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NOTE!

We assume that you are thoroughly familiar with 32-bit
Microsoft® Windows® usage and terminology. If you are not fully
acquainted with the Windows environment, including the use of
the mouse, we strongly urge you to read the Microsoft
documentation supplied with your Windows software and
familiarize yourself with a few simple applications before
proceeding.

The convention used in this manual to represent actual keys
pressed is to enclose the key label within angle brackets; for
example, <F1>. For key combinations, the key labels are
joined by a + within the angle brackets, for example,

Vil
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1. INTRODUCTION

The U235View program uses gamma-ray and x-ray emissions to analyze and report on the
isotopic abundances of plutonium and other actinides in a sample. This nondestructive technique
has been in use since1974,* and has been constantly refined and improved since then. The
analysis methods and algorithms used in this program have been developed for analyzing
gamma-ray spectra from a germanium detector, and are used here under license.? The program
accurately determines the relative abundances of severa different uranium isotopesin a sample.
The methods require only an energy and peak-shape calibration, and are thus suited to measure
any shape or size of uranium sample. Measurement times can be as short as afew minutes. With
proper care, measurement accuracies can be within 1% of the stated value.

U235View, in conjunction with MAESTRO™-32, controls the MCB hardware and the
acquisition of one or two spectra, sets the analysis parameters, analyzes the spectrum (or
spectra), produces a report, and stores the results in a Microsoft Access®-format database. The
spectraare stored in ORTEC format with complete analysis and available hardware settings
stored in the file. The spectra can be re-analyzed at anytime, either by U235View, MGAView, or
GammaVision®-32.

To ensure consistent results, the physical parameters of all the relevant isotopes (such as gamma-
ray or x-ray energy, yield, and half-life) are stored in the program.

'R. Gunnink, J.B. Niday, and P.D. Siemens, A System for Plutonium Analysis by Gamma-Ray Spectrometry,
LLNL, Livermore, CA, UCRL-51577 (1974).

2U235View isthe subject of a cooperative research and development agreement (CRADA TSV-1368-96) and
license (License Number TL-1375-96) between ORTEC and the University of Californiaunder which ORTEC is
integrating those programs into the ORTEC software environment to enhance usability.
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2. SYSTEM REQUIREMENTS

Due to the complexity of the spectrum, the U235View software requires the following minimum
hardware specifications, which can be met with normal, commercial components.

2.1. Detector Specifications

A germanium detector with aresolution (full width half maximum [FWHM]) less than 550 eV at
122 keV isrecommended. Detectors with resolutions of 600 keV or above may not produce
results with sufficient precision. Where the count rate is high, the detector can be arelatively
small-volume planar detector. For counting small or low-count-rate samples, large-volume
detectors can be used, but attention must be given to maintain as good a resolution as possible.

The peak shape of the net countsin the full-energy peak should be as Gaussian as can be
obtained. The amount of low-energy tailing should not be detectable at 10% of the peak height
and should be insignificant at 2% of the peak height. The amount of high-energy tailing should
not be detectable at all, but may appear at high count rates. If high-energy tailing is noticed,
reduce either the count rate or the shaping time. The count rate can be reduced with cadmium or
copper absorbers to reduce the low-energy counts.

The ORTEC Model "SG" Series Safeguards Detectors are optimized for this application.

2.2. Signal Processing

Spectrum analysis for actinide isotopic ratios is an extremely difficult procedure. Good quality
nuclear electronics are required for the best analysis results. If analog electronics such as the
Model 92X-I1 or DART® are used, a shaping time constant of 1 psfor high count rates (20k to
40k counts/s) and a shaping time constant of 2 psfor low count rates (<20k counts/s) are
needed. When a high energy (coaxial) detector is used, shaping times of less than 2 us are not
likely to give satisfactory results. For DSP systems such as the DSPEC®, similar equivalent
shaping times are needed, although the time constants can be increased (to obtain better
resolution) and still maintain the pul se throughput without peak-shape deterioration.

The electronics should also include pul se-pileup rejection to reject coincidence or summed
peaks, and baseline restoration to maintain detector resolution. The system must be stable with
regard to zero level and gain over the expected temperature range or have zero and gain
stabilizers.

The multichannel analyzer (MCA, aso called the multichannel buffer or MCB) must have a
conversion gain of at least 4096 channels. Some special applications will require a conversion
gain of 8192 channels. For high count rate applications, consideration should be given to the
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limit placed on the maximum throughput by ADC speed and amplifier shaping time®. The MCB
must have a sufficiently low conversion time that the dead time of the analysisislow. The MCB
must also have good differential and integral linearity. All of these requirements are met by
ORTEC MCBs such as the portable DART and the DSPEC.

2.3. Computer

The operator interface program, U235View, and the analysis module, U235, are 32-hbit
applications that must be run under Windows 95 or Windows NT®. Any PC that will run
Windows 95/NT is sufficient to run U235View. A high-capacity hard disk for spectrum storage
Isuseful, and a color monitor is recommended.

U235View communicates with the MCB hardware and is CONNECTIONS-32 compliant. This
means that it will communicate with any supported MCA using the ORTEC Dual-Port Memory
Interface (such as the 92X), the printer port interface (such asthe DART), the Ethernet interface
(such as the DSPEC), and the serial port interface (such asthe LANL M3CA or the MCA 166 by
GBS).

¥'"High-Count-Rate Spectroscopy with Germanium Detectors: Quantitative Evaluation of the Performance of
High-Rate Systems,” T.R. Twomey, R.M. Keyser, M.L. Simpson, and S.E. Wagner, Radioact. Radiochem.,
Vol. 2, No. 3, 1991.

4



3. GETTING STARTED

The following procedure outlines the steps needed to start U235View and analyze a sample.
Detailed instructions for all of the U235View functions are in Chapter 5.

3.1. Software Installation

The installation program installs both MGAView and U235View, and configures the system.
Before installing MGAView/U235View, connect the MCBs to the PC and power them on;
otherwise the configuration program will not locate the MCBs, and configuration will have to be
performed at alater time. Until configuration is completed, the user will not be able to access the
MCBs by computer to set them up for data acquisition. The hardware is set up in the following
section using the MAESTRO software, which needs a completed configuration to access the
MCBs.

MAESTRO should be installed according to the instructions included with the MAESTRO
software. The Windows 95/NT version isrequired. MAESTRO is used for the MCA setup. Once
the setup is complete, MAESTRO can be removed.

Put Disk 1indrive A: and click on Start, then Run.... Enter A: SETUP in the Run dialog and
click on OK.

3.1.1. Installation Options

Typical Thisisthe standard installation which includes graphics and database. If thisisa
reinstallation, this option will ask if you want to overwrite your database. Make
sure you have a backup of any prior U235View database before allowing that
database to be overwritten!

Custom This option allows you to install the database but disable the graphics display by
unmarking the graphics option.

Compact  This setup does not install the database or graphics. Use this should you need to
reinstall U235View.

To disable U235View’s (and MGAView’s) graphics capability, see Appendix F.1.

3.1.2. To Complete Installation

Restart the PC.

If the MCBs were not connected during the installation of MGAView/U235View, run the MCB
Configuration program by going to the Windows Taskbar and clicking on Start, Programs,
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MGA, then MCB Configuration. A list of the connected detectors will be shown. The default
detector names (descriptions) are based on the physical hardware names. These can be changed
to more personalized descriptionsin the MCB Configuration program. Complete detailsarein

Appendix G.

3.2. Hardware Setup

The detectors, signal electronics, MCBs,
and computer should be connected and
setup according to the manufacturer’s
Instructions for each part. A gamma-
emitting radioactive source of any typeis
needed for setup of the MCBs and
amplifiers.

Start U235View by going to the Taskbar
and clicking on Start, Programs, Mga,
and U235View (see Fig. 1). Figure 2
shows theinitial U235View screen. Its
features are discussed in detail in
Chapter 4.

Thereisafield on theright half of the
Spoectrum Toolbar (located just above the
display area). It contains a drop-down list
of the MCBs connected to the PC. Click
on the field (or the down arrow beside it),
then click on the desired MCB. The
toolbars can be turned off, so the display
may not look exactly like this.

3.2.1. Hardware Adjustment

Start MAESTRO-32 by clicking on the
Run MAESTRO toolbar button. In
MAESTRO, display the spectrum for the
same MCB by using Display/Detector ...,
then clicking on the MCB name.

