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Executive Summary

The Spectroscopic Field Instrument for Detection of Low Energy Radiation (SpecFIDLER)
allows response teams to detect and quantify plutonium contamination on the ground. Notional
scenarios include dispersion from a weapon accident, or the launch failure of a space probe
containing a radioisotope thermoelectric generator. Unlike other instruments, the thin-window
sodium iodide detector is sensitive to the low-energy gamma rays emitted by plutonium
isotopes. The system supports both mobile survey as well as stationary sampling.

This manual provides information about installing, maintaining, and troubleshooting the
SpecFIDLER. The scope of this document includes the physical hardware, software for data
acquisition, and algorithms for data analysis. Recent changes to the software and algorithms
aim to streamline the operation of the system.

Executive Summary il
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Acronyms and Abbreviations

ypm gammas per minute

cpm counts per minute

DFM Digital Field Monitoring

dpm disintegrations per minute
MDA minimum detectable activity
Nal:Tl thallium-doped sodium iodide
ROI region of interest

RSL Remote Sensing Laboratory
SNL Sandia National Laboratories
SpecFIDLER Spectroscopic Field Instrument for Detection of Low Energy Radiation
USB Universal Serial Bus

Acronyms and Abbreviations iii
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1.0 Introduction

The Spectroscopic Field Instrument for Detection of Low Energy Radiation (SpecFIDLER)
allows response teams to detect and quantify plutonium contamination on the ground. The
system contains the following components:

e Thallium-doped sodium iodide (Nal:Tl) detector with a thin beryllium window.

Bridgeport Instruments usbBase for detector readout.

Enclosure containing a rechargeable battery and Universal Serial Bus (USB) hub.

Battery power switch and power indicator on the outside of the enclosure.

USB cables to the detector and an external tablet computer.

Figure 1 depicts the components of the SpecFIDLER in their representative setup.

USB Connection to Tablet

USB Connection to Detector
Battery Power Switch
Battery Power Indicator

USB Hub

Battery

Detector

Figure 1. Components of the SpecFIDLER.
The remainder of this manual describes the setup, operation, calibration, and maintenance of

the SpecFIDLER. The appendices provide additional information about the configuration file,
settings file, and algorithms employed for data analysis.

Introduction 6
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2.0 Setup

This section describes how to assemble the SpecFIDLER for deployment, disassemble the unit
for storage, transport the unit to another location, and install the software on the tablet.

2.1 Assembly
To assemble the SpecFIDLER, follow the procedure below.

1. Open the shipping container and remove the Velcro hold-down strap. Grasp both handles
(Figure 2) and lift the unit straight out.

Handles

Figure 2. Handle locations.
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2. Extend the top handle by pulling the pins (Figure 3) and lifting straight up until the desired
height is reached. Use the pins to lock the handle into place.

A

Figure 3. Extending the top handle.

Setup 8
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3. Loosen the leg locks (Figure 4) and extend the legs down. Swing the legs out by pulling the
pin, swinging the leg, and inserting into the second hole. Lock the legs in place. Consider
tying rubber gloves onto each leg to prevent contamination.

Figure 4. Extending the legs.

Setup 9
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4. Carefully remove the cover from the fragile beryllium window (Figure 5), ensuring that it is
not scratched or damaged in any way.

Beryllium Window

Figure 5. Beryllium window.

NOTE: Beryllium is a potentially hazardous material that is controlled by most industrial hygiene
groups. However, solid beryllium metal, alloys, ceramic objects, and finished products, such as
the detector window used in the SpecFIDLER instrument, pose no special health risks unless
their use or handling generates airborne aerosols or surface contamination. Exposure can occur
by inhaling particles from aerosols, by getting loose particles of beryllium or beryllium solutions
on the skin, or by cutting the skin with sharp edges of beryllium or beryllium-contaminated
materials. Damaged beryllium objects should be handled with care to avoid injury from sharp
pieces and dispersal of beryllium dust.

UNCLASSIFIED
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5. Ensure that the USB cables are connected properly to the enclosure (Figure 6). However,
do not connect the USB cable to the tablet yet.

FRONT

Correct USB
Connections

Figure 6. USB connections.

6. Charge the lithium ion battery if necessary.

7. Install the lithium ion battery inside the enclosure. Ensure that both battery contacts make a
good connection; unfortunately, the battery holder is very tight.

8. Turn on the power switch and verify that the red light is illuminated. If not, double-check the
battery connections.

9. Finally, connect the USB cable to the tablet. The tablet may be placed in the pocket on the
frame behind the detector.

NOTE: If the tablet is connected to the SpecFIDLER before turning on the power switch, then
the tablet will supply power rather than the internal battery. This configuration works fine but will
shorten the tablet’s battery life. The red light is illuminated in either case.

Setup 11
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2.2 Disassembly

Disassembly is the reverse of assembly:

1. Unplug the tablet and turn off the power switch.

2. Remove the lithium ion battery.

3. Place the cover back onto the detector to protect the fragile beryllium window.

4. Retract the top handle and the legs.

5. Finally, place the unit back into the storage container.

If the legs become contaminated, they may be removed. Loosen the leg locks, twist the legs

such that the long end of the pin faces the center of the instrument (Figure 7), and drop the legs
down through the clamps.

Figure 7. Detector leg removal, viewed from top of instrument looking downward.

NOTE: The long side of the pin must face away from the threads on the leg lock. Otherwise, the
pin will not fit through the hole.

Setup 12
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2.3 Transportation

Often it is necessary to load the SpecFIDLER into a vehicle and transport it to another
measurement location. For shorter trips, the following steps are recommended:

1. Remove any protective gloves from the legs to avoid contaminating the vehicle.
2. Place the cover back onto the detector to avoid damaging the beryllium window.

3. Lay the unit on its side, orienting the unit so that other objects do not contact the detector.
Secure the unit so that it does not slide around.

For longer trips, consider packing the unit back into the storage container.

\ NOTE: Protect the fragile beryllium window at all times.

Setup 13
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2.4 Software Installation

The SpecFIDLER software is integrated with the Digital Field Monitoring (DFM) software on the
Consequence Management tablet. Normally, the tablets come preloaded with all the requisite
programs and utilities. However, follow the procedure below if it is necessary to install, upgrade,
or repair the SpecFIDLER software:

1. The installation package consists of two files: setup.exe and Installer.msi. Copy these files
to a temporary folder on the tablet.

2. Uninstall the existing SpecFIDLER software if necessary. The data and configuration files
are retained.

\ NOTE: All versions of the SpecFIDLER software must be uninstalled first.

3. Next, install the SpecFIDLER software. Locate the temporary folder and run setup.exe.
Click Next and select the installation folder (Figure 8). Click Next two more times. If a dialog
appears asking to confirm security access to the installer, select Yes.

141 SpecFIDLER b= e ]

Select Installation Folder |_‘

The installer will inztall SpecFIDLER to the following folder.

Toinstall in this folder, chck "MNext”. To install to a different folder, enter it below or click "Browse".

Fualder:
C:\Program Files [«86)%SpecFIDLERY | Browsze. .. |
| DikCost. |
Install SpecFIDLER for yoursel, or for anyone who uses this computer:
@) Evemone
Just me
| Cancel | | < Back | [ M et »

Figure 8. SpecFIDLER setup wizard.

NOTE: The eM_DLL.dll file in the installation folder is a custom version of the Bridgeport
Instruments library. It has bug fixes and additional features applied. Do not replace this file with
the stock version provided by Bridgeport Instruments; otherwise, runtime errors will occur.

14
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4. Use the procedure in Section 2.1 to assemble the SpecFIDLER and connect the USB cable

to the tablet.

5. Associate the Bridgeport Instruments usbBase with the correct driver. Run Zadig from the
SpecFIDLER folder in the Start Menu. Select the eMorpho device from the drop-down. (If
this option does not appear, select Options->List All Devices from the menu.) Change the
driver to WinUSB and click Install Driver (Figure 9).

Ed Zadig
Device Options  Help

eMorpho

Driver | (NONE)

| = |Winu55 (v6.1.7600.16385) | =

USB ID 6001 |
WCIDEE

1 device found.

Install Criver -

~ | [ ]Edit

More Information
WinUSE (ibusb)
libusb-win32

libuisbk

WinUSE (Microsoft]

Figure 9. Zadig configuration.

NOTE: The new version of the software requires the WinUSB driver rather than lib-usbwin32.
The libusbK driver is also acceptable. The software will fail if the correct driver is not associated

with the usbBase.

6. Use the procedure in Section 5.1 if upgrading from an older version of the software to

version 2.

UNCLASSIFIED
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3.0 Operation

The SpecFIDLER software is called by the DFM software on the tablet. Click the Launch
SpecFIDLER button to begin.

The tabs along the right (Figure 10) switch between various modes. The Rate and Spectra tabs
acquire data from the detector. The Source term tab defines the mixture of nuclides in the
source term. The Analysis tab computes the quantities of these nuclides. The Energy Cal and
Efficiency Cal tabs are used to calibrate the detector. The Settings tab allows operators to
adjust and save settings. Finally, the Shutdown button returns to the DFM software.

