Presettime for measurement, s 3000
Zone file
\_ |C\GammaPRO\tesf\tests.roi _”

Quality assurance results

| Start ‘ ‘ Cancel |
Figure 73.13. WindovQuality assurance (peak analysis method)
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Figure 73.13 shows that the Quality assurancspiectrometric path for peaks analysis
method comprises the following task&ain adjustment, Resolution and efficiency test,
Background test Those tasks parameters are collected in groups. gresent tasks will be
executed sequentially at the start of the pressotias.

The preliminary stage of the control is theiagtbf the specified path where operations will be
executed (see Fig. 73.13, block 1).

The Quality assurance stad@eain adjustment and Background tesiare absolutely identical to
the Quality assurance by ROI-method (see sectict).17

The Quality assurance stagesolution and efficiency tesis intended to evaluate permanence
and repeatability of spectrometric characterisigpeaks position in standard sample, energy rtesolu
and registration efficiency of gamma quanta by &ldsorption peaks. Within the frames of the present
control the user should fill the fiel®reset time for measurement, 5 where standard sapmple
measurement exposition, which is applied to valee mentioned metrological characteristics, is
specified. Also the reference spectrum of the abrgample {.asw) in the fieldReference spectrum
with peaks should be specified as well as the source (starstarnple) passport data fikegks) in field
Passport of source Reference spectrum of the standard sample shoaNg marking, i.e. have
information of the searched peaks, used by the ranogto control the position, resolution and
efficiency. As information of the found peaks arethe file with the same name as the spectrum but
with resolution*.asr, the user should draw attention to the presendkabffile in the catalogue, written
in the fieldReference spectrum with peaksReference sample spectrum should be prepared before
the programASW2, i.e. energy calibration and calibration by FWHRKdgoeak form should be made.
Also the peaks to the searched peaks table shaulsklected (added). A large peak number is not
recommended because it will provide the excest@ftatistic information on the stage of resultrfor
in the report. With the account of the radionudidie the available control sample it is enoughdweh
the points at the beginning, middle and end of g@neainge.

When parameters in the windo®uality assurance (peak analysis method)s filled
(Fig. 73.13) the user start the control operatidiee buttonStart in the bottom of the window should
be pressed, then the module will compile the sdrgsted on the specified parameters and will gkart i
execution. The executing operations run could lea g state field.

When Quality assurance script is over, the cémsults could be seen and analyzed in the
report(see Fig. 73.14activating it by the sig@uality assurance results...in the window’s bottom.

OT14eT No pe3ynbraTtaM NpoBeeHHOIo KOHTPONA KavecTBa. ;I
Data v BpemA Havana: 23.09.2018 16:39:21
Jata v BpenMA aasepllenva; 23.08.2018 16:39:51
TpaxT: BINOM, BDEG-76-76
TMpOEEAeHHEIS 0MepaLn
KoHTpone youneHuA: BeinonHeH
Peaynetat: YenewHo
KoHTpone paapelueHna v adphekTuBHoCT . BeINonHeH
MapameTpel
3TanoHHeIR cnekTp: CAASY i testitest_coB0_et.asw
PARN AaHHEIX MCTONHWKE CAASYW2\testtest coB0_source.pks
PeayneTar: YensluHo
o e [ PaspelueHme Pazpelerre |SdderTBHOCTE | 2ddhekTHBHOCTE
a1 k3B Tek k3B aT TeK.
661.7 33953 33952 1.21 1.25 0.00214 0.00313
1332.5 70591 7058.3 175 1.73 0.00207 0.00198
KoHTpone dhoHa: BeinonHeH
MapameTpel
PaRN 30H MHTepeca: CHASW2testgamma.rol
PeayneTar: YeoneluHo
OH He B Hopre, OTkNoHeHre: 15.3 %

Figure 73.14. WindoviReport
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To save the results and update the statisticseotitfaracteristics, the data obtained can be
saved by clicking buttoAdd to card (see Fig. 73.13, block 3). To check the statigiitshe quality
assurance procedures performed earlier, open win@avds by clicking button Cards (see
Fig. 73.15).

