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1 Introduction

Kayzero for Windows is a program that helps the Neutron Activation Analyst
in evaluating peak table data from measured gamma-ray spectra. In principle,
Kayzero for Windows provides a list of concentrations and/or detection limits
for all measurable elements in a sample, based on input consisting of sample
data, irradiation data and measuring data.

Kayzero for Windows calculates concentrations using the ko-standardization
method according to De Corte and Simonits'2. The method involves
extensive calculations and the use of large data files. The Kayzero for
Windows user is expected to be familiar with gamma spectroscopy, NAA and
the ko method. For practical guidelines regarding this method see the
'WVADEMECUM FOR ko USERS' by De Corte and Simonits?.

Chapter 2 explains the Installation and User Interface.

Chapter 3 explains the general use of the software after a detector was
calibrated.

Chapter 4 explains detector calibration, which in general has to be performed
only once. The detector calibration has to be done before doing anything else
and consists of reference efficiency calibration, peak-to-total calibration and
fine tuning.

Chapter 5, History of Detector and Reactor Calibrations, explains how
detector and reactor calibration data can be monitored over a period of time.

Further information and details about all other options in the program can be
found in Chapter 6, Reference Guide.

For extra help users can consult the Appendix, where detailed information is
given on all algorithms and data file formats.
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2 Installation and User Interface

2.1 Installation

Kayzero for Windows can be installed on a Personal Computer running under
Windows (XP up too Windows10 64bit) with a free USB port. The installation
Is in fact nothing more than copying the unpacked program folder to the root-
directory of a drive on your computer, inserting the USB copy-protection key
and running the program KayWinVxx.Exe.

If you do not have a hardware copy-protection key (dongle) the program will
be only a demonstration version with limited features.

The program can be downloaded from the website www.kayzero.com. Check
the website regularly for updates of the Vade Mecum, this manual, demo data
and the program itself. Please check the ‘read.me’-file too.

2.1.1 New user of Kayzero

The software is installed by copying the zipped KAYWINV3 folder
downloaded from the www.kayzero.com to the root-directory of a hard-disk or
network drive.

Demo subdirectories should/will be created for the library, efficiency and
example data.

2.1.2 Upgrade from older versions of Kayzero or Kayzero for
Windows

Do as mentioned under 2.1.1

Copy all non “.exe’-files from your current Kayzero for Windows folder to the
new Kayzero for Windows folder.

Note: make sure that the selected library folder is the one in the latest
program folder.
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2.2 Run The Program

Run the Kayzero for Windows — software: ‘KayWinVxx.Exe’.

2.3 User Interface

Kayzero for Windows is a 100% windows program and works like any
windows program. The program has NO built-in Help. This manual and the
Vade-Mecum replace the Help.

2.3.1The ‘MainMenu’

The menu is almost identical organized as the DOS-menu of Kayzero, all
options of the Solcoi-program are added in the SOLCOI —option (see Figure
2.2). The File-option, the Window-option, and the Help-option are new.

=7 Kayzero for Windows V3.30 (<) — | e
File Samples Meonitors  Library  History Reports SOLCOl Archive Tools Window  Help

Figure 2.2: Main screen of Kayzero for Windows

2.3.2Program Output

All output of the program is first put on the main window of the program.
There are several possibilities to print, save, edit or manipulate the
presentation this output.

In figure 2.3 two typical types of output are shown. A graph and a text output.
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Figure 2.3: Kayzero for Windows: A spectrum plot and a print of the peak-
table.

When pressing the right mouse button, a pop-up menu opens (see Figure
2.4). This pop-up menu is specific for each type of output.

The Edit option allows you to edit the graph, the other options are self-
explanatory. In case of the text-output the data can be changed with ‘Edit’ but
only after entering a password (:‘'0k’).

The use and possibilities of the standard options as given in figure 2.5 need

no extra explanation. The output windows can tiled horizontally, vertically (as
shown in figure 2.3), cascaded or closed.
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Edit
Cut
Copy Ctrl+C
Copy Table : R:Element, C:5amples Ctrl+T
Copy Table: R:5ample, C:Element Ctrl+5
Paste Ctrl+V
Delete Ctrl+D
Select all Ctrl+A Edit

v Left Copy Table : R:Element, C:5amples Ctrl+T
Right Copy Table: RitSample, C:Element Ctrl+5
Center Save total Plot Ctrl+V
Word wrap Right
Font... Ctrl+F Center
Print Ctrl+P Print Ctrl+P
Close Form Ctrl+X Close Form Ctrl+X
Print All Forms Print &ll Forms
Print and Close All Forms Print and Close All Forms

A: Text output pop-up B: Graph output pop-up

Figure 2.4: Kayzero for Windows: A spectrum plot and opened ‘pop-up menu’
(right-mouse button).

— | X
ive Tools m Help

r—
- Full

47 Cascade
695 Tile Horizontal
776 ] ]
784 Tile Vertical
g%z Close Al
a4k

261 1 REPORT - PEAK DATA SAMPLE ORDER (640) DEMO-1E

1043 :
1090 2 Spectrum: 257V01.5PE

A: File- option B: Window-option

Figure 2.5: Kayzero for Windows: options for manipulating, rearranging
output.
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2.3.3(File)names

Although the program is a Windows program it is not possible to use long
names. This is because of compatibility reasons:

Orders, spectrum, samples, reactor, channel names max. 8 characters,
Directory names should not exceed 60 characters,

Sources max. 3 characters and

Detectors max. 4 characters.

In general spaces have to be avoided.

V%, Read Kayzero Files X

= v A « KayWinV3 » EFFDATA Search EFFDATA 2

Organize « Mew folder =~ 1 @

B Videos 2 Mame Date modified Type
= Local Disk (C:) | FWHMDSM2 6/15/2007 440 AM  DAT File
=g Shared Folders (!
e Local Disk ()
Kay_v3a
KayWinV3 v oL

File name: |R Detector FWHM File

Teut files

Plot files

Blank Correction Files

Reactor Channels File

Threshold Interference Correction Files
Detector Calibration File

Detector FWHM File

(Do not change by hand) Detector PTT File
(Do not change by hand) Detector Reference Efficiency Files
Threshold Reactor k0-factor File

Relative Fc factor File

Fluzx Variation File
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3 Analysis Evaluation

This chapter describes the procedures to be followed when using Kayzero for
Windows for the evaluation of an Neutron Activation Analysis (NAA).

3.1 Menu Bar

All options of Kayzero for Windows can be found through the menu bar
(Figure 3.1). The programs version number is given in the program title but
also on all printed output.

From the menu bar a choice can be made by using the mouse. The program
can also be used without the use of a mouse.

You can use the arrow keys and <Enter> or by using the hotkeys: e.g.
<Alt>+<S> . The hotkeys become visible after pressing <F10> or <Alt>, use
them by pressing <Alt> and the underlined letter of the option, e.qg.
<Alt><R><P><S> for the option PeakTable File Report.

= Kayzero for Windows V3.30 (-) - O K

File Samples Monitors Library History Reports SOLCOI  Archive Jools Window Help

Order Input
Meazurement
Peak Summation

Energy Calibration

Calculate

Select/Reject Analytical Lines

Select S5amples and Elements for Order Report
Print Order Report

Show All Input data

Read Data from Short Irr. Data file

Figure 3.1 : Main screen of Kayzero for Windows after pressing <ALT><S>.
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The menu bar contains the following menu options:

File

The menu options can be used to open Kayzero specific or other text files.
Once a file is opened new options will be available under File. The Right
Mouse button can then also be used to open a popup menu.

Samples

With this option you enter a dropdown menu. In this drop down menu you can
enter the general data of the analysis job (Order Input), enter and edit the
data of a measured spectrum (Measurement) and start the calculations
(Calculate). It is also possible to combine peaks that were inserted to fit a
spectrum peak but actually all refer to the same peak (Peak Summation), do
a energy re-calibraton (Energy Calibration), select the analytical lines that you
want to use (Select/Reject Analytical Lines) and to print the result of the
analysis for selected elements and samples (Select Samples and Elements
for Order Order Report). Finally data from multiple measurements can be
read from a database file (Read Data from Short Irr. Data File). Tables with all
entered measurement data can be printed (Show All Input Data).

Monitors

With the dropdown menu Monitors you can edit the general monitor
information and enter and edit the monitor, irradiation and measurement
data, calculate the comparator factor F. and calculate alpha and f according
to the 'Zirconium' method or the multi-monitor method (bare, sub-cadmium
and Cd-ratio method).

Library
The menu Library contains two different print options; a full library listing and
a gamma line listing according to increasing energy.

History
The detector and reactor calibration results can be printed and plotted as a
function of time.

Reports

The Reports submenu contains all the relevant printing options: printing an

overview of jobs, an overview of sample data, peak table data files, results

and an activitly report. All output is directed to the main form of the program
and can be printed or plotted from here.

SolCoi

The solid-angle and coincidence correction calculation, the former SOLCOI
program, is integrated in Kayzero for Windows. In this menu you will find also
efficiency and peak-to-total-curve fitting and fine-tuning.
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Archive
Here you can change sample and monitor identification data, delete samples,
monitors, jobs and files.

Tools

This submenu contains the many utility functions like: performing a new
energy calibration based on measured spectra; plotting the compton
background and the spectrum of a sample or monitor; changing the
calculation parameter settings; changing data directories; and the material
composition data.

Window
Here you can select a report output window of organize the display.

Sample : One physical portion of a material

Order : Set of samples

Measurement : Actually an irradiation of one sample resulting in one
gamma spectrum

Measurement Id : Combination of a sub-folder name were the spectrum is
stored and a number

Monitor : sample with a known, preferably certified, concentration of
a comparator element used for determination of the
comparator factor or flux

Monitor File . a file containing several measurements of monitor,
preferably all irradiated in the same channel

Chapter 3: Analysis Evaluation First Draft -O-



3.2 Evaluating a Neutron Activation Analysis

KAYZERO can be used for NAA data obtained using properly calibrated
gamma-ray spectrometers and nuclear reactors (see VADE MECUM FOR Kko-
USERS).

In this manual the NAA data of an actual analyzed sample are used to explain
the use of KAYZERO. The sample and a monitor were irradiated in channel
Y4 of the BR1 reactor in Mol, Belgium. The sample and monitor were
measured at DSM Research using detector 2, a properly calibrated High-
Purity Germanium detector with a dual spectrum LFC system. The peak
locations and peak areas were computed using Sampo-90.

The flux parameters, f and a, for channel Y4 of the BR1 were predetermined
and are assumed to be constant over time.

The calibration of a detector is not handled in this chapter since this is only
done once. Detail like method to use, background and theory about detector
calibration can be found in the Vademecum and the Laureate Thesis by Prof.
F. De Corte. All needed tools can be found in the SOLCOI option. After the
calibration of the detector all relevant data, the reference efficiency, the
effective solid angles, peak-to-total-ratios and coincidence correction factor
data were stored in the right format at the right locations (see Appendix 2).
This is automatically done using the SOLCOI options. All starts with
measuring efficiencies and peak-to-total ratios. KO-IAEA can produce this
data as well.
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The KAYZERO operating procedure (see Appendix 3) can be summarized as
follows:

- make a new monitor file if needed in Kayzero <ALT><M><0O>, here you
can put for instance all monitors irradiated in one specific channel e.g.
BR1Y4 or channel Y4 in the BR1, Belgian Reactor no. 1, this way you
can follow the evaluation of Fc and f and alpha in the History-option;

- enter the measurement data of the monitor(s) <ALT><M><E> in the
monitor file in KAYZERO,;

- check the spectra for split-up peaks (Peak Summation);

- to determine F, calculate the flux parameters <ALT><M>, f and a
(using a gold/ zirconium monitor) or use predefined values of f and a
and e.g. a gold monitor for determination of F¢ (only if the parameters f
and a can be considered to be constant);

- print the flux parameters <ALT><M><I>;

- make a new Order-file <ALT><S><0>, in this file you store all
measurements related to a specific order or group of samples from a
‘client’

- enter the measurement data of the sample <ALT><S><M> and the
determined flux parameters in KAYZERO;

- calculate the element concentrations <ALT><S><C>;

- check and correct (for blank concentrations, reaction interferences and
outliers) the results <ALT><S><S>;

- select the desired elements <ALT><S><L>;

- print the element concentrations<ALT><S><|>

Chapter 3: Analysis Evaluation First Draft -11-



3.3 Monitor Data

Using the options given in the Monitor menu you can evaluate monitor-
measurement data, see figure 3.2.

. Kayzero for Windows V3.30 (-) — O X

File Samples Monitors Library History Reports SOLCOIl Archive JTools Window Help

Menitor File
Measurement
Peak Summation

Energy Calibration

Calculate Comparator Factor

Calculate f and alpha using 'Bare Triple'
Calculate f and alpha using "Zirconium'
Calculate f and alpha using 'Multi Monitors'
Print Fc, f and alpha

Determine Neutron Temperature

Read Data from Short Irr. Data file

Figure 3.2: Monitors menu

The monitors-measurement data are stored in a monitor file. Per file some
additional general information can be entered and stored (Monitor File).
The comparator factor, F¢, can be calculated using only one monitor.

When three monitors are irradiated a full flux parameter set (Fc, f and a) can
be determined using ‘Calculate f and alpha using Multi Monitors’ however
three is the absolute minimum and results in high uncertainties for f and a.
Better is to use an Au/Zr monitor couple, using the special optimized Au/Zr
technique. Best way to measure f and a is to use the Cd-ratio method using
several monitors (at least 4-5 monitors). See the VADE MECUM FOR ko-
USERS and Chapter 6.

3.3.1 Monitor File

A monitor file should contain the data of monitors irradiated in one particular
channel. All data can then be compared and trends in F¢, f or a can be
monitored. The name of the file can be best related to the channel used. In
our example the file name is 'BR1Y4' for channel Y4 in Belgian Reactor No. 1
(BR1).
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When choosing the first option Monitor File you can enter some general
information about the set of monitors that was used (Figure 3.3). Please note
the underline letters in the menu bar if you press <Alt>. You can enter the
Monitor File option by pressing <Alt><M><0>.

First you need to select the monitor filename. This can be a new name or an
existing file.

A monitor file named 'BR1Y4.STN' and an index file '‘BR1Y4.SDX' are created
in the job and monitor files data directory, see Tools/Options/Directories. The
data entered is stored in the 'MONITOR.DIR' file (see Appendix 2).

7 Monitor File Info - | et

kM anitar file identification |
S

() Samples (@) Monitors

k. Cancel

Figure 3.3A: Select Monitor filename.

7 Monitor File Input Form : BR1Y4 — O >

Calibration Description --u--l allay far Fo: &1 disk for Fe, f and alpha determination

Analyst | -

k. Cancel

Figure 3.3B: Monitor file info.

3.3.2Entering Monitor Data

You can enter data of measured monitors using Measurement. All data will be
stored in the file 'BR1Y4.STN'. First, the monitor file identification (BR1Y4)
must be specified. (See figure 3.4). Then KAYZERO demands a monitor
identification (e.g. AU2). It is possible to enter letters and numerals.

The next input is the measurement identification. This may be a numeral (e.g.

Chapter 3: Analysis Evaluation First Draft -13-



1) but much better is to refer to the subdirectory where the spectrum data is
stored. See the measurement data base directory specified in
Tools/Options/Directories. In the latter case the measurement identification
should contain the subdirectory and a measurement identification separated
with a semicolon (e.g. SCK7V:1 were ‘SCK7V' is the subdirectory and ‘1’ the
measurement number).

At DSM we store all spectra of samples irradiated in a specific channel during
one irradiation day in a subdirectory. In this example the irradiation was code-
named SCK7V and all measurement data was stored in the data directory
"...\SCK7V\' (see the header of the input screen in figure 3.5). The
measurement identification can thus be used to select all data of a particular
irradiation (day). This monitor “AU2” was measured several times on different
irradiation days and were different samples but all measured on detector 2.

You can pick your choice from a list of previously entered inputs.

%, Enter measurement data (102) — O *

Monitor file identification |BF|1Y4 w |

Monitar idertification |,.f_\|_|2

Meazurement identification F

SCEIV:1
SCRA:T
SCRAWV:1
SCkAV:1
SCkAV:T

oK Cancel

Figure 3.4 : Identification of the measurement data of a monitor

If the identification data have been entered correctly, you can proceed by
pressing the ‘OK’-button.

In the monitor measurement ‘Edit Data’ input screen (figure 3.5) the weight of
the monitor element has to be entered in ug (72.48 mg * 0.1 % = 72.48 pQ).
The self-absorption correction factors for thermal and epithermal neutrons
may be entered (Tools/Thermal Neutron Self Absorption). It is also possible
to enter a description and a label for the monitor selected.

Chapter 3: Analysis Evaluation First Draft -14-



1 Ed i

] s [ a1 | A | T 1 LA

File Sam

Edit Data BH—
M anitar file BR1Y4 [ata directony: SCEN
M anitor A2 Measurement Found

Meazurement  SCEM:

Monitor data  |radiation Data  Measurement D ata

YWheight of the element [microgram]

72.450000

Comparator izotope

Self absorption factar for thermal neutrans Ba121
: - Ba-133m
Self absorption factor for epi-thermal neutrons B39
Labed Br-80
Br82
Ca-47 h

Description of the sample | CEMM 530, Au in Alurmincmomie

Knowr b atrix

] Cancel

Figure 3.5: Monitor Data-tab with a list of possible comparator radioisotopes.
It is possible to choose the relevant comparator isotope from a list.

The self absorption factors for thermal and epi-thermal neutron can be
entered in this screen as well. It is preferred to use elements that show little
or no self absorption. For the calculation of these factors an input option is
given with the Known Matrix-button. See figure 3.6.

In this screen known matrix elements can be entered. Sometimes elements
are not measured but can affect the result through significant neutron and
gamma absorption or interfering reactions. In these cases known matrix
elements can be entered. In case of monitors the self absorption factors can
be calculated.
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2 Matrix Components - O *

Matrix component  Concentration in % Abs. Uncertainty in % Use for Reaction Gth Calculation Method (2)
or element Interference (®) Original Kayzero Method

() Comelia and Greg's Method

Lise Matrix Compo. and Gth Method (2) for:
() All Samples in this order

(@) All Measurements of this sample

Meutron Self Absorption Data (1)

FA Use Measurement Vial Dimensions

Radius [rmm)

oo O000000

Hedght [mm]

MNewutran 40.00
Sample Matrix Main Component Temperature [C]

Alumirium | 99. 90000000 0. 0000000 D Sample Mass [g] 0.07248

Density [a/mi] 3.69
Use Neutron Self Absoption Data (1) for more than one measurement

(_) All Samples of this order Gth 0.9966
() 8l Measurements of this order in this Directory
() All Measurements of this Sample

() All Measurements of this Sample in this Directory G epi Au-198 = 0.9760
(®) Ony this measurement
(I Mot Set EA Take over Gth Take over Gepi

Figure 3.6: Input screen behind the Known Matrix-button.

The comparator element concentration, if entered as a known matrix
component, is used to calculate the total mass of the sample.

The thermal self absorption correction factor can be calculated through the
standard method as given by DeCorte or by the newer method by Chillian.
The epi-thermal correction factor calculation method used is the one
proposed by Chilian as well. The results can be taken over to the Monitor
Data input tab.

In case the irradiation vial has different dimensions compared to the
measurement vial this can be handled here. The yellow boxes are related. It
Is possible to select the option that this input is used for all samples in an
order or for every measurement specific. The given matrix composition is
used for the efficiency calculation if Direct Calculation is turned on and for the
semi-automatic thermal neutron self absorption correction, see the final tab in
the Select Analytical Lines option. The information for epi-thermal self
absorption is also used in the option but now for every nuclide.
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1 Ed i 1l Lok ] s [ a1 | A | T 1 LA L 11l

File Sam
Edit Data BH—
M onitor file BR1Y4 Drata directorny: SCEW,

b anitar A2 Measurement Found

Meazurement  SCE™:1

Monitor data  Imadiation Data  Measurement D ata

Start date (ded/mm/yyy] 0/0713% | O+ |

Start time [(bb: o 22.11) 4 July, 1996 »

End date [dd/mm/yyyy) Sun Mon Tue Wed Thu Fri Sat

End time [hh:mm:z=.ii] 30 1 2 3 4 3 & Usze Data
7 ] g 10 11 12 13 e

14 15 16 17 18 19 20

Flusvariation during the iradiation
21 2 23 24 % 26 27

28 20 PEEY M1 2 3
4 5 & 7 8 9 10
Reactor [ Today: 1/23/2017
Charinel [™ 1 [kayzeroun]
Alpha |0.07200 | 0.072000
f |33.00000 | 33.000

Ok Cancel

Figure 3.7: Irradiation Data-tab.

In the Irradiation Data tab the start and end date and time must be entered.
The required formats are shown, see figure 3.7.

The reactor and channel can be picked from a list. The f and a can be
entered by clicking the”Click Here to Use Data” label on the right of the
reactor edit field. The reactor and channel in which the irradiation took place
have to be entered together with the corresponding f and a values. You can
select reactor and channel from a list. The f and a are then be taken from a
table stored on disk. The table is stored in the file 'KAYZERO.IRR' file in the
Kayzero root directory, see Appendix 2.

The 'KAYZERO.IRR' file is an ASCII file. It can be updated using a file editor.
Or you can enter and change the table by using the File/Open option, select
for file type the ‘Reactor Channels File’.

If you want to add new or change old data you can just click on the small “+”

button at the top-right side of the panel and you will be prompted to confirm
that you want to add or change the present data to the file. If you like to
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delete data you just click the small “-* button.

Manitar file BR1v4 Data directon: SCEV
M onitar All2 Measurement Found

Measurement  SCER ]
Confirm >

Monitor data  lradis
o Are you sure to CHANGE the default data for this

Start date  [dd/ channel using data from this measurement?
Start time [hkeme
End date (dd/ yes No
End time [hbemmcss.) 12:23.00.00 | Click Here to Use Data
Flugvanabon dunng the imadiabion o -
Reactor (o) _ BR1 ™ | Datafrom file
Charnel AL “|| [cayzeroin)
Alpha 0.07200 | 0072000
r '33.00000 | 12,000

bu [+] fior Ext. Mod. Hogdahl for o1/ noclides.

DK Cancel
Figure 3.8 : Changing data in the Reactor and Channels list.

You can also use a ‘flux variation data file’ to correct for variations in the
neutron flux during the irradiation. See chapter 6, Reference Guide.

The Comparator Factor Fc is not taken over because this is the value that is
typically determined when irradiating a monitor. After the measurement and
calculation of a monitor the reaction parameters are the result of the
measurement depending the type of measurement only Fc, T, frast Or f and
alpha.

The mu-parameter is a reactor specific parameter and is needed to select the
appropriate Qo and E; for the measurement of the neutron temperature. This
temperature is needed in the activation reaction convention for non 1/v
nuclides. Lu-176 is the monitor to use. The mu selected determines the
reaction convention and its nuclear data. The original Westcott convention
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was not used in Kayzero since it needed a totally different reactor calibration.
Depending on the value entered, the simplified Westcott convention is used
with a Qo transferred from the so from literature, or the recently determined
Qo’s and Er’s for the new Extended Modified Hogdahl convention is used.

So’'s especially the one of Lu-176 is temperature dependent. This is a minor
effect however the new Extended Hogdahl method handles this without extra
input, except for the mu.

In the Measurement Data-tab you can enter the gamma spectrometric
measurement data like spectrum and peak table file, and information for the
determination of the efficiency, see Figure 3.8.

File Sarpelen [, P — [ Llird e e D e i b il el R Tmm b VAT o dman L mlam
kanitor file BR1Y'4 Data directany: SCEA,
kanitar A2 Measurement Found
Meazurement  SCEM:T
Monitor data  Iradiation Data  Measurement Data
Detectar |DSW|2 ~ | Man-Point Source
ieometry |’*“U > | Geametry data Okayl
Counting position 3 "y | Valume: 0.020 ml
Dengibe: 362 [ 2.7] g/ml
[ Direct SDLEOI ensty: 3621 2.7) a/m
Calculation Bt at: [Alurninum) ; Okay
Backaground spectum PTF fils |25|395.F'TF v | Click Here to Llse Data
Deadtime [%) |EI.EIEIEIDEI | 0.oa
Peaktable file [] Corect Hypermet |25 A7 PTF iy | Sampodd PTF (18 peaks)
Start date  [dd/mmi ) ||:|-| A8A995 | 0140841336
Start tire [hh:mm: ss.ii] |-| 0-14:00.00 | 10:14:00.94
True Measuing Time [zec) |1554_[||:| | 1954.00
Fremarks | | SPE : 25707 .SPE
] 4 Cancel SpectiumPlat | Peak Summation  |Energy Calibration

Figure 3.8 : Measurement Data- tab.

In this screen the code name of the detector used, the counting vial type and
the counting position have to be entered. In each of these inputs the validity is
checked automatically. The 'info panel' on the right of the detector input field
gives all relevant information as illustrated in Figure 3.8. In case of an error
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the message is indicated here.

MHaon-Paint Source
Geometry data Okayl
Yolurme: 0.020 mi
Density: 362 [ 2.7] gml
b at: [Aluminum) : Okay

Figure 3.9 : Efficiency Info panel, for gold monitor AU on detector DSM2.

On this particular 'Info panel' Kayzero for Windows indicates with ‘Geometry
data Okay!’ that it has found a SOLANG (effective solid angle, .SOL) file and
a coincidence (.COlI) file for the combination of the geometry AU and detector
DSM2. And the reference efficiency file EFFDSM2.DAT and the
corresponding SOLANG file DSM2.SOL for the reference position were found
too. The panel indicates ‘Non-Point Source’ this means that the sample has a
volume. The ‘Direct SOLCOI Calculation’ checkbox is visible, so the contents
might be changed if you like and the necessary SOLCOI calculation will be
performed when you calculate the measurement. This will cause some
additional calculation time.

If background subtraction is to be performed, the relevant peak table file must
be entered. This file must be located in the ‘Efficiency Data’-directory.

Dead Time:
- Dead time from spectrum: enter a dead time of 0%;
- Dead-Time-Stabilizer (DTS): enter DTS preset dead time;
- Pulser: enter measured dead time
- Manual Pile-Up-rejection (PUR) correction: enter the corrected dead
time
- Loss-free-counting: enter a dead time of 0%.
- ZDT: enter a dead time of 0%.

For the calculation of errors and detection limits when using the LFC-module
the uncorrected spectrum should be collected as well. If the dual LFC
spectrum option is used (this is advised) then there are several options to
store the data and let Kayzero use it. Normally both spectra are stored in one
file (Hypermet and Hyperlab can handle these spectra), Kayzero then
normally detects automatically the uncorrected spectrum. The second
uncorrected spectrum can also be stored in a file with the extension .LFC’, in
this case Kayzero will also detect the Dual LFC Spectrum automatically.

If Kayzero has problems detecting the Dual LFC Spectrum automatically you
should mark the Dual LFC Spectrum in the FWHMdddd.DAT file
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(dddd=detector code) which is placed in the ‘Efficiency Data’-directory, see
Figure 3.10.

Correct calculation of errors and detection limits is not yet supported for Zero-
Dead-Time units (please let us know if you need this).

& Kayzero for Windows V3.30 (-) - [FWHMDSMZ.DAT] — O *
.,:; File Samples Menitors Library History Reports 30LCOI  Archive Tools Window Help - & X
1.35924 0.000611 ] 0

a a] [ d

FWHM in keV = a + be+t c. 2”2 + d.&"3

E in keV

LFC DUAL SFE

REM FWHH for background calculation

REM The following FWHM functions can be used:
&+ be+tce"?2+de"d

a + b*SORT(=)

SORT(a+b*e)

REM FUHH in keV
REM FWHH in keV
FEM FUHH in keV
REM

REM The tvpe of function can be chosen by putting a line giving the function

REM after the line with "a b c 4"

REM Adding & line with LFC DUAL SPE means that a LFC iz used with duslspectrun option
REM Line= marked with REM are not seen by the program

Figure 3.10 The FWHMDSM2.DAT file for a detector using the dual LFC
spectrum option.

To select the correct peak table file use the pick-list to call up a table of files

from which you can choose. Kayzero enters the relevant measurement data

(start date and time and measuring time) if you double click on the info-panel
on the right.

Note: Kayzero cannot automatically detect if during irradiation or decay the
time was changed to day light savings time or changed to back normal.
Please take care and correct yourself.

Now all the data of the first monitor have been entered. You can enter more
monitor data by pressing the ‘OK’-button or do an energy calibration or a
peak summation.

3.3.3Peak summation

Peaks are often not fitted perfectly when the spectrum is measured at (very)
high count rates or in a period when the detector system is not well tuned.
During the gamma spectrum deconvolution, using Sampo/HypermetPC or
any other sophisticated software program, peaks might have to be inserted to
fit the measured spectrum adequately.
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7, Peak Summation — O e
Region: 141
Spectrum plot : BR1Y4, AUZ, SCK4V:1 (254805 PTF) .
) ) . ) ) MrE inkeV Area
1. 7449 1]
2 800 1079
3 848 198
o
=
3
o
1,000
S -
T T T e e e Summed peaks: 1-1
T4 76 78 20 22 24 35 28 50 52
Energy in keV
Select first peak b (keys:1.2,3..7) Previous Fegion | MNest Region | (Keys: Pgllp / Pg Din)
Select lazt peak £ 5 [keys + /-] Cancel g [Feyz: Ezcape / Chl Retumn)
Doublet window 2.0 times Fu'Hb Second Peak Smaller Apply

Figuur 3.11: Peak Summation Option (no summation needed)

Some of these peaks are more or less artificial and belong in fact to the main
real gamma peak. The peak areas should be added to the main peak. This is
essential because Kayzero can only use one peak area for one gamma line
so if the artificial peaks are not added serious errors might occur.

This is however easier said than done in most programs. In order to facilitate
this problem an option was added to Kayzero. This is the Peak Summation
option (see Figure 3.11) which you can find as a separate option in the
Samples option or as part of Measurement-tab (see Figure 3.8). The program
will automatically find peaks that are closer together then a given distance
(expressed in x times the FWHM of the peak), see Figure 3.11. If there are
peaks closer than this given interval the program will show the appropriate
regions of the spectrum. You can click on the “Doublet Window’ panel if you
like to change the present values, press apply to see the result. The user will
then have the opportunity to add peaks (<+>/<->). By using the <PgUp> and
<PgDn> keys the regions can be selected.