The remainder of this section describes how to operate the SpecFIDLER for both mobile survey
and stationary sampling. These procedures assume that the detector has already been
calibrated. Section 4.0 describes the calibration process.

& SpecFIDLER - CONNECTED — O 4
- . ‘ Chatiye
peen saved to OneDrive - PNNL Run time (5] Time bins (<] Ir:ltegrate 8 Wind ’ . @ Status
® Raw ® Window .AP
Scan SIMULATOR 60 1 O Calibrated () Full Start Stop Clear CONNECTED
I Rate
0.9 I || |||
0.85-
E Spect
08 pectra
075+ [ ¥
E [
a
0.65- Source term
0.6
0.55-;
a 05—
E Analysis
0.45-;
0.35-
03 Energy cal
0.25-
e
0-15__ Efficiency cal
2
005- a
0°
R B e ) e e e e ] L e i e i L e L e ] R L L L )
0 005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 08 09 085 1 SR
Time (s)
Start date and time Rate (cps) ®
1/2/2020 4:37:43 PM 0.00
Shutdown

Figure 10. Main screen showing various tabs.
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3.1 General Settings

Before acquiring data with the SpecFIDLER, take a moment to update the user and site name.
This information is found on the Settings tab (Figure 11), which lists all the settings used by the
software. The values are stored in a file named settings.xml in the SpecFIDLER working
directory (c:\fidler by default).

Fill in the User and Site text boxes with the appropriate values. These values are saved in the
exported N42.42 data files.

Click Save to save the parameters to the settings file. Alternatively, click Revert to discard all
changes and reload the settings file. The software will also prompt whether to save changes to
the settings on exit.

& SpecFIDLER - CONNECTED - O X
X B A e ?
SIMULATOR “U | ane ‘M
Save i| Revert | |Import| | Export About
Rate
User CMRT / FRMAC
Site | || |||
Voltages E Enable Device Volts Cal date and time Spectra
eRC1642 1110 12/19/2019 1:47:08 PM
SIMULATOR 1000 | 9/9/2015 12:00:00 AM ‘..
Source terms E Enable Name +|— | Nuclide Mass fraction Source term
O | mMT51_3.1%
[ |mMT526.0%
[ |mT53.8.5%
O |mT54.115% Analysis
O | MT55147%
[ |mMT36.165% E
[ | MT57_207%
Energy cal
[ |mTe3e3%
| MT83_89%
[] |ReactorGrade 8
Am-241_100% Efficiency cal
[ |pu-238_100%
[ Pu-239_100%
[ |Pu-240_100%
[ |Pu-241_100% Settings
[ |epu-242_100%
Energy cals lElE‘ Enable Device Intercept Slope Quadratic Cal date and time
| eRC1642 | -1.163493 | 0308553 ‘ 0.000000 | 12/19/2019 2:24:02 PM Shutdown
Figure 11. Settings tab.
Operation 17
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3.2 Mobile Survey

To use the SpecFIDLER for mobile survey, carry the unit by the top handle, keeping the
detector a uniform distance from the ground. Retract the legs if more convenient.

NOTE: Never set the detector face down on the ground directly. The fragile beryllium window
will likely be damaged.

Use the Rate tab (Figure 12) to acquire data and plot the total count rate versus time. The start
date and time as well as the count rate are displayed below the plot. Large spikes in the count
rate indicate potential hotspots that may warrant further sampling.

Before acquiring data, ensure that the correct detector is selected from the Device drop-down.
Typically, only one detector is connected to the tablet, so only one serial number appears in the
drop-down list. The SIMULATOR option uses simulated detector data for training purposes. The
(none) option disconnects from all detectors. It takes a few seconds to select a new detector, as
the high voltage needs to be ramped up or down.

& SpecFIDLER - CONNECTED - O x
d Device Run time (s) Time bins (s) Integrate ’ . @ Status
®) Raw ® Window |N
Scan SIMULATOR 60 1 ) Callibrated (O Full Start | Stop | Clear CONNECTED
_ Rate
s
400
395 I |||||| .
580 Spectra
385 I
380 ‘.
3754 ‘
Source term
370
365 ! !
360
@
Q.
© 355 Analysis
350
345 j !
340
Energy cal
335+
330~ 8
325
320 Efficiency cal
315
310~ a
mne LA b ) e A W L] D A e W e L R M e M L L M i L e LA b L B ] L Rl M L Lk R L e Wk b I L L )
0 3 6 9 12 15 18 21 24 27T 30 33 36 39 42 45 48 51 54 57 60 63 SR
Time (s)
Start date and time Rate (cps) ®
1/2/2020 4:37:43 PM 314.20
Shutdown
Figure 12. Rate tab.
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To connect to a different detector, first set the Device to (none). Unplug the old detector from
the tablet and plug in the new detector. Click Scan to refresh the list of detectors and select the
new detector from the Device drop-down.

The Run time drop-down specifies the total run time. Type in a value, in seconds, or choose
one of the predetermined values.

The Time bins drop-down specifies the granularity of the time bins in the plot. For example, a
value of 3 seconds means that a new point will be added to the right side every 3 seconds. Type
in a value, in seconds, or choose one of the predetermined values.
The Integrate buttons control the count rate displayed in the plot. Use Full to select the total
count rate, and Windowed to integrate across the window defined in the settings. Either the
Raw window (in channels) or the Calibrated window (in keV) may be specified. In the latter
case, a valid energy calibration must be enabled in the Settings tab as well.
Click Start to start the data acquisition and Stop to stop the data acquisition before the total run
time has elapsed. Click Start again to accumulate additional data. Note that the total run time
may need to be increased to continue data acquisition. Click Clear to discard accumulated data.
The Status text box displays the present state of the system:

e BUSY: Scanning for devices or ramping high voltage.

e DISCONNECTED: No detector is connected.

e CONNECTED: Detector connected but not acquiring data.

¢ RUNNING: Detector acquiring data.

e CLOSING: Shutting down software.

¢ ERROR: A communication error occurred. Try connecting to the detector again.

The status is repeated in the title bar for reference.

Operation 19
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3.3 Stationary Sampling

To use the SpecFIDLER for stationary sampling, extend the legs and place the unit over the
desired location. The detector is 30 cm from ground level with the legs extended. The first
measurement should be a representative background that matches the terrain type as closely
as possible. Subsequent measurements can then use that background to determine the amount
of contamination. However, analysis can be performed without a background if necessary.

Use the Spectra tab (Figure 13) to acquire data and display the total accumulated spectrum.
The start date and time, accumulated real time and live time, and total counts are displayed
below the plot.

The Rate and Spectra tabs display the same data and share many of the same controls. As a
reminder, select the Device and check the Status. Enter the desired Run time, then use Start
and Stop to control the data acquisition. Clear the accumulated data to start over.

& SpecFIDLER - CONNECTED - O X
d Device Run time (s) Display ’ . @ Status ﬁ
Scan SIMULATOR 60 () Calibrated ) Log Start Stop Clear CONNECTED Add bkg
Rate
=
270 | |
240_; Spectra
210—5 ‘..
_: Source term
180
TF_, k|
5
S 150
“ ] Analysis
S
8 120 E E'
an— Energy cal
E
_; Efficiency cal
30 'ﬁ'
0 J - deah i -~ a
Ll IARAE R T e B B I I I I I il
0 100 200 300 400 500 600 700 300 900 1000 Stings
Channel
Start date and time Real time (s) Live time (s) Counts ®
1/2/2020 4:38:25 PM 60.00 59.96 24235
Shutdown

Figure 13. Spectra tab.
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The Display buttons control whether the plot displays the raw or calibrated spectrum. For the
latter, a valid energy calibration must be enabled in the Settings tab. The Scale buttons toggle
between linear and logarithmic scale.

If the measurement is a background, click Add bkg to add the data to the settings. Go back to
the Settings tab and confirm that a new row appears under Backgrounds. The settings can

store multiple backgrounds, but only one background is enabled for each detector. Older
backgrounds may be removed using the — button, if desired.

Operation 21
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3.4 Source Term

Use the Source term tab (Figure 15) to define the mixture of nuclides in the source term.
Several common source terms are predefined in the software. The software can take a previous
source term and apply aging calculations to create a hew source term.

First select the Original source term and click Load. The INITIAL table is populated with each
nuclide, mass fraction, and activity fraction in the mixture. Alternatively, define a new source
term from scratch by starting with an empty table. Click Add to append a new row and Remove
to delete the highlighted row. All fields are editable.

Either the mass fraction or the activity fractions may be supplied. The buttons below the
Original source term select which set of fractions will be used for the calculations. For
example, if Activity fractions is selected, mass fractions are calculated from activity fractions.

