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1.1

1.2

Acquisition Software: GammaAcq

System Requirements

e Windows 7/8/10 x64 should be installed in advance.

e Your computer should have at least 3 GB of disk space available.

Software Installation
GammaAcq is used to acquire and display gamma spectra of samples and calibration standards.

To install GammaAcq software:
e If necessary, close and uninstall any previously-installed GammaAcq software.
e Install hardware driver first:
i. Unplug the gamma detector USB cable from the PC if it is connected.
ii. Insertthe Risg Gamma Software Flash Drive into a USB port on your PC.
iii. Open \Software\Driver\ folder in USB drive, run installation file BPI-MDS-2.0.14.exe.
Follow the Setup Wizard as shown in Figure 1.1-1.2, accept all the default settings, and
click “Next”. As shown in Figure 1.3, uncheck all the components but keep the “USB
Drivers for eMorpho”, and then complete the Setup Wizard.

i3 Setup - MDS-Win32 — X

Welcome to the MDS-Win32 Setup
Wizard
This will install BFIMD5-2.0. 14 on your computer,

It iz recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Figure 1.1: Driver Setup Wizard.
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i Setup - MDS-Win32 —

Select Destination Location
Where should MDS-Win32 be installed?
Setup will install MDS-Win32 into the following folder.,

To continue, dick Mext. If you would like to select a different folder, dick Browse,

|m Browse...

At least 1.2 ME of free disk space is required.

Figure 1.2: Select setup destination folder.

5 Setup - MDS-Win32 —
Select Components
Which components should be installed?

Select the components you want to install; dear the components you do not want to
install. Click Mext when you are ready to continue,

Custom installation o
|:| Start Menu Items ~
[ ] Desktop items

USE Drivers for eMorpho 0.6 MB
] apache 2.4{MDs) 5.5 ME

[ ]PHP 5.4 11.0 ME
[1BPI command files: 2.0 MB

[ ] BPI Element Software 1.0 MB

[ ] BPI Meutron Software 0.3 MB

[ 1BPFI MDS pvthon code o.5me ¥

Current selection requires at least 1.7 MB of disk space.

Figure 1.3: Select component USB Drivers for eMorpho for installation.
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o Open the \Software\GammaAcq\ folder on USB drive and run Window installer file Risg Gamma
Spectroscopy Acquisition.msi. If you are using Windows 7/8 (or a 64-bit version of Windows) you
must right click on it and select Run as administrator.

o Follow the Installation Wizard and finish installation.

o The program is located in the default installation folder: "C:\Program Files\Risoe\Risoe Gamma
Spectrometer\Acquisition\GammaAcq.exe"

1.3 Software Introduction

After software installation, connect the USB cable from the Nal gamma detector to the PC, and double
click the GammaAcq to start the program.

[ Rise gamma spectroscopy - O X

@ channg
C

i [ Counts scale

Ele Detector Help
erca264 0 |

Stop
@ '\ Resume

Save

10,000

Clear/Start

\ e/
frearime )

0:11:26
Dead time (%)

0.0881346

Events

278577
Event rate (cps)
@ w || [406.111
Temperature
2875 1
LED count
0
HV
750
Digital gain
[0.24199677 B T channat

1,000 * Log

Linear

Min
23.125

D —

. ; NG

Time (minutes)

2

Temperature
i
in

N
(v}

Autosave: Ci/temp/hist-*.rgs

Fig. 1.4: Graphic User Interface of GammaAcq software. (1) command buttons, (2) gamma spectrum histo-
gram, (3) counting/setting parameters, (4) temperature of the detector, and (5) information bar.



)
—
—

i

DTU Risg Nal Gamma Spectrometer User’'s Manual

First Time Running:

Fig. 1.4 shows user interface from GammaAcqg when the software runs for the first time a few seconds
after the Nal gamma detector has been connected to the PC. When the GammaAcq software is started,
the run time is shown in the “Real time” window (see (3) in Fig. 1.3); even though no gamma counts are
displayed in graph (2).

The GammaAcq user interface include (1) command buttons (top left), (2) the measured gamma spec-
trum (middle), 3) counting/setting parameters (middle left), (4) detector temperature (bottom), and (5)
information bar (bottom right corner).

If you run GammaAcq when the Nal detector is not connected to the PC, it is only possible to
open previously saved gamma spectra.

1.4 Set Detector Parameters

1.4.1

When the detector is connected to the PC for the first time, and the GammaAcq software is started, the
HV and Digital gain ((3) in Fig. 1.4) are randomly set. These values are usually different from the sug-
gested values in the detector specification sheet. When you click the “Clear/Start” button, usually the
appropriate parameters from the specification sheet will be loaded from the non-volatile memory in the
detector. In case that the software is not able to load these parameters automatically after clicking
“Clear/Start’ button, you have to set them manually (as described in section 1.4.1).

The position of gamma spectrum in the histogram chart is determined by

i. The HV and Digital Gain parameters in the detector, and
ii. The temperature in the lab where the detector is installed.