Note after a new ‘Peak Search’ in your ‘Gamma Spectrum Deconvolution’-

The main peak to which all other smaller peaks should be added can be
selected by typing the appropriate peak number (1-7, see Figure 3.11). All
peaks at the right side of this main peak can be added by pressing the <+>
key or deselected by using the <-> key. At the right of the screen the peaks
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are given as well as the new combined peak. The new energy is the
calculated as the weighed mean energy. The peak area is the sum of all
peaks. The new standard deviation of the peak error is the calculated
weighed error.

The results of the summed peaks can be viewed in the print of the PTF-file
Reports/Peak Table Data. The calculated concentrations are based on the
summed peak area, the added peaks are not used.

3.3.4Calculating Fc

After entering the monitor data the comparator factor F. can be calculated
using Monitors/Calculate Comparator Factor (see Figure 3.12). In this option
you have to enter the monitor file identification and the monitor identification.
If you enter an asterisk (*) here, the program will batch-wise calculate F. data
for all available monitors that have been entered.

So using the input in Figure 3.12 all data of monitors irradiated in BR1Y4 on
directory 'SCK7V' will be calculated.

}:T:CGMPARATGR FACTOR CALCULATI.. — O -
Monitor file identification or " ||§g|:g1wr - |
Faonitor identification or ' | e |
M eazurement identification or 1 S Chd: w |

[nkerim results
[ ] Print all infa per line

0k, Cancel

Figure 3.12 : Monitors/Calculate Comparator Factor .

By creating a directory per irradiation day one can easily handle and find all
data that is relevant after an long time irradiation or batch of short irradiations
in a rabbit system.

While Kayzero for Windows is calculating the File name, monitor and
measurement identification is displayed at the bottom of the program.

By marking the 'Interim results’ checkbox you can print an output as given by
SINGCOMP, the INW Gent program for ko-NAA.
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A burn-up correction procedure is built in; the correction factors are given
when the 'Interim results’ are printed. Burn-up correction for monitors and
samples is performed using the data in 'KAYZERO.BUR' for the isotopes
Eu-154, Ta-182, Au-198, Dy-165, Pm-149 and Rh-105. If this file is not
present, burn-up correction is not performed.

3.3.5Printing Fc

The calculated Fc can be printed using ‘Monitors/Print Fc, f and alpha’ or
Reports/Overview/ Monitors.

You can use the Reports/Overview/ Monitors option to print averaged Fc¢'s
with expected and observed standard deviations (type of list 2 :irradiation
data, see Figure 3.13). The output is shown in Figure 3.14.

3, OVERVIEW SAMPLES IN MOMITOR FILE (620) — O >
Monitar file identification or "| ER1Y4 - |
Maritor identification or |g|_|2 - |

Meazurement identification or|i

List type 2. Imadiation data (average Fo's w

(] Cancel

Figure 3.13 : F¢ print option

You can use the data list provided by this option to check the entered data in
order to detect input errors. You can do this before the calculations are
performed.

The found value of F¢ (which is proportional to the epithermal flux density)

can be compared with the approximately known value, so input errors can
also be detected.
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2 Kayzero for Windows W3.30 () - [OVERVIEW SAMPLES IN MOMNITOR FILE (620) BR1Y4-ALUZ2|

;:: File Samples Monitors Library History Reports S500LCOI  Archive Tools Window Help - & X
el
Order : BR1Y4 Li=t type : 2 (=orted on: 1d) EBRIYV4|ADZ|=
Honit ¥-Heasf I[rr. date time t i1rr.[=] reactor<channel t alpha Fc
al2-5SCE1V:1 D3-06-96 09:00:00 4h BR1-7T4 33.0 0.0720 3373.9
Fe = 3373 855 SD exp= D.225 % 5D och== 0000 =
AUZASCEZV 1 240690 08:55:00 4h BE1-Y4 33.00 0.07z20 3355 . 4
Fc = 3355 .392 5D exp= 0.291 ¥ SD ob== a.000 X
AU2-SCE3V:1 25-06-96 08:57:00 4h BR1-Y4 3.0 0.0720 3298.0
Fo = 3297 .990 SD exp= 0.224 ¥ SD obs= o.ooo
Al2-SCE4AV:1 2770696 DB:59:00 4h BR1-7T4 33.0 0.0720 3307 .8
Fe = 3307 . 815 SD exps= D.184 ¥ 5D och== 0.000 =
AUZ-SCETV 1 30,0796 DB:29:00 4h BRE1-7T4 33.00 0.0720 3291 .7
Fe = 3291 713 5D exp= 0.081 = 5D oh== 0000 =

Figure 3.14 : Result of F¢ printout.

In this list the weighted mean comparator factor as well as the expected and

observed standard deviations in the mean are given for the comparator

isotope. Only gamma lines with kO code = 1 are used for the calculation of the

mean value.

By using the Reporting/Results/Per gamma one measurement/Monitors

printing option (see figure 3.15) you can print Fc per measurement. Again the
monitor file identification, the monitor identification and the measurement

identification have to be specified.

7, REPORT - COMPARATOR FACTORS per MEASUREMENT (651) — O
Monitor file identification or "*'| ERTY4 - |
Monitor identification or '™ |,-3'|_|2 - |
[ Print Short Wersion
Measurement identification |:|r| * - |
ok, Cancel

Pt

Figure 3.15 : Another F¢ Printout Option.

The result of this printing option is shown in Figure 3.16. If the irradiation of
the monitor element results in more isotopes, the comparator factor for these
isotopes will also be printed using this option. Attention must be paid to the

fact that the self-absorption factor for epi-thermal neutrons (entered in
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Monitors/Measurement-Option (Figure 3.6) is valid for the comparator isotope
only.

.:‘.' Kayzero for Windows V3.30 (-) - [REPORT - COMPARATOR FACTORS per MEASUREMENT .. — O *
H.':File Samples Monitors Library History Reports S50LCOl  Archive Tools Window Help _ & x

Kayzero for Windows V3. 30 (OPTION : &51)
REFPORT: COMPARATOR FACTORS per MEASUREMENT

Filename : BR1Y4 Monitor id: AU2 Meas. id.: SCE7V:1
Elemn=snt Huczlide Energy Fe SD klecode Interfer nucl.
[keV] [-] [#%]

Al Au-198 411.8 3.29171E+3 0.08% 1
A Au-198 675.9 3.32879E+3 1.086 3

Gamma lines (FP:3:H:I.dE0.70; k0-2015 : 03-07-°2017)

Heaszured - 18

Explained 16 88 .9 ¥ (explained by identified radionuclides)
Tnexplained : 1] 0.0 % (peak in librarv but unexzplained)
Tnlnown : 2 11.1 % ({gamma lines not in KAYZERO-libraxrv)
Fal=ze peaks= : 0 0.0 % (peak area 1= =maller than LD)

The unknown gamma—lines are (ensrgy in keV): 83 1087

Figure 3.16 : Result of F¢ printout Reporting/Results/Per gamma one
measurement/Monitors. Only energies with kO code=1 will be used for Fc
calculation.

3.4 Determination of the Element Concentrations

All necessary options for the calculation of element concentrations after a
NAA analysis are given in the Sample Menu Options (See Figure 3.17).

The measurement data of a neutron activation analysis are stored in a so-
called order file. In this file data of up to 500 measurements can be stored.
The order file identification is normally a number (like an order code). The
order file can be linked to a client using the Sample/Order Input-option.

Chapter 3: Analysis Evaluation First Draft -26-



&£ Kayzero for Windows V3.30 (-) - [REPORT - COMPARATOR FACTORS per MEASUREMENT (651) BR1Y4-.. O x

b'ff:Fule Monitors Library History Reports 50LCOI  Archive Tools Window Help 2 X
Order Input ! ”

Kayzexs

REPORT Measurement

Filens Peak Summation I=as. id.: SCK?V:1

Elenen Energy Calibration lcode Interfer. nucl

Au Calculate [ Eu-152 V-52D

hu Select/Reject Analytical Lines 3 Ru-106

Ganna Select Samples and Elements for Order Report

Measiur:

Explai Print Order Report lentified radionuclides)

Mnmxpl. Show All Input data t but unexplained)

Tnknow P i 1in KAYLERO=-1library)

False Read Data from Short (e, Data file jaller than LD)

The unkfiSUi SERRS=1THEE ST& (SA&fTy ifn K&V 83 1087

Figure 3.17 : Sample- options.

3.4.10rder Input

By choosing the first option, Order Input (see Figure 3.17), you can enter
general information about the analysis job (Figure 3.18), such as the name of
the client and his/her department (and telephone number). In addition you
enter some reference numbers or budget numbers, some information on the
samples, the elements requested and the relevant dates. All this information
can be used later to produce all sorts of different output. Even the analysis

cost can be entered.

The order identification code, in this case 'DEMO’, will be used to create two
files : DEMO.DTA and DEMO.DDX. The order info is stored in the
ORDERS.DIR file. These files are all located in the ORDER AND MONITOR

FILES-subdirectory specified in Tools/Options/Directories.
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23, Order Input Form : DEMO — O *

Client -
Istitute | DSM Research v|

Telephone |B1421 |

Budget rumber | Eu152 v]

N4 number L |

Sample Description |Data for demonstration purposes |

Elements of [nterest |.-’-'-.LL |

Date order received ||:|'| /0141980 Di

Date Results given ||:|4.-"|:|E.-"'| 99z E- |

D ate samples disposed ||:|-| 20141980 Di
Total Analyziz Cost | Q.00 |

k. Cancel

Figure 3.18 : Order Info.

3.4.2Entering Measurement Data

Use Samples/Measurement to enter the sample data. All data will be stored
in the file 'DEMO.DTA', so the order identification you have to enter is DEMO.
KAYZERO for Windows then demands (see Figure 3.19) a sample
identification (e.g. 1B). Again it is possible to enter letters and numerals.

The third input is the measurement identification. The measurement
identification may be a number (e.g. 1) but can also be related to the
subdirectory containing the data (the parent data directory is specified in
Tools/Options/Directories). In the latter case the nhame should contain the
name of the subdirectory followed by ":' and a measurement identification
(e.g. SCK7V:1).

Chapter 3: Analysis Evaluation First Draft -28-



By

Order identification or "™ [DEMO _,| Copy V2-5%3

Sample identification ar ™" |« N |

Measurement identification or| - . |

Confirm x

o Mo Version-3 Order file found: Copy Version-2 Order File i
to Version-3, without affecting data from Version-27 ke

Yes No

Figure 3.19 : Identification of a measurement and the update option in case a
Version-2 order file exists.

If all spectra of a particular irradiation day are stored in a subdirectory, the
measurement identification code can be used to select all data of that
particular irradiation. In the example the irradiation was called 'SCK7V' and all
measurement data was stored in the directory '... \SCK7V\'.

If you already worked with Kayzero for Windows then V3.30 and higher will
ask you if you like to use the new file format. By choosing so you can
continue working with the old software without being interfered with new data.
Especially because V3.30 also used a new library that cannot be used by
older versions of the software. It also allows you to compare the older and the
newer version.

First the order index file is updated automatically. So you will be able to see
all old orders. Later the order files can be updated seperately. If an order file
is not yet updated you will see the E=#==-hutton. By pressing you can start
using all old information an preferably re-calculate.

The “Known” matrix information is the same for V2 and V3 data.
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The order file name, the sample identification, the measurement identification,
the measurement data directory and the order directory are displayed on
each sample data input screen (see Figure 3.20 - 3.24).

On the tab sheet Sample Data (see figure 3.20) you have to enter the sample
weight in grams. You can also enter a description and a label for the sample.
The moisture content is used to calculate the dry-weight element
concentration. The water content is not added automatically to the matrix
composition.

% Edit Data - O P
Order DEMO Diata directon: SCEVY
Sample 1B Measurement Found

Measurement  SCKAV

Sample data  |padiation Data  Measurement Data  Short Input  Uncertainties

Sample Mass in gram |
Muoisture Conbent [m) 1] |
1.00000 |

Self absorption factor for thermal neutrons

Label SCK7VAE |

[rradiation Container for Blank Correction _H . |

Description of the sample

Ernown Matrix

Ok, Cancel
Figure 3.20 : Sample Data-tab sheet.

In case of serious thermal neutron self absorption a correction factor can be
entered. This factor can be calculated in the known Matrix screen (see Figure
3.6). The correction can best be done after the analysis when all components
are known in the Select Analytical Lines-option. Epi-thermal self absorption is
handled also in this option but now isotope specific.

If you measure your sample in the vial in which you irradiated the sample you
might want to subtract blank concentration values. The file name of the blank
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file can be entered under Irradiation Container for Blank correction. You can
see a list of blank files.

Iradiation Container for Blank Caorection

i, Read Kayzero Files x
h » Local Disk (C:) » KayWinV3 w | [ Search KayWinV3 o)
Organize - Mew folder = ™ @
& OneDrive 2 Mame Date modified Type
| R.BLK 6/30/2002 2:00 FM BLK File
= This PC IJ N -
| | K.BLK 6/30/2002 2:00 PP BLK File
Bl Desktop SCKTV 2/6/2017 1:59PM  File foldey
= Documents SCEAY 1972017 12:02 PM File folder
‘ Downloads SCE3V 1972017 12:02 PM File folder
J‘) Music SCK2Y 1972017 12:02 PM File folder
= Pictures SCK1V 1/9/2017 1202PM  File foldey
m Videos QORDERS 2/6/2017 2:02 PM File folder
) Manual 1972017 12:02 PM File folder
i Local Disk (C:)
LIBRARY 1972017 12:02 PM File folder
= Shared Folders ( EFFDATA 1/9/20171202PM  File folde
. Local Disk (C:) CALYE 1972017 12:02 PM File folder
Kay_v3a
KavWinV3 A ¥
File name: |R.BLE v| Blank Correction Files e
= Kayzero for Windows ¥3.30 (-) - [BR.BLK] — | >
¥ File Samples Monitors Library History Reports SOLCOI Archive Tools Window
Help - &5 X
Container blank: Element,Mas=s in nicrogram, =d in microgramn A
Comment container: BRE (VOOR S84)
Na.0.001,0.0003
Er.0.001,0. 0002
#1.2.0.5
V.0.02,0.001
W

Figure 3.21: Selecting a blank correction-file using File/Open and
typical blank correction-file format.

The blank files (.BLK) are stored in the root directory of the program. You can

enter new blank values or create a blank file using the default blank files and
the File/Open/Blank Files- option (see Figure 3.21A). Check an existing file

Chapter 3: Analysis Evaluation First Draft -31-



(e.g. ‘R.BLK’) to see the file format, See Figure 3.21B.

In the Irradiation Data-tab sheet you can enter the irradiation data (Figure
3.22). You should enter the start date and time of the irradiation. The formats
are shown between brackets.

You also have to enter the codes of the reactor and channel in which the
irradiation took place and the corresponding f and a values. Also you have to
enter the Fc-value, calculated in the previous chapter. The reactor information
can be taken from the reactor-channel list as indicated previously for
monitors.

2" Edit Data - O X
Oircler DEMO Data directan: SCETWY
Sample 1B Meazurement Found

Meazurement  SCEA

Sample data Iradistion Data  Measurement Data  Short Input Uncertainties

Start date  [dd/mm//yyy) |3|:Ia"l:l? 71996 O~ '

Shart tirne [k mess00) ||]5;25|;|:||:|_[||:| '

End date [dd/mm/yyyy] 130/07,/1998 @~

End time [hbmm:zz.0] |12:Z'EI:EIEI.UEI | Chick Hers to Use Data
Flusvariation during the imadiation | ~ |

Feactor (ru) [BF“ - ] Data from file
Channel |Y£1 - | (kayzeno.in)
Alpha |0.07200 | 0.072000

f 33.00000 | 22,000
Comparator Factor | 23110000 | 3300.0
MNeutran Termperature [dC) 4 mu (-] | |I “

ffast [fast Aux/ep-themal fux) Mo Libran

Ok Cancel

Figure—3.22: Irradiation Data-tab sheet.

If you select a Reactor/Channel (e.g. BR1/ xx) combination for which you
never created a threshold reaction file Kayzero gives a message:
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Mo threshold reaction corection fle [D:Way wBahBRT«x PAR] found.

If you want to correct for threshold interferences please proceed as for the
Blank-files mentioned in the previous page. Check an existing .PAR file and
create your own and put it In the directory that is indicated on your screen,
see Figure 3.37 for entering creating or changing this file.

The program will show hints when moving the mouse. Some on this input
screen are shown in Figure 3.23

|. iy iyl |

~Mu for Extended Modified Hogdahl convention: 2.1 Water moderated, 3.7 Heavy water/Graphite moderated.

Comparatar Factor R e | 33000

Meutran Temperature [dC) /' mu [] -

f Fast [Fast flux/epi-thermal fus) Mo Library

R T

‘Estimation of the neutron temperature (degree Celsius) i
|

D R L R i P S o [ 1

f fazt [fast fustepi-thermal flux] . |

Relative Cor Uses User Threshold library in Rootdirectory : Kayzero.Trsh

This file with extention .REL' in the rmeasurernent data directory gives the element, isotope or energy specific Fc correction factors.

sl |13t 1A TRV ISl 1A ] | - |

Relative Camparatar Factar List | » |

Fluxvanation during the iradiation

This file with extention ".FLX' in the measurement data directory gives the epithermal flux as function of time (hh:mm:ss).
ki — | Datafrom fle

Reactor

i~

[nra ]

1] \30/0719% [~ |

£.ii] 09: 290 N |
In case of fluxfile, give the period at norminal ﬂL.D{.i

Ay |3I]£DF".= el =

Figure 3.23 Hints for entering reactor calibration options.

The hints should be self-explaining. Some are explained elsewere.
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The measurement data can be entered on the Measurement Data-tabsheet
(Figure 3.24).

The detector that was used for the measurement, the counting vial type and
the counting position have to be entered.

The detector name and vial type are chosen in SolCoi. A detector name has
maximal 4 characters and a vial (source) maximal 3 characters. You can only
use the detectors and sources defined in SolCoi.

£ Edit Data - O P
Drder DEMOD Diata directan: SCER,
Sample 1B Measurement Found

Measwement  SCKTVT

Sample data Iradistion Data Measurement Data  Short Input  Uncertainties

Detector 1 Matrix Interpolation

Geometry 5 1 Geometry data Okay!

Counting position | 2 | Volume: 10.799 mi

Direct SOLCOI éMFaigi:g;EI:tr[r?;:;n ! | 8735500 Densily: 0.44 [0.2- 8.01g/ml

[ Calculation M atrix composition |ﬂ':2H4 Mat: (#5i02) - Okay

Background specium PTF file |EBEEIE; FTF Y| Chck Here to Use Data

Deadtime (%] |EI.I:IEIEIE[I 0.00

Feaktable file [] Carrect Hypermet |25w|:|1 PTE w | Sampo30 PTF (55 peaks)

Start date  [dd/mm./wpyy] |3|:| J07 596 30407 /1336

Start timne (b ren; 2.0 |1 E:24:04.00 16:24:04. 56

True Measuing Time [zec) |24?3.III 2473.00

Bemarks SPE : 257 .5PE
[LFC-dual spe.)

oK Cancel SpectumPlot | Peak Summation  Energy Calibration

Figure—3.24:_|\Aeasurement Data-tabsheet.

There are two types of sources:
- point-sources (especially for calibration sources) and
- non-point sources.

For analysis purposes we use vials that are filled with the sample material.
Because the solid-angle calculations were time-consuming, samples were
standardized and the solid-angles and coincidence correction factors pre-
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calculated.
Matrix Interpolation

To add some flexibility in sample content composition and density the matrix
interpolation technique was introduced (see Appendix 4 and 5). If a matrix
interpolation dataset is found this will marked in the info-box on the right of
the detector field. You will have the possibility to enter the sample weight (for
density calculation, the volume is knows to the program) and (bulk) sample
composition (see figure 3.25). If you enter a sample that is not covered by the
matrix interpolation data set the program will warn you. The extra calculation
time for calculating the correct solid angles and coincidence correction factors
is negligible.

Detectar |DSM2 ~ | tatrix Interpolation
eametry |S ~ | Geometry data Olkay!
Counting position | 2 - | Walurme: 10,799 mil
M atrix Weight [gram) 4. 739500 -
ISP vt | | Densiy: 0.44 [ 0.2-8.0] g/
[ Calculation b atriw compozition |1'*”:2H4 | Mat: [B5i02]: Okay
Detector |DSM2 i | Direct Solcoi Calculation
Geometry |5 A |
Counting position | z bl | Yalume: 10,799 [10.799) mi
M atris " eight [gram] 4 729500 .
ooy g g | | Densiy: 0.4 (2.00) g/l
Calculation M atriv compogition |1:“:2H4 | Mat: [#5i02]
Filing Height (mm) | 10,400 | il Height: 10.40 o

Figure 3.25: Efficiency input data (matrix interpolation) and ‘Direct Solcoi
calculation’.

The volume of the container is 10.8 ml and the calculated density of the
sample is 0.5 g/ml. The density is calculated using the matrix weight. The
figures between brackets indicate that the matrix interpolation data set was
calculated using densities from 0.2 to 8 g/ml, the matrix composition used
was SiOz. The absorption data of the matrix composition of the sample (C2Ha)
and the calculated geometry (SiO>) are both known, so the matrix
interpolation technique can be used (see Appendix 4/5).

Direct Solcoi Calculation

If you select a non-point source you also have the option to do a ‘Direct
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SOLCOI Calculation’ (see checkbox on the right side, only for non-point
sources when the program finds the corresponding source file). If you mark
this check box you do the Solcoi Calculation together with the normal
calculations (Sample/Calculate) this will add some extra calculation time.

You can enter the sample weight, composition but also the filling height in the
vial (see figure 3.25B).

In the info-screen KAYZERO indicates if it has found all the SOLANG
(effective solid-angle) and coincidence correction factor files for a matrix
interpolation data set for the counting vial type S (5 densities) on detector
DSM2.

Summarizing efficiencies in Kayzero:

- all efficiencies are calculated using the Solid-Angle concept using
SOLCOI
- point sources are typically pre-calculated (no sample information
needed)
- measurement vials also called geometries need to be pre-entered
- measurement vials can contain all sorts of materials
o Matrix Interpolation using pre-calculated data, fixed filling height
o Direct Calculation using SOLCOI variable filling height, using
material information from ‘Known Matrix’ for special
compositions.

Gamma spectrometry

If background subtraction (optional) is performed, the relevant peak table file
must be entered. This file must be located in the ‘Efficiency Data’-directory.

The preset dead time has to be entered if a Dead-Time-Stabilizer (DTS) is
used, otherwise the dead time as measured (with a pulser) has to be
introduced.

If you enter a dead time of 0%, the dead time as measured by the multi-
channel analyzer is taken from the spectrum data file.

In the case of an LFC the dead time entered should be 0%. If the dual LFC
spectrum option is used (advised) then there are several options. The second
uncorrected spectrum can be stored in a file with the extension '.LFC' the
software will detect the Dual LFC Spectrum. If a dual spectrum is collected
and stored in a single spectrum file the software can not automatically detect
in all cases the uncorrected spectrum. To be sure that the dual spectrum is
used, and this is important for a good calculation of errors and detection
limits, the use of the Dual LFC Spectrum option should be marked in the
FWHMdddd.DAT file (dddd=detector code) in the ‘Efficiency Data’-directory,
see Figure 3.10.
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To select the correct peak table file use the picklist. KAYZERO automatically
enters the relevant measurement data (start date and time, measuring time
and MCA dead time) if you double-click on the info box on the right.

£ Edit Data — O X
Oiride DEMO Data directony: SCKY
5 ample 1B Measurement Found
Measurement  SCER1
Sample data  Iradiation Data Measuwrement Data  Shart Input  Uncertainties
Uncertainties
Mass .E[IE ' gram
Efficiency 1 % |
f 3 4 .
alfa 0.03 I
Fe 1 %
Decay time 'IJ_‘I | s
Measurement duration |01 3
Iradiation duration 01 5 !
!
Dk Cancel .

Figure 3.26 : Uncertainties of the entered data.

Kayzero can calculate ‘Extended Uncertainties’. For this extra information is
needed on the uncertainty in entered parameters, see Figure 3.26. The
uncertainties of the nuclear data is taken from the latest kO-Scientific
Committee database.

This option is new and comments and improvements are welcome!!

Now all the sample data for the measurement of the first sample have been
entered. You can proceed with more measurements of this sample or enter
the data for another sample. If you press the Cancel Button the data you have
just entered will not be saved in the data file.
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£ Edit Data —
Ordes DEMD D ata directony: SCEDN
Sample 1B Measurement Found

Measurement  SCE A

Sample data |madiation Data Measurement Data  Short Input  Uncertainties

Detector iy Efficiency Data
Counting position (1-10) 5 » b alrix Interpolation
Peak Table
Deadtime [%] 0. 00000 0.00
S 30 PTF [55 peak
Peaktable fil 2570 PTE " =R (55 peaks]
: : 30071336
Remark: If the Peak Table Mame is changed, then the 16:24:04.56
measurement time,
the start date and time and 247200
the dead hme will be updated automatically. SPE - 257V01.SPE
[LFC-dual spe.)
Comparator Factor 329710000 |
] 4 Cancel SpectiumPlot | Peak Summation  Energy Calibration

Figure 3.26: Short input in case of a second measurement of the same

sample.

In case a sample is measurement twice or more the sample and irradiation
information do not have to be entered again but the only the spectrum name

Is needed in principle, see Figure. 3.26.
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3.4.3Calculating the Element Concentrations

If the sample data have been correctly entered, the calculations of the
element concentrations can be performed, see Figure 3.28
(Samples/Calculate). In this option the order identification, the sample
identification and the measurement identification must be specified. If you
enter an asterisk (*) the system performs a batch-wise calculation of the
element concentrations of all samples for the orders that have been entered.

< Kayzero for Windews V3.30 ()

File Samples Monitors Library History Reports SOLCOl  Archive Tools Window Help

Order Input
Measurerment
Peak Summation

Energy Calibration

Calculate

Select/Reject Analytical Lines

Select Samples and Elements for Order Report
Print Order Report

Show All Input data

Read Data from Short lrr. Data file

Far = - L

SLBASIC CALCULATIONS — O *

File San Help
Order identifization ar "= |DEM|:I v|
Sample identification ar =" |1B v|
M eazurement identification or “1m - |

[ Interim resultz

[ ] Frint &l infa per line

k. Cancel

Figure 3.28 : Calculate-option in Samples menu and Selection of the
measurements

While KAYZERQO is calculating the sample measurement is displayed in the
bar at the bottom of the program window.
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The calculations have to be repeated whenever input data, spectra data,

library or efficiency data have been changed. Calculation parameters can be
edited, see Appendix 6. If you use the wildcards '*'/ *'/'SCK7V*' for the order,
sample and measurement, respectively, only samples irradiated under code
SCK7V will be calculated. Before starting the calculations the program will

sort the measurements in order to minimize calculation times.

E =7 OVERVIEW SAMPLES IM SAMPLE ORDER (620) -

Ordes identification o™ [DEMD v

Tighl

Sample dentihcation o 1B |

Measurement identification o & op 2,02

List type

(. Cornman data.
1. Sample data.

£ 2. Imadiation data.

3. Measurement data.

4, Quick edit data.

5, Quick edit dala extra

21 Excel cutput for manitong,

(1] 4
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=, Kayzero for Windows V3,30 (-) - [OVERVIEW SAMPLES IN SAMPLE ORDER (620) DEMO] - O x
W.File Samples Monitors Library History Reports S0LCOl Archive Tools Window Help - %

Kavzerc for Vindows V3,30 (OFTION : &20)

Order DEHO from : Vervecken, DSM Ressarch, 61421
Frofilenr : Eu=152 co=t . fl. 0
Comment Data for demonstiration purposses

Element=s . ALL

Li=t type @ 0 (sorted on: id) DEHO|w=|=
Samnplef-Heazf Label Dezcription Library
1B-SCE7V:1 SCE7WE k0-2015 : 03~
1B-SCE7V:-2 SCE7VE k0-2015 : 03~
1B-SCK7V:3 SCE7V~E imaginary sanple k0=-2015 : 03~
Order DEHD Lizt type @ 1 (=zorted on: id) DEMD|#=|=
Samnplef-smeasf geom. w.sample v, natrix matrix height moi=ture blank

[g] [=] [mn] [#=] container
1B-SCE?V: 1 5 4. 73950 4739500 pC2H4 - R
1B-SCE7V:2 S 4.73950 4739500 RC2H4 - R
1BE-SCKE7V:3 5 4. 73950 4. 739500 pC2H4 - R
Order LEHKD List type : 2 (=zorted on: i1d) DEMO|#=|#=
Samplefs/meas® Irr.date time t irr.[=] reactor-channel £ alpha Fe
1B-SCEYV:1 30,0796 08:29:00 4h BR1-Y4 33.0 0.0720 3291 .1 e
10 ASEWIT -9 B0 AT GE NG -G -0AN Al- DD1 A4 A I | fi A9Aan e I |
£ -

Figure 3.29: List of all input data.