&) SpecFIDLER - RUNNING - O X
Criginal source term » E ﬁ MNew name
ReactorGrade - Load Add | Remove | [Calculate: |Add term ReactorGrade-1 Oy
From initial source term, use INITIAL CORRECTED Rate
@) Activity fra.ctio ns Nuclide Mass fraction Activity fraction Nuclide Mass fraction Activity fraction
() Mass fractions
Pu-238 0.0150 0.0212 Pu-238 0.0139 0.0306 I ||||||
Age (years)
Pu-239 0.5810 0.0030 Pu-239 0.5817 0.0047
10.00 Spectra
Pu-240 0.2410 0.0045 Pu-240 0.2411 0.0071
Pu-241 0.1140 0.9713 Pu-241 0.0704 0.9384 ‘.‘
Pu-242 0.0490 0.0000 Am-241 0.0434 0.0192 ‘
Np-237 0.0004 0.0000 Source term
Pu-242 0.0497 0.0000

=

Analysis

[

Energy cal

M

Efficiency cal

a

Lo

Settings

®

Shutdown

Figure 14. Source term tab.
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Now enter the Age in years and click Calculate. The CORRECTED table is populated with the
nuclide, mass fraction, and activity fraction of the decay-corrected source term. Set the Age to
zero if no decay corrections are needed.

Type the New name of the source term and click Add term to add the corrected source term to
the settings. Go back to the Settings tab and confirm that a new row appears under Source
terms. Highlight the row to see the breakdown of nuclides and mass fractions.

\ NOTE: The new source term overwrites any existing source term of the same name.

Operation 23
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3.5 Nuclide Analysis

After collecting a stationary sample, use the Analysis tab (Figure 15) to compute the nuclide
concentrations. This step may be performed while acquiring additional data. The main plot
displays the foreground spectrum in black, the background spectrum in red, each region of
interest (ROI) in blue, and each background region in red. The table of computed nuclide
concentrations appears below the plot.

First click Load to transfer the current acquired data into the foreground. This operation may be
performed at any time, even before data acquisition is complete. However, the foreground only
updates when Load is clicked.

Alternatively, click Import to read a previously exported file in N42.42 format. Only the Device,
Comment, and spectral data are loaded from the file, not the calculation results.

e SpecFIDLER - RUNNING —

» a * ﬁ Device Comment Scale
d ® Linear

O
>

Load Calculate | | Export | Add bkg SIMULATOR “| |Example nuclide ana|y5|4 O Log |dv
Rate
900 = Foreground
= Background
800 = ROI
700 Spectra
600 ‘..
> a
£ 500 Source term
~
E
a T
U400
300

Analysis

[

Energy cal

.
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240250

m

Energy (keV)
Efficiency cal
Source type and units OVERALL
Distributed (uCi/m?) v ROI Net (cpm)  Bkg (cpm)  Total (cpm) Al (uCi/m?) Alpha (uCifm?) Am-241 (uCifm®)
60 kel 7193.37 401.24 7594.61 2.10 210 210
Background algorithm
17 kel 6635.55 14141 6776.96 245 245 245 Settings
One-window O
. L SELECTED ROI
Height (m) ROI activities
® Independent Nuclide Activity fraction Yield Transmission Solid angle  Int efficiency Quantity (pCi/m?)
0.3 © -~
C Linked Am-241 1.0000‘ 03503 | 0.5459| 0.011201 | 07010 2.10
Shutdown
Figure 15. Analysis tab.
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Next, specify the Source type and units in the drop-down on the lower right. The analysis can
be performed for a distributed source or a point source, in units of microcuries or becquerels.
The point source option may be useful when analyzing a small sample underneath the detector.

Also specify the desired Background algorithm. The One-window method uses a background
spectrum collected previously. In contrast, the Three-window method extrapolates the
background counts from the background regions to the left and right of the ROI. The One-
window method is generally more accurate, but the Three-window method is useful if
representative background is not available.

Ensure that the Height matches the detector height. Type in a value, in meters, or choose one
of the predetermined values. The default detector height with the legs extended is 0.3 meters.

The buttons under ROI activities change the behavior of the nuclide analysis. Selecting
Independent causes the software to compute the results in each ROl independently. The
activity fractions from the specified source term are used to scale the total quantity. Selecting
Linked causes the software to propagate results from one ROI to another. Specifically, the
guantity of Am-241 is calculated first ussing the net counts in the 60 keV ROI. The activity
fractions are then adjusted for the 17 keV ROI to provide a consistent quantity of Am-241. This
option is useful when the fraction of Am-241 is not known precisely.

Click Calculate to run the nuclide analysis. The results are displayed in the two tables. The top
table provides the count rates and computed quantities for each ROI. The bottom table lists the
activity fraction, sensitivity parameters, and quantity for each nuclide in the selected ROI.

Click on a row in the top table to select a different ROI. Depending on the Source type and
units, the quantities may be reported as activities (such as microcuries) or areal concentrations
(such as microcuries per square meter). If a quantity is less than the minimum detectable
activity (MDA), the text < MDA will appear instead.

Make note of the quantities displayed in the top table. At present, these values may need to be
entered manually into the DFM software. Separate columns provide the overall quantity of all
nuclides in the source term, the quantity of all alpha emitters, and the quantity of just Am-241. If
using the Independent method, the 60 keV ROI calculations are usually the most accurate,
since the gamma rays are less affected by surface roughness and other uncertainties. If using
the Linked method, the 17 keV ROI calculations incorporate the corrected activity factors.

The bottom table provides more information about the factors that went into the calculation. The
yield specifies the gamma emissions in the ROI per decay. The transmission factor accounts for
the air attenuation between the ground and the detector. For distributed sources, this factor
integrates activity over an infinite disc, accounting for changes to the solid angle and path
length. The solid angle fraction is computed for gamma emissions directly underneath the
detector. Finally, the intrinsic efficiency gives the results of the efficiency calibration.

Click Export to write the data and analysis results to a file in N42.42 format. Use the Comment
field to enter any information about the measurement prior to exporting the data. By default, the
file is saved to a subfolder of the SpecFIDLER working directory (c:\fidler by default). The
analysis results are written to the file in the same units as the calculations.
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3.6 Shutdown

When data acquisition and analysis is complete, click Shutdown to shut down the SpecFIDLER
and return to the DFM software. Alternatively, close the window using the X in the upper right
corner. The shutdown process takes a few seconds to ramp down the bias voltage and
disconnect from the usbBase.

NOTE: Do not unplug the tablet from the detector until the usbBase is disconnected. This may
be done by shutting down the SpecFIDLER software or by changing the Device to (none).
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4.0 Calibration

The SpecFIDLER requires several calibration steps before use: a voltage calibration performed
when commissioning a detector, an energy calibration performed daily, and an efficiency
calibration performed daily. The remainder of this section details the calibration procedures.

4.1 Voltage Calibration

The voltage calibration establishes the bias voltage for the detector. The detector must have a
voltage listed in the settings; otherwise, data acquisition will be disabled. The voltage calibration
should only need to be performed when commissioning a new detector, unless the detector
performance changes significantly over time.

First, go to the Settings tab and click the + button next to Voltages. A new row appears for the
present detector. Set Volts to 1000 and ensure that Enabled is checked.

Next, place an Am-241 source on the ground underneath the detector, centered on the detector
axis. Go to the Spectra tab and start data acquisition. Confirm that the spectrum meets two
requirements (Figure 16). First, the 13 keV x-ray should be visible as a shoulder to the 17 keV
peak. Second, and more importantly, the 60 keV peak should return to background prior to
channel 250.

Adjust the voltage up or down so that the requirements are met. After each change, reconnect
the detector by changing the Device to (none) and then to the original serial number. This step
will apply the new bias voltage to the detector.

\ NOTE: Setting the bias voltage above 1200 V is not recommended. Do not exceed 1500 V. \
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Figure 16. Am-241 spectrum with good high voltage setting.
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4.2 Energy Calibration

The energy calibration should be performed daily prior to deployment. These channel-to-energy
conversion factors are created by presenting a source to the instrument, acquiring a spectrum,
and selecting the proper peak. Although the software supports different sources, the energy
calibration can be completed using Am-241 alone. Thus, the following discussion uses Am-241
for illustration.

First, use the Spectra tab to acquire data with an Am-241 source. Alternatively, use the
measurement previously collected for the voltage calibration.

Open the Energy Cal tab (Figure 17). The main plot displays the foreground spectrum in black,
the fitted peaks in red, and each region of interest (ROI) in blue. The table of peaks and the
computed calibration coefficients appear below the plot.
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Figure 17. Energy Cal tab.
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Click Load to transfer the acquired data. A new row appears in the table on the bottom left.
Change the Peak to Am-241: 15.7. (This value is the weighted average of the x-rays between
13 and 17 keV.) Now click on the first peak in the plot to fit the peak to a Gaussian. Adjust the
Fit range if necessary to achieve a good fit.

Click Load again to create a second row in the table with the same data. This time, change the
Peak to Am-241: 59.5. Fit the peak as before.

Clicking on each row in the table selects the data with the corresponding peak. Use the Delete
button to remove unneeded rows from the table.

Now click Calculate to compute the calibration coefficients. For this two-point calibration, the
Quadratic term will be zero. The software performs various checks to ensure the calibration
makes sense, and displays a warning message if something appears wrong.