As the temperature in your lab might be different from the gamma spectrometry lab at DTU Physics, it
is necessary to readjust these parameters after the detector is installed on site.

To ensure appropriate determination of these parameters, the detector must have been installed in the
lab for at least one day. Since the electronics in the detector heats the Nal scintillator and all other parts
of the detector, fine tuning of these parameter should preferably be carried out after the detector has
been connected to the PC and the GammaAcq software has run for at least 5 hours. The temperature
change is monitored by the software and is shown in (4) (Fig. 1.4).

Detector Gain Setting
1. Place a “0K calibration standard cup on the detector
2. Click Menu — Detector — Gain Setting, and the Gain Setting Window opens (Fig. 1.5):

Manual gain settings

HV: 730

Digital gain: |0.24200000
oK Cancel |

Fig. 1.5: Gain Setting Window
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3. The HV and Digital Gain settings in Fig. 1.5 are just an example. You have to set the high voltage
HV and Digital gain according to the values suggested in the Nal Detector Specification sheet
included in the \Documents\ folder on USB flash drive.

4. Click OK.

5. Click Restart. The parameters will then be loaded to the detector and the detector will run with these
parameters. Meanwhile, the counting time “Real time” will be reset to zero and start to count again.

6. After about 2-5 minutes, watch the position of the 4°K peak. If the 4K peak is too far away from
channel 500 (i.e more than £100 channels), then adjust the HV and/or the Digital Gain in Gain
Setting Window to move the 4°K peak to channels nearby channel 500.

a.

If the 4°K peak is to the right of channel 500, then first try to reduce the Digital Gain a little at a
time. This will move the 4°K peak to the left (i.e. towards lower energy). If the Digital Gain is
increased the spectrum will move to the right (i.e. towards higher energies).

The recommended HV from the Nal Detector Specification sheet should be used for the first
try. In general, a higher HV moves the “°K peak to right and a lower HV moves the 4°K peak to
the left.

If the 0K peak moves out of the whitish region (from chennal 400-600, Figure 1.4), you must
change the Digital gain to move this peak back into this region. Otherwise it will be difficult to
find this peak in the the analysis software GammacCalibration & DoseRateCalculator.

1.4.2 Spectra Saving Preference
After the appropriate parameters have been set, the detector can be used. You need to specify the
folder and file name for the spectrum to be saved.

This step is necessary in case you have changed a new sample cup.

1. Click “Clear/Start’ button, the Acquisition saving settings pop-up window opens (see Fig. 1.6):

mAcquisition saving settings X

Data files

Default save directory:

|C:ftemp,-1

Default filename: |hist-*.rgs

Placeholder characters: * = date-time % = count

Autosave
" No autosave
" Save and continue acquisition

* Save and restart acquisition

Time interval: [120 minutes
New settings will take effect after pressing Clear/Start oK Cancel

Fig. 1.6: Aquisition save setting window

2. For the two autosave options, type in your folder or click the button on the right to find a folder in
which you would like to save the spectrum.
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3. Type in adefault file name, e.g. cup and sample name. The date and time information at the moment
when the spectrum to be saved will be added into the file name by replacing “*” automatically by
the software.

4. Choose one of the Autosave options (default is No autosave).

a. “No autosave” spectrum must be saved manually after it reaches the target counting time, by
clicking “Save” button on top left corner of GammaAcq User Interface. In this case, the set file
folder and file name is not valid anymore.

b. “Save and continue histogramming”: the spectrum is automatically saved after a given elapsed
counting time, e.g. 2 hours (120 minutes). The counting will continue and the new counts will
be added to the next spectrum to be saved. The counting time for each automatically saved
spectrum will be 2 h, 4 h, 6 h..., if the “Time interval’ is set to 120 minutes.

c. “Save and restart histogramming” means you can save a spectrum automatically after counting
for e.g. 2 hours (120 minutes), then the counting restarts from 0 (counts are not added to the
previous spectrum). The counting time for each automatically saved spectrum will be 2 hours.

5. Click “OK” botton. This step will clear all the current counts and start new counting.

If you would like to change the acquisition saving settings, e.g. for file name/folder or time
interval, but you also would like to keep the current counting, then you can click on menu
“Detector” — “Acquisition saving settings”, there will be a same window as the one pops-up
when you Click “Clear/Start” button, to allow users to make changes. All the changes will
take effect after users click “OK” button.

1.5 Start Acquisition

After clicking on the “Clear/Start’ button and close the window, the acquisition starts and the “Real time”
is reset to zero. If the detector has just been connected to the PC, you can see that the temperature
starts to increase in the temperature window (see bottom graph in Fig. 1.7). It usually takes a few hours
before the whole detector/lead shield system reaches thermal equilibrium, depending on the room tem-
perature in the lab.

To achieve the best measurement accuracy, we suggest users to wait for at least 5-6 hours after
the detector is connected to the PC and the GammaAcq software is started, before you start
acquisition.
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[ Risg gamma spectroscopy =
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Fig. 1.7: The bottom graph shows how the temperature of the gamma detector typically changes with
time after the system has been started.