Before the calculations start you should check the input using
Reports/Overview/Samples (List type: All Input Data) in order to avoid
calculation errors (see Fig. 3.29). Interim results will give more information on
the calculations and will show some values like efficiency, coincidence
correction factors, burn-up correction factors etc. (see Fig. 3.30).
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‘.'::':K,ayzero for Windows V330 (-} - [BASIC CALCULATIONS DEMO:E Editable] - O e
.File Samples Monitors Library History Reports SOLCOI  Archive Tools Window Help -

oy
» | X

Kl calculation 01-08-2017 11:48:35

Program version | ¥3.30 DSH
Z: wDowvnloads~KayWinV3i30-KayVinVi3 exe 01-08-2017 08:00:00

DATA - Z:~DOUNLOADS-EAYVIKVIZO-ORDERS-DEHO ETA : 1B SCE7V:1

DATAFILES USED:

SDovnloads~KeayWinVaiil-Kayzero BUR 31-05-2016 16:00:02
SDovnloadssKayWinVaiil-Kayzero DAT 01082017 11:07:08

o DOWHLOADS-KAYWINVII0-LIBRARY-k0-2015 LE1 03072017 23:06:06

S DOWHLOADS-KAYWINVI30~LIBRARY-k0=2015 LE2 03-07-2017 23:06:06
SDOUNLOADS-KAYWINVII0~EFFDATA~FUHHDSM? DAT 15-06-2007 13:00:08
S DOWHLOADS-KAVWINVIZO-EFFDATA-EFFDSMZ DAT 30-06-2002 14:00.00
SOOWHLOADS-KAYUINVIIO-EFFDATAFTTDSM2 DAT 30-.06-2002 14:00:00

S DOWHLOADS-KAYWINV3I30-EFFDATADSH2 S0L 30-06-2002 14:00:00

W DOWHLOADS-EAYWINVI30-EFFDATA~1SDSH2 . SOL 30-06-2002 14:00:00

S DOWHLOADS-EAYWINVI30-EFFDATA~1SDSH2 . COT 30062002 14:00:00

S DOWHLOADS-KAYWINVIIO-EFFDATA2SDSM2  SOL 30-06-2002 14.00:00

W DOWHLOADS-EAYWINVI30-EFFDATA~2SDSH2 . COTI 30-06-2002 14:00:00

S DOWHLOADS-EAYWINVI30-EFFDATA~ISDSH2 . SOL 30-06-2002 14:00:00

W DOWHLOADS-EAYWINVII0-EFFDATA~ISDSHZ . COTI 30-06-2002 14:00:00

A DOUMLOADS-KAYWINYI30~EFFDATA4SDSM2  SOL 30-06-2002 14:00:00
CDOWHLOADS-KAYWINVIZO-EFFDATA4SDSM2  COI 30-06-2002 14:.00:00

S DOWNLOADS-~KAYWINY3I30~EFFDATASSDSM2 . S0L 30062002 14:00:00

S DOUHLOADS-KAYWINYI30~EFFDATASSDSM2 . C0T 30-06-2002 14:00:00

SPE : Z:DOWHLOADS-EAYWINVIAO-SCE?V-257V01 . SFE 01-08-2017 11:08:06
PTF - Z:~DOWHLOADS-EAYWINVIIO~SCE?V-257V01 . PTF 30-08-2002 14:00:00
BGD SPE . Z.~DOWHLOADS-KAYWINVIIO-EFFDATA~2BG9E SPE 01-08-2017 11:08:04
BGD PTE : Z:~DOWHLOADS-KAYUINVIIO-EFFDATA~2BGY9& PTF 26-02-2003 1&:09:00

B B B D A B B e

SHMPLE

4 _ 739500 g
IRRADIATION PARAMETERS
BR1-74 f = 230000 alpha = 0.0720 Fc = 3291.10
J0-07-1996 08-29:00 ti= 14400 =
HEASUREMENT DATA:
257V01 . PTF SN2 5 pos= 2 BGD :2BGY9& FPTF
30-07-1996 16:24:04 tm= 2473 = DTS= 0.0 ¥ td= 14104 =
Hatriz = #C2H4 4.740 g
I=zotope Library energy[keV¥] Energyv[keV] EnergyCorrection[keV] Area[cnts] Error([%] CoiFactoz
Ha-24 1369 .6 1368.4 0.0 9.57719E+32 1.13 0.9777 3 _61081E+2 4.10096E-3 4 62000E-2 2.¢
Ha-24 1732.0 1731.8 0.0 4.8714%E+2 g.82 1.0000 1. 79578E+1 3.42373E-3 4. 62000E-2 1.7
Ha=24 2243.0 2242.7 0.0 5.59550E+2 .92 1.0000 2.09953E+1 2.80993E=3 4 .62000E-2 2.4,
[ AREA N ATEA A A A E AIABTE.D e N B7CS 1 OACEEE D 2 ANTINT 2 4 EIAANE 3 3
L4 >

Figure 3.30: Interim Results.

A burn-up correction procedure is built in; the correction factors are given
when the 'interim’ results are printed. Burn-up correction for monitors and
samples is performed using the data in 'KAYZERO.BUR' for the isotopes
Eu-154, Ta-182, Au-198, Dy-165, Pm-149 and Rh-105. If this file is not
present, burn-up correction is not performed.

3.4.4Printing the Element Concentrations

When the calculations are finished you can print the calculated
concentrations using Reports/Results, see Figure 3.31. You can change the
output formats etc. using Tools/Options (see Appendix 6).
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. Mayzero for Windows V3.30(-) - [BASIC CALCULATIONS DEMO:IE :Editable] - O x

_:: File Samples Monitors Library History m SOLCON  Archive Tools Window Help - B %
Orders »

Kl eslculstion 01-0B~-201F 11:48:
Choeraiew ¥

Program s=r=icmn ¥3.30 D=M D o

£ wDownlosadssKagy@inVIZ0-KayWin¥i3. s 1
Peak Tabile Data

DATA : 2 -DOVHLOADS-KAYWINYVIZ0-ORD B -

Results * Per Gamma, One Measurement Samples

DATAFILES TSED: . X

7 - ~Downloads KayWinV 130 Eayzearo, BT Activities L Per Gamma, Several Measurements Moniters

Z Downloads“KayWinVII0“Kayzero . DA =0T e 70T r—TT 07 T8 :

Z -~ DOWHLOADS-KATYINV330~LIBRART-k0-2015 LEL D3-D7-2017 e e
DOWHLOADSKATWIRNVIIO~LIBRARY~kD=-2015 LEZ D3-D7-2017 Mean per Radioisotope
DOWHLOADSKATWIRVIZO-EFFDATAFWHEDSY 2 DAT 15<06-2007
DOWHLOADS-KATYUIRVIIO-EFFDATAEFFDSH2 DAT 20-06-2002 Final Report

DOWNLOADS KATUINVI30-EFFDATAPTTDSH2 DAT 30/06/2002 coo o oo oo
~DOWNLOADS KATVINV330EFFDATADSHZ SOL 30062002 14 —
~DOWNLOADS KATVINV330~EFFDATA15DGHZ SOL 30-06-2002 1470070
Z~DOVNLOADS KATVINV330~EFFDATA1SDGMZ COI 30-06-2002 14:00:00
Z ~DOVNLOADSKATVINV330~EFFDATA2S0GH2 SOL 30-06-2002 14:00:00

Figure 3.31 : Reports/Results menu

AR I

NOTE

The concentration can be expressed in ng/g or mg/kg, and the format of the
concentration figure can be scientific notation or a fixed notation with a
number of decimal places, see Appendix 6: PRINT PARAMETERS or
Tools/Options.

Results/ Per gamma, One Measurement
Comparator factors and concentrations per gamma can be printed per
measurement using this option. For this purpose an intermediate menu will

appear enabling you to select Samples or Monitors (see Figure 3.32).

After selecting Samples you can enter the order identification, sample
identification and measurement (or wildcards).

7 REPORT - CONCENTRATIONS per MEASUREMENT (651) — Od =
Order identificat et iy
reErIgEnieaten o |DEMD | Interference Correction
Sample identification or " |'IB v| |zotope ldentification
M eazurement identification D[| SCE T - |
QK Cancel

Figure 3.32 : Input for ‘Reports/Results/Per Gamma, One
Measurement/Samples’

The output of this option will be a list of measured gamma lines which the
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system has been able to match with the KAYZERO Library (see Figure 3.33).

.:'.' Kayzero for Windows V3.30 (-] - [REPORT - COMCENTRATIOMNS per MEASUREMENT (651) DEMO-1B]

The unknovn gamma-lines are (energay in keV):

. File Samples Monttors Library History Reports S0LCOl  Archive Tools Window Help

Kayzero for Windows W3 _30

REPORT: CONCENTRATIONS per MEASUTREMENT

Order i1d.: DEHO Sanple 1d.: 1B Hea=. 1d.: SCE7V:1

Elem=nt Huclide Energy Conc. Sh Ext . UnC 1D klcode Interfer nucl.

[keV] [na-kg]  [®]  [%] [mg-kg]

Ha Ha-24 1368 .6 2. B4564E-1 1.13 0.00 S.60834E-3 1

Ha Ha=24 2754 .0 2.58236E=1 1.43 0.00 2.17916E=3 1

[ Cl-38 1642 .7 5. 28289E+1 1.91 0.00 2. 36815E+0 1

clL cl=38 2167 .4 S.02556E+1 1.82 0.00 1.08e77E+0 1

AT Ar=41 1293 .6 8. 27438E=1 0.75 0.00 &.73417E=3 2 In=1l6n
wvithout interference corr. 8. 42783E-1

Hn Mn=56 846 .8 1 . 84584E<1 0.26 0.00 2.17052E-4 1

Hn Mn-56 1810.7 1.79523E-1 0.71 0.00 1.27631E-2 1

Hn Mn-56 2113.1 1.8125cE-1 1.02 0.00 1.78482E-3 1 In-llén

Cu Cu=64 511.0 8 6d796E=2 2.18 0.00 &.08465E=3 2

In In-65 1115 .5 8 CE849E+1 4 .57 0.00 1.30891E+1 1

Zn In—69m 438 6 8 5B8651E+1 0.41 0.00 S5.18527E-1 1

Ga Ga-72 479 2 2 69091E+0 40.29 0.00 4.3S271E+0 3

Ga Ga-72 834.0 1.38102E-2 8.10 0.00 4.14845E-3 1 Cu-£45

Ga Ga=72 2201.7 2.00412E<2 13.93 0.00 9. 74229E<3 1

Br Br-80 6l6. 6 1 G0676E-1 11 . 46 0.00 &.72678E-2 1

Br Br-82 G84.3 1 . 42045E-1 3.323 0.00 1.64714E-2 1

Br Br=82 619.1 1. 47964E=1 5.93 0.00 3.29380E=2 1 Ba=1231
Br Br-82 698 4 1 4B81E7E-1 7.15 0.00 2 93E84E-2 1

Br Br-82 776.5 1 41890E-1 2.77 0.00 1. 21673E-2 1

Br Br-82 827.9 1 53819E-1 7.28 0.00 4.367G6E-2 1

Br Br-82 1044 .0 1, 54960E-1 7.20 0.00 4.44258E-2 1

Br Br-82 1317.5 1.62928E-1 7.02 0.00 4.00658E-2 1

Br Br-82 1474 .9 1, 34344E-1 15,17 0,00 7. 78889E-2 1

In In-11é&m 416 .9 5 BBOZ23E-4 33 .82 0.00 7.95162E-4 1

In In-116m 1097 .3 &, 50822E-4 17 .62 0,00 4 45291E-4 1

In In-11l6m 1293 .5 2 ,5V3YeE-2 D.6V D,00 2 B5560E-4 1 Ax—-41
wvithout i1nterference corr. 3. L57373E-2

Shb Sb-122 564 .2 &, 01884E-2 ©G§.52 0.00 1. 230B81E-2 1

Ea Ea-131 123.8 5,18049E+1 24 .48 0,00 5 07035E+1 1

Ba Ba-131 2161 5, 71389E+1 32.49 0.00 7 44162E+1 1

Ba Ba-131 492 .3 56, 14210E+1 14 .47 0,00 3 47Y352E+1 1

Ea Ea-139 165.9 &, 87920E+1 0.25 0.00 2 44477E-1 1

Ba Ba-139 1420 .5 &, 30984E+1 13 .25 0.00 2 18220E+1 3

Gamma lines (P:3 ;N I d4E0,70; kO0O-2015 : 03-07-2017)

Heasured 1

Explained 81.8 % (ewxplained by identified radionuclides)
Tnexplained 0.0 % (peak in library but unsxplained)
Tnknown 7.3 % (gamma lines not in KAYZERO-library)
Fal=ze peaks 10.9 X (peak area is smaller than LD)

2523 26857 2960 3370

Figure 3.33 : Output for ‘Reports/Results/Per Gamma, One
Measurement/Samples’

O

These gammas are called the explained gammas. This means a sensible

concentration could be assigned to this line (<100% and >=LD). In the
header, between brackets '(P:3;N;I;dEO0.70; k0-2015 : 3/07/2017)", some

codes are given. Using these codes you can trace how the output was
computed and printed. P:3; means that only gammas were printed that had

kO code equal to or lower than 3. N; means that the nuclide identification

algorithm was used. I; shows that interference correction was ON. The
energy window was 0.7 keV (dEO.70;) and the library used was k0-2015, last
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updated on 3/07/2017. It is possible to turn off nuclide identification and
spectral interference correction.

Below the list of explained gamma lines the following extra information is
given:

- the number of measured gamma rays,

- the number of unexplained gammas (found in the library, but not assigned to
a radionuclide present in the sample),

- the number of unknown gammas (not found in the library),

- the number of false gammas (the peak area is smaller than the detection
limitO,

- all unexplained gamma energies and

- all unknown measured gamma lines.

If you turn off isotope identification, all gammas will appear in the list of
explained gammas.

Reports: Results, Per gamma for several measurements

This option will give a list of all gamma lines found in several measurements.
Per row the gamma line energy, the related element and radionuclide, and
the found concentrations are given for up to six measurements.

The order identification, sample identification and up to 6 measurement
identifications can be specified. Again, isotope identification and interference
correction can be turned off, see figure 3.34.

%, REPORT - CONCENTRATIONS FOR SEVERAL MEASUREMEMTS (652) — O >

Order identification ar ="
| DEMD ¥ | |nterference Correction

Sample identification ar "' |1B v| [+] lsotope | dentification
] Print Short Wersion

w | []Each Sample Mew Page

M eazurement identification or|

|x
|x
|x

OF Cancel

Figure 3.34 : Input for Reports/Results/Per gamma, Several measurements

An example of the output of this reporting option is not given in this manual
but can be printed using the program. The gamma-lines that are not used for
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the mean concentration calculation are marked with an '*'. The mean is
calculated using lines with the lowest kO code. For instance, if there are
gamma lines with a kO code equal to one then only the lines with code one
are used. If the lines have only codes higher than one then the mean is
calculated using the gamma lines having a kO code equal to two, and so on.

Report: Results, Mean per Radioisotope, Several Measurements

The output as given using Reports/Results/Per gamma, Several
measurements can be further reduced by reporting mean concentrations per
radioisotope for all measurements. The input needed to obtain this report is
identical with the previous report.

Report: Results, Mean per Radioisotope

The mean concentrations of this are averaged per radioisotope over all
selected measurements.

Report: Results, Final report

This report will give the final result, with concentrations averaged over all
gammas, all radioisotopes and all measurements. Whether or not elements
are actually present in the sample are checked using the Element
Identification algorithm (Tools/Options/Special Parameters).

In this option the nuclide identification and spectral interference correction are
always turned ON.
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3.5 Select/reject analytical gamma lines

This option ‘Samples/Select/Reject analytical Lines’is in practice the best
way to handle the data. In combination with the options ‘Select samples and
Elements for Order Reports’ and ‘Print Order Report’ the majority of analyses
can be evaluated without extra handling.

The old way to handle the data using the previously mentioned options can
still be used, but fission and reaction interfering correction, blank correction
epi-thermal and thermal neutron self absorption correction and rejection of
gamma lines can only be done using this option. Up to 6
irradiations/measurements per sample can be edited simultaneously, see
figure 3.35.

7, REPORT - CONCENTRATIONS FOR. SEVERAL MEASUREMENTS (999) — O *

Order identification ar ™"
|DEMD V| Interference Conection

Sample identification or ™" |'IB V| [ 1s0tope |dentification

Measurement identification or| =

|x V|
.

|x
|x
|x

:

Figure 3.35: Input for ‘Samples/Select/Reject analytical Lines’.

After selecting the sample and the measurements the program will read the
concentration data of all relevant measurements and combines them in a
screen per element. In figure 3.36 the lines for Na-24 are given. In the header
the sample and measurements are given. Below that one finds the element,
nuclide, energy and the concentration found for each measurement. If a
concentration is selected the space bar can be used to de-select or re-select
the line. The averaged concentration for the measurement and the element
average will change accordingly.

In this option all more sample related corrections are combined:
- blank correction,
- fission correction,
- interfering reaction correction,
- epi-thermal and thermal neutron self absorption correction,
- thermal self absortion correction.

In the case of Na-24 there is a possible threshold reaction interference. If the
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sample matrix is Al then a serious interference will occur. In the case shown
(Fig. 3.36) were no information on the Al content is available, the program
provides a maximum interference of 1.4E+4 ng/g for an Al-content of 1.0E+9
ng/g (100m%). By entering Al in the ‘Known Matrix’ this correction can
be done.

" Order : DEMO Sample : 18 (P:3;N;E,dEO.70; k0-2015 : 03/07/2017) - (. X
Ik Cancel i Previous Ned A
Br Mo n Sb Ba La Sm Eu w End Check
Na (W Ar K Ca Cr Mn Fe Cu Zn Ga As
mg/kg Energy SCK7V:1 SCK7Vv:2 SCK7V:3
Na Na-24 1368 6 SV 2 84564F -1 2,82455E-1 <2 1455€-1
-» without interfer. corr 2.82497E-1
27540 (1) 2.58236E-1 2.70610E-1 ~3bI6IE 4

Threshold Reaction Interferences
Al < 100% nterference «1.40000E+4 <1.40000E+4 <1.40000E+4

Epl Thermal Self Absorption Correction
Gepl NaMNa-24 1.00000E+0 1.00000E+0 1.00000E+0

Nuckde Average
Concentration 27779261 2.73186E1 2. T7T987E-1
Expected StnDev % 1.75796E-1 8 86504E-1 1.79357E1
Observed StnDev % 1.31303€+0 4 775050 2.08067E+0
Extended Uncer % 3.15806E+0 3.16190€E+0 3.15790E+0 -
LD 4 44306E-4 2.17916E-3 4 44306E-4 1.34919E-1
— ____Blank Subtracton
Contaner R - R
Blank correction - 408028 4 408821 4 -2 A0882E 4

Element Average
Concentration 27779261 2 73186E1 2.T7967E-1
Expected StnDev % 1.75796€-1 8 86504E-1 1, 79357E-1
Observed SinDev % 1.31303€ <0 4 77505E+0 2. 08067E+0
Extended Uncer % 3.15806E+0 3.16190€E+0 J15790E+0 -
LD element 4. 44306E .4 2.17916E-3 4 44306E-4 1.34919€-1

v
< >

Figure 3.36: Input screen for selecting analytical gamma lines and performing'
corrections.

The threshold interference correction factors (see below for the definition)
should be available in a file with the name "reactor’& “channel’.par. This file is
of course specific for each reactor channel. Per line the Nuclide, Element,
interference correction factor and uncertainty is given (see Fig. 3.37B). The
program will know from the irradiation data given which file to take. The file is
stored in the start-up directory of the program (see Fig. 3.37A).

Fission interference will also be presented this way. The data is automatically
generated.
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i, Read Kayzero Files X - O
A » Local Disk (C:) » KayWinV3 v O Search KayWinV3 PR
Organize + MNew folder =~ W @
- Downloads " Mame Date modified Type ~
b Music [ BRTV4.PAR 6/30/2002 23:00 PAR File
&=/ Pictures d BR1584.PAR £/30/2002 23:00 PAR File
g Videos SCKTV 2/20/2017 22:15 File folder
i Local Disk (C) SCK4V 1/9/2017 21:02 File folder
SCK3V 1/9/2017 21:02 File folder
= Local Disk () SCK2V 1/9/2017 21:02 File folder
¥ Network SCKIW 1/9/2017 21:02 File folder
LU 4 >
File name: | C:\KayWinV3\R v| | Threshold Interference Cerrection Files
Text files
Plot files
Blank Correction Files
[ Reactor Channels File
Threshold Interference Correction Files
Detector Calibration File
! Detector FWHM File
| (Do not change by hand) Detector PTT File
(Do not change by hand) Detector Reference Efficiency Files
Threshold Reactor kD-factor File
Relative Fc factor File
Flux Variatien File
7 Kayzero for Windows V3.30 () - [BR1Y4.PAR) - O )4
L‘:'.‘.': File Samples Monitors Library History Reports SOLCOl Archive Tools Window Help - & %

Interfering threshold reactions: Huclide,Element.factor,uncertainity
Comment reactor channel:
Na—24 AL.0.000014,0.00001

Figure 3.37: A: Selecting the Threshold Interference Correction File;
B: Contents of a typical data file for threshold interference correction.

This interference correction factor is the apparent concentration of element X’
based on the given nuclide divided by the concentration of the interfering
element. In the case of the example of figure 3.37: if the matrix is 100% Al,
the apparent Na concentration (based on Na-24) is 14 mg/kg
(0.000014*100%) with an uncertainty of 1 mg/kg. In this case the correction is
significant even if only 0.1% of Al is present.
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The gamma lines that can be selected are only the recommended lines (kO
code =1). In principle the other lines can be used as well. If there is an
isotope with only tentative kO’s (the element will be marked with an *’) and
this element will also be shown.

In case the sample is irradiated and measured in the same sample vial then a
blank correction might be needed. The irradiation container can be entered in
the Irradiation Data- tab sheet. See Figure 3.23 for an example. In this case
the sample was irradiated and measured in the same “Spronck”-vial (R). The
polyethylene of this vial contains Cr. The blank mass of Cr in the vial was
determined and entered in a file named “R.BLK". These files are stored in the
efficiency directory and can be edited using Kayzero (See Figure 3.37A). In
figure 3.21 an example of the blank file is given.

.. Options - O X

Solcoi Special Parameters Absorption Data Screen Resolution
Directories  Calculation Parameters  Print Parameters  Energy Window/CalibrationCorr

Evaluation Parameters

Energy window for peak recognition } 0.70 in keV (one sided).
Peak width for background calc. (3) | 3.0 in FWHM
Maximum limit of detection [ 91.000 in %

£/ Area Error Calculation from spectrum

Concentration averaging: () No Weighing (® Weighing using w=1/(sd"2)

Select Analytical Lines Defaults

[T]8Blanc Subtration [ Epi-thermal self shadow
[/ Threshold Interference Correction [ Fission Interference Correction
0K Cancel

Figure 3.38: Default settings for corrections in the TooIs/Optidns menu.
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E Order : DEMO Sample : 1B (P:3;MELdEDTD; kO-2015 : 03/07/2017) = O X
1l Cancel T Prewiois Med |~
Br Mo n Sb Ba La Sm Eu W End Check

Ma ! ct Ar ! K ! Ca! Cr! M Fe Cu Zn Ga As

mg'kg Energy SCKTVA SCKTV 2 SCKTV:3
Cr Cr-51 3201 (1) <2 §31TE+0 5.23M3TEA B.IT3ITOEA

Epl Thermal Self Absarption Correction
Gepi CrlCr-581 - 1.00000E+0 1.00000E +D

Nuchde Average
Concentration 5 2BOTBE-1 - 5.23142E-1 5 2T384E-1
Expected StnDev % : 1.88159E-0 - 6.12914E+0D 1.97T705E+0
Obszerved StnDev % : 2.36741E-1 - - -
Extended Uncer. % : 3. 1M505E=D - 3. 11505E+0 3.1M505E+0
LD : 3.48266E-2 2931T7IEAD 1.26249E-1 3 48266E-2

Blank Subiraction
Container : - R R
Blank correction : - 2109921 —2A0B32E 1

Element Average
Concentration 5, 12583E-1 - 3. 12149E-1 5 2T384E-1
Expected StnDev % : 1,96 25E6E «0 . 1.22964E +1 1.97TOSE«D
Observed StnDev % . 1.06223E+1 - - -
Extended Uncer. % : 3. 11505E+0 . 3 -

Expected Standard deviation larger than 10%
LD element : 1 48 766E-2 2.931T3E-D Fove—reT o =
W
< >

Figure 3.39: Input screen demonstrating blank subtraction.

The blank value is considerable and should be taken into account. In figure
3.39 the Cr —concentration for measurement SCK7V:3 was corrected and the
other concentration was not corrected. This was done by selecting the blank
mass (use the cursor keys or mouse) and selecting/deselecting the blank
subtraction using the spacebar. A deselected is shown using the
strikethrough font. One can clearly see the effect. Due to blank subtracting on
the gamma lines the expected standard deviation on the remaining element
concentration is larger than 10%, this is marked the blue colored font. Due to
the subtraction for only one measurement the observed standard deviation is
larger than three times the expected standard deviation, this is marked with a
red font.

The program will also perform fission correction, this is based on a paper by
F. De Corte (2000). The data is stored in a file named (“Kayzero.Fis”), the
contents should not be changed. If the program detects a U-concentration
one will have the possibility to perform a correction by selecting the correction
value and pressing the spacebar.
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l‘::":r:}rder : DEMO Sample : 1B (P:3;M;ELJEQ.TO; k0-2015 : 03/07/2017) - O *
OK | Cancel  Frint Previous| | Mest @~
Br Mo Sb Ba Sm Eu w End Chack

Na ! =] Ar ! K! Ca! cr! Mn ! Fe ! Cu! Zn! Ga As
mg'kg Energy SCKTVA SCKNV2 SCKTV.3

Cu Cub4 511.0 (2) 8.64T96E-2 T.56249F 2 T ARARIE 4

13458 (1) <47151E-1 9.79124 Sd(peak)=11.7% Ml
Epi Thermal Seif Absorption Correction
Gepi Cu/Cu-84 1.00000E +0 1.00000E +0 1.00011E+D
Nuchde Average

Concentration 7.58802€-2 8.64B38E-2 7.56421E-2 TAB1T2E+1

Expected StnDev % : 3.64573E-1 2.18483E+0 3.69TD4E-1 1.35923E+0

Observed Smbev % : 1.55207E+1 - T.20386E-1 -

Extended Uncer. % :- 9. 50479E+D 0 SO854E+0 9.594T1E=0 9.59956E+0

LD : 6.0TE9TE-4 6.08465E-3 6.07TB5TE-4 2 66T51E+0

LD element 6.0739TE-4

Other Nuclide LDs

Cu Cu-68 Lo -

W
< >
E':Order : DEMO Sample - 18 (P:3;M;EL,dEQ.T0; k0-2015 : 03/07/2017) - O x

0Ok Cancel Frink Previous Mext  ~
Br Mo n Sb Ba La Sm Eu W End Check
Na ! cle Ar ! K! Ca! Cr! Mn ! Fe ! Cu ! Zn ! Ga As
mg'kg Energy SCKTV:1 SCKTV:2 SCKTV.3
Cu Cu-td 1.0 (2) R AL s RS
1345.8 {1} <4 T151E-1 —HFOdE g <5.5201E+1
Epi Thermal Self Absorplion Correction
Gepi : Cu/Cu-64 1.00000E+0 1.00000E+0 1.00000E+0
Huckde Average

Concentration - - - -

Expected StnDev % : - - - -

Observed SinDev % | . - - -

Extended Uncar. % : - - - -

LD 6.0TBOTE-4 6.0B465E-2 G.0TE9TE-4 2 BETS1E+D

e

Other Nuchide LDs

Cu Cu-66 LD - - -

W
< >

Figure 3.40: A:Before and B:after rejecting all results.

If one decides that no confident concentration value can be given based on
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the found gamma-lines/concentrations it is possible to deselect all lines and
give a detection limit. This is done by deselecting all lines using the spacebar
and then entering a detection limit by hand. In this case 0.1 is chosen as the
detection limit for copper based on Cu-64 (See Figure 3.40). There is a
minimum concentration found at the 511 keV peak, thus the maximum
concentration is lower than 0.1. If the detection limit entered is higher than
100%, then the element will not be printed in the output anymore.

The detection limits of other nuclides are always given in a short list. If there

are problems identifying nuclides/elements this is very useful to check your
results.

For fast selection of lines it is possible to use <CNTRL><Spacebar> to select
and deselect all lines and to use <CNTRL><Tab> to go to the next element.
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. Order : DEMO Sample : 1B (P:3;N;E;|;,dE0.70; k0-2015 : 03/07/2017) - O X

Ok Cancel Print Previous Next A
Na ! Cl! Ar! K! Ca! Cr! Mn ! Fe ! Cu! Zn ! Ga As
Br ! Mo In Sb Ba L3 Sm Eu w End Check
mg/kg Energy SCK7V:1 SCK7V:2 SCK7V:3
Br Br-80 61686 (1) 1.50676E-1 <3.6001E-2 -
6658 (1) «<3,2817E-1 <1,9857E-1
Epi Thermal Self Absorption Correction
Gepi : Br/Br-80 1.00000E+0 - -
Nucide Average
Concentration 1.50678E-1 1.50678E-1 - -
Expected StnDev % 1.14593E+1 1.14583E+1 -
Observed StnDev % : - - - .
Extended Uncer. % : 5. 44214E+0 S5.44214E+0 - -
LD : 360018E-2 6.72678E-2 3.60018E-2 -
Br Br-82 5543 (1) 1.42045€-1 1.12795€-1 1.09445E-1
6191 (1) 1.47964E-1 1.0724%E-1 3.75871E-2
-> without mterfer. comr. 1.11211E1 1.99742E-1
6984 (1) 1.48157E1 9.98580E-2 9.03074E-2
7765 (1) 1.41890E-1 1.13216E-1 1.10711E1
8278 (1) 1.63819E-1 1.22413E1 1.18178E-1
10440 (1) 1.54960E-1 1.15268E-1 1.17445E-1
13175 (1) 1.62928E-1 1.31507E1 1.22478E-1
14749 (1) 1.34344E1 1.29344E1 1.29926E-1
Epl Thermal Self Absorption Correction
Gepi Br/Br-82 1.00000E+0 1.00000E+0 1.00000E+0
Nuchde Average
Concentration 1.13726E-1 1.45293E-1 1.13801E-1 1.03425E-1
Expected StnDev % : 1.99093E-1 1.74587E+0 2.02992E-1 1.23675E+0
Observed StnDev % : 8.39214£1 1.75920£+0 2.3487TE-0 9.10205E+0
Extended Uncer. % 4.92417E+0 4.92044E+0 4.92426E+0 4.92229E+0
LD : 7.51937E-4 1.21673kE-2 7.51937E-4 6.50197E-3
-—_ Blank Subtraction
Container : R R R
Blank correction : —2408826 4 2409826 4 21088264
- ElementAverage
Concentration 1.13733E-1 1.45407€-1 1.13801E-1 1.03425E-1
Expected SinDev % : 1.99064E-1 1.72597E+0 2.02992€-1 1.23675E+0
Observed StnDev % : 6 44119E1 6.43066E-1 8.86998E-1 3.44025E+0
Extended Uncer. % : 4.92425E+0 4.93147E+0 4.92426E+0 4.92229E+0
LD element 71.519376-4 1.21673¢E-2 7.51937E-4 6.50197€-3
v
< >

Figure 3.40: Demonstration multiple nuclides for Br-80.