-|ol x|
S Tract | BINOMBDEG-76-76 = Paremeter | [FIERETNRN
/ N \ Date \ Reference spectrum | Line, ke | Resolution ref, ke | Resolution cur, kel \ \ m
. 23.00.2018 1711541 test_coB0_st.asw 8617 i 3305.2
23.09.2018 17:16:10 13325 4.9407E-324 7059.3
) 25.00.2018 17:19:58 test_cob0_et.asw 5617 o 3304.8
25.00.2018 17:20:28 13325 4.0407E-324 7058.7
5 28.09.2018 17:32:07 test_co60_et.asw 6617 0 3394.7
N 28.00.2018 17:32:36 13325 4.0407E-324 7058.2 J
e e ~
Line  [661.7 =
Mean value 33949 Mean range 0.25
® Chant O Chart Rm Block 3
& J
d 33855 : N\
s |
s !
5 33 y
S
a : ;
g | |
338451 1 Block 4

Figure 73.18Nindow Cards

Window Cards contains a few blocks.

Block 1 (see Fig. 73.15) contains two fields. Tingt field contains a drop-down list where
a spectrometric tract can be selected. The sedefdl dontains a drop-down list of parameters,
namely, peak position, resolution, efficiency, imgity. For the parameter chosen, charts showing its
change over time will be displayed, and the dat&wality assurance procedures performed earlier
will be exported from the database and shown irtdhke in block 2 (Fig. 73.15).

In field Line of block 3, choose an energy from the drop-dowh Tihe data in the chart will
be shown for this energy. Additionally, use theioadttons to specify the type of the card (X —
average, Rm — deviation). Considering the parameiet; the charts of the values measured and the
values of parameters CL (central line; W {upper control level), & (lower control level) will be
shown in block 4 (see Fig. 73.15). Additionallye taverage value and the average deviation value
are shown in the panel above the chart (Fig. 7hlbgk 3).

In order to change the color of the charts, chaitton S This opens a dialog box where
one can set the colors for the charts (see Fid6}.3.

Chart parameters

“alues E
hean E
Upper control level Lol m
Low contral lewvel Lel

Close

Figure 73.16. WindowChart parameters




17.6 Scenarium module commands

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

The following nominations are used at each linenttion:

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

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

ProgramASW2 will revert the line when any command is over:
COMMAND=0OK#10#13
For example, reply to the comma8&&T_TRACT(BOSONBDEG) will be as follows:
SET_TRACT=0OK#10#13
If the command is not immediate, i.e. continudhs,programASW2 will first return the line:
COMMAND=DO#10#13
and then, after it is over
COMMAND=0K#10#13
If the commands were executed with error, for edamgue to incorrect parameters, the reply
will be as follows:
COMMAND=ER#10#13
#10#13 — ASCII symbols of line end LK(e feed and CR ¢arriage returr) accordingly. |If
the command means the return of any result, thly ngl be as a line and format depends on the
command itself (see commands description below).
For example, the full reply to the commaRiND_PEAK_FOR_EN(100300,661.7,0 will be
as follows:
FIND_PEAK_FOR_EN> CH=220.5
FIND_PEAK_FOR_EN=0K
Each line, returned by the server, has the syndwstsination at the enéll0#13.

The programASW?2 provide execution of the following commands:
SET_TRACT(MCA_name:string,Channel_name:strjng

The command of path set up with the na@im@annel_namén analyze™MCA_namecurrent.
MCA_name — the name of the analyzer, specified in the p@ogrASW2,
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Channel_name- the name of the channel, specified in the progh&W?2 for the analyzer
with the nameéviCA_name

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

START
Command to start measurement in the current path.

STOP
Command to stop measurement in the current path.

SET_PRESET(Time_sec:integér
Command to set up the measurement time for tireraipath.
Time_sec measurement time, s.

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

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

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

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

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

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

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

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

Command executes the analogue procedure as ADJEISN, but at the peak procession
with the aim to define centroid as a descriptivection is not Gauss function but a parabola.