1.6 Remarks on gamma acquisition

+ As the Nal scintillation gamma detector is very sensitive to temperature change, users are advised
to install the gamma spectrometer in a lab with a stable temperature, preferably <1 °C change
within 24 hours.

+ Some air conditioner stops running, when the set temperature of the air conditioner has been
reached. It will then start to cool again, when the room temperature is out of its set temperature
range. This will cause fluctuations in the room temperature, which will result in a broadening of the
spectrum and thus reduce the measurement accuracy. In this case, you are advised to use an ex-
ternal temperature logging device, e.g., USB TC-08 from Pico Technology Limited to monitor tem-
perature change to identify a relatively stable period for your measurement. The temperature sensor
should be attached directly to the side of the Nal crystal.

+ The temperature sensor on the detector is actually located in the electronics part of the detector and
is not able to monitor the temperature change of the scintillation crystal precisely.

+ |f the temperature change is >0.5°C within 24 hours, users are suggested to set the counting time to
about 2 hours for each spectrum. The analysis software GammaCalibration and DoseRate Calculator
are able to handle multiple spectra input to correct spectrum drift due to temperature change. In this
way, the broadening of the gamma peaks is minimised and the measurement accuracy improved.

+ The “Dead time (%)” shows if the detector setting is appropriate or not. Usually a dead time value as
high as >0.1-0.2% can be expected if you measure calibration standards. For the natural samples,
it is usually <<0.1%.

+ The “Event rate (cps)’, i.e., counts per second, on the left side of the spectrum histogram window
shows the level of the measured radioactivity. For example, the counting rate of the background cup
usually is about 3-5 cps, a weak natural sample is usually between 5-8 cps, and higher activity
samples could reach 20-30 cps.
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+ The “LED counts” is for the future development on the software and is not activated in this version
of GammaAcq software.

+ The automatic peak search algorithm employed in the analysis software requires clear specific peaks
from 40K, U- and Th-series to perform adequately. For weak samples, it is suggested to count each
spectrum for at least two hours.

+ The duration of measurement time depends on the radioactivity contained in the sample, and on the
desired total uncertainty on the dose rate.

+ For low activity samples, the background counting plays an important role for the accuracy of the
determination of the radioactivity and dose rate. Therefore, it is necessary to count the background
cup just before and right after counting low activity samples.

+ The spectra files can be opened using a text editor, but we strongly suggest you do not
change anything in it. If you do so, you may not be able to open them in the analysis software
GammaCalibration and DoseRateCalculator.
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2 Calibration Software: GammaCalibration

2.1

2.2

System Requirements
e Windows 7/8/10 x64 should be installed in advance.

e Your computer should have at least 2 GB of disk space available.

e Microsoft Excel for Windows® should be installed in advance.

Software Installation
This software does not have to be installed on the same PC as GammaAcq is installed.

A. Install the MATLAB Runtime:

1. Unzip installation file MATLAB_Runtime_R2019b_win64.zip from folder in Risg Gamma Software
Flash Drive: \Software\MCRInstaller9.7\. Since the installation file is a large file, you may need to
copy/unzip it to the hard disk on you PC to speed up the installation process.

2. Run setup.exe after unzip.

B. Install the GammaCalibration software:

1. If necessary, close and uninstall any previously-installed GammaCalibration software.

2. Open folder \GammaCalibration\ on the USB drive, and unzip the installation file GammaCalibra-
tioninstaller_v1.3.zip. Run GammacCalibrationinstaller.exe after unzip. If you are using Windows
7/8 (or a 64-bit version of Windows) you must right click on GammaCalibrationinstaller.exe and
select Run as administrator.

3. In the first step, the button “Connection Settings” (see Fig. 2.1), should be ignored. Simply press
"Next” button.

4. Follow the setup procedure and finish the installation. Keep the default installation folder: C:\Pro-
gram Files\Risoe\Risoe Gamma Spectrometer\GammacCalibration\.

In the beginning of the installation, the installer will install a third party runtime engine and
this process may take a few minutes, depending on the performance of your PC.

GammaCalibration Installer - O x

Connection Settings

GammaCalibration 1.2

Cancel

Fig. 2.1 The first step of installation. Simply choose “Next".
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2.3 Software Introduction

When you start to run the GammaCalibration program, it will take one or more minutes to load a third
party runtime engine before the user interface shows up as in Fig. 2.2. Sometimes, it may be advanta-
geous to maximise the program window and adjust its size to match your screen resolution.

o The GammacCalibration software has a simple user interface and is used for handling calibration
spectra, including spectra for Energy Calibration Standards, Calibration Background and 4°K, 238U
and 232Th Detection Efficiency Calibration Standards. This program is essentially for the determina-
tion of the detector’s detection (counting) efficiencies of 4°K, 238U and 232Th.

e The background spectrum and the 49K, 238U and 232Th standards spectra are drift corrected automat-
ically according to the Energy Calibration Standards spectrum, after they are loaded.