In Figure 3.40 one of the energies is printed in a green font.

This means that the interference correction for this line can be checked. By
clicking at this figure with your mouse a special form will appear as shown in
Figure 3.41. The standard interference correction is more or less qualitative
and meant for only nuclide identification. This option will allow a much better
correction and allows the user to check first the quality of the average
concentration of the interfering elements.
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L.
e

Interference correction for : Br Br-82

! |Element Conc. HNucl. Ensr . Code SCE?V -1 SCK?V: 2 SCETV -3
{|Br 1.12651E-1 Br-82 h19 .1 1 1.479604E-1 1 .11211E-1 1 _99742E-1
1|0ld correction factor 1.013 0.564
| [Ba ©&.43043E+]1 Ba-131 = g20.1 2 - — 7.92099E+1
0.812
" 6.05088E-3 W-187 618.3 1 — 1.69855E-1 -

i 0.036

Hew Corrected Concentrations for: Br Br-82

! |Br Br-82 6B19.1 1.4794%E-1 1 .07249E-1 3.75%B71E-2
1.000 0.964 0.188

Pleaze nake =ure the concentration for the =lementz (Ba, W) are correct before
i |accepting!

|
{
Accept Caricel Rezst

Figure 3.41: Quantitative interference correction.

You can accept the result or reset the old values. To make the best possible
result you should check the results of all involved nuclides.

After the last element has been checked the screen given in Figure 3.42 will

appear. Here the total spectrum count rate is given for each measurement as
well as the total spectrum count rate for the background.
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1.:'.“: Order : DEMO Sample : 1B (F:3;M;ELdEQ.TO; kO-2015 : 03/07/2017) = O x

Ok, Cancel Frink Presous Mext
Ma ! cl Ar K Ca Cr! Mn ! Fe ! Cu! Zn Ga Ag
Br ! Mo in Sh Ba La Sm Fu ! W End Check

Uze only Measured Concentrations
[] Audd non-measured con. Equi bo 100

[[] Add nor-meas. elemetns abs. cone.

Order : DEMO Sample : 1B

SCKMv:A SCKn:2 SCKTV:3
Detector DsSM2 DsSMz DSM2
Position : 2 1 1
Decay Time : 3hS5mi4s 19h45m24s 8d03h32m24s
Measurement time : 41m1is Bh41m22s 15h1B8m49s
Total cps SPECTRUM: B 23994E+2 3. 7TSTS0E+2 3. 3640BE+1
Total cps BGD 1.3022TE+D 1.3022TE+D 1.30227E+D
Vial Radius mm : 0.000 0.000 0.000
Vial Height mm : 0.000 0.000 0.000
Neutron Temp C: 20.0 200 40.0
Kth : 0.820 0.820 0.820
Mass g: 47359500 4739500 4739500

Gth comrection according to the onginal Kayzero-method.

Total Sum %,
Gth Initial  © 1.000 1.000 1.000 0.023
Gth last run - 1.000 1.000 1.000 0.023
W
£ >

F_ig'ure 3.42: Final screen of option Samples/Select/Reject analytical Lines

If the difference between the spectrum and the background count rate is large
then a new measurement after further decay might be sensible. A longer
measurement time might perhaps a way to continue if decay will not help.
You can also check the detector and the measurement position to see if you
can improve the analysis results.

You always need to pass this last tab-sheet before ending this session.

The edited data can be stored and used later for the combined report. It is
also possible to make a printout (or a .txt file) of the selections performed.

In this screen it is possible to do a correction for thermal neutron self

absorption. All concentrations will be corrected. It is useful to do this a few
times to see if G changes.
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3.6 Order Report

3.6.1Select Samples and Elements for Order Report

The final result of a neutron activation analysis is of course the report for the
customer. In many cases the customer is only interested in a few elements.
Select Samples and Elements for Order Report will give the operator the
opportunity to select elements, samples and measurements (see Figure
3.43). The selection can be printed in the end result and an additional general
systematical uncertainty can be added to the statistical measurement
uncertainty (see Tools/Options/Print Parameters), or the extended uncertainty
can be added to the normal standard deviation on the peak area’s. The
uncertainty can be given as a multiple of the combined standard deviation,
this is also provided in the Print Parameters. The used uncertainty
combination is printed per sample in the header of the table.

If needed the result can be prepared for an Excel file as well by choosing
'‘Excel' output. The elements can be selected using a drop down list. You can
add more than one element or choose ‘All'. If you do not want concentrations
to be rounded off you can un-check the ‘Round-off checkbox.

L REPCRT - PREPARE RESULTS (200) — O *

Order idertificabon or = DEMO [ Interierence Conection

Sample idenbfication or ™" [{p ¥ EA lotope | dentification
Measurement identification o |-

(] Add Exterded Uncertanty
] Add 35 % systematical ermor
] Excel Output

fA Round off based on SO

Elemeriis of Interest wm

.l:l.ﬂ .
Al
1ALL
A
QK Cancel A
Al

Figure 3.43: Input form for selection of samples and elements for an order
output.

You can add several samples to the same report, even with different
elements. Just don’t rewrite the result file but append to it.
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3.6.2Print Order Report

The results of Select Samples and Elements for Order Report are written to a
file. This file is read in the Print Order Report and converted to the desired
output (Figure 3.44).

= Kayzaro for Windows V330 () - [Order repart: DERO| - a *

'_'T'_.File Semples  Moniters  Library  History  Beporls  S0LCOI Ascheve Took  Window Help - & N

Ta: Vervecken, D[SH Resmarch. 61421

Subject : Heutrom Actiwation Analysis Besults (HAR)

Crdex : DEMO four ref @ 1)

lrradiations codss SLKTY

hpalyEis procsdurs Hih scoarding to the kl-stapdardization method
Edit

The uyncertainty 1= based on the =t
The Extended Oncertainty (15S0) cal
as wall as a general systematical

The final stapdard dewviasticm (SD) : b
The type of the final uncertainty Copy Table : RElerment, C:Samples CtieT
Copy Teble; R:3ample, CiElement Cirl=5
DEMO 1B
SCEMWb
Ix(Sh+3 . EX) Select 2 Cirl+ A
Ha mg-lg 0.278 £ 0.021 Left
S1 S © 0.15
Cl mg-kg 51.2 4.3 Right
AT mg- ks 0.83 £ 0,06
E EQ/S 6+ 11 Comrter
Cam ng- kg BS + 14 T -
Sc ng-g ¢ 0,07 e
Cr ng- kg 0.527 £ 0.041 Crla
e waka | 0183 + 0013 e Lol
Fe mg- kg 60.6 £ 4.5 Pramt Ctr=P
<o Bng-'g © 2
Hi ng kg © 2 Close Fomm Chrls X
Lot ng-kg « 0.1
In ngS kg B £ 7
28 ng-'g 13.7 £ 1.0
Ge mg< kg ¢ 0.5
AE ngs'g 1.5 £ 0. 22
Se ng-g o 40
Br mng- kg 0.113 £ 0.00%9
Rk ng-g ¢ 70
= My, s
| Ready’

Figure 3.44: Report output

You can see in Figure 3.44 the report output after selecting the elements. The
element and sample selection can be done multiple times.

By using the right mouse button a pop-up menu will appear. In this menu you
see the options Copy Table: R:Elements, C:Samples and Copy Table:
R:Samples, C:Elements. This will copy only the table from the report to the
clipboard. This makes it possible to use the data in for instance a Word-
document or an Excel sheet as a table.

The uncertainty is in this case equal to 2 times the combined standard
deviation in the peak area’s and a systematical 3.5% extended standard
deviation, shown here as 2x(SD+3.5%).
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4 SolCoi

SOLCOI is a part of Kayzero for Windows (originally: it was a separate
software program) that helps the neutron activation analyst and the gamma-
ray spectrometrist in determining efficiencies and coincidence correction
factors. SOLCOI calculates effective solid angles and coincidence correction
factors. The efficiency computation method involves extensive calculations
resulting in effective solid angles which are stored in data files (see
Appendix 1).

The SOLCOI user is expected to be familiar with the efficiency computation
technique of the INW*. For a practical guideline in applying the efficiency
computation method see the 'VADEMECUM FOR Ko USERS' by De Corte
and Simonits 3. A short explanation is given in Chapter 4.1.

All steps needed for the calculation of effective solid angles and coincidence
correction factors are given in Chapter 4.2.

In Chapter 4.3 the fine-tuning of two detector dimensions is demonstrated
and in Chapter 4.4 the curve fitting of the reference detection efficiency ¢
and the peak-to-total (PTT) ratios is presented.

For extra help users can consult the Appendix, where detailed information is
given on all algorithms and data file formats.

The detector calibration and fine tuning can be best done on measured data.
However if a detector calibrastion has been done for kO-IAEA, this data can

be used also. Ko-IAEA has an output function for efficiencies on all positions
including PPT-data.

4.1 General procedure

Before effective solid angles and coincidence correction factors can be
calculated the reference detection efficiency €y and the peak-to-total (PTT)
ratios have to be measured accurately. The reference efficiency has to be
measured with calibrated point sources at the reference position at a
minimum distance of 15 cm from the detector in order to avoid true
coincidence effects. The PTT ratios have to be measured for every position
using point sources. It is essential that all the efficiency calibration sources
have the same 'calibration' geometry. If this is not the case, the efficiencies
measured using the different geometries have to be converted using
calculated effective solid angles.
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This program can fit the detector calibration measurement data (log €p or log
PTT vs log Ey) and store the fit data in standard files for the fitted reference
efficiency and the PTT ratios. Before starting the calculations the dead-layer
and the vacuum gap of the detector have to be determined using
measurements and the fine-tuning procedure.

If ready one can compute the detection efficiency for nearly any source using
the reference efficiency curve and the effective solid angles for the calibration
source geometry at the reference position and the effective solid angles for
the source (see Vade Mecum and Appendix 1). The SolCoi-options for each
of the above mentioned steps are shown in Figure 4.1.

%, Kayzero for Windows V3,12 (DSM Soft Licence) — O X
File Samples Monitors  Library  History Reports | S0LCOl  Archive Tools Window Help

Input Source/Detector Data

Calculate ¥
Show Input/Output Data

Show Data Lists

L

Print Efficiency/Coincidence Data

Fit Reference Efficiency or PTT curve ¥
Fine Tuning
- O >
rorts | SOLCOl Archive Tools Window Help
Input Source/Detector Data
Calculate
Show Input/Output Data
Show Data Lists
Print Efficiency/Ceincidence Data >
Fit Reference Efficiency or PTT curve *
Fine Tuning
UnLock Solcoi Options

Figure 4.1: Main Menu of SOLCOI

For file locations and for file formats see Appendix 2. The data directory of
SOLCOI can be checked/changed with Tools/Options/SolCoi. You can make
this directory the same as the efficiency data directory of KAYZERO if you
like or select a ‘temporary’ directory.
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4.2 Effective Solid Angle and Coincidence Correction
Factor Calculation

4.2.1Data input and calculations

Data input and calculation options are grouped in the Input Source/Detector
Data; this is the first option of the SOLCOI-menu (see Figure 4.1).

After entering the detector/source-holder data and the reference source
geometry data you can calculate the reference effective solid angle data
using Calculate/Reference Effective Solid Angles (see Figure 4.2). This is
done only once after calibrating your detector.

For computing all the other effective solid angles you have to use
Calculate/Effective Solid Angles and Coincidence Factors.

orts | SOLCOI | Archive Tools Window Help

Input Source/Detector Data |
Calculate > Reference Effective Sclid Angles
Show Input/Output Data
Show Data Lists

The ocptions below are precalculate solid angles and CO| factors.

Effective Solid Angles and Coincidence Correction Factors

w

Print Efficiency/Coincidence Data

Fit Reference Efficiency or PTT curve >

Coincidence Correction Factors

Fine Tuning

Figure 4.2: The Calculate menu.

The coincidence correction factors are calculated using the full-energy peak
efficiency ¢p; the total efficiency (=€, / PTT) is calculated according to [3].

If you would like to calculate only the coincidence correction factors you can
use : Calculate/Coincidence Factors.
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4.2.2Data input for a detector/source-holder combination.

Using Input Source/Detector Data (see Figure 4.2) you can enter all relevant
detector and source-holder data. You can select detector data using the drop-
down list or by typing the name of the detector (max. 4 characters).

% Input Detector/Source Data - O x
Mame DSM2: PRET 42,72 w
DEMO . DEMONSTRATION
DSM2: PRET 42.7%
(@) Detectors
() Sources
Cancel
Input Files
Solidtngle Output 0K

Coincidence Caorrection Output

Figure 4.3: Detector data input, choosing a detector.

When you choose a new detector name the program will show a screen like
the one in Figure 4.4. If you press <No> all detector data will be reset and if
you press <Yes> the data of the detector last used (since the start of the
program) will be used. Pressing <Cancel> will cancel this option.

Information pd

o Datafile not found: use previcus data? (Mo=reset)

es Mo Cancel

Figure 4.4: Input after selecting a new unknown detector.
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|
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|
o Vacuum Gap
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Can _
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, [ Active
g : g Crystal
Inert Core :
i

Figure 4.5: Detector Dimensions and explanation of descriptions used in fig.
4.6.

You can then enter the detector geometry, detector material and the source
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holder geometry (see figure 4.5) using the screen given in figures 4.6. All
units are Sl units.

7 Solang/Coincidence Detector Parameters — O *

Detector Code D5k2

Comment F'IEj::E.:T 42.7% | Last Modification  29/09/1396 17:40:27

ser | Robbert van Sluijs |

Detector Crystal

Dietector bype |3: hwper pure with coasial cavity e |

Crystal Material |Germanium | Density (kg/m3) | 5350.000 |

Crystal Radius [mm] | 30810 | Height [rarm] | E2.060 |

Cavity/Care Radius [mm]| 4.000 | Height [rarm] | 40.000 |

Yacuum Gap (mm) | 5.280 | Pulze Shaping [us] | 4.000 |

Abszorbers Material Density [(kg/m3) Thickness [mm]

Contact Layer | | | 0.000 | | 0.0a0 |

Source Suppor | PhbA, | 1180000 || 2300 |

Detector Can | Copper | |8az0.000 | | 0500 |

Top Dead Layer |Germanium | |535uuuu | | 0.760 |

Other | Delin | 1410.000 | | 1000 |

Platform Mumber of positionz Refererce Position 0

Positions 1 2 3 4 ] B 7 a g 10
Distance & [mm) 0000 | §1.500 | 142,250/ | 254,000/ |349.000) | 0000 || 0000 || 0000 || 0000 || 0000 |
Air layer between can and top of the source platform [mm] | 2.800 |

Energies Murnber of Energies

Energy (ke | 400 || 500 || s00 || 800 || 1000 || 1500 || 2000 || 3000 || 4000 || 5000 |

| EO0.0 || 000 ||1nnn_n| | 1ﬁnn_n||2nnn_n| | 3nnn_n| | 35E|IZ|.IZ||

(]9 Cancel Print

Figure 4.6: Detector and source holder dimensions. Cavity/Inert core: the
single open-ended detector (type 1) has a core and the hyper-pure detector
(type 3) has a cavity with a contact layer.
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., Enter a material composition — O >

(®) Select Material | »
ABS

Chernical Formula Air
* DiMF

Mate: Select a predefined mateP

Rezin
water

k. Cancel

Figure 4.7: Material Composition Input, entering a predefined material,
showing the drop-down list.

You have to enter the composition and density of the materials of which the
detector, dead layer, detector can, etc. are made for the determination of the
linear absorption coefficients. Mass-absorption coefficients of all elements are
stored in data files®. If you click on the material input field a form like figure
4.7 will appear, if you click a drop down list with material will appear.

Materials can be composed using Tools/Material Compositions/Edit Materials.

., Enter a material composition — O >

() Select Material

(®) Chemical Formula |EE

Mate: Enter the chemizal bruto farmula of a meterial. [f the formula is incorect the input figld will
turn red!, & chemical formula iz always preceded by "8,

k. Cancel

Figure 4.8: Entering a material composition by giving the bruto chemical
formulae.

You can also enter a material composition by giving the bruto chemical

formulae, see figure 4.8. The crystal radius and height is including the dead-
layer thickness (see Figure 4.5).
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The detector parameters include also the source holder parameters and the
energy range. On the previous input screen (Figure 4.6) you can enter the
number of energies and the number of source holder positions. Typical
values for these parameters are 17 and 5 respectively. The maximum number
of energies is 20 and the maximum number of positions is 10.

Distance A is the distance between the top of the source holder foot to the
bottom of the platform (see figure 4.5).

Position 1 is considered to be the lowest position (closest to the detector). In
this position the platform is on top of the source holder (see figure 4.5 and
4.6), and distance A is then zero. Any distance through air in this lowest
position has to be entered also, see the next row.

You can print the input for your own archive by pressing <PRINT> and leave
the screen by pressing <OK>.

This means that the date and time of modification will be changed and hence
that all previously calculated effective solid angle data (solang data) are
invalid and have to be recalculated when they are put in the list for batch-wise
calculation Solcoi/Calculate. When a chosen detector and source
combination are not modified the previously calculated SOLANG and
COINCALC data will not be recalculated.

The detector and source parameters are independent of each other, so all
source data files can be combined with all detector data files.
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4.2.3Data input for a source geometry

The combination of source geometry Sample
parameters has been chosen in such a
manner that every source can be

Vial

‘placed' on practically every \
detector/source-holder combination.

Detector and source geometry

parameters are completely 8

independent.

Figure 4.9: source.

The source dimensions are shown in Figure 4.9. A source name may contain
up to 3 characters. The input of a source name is identical with the input of a
detector name (see Figures 4.4). After selecting the source name the source
parameters can be checked or edited. In Figure 4.10 the vial parameters, the

source material and density are given.

Last hodification 21/0841993 13:45.45

Vil Wall Material | #C2H4 Density (kg/m3) |300.000 |

Iriver Radius () | 2500 Irirver Height [rrm) | 1.000 |

Side Thickness (mm) | 0.750 Battom Thickness [mm]| 0.650 |

Distance (mm) | 0.000 [from wial bottom to platfarm]

[ Matris Interpolation Yial Yolume: [mi) 0.o20

Fay attention to the filling height when uzing matrix interpolation,
M atris interpolation can not be uzed for point zources,

Source Material |."-‘l.luminum |
Dersity 1 kg/m3) | 27020 |

" Solang/Coincidence Source Parameters — O x
Carmment |.-’-‘«u-.-’-‘«|-wile in spronckevial |
User |DV |

Figure 4.10: Input screen for vial/lgeometry parameters.
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3, Solang/Coincidence Source Parameters — O >

Comment |t_l,l|:|e 5. 10 ml [polvstyrens kO-zample wial] |
zer |Fi|3 Ras DSM Rezearch |
Last Modificatior 03/1041996 12:28:02

Vial'wall Material - |[HC2H4 Dersity [ka/ma) 1050000 |

Irmer Fradius [mm) | 18180 Irver Height [mm] | 10,400 |

Side Thickness [mm) | 1.500 Battarn Thickness [mm]| 1.000 |

Digtance [mm) | 0.000 [fram wial battam ta platfarm)

b atrix Interpolation *ial Yolumne [rl] 10,733

FPay attention ta the filing height when uging matris interpolation.
b atrix interpaolation can not be used for point zources.

Source b aterial |1¢Si02

Density 1 [kgfm3) 200.0
Denzity 2 (ka3 1000.0
Dengity 3 [ka/m3) 2000.0
Density 4 [kg/m3] 4000.0
Denzity 5 [kafm3] a0a0.0

Figure 4.11: Material composition and density in the case of matrix
interpolation for vial type S.

If you check the "matrix interpolation"-check box (Figure 4.10), you can enter
more densities for the creation of a matrix interpolation dataset (see Figure
4.11. For an explanation of matrix interpolation see Appendix 5. This range
of densities can be adjusted to the most commonly used source compositions
and densities.

The source is in the case of matrix interpolation in fact a vial that can be filled
with materials having, in principle, any composition and density. The only
prerequisite is that the filling height (volume), in these standardized counting
geometries, is always the same. If matrix interpolation is turned off (see
Figure 4.10), the program calculates the standard effective solid-angles for
the specified sample material and density.
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4.2.4Material composition input

The materials to be analyzed or the materials of construction of source
holders or detectors may have complex compositions; rather than being
composed of one single element, they may be mixtures of elements or
compounds. For this reason SOLCOI offers the possibility to enter chemical
formulas as input for material compositions. In the case of more complex
chemical formulas or compositions of different compounds this is still difficult;
for this reason SOLCOI contains an option for predefining materials. For data
management of these materials you can use Option Tools/Material
Compositions/List of materials and Edit Materials (see Figure 4.12).

/e Tools Window Help

Energy Calibration Series of Spectra
Energy Calibration Per detector
Spectrumn Plot

Material Compositions * List of materials
Thermal Meutron Self Abscrption Edit Material
Print Background PTF's *

Show Flux Curve

Spectrurn Export

Options

Figure 4.12: Material composition options.

To obtain a list of material compositions you can use Option Tools/Material
Compositions/List of materials. This list contains all the material compositions
available as well as the composition data (see Figure 4.13).

3 Kayzero for Windows V3,12 (DSM Soft Licence) - [User Defined Material Compositions] — O >
:i-:_':File Samples  Monitors  Library  History  Reports  SOLCOlI Archive Tools Window Help - & =

MATERIAL DATA FILE: naa 20-02-2017 14:01:06

MATERIAL : COMPOSITION

ABS DORCC B3 .6X). EN{ O 7.0X). #H( 94X

Air D00 21.0%), RNC 79.0%)

DHFE o #C( 49 . 3%), FHC  9.6X). HN( 19 2%, #0({ 21.9%)
Delrin o RCHZ2O(100.0%)

PMMA o #CSHAO2(100.0%)

Resin o #C16H13(100.0%)

IIJater o ®HZO0100. 0%)

Figure 4.13: Material compositions list.
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Using Tools/Material Compositions/Edit Materials you can predefine materials
and enter, modify, delete and print compositions. Material compaositions that
have to be entered or modified are chosen using the drop down list. The data
input screen is given in Figure 4.14.

7 Edit Material Compaosition - O =
M aterial Mame |E - |
Chemical form / element ‘wheight fraction in &
HC || 83600 |
kD | | 7000 |
|#H | | 9.450 |
| || o.o00 |
| | | 0000 |
| | | n.ooo |
| | | n.ooo |
| | | oo |
| | | n.ooo |
| | [oom |
Mass absorption Coefficient 1000 kel 1 ooEgss m2/ka
] 4 Cancel Delete

Figure 4.14: Material composition input screen.

Material compositions can be deleted using the <Delete> button.

The material composition data are stored in a file. It is possible to make more
than one data file. Change the material data filename and directory in option

Tools/Options/Absorption Data. If you enter a new name then a new file is
created.
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4.2.5Calculation of the effective solid angles for the reference
position.

The reference efficiency is measured using a standardized source geometry,
a so-called reference source geometry, which in most cases is a point source.
All sources used for the measurement of the reference efficiency must have
this same geometry. The measurement is performed using a specific position
on a given source holder. The above definition gives all relevant information
necessary for computing the reference SOLANG data. For the data that have
to be entered, see Figure 4.15. The calculations can be performed batch-
wise.

7 Calculate Reference Effective Solid Angles — O x

Calibration Source Detector Reference Position

PTE : PTBasference sour | |DSM2:PGAT 427% | |0 |
| V] V] [ v]
| v] | V][ v
| V] V][ v]
| ]| V] [ v]
| V] | V][ v
| V] V][ v]
| v] | V][ v
| V] V][ v]
| V] | V] [ v

] Cancel

Figure 4.15: Input screen for reference effective solid angle calculation.
Before the calculation is performed the estimated computation time is

displayed. If a computation has already been performed it will only be
recalculated if the data of the source or the detector have been modified.
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4.2.6Calculation of the effective solid angles and coincidence
correction factors.

Using Option Calculate/ you can calculate effective solid angles and
coincidence correction factors (Figure 4.16). If you enter detector names and
source names the calculations can be performed. It is also possible to give a
wildcard (“*”) at the sources input field. Ten detector/source combinations can
be entered. The expected calculation time will be displayed before the
calculations are started. Cancelling the calculations is not possible, however
you can quit the program (<Ctrl><Alt><Delete>) and the program will
continue were it stopped if you restart the calculations.

3. Calculate Effective Solid angles and Coincidence Correction Factors — O >
Source Detector
PTE ~| |DsM2 v |

|- V|

o

Figure 4.16: Input screen for effective solid angle and coincidence correction
factor calculation.

If a computation has already been performed it will only be recalculated if the
data of the source or the detector were modified.
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4.2.7Printing the input and result data

All input data for and results of the calculations can be displayed on screen or
printed on a printer. The print data menu (see Figure 4.17) gives all the
possibilities.

3. Show File List — O *

MHame

() Detectars
() Sources

(®) Input Files
() Solidingle Output 0K

i) Coincidence Carection Output

Cancel

Figure 4.17: Print Data Input.

You can choose the name of the file to be printed using the drop down list. If
all files should be printed, enter <*>. If all matrix interpolation input files for
source D on detector DSM2 should be printed, enter “"?2DDSM2".

You can choose which kind of data file you want to print by checking the
options on the left of the form.

For an explanation of the format of the files see the end of Appendix 2.
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4.2 8Efficiency curve and Coincidence correction factors

The effective solid angles in combination with the reference efficiency are
meant for the computation of efficiencies by KAYZERO and NATACT. In
order to investigate whether the calculation was correct the efficiency curves
can be printed and plotted and coincidence correction factors can be printed,
see Figure 4.17.

Using option SOLCOI/Print Efficiency/Coincidence Data/Efficiencies you can
also calculate efficiencies for activity calculation programs. The detector
calibration file format of Sampo/Sampo90 is supported.

Before making a plot or print of the efficiency curve you have to enter a
detector, etc. using an input screen as in Figure 4.17.

7 Efficiencies — O s
Detectar |D5M2 v| Energies: | 40.0 | | 000 |
Geametry D v | 500 | | Booo |
Pasitian | v | 00 || 10000 |
Composition HC2H4 | | 800 | [ 15000 |
“weight [gram) |0.70000 | | 1000 || 20000 |
[ Make 5ampo (.COF] Detector Calibration File | 1500 | 30000 |

| 2000 || 35000 |
| 3000 | | 40000 |
— | 4000 | | 50000 |
| 500.0 | | 50000 |

Figure 4.18: Input screen for printing and plotting an efficiency curve.
If the input is not correct the program will give some remarks.

The printed outputs are given in Figures 4.19. The energy values for the
printed efficiencies can be specified using the input screen of this option.
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X Kayzero for Windows V3,12 (DSM Soft Licence) - [Efficiencys and Coifactors DSM2 D 2C2... O x

ELFile Samples Monitors Library Histery Reports SOLCOl Archive Tools Window Help _ &5 x

Efficiency of geometrv.-wial D on DSMZ2

Samnple #C2HA ., weight 0.700
DATAFILES USED AT 20-02-2017 14:40:05
EFFDATA~EFFDSMZ DAT 30062002 13:00:00
EFFDATA~PTTDSHMZ2 DAT 30062002 13:00:00
EFFDATA-DSH: SCOL 30-.06-2002 13:00:00

EFFDATA~1DDSHZ SOL 30062002 13:00:00

EFFDATA~2DDSHZ SOL 30062002
EFFDATA~3DDSHZ  SOL 30-06-2002
EFFDATA~4DDSHZ SOL 30-06-2002
EFFDATA~SDDSHZ SOL 30062002
Frogram version V3. 1lZ

Energy-keV Poszition 1 Position 2

coo-on
c0oan
Q0. an
Q0. an

Po=zition 3 Pozition 4 Position &

40.0 0.000%685 0.0003429 0.000085e 0.0000304 0.0000176
50.0 0.0048591 0.0014374 0.0003378 0.0001188 O0.00006%86
60.0 0.013%9616 0.0034670 0.0007943 0.0002783 0.0001606
g0.0 0.0420720 0.0088872 0.0020121 0.0007055 0.0004075
100.0 0.0676684 0.01343856 0.0030724 0.0010828 O0.0006267
150.0 0.0874497 0.0170649 0.0040122 0.0014375 0.0008374
200.0 0.0779902 0.0154358 0.0037227 0.0013510 O0.000790%2
300.0 0.0570825 0.0115678 0.0028673 0.0010550 O0.0006208
400.0 0.0465520 0.0095518 0.0023972 0.0008875 0.0005235
500.0 0.0328438 0.0080392 0.0020342 0.0007562 0.0004467
600.0 0.0335285 0.0069374 0.0017792 0.0006635 0.0003924
g00.0 0.0268946 0.0056643 0.0014560 0.0005455 0.0003232
1000.0 0.0225450 0.0047856 0.0012385 0.000465e 0.0002762
1500.0 0.0163866 0.0035260 0.0009230 0.0003489 0.0002074
2000.0 0.0131177 0.0028447 0.0007494 0.0002842 0.0001691
3000.0 0.0095240 0.00209%64 0.0005560 0.000211e O0.0001261
3500.0 0.0085426 0.0018722 0.0004972 0.0001894 0.0001129
4000.0 0.0077469 0.0016997 0.0004518 0.0001721 0.0001026

Figure 4.19: Printed efficiencies for vial D filled with 0.7 gram of #C2H4 (a
resin) for all 5 positions of the source holder of detector DSM2.