IE Acceszones L3 I

(=) MAESTRO 32 v B Mosview
B Mga o] L) u235View
Seltings v #B MS.DOS Prompt b WinPlots

b :ﬂ M1 4 ﬂ Meh Configuration

, (2 ‘wirdows Explorer |

Fig. 1. Starting U235View.

[ Ju23sview

Eile Acquire Analyze Record Services View Display Window Help

0 2 e e 8

.I‘@lmn !I | Planar, Low Eneigy =]

| [@ORTEC

|Ready [Tue 18-4ug-1998 11:35:12 AM

&

Fig. 2. TheU235View Screen.




3. GETTING STARTED

Go to Acquire/Adjust Controls.... If the MCB has software-controlled polarity, set it to the
correct polarity. Otherwise, set the hardware to the correct polarity. Set the amplifier input
polarity to the polarity required by the detector. Turn on the high voltage. Click on OK to leave
the Adjust Controls... dialog.

Now select Acquire/ADC Setup... to set the ADC conversion gain to 4096 channels. Click on
OK toleave the ADC Setup... diaog.

Put the radioactive source in front of the detector and start the acquisition by selecting
Acquire/Start. A spectrum should begin accumulating on the display. Set the display to L og
mode if needed.

Select Acquire/Adjust Controls... to show the MCB control dialog. If using a DSPEC, set up
the controls according to the "Adjust DSPEC Controls" section of the MAESTRO manual and
click on Optimize. For other MCBs, select the shaping time desired and click on the Pole Zero
button. For manual systems, manually select the shaping time and perform the pole zero.

NOTE A near Gaussian peak shapeisrequired for agood analysis. Thisisonly possible if the
pole zero adjustment is correctly done. For manual pole zero systems, perform the pole
zero carefully and verify that it is correct. For automatic pole zero, verify that it has
been done according to the procedure in the manual.

To be certain that the adjustment is correct, collect a spectrum of a simple source such as *’Co
and use the MAESTRO Calculate function to verify the peak shape. The FW.1IM/FWHM ratio
for a perfect Gaussian peak is 1.83; the FW.02M/FWHM ratio is 2.38.

The peak shape calibration is discussed in Section 5.2.10 and below.

Adjust the coarse and fine gain until a calibration of about 0.075 keV/channel is obtained. The
gain should be within 5% of this value. Table 1 shows the channel number for some energies
with thisgain. Thisis best done with a source with only afew energies.

Next, perform an exact calibration on the MCB using the Tablel.
calibration feature of MAESTRO. The MAESTRO-32 Nuclide | Energy | Channel
Software User’s Manual provides complete details, but hereis A 5T 595 294
an outline of the steps:

Cd-108 | 88 1173
1. Mark the known peaks as ROIs by putting the marker on Co-57 | 1221 | 1627
each peak and pressing the <Insert> key. Ce-139 | 165.8 2210

U-237 208 2773

2. Put the marker in the lowest-energy ROI.
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7.

8.

Click on Calculate/Calibrate and enter the energy of the peak.

Press <Shift + -»> to go to the next higher ROI, click on Calculate/Calibrate, and enter the
energy of the peak.

Repeat thisfor all the ROIs in the spectrum. This calibration will be stored in the MCB and
in each spectrum file acquired with thisMCB until it is recalibrated.

Check the resolution at this time by double-clicking in the ROI. The FWHM and FW(1/10)M
will be displayed for the peak. If FW(1/10)M is not shown, go to Calculate/Settings and
change the “x” to 10. Verify that the FWHM agrees with the detector specifications.

Now exit MAESTRO by clicking on the x box in the upper-right-hand corner.

In U235View, set the preset time for the collection using Acquire/Preset Limits.

Now select Acquire/Calibrate and perform the Peak Shape Calibration according to the
methods in Section 5.2.10.

The system is now ready to collect and analyze a sample spectrum. Put the samplein front of the
detector and select Acquir e, then Start/Save/Report. The sample spectrum will be collected,
stored on disk, analyzed, and the results printed and stored in the database.



4. DISPLAY FEATURES

This chapter covers U235View’ s display features, discusses the role of the mouse and keyboard,
coversthe use of the toolbar buttons and fields, and shows how to change to different disk drives
and folders.

4.1. Main Screen Features

Figure 3 shows U235View’s principal screen features.

“File fcquie Analpze Record Services View Display Window Help 2’
S | vl x| ] 3 ] Mfia] =2

e. 1% _' IF'Ianal Low Energy 5 ;I

— Detector
Planar, Low
Status: Acquiring.
Real: £633.80
Live: 672.88
Dead: 3.60 %
— Presets
Hedl:
Live: 1200.00
FEeak:
[rta:
el

| o ®ORTEC
Ready (9) Tue 18-Aug-1998 11:35:12 AM =~
Fig. 3. U235View Main Display.

1. Main titlebar, contains the Minimize, Maximize, and Close buttons on the far right. If one
of the windows in the display areais maximized, the contents of itstitle bar are shown in the
main title bar.

2. Menu bar, shows the commands that can be selected with the mouse or keyboard; see
Chapter 5.
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Analysis (or Standard) Toolbar, beneath the menu bar, contains speed buttons for indexing
through the records in the various database tables, and adjusting a spectrum’s vertical and
horizontal scale.

Spectrum Toolbar contains speed buttons for starting and stopping data acquisition,
clearing the current spectrum from the display, starting MAESTRO, and selecting an MCB
for acquisition.

Detector field, provides adrop-down pick list of the available MCBs, and lists the currently
selected MCB.

Detector sidebar displays the current status of the MCB, including the real time, live time,
dead time, and presets.

Display area can display several windows at once, showing the spectrum being
acquired/analyzed, as well as one or more analysis results tables (selected using the View
menu [Section 5.6]). These windows can be moved, sized, minimized, maximized, and closed
with the mouse; and cascaded or tiled from the Window menu.

Hardwar e status line, beneath the display area, showing the present state of the MCB, error
messages, €tc.

System status line, beneath the hardware status line, displaying tool tips when the mouseis
over abutton or icon, error messages, €etc.

4.2. Analysis Toolbar

Thefirst four buttons on this toolbar allow you to move through the records in the analysis
results database. They are active only when a database table is open in the display area. The
remaining eight buttons control the spectrum scaling and legend, and are active only when a
spectrum window is open.

14

10

Moveto First Record jumps to the first record in the results database.

Move to Previous Record steps to the previous record in the results database.

Moveto Next Record stepsto the next record in the results database.
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I;

Moveto Last Record jumps to the last record in the results database.
Log/Linear Display switches between logarithmic and linear scaling.

Automatic reads the data set and adjuststhe X and Y axes so the entire plot fillsthe
maximum space available to it on-screen (scaling up a small graph and scaling down a
“too-big” graph).

Automatic Y adjuststhe Y axis so the currently displayed peaks fill the maximum
vertical space available.

Shorter switches the spectrum display to alinear vertical scale and increases the full-
scale value, making the peaks appear shorter. Only active when display is zoomed in.

Taller switches the spectrum display to alinear vertical scale and decreases the full-scale
value, making the peaks appear taller. Only active when display is zoomed in.

Narrower increases the horizontal full scale of the spectrum window so that the peaks
appear narrower. Only active when display is zoomed in.

Wider decreases the horizontal full scale of the spectrum window so that the peaks
appear wider. Only active when display is zoomed in.

L egend On/Off toggle displays or hides the legend box for the spectrum in the active
display window.

4.3. Spectrum Toolbar

These speed buttons control data acquisition.

=

Start Acquisition starts data acquisition in the current detector(s).

Stop Acquisition stops data collection.

Clear the Detector clears the detector data from the window.

11
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-l Run MAESTRO starts MAESTRO-32.

Theright half of the toolbar contains a drop-down list of the | ~]
available detectors (Fig. 4). To select a detector, click in the field S HicroNDMAD 001
or on the down-arrow beside it to open thelist, then click on the DART-0103
desired detector. The detector sidebar will update to show the EEE :EE ‘1?
=

values for the selected detectors. (To display the spectrum, select

Spectrum from the View menu; see Section 5.6.4.) Fig. 4. Detector List on

Spectrum Toolbar.

4.3.1. Spectrum and Table Window Features

Each window in the display area has a title bar with an icon indicating the window type —
spectrum (|4 ) or table ([£]) — and lists the detector/disk file description or the table name,
respectively. If awindow is maximized, the contents of itstitle bar are shown in the main
U235View title bar.