¢ On the right side of the gamma spectra plot, the user can choose to view the spectrum on either log
or linear scale. You can also switch the x-axis of spectrum between channel and energy (keV) after
you have loaded the energy calibration spectrum.

e You can save the spectra plot into image files, i.e. .png, .jpg, .tif files or in vector image format in
.pdf, by moving the mouse to the top right corner of the spectra graph and click the first icon.

GammaCalibrationV1_2 - [} X

2 S L H® X
108 = T T T T T T T T
E Energ mbvaﬂnn Standard 3
£ 1 Background 7
1 — Spectrum Scale ——
= @ Log O Linear

i Spectrum View
M _ (@ Channel OkeV
WW\WMM“"‘""‘WNM ’\‘M.'nﬂwvw vt ]
i A o,y
10 3
10° N T T S T TS T T I T S I S A T T T A T M T M M Y S M S M
100 200 300 400 500 600 700 800 900 1000
Channel
I. Energy Calibration Standard Il. K,U,Th D ion Efficiency Calibration Standards
1. Load Spectrum 2. Save Data 1. Load Spectra 2. Enter Cup Information
Activity Source Material
Cour s Counting Time Bal Uncertainty (%]
Counting Time 7200150  [ks] (0 S
K40 0 [ks] K_nat 0 0 3. Save Data
l. Calibration Background ——— U238 0 Tks] U_nat 0 0
Load Spectrum Clear Spectrum EleaSnec
/ Th-232 0 ks] Th_nat 0 Iy
Counting Time | 720016 |  [ks]

Fig. 2.2 User interface for calibration.
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2.4 Start Calibration

-

Before users measure all the calibration standards in their own labs, the calibration spectra in the
folder on the USB stick: \Spectra of Calibration Standards\ can be used for practice purposes, so
the users can become familiar with the software.

Users have to measure all the calibration spectra after the Risg Gamma Spectrometer is installed
in their own laboratories, to achieve an accurate determination on the dose rate of the samples.

There is no fixed sequence to follow when measure all 11 calibration cups. But we recommend
that you measure background at least 3 times, one before, one in the middle, and one after you
measure all other calibration cups.

2.4.1 Load Energy Calibration Standard Spectrum

In the “I. Energy Calibration Standard” panel, after clicking “1. Load Spectrum” button, there will be a
pop-up window to allow you to select spectrum. Here you can either load one or multiple spectra files,
in case you saved spectra e.g. for every 2 hours. The total counting time will be shown automatically
once loading is finished.

+

You only need to load the Energy Calibration Standard Spectrum/Spectra once for every calibra-
tion process.

After loading of the Energy Calibration Standard spectrum, you have to save the data into a MS
Excel sheet first by clicking on “2. Save Data” button.

The energy calibration spectrum is used as a common reference for correcting the spectra of the
background, the detection efficiency calibration spectra, and the unknown samples. It is therefore
important, that any temperature change during counting is as small as possible in order to reduce
systematic uncertainties. If temperature change is more than +1 °C for the planned counting pe-
riod, it is advisable to collect multiple spectra each with a counting time of about 2 h (e.g. 10
spectra each of 2 h duration) for the same sample.

2.4.2 Load Calibration Background Spectrum

+

The background spectra measured along with other calibration standards are not necessary to
be the same as the one you measure along with the sample. Therefore we name them “Calibra-
tion Background” and “Sample Background”, respectively.

It is recommended to continuously measure the background spectrum whenever the Nal gamma
spectrometer is not counting samples.

It is recommended to measure Calibration Background spectra at least three times, e.g. before,
during and after you measure all other calibration standard cups.

You load abovementioned multiple Calibration Background spectra, and the total counting time will
be shown automatically once loading is finished. These spectra will be averaged after normalisation
to the counting time to obtain an averaged background count rate.

You only need to load the Calibration Background spectrum once for every calibration process.

2.4.3 Load Spectra of 4°K, 23U and 232Th Detection Efficiency Calibration Standards

You can load multiple spectrum files from the same nuclides.



)
—
—

i

DTU Risg Nal Gamma Spectrometer User’'s Manual

¢ You need to do this for all nine supplied cups (K1-3, U1-3 and Th1-3). You can first load K1, U1 and
Th1, and save the result into one data file, then do the same for K2, U2 and Th2, and finally for K3,
U3 and Th3.

e Input Information of 4°K, 238U and 232Th Detection Efficiency Calibration Standards

< You need to type in the activities and their relative uncertainties from source materials for 40K,
238 and 232Th. These are listed in the Specification Sheet on the USB stick in folder: \Docu-
ments\.

< You need to type in above required activity information every time you load a spectrum for a
new set of calibration cups.

e Save each set of 40K, 238U and 232Th data into a MS Excel sheet, and finish all three sets in the same
way.

e After having saved each data set of K, U, Th, you can press “Clear Spectra” button to delete all “°K,
238 and 232Th spectra and their activity information, before you load a new set of spectra. The source
material uncertainty will be kept by default. However, these all 9 cups of K, U and Th calibration
standards were randomly selected from different fabrication batches; therefor you should check
carefully the Specification Sheet and update source material uncertainty if it is necessary.