%7 Kayzero for Windows V3,12 (DSM Soft Licence) - [Efficiencysand ..  — O *
::{,‘,':File Samples Monitors  Library  History  Reports  SOLCOI  Archive Tools
Window Help - & %
DAT1 1993 1 1 0 0 0O

DATZ 1993 1 1 0 0 0

EFIN 50.00 1.437379E-30.000000E+0

EFIN 60.00 3.467045E-30.000000E4+0

EFIN g20.00 8.887333E-30.000000E+0

EFIN 100.00 1.348557E-20.000000E+0

EFIN 150.00 1.706486E-20.000000E+0

EFIN 200.00 1.5435B80E-20.000000E+0

EFIN 300.00 1. 156778E-20.000000E+0

EFIN 400.00 9.551769E-30.000000E+0

EFIN 500.00 8.039193E-30.000000E+0

EFIN £00.00 £.987375E-30.000000E+0

EFIN 800.00 5. 664271E-30.000000E+0

EFIN 1000.00 4.785635E-30.000000E+0

EFIN 1500.00 3.526031E-30.000000E+0

EFIN 2000.00 Z2.844742E-30 . 000000E+0

EFIN a000.00 2.096350E-30.000000E+0

EFIN 3500.00 1.872202E-30.000000E+0

SOLCOI zource D on detector DSHZ on position 2

FOLCOI zamnple #C2H4, weight o.7oo

Figure 4.20: Detector calibration file for vial D filled with 0.7 gram of #C2H4 (a
resin) at position 3 on the source holder of detector DSM2.

The detector calibration (SAMPO efficiency calibration file) for the same
source at position 2 is shown in Figure 4.20.

Coincidence correction factors can be printed using SOLCOI/Print
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Efficiency/Coincidence Data/Coincidence Correction and Efficiencie. The
input is essentially the same as the input for efficiencies. The only difference
Is that a list of isotopes or one specific isotope has to be entered (see Figure
4.21) and no energies have to be selected.

0 Efficiency and Coincidence ... — O et
Detector |DSM2 w |
GEeometrny |D - |
Pozitioh |2 o |
Composition | HC2H4 |
weight (gram) |0.70000 |
|sotape List |CONVE v
Specific: lzotope [ar ALL) |.f-".LL e |

Figure 4.21: Input screen for printing coincidence correction factors.

The isotope lists are located on the efficiency data directory (EFFDATA") and
may be modified. The coincidence correction-factors can only be printed for
the isotopes and energies in the list COIV4.CLS. The efficiency is also given
for the gamma energies of the isotope.

The output for Na-24 is given in Figure 4.22.
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3, Kayzero for Windows V3,12 (DSM Soft Licence) - [Efficiencys and Coifactors ... — O *
AL File  Samples Monitors Library History Reports SOLCOl  Archive Tools Window

Help -8 X%
COINCIDENCE COREECTION FACTORS AND EFFICIENCIES (20-02-2017 14:44:013

Geometry D on DSH2
Sample . ¥C2H4 . weight n.700

DATAFILES USED AT 20-02-2017 14:44:01
EFFDATA~EFFDSHMZ DAT 30-06-2002 13:00:00
EFFDATA~PTTDSHZ . DAT 230-06-2002 13:00:00
EFFDATA-DEMZ? SOL 30062002 13:00:00
EFFDATA~1DDSMZ2 . SOL 30-06.-.2002 13:00:00
EFFDATA~1DDEM2 . COT 30-06.-2002 13:00:00
EFFDATA~Z2DDSMZ . SOL 30-06.-2002 13:00:00
EFFDATA~Z2DDSEM2 . COI 30062002 13:00:00
EFFDATA~IDDSMZ2 . SOL 30-06.-2002 13:00:00
EFFDATA~IDDSM2 . COT 30062002 13:00:00
EFFDATA~4DDEM2 . SOL 30-06.-2002 13:00:00
EFFDATA~4DDSM2  COT 30-06.-2002 13:00:00
EFFDATASDDSMZ . SOL 30-06.-.2002 13:00:00
EFFDATAS~SDDEM2 . COT 30-06.-2002 13:00:00
Frogram wersion @ V3. 12

I=otope : HAZ24

Energyv | COIN. EFF.
eV | Corx .
|Po=s 2

1368 .6 0.979 3. 77E-3
2754.0 0.977 2.23E-3

Figure 4.22: Coincidence correctionfactors and efficiencies for Na-24 for a
sample in a type D vial at detector DSM2, position 2.

4.2.9 Showing all available input and result files

The Solcoi data files in the Solcoi directory can be listed using the
SolCoi/Show Data Lists option. When selecting this option you can enter a
wildcard or a name and select the type of data file list that you want to have
(see Figure 4.23).

%, Show File List — O =

M ame

() Detectars

() Sources Cancel
ahice

(®) Input Files

() Solidéngle Output 0K

() Coincidence Correction Output
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Figure 4.23: Solcoi/Show Data Lists option.

The file types are obvious however the Input Files need some explanation.
The calculations are performed using the INW programs SOLANG and
COINCALC. MS-Fortran programs need data files as input. These input files
are made by SOLCOI. In the case of matrix interpolation five input files are
made; one for each density (extension ".SIN’). A list of available input files is
given in figure 4.24. Per input file it is shown whether or not the SOLANG /
COINCALC calculations were performed; this is indicated using an
S(OLANG) or C(OINCALC) between brackets after the comment. By entering
“*DSM2’ as a wildcard only all inputfiles related to detector DSM2 are listed.

3 Kayzero for Windows V3,12 (DSM Soft Licence) - [LIST Input Files] — O >
ZLFile Samples Monitors Library History Reports SOLCOl  Archive Tools Window Help _ & x
AVAILABLE SOLCOI INFUT FILES (EFFDATA- : =DSM2) 24032017

Hame Date Comment

1DDSH2 30062002 type D in R, 5102

15DsH2 ID-06-2002 type S, 10 ml (polyvstyrense kl-sample wial) (SC)
2DDSH2 30062002 type D in R, S5i02 (S
25D5H 2 ID-06-2002 type S, 10 ml (polyvstyrense kl-sample wial) (SC)
IDDSH2 30062002 type D in R, S5i02 (S
ISDSH2 ID-06-2002 type S, 10 ml (polyvstyrense kl-sample wial) (SC)
4DDSH2 30062002 type D in R, S5i02 (S
45DSH 2 ID-06-2002 type S, 10 ml (polyvstyrense kl-sample wial) (SC)
SDDSH2 30062002 type D in R, S5i02 (S
ESDSH2 ID-06-2002 type S, 10 ml (polyvstyrense kl-sample wial) (SC)
ATDSHZ I0-06-2002 Au-Al-wire in spronckwvial (SC)

DSHZ 30062002 zreference solang =y
FTEDSHZ 30062002 PTB—reference =ource (SC)
ZRDSHZ ID-06-2002 Zirconium disc in spronckvial (SC)
number of . 5IH files found : 14

numnber of frese GBvtes : 24 .540

Figure 4.24: A list of available input files for SOLANG and COINCALC.
S(olang) and/or C(oincalc) indicate that the calculations were performed.
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Other lists are those of available detector and source data files, Figures 4.25
and 4.26. All these lists can be filtered using the standard DOS filtering
possibilities (e.g. DSM?). The standard filter is ** (using this means all files
are selected).

3 Kayzero for Windows V3,12 (DSM Soft Licence) - [LIST Detector files] — O ot

:i-:_':File Samples  Monitors  Library  History Reports  S0LCOI  Archive Tools  Window  Help - 8 X

AVAITABLE DETECTOR DATA FILES (EFFDATA~ : =) 150372017

Hame Date Time Comment

DEMO 30082002 22:00:00 demnonstration data
DSHZ 207022017 22:06:02 PGET 42 . 7%

number of .DET filesz found : 2
Fumher of fres GBytes : 24 .540

Figure 4.25: List of available detector data files (.DET).

3 Kayzero for Windows V3,12 (DSM Soft Licence) - [LIST Source files) — O >
ZLFile Samples Monitors Library History Reports SOLCOl  Archive Tools Window Help - 5 X
Hame Date Time Comment A
ATT ID-06-2002 22:00:00 Au—-Al-wire in spronckwvial

D I0-0e,2002 22:00:00 type D in R, Si02

FTE 0062002 22:00:00 FTB—reference =ource

5 ID-06-2002 22:00:00 type S5, 10 ml (polystyrense kl-=zample wi

ZR ID-06-2002 22:00:00 Zirconium disc in spronckwial

number of SRC files found : g

Fumher of free GBvtes : 24 .540

Figure 4.26: List of available source data files (.SRC).

When activating Tools/Options/Solcoi the results of the timing of the last
calculations made on this computer (see Figure 4.27) are displayed.

These data are used to predict the total calculation time before starting the
actual calculations using Solcoi/Calculate. The calculation times for the
effective solid angle calculations are given per position and per energy. They
are in fact the calculation times needed for the calculation of single results.
The coincidence correction factor calculation time is given for all nuclides and
energies for one position.
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7 Options — O
Print Parameters Special Parameters Absorption Data Screen Resolution
Directories Calculation Parameters Energy Window/CalibrationCorr, Solcoi
Directory for Solcoi Data |EFFDATA Select

This directory may be different from the efficiency data directory so test
calculations are not interfering with normal MAAwork.

CALCULATION TIMES (dd. 02/07/2002 23:08:55)

EFFECTIVE SOLID AMGLE CALCULATICON (for one position and one energy)

Point source - 1.153 seconds
Maon-Point source . 1.685 seconds

COINCIDENCE CORRECTION FACTOR TABLE
For one sample (1 position) : 5100 seconds

] Cancel

X

Figure 4.27: Calculation times (for an AMD 64 3000+).
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4.3 Fine tuning

The experimental determination of the vacuum gap and the dead-layer
thickness is essential for the use of the efficiency computation technique as
explained in the 'VADEMECUM FOR Ko USERS' (a part of this software
package, see website www.kayzero.com/download.html). The determination
of these parameters is called ‘fine tuning'. Fine tuning is performed by
measuring several sources (with true coincidence free gamma lines) on the
reference position and on positions closer to the detector. These sources do
not need to be calibrated sources. The count-rate ratio of measurements on
the reference position and a position closer to detector is used to check the
efficiency conversion for different positions carried out by this program.

The deviations between measured and calculated ratios are mainly due to the
fact that the vacuum gap and the dead-layer thickness are not well known.

The fine tuning in this program is performed after you have entered the
dimensions of the sources used for measurements and the detector (see
Chapter 4.2). First enter the measurement data. Either the measured count
rate or the count-rate ratios should be entered, see Figure 4.28.

. Fine Tuning — O X

Dietectar DEMO : demonstration datz Fine tuning - Measured Data E zisting Fine-T uning datal

Edit Meazured Data and Calculate

Energy Source Position 1 | Position (2 | Position 3 Postion (4 | Position u
595 PTB | [I6388330 || 28.26962 1046278 || 396378 100000 |
1221 | |[PTB | [ s538482 || 2628205 | agn7e || 3826%2 | 100000 |
6616 PTB | [ 6245110 || 2170819 | 84763 | [ 350534 100000 |
1ms5 | |pte «| [ fo.2se41 || 20079487 | a4e154 || 356410 C1.00000 |
0.0 -] [0ooooo | [ 0.00000 | 000000 || 000000 000000 |
0.0 «| | oooooo || oooooo 000000 || 000000 | 000000 |

b easu t Oata Calculate

Fine tune the values

Jzer Diata |rutiad Data Best Fit
Yacuurn Gap [mm) b _ _ ot N
Top Dead-Layer Thickness [mm] 03836 _ _
Do riot uze data deviatios more than 1
OF. Cancel Small Form
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Figure 4.28: Entering the fine tuning measurement values.

Based on the vacuum gap and dead-layer thickness supplied by the detector
manufacturer a matrix is calculated for several vacuum gap and dead-layer
thickness combinations. This may take a few minutes. Using this matrix of
calculated points and the measured data points a best fit is computed for the
desired parameters (see Figure 4.29).

Fire tune the values
Uger Data Iritial [ ata Best Fit
Wacuum Gap [mm) | S J _ _ Print Naw Resulls
Top Dead-Layer Thickness [mm] | 0.3636 [EElE EE
[ Do not use data deviating more than 10%
0K Cancel Small Farmn

Figure 4.29: Screen for changing the dead-layer thickness and vacuum gap.

If necessary you may change the values to find better suited values. Just
enter in the ‘User Data’-field your own guess for dead layer thickness and or
vacuum gap and press the <Print New Results>-button. The results of these
calculations are added to the automatically generated data given in Figure
4.30.
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X% Kayzero for Windows W3.30 (-] - [Fine Tuning: DEMO (1)] - O »
'_E:':l-'ilg Samples Monitors Library History Reports SOLCOI  Archive Tools Window Help = Il

[y
x

FINE TUWING DETECTOR : DEMO 05-08-2017 17:32:19
FINE TUKING MEASUREMERT DATA

Energy [keV] Source Fo=. 1 Po=. 2 Po=. 3 Fo=. 4 Fos. &
59.5 FTE 63.88330 2B.26962 10_ 46278 3.963748 100000
1221 FTE 6538462 2628205 9._87179 3.82692 1.00000
bkl b FTE £2.49110 21.70819 3. 64769 3.50534 1.00000
1115.5 PTE 50.25641 20.79487 B. 46154 3.56410 1.00000
0.0 0.oo0000 0.oo0000 000000 0.00000 0.00000
0.0 0.oo0000 0.oo00o 0.ooooo 0D.ooopoao 0.0oooao
Mean deviations after f{ine—tuning
Uzer choisze Initial Be=st guess
Vacuum gap [mm] : 8._6806 8._6000 B.6806
Top Dead-laver thickness [mm] - 0 3835625 0.3s00000 0. 3835625
Eff1-EffCE Eff2-7Eff& Eff3-Eff5 Eff4-Ef£5
Energy Exp. Calc Dew % Exp. Calc Dev. % Exp. Calc Dev. % kxp. Calc Dev. «
C3.C 63.88 563.96 0.1 28.27 28.04 -0.8 10.46 10.35 -1.1 3.9 3.93 -0.9
122.1 65.38 64.83 -0.9 26.28 2b6.606 1.5 9.87 9.92 0.5 3.83 3.84 0.4
66l.6 52.49 51.59 -1.7 21.71 21.80 0.4 8.5 8.71 0.8 3.%1 3.&0 2.6
1115.5 50.26 49.79 =0.9 20.79 21.17 1.8 B8.46 8. G5 1.1 3.56 3. 56=6.E=2
Mean X =0.8 0.7 0.3 0.5
Stnd , Dev, 0.0 1.0 0.8 1.3
Mean deviations after fine-tuning.
Uzer choise Initial Best guess
Vacuum gap [mm] : 8_6B06 B_e000 B_6B06
Top Dead=layver thickness [nm] : 0.3836000 0.3800000 0.3835625
Eff1-Eff& Eff2-Eff5 Eff3~Eff5 Eff4~EfES
Energy Exp. Calc. Dev. ¥ Exp. Calc Dev. ¥ Ezxp. Calc Dev. ¥ Ezp. Calc Dew. X
59.5 p3.8B8 63.95 0.1 28.27 28.04 -=-0.8B 10.46 10.35 =-=-1.1 3.9 3.93 -D.9
1221 65.38 64.83 -0.9 26.28 26.b66 1.5 9.87 9. 92 0.5 3.83 3. 84 0.4
6kl.6 52.49 51.59 -1.7 21.71 21.80 0.4 8.5 8.71 0.8 3.51 3.e0 2.6
1115.5 50.26 49.79 =0.9 20.79 21.17 1.8 B.46 8.55 1.1 3.56 3.56-6_E-2
Mean = -0.8 0.7 0.3 0.5
Stnd . Dav. X 0.0 1.0 0.8 1.3

[

Figure 4.30 Fine tuning results for detector DEMO.

For every measured count-rate ratio a calculated ratio is given, as well as the
difference between the two, expressed in %. The average difference (and the
standard deviation in the average) is calculated per position. If necessary the
deviations larger than 10% can be excluded from the average calculation
(see Figure 4.29). Itis obvious that the result of the fine-tuning in this
example is very good.

The matrix data set is used to calculate results for the user values so these
calculations are performed almost instantaneously.

The user selected 8 mm and 0.4 which is clearly not as good as the
estimated best values.
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4.4 Reference efficiency and peak-to-total ratio curve
fitting

The photopeak efficiency on a reference position and the peak-to-total (PTT)
ratio for all positions are determined using a large number of measurements.
This information is necessary for the calculation of coincidence correction
factors. In order to provide data for any energy the measurement data is
fitted.

Using sub menu SOLCOI/Fit Reference Efficiency or PTT curve (See Figure
4.30) you can perform the fitting procedures and store the resulting data on
disk.

e Kayzero for Windows V3,30 [-) - a -

File Samples Monitors Library History Reports  SOLCOI Archive Tools Window Help

nput Source/Dhetector Data

Calculate

Show Input/Output Data

Show Data Lists

Print Efficiency/Coincidence Data

Fit Reference Efficiency or PTT curve H Fit Curve
Save Fit

Check Reference Efficiency

Check PTT

Figure 4.30: Reference Efficiency and PTT Fit menu.

4.4.1Fit reference efficiency or PTT-curve

The reference efficiency and peak-to-total ratio curve fitting is performed in
such a way that the coincidence correction program (SOLCOIN, a part of
SOLCOI) and the NAA evaluation program (KAYZERO) or the activity
calculation program (NATACT) can use this data.

Before starting the curve fitting the measurement data has to be stored in a
comma separated ascii data file.

The extension of the file should be '.CAL' and for each measurement an
energy, a reference efficiency or a Peak-to-total Ratio, a standard deviation of
the measurement (optional) and a comment (optional) should be entered, see
Figure 4.31 for an example of a PTT calibration data file.
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o Kayzero for Wi. - O X

;:'.": File Samples Monitors Library

History Reports S0LCOI  Archive

Tocls Window Help o X
fa]

[59.5.1.02e-13
53.1.8.2e—4
81,1, 35%e-3
160.6.1. 473
223.2.1. 2be=3
276.4.1.11e-13
02 9, 1.03e-3
156 .9 . 12e-4

382.9.8. 634
121 .8.1.55e-3
244.7.1.21e=13
344 3.9 43e—4
I67 8.9 43e—4
411 3.8.03=—4
444.7 78e—4
B6d 5. 6. 78Ba—1
88 6,5 Tde—d
778.9.5 . 06e—4
BET 4.4 .74=—4 -

Figure 4.31 A Peak-to-total ratio measurement data file; only the energies
and PTT-ratios are entered.

The program automatically determines whether an efficiency curve or a PTT
curve is fitted by checking whether any of the measured values is higher than
0.2. It is assumed that absolute efficiencies of 20% are not possible for the
reference efficiency and that the PTT curve will have at least one value above
0.2.

= Fitting of Beference effaency or pesk-to-tota - | oy

Refmsencs elbciency of ek do-iolal data Be [EMOFER

) Aaliiirn Elbiane i) P12 T bl Rt

Region  Oeder of fit Energy 1egeon fos fiting [ke¥)
1 ann . 000

2 1 2000 . 10000

3 1 [=0i] . oL il

4 0 = an . oo

Figure 4.32: Reference Efficiency and PTT Fit Option.

You can choose from a list of available calibration data files before starting
the fitting procedure, see figure 4.32. After selecting the measurement data
set you should enter the fitting order of the polynomial per fitting region. You
can use at most four fitting regions, the maximum fitting order being 3.

An efficiency curve normally has a second order fit in the first region (20-300
keV), and one or two first order polynomials for the higher energies. A PTT
curve has approximately the same shape but only one linear fit for the
energies higher than 180 keV. Figure 4.34 Fitting output: Plot of PTT-ratio fit.
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E Kayzero for Windows V3.30 {-) - [PTT Ratios DEMOP1] B . -

= File Samples Monitors Library History Reports S0LCOI  Archive Tools Window Help - &8 x
Peak-to-total ratio versus energy: DEMOM 05082017 17.50:27
1 Ly
P
e —
= BREGEE
B, q
=
('R
a
Fo1
£
g %=
P === * - =pr=k=fxi=F4
5 10 1000 10000
(] Energy in ke
Keyzero for Windows

Figure 4.33 Fitting output: Plot of PTT-ratio fit.

When selecting the energy regions one should make sure that the energy
regions overlap. The fitting is performed per energy region. After fitting the
program automatically determines the borders of the regions by determining
the crossing points of the curves determined. To ensure that the curves will
cross or meet each other, the fitting regions should overlap. The fitting results
are plotted (see Figure 4.33) and printed (see Figure 4.34).

Chapter 4: SolCoi -86-



& Kayzero for W V3,30 Fit data DEMOP O
.y File Monitor . v Report Archive T lelp - & x
MEASURED PTT-RATIO DATA

Heaszurement data file name : DEMOF1

¥ Energy [keV] PTT—ratio [-] Error [¥] Comment

1 59.5 0.41300000 0.00
2 88.1 0.52600000 0.00
3 122.1 0.54800000 0.00
4 13e.5 0.52200000 0.00
5 511.0 0.24s00000 0.00
E 661.6 0.21200000 0.00
7 834.8 0.18300000 0.00
a8 11155 0.1s100000 0.00

FEAK-TO-TOTAL RATIC - FIT RESULTS : DEMOP1 05-08-2017 17:50:27
Energy region= 40.0 — 1029.9 — 3500.0 keV

First ensrgy region 40-1500 keV. order : 3

LOG{eff) = —-11.958682 + 14 520476 LOG(E)"1 - £.818886 LOG(E)"2 + 0.740477
Energy Pemak-to-total ratio Diff Stndev., Meas, Label
[leV] Mea=zured Fitted [*#] [#]
59.5 0.41800000 0.419399:24 -0.33 0. o0
ge.1 0.52e00000 0.52367068 0.44 n.0on
122.1 0.54800000 ©0.53951266 1.57 n.oao
136.5 0.52200000 0.53075179 -1 .65 n.oo
£11.0 0. 24600000 0.24837589%6 -1.11 o.on
Gl .6 0.21200000 0.20908720 1.39 n.oo
034.8 0.18300000 0.18274371 0.14 0.oo
1115.5 0.1el00000 0.1ele7148 -0.42 n.0on
Mean difference measured-fitted §.538E-3 %
Standard dev. neasured-fitted 1.05 %
Discontinuity at end of region | 1.324E-3 %

Second energy region 200-3500 keV, order : 1

LOoGiefft) = 0.8375934 — 0.549413 IOG(E)"1
Energy Feal-to-total ratio Diff . Stndev. Meaz_ Label
[lee=V] Measured Fitted [*%] [#%]
511.0 0.24600000 0.24428252 0.70 n.on
BEL. 6 0.21200000 ©0.211964065 0.02 o.oo
B34.8 0.18300000 0.18654288 -1.90 o.o0
1115 .5 0,16100000 0.15907966 1.21 0,00
Hean difference mneasured<sfitted b.989E=-3 %
Standard dew. mneasured-fitted 1.18 %
Owerall mean difference for this fit 0.21 =
Oyerall standard dew. for thi= fit 1.11 % "
< >

Figure 4.34 Fitting output: Measurement data and the results of the PTT-ratio
fit.
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4.4.2Saving fitted data in KAYZERO data file

The results of the curve fitting can and should be stored in data files. You can
use the Save Fit option, see Figure 4.30. The data is related to a detector so
you should only enter a detector identification code. If the dimensions of the
detector have already been entered you can the detector name from the list.

See Figure 4.35 for an example of saving a reference efficiency.

£, Store fit results in a PTT data file. - O X

Detectar DEMO : demonstration data w| Postion |1 ~

Fit Data

Energy Regions: | 40.0 - 1030 - | 3500

Eff = abzolute efficiency E = energy in ke
1  LOG[effl= | -11.958682 | + 14520476 LOGIE)- | 5.818886 LOGIE)"2 + | 0.740477 | LOGIE]"3

2 LOGe= | 0875334 | .[ 0549413  |L0GE)

1] 4 Cancel

Figure 4.35. Storing of reference efficiency fit results.

The curve fitting data is shown and, after you select a detector code, stored in
a data file. See Appendix 2 for the name and format of this data file.

In case a PTT curve is stored the position has to be given as well.

First curve fit data of position 1 should be stored in an empty file and then all
other positions can be stored successively.
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4.4.3Comparing stored reference efficiency fit or
peak-to-total ratio fit data with measured data.

The stored fitting results can be compared with the old measurement data
points to confirm that the data files are still valid or to print out the old fitting
results.

The program stores all fitting data in a file with extension ".FIT" so the fit can
be retrieved at any time. If the fit was not carried out by this program, the
program will ask for a data file name with the measurement data points.

The output is a print of the fit results and a plot (see Figure 4.36). In the case
of a PTT-ratio fit this is done for all positions and an additional plot of all PTT
curves is also given.

U Kayzero for Windows V3.30 (-) - |Efficiency DEMOREF] - O X
X File Samples Monitors Library History Reports SOLCOl  Archive Tools Window Help - & x
Reference efficiency versus energy: DEMOREF 05082017 17.49:55

0.01
&
= =S gs]a
L.001 I,
E o =T
L
o]
LT S SR B S I
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= 0= Py ey
T kL -
=5
ooy
) 0 10000
Kayzero for Wing

Figure 4.36 Comparison of measure efficiency data with the stored reference
efficiency fit .
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5 History of detector and reactor
calibrations

The quality control options in KAYZERO for Windows concern the detector
energy and efficiency calibration, the detector resolution and background and
the reactor calibration (see Figure 5.1).

2 Kayzero for Windows V3.30 (-) - 1 X
File Samples Monitors Library History Reports SOLCOlI  Archive Tools Window
Help Detector Calibration

Comparator Factors

Reactor Calibration

Figure 5.1: History of Detector and Reactor Calibrations Menu

5.1 Detector Calibration

Detector efficiency and energy calibration data can be monitored as a
function of time by regularly measuring a reference source. The basic data of
the source used have to be entered in KAYZERO. The detector calibration
measurements are treated as NAA measurements so an order file has to be
created first. A calibration order file can be recognized by the first three letters
in its name : 'CAL'". In Figure 5.2 the input screen for entering calibration
information is given. The source used for the calibrations should be a
radionuclide that is present in the KAYZERO library.

The calibration source and the background should be measured regularly.
The measurement data can be entered as a sample measurement using
Samples/Measurement, see figure 5.3. In the example almost every week a
measurement was performed and every two weeks a background was
measured. The data were stored in a file named 'CAL96'. The measurement
data (calibration and background spectra) were stored in the subdirectory
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CAL96.

=" Calibration File Input Form : CAL96 - O X
Calibration Description Energy calibration and eff. control, Eu-152 re. 3(1987)
|zotope Euw-152 v
Halflife [days) 4934 528
Achvity (kBq] 258 0000
Reference date 0./041987
Energy 1 [keY) 121.80
Energy 2 [keV) 778.90
Energy 2 [keV] 1408710

The 3 given gamma lines are used for efficiency, dift and Fw/HM manitoring.

Energed  [keVl 511.00

Energy 5 [keV) 1461.00

The last two gamma lines are used for background monitoning,

0K Cancel

Figure 5.2: Calibration file information input screen

The calibration measurements are performed weekly so the measurement
iIdentification and the spectrum name contains the week number: 'CAL96:01".
After entering the measurement data, the activities have to be calculated
using the calculation option Samples/Calculate.
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. Edit Data - O X
Orcler CALSE D ata directony: CALIEY
Sample DETZ Measurement Found

Meazurement  CALSED

Measwement Data  Uncertainties

Detector |:|E}E v | Point Source
[z eh "

FOmEY |PTE | Geometry data Okayl
Counting position 3 w |

£

Background spectiumn PTF file Click Here to Use Data

Deadtime [%) :5_34325 I 6.35
Peaktable file [ Comect Hypermet SDETO PTF y | Sampod0 PTF 16 peaks)
Start date  [dd/mmu ) 020141995 | 02/01/1996
Start tire: [hhcrnm: s=.ii) 10:57:05.00 | 10:57.08
True Measuing Time [sec) [6888.00 | 8858.00
SPE : 2DETON.SPE
Remarks | [LFC-dual spe.
(1].4 Cancel SpectumPlot  Peak Summation  Energy Calibration

Figure 5.3: Calibration file information input screen

Printing and plotting the calibration data.

The relative activity (measured activity divided by the reference activity), the
energy shift (in channels), the energy resolution (FWHM) and the background
of the detector can be printed and plotted.

Before printing and plotting the data, the plot wanted must be chosen, see

figure 5.4. The printed output is given in figure 5.5 and the plotted output in
figure 5.6.
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L CALIBRATION DATA FILE - O x

Cabbrabon data He or " CALIE ~ |

Cietector DETZ y |

Meagurement identificabon or| -

List e sty v
ALL
el activity
Abzalute channel zhift
Fo/HM
Background peak. areas
Background peak areas. including total area

0K, Cancel

Figure 5.4: Selecting the type of detector calibration output.

%7 Kayzero for Windows V3.30 (-) - [Detector Efficiency Data CAL96 DET2] — O X
ZLFile Samples Monitors Library History Reports SOLCOl  Archive Tools Window Help
- 8 X
DETECTOR EFFICIENCY DATA : CAL%8 (Eu-152) 08-08-2017 21:23:00 ~
DET21 For detector DETZ2
Eu-152, #= 121.80 keV, o= 778.90 keV, == 1408 .10 keV.
DETECTOR CCDE DATE ACT . # ACT .o ACT =
DET2 Cal96:01 02-01-199 1.01714E+0 1. 0303ZE+0 1.04636E40
DETZ CAL96:02 08-01-1996 1.02230E+0 1.03466E+0 1.04702E40
DET2 CAL96:03 15-01-1996 1.01800E+0 1 02904E+0 1.04736E40
DETZ CAL96:05 29-01-1996 1.02107E+0 1 .02951E+0 1.04753E+40
DETZ CAL96:06 03-02-1996 1.01419E+0 1 03027E+0 1.05178E+40
LETZ CAL96:07 12-02-1996 1.02397E+0 1 03005E+0 1.04901E+40
LETZ CAL96:08 19-02-1996 1.02028E+0 1 .0339ZE+0 1.05480E+40
DET2 CAL96:09 26-02-1996 1.01239E+0 1.02391E+0 1.05191E+40
AVERAGES for DETECTOR DETZ ACT . % ACT .o ACT =
HEAN 1.01866E+0 1 .03021E+0 1.04947E+0
STH. LEV. 3.74028E-3 3 06506E-3 2 B2401E-3
STH. LEV. X: n.37 0.30 n.27
H : 2 2 8
OVERALL STATISTICS
HEAN 1.01866E+0 1 .03021E+0 1.04947E+0
STH. LDEV. 3.74028E-3 3 06506E-3 2 BZ2401E-3
STH. LEV. X: n.37 0.30 .27
H : a8 a8 g8
MAX : 1.02397E+0 1 .03466E+0 1.05430E+0
HIH : 1.01239E+0 1 .02391E+0 1.04636E+0
FEHIOD o 02-.01-1996 — 26-02-1996
w

Figure 5.5: The printed output of the relative activity of the detector calibration
file CAL96 for DSM detector 2.
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7 Kayzero for Windows V3,30 (-) - [Plot Efficiency History :CAL96, DET2] — O *
::{,‘,':File Samples Monitors  Library  History  Reports  50LCOI Archive Tools Window  Help - 8 x

DETECTOR EFFICIENCY DATA : CALSS (Eu-152) 08/08/2017 21:23:00
For detector DETZ : 30M12M1995 - 01031996

-1 Eu-152 121.80 keV —o— Eu-152 778.90 keV — Eu-152 1408.10 ke‘u‘l

3
3
3

fi

Relative activity [-]

=
w

=
=)

08/01M996 13011996 20001115886 270111998 03/02/11998 10/02M996  17/02M996  24/02/15988

Kayzero for Windows

Figure 5.6: The plotted output of the relative activity of the detector calibration
file CAL96 for DSM detector 2.