Each window has its own Minimize, Maximize, and Close buttons, which, respectively, reduce

the active window to ashort title bar (| EFEENTTE01x]) at the bottom of the display area,

fully expand the window to occupy the entire display area, and close the window. (Refer also to
your Windows 95/NT documentation.) Note that when you maximize a window, these three
buttons move to the far right of the menu bar.

Only one spectrum window can be open at atime. If you choose another MCB from the list, its
spectrum will replace the previous MCB'’ s spectrum in the spectrum window. However, one or
more results database tables and spectrum analysis windows can be open at the same time.

4.3.2. Zooming In on an Area of Interest in a Spectrum

to draw arubber rectangle around an area of interest and zoom in on it. Position the

mouse on one corner of the desired area, press the left mouse button and drag the

mouse diagonally across the area to be magnified (see Fig. 5). When you release the
mouse button, the graph axes will scale up to the approximate extent of the rubber rectangle and
the area of interest will enlarge accordingly. Use the Automatic button on the Analysis Toolbar
to restore the graph to its original scaling.

Q In spectrum windows, the mouse pointer is shaped like a*“magnifying glass.” Use this

12
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4.4. Buttons and Boxes

This section describes U235View's radio buttons and checkboxes. To activate Ge

abutton or box, just click on it.

Radio buttons (Fig. 6) allow the user to switch between mutually exclusive

choices.

" Total Atten.
{* Phato Atten.
" Coherent Scather.

Fig. 6. Radio
Buttons.

Checkboxes (Fig. 7) indicate that the user can choose one or more

options at one time.

Fepaort Options
[ Save report [ Flot fit
[ Peak Surmmary [ Peak fit details

Fig. 7. Checkboxes.

13
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4.5. Using the File Recall/Save Dialogs

U235View provides a consistent user Save As
interface for all functions that involve Savein |-y U235 = = ekl = =
reading files from or writing files to disk. heuD336 fi MW =u0337.5pc W bs1942 500 h
The standard file recall/save dialog (an i hewl936. 5pe heuEIEIS?.spf nbs1342.spf E
. . . . heul33E spf heuD337 bt nbs1 942 tut £l
gxample of WhICh is shown In Fig. 8) ] hewl936 et ] heu0937.fm nbs1 942 ufm h
includesaL ook in: or Savein: box that heul938.ufm Fbe nbs1342.chn F rbs1943 chn n
allows the user to specify the drive and heud37 fit nhs1942 fit MW rbs1343 Spe =
pathname, a list-of-files box, a File name: o i
box, a Files of type: box, and, on certain il ame: | save |
dialogs, a Show Description checkbox Save as wpe: [INTATONOG Cancel |
that allows the user to display a sample
description, if available. Fig. 8. Standard File Save Dialog.

Any extension or filename can be entered

in the File name: field. If this entry contains wildcards (* or ?) and the user clicks on OK, the
list-of-files box will show thelist of all files for the current drive and path that meet the wildcard
requirements.

The default list of filesis set to the appropriate file type for the function being performed. For
example, in Analyze/Display Analysis Results, if you leave the default filename criterion,
Background fit files (.spf), in the Files of type: field, the list-of-files box will display only the
files that have the extension . SPF. In addition to typing in awildcard search, you can also click
on the File of type: field to open its drop-down list, then choose one of its file extensions/types.

To recall an existing file, double-click on its filename in the list-of-files box; or enter its
filename in the File name: field, then press <Enter> or click on Open.

In some cases, you will be saving new datafor which no file exists yet. To do this, enter the new
filename in the File name: field and click on press <Enter> or click on Save.

The Save As dialog also allows you to “reuse” an existing filename by saving new datainto an
existing file. Note that this completely overwrites (destroys) the previous data. To do this,
double-click on afilename from the list-of-files box or enter one of those existing filenames into
the File name: field, then press <Enter> or click on Save. The system will display a message
saying, “Thisfile already exists. Replace existing file?” Click on Yesto save the new data or
No to cancel the Save As operation.

14



4. DISPLAY FEATURES

4.5.1. Changing Drive and Pathname

There are two ways to change to another
directory and/or drive: click on the L ook
in:/Savein: field to open a drop-down list of all
drives and subdirectories connected to your PC
(see Fig. 9); or click on the Up One L evel
button (just right of the L ook in:/Savein: field)
to move, one level at atime, to higher- and
higher-level directories. In both cases,
movement through the drives and directoriesis
similar to using Windows 95/NT Explorer.

Save i

A U235

a8 heuD936.f
N =096

' heul936. 4

=| heul93E.t

heul936.
heul937.f

@ Deszktop

by Computer
= 3% Floppy [&:)
= [C]
& JEEE
= (D]
=) Removable Disk (E:)
& R

Fig. 9. Changing Drive and Pathnamewith the

Drop-Down

List.
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5. MENU COMMANDS

This chapter describes all the U235View menu functions and their associated dialogs. Asis
customary for Windows menus, the accelerator(s) (if any) are shown to the right of the menu
function they duplicate. Also, the underlined letter in the menu item indicates a key that can be
used together with the <Alt> key for quick access in the menu. (So, for example, the Settings...
dialog under the Acquire menu can be reached by the following key sequence: <Alt + A>, <Alt
+ S>.) Theédlipsis(...) following a menu selection indicates that adialog is displayed to
complete the function. Finally, asmall arrow (“»”) following a menu selection means a submenu
with more selections will be shown. The menus covered in this section, in the order they appear
on the menu bar, are as follows:

File
Exit

Acquire
Preset Limits...
Settings...
Count rete...
Start <Alt + 1>
Start/Save/Report
Stop <Alt + 2>
Clear <Alt + 3>
Save
Re-start/Save/Report
Cdlibrate

Analyze
Settings...
Spectrum on Disk...
Spectrumin MCB
Display Background Fit
Display Analysis Results

Record
First Record
Previous Record
Next Record
Last Record

17
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Services
L ock/Unlock detector...
Edit detector List...
Run MAESTRO

View
Detector Bar
Analysis Toolbar
Spectrum Toolbar
Status Bar
Analysis Table
Acquisition Table
By I'sotope
Spectrum

Display
Taller
Shorter
Automatic Y-AXis
Automatic
Logarithmic
Narrower
Wider
Legend

Window
Cascade
Tile
Arrange lcons

Help
Help Topics
About U235View...

NOTE To prevent the MCB parameters, such as gain or pole zero, from being changed, you
may remove MAESTRO-32 from the PC after hardware setup is completed. From the
Windows Taskbar, click on Start, Settings, Control Panel, and Add/Remove
Programs. On thelist of installed programs, click on MAESTRO for Windows,
click on the Add/Remove button, and answer any prompts.

18



5. MENU FUNCTIONS

5.1. File

The only menu item for Fileis Exit, as shown in Fig. 10. This closes U235View.

Thiswill abort any Start/Stop/Report in progress, but will not stop the data il

collection. F#
ig. 10.

5.2. Acquire
The Acquire menu is shown in Fig. 11. These functions control Acquire
spectrum acquisition. Preset limits ...
Settings ...
5.2.1. Preset Limits... Count rate ...
The Preset dialog is shown in Fig. 12. Any or all of the presets can stat Al

be used at the same time. If a preset typeis not valid for the selected start/S ave/Heport

MCB, it is not shown. Thisfunction is available only on MCBs that

e Clear Alk+3
are not acquiring data.

Save
Re-Start/S ave/Repart
TheReal Timeand Live Time fields are used to enter the real-time

and live-time presets, respectively (in units of seconds and fractions
of a second). These values are stored internally with a resolution of Fig. 11. AcquireMenu.
20 milliseconds (ms), since the MCB clock increments by 20 ms.

Real time means elapsed time or clock time. Live time refers to the amount of time that the MCB
Is available to accept another pulse (i.e., isnot busy), and is equal to the real time minus the
dead time (the time the MCB is not available).*

Calibrate

The ROI Peak field is used to enter the ROI peak count Acquisition Presets EE3
preset (in counts). With this preset condition, the MCB [ 0 ta Clear/Disable any Presst |
stops counting when any ROI channel reaches this Real Time = [1800 | ok |
value, unless there are no ROIs marked in an MCB, in Live Time = [1200
which case that MCB continues counting until the AOIPeak - _ Cancel |
count is manually stopped. ROllntegial =

Uncertainty = |3 o Channels... |
The ROI Integral field isused to enter the ROI '

integral preset value (in counts). With this preset Fig. 12. The Acquisition Presets Dialog.
condition, the MCB stops counting when the sum of all

countsin all channels for this MCB marked with an ROI reaches this value, unless no ROIs are
marked in the MCB.