As an alternative to clicking on the plot, the Channel nhumbers may be entered manually. The
blue line on the plot updates after clicking Calculate. The red fitted curve is not displayed in this
case.

Click Add cal to add the energy calibration to the settings. Go back to the Settings tab and
confirm that a new row appears under Energy cal. The settings can store multiple energy
calibrations for each detector, but only one is enabled at a time. Older energy calibrations may
be removed using the — button, if desired.

Returning to the Energy cal tab, click Export to write the spectra to a file in N42.42 format.

Storing the calibration data may be useful for future reference. Use the Comment field to enter
any information about the measurement prior to exporting the data.
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4.3 Efficiency Calibration

The efficiency calibration should be performed daily prior to deployment. This process
determines the intrinsic efficiency of the detector for each ROI. Although the software supports
different sources, typically just Am-241 is used to perform the calibration. Thus, the following
discussion uses Am-241 for illustration.

First, use the Spectra tab to acquire background data. Click Add bkg when done.

Now acquire data with an Am-241 source. Place the source on the ground underneath the
detector, centered on the detector axis. The source should have an activity of 10 uCi or greater.
It is recommended to accumulate about 40,000 total counts so that the peaks have adequate
statistics.

Next, open the Efficiency Cal tab (Figure 18). The main plot displays the foreground spectrum
in black, the background spectrum in red, each ROI in blue, and each background region in red.
The table of computed efficiencies appears below the plot.
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Figure 18. Efficiency Cal tab.
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Change the Nuclide to Am-241. Fill in the Age of the source in years and Initial activity in
microcuries. The software automatically performs the decay correction. Specify the Plastic
thickness in millimeters on top of the source.

Ensure that the Height matches the detector height. Type in a value, in meters, or choose one
of the predetermined values. The default detector height with the legs extended is 0.3 meters.

Now click Calculate to compute the calibration coefficients for each ROI and background
algorithm. As a reminder, the One-window method uses a prior background measurement,
whereas the Three-window method extrapolates the background counts from adjacent regions
in the spectrum. The count rates, sensitivity factors, and computed intrinsic efficiency are
displayed in the table.

As with the nuclide analysis, the yield specifies the gamma emissions per decay in the ROI. The
transmission factor accounts for the air attenuation between the ground and the detector. The
solid angle fraction is computed for gamma emissions directly underneath the detector.

Click Add cal to add the efficiency calibration to the settings. Go back to the Settings tab and
confirm that a new row appears under Efficiency cal. The settings can store multiple efficiency
calibrations for each detector, but only one is enabled at a time for each background algorithm.
Older efficiency calibrations may be removed using the — button, if desired.

Returning to the Efficiency cal tab, click Export to write the spectra to a file in N42.42 format.

Storing the calibration data may be useful for future reference. Use the Comment field to enter
any information about the measurement prior to exporting the data.
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5.0 Maintenance

This section discusses common maintenance tasks for the SpecFIDLER and gives suggestions
for troubleshooting.

5.1 Upgrading Software

Version 2 of the SpecFIDLER software is not completely compatible with the settings used for
older versions. The software will read the voltage and energy calibrations from the old settings
file. However, some calibration steps need to be repeated. Use the following procedure when

upgrading to version 2:

1. When opening the software, a warning message appears that about the settings format
having the incorrect format. Dismiss this message as it is expected.

2. Go to the Settings tab and confirm that the voltage and energy calibrations appear correct.

3. Delete all efficiency calibrations from the page. Version 2 of the software used a different
method to perform the efficiency calibration and saved different results. Thus, these
calibrations are invalid.

4. Click Save to save the settings file in the updated format.

5. Repeat the efficiency calibration for the detector.

6. Ifitis necessary to use a prior background, go to the Analysis page, click Import to load
the old .n42 file, and click Add bkg to add the background measurement to the settings.

Alternatively, manually add a measurement on the Settings tab, using copy-and-paste to
define the 4096-channel spectrum.

5.2 Replacing usbBase

Occasionally a usbBase will stop communicating with the SpecFIDLER software. The cause of
this issue is unknown, but it seems to occur most frequently when first commissioning a
detector. Use the following procedure to exchange a base:

1. Unplug the old base from the USB hub.

2. Carefully cut the plastic heat shrink between the old base and the detector.

3. Unplug the old base from the detector.

4. Plug the new base onto the detector, taking care to line up the key on the detector end with
the notch on the base socket.

5. Replace the heat shrink. The outer diameter of the usbBase is about 2.25.

6. Perform a voltage calibration, energy calibration, and efficiency calibration on the new base.
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5.3 Transferring Settings

Sometimes it may be necessary to connect the detector to a different tablet. The Settings tab
makes it simple to transfer the background and calibration parameters from one tablet to
another. Use the following procedure to transfer the settings:

1. Go to the Settings tab of the old tablet. Click Export to export the settings to a file. Attach a
USB thumb drive or save the file to a known network location.

2. Go to the Settings tab of the new tablet. Click Import to import the settings from the file.

3. Examine the settings to ensure that the desired rows are present and enabled. The import
process tries to remove duplicates and enable the imported settings.

4. Click Save when finished to save the settings file.
5.4 Log Files
The SpecFIDLER software saves daily log files to the SpecFIDLER working directory (c:\fidler

by default). These log files contain more detailed information about warnings and errors
encountered by the software.
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Appendix A — Configuration File

The SpecFIDLER software uses a configuration file named SpecFidler.exe.config to define
general application parameters. This file is in the same directory as the application
SpecFidler.exe.

The values of most interest are as follows:
e configuration/log4net/file: Base path for log files.
o appSettings: Defines the working directory and enables simulated mode.

An example configuration file appears below.

<?xml version="1.0" encoding="utf-8"?>
<configuration>
<configSections>
<section name="log4net"
type="1log4net.Config.Log4NetConfigurationSectionHandler,
log4net"/>
</configSections>
<log4net>
<root>
<level value="INFO"/>
<appender-ref ref="RollingFileAppender"/>
</root>
<appender name="RollingFileAppender"
type="1log4dnet.Appender.RollingFileAppender">
<appendToFile value="true"/>
<file value="C:\fidler\SpecFIDLER.log"/>
<layout type="log4dnet.Layout.PatternLayout">
<conversionPattern value="%date{HH:mm:ss} %-5level %logger{l} -
$message%$newline%exception"/>
</layout>
<lockingModel type="logdnet.Appender.FileAppender+MinimalLock"/>
<maxSizeRollBackups value="10"/>
<maximumFileSize value="100KB"/>
<rollingStyle value="Size"/>
<staticLogFileName value="true"/>
</appender>
</log4net>
<appSettings>
<add key="WorkingDir" wvalue="C:\fidler\"/>
<add key="Simulated" value="true"/>
</appSettings>

(truncated)

</configuration>
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Appendix B — Settings File

The SpecFIDLER software uses a settings file named settings.xml to store all user
parameters. Many but not all values may be modified through the user interface. This file is
stored in the SpecFIDLER working directory (c:\fidler by default).

The software also has default settings built in. These defaults are loaded first, and then the
settings file overrides the defaults. This mechanism allows the software to function if the settings
file is missing or has the wrong version. The software issues a warning message in this case.

An example settings file appears below, with annotations describing each section.

<?xml version="1.0" encoding="utf-8" ?>
<SpecFIDLER>

First are general preferences, such as whether to use linear or log scale, the user name, and so
forth.

<backgroundAlgorithm>OneWindow</backgroundAlgorithm>
<calibratedData>false</calibratedData>
<detectorRadius>0.0635</detectorRadius>
<fitRange>100</fitRange>
<fullSpectrum>false</fullSpectrum>
<linkedCalculations>false</linkedCalculations>
<logarithmicScale>true</logarithmicScale>
<sourceTypeAndUnit>Microcuries</sourceTypeAndUnit>
<site></site>

<user>CMRT / FRMAC</user>

The backgrounds section provides the background measurements for each device.

<backgrounds>
<background>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<realTime>3598.480</realTime>
<liveTime>3597.989</liveTime>
<spectrum>1 1 2 3 4 7 12 27 50 92 171 300 374 (truncated) </spectrum>
<acquisitionDate>2000-01-01T00:00:00</acquisitionDate>
</background>
</backgrounds>

The calibrationSource section stores the settings for the calibration source. The age is in
years, the initialActivity is in microcuries, and the plasticThickness is in millimeters.

<calibrationSource>
<nuclide>Am-241</nuclide>
<age>0.0</age>
<initialActivity>10.0</initialActivity>
<plasticThickness>0.0</plasticThickness>
</calibrationSource>
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The efficiencyCalibrations section gives the efficiency calibrations for each device, nuclide,
ROI, and background algorithm. The intrinsticEfficiency specifies counts per incident gamma
in the ROL.