5.2 Comparator Factors

The comparator factor is a value proportional to the epithermal neutron flux
and one of the three ko-NAA reactor flux parameters.

All the comparator factor measurements that were stored in one monitor data
file can be printed and plotted as a function of time using Option 52. If the
monitors stored in one file were used in only one channel the data can be
compared and plotted as a function of time.

By selecting a suitable filename (corresponding to the irradiation location)
comparator factors can be printed/plotted per monitor type or per irradiation.

A mean comparator factor is calculated for every irradiation or subdirectory
(in fact per measurement identification). You can select the comparator
factors of any irradiation by entering a wildcard (*) for the monitors and
selecting a measurement identification code (SCK7V:*). Another possibility is
to select a monitor identification code (AU) and entering a wildcard for the
measurements (*).

An example is given in Figure 5.7. The resulting outputs are given in Figures
5.8 and 5.9.
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=, MONITOR DATA FILE (722) — O >
kdanitar file identification or '™ BR{Y4 v|
Manitar identification or "' |.-’-'«L|2 - |
Measurement identification ar |« - |
ok, Cancel

Figure 5.7: Input screen for History/Comparator Factors.

% Kayzero for Windows V3.30 (-) - [MONITOR DATA BR1YV4 ALZ2] - O X

ZLFile  Samples Monitors Library History Reports 50LCOlI  Archive Tools Window Help
- &8 %

MONITOR DATA : ER1Y4 (0e~-08-2017 20:21:37)

For monitor AUZ and irradiations *

CODE MONITOR DATE f alpha Fc

SCE1V  ATZ 03-06-1996 3.30000E+1 7. 20000E-2 3.39913E+3 09:00:00

SCE2Vv ATZ 24-06-1996 3.30000E+1 7. 20000E-2 3.37012E+3 08:55:00

SCEIv  ATZ 25061996 3.30000E+1 7. 20000E-2 3.31380E+3 08:57:00

SCE4V  ATZ 27-06-1996 3.30000E+1 7. 20000E-2 3.32911E+3 08:59:00

SCE?V A2 30-07-1996 3.30000E+1 7. 20000E-2 3.32280E+3 08:29:00

OVERALL STATISTICS

MEAN : 3.30000E+1 7. Z20000E-2 3.34699E+3
STH. DEY. - — 3.24345E+1
STH. DEY. *: - - n.97
H : 5 £ 5
MAXH : 3.30000E+1 7. 20000E-2 3.39913E+3
MIN : 3.30000E+1 7. 20000E-2 3.31380E+3

lPERIOD : 03-06-1996 — 30-07-1996

Figure 5.8: Printed output of History/Comparator Factors, monitors measured
in BR1Y4.
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3 Kayzero for Windows V3,30 (-) - [MONITOR DATA BR1v4 AL2] — O P
E:_‘:File Samples  Meonitors  Library  History Reports  SOLCOl  Archive Toeols Window Help - &
k4
MONTOR DATA - BRIY4  (08/08/2017 20:21:37)
For moniter AUZ and irradiations *

3410

3400 4

3390

3380

3370

3380

3350

3340

3330 o

3320 &

3310 o

3300

08/06(1996 15/06/1996 22/06/1996 29/06/1996 06/07/1996 130711996 20/07/1896 27/07/1996
Kayzero for Windows

Figure 5.9: Plotted output of History/Comparator Factors for BR1Y4.
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5.3 Reactor Calibration Data

The reactor flux parameters Fc, f and a can be determined by irradiating
monitors. In this program the 'bare triple method' is used to calculate the
reactor flux parameters. History/Reactor Calibration-option is based on the
‘bare triple method' using the Au/Zr-monitor couple as described in the 'Vade
Mecum'.

The reactor calibration parameters can be calculated by this program and are
stored in the monitor file. For the benefit of the History/Reactor Calibration-
option the reactor calibration data are stored in the data record of the second
measurement of the Zr-monitor.

The reactor flux parameters can now be plotted and printed as a function of
time. In figure 5.10 the necessary input screen is given.

3 MONITOR DATA IDENTIFICATION (723) — g et

Fanitar file identification ar ""'| ER1v4 w

Monitor identification or "' =g

Meazurement identification or =5

Lizt type

k. Cancel

Figure 5.10: History/Reactor Calibration-option

Chapter 5: History of detector and reactor calibrations -97-



6 Reference Guide

In this chapter some important additional options will be discussed.

6.1 Monitor Analysis Menu

Important options in this menu are the f and a calculation using the
‘Zirconium’-method and the ‘Multi Monitors’-method.

The algorithm calculates all the neutron spectrum characterization
parameters in terms of the Haggdahl convention. The results will be Fc, f and
a values.

3 Kayzero for Windows V3.30 (-) — O *
File Samples  Monitors  Library  History  Reports SOLCOl Archive  Tools Window  Help
Menitor File
Measurement

Peak Summaticn

Energy Calibration

Calculate Comparator Factor

Calculate f and alpha using 'Bare Triple’
Calculate f and alpha using 'Zirconium’
Calculate f and alpha using 'Multi Monitors'
Print Fc, f and alpha

Determine Meutron Temperature

Read Data from Short [rr. Data file

Figure 6.1: Monitor Analysis Menu.

6.1.1 Calculate f and alpha using the Zirconium-method

A special case of the 'Bare Triple' method is the use of a gold and a zirconium
monitor couple. In this case, the gold-aluminum alloyed wire and a zirconium
foil have to be irradiated simultaneously together with the sample. The day
after the irradiation the gold monitor (Au-198) and the zirconium monitor (Nb-
97m) should be measured briefly at the reference position. After another few
days the zirconium foil should be measured a second time (for Zr-95) at a
lower position, e.g. 1 or 2.
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ELFANDalpha CALCULATION using ZIRCOMNIUM' - O >

tonitor file identification or "' ||3|:|1\|—'4 v|

Gold Meas. Zr First Meas. £r Second Meaz.

b onitor identification or "' | v| | v| | v|

teazurement identification l:nl"*1 V| | v| | v|

[ Interim results

] Fiint all info per line

ak Cancel

Figure 6.2: Zirconium-method calculation screen.

The data for these measurements should be entered using
Monitors/Measurement-option and can then be used for f and a calculation
using this screen (see Figure 6.2). The result of the f and a calculation will be
displayed with the calculated values. They are stored in the data record of the
second Zirconium measurement. The results can be printed using
Monitors/Print Fc, f and alpha or plotted and printed using History/Reactor
Calibration.

For an optimum use of the options we recommend using as monitor
identification code AU or ZR combined with a number (AU1/ZR1) and using
measurement identification codes consisting of simple numbers in
combination with an irradiation code, e.g. SCK7V:1 and SCK7V:2.

6.1.2 Calculate f and alpha using the ‘Multi Monitor’-method

Multi Monitor method to calculate Fc, f and a can handle a set of maximal 12
monitors (radionuclides). These radionuclides must be well chosen with
respect to their nuclear data (see the ko standardization literature and Vade
Mecum)?.

Enter the monitor measurements using the Monitors/Measurements

Data input screen, enter the radionuclides as ‘Comparator isotope'. When
measuring a monitor under Cd you need to enter an f equal to 0. You can
choose to use the Cd-ratio, Cd-covered or bare-method, see Figure 6.3.
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% Calculations Input form

ronitor File 1dentification |BH1'T'4 - |
b aritor Meazurement Bare Monitor Meazurement Cd Covered

1 |aU1gs v| (6071 v | |BO7:1CD v|
2 |COED v| (6071 v | |BO7:1CD v|
3 |MNSE v| (6071 v | |BO7:1CD v|
4 |MO107 v| (6071 v | |BO7:1CD v|
5 |NP233 v| (6071 v | |BO7:1CD v|
6 |Paz3 v| (6071 v | |BO7:1CD v|
7| | [s071 +| [so7:1cD v]
5 |TCIM v| (6071 v | |BO7:1CD v|
9 |ZNES v| (6071 v | |BO7:1CD v|
o | 7 | | ]
" v | v|| v
12 | v | v|| v

[ Interim results

Method: (@) Cd-Fatio

(JBare () Cd-Covered

k. Cancel

b aral
[t

584
4

Load Set

Save Set

Figure 6.3: Multi-monitor method for f and alpha calculation.

Please check the Vade Mecum for the explanation of the multi-monitor
method and the monitors to use.

The input needed for Figure 6.3 can be stored in a data file using the button
<Save Set>, you can of course load the data using the <Load Set> button.

The ‘Interim results’ checkbox allows you determine your own averaged
‘comparator factor’ ratios from selected gamma-lines. Using the <Manual
Input> you can enter these manually determined Cd-ratios if you like, see

Figure 6.4.
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3 Calculations Input form — O x

|BFH va Jure 2005 |

tanitar File |dentification |EFH w |

b anitar Measurement Bare Manitar Measurement Cd Covered R atios Stnd. Dew. [%]
1 |AU19a v | (6071 v | |8O07:1CD v| | 3es3 || os3: |
2 |COE v| (6071 + | |B07:1CD v| | 803 || nase |
3 |MNSE v| (6071 + | |807:1CD v| |43 || 1m0 |
4 |MO101 v| (6071 + | |BO07:1CD v| | 423 || zom |
5 |NP233 v| (6071 + | |807:1CD v| | 148 || 4000 |
6 |PA233 v | (6071 + | |B07:1CD ~| | smwa || oz |
7 ~| (6071 ~ | |807:1CD ~| | oo || oooo |
8 |TCIM v| [6071 v | |B07:1C0 v | 1ws || oEz |
9 |ZNES v | (6071 v | |8O07:1CD v| | a7 || os04 |
10 | v| | v v| [ooo || oo
1| v| | v v| [ oooo || oo |
2 | 7 | 21 S

(] Interim resuls Method: (@) Cd-Ratic () Bare () Cd-Covered

(] Cancel Automatic 584 Load Set Save Set

T4

Figure 6.4: Entering manually determined Cd-ratios.

After pushing the <OK>-button f and alpha are calculated resulting in a plot
and a printed output (see Figure 6.5 and 6.6).

Ekayzeru for Windows ¥2.01 - [Multi Monitors Cd-ratio-monitor, Plot for BR1-584] - | Ellil
i File Samples Monitors  Library  History Reports SOLCOI  Archive Tools  Window  Help o =1
fand alpha calibration using f and alpha calculations using Cd-ratio-rmonitor

-0.9
- Fr-g5
-1 e mpes 050 o8 o
17 e O T¢-99n | I A T |
= 19 n -qﬂtlrl't]'

S e o
-1.3
-1.4
-1.5

1 10 100 1000 10000 100000

Er
Kayzera for Windows
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Figure 6.5: Plot of Cd-ratio multi monitor f and alpha determination result.

Ekayzeru for Windows ¥2.01 - [Multi Monitors Cd-ratio-monitor Data for E 10| =l
=7 File Samples Monitors  Library  History Reporks  SOLCOT  Archive Tools  Window  Help - |5’|5|
f and alpha calculations using Cd-ratioco-monitor
Data:
Honitor Hea=. Sub Cd I=o Er Qn Gepi Foad
ATUT198 607:1 607 :1CD Au—-198 5 650E+0 1 .570E+1 1. 000E+0 9.910E-1
COe0 6071 607 :1CD Co—-&0 1.360E+2 1.993E+0 9. 610E-1 1.000E+0
HHS6 607:1 607 :1CD Hn-56 4 680E+2 1.053E+0 1. 000E+0 1.000E+0
Hoio1 6071 607 :1CD Ho—-101 6. 720E+2 1.880E+1 1 .000E+0 1.000E+0
HP239 607:1 607 :1CD Hp—-239 1.690E+1 1.034E+2 1 000E+0 1.000E+0
PAZ233 607:1 607 :1CD Pa-233 5. 440E+1 1.150E+1 1. 000E+0 1.000E+0
TiC99H 6071 607 :1CD Tc—99m 2.410E+2 &5.310E+1 1 .000E+0 1.000E+0
ZHES 607:1 607 :1CD Zn—-65 2 560E+3 1.908E+0 1. 000E+0 1.000E+0
I=o Er logi(T) Cd-Ratio =d{X} £
Au—-198 5 G6S50E+0D -1 202E+0 2.034E+0 5.331E-1 1 646E+1
Co-&10 1. 360E+2 —1.147E+0 8 .427E+0 4 .544E-1 1 537E+1
Hn-56 4. BE0E+2 —1.150E+0 1.488E+1 1.920E+0 1 G583E+1
Ho—-101 6. 720E+2 -1 247E+0 1 .942E+0 2.319E+1 1 994E+1
Hp—-239 1.690E+1 —1.000E+0 9.920E-1 2.807E+1 -8 678E-1
Pa—-233 5. 440E+1 -1 209E+0 2 411E+0 2.195E-1 1 744E+1
Toc—99m 2. 410E+2 —-1.227E+0 1.318E+40 5.125E-1 1. 868E+1
Zn—-65 2 SB0E+3 -1 101E+0 7.782E+0 G5.039E-1 1 459E+1

i : 1e.90

=d{f): 0.72

H : 7
Lea=t =square fit result=s (alfa found by =oclving implicit function).
alpha —-0.02386 =d{alpha) 0.08974
f 17.28347 =d(f) 0.57144
|
| | | 4

Figure 6.6: Print of Cd-ratio multi monitor f and alpha determination result.
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6.2 Kayzero Library

In figure 6.7 the library options are given.
I Kayzero for Windows V3.30 (-) — O x

File Samples Monitors | Library  Histery Reports  SOLCOI Archive Tools Window  Help

Full Listing
Elermnent Listing

Garmma Line Lisitng

Excel Qutput

Figure 6.7: Kayzero Library menu.

6.2.1 Printing the Full Library

Notice that some elements are marked with an asterisk. These elements do
not have gamma lines with a recommended ko factor and should not be used
for analysis. The data for these radionuclides have been added only for
spectral interference correction and isotope/peak identification. For an
explanation of the data, please check Appendix 7.

6.2.2 Printing data for a specific Element

Instead of printing the full library this output will print only data for selected
elements.

6.2.3 Gamma Line Listing

Using this option the gamma lines in the library can be listed in order of
increasing energy. This list can be used for spectrum evaluation and isotope
identification, see Appendix 8.

6.2.4 Excel output

This option will make an Excel file with data in the library that looks similar to
the kO-Database.
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6.3 Reports Menu

All NAA results (typically concentrations) can be printed using the Reporting
Menu: Reports see Figure 6.8. Most of these concentration reports are given
in Section 3.6.

% Kayzero for Windows V3,30 (-) — O >
File Samples Monitors  Library  Histery | Reports | SOLCOI Archive Tools Window Help

Orders -] |

Overview » Samples

Data » Menitors

Peak Table Data -]

Results -]

Activities H

Figure 6.8: The Reports Menu

6.3.1 Print alist of Orders

Using Reports/Orders, you can list all orders and monitor files.
You can make various types of order lists, depending on the selections you
make in the screen shown in figure 6.9.

| &% Input for order list _ O w
Order identification ** |H - |
Client |x » (] Print Info
Institute/S ection |x v (] Frint directories
Budget rumber | " | []5or to section+client name

o/ Agen | Cdeerdenessived <=y

M/ASn <= data results available <= UG/
<= date zamples dizpozal <=

m/1A1980 06/08/2017

QK. Cancel

Figure 6.9: Input screen for printing lists of orders.

The lists can be sorted according to order identification or according to the
combination institute/client (see the check boxes). The irradiation codes or
the directories in which the measurement data are stored can also be printed.
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6.3.2 Printing a list Measurements

Using the standard input selection screen a list of all measurements in an
order can be made. This is the same option as is used in Chapter 3.

6.3.3 Printing a list Measurements

Per measurement a print can be made with all entered data, Reports/Data,
see Figure 6.10.

%, Kayzero for Windows V3.30 (-) - [ALL INPUT DATA PER MEASUREMENT FOR 5.. — O X

ALFile  Samples Monitors Library History Reports SOLCOl  Archive Tools Window Help
- &8 X

Kayzero for Windows V3.30

ALL INFUT DATA PER MEASUREMENT

QOrder id.: DEMO Sample id.: 1B MHea=. id.: SCE7V:1

Weight [g] : 4.739500

{Drv Weight, moist content : 0 )

Label : SCK?V-6

EAYZERC library o k0-2015 : 03-07-2017

Description :

IRRADIATION DATA.

Reactor : BR1 Alpha : 0.0720

Channel ©¥4 f : 33.0000

G thermal : 1.0000 G epithermal 1.0000

T Heutron [C] : - HU C=

Fa=stFluxz Ratio: No Library

Flux File :

Date =start : 30-07-19%96 Fc : 3291.10

Tine start : 08:29:00.00

Irr. time [=]: 4ih

GAMMA SPECTROMETEY DATA.

Detector . DSEM2 Hatrix . #C2H4

Geonetry . 5 Weight [g] : 4.739500

Position 2

Date =start © 30-07-19%96

Tine start : 16:24:04.00

True time [=] : 2473.000 Decay time [=s]: 3h55mid=

Dead time [%] 0.0oo0

Peak Table File : 257V0L1.FTF

Baclground PTF : 2BGY96  FTF

Result File © 257vV01

Remarks D Wimy:0.02;U{eff):1;U(E):3;U(Fc):1:U{alfa):0.03;T{td):

< >

Figure 6.10: Printout of all measurement data for order: DEMO; sample: 1B;
measurement SCK7V:1.

Chapter 6: Reference Guide First Draft -105-



6.3.4 Printing the peak table file

The peak-table data file, including the parameters of the measured gamma-
ray spectrum, can be printed using Reports/Peak Table Data (see Figure
6.11). You can print peak table files of the measurements of samples and
monitors.

7 REPORT - PEAK DATA SAMPLE ORDER (640) — O >

Order identification or """
| DEMO ~ | Interference Carrection

Sample identification ar "' |'IE V| [+] | zotope |dentification

Meazurement identification Dr| SCETY:T

Parameterz for peak explanation.

Energy window in ket [one zided) 0.60

0k Cancel

KAYZERO will recognize a peak in the measured spectrum if the KAYZERO
Library contains a matching gamma line within the energy window (see
Figure 6.12). If the measurement data have been previously calculated, it is
possible to use only identified radionuclides for peak identification (see Figure
6.11).

If an LFC dual spectrum measurement is found, the weighing factor LFC-W is
calculated. This is the ratio of the gross number of counts of a peak in the
corrected spectrum and the gross number of counts in the same area in the
uncorrected spectrum.

If the area of a peak was corrected for a peak in the detector background, the
peak area without the background correction is also given (‘without BS").
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£ Kayzero for Windows V3.30 (-) - [REPORT - PEAK DATA SAMPLE ORDER (640) DEMO-1B] — O ot
A File  Samples Monitors Library History Reports S0LCOl  Archive Tools Window Help _ =
Kayzero for Windows V3. 30
FEPORET: PEAE DATA
Order id.: DEMO Sample id.: 1B Mea=s. id.: SCE?V:1
EAYZERD LIE. k0-2015 03-07~-2017 +-— 0.70 keV
Sample weight 4. 739500 g  (Dryv Weight. Moi=t content = 0 %)
IFRADIATION PARAMETERS:
BR1-¥4 f = 33.0000 Alpha= 0.0720 Fco = 3291.10
I0-07-96 08:29:00 ti= 14400 =
Flux Correction file =
Heutron Temperature [C] = - MI = - Fa=tFlux Ratio = Ho Lib
HMEASUREMENT DATA:
257V01 . FTF { G5 peal=. 9- 4064 keV. 0.4959%4=ch + 1.20261. H=8192 LFC)
Baclground interval = 3.00 = FWHHM in lLeV SD 1= calculated by KAYZEROD.
FWHM = 1.359 + 6.1E-4 = E + 0.000 = E"2 + 0.000 * E*3 (E in keWV)
I0-07-96 16:24:04 tm= 2473 DTS= 0.0 ¥ td= JhE5mld=
DSH2 S po== £ matriz = FCZH4 4.740 g Baclkground :2BG96 . PTF

Energy Area LFC-Baclgr. Sh LFC-W Identification

[l=V] [count=] [count=] [#] [-] +<— 0.60 LeV
51.29 n.o 10181.0 o.oo0 ¢ 1.03) Fh—104m*

124 12 710 .4 14770.7 24 .81 ¢ 1.0 Ba—-131 Er-171

166.08 182068 .7 12785.7 0.25 § 1.03) Ba—139

216 .17 506 .6 13298 .5 32.95 ( 1.03) Tb-160 Ru-97 Ba-131

268 .29 592 .4 10648 .1 25.30 ¢ 1.0 Hd—149=

IBe .08 248 .6 5926 .4 44 .85 { 1.03) Eu—-152D

417 .24 ane .7 5298.19 329 ¢ 1.0 In-116m

438 .67 671712 4999 .9 n.4z2 ¢ 1.03) : Zn—-69m

479 .74 2472 .1 4559 .5 40.90 ¢ 1.03) @ Ga-72 ¥—90m w-187

487 .23 g3, 2 4629 .9 27.34 ¢ 1.02) : La-140

492 264 157 .9 4510.1 B2 06 § 1.02) Cd-115

496 .30 BEE. A 4594 1 14 66 ( 1.03) Ba—-131

511 .00 BBE3. 6 4824 .1 2.22 (1.03) Mo—101D Cu-&4d Zn-71
Without BS: SeE8 4824 2.21
< >

Figure 6.12: A print of a peak table file

All reporting options related to concentrations are discussed in Chapter 3.

Printing all element concentrations are discussed in Chapter 3.
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6.3.5 Printing Activities

5 REPORT - ACTIVITIES SAMPLE ORDER (658) — O ot
Order identification or ="' [ZIEI--1I:I v| [ Interference Correction
Sample identification ar ™' |'IB V| [+] lzatope |dentification
Meazurement identification D[| SCETV-1 — |

Minimum activity Bq
(®2h () 3monthe ()1 pear after end of iradition

14 Cancel
%, Kayzero for Windows V3,30 (-) - [REPORT - ACTIVITIES SAMPLE ORDER (658) DEMO-1B] — O *
::{:_‘: File Samples Monitors Library  History Reports SOLCOI  Archive Tools Window Help -8 %

Kayzero for Windows V3. 30
REPORT: ACTIWITIES

EE walues are from user edittable file Kayzero.REE in program root directory. check |
Activity after 2 hours after irradiation, higher than 100 Bg.

Crder Sanple Heasurement Huclide Activity SD RE
[kBq] [*] [Sw]
DEMD 1E SCE?V: 1 Ha-24 1 0547E+0 1.13 2 130E-11
DEMD 1E SCEIV:1 Z1-38 1.1742E+1 1.62 2 371E-10
DEMD 1E SCE?V: 1 Ar—41 1 3891E+7Z 0.75 2 B06DE-9
DEMD 1E SCE?V:1 Mn-56 1. 7150E+1 0.26 3.464E-10
DEMD 1E SCE?V: 1 Zn-65 2 4418E-1 4. 57 4 932E-172
DEMD 1E SCE?V:1 Zn—-69m 3. 2052E+0 0.41 6. 474E-11
DEMD 1E SCE?V: 1 Br-80 1.1241E+0 11 44 2. 270E-11
DEMD 1E SCE?V:1 Br-82 2 4517E-1 2.77 4. 952E-12
DEMD 1E SCE?V: 1 In-116m 1.1972E+1 0.67 2 418E-10
DEMD 1E SCE?V:1 Sb-122 1.4707E-1 £E.52 2. 970E-12
DEMO 1E SCE?W: 1 Ba-139 4 2936E+1 0.25 8 &673E-10
Activity per Sample o
< >

Figure 6.12A: Printing activities.
This option allows you to check the amount of activity produced directly (2

hrs) after irradiation, after the analysis (3 months) and after storage (1 year).
All kinds of cross sections can be made.
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6.4 Archive System

All NAA data are divided into sample data and monitor data. A group of
(gamma spectrometric irradiation/measurements of) samples is combined
into an order (data file). One order file may contain up to 500 sample
measurements. Every measurement is unambiguously defined by:

- an order identification code (the name of the data file),

- a sample identification code and

- a measurement identification code.

It follows that an order file can comprise several samples. In a certain project
X, for example, some samples may be irradiated and measured 4-6 times.
The order file will then contain the data of the samples and the
irradiations/measurements of these samples.

The same structure is used for monitors. The monitor data are combined into
a monitor file where the monitors can be presented together in an overview.

For deleting, renaming etc. of measurement identification codes and other file
maintenance operations the Archive menu can be used (see Figure 6.13).

£ Kayzero for Windows ¥3.30 [-) - O o
File Samples Monitors Library History PReports SOLCOI | Archive Tools Window Help

Rename  Sample/Monitor ID

Delete Sample/Monitor

Rename Samples/Monitors

Rename  Irradiation codes

Copy/Move Samples/Monitors

Rename Order/File/Library
Delete  Order/File/Library
Make Mew Order/File Index
Copy Order/File

Order Data Export

Figure 6.13: Archive menu.
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6.5 Special Options Menu

The Special Options menu offers additional utilities (see figure 6.14).

- | X
iive  Tools Window Help

Energy Calibration Senes of Spectra
Energy Calibration Per detector
Spectrum Plot

Material Compasitions * List of materials
Thermal Meutron Self Absorption Edit Matenal
Print Background PTF's 3

Show Flux Curve

Spectrurm Export

Options

Figure 6.14: Tools

6.5.1 Energy Calibration (Series of Spectra)

The Energy Calibration option, can be very useful for performing an energy
calibration based on the measured spectrum. The energy calibration is very
important for proper program performance. Erroneous energy calibration may
lead to unreliable results.

£ Energy Calibration = O X
Filenarms DEMD E retgy “wirdaw in keld
Sample/Maritr 1B 0500 |
Mezsuremant SCKM
PTF hlenames 2570 PTF

Erengy / Peakfres Poszsible Huchdes:
Gamma Line 1: Musclide:
511.0 5688 - ICuEd Ma-1010 [510.5) Cu-64 [511.0)
Gamma Line 2; Musclidie:
27540 5015 Y N2 Na-24 (2754.0)
Gamma Line fon Checking
12996 35 Ewr152 [1299.1) Mn-B6S 1299.7)
Select Gamma/MNuchde \Window ¢ 3 [keys up / dn|
Select lbem - 3 fhegs: leh / right]
Cancel
0l Erergy Calbration 049554 “Chantt + 1.200 o _
Ok
New energy Calbrabon 0.43594 “Chan$ =« 1.203 ke

Figure 6.15: Energy calibration
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It is advised to perform an energy calibration at least once a week or to
perform an energy calibration on every spectrum using this option. For the
energy calibration a first-order approximation (E = a.Ch+b) is used.

The energy calibration is performed by selecting for two gamma rays in the
spectrum the corresponding radioisotopes (see Figure 6.15). The
radioisotopes are found in the KAYZERO Library. The energy window can be
changed in steps of 0.5 keV using <T> and <!> . If you press <—> the first
energy is activated. By pressing <T>, a higher energy can be selected. When
a good peak is found, press <—> again; the corresponding radioisotope can
then be selected from the list using <T> and <{>.

In short, to move to another field you should use <«> and <—> and to select
another energy or isotope you should use <T> and <{>. The new energy
calibration is also presented on this screen.

You can check the energy calibration again or even alter it by hand, see
figure 6.15.

For energy calibration of a series of spectra a special option is available. The
program will ask the directory where the spectra are located (See Figure
6.16). The <Select Directory> button can be used to find a specific directory.
The spectra to be calibrated can be selected using a wildcard. The new
energy calibration can be given by hand or by performing a prior normal
energy calibration, the found calibration will be shown here.

X" Energie Calibration - O p 4

Change the energy calibration of the specified spectra files in the data directon.

Data directrory || | Select Directory

Spectrurn searchstiing [incl. extension) 15001 PTF

MNew Ernergy Calibration _ 0.0000000 * Channel + | 00000000 kev

] Cancel

Figure 6.16: Energy Calibration for a series of samples screen.
Because the energy calibration is detector specific, it is also possible to

change the energy calibration of all measurements in a series of
measurements to be selected in Figure 6.16A on a specific detector.

Chapter 6: Reference Guide First Draft -111-



%" Change Energy Calibration - (| x

Peak. T able File 257901 _PTF (IB/SCKTV:1)

Old Energy Calibration 0.495941 * Channel + | 1.2026080 | ket

Mew Erergy Calibeation | 0.0000000 * Charnel + _ 00000000 |  kev

1] 4 Do not Change Ctop Batch
. E:"..e r;;'.ilailbratior;.ﬂe:r. I;J;!;u:tor - - O X
Order idertification o ™" |DEMEI 9 |
Sample identification or ™" | 18 w I
Meazmement identification or "' |x -
Detector | "

(1] 4 g Cancel

Figure 6.16A: Energy calibration of measurements within a series of
measurements that were performed on a specific detector.

6.5.2 Spectrum Plot

The spectrum can be plotted using Tools/Spectrum Plot, see Figure 6.17. If
an LFC dual spectrum was found, the ratio between the corrected and
uncorrected spectrum (W) will be plotted below the corrected spectrum. If the
count rates changed during the measurement, gamma lines showing serious
decay will be visible in this plot.