“|sotopic Ratio Analysis does not require good dead time correction accuracy since it is based on relative peak
amplitudesin a single spectrum or on two spectra collected at the same time.
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The Uncertainty preset (DSPEC, DART, and 92X-11 only) is used to stop acquisition when the
statistical or counting uncertainty of a user-selected net peak reaches the value entered by the
user. The valueis entered as percent uncertainty at 1 sigma of the net peak area. The user has
complete control over the selected peak region. Asthe uncertainty is calculated approximately
every 30 seconds, the uncertainty achieved for a high count rate sample may be better than the
preset value.

The 1-sigma Uncertainty is entered as percent in the Acquisition Presetsdialog. Therangeis
from 99% to 0.1% in 0.1% steps. The peak region is selected by clicking on the Channels...
button.

The Uncertain Peak Channelsdialog (Fig. 13) allows the
user to enter the channel limits directly.

4 OE. I
The net peak area and statistical uncertainty are calculated in Fror. Cancel |
the same manner asin the Peak I nfo calculation (see the Ter [1203
MAESTRO user manual). il

To disable any preset, enter avalue of zero (which the MCB Fig. 13. Peak Region Selection.

interprets as “infinity”). If all preset conditions are disabled,
data acquisition continues until manually stopped.

Any or all of the presets can be enabled at one time. When more than one preset is set to a non-
zero value, the first condition met during the acquisition causes the Detector to stop. This can be
useful when samples of widely varying activity are analyzed and the general activity is not
known before counting. For example, the Live Time preset can be set so that sufficient counts
can be obtained for proper calculation of the activity in the sample with the least activity. But if
the sample contains a large amount of this or another nuclide, the dead time may be high,
resulting in along counting time for the sample. By setting the ROl Peak preset in addition to
the Live Time preset, the low-level sampleswill be counted to the desired fixed live time while
the very active samples will be counted for the ROI peak count. Therefore, the ROI Peak preset
can be viewed as a “safety valve.”

The values of all presets currently loaded into the selected MCB are shown in the detector
sidebar to the right of the spectrum display. These values are not changed by the entry of new
valuesin the Acquisition Presets dialog until the user clicks on OK. To keep the current presets
and discard any changes, click on Cancel or press <Esc>.
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5.2.2. Settings...

The settings dialog is shown in Fig. 14. Acquisition S ettings
Thisdialog allows the user to set the - Spectrum File
spectrum file name and sample ID, and Prefix. [SCL00 Browse | Corcel_|
displays the current energy MCB Ta— I ask On Start
Calibration(S). = W Auto increment

— Sample 1D Run Maesto |
5.2.2.1. Spectrum File Prefis: [DPHNJ I~ Ask On Star
When aspectrum is saved on disk, the Sample#t: [73 ¥ duto increment
filename is constructed from the prefix [ Dtesten iz callbw o
and the file number. The Prefix can be Gain: - QL0750 key/Channel
any valid Windows name without fffset: 10673 ke
extension. If the drive letter and path

areincluded, the spectrum will be stored  Fig. 14. Acquisition Settings.

in that place. If only the base nameis

entered, the spectrum will be stored in

the default directory. The total number of characters in the filename will include the file number
(File#), which is at least one digit. For example, if “SCLOQ” is entered for the Prefix and “10"
Is entered for the File #, the first spectrum saved will be SCLOOL0. SPC.

Click on Browse to locate an existing filename; in this way, the complete filename can be
entered easily and reliably. Click once on the desired filename and it will display in the File
name field.

If Ask on Start is checked, the filename Prefix is entered whenever acquisition is started from
the Acquire menu or the Spectrum Toolbar.

If Auto increment is checked, File # isincremented each time a spectrum is stored to disk.
The spectrum names are stored in the database and included on the report.

5.2.2.2. SamplelD

When a spectrum is saved on disk, the Sample | D field is constructed from the Prefix and the
Sample #. The Prefix can include any keyboard characters, and the Sample # is at least 1 digit.
The maximum length of the Sample I D, including the Sample#, is 26 characters. For example,
If “uranium” is entered for the Prefix and “10" is entered for the Sample #, the Sample ID will
be uranium10.

If Ask on Start is checked, the sample ID Prefix is entered whenever acquisition is started from
the Acquire menu or the Spectrum Toolbar.
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If Auto increment is checked, Sample# isincremented each time a spectrum is stored to disk.
The Sample I D is stored in the database and included in the report.

5.2.2.3. Calibration

The current calibration stored with the MCB is displayed (thisis the calibration done by
MAESTRO; see Chapter 3). It is aso stored with the spectrum file and used in the analysis.
5.2.2.4. OK or Cancel

When the inputs are finished, click on OK to return to the main screen. Click on Cancel to
ignore the inputs and return to the original settings.

5.2.25. Run MAESTRO

MAESTRO can be used to view the spectrum or change the energy calibration, aswell asto
perform many other functions. To useit, click on Run MAESTRO. This duplicates the Run
MAESTRO button on the Spectrum Toolbar. If MAESTRO has been disabled, this button does
not function.

5.2.3. Count rate...

The count rate must be kept within Count Rate Monitor
reasonable limits. To reduce the count

Region of Interest

rate, absorbers such as cadmium or LowErey: [80 kel -
copper can be mounted between the _ = Fioi Limits —
detector and the sample to reduce the High Energy: kel _ Concel |

low-energy gamma rays. To monitor the
count rate in the MCB, select Count
rate... to open the dialog shown in Fig. 15.
It shows the count rate for the energy

range selected. The count rate isthe w w

integral of the counts for a short timein

Count B ate

0.052035 Cps

the selected range, divided by the

elapsed live time since the last reading. Fig. 15. Monitor Count Rate.

Region of Interest — The count-rate region is specified in energy, so the MCB must be energy-
calibrated using MAESTRO. The energy limits can be specified exactly. Also, if an ROl isset in
the MCB with MAESTRO, these limits can be selected by clicking on the ROI Limits button.
The limits are stored and used the next time.
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The Count Rate section shows the actual count rate, in counts per second (cps), inthe MCB. To
start data collection, click on Start. To stop the data collection, click on Stop. In stop mode, the
total count rate is shown.

Click on OK to apply any new inputs and close the dialog; click on Cancel to ignore the
changes.

5.2.4. Start

This starts data collection in the selected MCB. Any warnings arising from problems detected at
the hardware level will be displayed in a message box or on one of the status lines at the bottom
of the display. The MCB can also be started with <Alt + 1> or the Start Acquisition button on
the Spectrum Toolbar. If the MCB is aready started, this entry is grayed.

5.2.5. Start/Save/Report

This function performs all three functions without operator intervention. The Start is the same
as Acquire/Start, Save isthe same as Acquire/Save (using the filename in the
Acquire/Settings... dialog), and Report isthe same as specified in Analyze/Settings....

5.2.6. Stop

Stop terminates data collection in the selected MCB. If the MCB is not active, the entry is
grayed. The MCB can also be stopped with <Alt+ 2> or the Stop Acquisition button on the
Spectrum Toolbar.

5.2.7. Clear

Clear erasesthe MCB spectral data and the descriptors (real time, live time, start time, etc.) for
the selected MCB. The presets are not atered. (This function may not operate on some types of
MCBs when they are collecting data.) The data can also be cleared with <Alt+ 3> or the Clear
Spectrum button on the Spectrum Toolbar.

5.2.8. Save

Use thisto save the datain the MCB to disk using the filename(s) specified in
Acquire/Settings.... Thefiletypeisthe ORTEC . SPC spectrum file, which saves the U235
analysis parameters.
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5.2.9. Re-Start/Save/Report

Thiswill restart data collection, wait for the preset condition, then save and analyze the
spectrum. It operates the same way as the Start/Save/Report except that the data are not cleared
before starting. The presets need to be changed before selecting this option.

Thisis used when theinitial spectrum did not produce adequate results and the user wishes to
continue the count. If Auto increment is enabled in the Spectrum File section under Settings...
(Section 5.2.2), thiswill save the spectra with new names, so the first (shorter time) spectrawill
also be saved.

5.2.10. Calibrate

The peak analysis requires accurate modeling

Of the peak Shape The peak Shape parameters & Changing the energy and peak shape calibration wil affect your
are automatically calculated in this process. analysis results.