FIND_PEAK_FOR_EN(Left_border:integer,Right_border:integer,Energy:dgpe:intege
r,[Num_point:integer)

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

Type= 0 - no functions;
Type=1 - adds point to calibration by energy for pnesent spectrum and makes the
recalculation of the functional dependence fordlmeent spectrum;
Type= 2 - corrects the value of the point in calitmatby energy with a number
Num_point for the present spectrum and makes the recalooladf the
functional dependence for the current spectrumcamncnt path.
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For the cas@8ype= 1 orType= 2 the valueEnergyis taken as the energy value for a new or
correcting point in calibration. For the cabgpe= 0 orType= 1 the valu&Num_pointshould not be
specified.
Left_border, Right_border the left and the right interval boarder in acpen,
where the peak search will be done, channel.
If the peak is found, the command returns theltes a line:
FIND_PEAK_FOR_EN > CH=220.5

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

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

OPEN_SPC_FILE(Spc_filename:string

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

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

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

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

SET_CLB_FILE_CURSPC(Clb_filename:striny

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

SET_BKG_FILE_CURSPC(Bkg_filename:string

Command sets up the spectrum fid&g_filenameas background for the current spectrum.
After the execution of the present command in thedaw Spectrum parameters for the current
spectrum in the field Background spectrum the f8&g_filenamewill be specified. If the path for
the spectrumBkg_filenamas not specified, then the program will searctt thein the background
catalogue by default, specified in the section @alon parameters (see section 2.4.4).

SET_EFP_FILE_CURSPQEfp_filename:striny

Command links the efficiencies file Efp_filenaieefp) with the current spectrum.
After the execution of the present command in thedaw Spectrum parameters for the current
spectrum in the field Efficiency file will be spéed the file Efp_filenamef the path for the file
Efp_filenames not specified, the program will search that fih calibration catalogue by default,
specified in the section Calculation parameters &etion 2.4.4).
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SET_LBR_FILE_CURSPC(Lbr_filename:string

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

SET_ZONES_FILE_CURSPQZones_filename:string

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

SET_CLB_FILE_TRACT (Clb_filename:striny

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

SET_BKG_FILE_TRACT (Bkg_filename:string

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

SET_EFP_FILE_TRACT (Efp_filename:striny

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

SET_LBR_FILE_TRACT (Lbr_filename:string

Command analogue to SET_LBR_FILE_CURSPC, but ttierarefers to the current path.
After the execution of the present command the lilbe filenamewill be specified in the field
Library in the window Calculation parameters (seetisn 2.4.4).

SET_ZONES_FILE_TRACT (Zones_filename:string

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

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

PEAKS_FIND_NEW

Command searched the peaks in the current spedtriocordance to its parameters and
modes (see p.6.2.8 of the present document).
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PEAKS_UPDATE
Command updates the characteristics of the sehrpkaks in the current spectrum in
accordance to its parameters and modes (see & present document).

PEAKS_FIND_PARAMS(Left_border:integer,Right_border:integer,Min_sq:tfype_sea
rch:integer,Smoothing_range:integer,Smoothing_cownteger, MTP:real,Energy_dev:repl

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

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

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

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

Smoothing_range smoothing polynomial degree (2-6);

Smoothing_count smoothing iterations quantity;

MTP — peak thickness multiplier (3-10);

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

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

SEND_WORD (Type_calc:integer

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

Type_calc- results table search: 0 — ROI-method, 1- paaksysis method.

SEND_REPORT(Type_calc:integer,DoPrintNow:integer

Command opens master report window and compikeseport for the current spectrum in
accordance to the current parameters (see p.b.diedendence to the parameiigpe_caladata will
be sent to MS Word from calculation table by RGdthod and calculation table by peaks analysis
method:

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

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

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

Template:string,Directory:string

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

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

Iteration_count- measurements repetition quantity;

Pausa— pause duration between the measurements, s;

Template- template for spectrum name file;

Directory — path to the catalogue where the measured sp@etisaved in the catalogue.
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SET_HV(IsOn:integer,Value_HV:integer,Type_value:integer)

Command for high voltage ON and OFF for the auirpath.

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

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

Type_value- value typevalue_HV 0 — high voltage, 1 — control voltage.

SET_ENERGY_CLB_TRACT (Point_count:integer,Chl:integer,Enl:integer,[Ch2sger
,En2:integer,Ch3:integer,En3:integgr]

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

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

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

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

For example:

Command SET_ENERGY_CLB_TRACT (3,220,661.7,677,1173.2,820,2614.provides
energy calibration as shown in Fig. 73.17:

<% Energy calibration. MCA527. GCD-40120. [ 3
+ =X T4 = T F——— e e =
s ChannEI| Energy (library) | Energy (calc.) | 2 12004 r B ) et R R
220 BEL7 B61.78 2000 -meees pr R e
= 11} RS I R — S hoscssed
677 1173.2 11728 : : ; : : :
820 L 13328 300 400 500 B00 700 800
Channel
Folynomial degree 1 :
4 d Calc calibration
Libraryfile | B

Result E=415.6+1.11fx INL%%:  0.0263

[ow [ o] [ | [ o |

Figure 73.17. Window Energy calibration

SET_ENERGY_CLB_CURSPQPoint_count:integer,Chl:integer,Enl:integer,[ChZ8ge
r,En2:integer,Ch3:integer,En3:integgr]

Command analogue 8ET_ENERGY_CLB_TRACT, but the action refers to the current
spectrum.