By clicking the lines, you can print all found gamma peaks in the plot. Some

gamma spectrum deconvolution programs might lose peaks. However, it is
also nice to see how many peaks you have spread over the spectrum.
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LENRUNN]

= Kayzero for Windows V3.30 (-) - [Plot of Spectrum: 257V01.5PE]
Monitors Library History Reports SOLCO|

o -
o File
:

counts

10000

1000

100

10

Samples

LFC-spectrum -257V0

Archive

Tools

O X

Window Help _

& X

Spectrum plot : DEMO, 18,

21 L

1 i
Ay

Hied SRS NG 16N
o

S00

1000

1500 2000 2500
energy in ke

Kayzero for Windows

3000

3500

Figure 6.17: Spectrum plot (‘In set’: by clicking on the spectrum the found
peaks are marked with an x’).
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6.5.3 Thermal neutron self-shielding

Thermal neutron self-shielding is handled in accordance with Erdtmann and
Petri® and Chilians method, see also Figure 6.18. You can print a table for
both methods if you like.

2 Thermal Meutron Absorption Factors (Gth) - 0 W
Irradhation Yial

VVial Height fmm] 10.000]

75 Bl ot 5,000 |

S.ample Weight [g] 2,000 |

M atiix #H20 |

Meutron Temperature [C] | 20.500 | fe the onginal method

kth 0.820 | for Caimeli's and Greg's

) method

Denzity [gfem3] 2546

G thermal [Orig) 133

GG thermal [Cotm /G ieg) 0349

114 Cancel Showe Table
|
= Eayern dor Windosss VI (-] - [Gth dor thig visl joriginalj - [m] . L Earyaera bor Wnderws V30 (-] - [tk Ter this wal (Comed afGeeg] m] b
TRk GSemples Mosfon Lbwsry Hidorg Feportn SOLCOH Archrw Toch  Window  Halp ElFl  Seepls Maniloes Ly Hiloy  Repais  S0L000 Sachive Tosh Window Helg
Therssl Hegtrom Selfstsorptiom Faotors (Originsl ssthodl Ne“0RZ017 10 Tharua!l Ssctron Sslfisheorpticn Factore (CorzmslisaGreg's msthod ) &4
Wentron Tesperaiure I0_580 degres o k th N ]
[rradiatica wial Beid bl an, r= 500 mn, == Z.000 g [rradiatscs wial h =10.00 mm, ¥ = 5.00 am, = = Z.0D0D &
Elemsnt d&v SigmasM Coscestratzom in % in FHXD f 2.54E g-cad) Eleasal Sagms-H Cenceniralicn in i § 2.5dE geead)
[baTH-g) @ 1ERD 1. 0000 10,0000 G0.0000 1000000 (harngl 01000 10004 £0.0000 1000000

i [NIFE] 0. %10z [T i 0. 2294 [EITE] [EITH 0. 7976k 0. 6911
Ii D.E19E 0.2071 01072 Li ib.iBES 0.9359 q.4377 D.1373 a.0787
B 0. 9717 0. 9821 0. 998k Ba 00010 0.9487 1.9491 09723 0.9993
E D.1E31 0.D314 0.01E7 E F0.ZDEZ 0. BEEE 1.5087 D.0242 0.0116
[ 0 ST1E 0. 98 0. 999 C p.oonz 0.9487 n.9431 0. 9rze 0.9395
H D.BE3d 09434 9247 H D.1321 0.9485 0.3474 D.B925 0.8437
=] 1 0. ¥T1E 0."RZh 1.0000 i BETERE-E n.348 0.9431 0.97an 1.0000
13 bO.9717 0.9B23 a9 F D.0DDE 0,948 0.9491 0.9727 0.9991
Ha LB 0. 9rdn 0.ara n Ha 0.oEzl n.948 0.9439 0. 957E 0.9557
Hyg DO.971E D0.9E1E 0. 9968 Hyg 0.DDZE 0.9487 0. 3491 09712 0.9958
Al LI g e 0. 9rez n. 9908 Al 0.DDEE 0.3487 7.3430 0. 9&T1 0.9859
Ei D571 0.9B03 0. 8836 1 b DDER o, 948 i, 449 [T} 1.49911
= I 14 n san> LI LRl B N RNER i a94f7 1 343 i agan n a91n -
3 » q »

Figure 6.18: Neutron thermal self-shielding option, input and a part of both
results.

6.5.4 Calculation Parameters

Some of the calculation and evaluation parameters can be changed using
Tools/Options. These parameters are explained in Appendix 6. The
algorithms used are explained in Appendix 4.
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6.5.5 Directories

The relevant data used by KAYZERO are stored in several special
directories. These directories can be changed using
Tools/Options/Directories, if necessary (see Figure 6.19).

" Options - O X

Solcoi Special Parameters Absorption Data Screen Resolution
Directories  Calculation Parameters  Print Parameters  Energy Window/CalibrationCorr.

Current Directory: Z\Downloads\KayWinV330

Orders and monitor files : ORDERS Select
Measurement data base directory; ' Select
KAYZERO Library: LIBRARY Select
Eff. data (SOLANG, COl etc.): EFFDATA Select

The efficiency data subdirectory must contain the following files:

Peak Table and Spectrum files of the background measurements and
per detector (e.g. DET1) the following file for efficiency calculation and
coin c:i-:ll:enl::e correction:

*EFFDET1.DAT = reference efficiency

*DET1.S0L, FWHMDET1.DAT = SOLANG for the ref. position/FWHM as f(E)
*?727DET1.850L = SOLANG for the counting geometries "?7777
* 27?7DET1.COI = Coincidence correction tables for "??277"

The following Peak Table- and Spectrum files may be used:
Sampo90 / Microsampo : *.PTF and *.SPE (and Hypermet or Hyperiab)
Seqgal : * SEQ and the spectrum name given in the Seqal file
ACCUSPEC Spectra: *DAT Canberra Genie 2K * CAM

Other formats are added on request

Ok Canicel

Figure 6.19: Data directories

When you indicate you want to change a directory the program checks
whether the directory exists. If the directory is not valid there will be a beep
and the cursor will not advance to the next field. Please check the directory or
enter another directory.

“Orders and monitor files” directory
In this directory, the files are stored that are created for each order and each
channel (data and index files). These files are administrated in a special file.

“Measurement data base” directory
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One can use this directory to locate the directories in which all spectra and
peak table files are stored. Consequently, the calculated concentration files
(“.ber”) are stored in this directory.

The following Peak Table- and Spectrum files may be used:
Sampo90/MicroSampo : *.PTF and *.SPE

Seqal : * SEQ and the spectrum name in the Seqgal FILE
ACCUSPEC Spectra : *.DAT
Genie2K : *.CAM

Subdirectories can be indicated in the measurement names. As example:
when the data base directory is ...\ and the spectra are stored in ...\SCK7V,
then the measurement identification in Kayzero (this is not the spectrum
name) is SCK7V:1. “:1” indicates this is the first measurement of this sample
on this directory.

In our case we have a code for each irradiation batch (e.g. SCK7V), all
spectra of samples irradiated during this irradiation are stored in the
corresponding directory. The irradiation batch is in our case a set of
irradiations on one day in one channel.

A sample can be irradiated in several irradiation batches.

The above described method allows the combination of many measurements
and irradiations. Up to six measurements can be combined in a result. The
measurements can be selected by using wildcards like “SCK7V*” or “*:1”.
“KAYZERO Library” directory :

This is the directory in which the library is stored.

“Efficiency data (SOLANG, COl etc.)" directory

The efficiency data subdirectory must contain the following files per detector
(e.g. DET1):

* Peak Table and Spectrum files of the background measurements
* and files for efficiency calculation and coincidence correction:

- EFFDET1.DAT = reference efficiency

- DET1.SOL = SOLANG for the ref. position

- FWHMDET1.DAT = FWHM as f(E)

- ????DET1.SOL = SOLANG for the counting geometries "????"
- ????DET1.COI = Coincidence correction tables for "????"

If one would like to convert an old system to the above described method
(using subdirectories in a measurement base directory) the procedure for an
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order is:

- copy the specific order files (.DTA) and index files (.DTX) to the orders
directory

- change the directories according to the new method

- add the order to the system using option Samples/Order Input

- add the measurement subdirectory name to measurement name using
option 851 in the DOS-Version.

All measurement data can stay on the original directory.

This procedure should be used for all subdirectories.

For monitors things are a little more difficult. Every irradiation/measurement
should be added to the new, channel/reactor specific, monitor file.
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Appendix 1: Efficiency Calculation.

In view of the extensive calculations which must be done for efficiency
determination and coincidence correction, counting geometries have to be
standardized as much as possible. For these standardized geometries,
SOLANG (effective solid angle, Q) and COI (coincidence correction) tables
are pre-calculated and stored in files which can be accessed by KAYZERO.
Enter only the detector name, geometry and position.

Using the method described by Moens et al. in [Ref] the efficiency for bulky
sources can be calculated from:

Q
€p = —— " Eref
Q ref

where Q and Q. are the effective solid angles, which are calculated using the
SOLANG program developed at the Institute for Nuclear Science of the Gent
University, Belgium for cylindrical samples on the detector axis and with a
diameter smaller than the crystal.

[Ref]: L. Moens et al., Calculation of the absolute peak efficiency of gamma-
ray detectors for different counting geometries, Nucl. Instr. and Meth., 187
(1981) 451-472.
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Appendix 2: Kayzero/SolCoi Files

Description of Kayzero files

* EXE : executable files

* ABS . contains the name and location of mass absorption data and
material composition data files. The material data filename and location can
be edited using the appropriate option in KAYZERO or SOLCOI.
KAYWIN.EXE etc.

. programs.
SOLCOIS, SOLCOINA, SOLCOINB, SOLCOINC, SOLCOIND and
SOLCOINE: the MS Fortran versions of the INW Gent programs SOLANG
and COINCALC. COINCALE is split into five separate programs. The
programs all use the same input file (*.SIN) produced by SOLCOI and must
be used in the given order. These programs are started from within Kayzero
for Windows. For 32 bits and 64-bit Windows versions the latest SOLCOI
programs (from 2006) have to used.

KAYZERO.DAT and SOLCOI.STA

. are status program specific system files.
KAYZERO.IRR:

. f, a and F. data of irradiation facilities. This file can be edited and
extended using the DOS EDIT command.
KAYZERO.MON:

: monitor data. This file can be edited and extended using the DOS
EDIT command.
KAYZERO.BUR:

: burn-up data for the most serious cases. If this file is not present burn-
up correction is not performed.
KAYZERO.FIS:

. fission correction data. If this file is not present fission correction is not
performed.

"reactor&channel".PAR:

. files containing the reaction interference correction factors for the
specific channel. The name is a concatenation of the channel and reactor
code used in KayWin. The length should not exceed 8 characters.

SOLCOLTIM

. file containing the calculation times for effective angle and coincidence
correction factor calculation; valid for the computer system on which SOLCOI
was running.
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SOLCOIS.DAT
. Gauss-Legendre interpolation constants for SOLCOIS.EXE

COIV4.DAT

. data file for the SOLCOINX.EXE files with all the radionuclides and
energies for which the coincidence correction factors must or can be
calculated.

SOL.TMP : this is an output file of SOLCOIS (SOLANG) produced during the
last calculation of an 'effective solid angle' result file (.SOL file); SOL.TMP
contains most of the given input.

MU-FIN.COE

: mass absorption data file
NAA.DAM

. material composition data file

List of the efficiency data needed for KAYZERO and SOLCOI, as well as the
result and input files of SOLCOI in the directory KAYZERO\EFFDATA:

Special KAYZERO format
FWHMDSM2.DAT

- full-width at half maximum in keV as a function of energy in keV. This
file is necessary for calculation of the Compton background in the spectrum. If
no file is found, a constant FWHM of 2 keV is used.

- LFC dual spectrum on or off. It is impossible for the program to detect
whether a dual LFC spectrum is recorded so it has to be indicated in this file
for each detector.

*.BLK- element content of the blank irradiation container (see fig 3.23)

Special SOLCOI format
DSM2.DET
- detector geometry parameters.
PTB.SRC
- PTB geometry (calibration source) parameters.
???.SRC
- source geometry parameters.

DSM2.FIT - fit parameters used to fit the efficiency curve.

ASCI! files:
EFFDSM2.DAT

- reference efficiency for SOLANG (SOLCOIS).
PTTDSM2.DAT

- peak-to-total ratio for all positions.
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DSM2.SOL

- calculated reference effective solid angles.
n???DSM2.SOL

- calculated effective solid angles.
n???DSM2.COI

- calculated coincidence correction factors.

Legends:

DSM2 is a detector/source-holder combination identifier.

?7?7? is a possible standardized sample geometry.

PTB is the PTB calibration source geometry.

n is a number ranging from 1 to 5: used for matrix interpolation data files
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SolCoi Files in Efficiency Directory

Special SolCoi format

DSM4.DET

- detector geometry parameters
PTB.SRC

- PTB geometry (calibration source) parameters
???.SRC

- source geometry parameters

ASCII-files:
EFFDSM4.DAT

- reference efficiency for COINCALC
PTTDSM4.DAT

- peak-to-total ratio for all positions for COINCALC
DSM4.SOL

- calculated reference effective solid angles for COINCALC
n???DSM4.SOL

- calculated effective solid angles
n???DSM4.COI

- calculated coincidence correction factors
DSM4*.CAL

- measured data for efficiency and PTT-ratio curve fitting
DSM4* FIT

- used parameters for efficiency and PTT-ratio curve fitting
DSM4.FIN

- measured data for the fine tuning
DSM4.RES

- interim results for the fine tuning
YOURLIST.CLS and COIV4.CLS

- energies and isotopes for coincidence and efficiency calculation

Legends
DSM4 is a detector/source-holder combination identifier.

?7?7? is a possible standardized sample geometry.
PTB is the PTB calibration source geometry.
n is a number ranging from 1 to 5: used for matrix interpolation data files.
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File Formats for SOLANG and COINCALC

Reference efficiency: ASCII-file
(file name: EFF+'detector name'.DAT)

line <position in file>

nr. <11>
1: ne

<l----- 10> <16-----25> <31-----40> <46-----55> <61-----70>>
2: €0 e e> €ne

<11> <22> <33> <44> <55>

3: 01 02 One

<l----- 10> <16-----25> <31-----40> <46-----55> <61-----70>>
4: P10 P11 P12 P1,01 P2,0
o) P21 P22 P23 P2,n2 P3
6: P3.1 P32 P33 P3.n3
where:
ne = number of energy regions (max. 4)

€o.ne = energy of the beginning and/or end of a region
O1ne = order of the fits (max. 3)

Pij = parameter for region i and order |.
(o]

For region i: %log(e) = T pij{*°log(E)}Y
=0

Peak-to-total: ASCIlI-file
(file name: PTT+'detector name'+.DAT)

1: ne {position 1}

2: €0 e1 ez €ne
3: 01 02 One

4: P10 P11 P12 P1,01 P2,0
S: P21 P22 P23 P2,n2 P30
6: P3,1 P32 P33 P3.n3

7 ne {position 2}

8. etc.

This format is the same as that for the reference efficiency. This file contains
the PTT for all positions on the source holder. For positions higher than the
reference position PTT can be taken equal to that of the reference position.
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SOLANG and COINCALC input file: ASCIlI-file
(file name:'n'+'source name'+'detector name'+.SIN)
With n= 1..5 in case of a matrix interpolation source file.

{distance in cm, linear attenuation coefficient in 1/cm, energy in

keV}

Type O in R en B
RESEARCH\20DSM4 . SOL
RESEARCH\20DSM4 .COI
name }
RESEARCH\EFFDSM4 .DAT
RESEARCH\PTTDSM4 .DAT
RESEARCH\DSM4 . SOL

file name}

COI.DAT

name }

DSM4

name (DSM4 .DET) }

0
1.00000000000000E+0000
7.21419629006732E-0002

cm3}
2.50000000000000E-0001

COINCALC) }

#5102

3

{comment}
{eff.solid angle file name}
{coincidence corr. factor file

{ref. eff. data file name}

{PTT data file name}

{ref. eff. solid angle data

{nuclide and gamma list file
{detector data file

{source data file name (0.SRC)}

{density in g/cm3}

{volume of the wvial/source in

{shaping time in us (for

{matrix composition}
{detector type}

0.40500 0.14000 0.24000 0.2200017 5

{ rl r2 r3

{rl=source radius; r2=height;

thickness; }
{ne=number of energies;

ne np}
r3=side wall thickness; rd4=bot. wall

np=number of positions;}

1.10000 0.15000 0.03000 0.00000 3.04500 5.77000 0.45000 3.80000

{ sl s2 s3

{sl-s4=absorbers thickness;

{s7=inner core radius;
0.00000

s5 sS6 s7 s8 }
sb=crystal radius; s6=crystal height;}
s8=inner core height}

{contact layer thickness}

20202020 {number of integration points }

20202020}

01242424}

{for non-point source

{for disk source

{for point source 01019696}

40.00031.72550 0.00000 0.00000 0.00000

{ E nl u2

pd o}

0.000000000 0.000000000 1.27710000031.725500000 0.000000000

{ mpbd no

u8 uo }

{u: linear attenuation coefficient for E keV}

{pl: detector crystal}
{p2: source}

{p3: vial wall}

{p4: contact layer}
{pb: Air}

{n6-u9: Absorbers 1-4}
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50.00017.06650 0.00000
0.000000000 0.000000000
60.00010.16500 0.00000
0.000000000 0.000000000
80.000 4.70265 0.00000
0.000000000 0.000000000
100.000 2.73385 0.00000
0.000000000 0.000000000
150.000 1.35540 0.00000
0.000000000 0.00000000OC
200.000 0.82390 0.00000
0.000000000 0.000000000
300.000 0.56710 0.00000
0.000000000 0.00000000OC
400.000 0.47936 0.00000
0.000000000 0.000000000
500.000 0.42800 0.00000
0.000000000 0.00000000OC
600.000 0.39055 0.00000
0.000000000 0.000000000
800.000 0.33865 0.00000
0.000000000 0.00000000O0
1000.000 0.30335 0.00000
0.000000000 0.00000000OC
1500.000 0.24987 0.00000
0.000000000 0.000000000
2000.000 0.21774 0.00000
0.000000000 0.00000000OC
3000.000 0.18725 0.00000
0.000000000 0.000000000
3500.000 0.18085 0.00000
0.000000000 0.00000000OC
{X} {Y}
through air}
2.12000 0.12000
4.12000 2.12000
8.12000 6.12000

.00000 0.00000
.83160000017.066500000
.00000 0.00000
.63990000010.165000000
.00000 0.00000
.483300000 4.702650000
.00000 0.00000
.421200000 2.733850000
.00000 0.00000
.359509072 1.355400404
.00000 0.00000
.321300000 0.823900000
.00000 0.00000
.275400000 0.567100000
.00000 0.00000
.247590000 0.479360000
.00000 0.00000
.226530000 0.428000000
.00000 0.00000
.209250000 0.390550000
.00000 0.00000
.183870000 0.338655000
.00000 0.00000
.165240000 0.303345000
.00000 0.00000
.134598592 0.249866987
.00000 0.00000
.116370000 0.217745000
.00000 0.00000
.095850000 0.187250000
.00000 0.00000
0.089135188 0.180848259

[cNoNoNeoNoNololNoNoNoNohNoNoNoloNolNoloNoholhoholNolNololNolNololNolNoNo]

{position 1}
{position 2}
{position 3}

15.1200013.12000{position 4}
25.1200023.12000{position 5}

0.

0

{X= distance from crystal to sample,

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

.000000000

000000000

.000000000

{data used for the calculation of the above used linear

attenuation coeff.}
1000.0000#S102
900.00004#C2H4
5350.0000Germanium
0.0000-
1180.0000PMMA
2700.0000A1luminium
5350.0000Germanium
0.0000-
DV
24/08/1992
0.00120000

08:10:37

{density in kg/m3 , material}

{user}

{modification data & time}

The typical size of a .SIN data file is 2,4 kBytes.

{distance from platform to bottom of wvial

[m]}
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Effective solid angle: ASCII-file
(file name:'n'+'source name'+'detector name'+.SOL)
With n= 1..5 in case of a matrix interpolation source file.

line <position in file>
nr <11-15> <26-30><31---—-——- 45><46-——--—- 60><6l--->
1: n P volume density matrix
<3--=---- 15> <18-=-=---- 30> <33------ 45> <48------ 60><63-—-———- 75>
2 SH S €3 €4 es
3 €6 e7
4: ce €n
5: SOll,l SOll,z SOll,3
soli,s soli,s
6: ce e RN
7 soli,n solo, 1 solz,»
8: ce
9: e sola,n
10: .. .. ce . .
11: .o “. c.e solp,n
where
n: number of energies,
p: number of positions
e: energy
sol: effective solid angles
The typical size for a'.SOL' file is 1.7 KByte.
Coincidence correction factors: ASCII-file
(file name:'N'+'source name'+'detector name'.COl)
With N= 1..5 in case of a matrix interpolation source file.
Volume vial = .87601 cm3
Number of positions = 5
Coincidence factors for : type D in R, Si02, 200 kg/m3
Detector DSM1
Pulse shaping time = 4.000 microsec.
Matrix material = #SiO2
Number of isotopes in data file : 160
NA24 2
1368.6 keVv .94586 .98809 .99667 .99872
.99913
2754.0 keV .93892 .98708 .99644 .99861
.99910
MG27 3
170.7 keVv .93331 .98632 .99628 .99854
.99908
1014.4 keVv 1.00239 1.00041 1.00010 1.00003
1.00002
AL28 1
SI31 1
S37 1
CL38 2
1642.4 keVv .94369 .98775 .99659 .99868
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.99912

2167.5 keVv . 95635 .99066 .99741 .99900
.99934
K42 2
312.7 keV .94011 .98724 .99647 .99863
.99910
K43 10
220.6 keVv .86143 .97243 .99267 .99707
.99825
372.8 keV .92676 . 98536 .99607 .99844
.99904
396.9 keVv .90148 .98055 .99483 .99794
.99876
404.3 keVv .85631 .97091 .99221 .99689
.99812
593.4 keV . 96897 .99368 .99821 .99923
.99954
617.5 keV .92028 .98461 .99592 . 99837
.99903
801.2 keV .90148 . 98055 .99483 .99794
.99876
990.3 keV 13.29844 3.23029 1.55276 1.20258
1.11914
1021.8 keVv .92068 .98471 .99595 .99838
.99903
1394.6 keVv 1.76175 1.13939 1.03475 1.01277
1.00752
CA4T 5
489.2 keV .93275 .98625 .99627 .99853
.99908
530.4 keV .93208 .98617 . 99625 .99852
.99907
767.0 keV .96040 .99215 .99790 .99916
.99949
807.9 keV .92668 . 98555 .996014 .99847
.99907
1297.1 keV 1.00308 1.00057 1.00014 1.00005
1.00003
SC47 1
CA49 6
143.2 keV .93088 .98492 .99580 .99838
.99892
856.1 keV . 94357 .98770 .99657 .99868
.999011
987.3 keV .94675 . 98822 .99670 .99874
.99913
1144.5 keV .93728 .98649 .99627 .99857
.99904
1408.9 keVv .94675 .98822 .99670 .99874
.99913

This is only a part of the '.COI'-file, the typical size is 40-45 kBytes.

Some gamma rays have a coincidence correction factor of one or very close
to one. Factors that differ less than 0.1% from one are not put in the file (A28,
SI31 etc.).
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Appendix 3: Algorithm and DataEvaluation

In the standardization step, intermediate results are produced by calculating a
detection limit for every gamma line in the ko library and, if there is a matching
peak in the spectrum, calculating a concentration plus a standard deviation
(see Figure A3.1). Depending on the measured spectrum, this results in a list
of more than 600 detection limits -- one for every gamma line available in the
ko library -- and several concentration values.

The intermediate result is necessary for the evaluation steps:

- isotope identification,

- interference correction,

- mean element concentration calculation using the data from all
measurements.

The evaluation steps are performed each time a result is printed.

REFERENCE REFERENCE
EFFICIENCY SOLANG
I
[ I
e s
LTBRARY -——->—-|[CALCULATION [f——-> | n-->(EVALUATION — (FINAL)
—_——2— r-->-4 B A S IC 5 REPORT
RESULTS 4
2
1
SOLANG COI.COR. INPUT DATA
* sample

SAMPLE FACTORS n
1 .
|

| * acquisition

n
' . . * irradiation
PEAK 3 SPECTRUM 3

2

TABLE 2 FILE
1 1

Figure A3.1: Schematic representation of the two main steps of the program
and the necessary input data
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Ko Standardization

Np/tm
[m]a ko Au(M(Gthm-f +Ge,m-Q0,m(a))-€ pm . 5
Np/t ko au(@)(Gtha f+Gea-Qual@))e 10
[ p-tm ]m 0,Au th,a ea'~0a p.a
SDC.w
Using the ko-standardization method, an element concentration, -- pa in mg/kg
-- can be calculated from the peak area of a single gamma line [ 1].
where: Np is the net peak area of a gamma-Iline corrected for dead time and
true coincidence losses (using the coincidence correction factor, see
SOLCOI-manual); tm is the measuring time; S ,D and C are the saturation,
decay and measuring factors respectively; W is the mass of the sample in
grams; w is the mass of the monitor element in grams; Gu and Ge are
correction factors for thermal and epithermal neutron self-absorption; Qo is
the thermal-to-epithermal cross-section ratio; f and a are parameters
describing the neutron flux distribution and ¢ is the full-energy peak efficiency
(see Figure A3.2). In this formula 'a’ stands for analyte (the element analyzed)
and 'm' stands for monitor. ko-values are taken from Ref. [2].

1l

Pa=

Efficiency

In view of the extensive calculations which must be done for efficiency
determination and coincidence correction, counting geometries should be
standardized as much as possible. For these standardized geometries,
SOLANG (effective solid angle, Q) and COI (coincidence correction) tables
are pre-calculated and stored in files which can be accessed by KAYZERO.
You only need to enter the detector name, geometry and position. Using the
method described by Moens et al. in [3] the efficiency for bulky sources can
be calculated from:

Q
Oref & p,ref (2) 2

Ep:

where Q and Qe are effective solid angles, which are calculated using the
SOLANG program. In combination with KAYZERO, use is made of PC
versions of the programs SOLANG and COINCALC (obtained from the
Institute for Nuclear Sciences of the Gent University, Belgium) which are
combined into SOLCOI.
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FWHM cal ——>

—INPUT FILE—
spectrum spectrum —>background calc.
acquisition
data
spectrum file|— peak table|—>—[peak areas and
name locations
COoI —>—[coincidence corr.
factors
detector ID >t
position > — SOLANG —>
geometry > 1_
1
Ref. eff. |—>—j j efficiency
Ref. SOL (—>
tm
DT ———\RESULT
time/date —/
sample STANDARDIZATION
weight ALGORITHM
irradiation
ti
time/date
f
o
monitor F——comparator factor->-
data
numbers/names I
kO-table
= file

Figure A3.2: Input data for KAYZERO (f and a are predetermined).
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Spectrum Deconvolution

The result of a spectrum deconvolution is stored in a peak table file which can
be accessed by KAYZERO. Of this output file only the net peak areas and the
peak location (in keV) are used. The standard deviation, o, for the net peak
area A is calculated using the formula:

oA— A+2B (3) 3

where B is a summation of the counts in n channels of the expected peak
width based on n/2 channels to the left and n/2 to the right of the peak.

The number n is calculated using the FWHM data (FWHM in keV as a
function of energy,) stored in the FWHMDET1.DAT data file of the detector
(e.g. DET1) system. The FWHM data are printed on the header of the PTF-
printout.

For the computation of n, the FWHM is multiplied by a factor (see
Tools/Options/ see Appendix 4) and expressed in a number of channels using
the energy calibration.

The detection limit, DL, in counts is calculated using Eq.(4):
DL =2.706+4.653-/B  (4) 4

In this formula, B (the background) is calculated in the energy region where
the peak in question is supposed to be present.
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Comparator Factor
Np/tm
_ [SDC.W la
2 Fc,Au-kO,Au(a)(Gth,a-f+Ge,a-Qo,a(a))-8p,a
In Eq. 1 the nuclear data of a monitor isotope selected as the comparator can
be compressed into the so-called comparator factor, Fcau. This reduces the
ko-formula to:

P (5) S

[ SDC.w 6
ko,au(M(Gthm f +Gem-Qom())-pm

Fecau=

Here, the algorithm for calculation of the comparator factor is the same as
that used for element concentrations. It can be shown from Eq. 5 and from
the activation formula that the comparator factor is proportional to the
epithermal neutron flux density (Eg. 6). This means that the comparator factor
Is a very useful parameter for checking input data and experimental
conditions.

Thus, the approximate value of the comparator factor can be predicted using:
_ NavB@auYa00nu

] ¢
cAu— oy _T& 6 7
Fea M au 71072347 10° ©)

with Na - Avogadro's number, M - molar mass, 0 - isotopic abundance, oo -
(n,y) cross section at 2200 m/s neutron velocity and y - absolute gamma
intensity.

In case of co-irradiation of more than one monitor, a mean value for the
comparator factor can be used. Then the comparator factors also directly
indicate a gradient in epithermal flux density. KAYZERO contains several
options for calculating the comparator factor, Fcau, as well as f and a. For f
and a the 'Bare Triple Monitor' method is implemented in KAYZERO.
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Evaluation

In the evaluation step (when printing the results, Option 46) mean element
concentrations must be calculated using the results of the standardization
step. Evaluation is done using several successive data reduction steps:

- isotope identification: eliminating data of nuclides not measurable in the
sample;

- gamma interference correction; and

- mean value calculation.

These three main data reduction options used for evaluation can easily be
calculated by hand, making verification possible.

Isotope/Element Identification

For isotope identification, a procedure is used which has been derived from a
simple check of the concentration and detection limits of all gamma lines of a
radioisotope.

If concentrations (peak areas) are found for gamma lines of a radioisotope,
then the number of gamma lines found (X) is a measure of the probability that
the radionuclide is present.