When thl S Command iS Sel eCted, the d| a| Og Chooze CAMCEL ta return to the main menu without re-calibrating.
shown in Fig. 16 is displayed to warn the user ] concal |

that this step should be done with care.
Fig. 16. Calibration Warning.

The calibration is performed on the spectrum

stored in the MCB. After calibration, the user

IS shown the results and has the option of keeping them or repeating the process. If the
parameters are kept, they are stored internally. The peak shape parameters can be viewed and
modified (see Section 5.3.1.3).

Todo the calibration, first collect the spec- | Feleome to the CZTU/UZ3S peak Calibration routine.
trum Of the Ca|lbl’aII on Sampl e. The Iata Counted DIll: = 5/18/1995 for 33.2 min.
calibration sample can be a mixed isotope enalyzer deadeine L ienins [eounte/min]

3.8741E406 [counts]

standard or a uranium sample. The spectrum Total Counts
should be collected for along enOLIgh pe|’|0d Observed peak width:  .3720 < data in peak parameter
Of t| me tO get peakS W|th Sma“ StaIIStlcal Total peaks detected = 27; Doubles = 5

error. _NOW S_tart the C‘?”br‘"_"tion operatio_n. The Fig. 17. Beginning of the Calibration Process.
first display in the calibration sequenceis

shown in Fig. 17. This gives the information

on the spectrum just collected in the MCB.

After the peaks have been located in the spectrum, the list shown in Fig. 18. The peak energy

column (Peak_En) gives the energy of the peak using the current calibration. This should be
accurate (or close) because U235 operates with the gain setting of 0.075 keV per channel.
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5. MENU FUNCTIONS

Pick two peaksin thislist that are isolated and high counts (Peak _ct) and record the peak

number (Pk #). This number will be needed later. Press Enter when finished reviewing the list.

Now the current gain and offset are shown asin Fig. 19. If these values need to be recal cul ated,
answer the question with aY. Now enter the peak number (from the above list) and the actual
energy of that peak for the low energy point and the high energy point. The peak number and the

Fk # Feak En Feak ct Fk_width Ekg Ibhle
1 1.447 20991 .aoo 11316.59 o.
2 12.345 3013.:2 L5473 3028.9 o.
3 15.193 490.8 L4658 1238.2 o.
4 17.58889 101.4 371 1126.5 a.
5 2Z2.304 15344.7 L3368 56191.7 a.
3 25.157 3319.1 L4220 17396.2 o.
7 27.441 214.2 L2958 1170.5 o.
a8 31.829 209.3 .aon 357.7 1.
= 33.451 2077.1 1.04z2 75E6.6 a.

10 36.615 65.7 L2586 5753.8 o.
11 37.875 535.1 L2 5584.1 o.
12 49,759 268.7 L9287 aLs.0 o.
13 59.650 10z297.2 . 755 1056.9 a.
14 60.354 357.0 .aoo §15.0 1.
15 TZ.8987 1892.8 750 g24.6 o.
1la 85.141 12012 .9 L7958 g814.9 o.
17 89.015 195.9 .aon 28,1 1.
15 121.:2:25 349.3 .aoo S5Z2.7 1.
18  1z22.178 5217.4 L5ET s508.7 a.
20 136.610 Gas.0 .70 3e0. 8 o.
21 165.085 501.9 .aon 370.1 1.
22  185.97E 4332.2 L9256 3I68.8 o.
23 199.z2a889 39.4 1.208 237.6 a.
Z4 Z35.6885 55.9 L1382 Z01.9 a.
25 255.358 1=27.0 . 699 178.0 o.
Press Enter to Continue

Fig. 18. Peak List in Calibration.

energy are separated by acommac( , )
with the"." used in the energy value.
When the second value is entered, the
gain and offset are recal culated using
these two peak fitted centroids and
the entered energies. The peak list of
Fig. 18 is redisplayed. The number
of peaksin thelist may change due
to the change in the energy
calibration. Select two peaks to be
used for the peak shape calculation.

L0761 [keV/ch]
-1.2180 [keV]

Input Gain
Input Zero

Maximwan Energy of data = 310.6758 [keV]
Do wou want to adjust GLIN and ZERO? [Y/MN]: v

Data GAIN and ZERO Calibration [Separate input with: , ]
[For only one peak: Enter other Pk # as 0]
[Reference peaks must have a "reasonable”
and be single, isolated, peaks.]

width

Enter Low En [keVW] ref:
Enter Hi En [keV] ref:

Pk #,
Pk #,

Energy, [Ex.
Energy, [Ex.

12,195,715] :
34,195.715] :

13,
22,

59.5
165.85

Fig. 19. Gain and Offset Adjustment.
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The current peak parameters are shownin
Fig. 20. The FWHM, amplitude and slope of
the short tailing term, and the amplitude and
slope of the long tailing term are shown for
the two peaks used. The long tailing termis
not used in U235.

If the peak parameters are to be changed,
enter Y. Thiswill start the process for
developing new peak parameters, as shown

Peak 3hape Parameters

59.500, LT, En, FWHM [keV]

165.850, .929, En, FWHM [keV]

59.500, 061, En, AMP short

165,850, 049, En, AMP short

59.500, 92z, En, 3lope short [1/kel]
165.850, 1.000, En, Slope short [1/keV]
59.500, .ooo, En, AMP long

59.500, .ooo, En, Slope long [1/keV]
Do you want to adjust/check peak SHAPE data? [Y/N]: v

Fig. 20. Initial Peak Shape Parameters.

in Fig. 27. Two peak numbers from the list shown in Fig. 21 are entered now to specify the
peaks to be used. In the figure, peak 13 and peak 22 have been selected.

Next the peak type of either gamma ray or
x ray is specified for these two peaks.

Next the source for the peak parametersis
selected from Setup file, Datafits, or
keyboard. To use the current spectrum,
select Datafits. To enter the parameters
directly, select keyboard. The direct entry

Two peaks are regquired to find peak parawmeters.
[Geparate input with commas; Enter 0 to EXEIT]

IS better done on the Peak Shape
Parameters Tab (see Section 5.3.1.3).

After selecting Datafits, the spectrum
peaks are fit and the processis shown in
Fig. 22. The number of iterations depends
on how quickly the fitting converges.

When the fitting has converged, the final

peak parameters are displayed.

At thistime, thedialogin Fig. 23 is

shown. If the parameters are acceptable, then

press N to retain them. If Y isentered, the

dialog in Fig. is shown to redo the parameters.

To retain the peak parametersto be used in
subsequent analyses, enter Y to the Save
question. Entering N here will discard these
parameters and return to the starting
parameters. In both cases, control

returns to the main screen.
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ENTER Peak #,s: Low En #, High En # [Ex. 12,34]: 13,22
ENTEER peak TYPEs? gammas=0, X-ray=1 [Ex. O,0]: 0,0
Use Peak Parameters From? Setup File=1, Data fits=2, Kevhd=3
Enter Choice: Z
Fig. 21. Specifying Peak Parameter Inputs.
Feak Summary for 59.500 keV Fit Iterations
E[keV] FIWTHN Amp_ 3 Flp_ = Amp L Slp_ L Rochi
59.504 771 .Oe0s QZ28 Loooo aooo JHEEL hulu]
59.504 rar ae0s 8932 oooo aooo 9706 101
558.505 rar oez8 Q228 oooo aooo L2713 110
59.504 771 as7? 8718 oooo aooo .95954 111
FPeak Summary for 165.550 keV Fit Iterations
E[keV] FIWTHN Lwp 3 Flp_ = Amp L Slp_ L Rochi
165.545 942 L0010 1.0000 Loooo Loooo 1,762 hulu]
165.850 937 aoio 65944 oooo Loooo 1,803 101
165.5853 929 0495 1.0000 oooo . Oooo 595945 110
1565.851 933 azve 5500 oooo .Qooo 1,101 111
Fig. 22. Peak Shape Parameter Fitting.
Peak Shape Parameters
59.500, 771, En, FUWHM [keV]
165.850, 929, En, FUWHM [keV]
£9.500, L0681, En, AMP short
165.850, L0439, En, AMP short
59.500, J9z3, En, Slope short [1/keV]
165.850, 1.000, En, Slope short [1/keV]
59.500, .0oo, En, AMP laong
59.500, .ooa, En, Slope long [1/keV]
o you want to adjust/check pesk SHAPE data? [Y/N]: n
Do vyou want to sawve/use new Peak Parameters? [Y/N]: ¥

Fig. 23. Ending the Peak Shape Parameter Entry.
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5.3. Analyze

The Analyze menu is shown in Fig. 24. Analyze
Settingz ..