TEST_BKG(Zones_filename:string,[Base_bkg_filename:string])

Command executes the procedure of backgroundatdotrthe current spectrum. In case if
optional parametdBase_bkg_filenamis not specified, the current spectrum will be paned to the
current background spectrum for the present path.

Zones_filename region of interests file* foi). Statistic comparison will be made by energy
intervals specified in that file.

Base_bkg_filename background file, which could act as basic orseiad of current path
background spectrum.

Command provides the result as a message:

TEST_BKG> OK

What means that the background is normal, or :

TEST_BKG> DEV=nn

What means the background is out of a norm amhtien is significant and is equal to
nn%.



TEST_SENJCIb_filename:string,Pks_filename:string,[Base_bkigntame:string)

Command executes the sensitivity control prooedar the current spectrum. In case the
optional parametdBase_bkg_filenamis not specified, the control will be made witte thccount of
the current background spectrum for the preseiht pat

Clb_filename- calibration file for activity calculation by R@hethod {.clb);

Pks_filename- passport data file for a source (reference sanfppks);

Base_bkg_filename- background spectrum, which could act as a base instead of
current path background spectrum.

Command provides the result as a message:

TEST_SENS> OK

What means that sensitivity is normal, or :

TEST_SENS> RN1(Cs-137)anl, RN2(Ra-226)+1n2,

What means that sensitivity is out of a norm dediation is significant for radionuclide
number number 1 and number 2 and make4% andnn2% accordingly. In brackets at key word
RN1 and RN2 the name of radionuclide and devias@pecified.

TEST_SENS_TEMRNum_saved_spc:integer;Clb_filename:string,Pks_&fan:string,
[Base_bkg_filename:string]

Command analogue TEST_SENS but the action refers not to the current spectburtnto
the spectrum saved in memory by the comm&TdDORAGE_CURSPC_TEMP.

Num_saved_spe spectrum number saved in the memory of the prog{SW2.

STORAGE_CURSPC_TEMRNum_spc:integgr
Command of the current spectrum record into thegg@m memory under the number
Num_gc. ParameteNum_spchould be equal not more than 2.

TEST_RESEFHEtalon_spc_filename:string,Pks_filename:stjing

Command executes the control procedure of raealuand efficiency for the current
spectrum.

Etalon_spc_filename- name and path to reference sample standardrgpedtie. The
present spectrum should have marks, i.e. the file the same name and extenstaasr should be
in the same catalogue as reference spectrum, B2:11);

Pks_filename- passport data for a source (reference samhlgRsf. Command provides
the result as a message:

TEST_RESEFF> OK

What means, that resolution and efficiency amenad, or :

TEST_RESEFF> NOT_OK

What means the resolution and efficiency areobat norm.

With no dependence to positive or negative redudttest the info line will follow:
TEST_RESEFF> DATA PEAK1en,ch_et,ch,ch_Ok,res_et,res,res_OKk,eff_et,efDkjf
PEAK2nN,ch_et,ch,ch_Ok,res_et,res,res_OKk,eff_et,efDf...

whereen- line energy, keV,

ch_et— peak position in standard spectrum, channel;

ch— peak position in the current spectrum, channel,

ch_OK- feature of negligible deviation of peak positiOn- deviation is out of a norm, 1-
normal;

res_et— peak resolution in spectrum of a standard, keV;

res— peak resolution in the current spectrum, keV;
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res_OK — feature of negligible resolution deviation: Odeviation is out of a norm, 1-
normal;

eff_et— efficiency by a peak in spectrum of a standandnoel;

eff — efficiency by peak in the present spectrum, nkgn

res_OK- feature of neglibible efficiency deviation.