In order to avoid mistakes in your future use of the Risg Gamma Spectrometer, before you save all the
calibration data, please make a good plan on your folder structure, e.g. make a folder according to
calibration date, such as: c:\Gamma Calibration\December 2019\. After you finish saving all the calibra-
tion data, it is advisable that you do not modify the name of either the data file or the folder, because
these folder and file information are all recorded in the corresponding data file.

2.5 Calibration Data Files
There should be a total of four Excel spreadsheet files in the calibration data folder. Table 2.1 lists each
sheet that should be included in each file.

Table 2.1: Spreadsheet in the Calibration data files

Energy Cali- | Energy Calib. Standard Spectrum | Sum of all loaded and drift corrected Energy

bration Data Calibration Standard spectra
File Energy Calibration Centroids To be used for drift correction of all other spec-
tra
Total Spectrum Counting Time Sum of total counting time for all loaded Energy

Calibration Standard spectra

Energy Calibration Coefficients These are for energy calibration

Original Spectra Files Original Energy Calibration spectra files and
their locations

Detection Ef- | K-40 Efficiency_cpks Column A and B: °K counting efficiency and un-
ficiency Cali- certainty, [counts-ks™]
:z::;on Data U-238 Efficiency_cpks Column A and B: 238U counting efficiency and

uncertainty, [counts-ks™]
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(K1U1Th1, Th232 Efficiency_cpks Column A and B: 2%2Th counting efficiency and
(K2U2Th2, uncertainty, [counts-ks]
REIERIIE) Spectrum Counting Time Sum of counting time for each nuclide [ks]
Activities & Un Activity and Relative Uncertainty from source
material [%]
Original Spectra Files Original spectra files and their locations for each
nuclide
Correction Reference File The Excel data file with Energy Calibration
spectra used for drift correction of all efficiency
calibration spectra

2.6 Remarks on GammaCalibration

+

If you load multiple (N) Energy Calibration Standard spectra, the first N-1 spectra are drift cor-
rected to the last (Nt) spectrum. After that, all first N-1 drift corrected spectra are summed up
with the last spectrum and this summed spectrum will be used as drift correction reference for all
other spectra.

You can show the spectrum in energy scale (keV) only after you have loaded Energy Calibration
Standard spectrum.

You can toggle between hide/show any spectra by clicking corresponding spectra names in the
legend.

You can change colour, line width and line style for any spectra by right clicking on one of spec-
trum.

You can move the legend to somewhere else or change the fonts in the legend and so on, by
right clicking within the legend window.

If you would like to clear Energy Calibration spectrum and load another one, the spectra of Cali-
bration Background and K, U and Th standards will also be cleared, if they have been loaded.

If you would like to clear Calibration Background and load another one, the spectra of and K, U
and Th standards will also be cleared, if they have been loaded.
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3 Dose Rate Determination Software: DoseRateCalculator

3.1

3.2

3.3

System Requirement

e Windows 7/8/10 x64 should be installed in advance.
e Your computer should have at least 2 GB of disk space available.

e Microsoft Excel for Windows® should be installed in advance.

Software Installation

A. To install the DoseRateCalculator software:

1.
2.

If necessary, close and uninstall any previously installed DoseRateCalculator software.

Open the folder \DoseRateCalculator on USB drive, and unzip installation file DoseRateCalcula-
tor_Installer _v1.3.zip. Run DoseRateCalculator_Installer_v1.3.exe after unzip. If you are using
Windows 7/8 (or a 64-bit version of Windows) you must right click on the DoseRateCalculatorin-
staller_v1.3.exe and select Run as administrator.

Follow the setup procedure and finish the installation. The default installation folder is C:\Program
Files\Risoe\Risoe Gamma Spectrometer\DoseRateCalculaton.

You should install GammacCalibration software first, otherwise you should install MATLAB
Runtime before starting to install DoseRateCalculator software.

B. To install uncertainty calculation library:
Install \Software\Uncertainty Library\Metas.UncLib.Setup V2.2.5 in default folder: C:\Program Files
(x86)\METAS

Software Introduction

When you start to run the DoseRateCalculator program, it will take a couple of minutes to load a third
party runtime engine before the user interface appears (see Fig. 3.1). Sometimes you may need to
maximise the program window and adjust its size to match your screen resolution.

In the DoseRateCalculator software, first you load previously saved calibration data (MS Excel
files) in GammaCalibration software.

Then you load Sample Background spectrum.

Finally, you load New Sample spectrum and start calculation.

On the right side of the gamma spectra plot, there are some buttons to allow you to view spectrum
either in log scale or linear scale. You can also switch the x-axis of spectrum between channel
and energy (keV), after you load the Energy Calibration Standard data. You can turn on region
of interest (ROI) after you properly type in ROL.

You can save the spectra plot into image files, i.e. .png, .jpg, .tif files or in vector image format in
.pdf, by moving mouse to the top right corner of the spectra graph and click the first button.
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3.4 Load Calibration Data
. Load all MS Excel sheets you saved in GammaCalibration program.
. You can load only one data file for Energy Calibration Standard. The loaded file and folder will be
shown in the windows on the right.
o You have to load multiple sets (at least 3 sets) of data for4°K, 238U and 232Th Efficiency Calibration
Standards.
. If you have purchased more than three sets of calibration standards, you are allowed to load

more than three sets of KUTh Efficiency Calibration data. The folder in which the data files are
located will be shown in the window on the right.