<efficiencyCalibrations>
<efficiencyCalibration>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<region>17</region>
<backgroundAlgorithm>OneWindow</backgroundAlgorithm>
<intrinsicEfficiency>0.596370309</intrinsicEfficiency>
<calibrationDate>2015-09-09T00:00:00</calibrationDate>
</efficiencyCalibration>
<efficiencyCalibration>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<region>59.5</region>
<backgroundAlgorithm>OneWindow</backgroundAlgorithm>
<intrinsicEfficiency>0.70102444</intrinsicEfficiency>
<calibrationDate>2015-09-09T00:00:00</calibrationDate>
</efficiencyCalibration>
<efficiencyCalibration>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<region>17</region>
<backgroundAlgorithm>ThreeWindow</backgroundAlgorithm>
<intrinsicEfficiency>0.466786589</intrinsicEfficiency>
<calibrationDate>2015-09-09T00:00:00</calibrationDate>
</efficiencyCalibration>
<efficiencyCalibration>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<region>59.5</region>
<backgroundAlgorithm>ThreeWindow</backgroundAlgorithm>
<intrinsicEfficiency>0.472717231</intrinsicEfficiency>
<calibrationDate>2015-09-09T00:00:00</calibrationDate>
</efficiencyCalibration>
</efficiencyCalibrations>

The energyCalibrations section gives the energy calibrations for each device.

<energyCalibrations>
<energyCalibration>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<yIntercept>-0.13483146067415</yIntercept>
<slope>0.308988764044944</slope>
<quadratic>0</quadratic>
<calibrationDate>2015-09-09T00:00:00</calibrationDate>
</energyCalibration>
</energyCalibrations>
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The heights section provides the options for selecting the detector height.

<heights selected="0.30">

<meters>0.30</meters>
<meters>0.50</meters>
<meters>1.00</meters>

</heights>

The models section provides the measurements used by the simulator.

<models>

<model>

<enabled>false</enabled>

<name>Background</name>

<realTime>3598.480</realTime>

<liveTime>3597.989</liveTime>

<spectrum>1 1 2 3 4 7 12 27 50 92 171 300 374 (truncated) </spectrum>
</model>
<model>

<enabled>true</enabled>

<name>Am-241</name>

<realTime>3599.183</realTime>

<liveTime>3596.861</liveTime>

<spectrum>1 4 1 1 8 10 22 53 81 172 283 402 460 (truncated) </spectrum>
</model>
<model>

<enabled>false</enabled>

<name>Ba-133</name>

<realTime>900.000</realTime>

<liveTime>899.200</liveTime>

<spectrum>3 19 21 21 37 49 49 43 26 26 26 8 6 6 (truncated) </spectrum>
</model>
<model>

<enabled>false</enabled>

<name>Cs-137</name>

<realTime>900.000</realTime>

<liveTime>899.200</liveTime>

<spectrum>6 32 36 36 41 44 44 37 17 17 17 (truncated) </spectrum>
</model>

</models>
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The n42 section gives additional setttings to embed within the .n42 file. Note that the
instumentClassCode and detectorCategoryCode must have one of the enumerated values
specified in the N42.42 schema.

<n42>

<instrumentManufacturerName>
Pacific Northwest National Laboratory

</instrumentManufacturerName>
<instrumentModelName>Scintillation Crystal</instrumentModelName>
<instrumentClassCode>RadionuclideIdentifier</instrumentClassCode>
<instrumentComponentName>SpecFIDLER Software</instrumentComponentName>
<detectorCategoryCode>Gamma</detectorCategoryCode>
<detectorKindCode>NalI</detectorKindCode>

</n4d2>

The nuclides section provides various parameters for nuclides of interest. The key is a unique
identifier. The halfLife is in years whereas the specificActivity is in becquerels per gram.

<nuclides>
<nuclide>
<key>Am-241</key>
<name>Am-241</name>
<category>Am241</category>
<single>true</single>
<halfLife>4.3220e+02</halflLife>
<specificActivity>1.2696e+11</specificActivity>
<decayProduct>Np-237</decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>3.7660e-01</yield>
</emission>
<emission>
<region>59.5</region>
<yield>3.5925e-01</yield>
</emission>
</emissions>
</nuclide>
<nuclide>
<key>Th-228</key>
<name>Th-228</name>
<category>Alpha</category>
<single>false</single>
<halfLife>1.9116e+00</halflLife>
<specificActivity>3.0346e+13</specificActivity>
<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>8.6000e-02</yield>
</emission>
</emissions>
</nuclide>
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<nuclide>

<key>U-232</key>
<name>U-232</name>
<category>Alpha</category>
<single>false</single>
<halfLife>6.8900e+01</halfLife>
<specificActivity>8.2738e+11</specificActivity>
<decayProduct>Th-228</decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>1.1000e-01</yield>
</emission>
</emissions>

</nuclide>
<nuclide>

<key>Pu-236</key>
<name>Pu-236</name>
<category>Alpha</category>
<single>false</single>
<halfLife>2.8580e+00</halflLife>
<specificActivity>1.9608e+13</specificActivity>
<decayProduct>U-232</decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>1.3000e-01</yield>
</emission>
</emissions>

</nuclide>
<nuclide>

<key>Np-237</key>
<name>Np-237</name>
<category>Alpha</category>
<single>false</single>
<halflLife>2.1440e+06</halflife>
<specificActivity>2.6027e+07</specificActivity>
<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>1.0030e+00</yield>
</emission>
</emissions>

</nuclide>
<nuclide>

<key>Pu-237</key>

<name>Pu-237</name>

<category>Alpha</category>
<single>false</single>
<halfLife>1.2375e-01</halfLife>
<specificActivity>4.5091e+14</specificActivity>
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<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>5.2000e-01</yield>
</emission>
</emissions>
</nuclide>
<nuclide>
<key>Pu-238</key>
<name>Pu-238</name>
<category>Alpha</category>
<single>true</single>
<halfLife>8.7700e+01</halfLife>
<specificActivity>6.3360e+11</specificActivity>
<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>1.0630e-01</yield>
</emission>
</emissions>
</nuclide>
<nuclide>
<key>Pu-239</key>
<name>Pu-239</name>
<category>Alpha</category>
<single>false</single>
<halfLife>2.4110e+04</halflLife>
<specificActivity>2.2950e+09</specificActivity>
<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>4.6600e-02</yield>
</emission>
</emissions>
</nuclide>
<nuclide>
<key>Pu-240</key>
<name>Pu-240</name>
<category>Alpha</category>
<single>false</single>
<halfLife>6.5640e+03</halfLife>
<specificActivity>8.3947e+09</specificActivity>
<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>1.0340e-01</yield>
</emission>
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</emissions>
</nuclide>
<nuclide>
<key>Pu-241</key>
<name>Pu-241</name>
<category>None</category>
<single>false</single>
<halfLife>1.4350e+01</halfLife>
<specificActivity>3.8239%e+12</specificActivity>
<decayProduct>Am-241</decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>2.6115e-05</yield>
</emission>
</emissions>
</nuclide>
<nuclide>
<key>Pu-242</key>
<name>Pu-242</name>
<category>Alpha</category>
<single>false</single>
<halflLife>3.7500e+05</halfLife>
<specificActivity>1.4572e+08</specificActivity>
<decayProduct></decayProduct>
<branchingRatio>1.0000e+00</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>8.7100e-02</yield>
</emission>
</emissions>
</nuclide>
<nuclide>
<key>Pu-244</key>
<name>Pu-244</name>
<category>Alpha</category>
<single>false</single>
<halfLife>8.0000e+07</halfLife>
<specificActivity>6.7747e+05</specificActivity>
<decayProduct>Pu-240</decayProduct>
<branchingRatio>9.9770e-01</branchingRatio>
<emissions>
<emission>
<region>17</region>
<yield>5.6900e-02</yield>
</emission>
</emissions>
</nuclide>
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The peaks section lists possible peaks for the energy calibration. The energy has units of keV.

<peaks>

<peak>
<source>Am-241</source>
<energy>15.7</energy>

</peak>

<peak>
<source>Am-241</source>
<energy>59.5</energy>

</peak>

<peak>
<source>Ba-133</source>
<energy>31.6</energy>

</peak>

<peak>
<source>Ba-133</source>
<energy>80.9</energy>

</peak>

<peak>
<source>Cd-109</source>
<energy>22.1</energy>

</peak>

<peak>
<source>Cd-109</source>
<energy>88.0</energy>

</peak>

<peak>
<source>Co-57</source>
<energy>122.1</energy>

</peak>

<peak>
<source>Cs-137</source>
<energy>32.1</energy>

</peak>

</peaks>

The rateWindows section provides the options for the rate chart time binning.

<rateWindows selected="1">

<seconds>1</seconds>
<seconds>2</seconds>
<seconds>3</seconds>
<seconds>5</seconds>
<seconds>10</seconds>
<seconds>15</seconds>
<seconds>30</seconds>
<seconds>60</seconds>

</rateWindows>

Appendix B

UNCLASSIFIED

B.9



PNNL-29494

The regions section lists the ROI for analysis. The key is a unique identifier. The order
specifies the analysis order. The energyLow and energyHigh are the ROI bounds in keV. The
backgroundLow and backgroundHigh define the background region in keV for the three-
window method. The airAttenuationCoefficient gives the linear attenuation coefficient for air,
in units of inverse meters. Finally, the plasticAttenuationCoefficient provides a similar value
for the plastic on top of the calibration source.