For example:
TEST_RESEFF> DATA PEAK1(661.7,220.0,220.1,1, 1.7,1.8,0,0.0021,0.0021,1
PEAK2(1332.5,770.0,770.1,1, 1.5,1.5,1,0.0018,0.001.8This reply means that the standard
spectrum marks have two peaks with energies 66N\7aknd 1332.5.

WAIT_MEAS _END

Command executes waiting for the completion ef ¢larrent measure for the current path.
In case if the measurement is not over the commaiibise as follows:

WAIT_MEAS END=DO

At a moment when measurement is over or stogpedyrogram will return the command:

WAIT_MEAS END=0OK

GET_TRACTS_NAME

Request command for the list of the availableespenetric paths in the prograltaSW2. In
reply to the present command the reply will retasrfollows:

GET_TRACTS_NAME> DATA TRACT1 (name_mca,name_chanel

TRACTZ2 (name_mca,name_chanpalRACT3 (name_mca,name_chanphel where

name_mca analyzer name; name_channe} channel name in analyzer name_mca.

For example:

GET_TRACTS_NAME> DATA TRACT1 (BOSON,GCD-4020

TRACT2(BINOM,BDEG-63-63), TRACT3(BINOM,BDEG-76-76),

That reply means that at the present moment iptbgramASW2 in devices manager (see
Fig. 1, block 3) has three paths: one analyzer tighname BOSON with one path with the name
GCD-4020, and one analyzer BINOM with two paths BP&3-63 and BDEG-76-76.

REQUEST_MESSAGHEStr:string,[Caption:string)

The present command does not send the requdisé torogramASW?2, but just stops the
execution of the script, started from the modbéznarium and provides the message, specified in
Str. Optional parameter Caption allows to put time lin the name of the message in dialogue
window.
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Appendix 1. Calibration file structure (*.clb)

The content of the calibration file is italicised.

Mar i nel

ADC Pol ynom S/'N 16

BDEG- 63-

6
612.
870.

1068.

1385.

1677.

2500.

4

Ra- 226

3 0.200

Th-232

3 0.200

K- 40

3 0.200

Cs- 137

3 0.200

[cNoNoNoNoNe)

. 012518
. 012386
. 011181

e eoNe]

. 008251
. 007594
. 007546

[eNeoNe]

. 000385
. 000364
. 000343

[eNeoNe]

. 030660
. 028320
. 027240

[cNeoNe]

63
709.0 0.99 0.97 0.95
1000.0 0.99 0.97 0.95
1178.0 0.98 0.95 0.92
1540.0 0.99 0.97 0.95
1846.0 0.99 0.97 0.95
2720.0 0.99 0.97 0.95
(Uni t="kBqg/ sq. n")
0.900 1.700
0.900 1.700
0.900 1.700
0.900 1.700
0.004974 0.006181
0.004851 0.005869
0.004716 0.005408
0.016280 0.002369
0.014390 0.002190
0.013330 0.002031
0. 000529 0. 000504
0. 000570 0. 000556
0.000473 0.000474
0.000012 0. 000003
0. 000020 0. 000006
0. 000025 0.000008

[eNeoNe] e eoNe]

[eNeoNe]

©oo
coo

Nanme of geonetry of measurenments
Three rows for

any conments

Nunber of worki ng wi ndows

Bottom and

Nunber of

top edges of

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

radi onuclides in the matrix

Radi onucl i de and units of neasurenent ]
Nunber of attested densities and density in g/cn?

. 004008
. 003725
. 003491

. 002162
. 001980
. 001896

. 001908
. 002064
. 001720

[cNeoNe]

[eNeoNe]

coo
coo

©oo
coo

. 004754
. 004530
. 004011

. 001555
. 001367
. 001381

e eoNe]

[eNeoNe]

eoo
coo

©oo
coo

. 000082
. 000085
. 000103

. 004037
. 003551
. 003587

Sensitivity,

for the first
nuclide (cps/Bq)
in work w ndows
(rows) and for
each density
(col ums)

as
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Appendix 2. Efficiency file structure (-.efp)

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

[ Mai n]
Count =3

[Item 1]

En_1=50

En_2=3000
Geonetry=Mari nel |

Ro=0. 19

dA=0. 000120673701486547
A0=100. 952521999333
Al=-193. 624766139809
A2=113. 539550219905
A3=-31. 4152431368484
A4=4.55284676290508