. If above file or folder are too long, they will be shown partly in the windows. You can move your
mouse curser above these windows to show all contents.
. You can clear all Calibration Data by click on “Clear Calibration Data” button.

E DoseRateCalculator -

]

T T N e T T T T T T e
r &
10° E E Spectrum Scale
F @ Log O Linear
£ I
é 10 E_ _E Spectrum View
o
r @ Channel Okev
1 = |
10 E 3 ROI
L O Show @ Hide:
400 bt S T T T T S T T S ST I T T [ S S N T ST AN ST O SR M
100 200 300 400 500 600 700 800 900 1000

Channel

A. Calibration Standards

Load Energy Calib. Standard Data |
Clear

Calibration Data

Load Detection Efficiency Calib. Data

B. Sample Background
Couting Time
Load Background 0 [ks] Clear Background

C. New Sample

e

Couting Time IV. Calculate Activity Concentration & Dose Rate
[0 [Juzss [Jm232 i . V. Save All Results
Estimated Field Radon Loss [%] 20 Uncertainty [%] 10 in Data File
I. Load Spect . Calculate
S 1. Sample Weight
Activity Concentration ~ Random Systematic Total Dose Rate ] VI. Append Main
0 [Kal [Balkg] Uncertainty Uncertainty Uncertainty [Gy/ka] Uity Sample Data
to Log File
K-40 0 0 0 0 Beta 0 0 o
lll. Define ROI Update
K 0 0
Start Ch End Ch — C 0 0 C Cama Dose Rate Clear
80 960 Th-233 0 0 0 0 Total 0 0 —_— Sample Spectrum

Fig. 3.1 User interface of DoseRateCalculator program.
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3.5 Quality check on the Calibration Standard
. After you select and load detection efficiency calibration data files, there will be a pop-up window

“Check_Calib_Quality” for you to check their quality, as shown in Figure 3.2. This is to ensure
quality of the measurement on the calibration standards, and to ensure you have loaded the
proper data files, before carrying out an analysis on your samples. This is done by checking if the

overdispersion between three loaded detection efficiencies are within a reasonable percentage.
Check_Calib_Quality — x

Quality Check on the Calibration Standards

e lid

Ralative difference D_r between standard deviation and uncertainty on mean value, after averaging 3 or more d ion efficiencies of same r.
(presented in each channel).

D_r=(STD_counts_per_ks_Bq*2 - Unc_Ave_counts_per_ks_Bq"2) | Ave_counts_per_ks_Bq*2

1 1 1
s O US 1. PlotD_r
0.6 0.6 0.6
0.4 0.4 0.4

Il. Remove Outliers

0.2 0.2 0.2

o o o

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 o 0.2 0.4 0.6 0.8 1

D_r Histogram

1 1 1
0.8 0.8 0.8
Ill. Plot Histogram
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
o o o
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 ] 0.2 0.4 0.6 0.8 1

Ralative Overdispersion OD_r: OD_r= sqri{D_r_Centroid), if D_r_Centroid >= 0, or: OD_r= -sqrt{abs{D_r_Centroid)), if D_r_Centroid <0

K-400D_r 0 [%] U-238 0D_r 0 [%6] Th-232 0D_r 0 [%6] Reject

Figure 3.2: “Check_Calib_Quality” window

o There will be a warning message box “Quality Check Warning!”, as shown in Figure 3.3. Please
read it and follow the instruction on it, and DO NOT click “OK” button on this message box.
4| Quality Check Warning! — x

1. DO NOT CLICK "0OK® b CLOSE this "Quality Check Warning!® message box
before you finish checking!

2. Follow each step in the pop-up window *Check_Calib_Quality™.
3. Follow the possible warning messages in each step.

4. The pop-up window "Check_Calib_Quality™ will close itself after you
click "OK” butten on "CQuality Check Warning!™ message box!

Figure 3.3: “Quality Check Warning!” message box
. In “Check_Calib_Quality” window, click buttons from “Il. Plot D_r”, to “ll. Remove Outliers”, and to
“Ill. Plot Histogram”, as shown in Figure 3.4.
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. At this point, you have a chance to save all these plots into image files if you feel necessary.
Check_Calib_Quality - =
Quality Check on the Calibration Standards
Ralative difference D_r between standard deviation and uncertainty on mean value, after averaging 3 or more d ion efficiencies of same rad lid
(presented in each channel).
D_r=(STD_counts_per_ks Bq*2 - Unc_Ave_counts_per_ks Bq*2)/ Ave_counts_per_ks Bq*2
0.01 4 p20°
' K-40 Outlier Removed
3
0.005 I. PlotD_r
2
0 L“‘“—’"““"‘w"‘”"“"'w)"l 1
0
0,006 Il. Remove Outliers
.