<regions>

<region>
<key>17</key>
<name>17 keV</name>
<order>2</order>
<energyLow>11.0</energyLow>
<energyHigh>23.0</energyHigh>
<backgroundLow>7.0</backgroundLow>
<backgroundHigh>27.0</backgroundHigh>
<airAttenuationCoefficient>1.2640e-01</airAttenuationCoefficient>
<plasticAttenuationCoefficient>

4.7021e+01

</plasticAttenuationCoefficient>

</region>

<region>
<key>59.5</key>
<name>60 keV</name>
<order>1</order>
<energyLow>54.0</energyLow>
<energyHigh>66.0</energyHigh>
<backgroundLow>50.0</backgroundLow>
<backgroundHigh>70.0</backgroundHigh>
<airAttenuationCoefficient>2.1003e-02</airAttenuationCoefficient>
<plasticAttenuationCoefficient>

8.6226e+00

</plasticAttenuationCoefficient>

</region>

</regions>

The runTimes section provides the options for the run time.

<runTimes selected="600">
<seconds>30</seconds>
<seconds>60</seconds>
<seconds>90</seconds>
<seconds>180</seconds>
<seconds>300</seconds>
<seconds>600</seconds>
<seconds>1200</seconds>
<seconds>1800</seconds>
<seconds>3600</seconds>

</runTimes>
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The sourceTerms section lists the mixtures of nuclides defined for analysis.

<sourceTerms>
<sourceTerm>
<enabled>false</enabled>
<name>ReactorGrade</name>
<constituents>
<constituent>
<nuclide>Pu-238</nuclide>
<massFraction>1.5000e-02</massFraction>
</constituent>
<constituent>
<nuclide>Pu-239</nuclide>
<massFraction>5.8100e-01</massFraction>
</constituent>
<constituent>
<nuclide>Pu-240</nuclide>
<massFraction>2.4100e-01</massFraction>
</constituent>
<constituent>
<nuclide>Pu-241</nuclide>
<massFraction>1.1400e-01</massFraction>
</constituent>
<constituent>
<nuclide>Pu-242</nuclide>
<massFraction>4.9000e-02</massFraction>
</constituent>
</constituents>
</sourceTerm>
<sourceTerm>
<enabled>true</enabled>
<name>Am-241 100%</name>
<constituents>
<constituent>
<nuclide>Am-241</nuclide>
<massFraction>1.0000e+00</massFraction>
</constituent>
</constituents>
</sourceTerm>
<sourceTerm>
<enabled>false</enabled>
<name>Pu-238 100%</name>
<constituents>
<constituent>
<nuclide>Pu-238</nuclide>
<massFraction>1.0000e+00</massFraction>
</constituent>
</constituents>
</sourceTerm>

(truncated)

</sourceTerms>
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The voltages section gives the high voltage setpoints for each device.

<voltages>
<voltage>
<enabled>true</enabled>
<deviceId>SIMULATOR</deviceId>
<volts>1000</volts>
<calibrationDate>2015-09-09T00:00:00</calibrationDate>
</voltage>
</voltages>

The window section specifies the bounds for the x-axis on the plots. The channelLow and
channelHigh are used for uncalibrated spectra. The energyLow and energyHigh are used for
the calibrated spectra.

<window>
<channelLow>0</channelLow>
<channelHigh>256</channelHigh>
<energyLow>11</energyLow>
<energyHigh>66</energyHigh>
</window>

Finally, the xAxis section specifies the bounds for the x-axis on the plots. The channelLow and
channelHigh are used for uncalibrated spectra. The energyLow and energyHigh are used for
the calibrated spectra.

<xAxis>
<channelLow>0</channelLow>
<channelHigh>1024</channelHigh>
<energyLow>0</energyLow>
<energyHigh>250</energyHigh>
</xAxis>

</SpecFIDLER>
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Appendix C — Algorithms
This appendix describes the algorithms used for background subtraction, energy calibration,
efficiency calibration, and nuclide analysis. These algorithms incorporate the simplified
calibration procedure developed by the Remote Sensing Laboratory (RSL) [Okada 2018]. In

addition, the calculation framework draws heavily from the spreadsheet developed at Sandia
National Laboratories (SNL) [Enghauser 2019].

C.1 Background Subtraction

The one-window method uses a prior background measurement to compute the net count rate
in counts per minute (cpm):

1. Integrate the counts in the foreground spectrum between the ROI energy limits, interpolating
between channels.

2. Divide the result by the live time to compute the total count rate C.
3. Repeat the above for the background spectrum to compute the background count rate B.
4. Subtract C — B to compute the net count rate N.

In contrast, the three-window method extrapolates the background counts from adjacent regions
in the spectrum:

1. Integrate the counts in the foreground spectrum between the ROI energy limits, interpolating
between channels.

2. Divide the result by the live time to compute the total count rate C.

3. Repeat the above for the left and right windows adjacent to the ROI to compute the count
rates L and R.

4. Use the following formula to compute the net count rate:

U LA Y
~ 7 2\AE, T AER) €

where AE;, AEg, and AE. denote the energy span of each window (keV).

Appendix C C.13

UNCLASSIFIED



PNNL-29494

C.2 Energy Calibration

Clicking on a peak in the Energy Cal tab causes the software to fit the peak to a Gaussian
function and report the center channel. This process involves the following steps:

1.

2.

5.

Find the local maximum near the click. The search distance is specified by FitRange.
Find the local minima on either side. Again, the search distance is specified by FitRange.
Find the points halfway in amplitude between the minima and maximum.

Use a truncated-Newton optimization package to minimize the mean squared error between
the spectrum and the Gaussian function

. N2
aexp(—(lzal;) >+b

between the two half maximum points. The value b specifies a constant baseline
underneath the peak, which should be accurate enough for the present purpose.

Record the center channel pu.

To calculate the coefficients of the energy calibration, the software uses the truncated-Newton
optimization package again to compute the quadratic regression between the channel numbers
and associated peak energies. If only two peaks are specified, the software computes the linear
regression instead.

The software then checks the results to ensure that the slope of the energy calibration remains
positive and varies by less than 10% across the ROI range. In addition, the software verifies that
the regression matches the actual peak energies to within 5%. Any unusual findings cause the
software to display a warning message.
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C.3 Efficiency Calibration

To compute the intrinsic efficiency ¢ of each ROI, the software uses the following formula:

N

“TkorTs

Here N is the net count rate in the ROI (cpm), k is a unit conversion factor (dpm/uCi), Q is the
decay-corrected source activity (UCi), Y is the yield of the nuclide in the ROI, T is the
transmission factor through the intervening plastic and air, and S is the solid angle fraction.

It is assumed that the detector has the same intrinsic efficiency to all gamma emissions in the
ROI. As the width of the ROl is relatively small, and the low-energy gamma emissions from
transuranic nuclides are fairly consistent, this assumption should not introduce significant error.

The transmission factor T is the product of two terms:
T = exp(—pp d) exp(—pq h)

where p, is the linear attenuation coefficient of the plastic (1/m), d is the plastic thickness (m),
U, is the linear attenuation coefficient of the air (1/m), and h is the detector height (m). Both
attenuation coefficients are taken at the mean energy of the ROI with representative densities.
For greater accuracy, the mean path lengths should be used in place of the plastic thickness
and height; these values are about 10% larger than the straight-line distances given a detector
height of 0.30 m. In practice, other sources of error will dominate.

The solid angle fraction S is the ratio of the detector area to the surface area of a sphere with

radius h:
RZ
T
where R is the detector radius (m).
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C.4 Nuclide Analysis

Given a source term with a mixture of nuclides, the software first calculates the overall quantity
Q in each ROI:

_ N
CXi(FY)TSek

Q

Here N is the net count rate in the ROI (cpm), F; is the activity fraction for one nuclide, Y is the
yield of that nuclide in the ROI, T is the transmission factor through the air, S is the solid angle
fraction, ¢ is the intrinsic efficiency in the ROI, and k is a unit conversion factor. The analysis
supports both point sources and distributed sources.

The activity fractions are computed from the mass fractions specified by the source term, and
then scaled to sum to one:
Z Fi = 1
i

For a point source, the transmission factor T is simply
T = exp(—piq h)

where y, is the linear attenuation coefficient of the air (1/m) and h is the detector height (m). For
a distributed source, the transmission factor integrates activity from differential area dA over
infinite disc D, accounting for changes to the solid angle and path length:

2
T = ffh—coswexp (—ua v h? +r2) dA

h? + r2
D

Here r is the radial offset to dA, whereas ¢ represents the angle between the vertical line
through the detector center and the line from the detector center to dA. The first term accounts
for the decrease in solid angle as dA moves further away from the detector. The second term
accounts for the decrease in geometric efficiency as emissions from dA intercept the detector at
an angle. The final term specifies the air attenuation over the path.