A5=0

A6=0

A_up0=-239. 089407209938

A upl=154.712894929183

A up2=-37. 6090565833576

A _up3=4.0180585277374

A up4=-0.160073518024323
A up5=0

A up6=0

A down0=-242. 411794019549
A downl1=156.961174786668
A_down2=-38. 1739234808294
A down3=4.07993324404847
A _down4=-0. 162573133753684
A _down5=0

A _down6=0

Count _poi nt _ef f=8

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

Ro=1

dA=6. 98283591165722E-5

AO0=-472. 240982213604

A1=394. 832631929211

A2=-135. 275425911041

A3=24.0371788273522

Ad=-2.32009207827529

A5=0. 113556756070361
A6=-0.00213719932431744

Mai n bl ock headi ng.
Nunber of densities.

First curve bl ock heading

Interval of energies

whi ch the curve corresponds to.

The geonetry the curve was made for
Density corresponding to the first curve
First error approximtion error.
Coefficient A

Coefficient A

-/ -

-] -

-] -

-/ -

-] -

Polynomial coefficients of the upper boundary of

the confidence interval of the efficiency curve

Polynomial coefficients of the lower boundary of
the confidence interval of the efficiency curve
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Appendix 3. Passport of source file structure«(pks)

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

[ Mai n] Mai n section nane.
Count nucli de=4 The nunber of radionuclides in the calibration
- sanpl e.

Dat e_ref erence=43412. 9568 :—2? date which the activities are specified

Massa=0. 314 Mass of the source.

Vol une=0. 25 Vol ume of the source.

Uni t _wei ght =kg Mass unit.

Uni t _vol ume=lI Vol unme unit.

Ceonetry=Marinel | i Nanme of geonetry

Number =11/ 17 Tabl e nunber of source

[ Nuclide_1] First radionuclide section nane.
Acti vi t y=5400 Activity, Bqg.

Abs_Err =540 Absol ute error, Bqg.

Nane=Ra- 226 Fi rst radi onuclide nane.

[ Nucl i de_2] Second radi onucl i de section nane.
Activity=2100 Activity, Bqg.

Abs_Err =210 Absol ute error, Bqg.

Nanme=Th- 232 Fi rst radi onuclide nane.
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Appendix 7. Spectrometric tract stabilisation

7.1 Introduction

Various spectrometric tract stabilization methads used on scintillation spectrometers to
increase the quality and reliability of the measueats. The present task could apply the outer
radiation sources and the inner ones. The stelilight sources also could be applied. To adjust
the amplification or high voltage (control voltagehich compensate somehow or other the change
of peaks position in the spectrum from various desst in ASW2 software there is a dialogue

window (Fig. A7.1), activated by the buttiEE R specified in section 2.4.2 of the present
manual.

% BINOM. Binom. BDEG-76-76. . =1o] =]
Parameter value W | Detectar ‘LStab\I\zatan\‘\
Processor ADC input Shaping
1P adcress 10.10,10.218 Coarse gain 20
Mask IP address 255.255.255.0 lregella SR0 S
Gateway IP address 102,166.0.1 e !
Port S0000 B S e el
Flattop time (0-155psec) i
Analyser Input polarity Puositive
ki MCA-527 Micro e e
Version of device 14.00 Baseline restaring 14
Yersion of software 17.00 H inhibit signal off
i i = e
Dewector N i
Detector type Scintillation Pile up rejection
Detector ternperature 30.8 ____g_i_t_!er E.E!ff.?.mim! e
Serial number 65535 P
-Trigger threshold setup
Calculate
..... e e,
Trigger level for sutomatic calculation (direct) 7
..... B e
- Referense spectrum
...... s et B T l "
Separate reference spectium | [ ]
Get ‘ | Appby | Reset Save | iﬁ?:ﬁ ‘
Close
Figure A7.1
7.2 Application

The view of the window on the figure A7.1 andatstents directly depends on the analyser
type, activated for. Fig. A7.1 shows the window ®IMNOM analyser, manufactured by Baltic
Scientific Instruments company. If in the presepédrometer the stabilisation function for the
spectrometric tract is provided, then the presentew will have tab “Stabilization”.
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<5 BINOM, Binom, BDEG-76-76. =] |
Parameter Value ‘ m\m\