Th-232 Outlier Removed |

A 5 [
0 200 400 600 0 200 400 600 800 0 200 400 600 800 1000

Channel (channels with cutliers removed) Channel (channels with outliers removed) Channel (channels with outliers removed)

-0.01

D_r Histogram

250 60 80
K-40 D_r centroid U-238 D_r centroid Th-232 D_r centroid
50
200
60
40 I1l. Plot Histogram
150
30 40
100
20
20
D 10
o 0 0
-10 -b 1] 5 -2 0 2 4 -4 -2 0 2 4
K40 1073 U-238 «10™* Th-232 w10

Ralative Overdispersion OD_r:  OD_r= sqrt(D_r_Centroeid), if D_r_Centroid >= 0, or: OD_r=-sgrt{abs(D_r_Centroid)}, if D_r_Centroid < 0

K400D_r 087 [%] U23800r 085  [%] Th2320Dr 013 [%] Reject

Figure 3.4: “Check_Calib_Quality” window showing

. If your calibration standard were properly measured and you have loaded the proper files, you
may easily discover that the program find their obvious centroids from histograms of D_r (relative
difference). If reasonable overdispersion values OD_r for 4°K, 238U and 232Th, e.g are within +5%.
you can click “Accept” button to go back to the main user interface “DoseRateCalculator”.

. In case all the centroids are found, but one or more OD_r values are above +5%, then you are
suggested to click “Reject” button to load proper data files.

o In case you loaded wrong calibration data file, the program could not find one or more centroids
itself, and there will be a message box to suggest you to click "Reject” button and load proper
data files.

3.6 Load Sample Background Spectrum

. This Sample Background spectrum is the one you measured either before or after you measure
your new samples.

. You are recommended to measure multiple times and load them all in this step to make an aver-
age.

. The loaded files and folder will be shown in the window on the right. If the file and folder names

are too long, they will be shown partly in this window. You can move your mouse curser above
this window to show all contents.
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The total counting time of all loaded Sample Background spectra will be summed and shown in
the counting time window on the right.

3.7 Load New Sample Spectrum

3.7.1 Load Spectrum

You can load multiple spectra files for the New Sample.

The total counting time of all loaded New Sample spectra will automatically appear in “Counting
Time” window.

Check carefully if the file is the right one in the file name and folder window.

You can load spectrum of the K-40, U-238, or Th-232 calibration standard as “Unknown
Sample” and calculate the contained activity. In this case, first you have to check one (and
only one) of the checkbox above the “1. Load Spectrum” button. Then you load new spec-
trum. In the “Sample Weight”, you enter 1 kg.

3.7.2 Input Sample Weight

Input sample weight in kg.

3.8 Define Region of Interest (ROI)

You are allowed to adjust the ROI for the spectrum analysis.

The default setting on ROI of 60-960 channel usually works fine.

A practical selection on the start channel of ROI is between 45-80. It is not allowed to select a
start channel lower than 45.

In case the spectrum shifted to either left or right side, the general rule is that you set the start
channel of ROI to a channel somewhere in the middle between X-ray peak (the first prominent
peak) and the first prominent Th series peak (usually the second prominent peak). The end chan-
nel of ROI can be selected as the channel in the valley at the right side of the last Th series peak
(2.61 MeV), e.g. channel 960.

Different ROIs could give different results, but the variation between them should not be enor-
mous, e.g. should be <1%. Otherwise please check if the specific peaks of 4°K and U series and
Th series from sample spectra are aligned perfectly to the Calibration Spectra.

Figure 3.5 shows the software user interface after loading all spectra and the ROI is shown (in
the next page)
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Figure 3.5: All gamma spectra are loaded and ROl is shown.

3.9 Calculate Activity Concentration & Dose Rate

3.9.1 Field Radon Loss Ratio

e Here you input field radon loss ratio and its uncertainty according to your own experience on the
specific samples. The default value of 20% £ 10% is what we usually use at DTU Physics for OSL

dating.

3.9.2 Update Dose Rate

e  After calculation of activity concentrations, if you find it is necessary to update the field radon loss

ratio, you can just click “Update Dose Rate”, after you type in new values of field

radon loss ratio

and its uncertainty. You will obtain an update on the dose rate calculated based on the new field

radon loss ratio.

3.10 Save Results
e All the result of New Sample will be saved in an MS Excel file.

e The folders and file names of all calibration data will also be saved in this result data file.
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e Allindividual parts of systematic uncertainties and random uncertainties will also be saved in this
data file.

e From this data file, you can inspect the quality of three (or more) sets of detection efficiency cali-
bration standards, by checking their overdispersion (OD) values.

3.11 Append Data to Log File
e  Click “VI. Append Main Sample Data to Log File” button can allow you to save all main information
of the sample.
e If you select an existing log file to append data into it, there will be a pop-up window asking you to
“confirm save as”, as shown in Figure 3.6. Click “Yes” to append data. If the file is a new file, this
pop-up window will not appear.

Confirm Save As

I log testxlsx already exists.
Do you want to replace it?