The corresponding integral

2T ©o
h3
_ o _ - _
r= f j (h2 +r2)3/2eXp( P‘am)rdrda
0 0
has the solution
T = 2mh? (exp(—pqh) + pgh Ei(—ugh))

where Ei represents the exponential integral.
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As before, the solid angle fraction S is the ratio of the detector area to the surface area of a
sphere with radius h:

RZ

S=——
4h?

where R is the detector radius (m).

The unit conversion factor k depends on the selected Source type and units. For a point
source, the result Q will be in uCi, Bg, or kBg. For a distributed source, Q will be in pCi/m? or
Bg/m2.

The software also calculates the overall MDA in each ROI:

2.71+ 4.66VB

MDA =
Li(FY)TSekt

Here B is the background count rate in the ROI (cpm), t is the live time, and all other terms are
the same as before.

The quantity and MDA of an individual nuclide are equal to the overall values multiplied by the
activity fraction F;. The software highlights the computed quantity of Am-241 as well as the sum
of all alpha emitters.

If the ROI computations are performed independently, the results may well be different for each
ROI. One source of uncertainty is the relative abundance of Am-241 versus other isotopes. The
“independent” method assumes that the specified activity fractions are fixed. However, the
guantity of Am-241 can be deduced from the 60 keV ROI and then propagated to the 17 keV
ROI. The “linked” method implements this approach. The calculations proceed as above, but the
17 keV results are then adjusted as follows:

1. Copy the quantity Q; of Am-241 from the 60 keV ROI to the 17 keV ROI.

2. Scale the activity fraction F; for Am-241 to obtain the desired value of Q;.

3. Scale F; for all other isotopes so that }};( F; Y;) is the same as before. This returns the overall
guantity Q in the 17 keV ROl to its original calculated value. This step assumes that the
source term defines other isotopes besides Am-241.

4. After the above steps, );; F; # 1. Thus, scale Q and all F; so that };; F; = 1 once more.

Note that the 17 keV ROI will specify the new activity fractions, but the 60 keV ROI will still
contain the original ones.
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C.5 References
Grove Software, Inc., “RadDecay 3.0”, July 2006.
C Okada, “The SpecFIDLER”, December 2018.

M Enghauser, “SNL_SpecFIDLER _V000” Excel spreadsheet, November 2019.

Appendix C C.18

UNCLASSIFIED



PNNL-29494

Appendix D — Licensing

The SpecFIDLER software uses the libftdi and libusb-win32 libraries, which are individually
released under version 2.1 of the GNU Lesser General Public License. The text of this license is
included below for reference. Please contact the authors if the relevant object and/or source
code is desired to relink the software with modified versions of these libraries.

D.1 License for libftdi and libusb-win32 Libraries

GNU LESSER GENERAL PUBLIC LICENSE
Version 2.1, February 1999

Copyright (C) 1991, 1999 Free Software Foundation, Inc.

51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 TUSA
Everyone 1is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

[This i1s the first released version of the Lesser GPL. It also counts

as the successor of the GNU Library Public License, version 2, hence

the version number 2.1.]

Preamble

The licenses for most software are designed to take away your freedom to
share and change it. By contrast, the GNU General Public Licenses are
intended to guarantee your freedom to share and change free software--to make
sure the software is free for all its users.

This license, the Lesser General Public License, applies to some specially
designated software packages--typically libraries--of the Free Software
Foundation and other authors who decide to use it. You can use it too, but we
suggest you first think carefully about whether this license or the ordinary
General Public License is the better strategy to use in any particular case,
based on the explanations below.

When we speak of free software, we are referring to freedom of use, not
price. Our General Public Licenses are designed to make sure that you have
the freedom to distribute copies of free software (and charge for this
service if you wish); that you receive source code or can get it if you want
it; that you can change the software and use pieces of it in new free
programs; and that you are informed that you can do these things.

To protect your rights, we need to make restrictions that forbid distributors
to deny you these rights or to ask you to surrender these rights. These
restrictions translate to certain responsibilities for you if you distribute
copies of the library or if you modify it.

For example, if you distribute copies of the library, whether gratis or for a
fee, you must give the recipients all the rights that we gave you. You must
make sure that they, too, receive or can get the source code. If you link
other code with the library, you must provide complete object files to the
recipients, so that they can relink them with the library after making
changes to the library and recompiling it. And you must show them these terms
so they know their rights.
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We protect your rights with a two-step method: (1) we copyright the library,
and (2) we offer you this license, which gives you legal permission to copy,
distribute and/or modify the library.

To protect each distributor, we want to make it very clear that there is no
warranty for the free library. Also, if the library is modified by someone
else and passed on, the recipients should know that what they have is not the
original version, so that the original author's reputation will not be
affected by problems that might be introduced by others.

Finally, software patents pose a constant threat to the existence of any free
program. We wish to make sure that a company cannot effectively restrict the
users of a free program by obtaining a restrictive license from a patent
holder. Therefore, we insist that any patent license obtained for a version
of the library must be consistent with the full freedom of use specified in
this license.

Most GNU software, including some libraries, is covered by the ordinary GNU
General Public License. This license, the GNU Lesser General Public License,
applies to certain designated libraries, and is quite different from the
ordinary General Public License. We use this license for certain libraries in
order to permit linking those libraries into non-free programs.

When a program is linked with a library, whether statically or using a shared
library, the combination of the two is legally speaking a combined work, a
derivative of the original library. The ordinary General Public License
therefore permits such linking only if the entire combination fits its
criteria of freedom. The Lesser General Public License permits more lax
criteria for linking other code with the library.

We call this license the "Lesser" General Public License because it does Less
to protect the user's freedom than the ordinary General Public License. It
also provides other free software developers Less of an advantage over
competing non-free programs. These disadvantages are the reason we use the
ordinary General Public License for many libraries. However, the Lesser
license provides advantages in certain special circumstances.

For example, on rare occasions, there may be a special need to encourage the
widest possible use of a certain library, so that it becomes a de-facto
standard. To achieve this, non-free programs must be allowed to use the
library. A more frequent case is that a free library does the same job as
widely used non-free libraries. In this case, there is little to gain by
limiting the free library to free software only, so we use the Lesser General
Public License.

In other cases, permission to use a particular library in non-free programs
enables a greater number of people to use a large body of free software. For
example, permission to use the GNU C Library in non-free programs enables
many more people to use the whole GNU operating system, as well as its
variant, the GNU/Linux operating system.

Although the Lesser General Public License is Less protective of the users'
freedom, it does ensure that the user of a program that is linked with the

Library has the freedom and the wherewithal to run that program using a
modified version of the Library.
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The precise terms and conditions for copying, distribution and modification
follow. Pay close attention to the difference between a "work based on the
library" and a "work that uses the library". The former contains code derived
from the library, whereas the latter must be combined with the library in
order to run.

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0. This License Agreement applies to any software library or other program
which contains a notice placed by the copyright holder or other authorized
party saying it may be distributed under the terms of this Lesser General
Public License (also called "this License"). Each licensee i1is addressed as
"you".

A "library" means a collection of software functions and/or data prepared so
as to be conveniently linked with application programs (which use some of
those functions and data) to form executables.

The "Library", below, refers to any such software library or work which has
been distributed under these terms. A "work based on the Library" means
either the Library or any derivative work under copyright law: that is to
say, a work containing the Library or a portion of it, either verbatim or
with modifications and/or translated straightforwardly into another language.
(Hereinafter, translation is included without limitation in the term
"modification".)

"Source code" for a work means the preferred form of the work for making
modifications to it. For a library, complete source code means all the source
code for all modules it contains, plus any associated interface definition
files, plus the scripts used to control compilation and installation of the
library.

Activities other than copying, distribution and modification are not covered
by this License; they are outside its scope. The act of running a program
using the Library is not restricted, and output from such a program is
covered only if its contents constitute a work based on the Library
(independent of the use of the Library in a tool for writing it). Whether
that is true depends on what the Library does and what the program that uses
the Library does.

1. You may copy and distribute verbatim copies of the Library's complete
source code as you receive it, in any medium, provided that you conspicuously
and appropriately publish on each copy an appropriate copyright notice and
disclaimer of warranty; keep intact all the notices that refer to this
License and to the absence of any warranty; and distribute a copy of this
License along with the Library.

You may charge a fee for the physical act of transferring a copy, and you may
at your option offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the Library or any portion of it,
thus forming a work based on the Library, and copy and distribute such

modifications or work under the terms of Section 1 above, provided that you
also meet all of these conditions:
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a) The modified work must itself be a software library.

b) You must cause the files modified to carry prominent notices stating that
you changed the files and the date of any change.

c) You must cause the whole of the work to be licensed at no charge to all
third parties under the terms of this License.

d) If a facility in the modified Library refers to a function or a table of
data to be supplied by an application program that uses the facility, other
than as an argument passed when the facility is invoked, then you must make a
good faith effort to ensure that, in the event an application does not supply
such function or table, the facility still operates, and performs whatever
part of its purpose remains meaningful.