Processor - Hardware stabilization
IP address 10.10.10.213 Turn on
Mask IP address 268, 555.255.0 Left border, channel | Right border, channel 4 | 120
Gateway IP address 192.168.0.1 e E 0
bort - Area, count 25000

Analyser Interval s 1a

Fieference spectum [ ]

Name MCA-527 Micro
version of device 1400 - Software stabilization
version of software 17.00 Turnon ‘
Serial number 2233 Leftborder, channel | Right border, channel 13300 | 3800

Detector - Target: X(channel)=-A+B-t
Detector type Seintillation A 3606
Detector temperature 308 B £.041
Serial nurmber 65535 IR, & U

Reference spectum []
[ = ] = ]
Figure A7.2

In case the analyzer has built-in (hardware) Braion function by reference peak then the
tab Stabilization will present the sectioHardware stabilization with appropriate parameters (see
Fig. A7.2, block 1).

The parameters of the present chapter are:

Turn On — switcher indicating the program to apply thedware stabilisation at the
measurements.

Left border, channel andRight border, channel — borders of search of reference peak in
the channels.

Target, ch - target channel, i.e. reference peak centroisitipn, where stabilization
system should hold it.

Area, count — peak area in pulses, where the correction oftréde amplification takes
place and a new iteration of statistics acquisistarts. The present parameter is described in more
details in Analyser Operation Manual.

Interval, s - time range, when the statistics acquisition edenfor the reference peak.
When the specified time is over the program makesatjustment of amplification and starts a new
cycle for statistics acquisition for the present pedke present parameter is described in more
details in Analyser Operation Manual.

Reference spectrum— switcher, indicating to the analyzer that siabtion should be
made by the reference spectrum. It is applied seaaf LED stabilization when pulses of light
reference are redirected from the basic radiat@ctsum into the reference spectrum.

The other stabilization type is a software oneolild be applied practically for any analyzer
at the spectrum stabilization by radiation peakhm spectrum. That peak could be the line of the
background radionuclide K-40 with energy 1460 ke\Mth® peak of alpha radiation Am-241 source
built in scintillator.

To apply this stabilization type the operator dtlause the sectioBoftware stabilization.

The similar parameters of the present sectiore héne same sense as in the chapter
Hardware stabilization, beside the sub-sectidrarget: X(channel)=A+B-t.
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As position and reference peak dynamics (for exemgpha peak Am-241) could have
various behaviors from the temperature in comparigo the peaks dynamics of the measuring
radiation, the correction to temperature should eo¢ered. ASW2 software apply the linear
dependence of the target position of reference padkmperature:

X=A+B-t,

where X — target position of reference peak céttnwhere the program should install it for
the current temperature t, channel,

A, B — experimental dependence coefficients, olghion spectrometer commissioning;

t — current detector temperature, °C.

Thus, for example, for the case of the figure Agt2he current detector temperature of 30.8%e
program will try to install reference peak in a pios X=3806-6.04130.8=3620 (channel). The
coefficients of the present dependence A and Bspexified of the same names in the section
Target: X(channel)=A+B-t.

After changes are put into the parameters of ¢hected stabilization type, the buttdpply
on the current tab should be pressed and decibmuids be confirmed. Then the adjustment window
could be closed and measurements could be started.

7.3 Gain correction factor

For the various types of the spectrometric devaras detectors even for the one typed, the
value of peak position change for amplification fGoeent change unit could be various. That
parameter Gain correction factor GCF) is mentioned in section 2.4.2 and shows how the
amplification should be changed (or control voljafr the state when the peak under study is
shifted in one channel. The definition and instala of the present parameter is important
component in the adjustment procedure of the soéwstabilisation.

The algorithm of the present parameter calculasas follows:

- set up the amplification coefficient (controlltage) so that the position of the peak under
study is in the main setting position;

- change the amplification coefficient so that tpeak position changes in +30%
(approximately) and fix the value of amplificatiooefficient (K1) and peak centroid (X1);

- change the amplification coefficient so that tpeak position changes in -30%
(approximately) on the main position and againtfig value of the amplification coefficient (K2)
and peak centroid (X2);

- define parametdgbCF as ratio (K2-K1) to the change of the centroidifpms (X2-X1):

GCF = (K2-K1)/(X2-X1)

- specify the parameter value in the correspondieigl Gain correction factor in the

window Tract configuration for the tract under study.
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