5.3.1. Settings...

Spectrum on Disk...

This dialog (Fig. 25) has five tabs (sub-screens) for defining the Epeetum nli CE

sample-type definition file. All of the entries on al the Settings... tab Display Background Fit
are stored in this file. Users can create an unlimited number of sample- Display Analysis Results
type definition files. Fig. 24. Analyze Menu.

5.3.1.1. Sample Type
On this tab are specified the file name and description of the sample-type definition file.

Peak shape parameters | Abszarption I Source/Detectar Absarption
Sample Type | Output Optiohs
File: |c:u_| 235 zatup2 123 Browse |
Description: IDefauIt 1235 zetup file Save Az ... |
[ peratar: IFH'*"IK

Separation D ate;

B ackground Subtraction

[~ Background 5pectum:

Browse ... |

0k, Cancel

Fig. 25. Settings Dialog; Sample Type Tab.

File— The name of the sampletypefileis specified in this entry. Click on Browse... to find
existing files or to specify the total path for the new file.

Description — Thisis the description of the sample-type file. It is used to help distinguish the

different files from one another. It is recommended that you enter afairly comprehensive
description to save time and confusion as you accumul ate these files.
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Operator — Thisisthe operator name; it appears in the database and on the output report.

Separation Date — Thisis the date that the uranium separation was performed. If no dateis
given, the program assumes the sampleisin equilibrium.,

Background Subtraction — If the Background Spectrum checkbox is marked, the file entered
in the field is subtracted from the spectrum before the analysis. Use Browse... to locate thefile.
A background subtraction is usually not needed for the analysis. The program determines an
appropriate background and only in avery few circumstances is background subtraction in this
manner beneficial.

NOTE The Background Subtraction option only applies when a spectrum is analyzed from disk
and the "Use current analysis options' is chosen.

5.3.1.2. Output Options
Thistab is shown in Fig. 26. The output

report options are selected here.

Peak shape parameters I Abzorption | Source/Detector Absorption |
Sample Type Cutput Optionz

Output — The ASCII output can be iy
sent to aFile, aProgram, or the
Windows default Printer. The CFle | _Browse .. |
filename can be specified. If no & Fiogiarroterad Browss .|
name is specified, the spectrum -
name is used with the extension . RPT. Printer

— Repart Optionz

Screen output level

The ASCII output can be sent to a
Program for further processing. A
common program is Windows Notepad
(Not epad. exe). When Notepad is
specified, the analysis report is
displayed on the screen when the
analysisis complete. Fig. 26. Output Options.

¥ Savereport I Flot fit
¥ Peak Summary W Peak fit details

0k, Cancel

N

When Printer is selected, the output file
Is automatically sent to the Windows default printer.

Report options— To save the report as atext file (even if it isalso being sent to the printer or
to aprogram), check the Save report box. Marking the Peak Summary checkbox adds this
section to the report. The Plot fit option createsa. FI T file of values that is used to make the
output plot. Peak fit details adds the numeric details to the report.
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The Screen output level field controls the output to the analysis window during the analysis. It
defaults to O (zero), the normal value except during debugging.

5.3.1.3. Peak Shape Parameters

Thistab (Fig. 27) shows the peak-shape
parameters used in the program to
describe the peak. The values are given
for two energies, as selected in the
calibration. The peak isshown in Fig. 63
(Section 6.3).

The three components are added to give
the total peak. The formulafor the peak
uses parameter values which are fitted to
these values to give the peak shape asa
function of energy.

5.3.1.4. Absorption

Thistab (Fig. 28) is used to specify
the absorber (e.g., the container walls
between the source and the detector.
These inputs are used in the program
to calculated the attenuation of gamma
rays due to these materials.

Thelist of available elementsis shown.
If the element is to be included, check
the Material box for that element.
Enter the density and length for the
elementsincluded. The Length isthe
thickness of the samplein the direction
perpendicular to the detector. That is,
length is the expected (average) path
length of gamma rays from the far side
of the sample, through the sample, to
the detector.

UZ235View
Sample Type ] Output Optiohs ]
Peak shape parameters Mhzorption ] Source/Detectar Abzorption ]
Energy [ket] Yalue
FusHM |35.44 0.5
FusHM [125.71 |0.65
Energy [keY] W alue
Shart-term tail Laong-term tail
Amp |30 |0.001
Amp (100 n
Amp 185 |0.0M5 | |
Slope [0 |0.95
Slope {100 |0
Slope 135 |1
ak. | Cancel
Fig. 27. Peak Shape Calibration Parameters.
U235View
Sample Type ] Qutput Options ]
FPeak shape parameters Absorption l Source/Detector Absorption ]
Default Dengity
b4 aterial Denzity [afem3]  Length [om)
o |0.00123 [
v &l |2.6389 0.1
[ Fe  [7.86 [
r cd |2.55 |0
 Pb 1135 |0
[ si02 |23 [
0k Cancel

Fig. 28. Absorption Parameters.
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The Default Density button is used to set all the densities to fixed values. These can be used if
no other values are known.

5.3.1.5. Source/Detector Absor ption
Thistab (Fig. 29) is used to specify the

sample material to correct for self-

. . Sample Type I Output Optiohs |
absorptl oninthe Sampl e and detector. Peak shape parameters | Absorption Source/Detectar Absorption
The corrections can be turned on or - .

| .
off by marking or unmarking the On Ge
checkbox. If on, the chemical FOn O Towldten oo q/omay [532
composition can also be selected. " Phata Atten.

" Coherent Scatter,  Lengthleml: |0.07

The physical form (e.g., metal or

— Source

powder) is indicated by the L ength and Fon U _
Density inputs in the source description. U0z i
The Length Is the thickness of the U308 Length [cm): IEI—

sample in the direction perpendicular
to the detector. That is, length isthe
expected (average) path length of
gammarays from the far side of the

ak. | Cancel |

sample, through the sample, to the Fig. 29. Source and Detector Absorption Parameters.
detector. The Density isthe average

density of the sample. The Default

Density value can be used if the actual density is not known. The default is the density for
powder.

The absorber corrections are used to give better fitsto the data. The program will determine the
"best" values based on the fitting process, but exact values entered here for the known absorbers
usually improves the fitting.

5.3.2. Spectrum on Disk

Thisis used to analyze previously collected Spectrum
spectra stored on disk. The dialog is shown in o
Fi g 30. ¥ Use cument analysis settings

Cancel

Use current analysis settings— The analysis
settings used in the analysis can be either the
settings in the spectrum file or the currently Spectrum File: | Browse
selected settings (see Analyze/Settings...,

|LLMNL S CIl format =]

e
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the analysis settings stored internally. In this case the currently selected values are used.
Checking this box will use the current settingsin all cases.

File format — Several different file formats are supported. thréh e[’SﬁEELID_UIMF' [NE]D hi?{wé -
C et : : eguential integer|-no header
Thelistissnownin Flg' 31. Muclear Data uMCA [AococuSpec] [onfl

Canberra 5100 farmat |
ORTELC format [ADCAR] [ chin)

Spectrum File— Thisisthe filename for the spectrum. Use LML ASCIl farmat

the Browse... button to find and specify the filename. SPE A5CI format [.spe]
"Eura" ASCI farmat [txt]
ORTEC U235 farmat [.zpc] -

5.3.3. Spectrumin MCB Fig. 31. Spectrum File Formats.

This analyzes the spectrum in the MCB using the current

Analyze/Settings... parameters (Section 5.3.1), and saves the spectrum to disk with the analysis
settings using the filename selected in Acquir e/Settings... (Section 5.2.2). If Auto increment
under the Spectrum File section (see Section 5.2.2.1) was not selected, the old files may be
overwritten.

5.3.4. Display Background Fit

This command displays the spectrum, C:\U2354heu937.spf =] E3
background, and fitted spectrum for the C:AU235 heul 937, spf pectum
total energy range of the spectrum (see —————————————— Background

Smoothed zpectrum

Fig. 32) from a background fit (. SPF)
file. Each of the curvesisshownin a
different color. The user can also access 1004
the corresponding results database
tables.