Figure 3.6: Confirm append date to an existing log file.

o  After you click “Yes” in the above window, there will be a pop-up window, as shown in Figure 3.7,
to allow you to enter information such as cup code, sample code, cup cast date and counting date.

4 Enter cup infomation - X

Enter cup code:
LD

Enter Sample code:
11111

Enter cast date (YYYY-MM-DD):
2020-01-25

Enter counting date (YYYY-MM-DD):

2020-02-25

Figure 3.7: Pop-up window for entering cup information.

e  Figure 3.8 shows the content of the saved log file, as an example.

log test - Excel

Insert  Pagelayout Formulas Data  Review View  Add-ins  Acrobat  Q Tell me what you want to do, Mingiang Bu S Share

= X Cut

o & = E—\ Ein Bx g X AutoSum - A
Calibri -l - A A - EPWrap Text Text - { 4  Normal Bad Good €= =X T p
0 Bl Copy - %' B B Fill - z
Paste -, B I u-|Hi-|d-A- E=5= [ Merge &Center - - % » &5 g Conditional Formatas| Neutral E=SE . insert Delete Format . Sort& Find&
-~ Format Painter - = = “ ** Formatting - Table - - - - | &CQear Filter - Select =
Clipboard = Font 5 Alignment 5 Number 5 Styles cells Editing ~
A1 - S Cup Code v
A B c D E F G H | J K L ™ N o (IR
1 [Cup Code [sample Code K-40 Activity conc. (Ba/kg) Abs. Unc. U-238 Activity conc. (Ba/kg) Abs. Unc. Th-232 Activity conc. (Ba/kg) Abs. Unc. Dose Rate (Gy/ka) Abs. Unc. Date Cast Date Count Count Time (ks) Sample Weight (kg) Date Analysed
¥,
2 [LD963 11111 241116 3.854 8.718 0.2 8249 0.168 11 0.017 2020-01-25 2020-02-25 72.00146 0.3255 2020-05-17 00:45:27
3 oox 11111 241116 3.854 8.718 0.2 8249  0.168 11 0017 2020-01-25 2020-02-25 72.00146 0.3255 2020-05-17 00:46:32
4
5
6
7
8 -
Cup Info Log ® < >
Ready H m = 1 + 100%

Figure 3.8 content of the saved log file.
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3.12 Start New Analysis

e  Click “Clear Sample Data” button on the bottom right corner.
e Allinput and output data for the previous sample will be cleared.
e You can start a new analysis on the next unknown sample without loading calibration data again.

3.13 Sample Data File

The contents of sample Excel spreadsheet file is listed in Table 3.1.

Table 3.1: Spreadsheet in the sample data files

Calibration Files
Sample_Bg Ori. Spectra
File

Sample Original Spectrum

Drift Corrected Spectrum

Count Time_SW _etc

Activity Con._Dose Rate

Individual Uncertainty

Excel data files used for calibration

Column A and H list the original Sample Background Spectra files and
original Sample Spectrum files, number of files in these two columns
depends on the total number of the loaded spectra

Each column is one original sample spectrum, number of columns de-
pends on the total number of the loaded sample spectra

Each column is one drift corrected sample spectrum, number of columns
depends on the number of the loaded sample spectra

Sum of counting time from all individual loaded sample spectra, sample
weight contained in the sample cup, and Start channel and End channel
of ROI for analysis

Sample Activity concentrations for °K, 233U and 232Th, and their Ran-
dom, Systematic and Total Uncertainties, and determined dry dose rate,
including beta dose rate, gamma dose rate and total dose rate and their
uncertainties. The estimated radon lose ratio and its uncertainty are also
recorded here.

The individual items contributing to the random and systematic uncer-
tainties are included here.

Random uncertainty includes fitting error from full-spectra analysis, and
counting error from counting statistics.

Systematic uncertainty includes the overdispersion (OD) values be-
tween 3 (or more) loaded Detection Efficiency Calibration cups (e.g. K1,
K2 and K3) of same radionuclide, and manufacturer uncertainty brought
by these same cups. These two items are listed in relative value (%).
Then the total systematic uncertainty is listed in absolute value.

From above OD values, user could find how close (good quality) that
three (or more) Detection Efficiency Calibration cups of same radionu-
clide are. This OD value is derived from the counting of each calibration
cups, therefore only a long enough (e.g. 10-20 or more hours) total
counting time could give the true value.
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3.14 Remarks on DoseRateCalculator

+

You can show spectrum in energy scale only after you have loaded Energy Calibration Standard
spectrum.

You can toggle between hide/show any spectra by clicking corresponding spectra names on the
legend.

You can change colour, line width and line style for any spectra by right click on one of spectrum.
You can only change their line width or line style one by one.

You can move the legend to somewhere else or change the fonts in the legend and so on, by
right clicking within the legend window.

This DoseRateCalculator can also be used to calculate dose rate based on the “°K, 38U
and 2*2Th activities you obtained by other methods, such as from a high resolution gamma
spectrometer. Type in activities and uncertainties in the corresponding windows (in light
green colour), and press “Update Dose Rate” button, you will get the dose rate results.
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