Of all concentrations found for X gamma lines of a given radionuclide, the
lowest is considered. The higher the number of gamma lines (Y) for which no
concentration is found (although the detection limit is lower than this lowest
concentration) the less likely it is that the radionuclide concerned is present.
Comparing these numbers (X and Y) provides an effective criterion for
deciding whether or not a radionuclide is present. For obtaining acceptable
results the following conditions are essential:
- energy calibration with an accuracy of better than 0.2 keV,
- good resolving power of the peak deconvolution algorithm,
- the peak finding algorithm in correspondence with the detection-limit
definition

used.
The isotope identification described above is performed for each
measurement. The same procedure can also be done for all radioisotopes
related to one element (one should then use element instead of radioisotope
and radioisotope instead of gamma line). This so called 'element check' can
be done for only one measurement (if there is more than one radioisotope
related to an element) or for up to five measurements. This check is only
applicable on the so called Final Result, Option 456; it is always switched on.
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Interference Correction

Gamma interference correction in KAYZERO is based on the use of
calculated concentrations according to:

Py
px = p'x(1- — )

p'y
where:
px = concentration of element X (based on gamma line x) corrected for
interference,
p'x= concentration of element X (based on gamma lines x + y) without
correction for interference by gamma line y of element Y,
py = concentration of element Y calculated from an interference-free
gamma-line,
p'y= concentration of element Y (based on gamma lines x + y) without
correction for interference by gamma line x of element X.

In a more general form and for n interfering radioisotopes, this leads to:

n Pi
p =p(1-S — )
i=1 P

In KAYZERO an iterative method is used to calculate interference
corrections. The method does not give an accurate result in all possible
cases, but incorrect results can easily be corrected manually because all
gamma peak areas are automatically converted to concentrations for all
possible radionuclides during the standardization step.
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Weighted Mean Concentrations

Mean values give more reliable information about the concentration of an
element in the sample under investigation. Since the counting statistics of all
peak areas is not equally good, KAYZERO calculates a weighted mean
using:

_ ZPiWi
p 2 Wi 8
where wi; is the weighing factor. In KAYZERO Version 5, 1/g%is used. The
mean concentrations can be calculated per radionuclide or over all
radionuclides related to one element.

_ [Zwi(p-p )’ 9
Oobs \—(n-l)ZWi

The standard deviation of the mean concentration is calculated and
presented as the observed uncertainty. Based on the standard deviation in
the net peak area due to counting statistics, an expected uncertainty is
calculated as well. One has:

_ [ Xwici) 10

O'exp—\i

(Zw;i )?

The comparison of the expected and the observed uncertainty gives an idea
about the quality of the result.
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Appendix 4. Mass Absorption Coefficients

KAYZERO/SOLCOI uses a mass absorption coefficient data file (according
to?!). This data file contains mass absorption data (total minus coherent) for 80
elements from hydrogen to lead (except noble gases) and including radium,
uranium and thorium, in the 1-5000 keV energy range.

The K-edge discontinuity is included (see Figure A4.1).

All elements can be selected using their full name, or their symbol using a #
in front. Chemical formulas can also be used, for instance #H20 for water.

More complex material compositions can be stored as a material composition
(see Option 13 in SOLCOI). The coefficient for a certain energy is found using
log-log 3-point interpolation.

Haz= absorptlon coefricient (minus cpherent)
iunﬂ T T LA B B B T e T’y T ¥ % T rrri

.
TR
. R S -

0.0010

musrho an w2 kg

D.Mﬂjb A A L L L BJN s R Y i L A3 .l 3.3 N M M
1 1 108 10040 5000
Engrgy In KEY¥

Figure A4.1: Mass absorption coefficients for carbon and germanium as a
function of energy (o: carbon; x: germanium).

[1] E. STORM and H.l. Israel, Photon Cross Sections from 0.001 to 100

MeV for Elements 1 through 100, Los Alamos Scientific Laboratory of the
University of California, 1967.
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Appendix 5: Matrix Interpolation / Vials

The calculation of a solid angle and a coincidence correction factor file
for one position takes approximately 1.2 hours (for an 80386 processor). This
IS not too long compared to the measuring time but collecting the necessary
data for the calculation (vial dimensions, wall thicknesses, vial material,
sample composition and densities needed to calculate the linear absorption
coefficients) takes time and may be a source of errors. These drawbacks can
be avoided by using standard sample vials for counting. Then only the filling
height, sample density and/or composition can vary. The filing height is a
very important parameter in the standardization of sample vials and should
also be standardized.

Density Interpolation

In case the sample material and the sample vial is always the same but the
filling density can vary, density interpolation can be used. By using pre-
calculated data for several (standard) densities the solid angles and
coincidence factors can be calculated by interpolation (*) for a range of
densities (see Figure A5.1). The lines in the plot are the results of
interpolation using the calculation results for five densities given.

SAbra mayled o & 307 &l ARELEdn idbrie e dilleret Endrgled

< ralcyfaErd 70l d anglws
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oo |
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S ied g le
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Figure A5.1: Density interpolation
(*) log/log 3-point Aitkins interpolation is used in KAYZERO/SOLCOI
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Matrix Interpolation

The method of density interpolation described above is only applicable if the
composition of the sample matrix is always the same. In the case of a wide
range of sample matrices a more universal approach is necessary. After
studying the effects of sample matrix and geometry on solid angles, a 'matrix
interpolation’ technique was implemented in the KAYZERO program for
concentration calculation. Interpolation based on linear attenuation
coefficients, p (or p.u/p), instead of densities is a logical procedure
considering the fact that the sample absorption data input for SOLANG is the
M-value for different energies.

In Figure A5.2 the solid angles for different energies are given as a function of
M. The points represent the calculated solid angles, the lines the results of
interpolation (*) between these points, and the dashed lines connect the
points with equal density and matrix composition.
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Figure A5.2: Matrix interpolation
(*) log/log 3-point Aitkins interpolation is used in KAYZERO/SOLCOI

The differences between the calculated solid angles (using SOLCOI) and the
interpolated solid angles are very small but the gain in efficiency and time is
enormous. The inaccuracy of matrix interpolation can easily be checked by
the user by comparison of matrix interpolation results with especially
calculated values for different sample materials in the same vial.
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Appendix 6: Parameters.

Calculation Parameters

The parameters for calculation (using the standardization formula), evaluation
(see figure A6.1) and printing (see figure A6.2) of the results can be adjusted
using Tools/Options/Calculation Parameters, <ALT><T><0O>.

o

Solcoi Special Parameters Absorption Data Screen Resolution
Directories  Calculation Parameters  Print Parameters  Energy Window/CalibrationCorr.

Evaluation Parameters

Energy window for peak recognition | 0.70 | in keV (one sided).
Peak width for background calc. (3) | 3.0 | in FWHM
Maximum limit of detection | 91.000 | in %

[«] Area Error Calculation from spectrum

Concentration averaging: () Mo Weighing. (® Weighing using w=1/{5d"2)

SelectAnalytical Lines Defaults

[]Blanc Subtration [+] Epi-thermal self shadow
[«] Threshaold Interference Correction Fission Interference Carrection
k. Caricel

Figure A6.1: The Calculation Parameters-option.

Re. (1): The energy window for peak recognition can be adjusted if the
energy calibration is not optimal. In this case it is best to adjust this calibration
using Energy Calibration-Option. It is very important to have a good energy
calibration and the energy window should be narrow enough to identify all
radionuclides present in the spectrum. If there is more than one peak in the
spectrum within the energy window, the spectrum peak will be assigned to
the isotope with the nearest gamma line in the library.

Re. (2): For the determination of the detection limit, the Compton background

is calculated by integration in the region where a gamma peak is supposed to
be found. The width of the region is related to the FWHM for the gamma ray
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energy. The integration boundary is the FWHM (expressed in channels) for
the relevant energy multiplied by a conversion factor. This factor, a good
value of which is three, can be entered as an answer to this question.

Re. (3): The selection of a maximum detection limit makes it possible to leave
out peaks that are not interesting for analysis. For instance, in trace analysis
it is not necessary to show detection limits higher than 5%.

Re. (4): The error in the net peak area can be calculated by KAYZERO using
the peak area and the background under the peak. If not the error from the
spectrum deconvolution program will be used.

Re. (5): The concentrations calculated for all gamma lines are averaged, the
weighing factor is normally the standard deviation in the peak area. This can
be turned off so all gammas are equally important.

Re. (6): In the option “Select analytical Lines” the corrections for blanc signal,

epi-thermal self absorption, threshold interferences and fission interference
can be done. For convenience, these options turned on of off by default.
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Print Parameters

See Figure A6.2

0 Options — d bt

Solcoi Special Parameters Absorption Data Screen Resolution
Directories ~ Calculation Parameters  Print Parameters  Energy Window/CalibrationCorr.

Print concentrationin: () ngig ® ma/kg
Concentration Notation @ scientific  (Ofixed  Number of decimal place: 1

Time Period Motation (O seconds (® hh:mm:ss.nn

Print only gammas with klcode ==7 (3) |3: including theoretically k0's R

Qrder Reporting

Uncertainty given as 2.00 ¥ 5d

in % to be added to the final uncertainty

Systematical error 3 in the element concentration

H

Font Courier (Size: 10)

OF. Caticel

Figure A6.2: The Print Parameters-option.

Re. (1): The standard unit for the printed concentrations can be given in ng/g
or mg/kg.

Re. (2): The concentrations can be printed in fixed or in scientific notation. If
fixed notation is chosen the number of decimal digits can be set.

Re. (3): The time period can be printed in seconds or in time notation
"hh:mm:ss"

Re. (4): When printing concentrations per gamma you may choose to print
only gamma lines with a kO code lower than or equal to a certain value.
Printing all gamma lines up to kO code 3 can be useful for manual
interference correction. If you enter '0' only the gammas that are used for
calculating the average concentration will be printed.

Re. (5): This is the systematical error added in option Samples/Select
Samples and Elements for Order Output (<Alt><S><L>).

Re. (6): Uncertainty will be printed in the final report 2 times the standard
deviation.
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Appendix 7: KAYZERO Library: Full listing

(the actual library might be different)

PR NT OF THE KAYZERO U BRARY: k0-2015 (0307/2017) 08082017 - 1-

Isatope: F20 Henent: F MDrel: 1[4 123 0]

Q-1 2200+ 200% Q-2 : 0000 Ees: 44700.00 + 50.0%eV
TV 2(2): 0186 nin+ Q07 %

FL : QO000F2 : QO00OF3 : Q000

F4 0000 FA : 1 000 kO-nucl: 9 980000E 4

Ener gy kOfactor  code - irterfering nuclides

16336 9980E4+ 12% 1 -

Isctope: No-24 Henent: N MDrel: 10[03 1
Q-1 059 + 200% Q0-2 : 0000 Ees: 3380.00 £+ 110%eV
TV 2(2): 3370000E-4 mn+ Q50 %

TU2(3: 897.600 min+80E3 %

F1 0000 F2 : Q000 F3 : 0000

F4 0000 FA : 1 000 kO-nucl: 4 680000E 2
Ener gy kOfactar  code - interfering nuclides
3466 4680E2+ 500% 5 - H-181

857.6 4680E2+ 500% 4 -

13686 4680E-2+ 06% 1 - SH-124

17320 4620E-2+ 500% 5 -

22430 4620E-2 + 500% 4 -

2754.0 4620E2+ 09% 1 -

Isatope: My-27 Henent: My MDrel: 1[04 7]

Q-1 0640+ 200% Q0-2 : 0000 Bes: 2570E+5 + 13.0%eV
TV 2(2): 9462 nmnt 012 %

F1 0000 F2 : 0000 F3 : 0000

F4 0000 FA : 1000 kO-nucl: 3 524000E 4

Ener gy kOfactar  code - interfering nuclides

1707 30206+ 10% 1 - G-77*D

8438 2530E4+ 05% 1 -

1014.4 9800E5+ 02% 1 - k42S

Isatope: A-28 Henent: A MDrel: 1[0573]

Q-1 Q0710+ 200% Q0-2 : 0000 Eres: 11800.00 + 59%eV
TV 2(2): 2241 mnx Q05 %

F1 Q000 F2 : Q000 F3 : 0000

F4 0000 FA : 1000 kO-nucl: 1 750000E 2

Ener gy kOfactor  code - irterfering nuclides

7569 1750E2+ 500% 5 - 4-95 Ew-154

1267.9 1750E-2 £+ 500% 4 -

17789 1750E2+ 08% 1 - R»-88

Isatope: 9-31 Henent: 9 MDrel: 1[064]

Q-1 1110+ 60% Q-2 : 0000 Bes: 2280.00+ Q4%eV
TU2(2: 157.320 mn+ 1144 %

F1 Q000 F2 0000 F3 : 0000

F4 0000 FA : 1 000 kO-nucl: 2 070000E 4

Ener gy kOfactor  code - irterfering nuclides

1266.2 1450E-7+ Q7% 1 -
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Isctope: Lu-176m Henent: Lu MDrel: 1[0 104, 120]

Q0-1 34800+ 31%Q-2 : 0000 Ees: 1610+ 50%eV
TU/2(2: 218100 mn+ Q08 %
F4 Q000 FA 1000 kO-nucl: 1944000E 1

Ener gy kO factor code - irterfering nuclides
884 1730E2+ 15% 1 - Ag-109nm* H-175 Gd-117

Isatope: Lu-177  Henent: Lu MDrel: 1[0 105, 121]
Q0-1 1909+ 200% Q0-2 : 0000 Bes: Q16+ 500%eV
----Non-/v Nuclide

Wse Bxtended Mbdified Hogdahl by choosing nmu in “Irrad ation data™
For mu=21 Hes : 013eV Qextended: 345
For mu=37 Hes : 013eV @extended: 309 @0 dCto231 @100 dC Ees

TV 2(2): 9691200 nin+t 015 %
F4 0000 FA 1000 kO-nucl: 1238000E 1
Ener gy ko fact or code - interfering nuclides
1129 4150E2+ 100% 2 - B-171 G-72 Ta-182 Yb-175
2084 7.140E2+ 100% 2 - NJ-149* Au-199 Pm 151* Ta-182D

Isatope: E-152  Henent: R MDrel: 1[0 90 105]
Q-1 1537+ 200%Q0-2 : 0000 Bes: Q45+ 500%eV
----Non-2/v Nuclide

se Extended Mbdified Hogdahl by choosing muin“Irradiation data”
For mu=21 Hes : 13eV Qextended: Q7
For nu=37 Hes : 029eV Qextended: Q7

TV 2(2): 7121498400 nmin+ Q04 %
F4 0000 FA : 1000 kO-nucl: 4 504000E+1
Ener gy ko fact or code - irterfering nuclides

901 6070E+0 £ 500% 5 - H-175 Gd-117 Nd-147

:013eV

1218 1280E+1 £ Q8% 1 - Ni-147 Se-75 Zn-71 Eu-152m Re-186 Yb-177 Eu-154

2447 3440E+0 + Q3% 1 - Sm155

3443 1190E+1 £ 09% 1 - H-175 Ew-152m Cd-117 Pm-151*
386.0 9360E+0 £ 500% 5 -

4111 9900E-1+ 200% 3 - Au-198 V52D

4440 1390E+0 £ 12% 1 -1-128 H-180m Nd-149* Sh-124
4823 1220E2+ 200% 3 - H-181 Ag-110mD

5645 2690E1+ 200% 3 - &-134 /-76 Sh-122 (d-117nt
6011 GO70E+0 £ 500% 4 - &-72 4-97*

7789 S700E+0 £ 08% 1 - M-99

867.4 1880E+0 + Q9% 1 - /s-76 La-140

897.0 9360E+0 £ 500% 4 - Rv-88

9641 6460E+0 = Q4% 1 - B+152m B-82S Th-160X
10859 4570E+0 + 04% 1 - G-77* La-140S

1089.7 7.590E1+ 200% 3 - S+-125* In-116mD

11121 6O70E+0 £ 08% 1 -

12130 6310E1+ 200% 3 - /s-76

12991 7.220E1+ 200% 3 - Mr-56S

1408.0 9360E+0 + 06% 1 - &x-49

Isctope: Eu-152m Henent: Eu MDrel: 1[0 89 106]
Q-1 1492+ 200% Q-2 : 0000 Bes: 045+ 500%eV
---- Non- /v Nucli de-------

Wse Extended Mbdified Hogdahl by choosing muin “lrrad ation data"
For mi=21 Bes : 13eV Qextended: Q7
For mui=37 Bes : 029eV Qextended: Q7
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TV 2(2):
F4 0000 FA :
Ener gy kO factor
1218 1480E+0 + 10.0%
3442 4980E1+ 100%
5629 4910E-2+ 200%

558720 nin+ Q11 %
1000 kO-nucl: 2 068000E+1
code - irterfering nuclides

2 - N-147 Se-75 Zn-71 Eu-152 Re-186 Yb-177 Eu-154
2 - H-175 BEu-152 CGd-117 Pm 151*
3 - &-134 A-76 Sb-122

8416 3020E+0 + 100% 2 -

9633 2490E+0 £ 100% 2 - Th-160 B-82S Eu-152
13147 2080E1+ 200% 3 -

1389.0 1670E-1+ 200% 3 -

Isatope: Eu-154  Henent: R MDrel: 10[Q 91, 107]

Q-1 5660+ 200%Q0-2 :
46000 nmin+ Q50 %

TV 22):

0000 Bes: 580+ 40%eV

TV 2(3): 4519574.280 min+ Q05 %

Q000 FO :
kO factor
89351+ 200%
1550E1+ 10.0%
7.770E1 £+ 50 0%
1080E1+ 15%
3830E2+ 200%
4460E1+ 15%
1080E1+ 100%
7.770E-1 + 50.0%
8732 2720E1+ 14%
996.4 2300E-1+ 100%
1004.7 3944E-1+ 200%
12744 7.770E1+ 11%
1596.5 3944E-2 + 200%

F4

Ener gy
1231
2480
2524
5918
6924
7233
756.9
763 4

1000 kO-nucl: 2 203000E+0

code - irterfering nuclides

3 - Br152 B-152m Re-186 Yb-177 Ba-131 B-171

2 - B-131
5 - 3-193
1 - 3-185
3 - 122

1 - &-143 Sb-124 #-95 Ru-105
2 - &-95 A-28D
4 - -117n Ag-110m

1 - Arl110n8
2 -In116nB
3 -
1 -

3 - 12140 &-72

Isatope: Yb-169

---- Non-1/v Nucli de

Henent:
Q0-1 4833+ 200%Q0-2 :

Yo MDrel: 100 101, 117]

Q000 Bes: 061+ 500%eV

Wse Bxtended Mbdified Hogdahl by choosing nmuin "Irrad ation data"
For mui=2 1 Ees : 053eV Qextended: 10.8
For mui=37 Ees : 053 eV Qextended: 10.8

1000 kO-nucl: 4 614000E- 2

TV 2(2): 0767 nin+ Q50 %
TV 2(3): 46123200 nmin+ 002 %
F4 0000 FA :

Ener gy kO factor

631 2040E-2 = 100%
936 1180E3+ 200%
1098 7.790E3 + 10.0%
1182 8490E4 + 200%
1305 5170E3 + 10.0%
177.2 1040E2 + 10.0%
1980 1640E2+ 100%
307.7 4340E3 + 100%

code - irterfering nuclides

2 - R-188m

3 - R-188m H-180m N-65D Zn-65D Dy-165 Pa-233

2 -

3 -

2 - -191 R-105m Ru-105

2 - &-70* Pm151*

2 - NJ-147 Tb-160 Ta-182 Se-75 Ge-75* NJ-149* Ta-182D
2 - Tc-101 B-1711r-192 Pd-109

Isatope: Yo-175  Henent: Yb MDrel: 10[Q 102 118]
Q0-1 0460+ 200% Q0-2 : 0000 Bes: 60200+ 80%eV
TY 2(2): 0001 mn+ Q50 %

TU2(3): 6026400 nmin+ Q02 %

F4 0000 Fdd 1000 kO-nucl: 4 875000E 1

Ener gy kO factor code - irterfering nuclides

1138 9420E3 = 13%
137.7 5690E4 + 06%
1449 1590E3+ 15%
2825 1460E2+ 03%
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3963 3120E2+ Q6% 1 -

Isctope: Yo-177 Henent: Yb MDrel: 10[0 103 119
Q-1 2500+ 18% Q-2 : 0000 Ees: 41200+ 51%eV
TV 2(2): 0107 nin+ Q50 %
TU2(3: 114660 mn+ 016 %
F4 0000 FA : 1000 kO-nucl: 4 410000E 3
Ener gy ko fact or code - irterfering nuclides
1227 1640E-4+ 100% 2 - Zn71 Eu-152 Eu-152m Re- 186 Eu-154 Ba-131 F-171
1393 6480E5+ 100% 2 -In116m &-193 G-193X CGe-75m Tc-99m
1506 89404+ 100% 2 - -60D S-85nt
8989 3120E5+ 100% 2 - R-88
9418 4870E5+ 100% 2 -
- @117

10281 2940E5+ 100% 2

1080.2 2680E4 + 100% 2 - B-82
1119.7 2740E5+ 100% 2 - Sc-46
1149.8 2960E5+ 100% 2 -1Ir-194
12412 1620E4 + 100% 2 -

for more radionuclides see the listing made by the program
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Explanation of some of the data in the KAYZERO Library
M/D (mother/daughter) relations and factor F1-F5

1: recommended ko-factor

2: tentative (measured in only one laboratory)

3: theoretical ko-factor (for interference correction purposes only)

4: single escape peaks, with ko-factor of original peak (added according?)
5: double escape peaks, with ko-factor of original peak (added according?)
7. effective energy with recommended ko-factor
8. effective energy with non-recommended ko-factor

The mean resonance energy; if Eres is zero KAYZERO will use QO0-1 instead

of Qo(a).

Mother/Daughter relations:

The M/D relations are in the KAYZERO Library numbered from 1 to 19.
These number correspond to the roman numbers in the ko-standardization
literature of De Corte and Simonits? . In Table A7.1 these numbers and the
factors F1-F5 given in the library are explained.

Half-lifes are given in minutes

Some ko factors are only defined for an artificial effective gamma peak (in fact
a combination of two gamma lines close together). These gamma lines are
given in table A7.2. There are two types:

A: The lines can be separated using modern gamma-ray spectrometers and
deconvolution software. In this case the two separate ko factors are given as
well as the ko factor for the summation. In the latter case the ko code is 7or 8.
B: The lines cannot be separated.
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M/D rel. M/D F1-F5
KAYZERO | code
ref.[2]
1 | -
2 Il/a -
3 /b -
4 ll/c -
5 ll/d F1=y2/(F2.y3)
6 [ll/a F2=F24/(F2.F3)
7 /b -
8 l/c -
9 IV/a F3=F2.00"/00?
10 IV/b -
11 IV/c -
12 V/a F3=ko™/ko®
13 V/b -
14 Vic -
15 VI -
16 Vil/a F1=F24.00"/(00%.F3); F3=F2>.00™/0¢"
17 VIil/b F1=F24.00™/(00%.F3)
18 VIl F1=F3s/(F3.F4); F2=F2s/F4; FA=F24; F5=As
19 Iv/d F1=vy2/(F2.y3); F2=F2; F3=00"/0¢°
20 Vvid -

Table A7.1: Explanation of mother/daughter relations and factors F1-F5.
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Isotope |Eff. energy in |Energy 1 in keV Energy 2 in keV
keV (kOcode) |(kO code) (kO code)
Ga-72 2501.7 (7) 2491.0 (1) 2507.9 (1)
[2507.8 + 2515.0]
As-76 559.2 (7) 557.1 (1) 563.2 (2)
As-76 1215.2 (7) 1212.9 (1) 1216.1 (1)
Mo-101 | 192.4 (7) 191.9 (1) 195.9 (1)
Mo-101 | 1012.4 (7) 1011.1 (2) 1012.5 (1)
Ru-105 | 469.4 (7) 469.4 (1) 470.1
Pd-109 311.1 (7) 309.1 (3) 311.4 (1)
Sn-117m| 158.5 (7) 156.0 (1) 158.6 (1)
Th-160 965.1 (7) 962.3 (2) 966.2 (2)
Hf-181 133.5 (7) 133.0 (1) 136.4 (2)
[136.3 + 136.9]
Re-188 633.2 (7) 633.0 (1) 635.0 (1)
0Os-193 139.0 (7) 138.9 (1) 142.1 (1)
0Os-193 557.9 (7) 557.4 (1) 559.3 (1)
[556.0 + 557.4] [559.3 + 560.0]
Np-239 228.1 (7) 226.4 (3) 228.2 (1)

[227.8 + 228.2]

Table A7.2A: Isotopes and ko's with effective energies and effective ko-
factors: lines that can be separated using modern gamma-ray spectroscopy.
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Isotope Eff. energy in keV Energy 1 in keV Energy 2 in keV
(kOcode) (rel.y intensity) (rel.y intensity)
Ga-72 2507.9 (1) 2507.8 (13) 2515.0 (0.2)
Mo-101 505.9 (1) 505.1 (20) 505.9 (638)
Mo-101 590.1 (1) 590.1 (300) 590.1 (870)
Mo-101 870.9 (2) 869.7 (18) 871.1 (96)
Mo-101 934.1 (2) 933.3 (40) 934.2 (181)
Mo-101 1251.0 (2) 1249.4 (14) 1251.1 (245)
Pd-109 414.4 (3) 413.0 (27) 415.2 (44)
Ag-110m  706.8 (7) 706.7 (17.4) 708.1 (0.29)
Sn-125 1088.9 (2) 1087.7 (12.3) 1089.2 (47.3)
Nd-149 97.0 (2) 96.9 (0.13) 97.0 (5.6)
Nd-149 155.9 (2) 155.1 (0.13) 155.9 (22.9)
Nd-149 198.9 (2) 198.0 (0.19) 198.9 (5.37)
Nd-149 349.1 (2) 347.8 (0.62) 349.2 (5.31)
Nd-149 423.7 (2) 423.6 (28.7) 425.2 (1.05)
Nd-149 556.4 (3) 555.9 (2.26) 556.8 (1.68)
Pm-151 163.3 (3) 162.9 (3.9) 163.6 (6.9)
Pm-151 167.8 (3) 167.8 (37) 168.4 (4.1)
Pm-151 177.0 (3) 176.5 (3.8) 177.2 (17)
Eu-152 444.0 (1) 444.0 (1.22) 444.0 (10.54)
Eu-152 564.5 (3) 564.0 (23.6) 566.4 (6.2)
Eu-152 964.1 (1) 963.4 (0.50) 964.1 (54.6)
Eu-152 1085.9 (1) 1084.0 (11.7) 1085.9 (475)
Yb-169 118.2 (3) 117.4 (0.11) 118.2 (5.22)
Er-171 210.6 (2) 210.1 (0.07) 210.6 (6.42)
Hf-181 136.4 (2) 136.3 (7.27) 136.9 (1.07)
Ta-182 1157.5 (3) 1157.3 (1.7) 1158.1 (1.15)
Os-193 180.9 (2) 180.0 (4.6) 181.8 (4.9)
Os-193 219.1 (2) 219.1 (7.0) 219.0 (0.22)
Os-193 557.4 (1) 556.0 (0.08) 557.4 (33)
0Os-193 559.3 (1) 559.3 (12.3) 560.0 (0.07)

Table A7.2B: Isotopes and ko's with effective energies and effective ko-
factors: lines that cannot be separated using modern gamma-ray
spectroscopy.
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Appendix 8: KAYZERO Library: Gamma
line listing

(example, might be different in the actual library)

PRINT OF THE GAMMA-LINES IN THE KAYZERO LIBRARY VER4 0
3/12/2001
T 1/2 0.0 > T 1/2 > 10000000000. minutes
Energy Isotope Element T 1/2 yield kO-code
kev min. %
58.6 Co-60m Cox* 10.5 2.089 2
63.1 Yb-169 Yb* 46117.4 44.213 2
63.6 Re-188m Re 18.6 22.583 3
67.8 Ta-182 Ta 164779.0 41.217 2
69.7 Sm-153 Sm 2776.2 4.312 1
70.4 Pd-111lm Pd* 330.0 30.641 3
74.7 U-239 U 23.5 48.101 1
75.4 Pa-233 Th 38832.5 1.408 3
80.2 I-131 Te 11549.8 2.331 2
80.6 Ho-166 Ho 1609.8 6.330 1
80.9 Mo-101 Mo 14.6 4.771 2
84.3 Tm-170 Tm 185184.0 3.260 1
86.8 Pa-233 Th 38832.5 1.991 3
86.8 Tb-160 Tb 104112.0 13.380 1
88.0 Ag-109m Pd* 822.1 3.610 2
88.4 Lu-176m Lu 218.1 8.899 1
89.4 Hf-175 Hf 100800.0 2.354 3
89.7 Cd-117 Cd 149.4 4.071 2
90.1 Eu-152 Eux* 7122670.0 13.477 (double
escape peak)
91.1 Nd-147 Nd 15811.2 27.899 1
92.2 Br-82 Br 2118.0 0.760 3
92.4 Re-188m Re 18.6 5.606 1
93.3 Hf-180m Hf 330.0 17.311 1
93.5 Ni-65 Ni 151.0 15.119 (double
escape peak)
93.5 Zn-65 Zn 351734.4 50.619 (double
escape peak)
93.6 Yb-169 Yb* 46117.4 2.557 3
94.7 Pa-233 Th 38832.5 10.997 3
94.7 Dy-165 Dy 140.0 3.580 1
96.7 Se-75 Se 172481.8 3.440 3
97.0 Nd-149 Nd* 103.7 1.635 2
97.1 Rh-104m Rh* 4.3 2.985 3
97.4 Gd-153 Gd 347904.0 30.206 1
98.5 Sc-46 Sc 120658.0 100.000 (double
escape peak)
99.3 Ta-182 Ta 164779.0 37.540 (double
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escape

100.
100.
101.
102.
103.
103.
103.
104.
104.

el
)
)
o

WO JIDdhNDDMNDWOWEHE O

Pm-151
Ta-182
Pm-151
Gd-161
Sm-153
Gd-153
Np-239
Pa-233
Sm-155

Nd*
Ta
Nd*
Gdx*
Sm
Gd
U
Th
Sm

1704.
164779.
1704.
3.
2776.
347904.
3393.
38832.
22.

for more lines see the listing by the program.
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