1000+

Comnts

103

Use the Analysis (Standard) Toolbar
bUttOﬂS to ad] ust the hOI"i zontal and 40 &0 80 100 120 140 160 180 200 220
vertical scale, and the zoom tool to Erergy (k]

expand any regions of interest (see 0 | B
Section 4.2). To maximize the screen ) , )

area: the Spectrum Toolbar, detector Fig. 32. Display Analysis Results.

sidebar, and status bar can be hidden

(see Section 5.6).

0.1+

5.3.5. Display Analysis Results

This displays the spectrum data, individual peaks, background, and residuals for the energy
range of 85 to 101 keV. The peaks can be plotted by energy, as shown in Fig. 33, or by isotope,
as
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shown in Fig. 34. Each of the curvesis shown in adifferent color with different symbols. The
sidebar shows the possible variables to plot. The check box shows the variables plotted.

C:3U235%heul 937 fit [ _ (O] —Analysis Resuls——

C:h 235\heu093?.fil§

¥ Faw data

= Sripathed data
¥ Background
™ Peaks

= 0E2Es

= ezzs

= Reraps

I TotalFit

v Fesidualz:

95 87 8B 99 90 91 92 93 94 95 498 97 98 99 100
Energy [ket]

‘I | i
Fig. 33. Display Peaks Plotted by Energy.

C:AU235%heuD937 . fit | _ [O] <]| - Analysiz Results——
LU 235 hen9 37 fit ||sc't-:'pe Table 1 v[
e W Raw data
1500 : I | ; I I ; ; ; : I . I : : = | Smonthed|data

¥ Background
7| Pesks

10001 -

Comnts

=

96 87 83 83 40 I 92 93 484 95 36 A7 38 493 100
Eneray [keY]

1| | ﬂ

Fig. 34. Display Peaks Plotted by I sotope.

IV Tatal Fit
¥ Fiesiduals

To remove acurve, click in the check box.

To add the curve, click again.

Use the Analysis (Standard) Toolbar buttons to adjust the horizontal and vertical scale, and the
zoom tool to expand any regions of interest (see Section 4.2). To maximize the screen area; the

Spectrum Toolbar, detector sidebar, and status bar can be hidden using the commands on the
View menu (see Section 5.6).
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5.4. Record
When the results database is displayed, the commands on thismenu (Fig. 35) EEEE
allow the user to index through the tables of the results database. These E Bl Eee
functions duplicate the arrow buttons on the Analysis Toolbar. ey Recerd
Last Recaord
5.4.1. First Record Fig. 35. Record
Menu.

This jumpsto thefirst record in the table.

5.4.2. Previous Record

This moves to the record before the current record in the table.

5.4.3. Next Record

This moves to the record after the current record in the table.

5.4.4. Last Record
This jumpsto the last record in the table.

5.5. Services

This menu (Fig. 36) contains three hardware control functions.

LockUnlock detectar ...

5.5.1. Lock/Unlock detector... Edit detectar list
Run b aestro

Fig. 36. ServicesMenu.

This command allows the user to protect an MCB from destructive
access (e.g., Start, Stop, Clear, etc.) by any program on the PC or
network. While any program can view the data and read the contents
of any MCB in the system — locked or unlocked — the contents of alocked MCB cannot be
changed without knowing the password.

NOTE Thereisno master pa$VVOrd. If the Lock Detector EE
password islost, contact ORTEC Customer Quner: [Fred Blogs o]
Service for assistance in unlocking the
MCB. FPazsword: I’“‘"" Cancel I
Werify: I’“‘“*i

If the MCB is Cl_JrrentIy unloc!<ed, se!ecting _ Fig. 37. Entering Name/Password to

L ock/Unlock will show the dialog displayed in L ock an MCB.

Fig. 37. Enter the Owner name. Then enter a

password in the Password field, and re-enter it in the Verify field (the two entries must agree).
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Click on OK. The password is not case-sensitive (that is, uppercase and lowercase letters are

treated the same).

If the MCB is currently locked, selecting
L ock/Unlock will display the dialog in Fig. 38. Enter
the correct password to unlock the MCB.

Each time destructive access to an MCB is attempted
whileit islocked, the L ocked Detector dialog (see
Fig. 39) will ask for the password. In addition, the
owner of the MCB will be displayed on the Status
line, asin Fig. 40.

If the incorrect password is entered in either the
Unlock or L ocked Detector dialog, the dialog will
reappear, waiting for the correct password. If the
password is not known, click on Cancel to abort the
access attempt.

5.5.2. Edit Detector List...

This allows the user to select those MCBs on the system that

HE
Cancel |

Unlock Detector

Paszward: I’“‘““

Fig. 38. Unlockingan MCB.

Locked Detector

EHE
Cancel I

Fig. 39. Password for Accessing L ocked
MCB.

HEHK

Paszword: I

Marker: 578 = LY. 41keV

Detector Locked by Fred Bloggs!

Fig. 40. Name of Person Who
L ocked MCB.

are to be available in U235View on this PC. Other applications
(e.g., GammaVision, AlphaVision, ScintiVision™) on the same PC can have their own lists. In
this way, the different MCBs on the network can be segregated by function or type.

Figure 41 shows the Detector List Editor dialog. On theleft isthe Master Detector List of all
MCBs on the system. Thisis created by the MCB Configuration program (which can be run
automatically during MGAView/U235View installation or from the M GA menu started from the
Windows Taskbar). The default descriptions are derived from the hardware and can be changed

by running the configuration program.

On asingle-PC system, the U235View installation program initially sets the available MCB list
Identical to the master list. On a networked system, the system configuration program (rather
than the installation program) setsthe MCB list identical to the master list. The Master
Detector List, including the MCB descriptions, are the same for all ORTEC CONNECTIONS-32
programs running on all PCs connected to the workgroup.

To add an MCB to the U235View Pick List for this PC, click on the name in the master list,
then click on Add. To add all the MCBs on the Master Detector List, click on All.
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Detector List E ditor BE
b aster Detector List |22 Pick List
GG, 1 00% P ae 7672 0000002 5 afeGuard LO-4

0000002 Safefiuard LO-A 0000003 GEM 40130

Q000003 GER 40190
Cancel

£ s

Add -x Al

Femowve <-- [

i

4| | »] 1] | ]

Fig. 41. Detector List Editor Dialog.

To remove an MCB from thislocal pick list, click on the namein the Pick List and click on
Remove. To remove all the MCBsS, click on New.

When MCB selection is complete, click on OK. These selections will be saved to disk and used
by U235View until changed on this screen or until the entire network is reconfigured.

5.5.3. Run Maestro

This starts MAESTRO, which can be used to view the spectrum or change the energy
calibration, aswell as for many other functions. This duplicates the Run MAESTRO button on
the Spectrum Toolbar.

NOTE To prevent the MCB parameters, such as gain or pole zero, from being changed, you
may remove MAESTRO-32 from the PC after hardware setup is completed. From
the Windows Taskbar, click on Start, Settings, Control Panel, and Add/Remove
Programs. On thelist of installed programs, click on MAESTRO for Windows,
click on the Add/Remove button, and answer any prompts.
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5.6. View
Use the commands on the View menu, Fig. 42, to select what will be
displayed on the main screen. The check marks beside the toolbar v Detector Bar
names indicate that all of the toolbars are currently displayed (as shown v Standard Toolbar
in Fig. 3). Click beside an item to unmark it and U235View will hide it. v Spectum Toolbar
v Status Bar
5.6.1. Analysis Table Analysis Table

Aoquizition T able

The Analysis Table menu item displays this table from the database in the
display window. The table shows the analysis parametersin the database
for the selected analysis. When this table is displayed the Record Advance __2Pcimm

By lzotope

toolbar buttons are active. Fig. 42. View Menu
and Toolbar
) ) ) ) Submenu.
The tableis shown in Fig 43. This shows the results of some of the
calculations for one analysis.
E U235 Database - |sotope Abundance in 5ample =] B

sample 10 IheuEIEG?

| zatope | Abundance [%] | |Ihcertainky | % Uncertainty |
234 1.062841 0174123 16382774
235 94 126053 14782228 15704714
z3a 4811108 14782228 307252075

Peak  Ernergy [kei] Countz I ncertainty

233 92.36 1.1424e+001 5.6413e+00
238 9273 1.1424e+001 5.64192+001
235 93.35 293434003 5.6419e+001
Ll sray 34.66 8.2459=+003  1.1850e+002
Llwray 928.44 1.4194e+004  1.6536e+002

Calibratioh——— Errors

Gair: ||;|_|;|?524544?4 Feak. fit |1_3?11EI1E|?54
F o I-D.ESB?E?EEE Errar code: |DH4DDDUDDD

Fig. 43. Isotope Database Table.