(For example, a function in a library to compute square roots has a purpose
that is entirely well-defined independent of the application. Therefore,
Subsection 2d requires that any application-supplied function or table used
by this function must be optional: if the application does not supply it, the
square root function must still compute square roots.)

These requirements apply to the modified work as a whole. If identifiable
sections of that work are not derived from the Library, and can be reasonably
considered independent and separate works in themselves, then this License,
and its terms, do not apply to those sections when you distribute them as
separate works. But when you distribute the same sections as part of a whole
which is a work based on the Library, the distribution of the whole must be
on the terms of this License, whose permissions for other licensees extend to
the entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your
rights to work written entirely by you; rather, the intent is to exercise the
right to control the distribution of derivative or collective works based on
the Library.

In addition, mere aggregation of another work not based on the Library with
the Library (or with a work based on the Library) on a volume of a storage or
distribution medium does not bring the other work under the scope of this
License.

3. You may opt to apply the terms of the ordinary GNU General Public License
instead of this License to a given copy of the Library. To do this, you must
alter all the notices that refer to this License, so that they refer to the
ordinary GNU General Public License, version 2, instead of to this License.
(If a newer version than version 2 of the ordinary GNU General Public License
has appeared, then you can specify that version instead if you wish.) Do not
make any other change in these notices.

Once this change is made in a given copy, it is irreversible for that copy,
so the ordinary GNU General Public License applies to all subsequent copies
and derivative works made from that copy.

This option is useful when you wish to copy part of the code of the Library
into a program that is not a library.

4. You may copy and distribute the Library (or a portion or derivative of it,
under Section 2) in object code or executable form under the terms of

Sections 1 and 2 above provided that you accompany it with the complete
corresponding machine-readable source code, which must be distributed under
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the terms of Sections 1 and 2 above on a medium customarily used for software
interchange.

If distribution of object code is made by offering access to copy from a
designated place, then offering equivalent access to copy the source code
from the same place satisfies the requirement to distribute the source code,
even though third parties are not compelled to copy the source along with the
object code.

5. A program that contains no derivative of any portion of the Library, but
is designed to work with the Library by being compiled or linked with it, is
called a "work that uses the Library". Such a work, in isolation, is not a
derivative work of the Library, and therefore falls outside the scope of this
License.

However, linking a "work that uses the Library" with the Library creates an
executable that is a derivative of the Library (because it contains portions
of the Library), rather than a "work that uses the library". The executable
is therefore covered by this License. Section 6 states terms for distribution
of such executables.

When a "work that uses the Library" uses material from a header file that is
part of the Library, the object code for the work may be a derivative work of
the Library even though the source code is not. Whether this is true is
especially significant if the work can be linked without the Library, or if
the work is itself a library. The threshold for this to be true is not
precisely defined by law.

If such an object file uses only numerical parameters, data structure layouts
and accessors, and small macros and small inline functions (ten lines or less
in length), then the use of the object file is unrestricted, regardless of
whether it is legally a derivative work. (Executables containing this object
code plus portions of the Library will still fall under Section 6.)

Otherwise, if the work is a derivative of the Library, you may distribute the
object code for the work under the terms of Section 6. Any executables
containing that work also fall under Section 6, whether or not they are
linked directly with the Library itself.

6. As an exception to the Sections above, you may also combine or link a
"work that uses the Library" with the Library to produce a work containing
portions of the Library, and distribute that work under terms of your choice,
provided that the terms permit modification of the work for the customer's
own use and reverse engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the Library is
used in it and that the Library and its use are covered by this License. You
must supply a copy of this License. If the work during execution displays
copyright notices, you must include the copyright notice for the Library
among them, as well as a reference directing the user to the copy of this
License. Also, you must do one of these things:

a) Accompany the work with the complete corresponding machine-readable source

code for the Library including whatever changes were used in the work (which
must be distributed under Sections 1 and 2 above); and, if the work is an
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executable linked with the Library, with the complete machine-readable "work
that uses the Library", as object code and/or source code, so that the user
can modify the Library and then relink to produce a modified executable
containing the modified Library. (It is understood that the user who changes
the contents of definitions files in the Library will not necessarily be able
to recompile the application to use the modified definitions.)

b) Use a suitable shared library mechanism for linking with the Library. A
suitable mechanism is one that (1) uses at run time a copy of the library
already present on the user's computer system, rather than copying library
functions into the executable, and (2) will operate properly with a modified
version of the library, if the user installs one, as long as the modified
version is interface-compatible with the version that the work was made with.
c) Accompany the work with a written offer, valid for at least three years,
to give the same user the materials specified in Subsection 6a, above, for a
charge no more than the cost of performing this distribution.

d) If distribution of the work is made by offering access to copy from a
designated place, offer equivalent access to copy the above specified
materials from the same place.

e) Verify that the user has already received a copy of these materials or
that you have already sent this user a copy.

For an executable, the required form of the "work that uses the Library" must
include any data and utility programs needed for reproducing the executable
from it. However, as a special exception, the materials to be distributed
need not include anything that is normally distributed (in either source or
binary form) with the major components (compiler, kernel, and so on) of the
operating system on which the executable runs, unless that component itself
accompanies the executable.

It may happen that this requirement contradicts the license restrictions of
other proprietary libraries that do not normally accompany the operating
system. Such a contradiction means you cannot use both them and the Library
together in an executable that you distribute.

7. You may place library facilities that are a work based on the Library
side-by-side in a single library together with other library facilities not
covered by this License, and distribute such a combined library, provided
that the separate distribution of the work based on the Library and of the
other library facilities is otherwise permitted, and provided that you do
these two things:

a) Accompany the combined library with a copy of the same work based on the
Library, uncombined with any other library facilities. This must be
distributed under the terms of the Sections above.

b) Give prominent notice with the combined library of the fact that part of
it is a work based on the Library, and explaining where to find the
accompanying uncombined form of the same work.

8. You may not copy, modify, sublicense, link with, or distribute the Library
except as expressly provided under this License. Any attempt otherwise to
copy, modify, sublicense, link with, or distribute the Library is wvoid, and
will automatically terminate your rights under this License. However, parties
who have received copies, or rights, from you under this License will not
have their licenses terminated so long as such parties remain in full
compliance.
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9. You are not required to accept this License, since you have not signed it.
However, nothing else grants you permission to modify or distribute the
Library or its derivative works. These actions are prohibited by law if you
do not accept this License. Therefore, by modifying or distributing the
Library (or any work based on the Library), you indicate your acceptance of
this License to do so, and all its terms and conditions for copying,
distributing or modifying the Library or works based on it.

10. Each time you redistribute the Library (or any work based on the
Library), the recipient automatically receives a license from the original
licensor to copy, distribute, link with or modify the Library subject to
these terms and conditions. You may not impose any further restrictions on
the recipients' exercise of the rights granted herein. You are not
responsible for enforcing compliance by third parties with this License.

11. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not excuse
you from the conditions of this License. If you cannot distribute so as to
satisfy simultaneously your obligations under this License and any other
pertinent obligations, then as a consequence you may not distribute the
Library at all. For example, if a patent license would not permit royalty-
free redistribution of the Library by all those who receive copies directly
or indirectly through you, then the only way you could satisfy both it and
this License would be to refrain entirely from distribution of the Library.

If any portion of this section is held invalid or unenforceable under any
particular circumstance, the balance of the section is intended to apply, and
the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents
or other property right claims or to contest validity of any such claims;
this section has the sole purpose of protecting the integrity of the free
software distribution system which is implemented by public license
practices. Many people have made generous contributions to the wide range of
software distributed through that system in reliance on consistent
application of that system; it is up to the author/donor to decide if he or
she is willing to distribute software through any other system and a licensee
cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a
consequence of the rest of this License.

12. If the distribution and/or use of the Library is restricted in certain
countries either by patents or by copyrighted interfaces, the original
copyright holder who places the Library under this License may add an
explicit geographical distribution limitation excluding those countries, so
that distribution is permitted only in or among countries not thus excluded.
In such case, this License incorporates the limitation as if written in the
body of this License.

13. The Free Software Foundation may publish revised and/or new versions of
the Lesser General Public License from time to time. Such new versions will
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be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version number. If the Library
specifies a version number of this License which applies to it and "any later
version", you have the option of following the terms and conditions either of
that version or of any later version published by the Free Software
Foundation. If the Library does not specify a license version number, you may
choose any version ever published by the Free Software Foundation.

14. If you wish to incorporate parts of the Library into other free programs
whose distribution conditions are incompatible with these, write to the
author to ask for permission. For software which is copyrighted by the Free
Software Foundation, write to the Free Software Foundation; we sometimes make
exceptions for this. Our decision will be guided by the two goals of
preserving the free status of all derivatives of our free software and of
promoting the sharing and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY FOR
THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE
LIBRARY "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE LIBRARY IS WITH YOU. SHOULD THE LIBRARY PROVE DEFECTIVE,
YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE LIBRARY (INCLUDING BUT NOT LIMITED TO
LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR
THIRD PARTIES OR A FAILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER
SOFTWARE) , EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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