5.6.2. Acquisition Table

The Acquisition Table menu item displays this table from the database in the display window.
The table shows the type of sample, the time of data collection and the spectrum name (or
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names) in the database for the selected analysis. When thistable is displayed the Record

Advance toolbars buttons are active.

The table display is shown in Fig. 44.

B U235 Databaze - Acquisition Parameters M=]
Sample 1D: hewl337 Separation D ate: |
Operator; Acquizition Date:; |5.-"29.-"E|E= 51200 Pk

Analysiz Date: I?.-"?.-"EIB 12:50:26 P

— Sample Spectunm

File: |E:"~L|235'xheu093?.5pc: Real Time: |385
Detectar: ILEF'S detectar Live Time: IS‘E!EI—
Total Counts: [4950715. 53987703 DeadTime: [0
— Backaground S pectm

File: | Real Time: IEI—
Detector: | Live Time: ID—
Tatal Counts: |0 Dead Timne: ID—

Fig. 44. Database Acquisition Table.

5.6.3. By Isotope

This menu item displays the table of analysis resultsfor all the uranium isotopes for all the
analyzed spectra between the selected dates from the database in the display window.

The display isshown in Fig. 45. The time and date for the analysisis entered directly in the

fields shown. All of the analysis results for the selected time span are shown.
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E U235 Database - lzotope Abundance in Sample Mi=]

D ata analyzed betwesn IE.-"'I FAA3AE336PM | gnd IE’,-"I 8/98 4:53:36 PM

& ample 10 | U234 Abundance | uz35 Abundance | Uz38 Abundance |
heulda7 1 0E2B41% /- 0174123 94 12B053% +/- 14.7822.. 4.811108% +/- 14.782228

Fig. 45. Database Display by I sotope.

See Section 4.3.1 for more information on spectrum and table window features.

5.6.4. Spectrum

Use Spectrum to display the spectrum in the MCB (see example in Fig. 46). The spectrum
window is display-only; the MCB functions cannot be changed here.

SafeGuard LO-Ax
| SafeGuard LO-4 §

W

20001,

Cionnts

10004

40 GO B0 100 120 140 160 180 200 220 240
Energy [ke]

Fig. 46. Spectrum Window.

NOTE To prevent the MCB parameters, such as gain or pole zero, from being changed, you
may remove MAESTRO-32 from the PC after hardware setup is completed. From the
Windows Taskbar, click on Start, Settings, Control Panel, and Add/Remove
Programs. On thelist of installed programs, click on MAESTRO for Windows,
click on the Add/Remove button and answer any prompts.
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5.7. Display
Figure 47 shows the Display menu, which contains commands for Diisplay
changing the horizontal and vertical scaling of a spectrum, and for hiding Taller
or displaying the legend. Shorter
Automatic v -Axiz
5.7.1. Taller and Shorter ALliEmiEe
Logarithrniz
Taller and Shorter switch the spectrum display to alinear vertical N arrauer
scale and, respectively, increase or decrease the full-scale value. These \wider
commands are duplicated by the Taller and Shorter buttons on the —
Analysis Toolbar. Legend
Fig. 47. Display
5.7.2. Automatic Y-Axis Menu.

Automatic Y switches the spectrum window from logarithmic to linear vertical scale and adjusts
the'Y axis so thetallest currently displayed peak fills the maximum space available without
overflowing the display. This function is duplicated by the Automatic Y -Axis button on the
Analysis Toolbar.

5.7.3. Automatic

Automatic switches the spectrum window from logarithmic to linear vertical scale and adjusts
the X and Y axes so the entire plot fills the maximum space available without overflowing the
display (scaling up a small graph and scaling down a “too-big” graph). Thisfunctionis
duplicated by the Automatic button on the Analysis Toolbar.

5.7.4. Logarithmic

L ogarithmic toggles the vertical scale of the spectrum display between the logarithmic and
linear modes. This function is duplicated by the L og/Linear Display button on the Analysis
Toolbar.

5.7.5. Narrower and Wider

Narrower and Wider increase and decrease the horizontal full scale of the spectrum window so
that the peaks appear respectively narrower and wider. These commands are duplicated by the
Narrower and Wider buttons on the Analysis Toolbar.

5.7.6. Legend

This displays or hides the graph legend box; it duplicates the L egend button on the Analysis
Toolbar.
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5.8. Window
This menu, shown in Fig. 48, contains the ‘window
standard Windows Cascade and Tile commands Cascade
for arranging the open windows on the screen Tile
(refer to the Windows 95/NT documentation). Arrange |cons
AI‘ range | consaligns any mini m_l zed windows 1 U235 Databasze - |sotope Abundance in S ample
icons. If qny spectrum or tablevyl ndows are open, 2 U235 Databaze - Acquisition Parameters
they are listed on the lower portion of the menu, v 3 CAU2354heu0937 spf

wit_h acheck_mark besi_de the activewindow. To 9. 48. Window Menu.,
switch to adifferent window, press <Alt + W>

<Alt + [window number]>, click on the window

name on the menu list, or click anywhere on the window you wish to activate.

5.9. Help
The Help menu is shown in Fig. 49. This accesses U235View help.
Help Topics
The About box is shown in Fig. 50. This dialog contains version Ahout U235 View..

information that will be useful should you require technical support. Fig. 49. Help Menu.

About UZ35View

235 iew, Model L235_B32
Varzion 1.0083, 1933

U235 iew provides an interface to 1235 and supports DSPECE,
ADCAM® zenaz and SPECTRUM MASTER® hardware. DSPEC,
ADCAM and SPECTRUM MASTER are trademarks of ORTEC

This product is lcensad to:
Lz Singley
ORTEC
Copyright © 1993 ORTEC, Al Rights Rezened

Acknowledgemant s Disclaime:

Fig. 50. About U235View.
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6. ANALYSIS METHODS®

6.1. Discussion of Fundamentals

The U235 program accurately determines uranium isotopic ratios from very low 2°U
concentrations (depleted sources) to very high?*U concentration (enriched) sources. Presently
the program works for uranium samples that are 0.05% #*U to 95% **U.

There are several potential energy regionsin the uranium gamma ray spectrathat can be used to
cal culate isotopic abundance ratios. In this program only gamma- and x-rays less than 300 keV
are used. This energy region is measured by atypical low energy Ge detector set with again of
.075 keV/channel and 4096 channels of data. The only serious limitation this energy range
imposes is the relative few U (and daughters) peaks less than 300 keV. Fortunately there are
two relatively strong **U/ **Th lines at 92.365 and 92.790 keV and arelatively strong |C x-ray
at 93.356 keV ?*U/Th-Ka, (see Appendix A). One of the disadvantages of using gammas in the
80 to 300 keV rangeistheir limited transmission through “thick” material. This restricts the
applicability of the analysis procedures to homogenous sources or “thin” heterogeneous uranium
Sources.

6.1.1. Basis of Gamma Ray Methods

Gammaray spectrometry can be used to determine uranium isotopic abundance ratios. This
method is more accurate and complicated than the so-called “enrichment meter” method.®

Accurate analysis of aradioactive sample by spectrometry requires correct information on the
gamma-ray and x-ray branching ratios for the radionuclides in the sample. ?°U and **U sample
analysisis complicated in that the gammas observed often come from their radioactive daughters
produced by successive alpha and beta decays. In addition to gamma decay, these elements
decay by internal conversion, |C, and subsequent emission of daughter-product x rays. For
example, when U alpha decays, the result is a radioactive *'Th nucleus. This thorium isotope
decays by both gamma emission and IC. IC resultsin an electron being gjected — usually from
the K-shell, but L-, M- etc. shell conversions are also possible. This gjected electron givesriseto
the thorium x-ray spectrum associated with the decay.

>This section based on “U235: A Gamma-Ray Analysis Code for Uranium Isotopic Determination,” DeLynn
Clark, UCRL-ID-125727, 1996

®The “standard” uranium enrichment meter relies on making standards of the various sample types of interest,
then analyzing these standards with mass spectrometry to find the appropriate calibration factorsto calibrate out
all the unknowns in the counting scheme. The strong®*U gamma peak at 185.712 keV can then be counted with a
“simple” two-channel analyzer to find the peak counts and background. The net 185.715 counts are used to
calculate the enrichment. This technique works well but has the draw back that new “ standards’ have to be made
for each different geometry and analyzed by mass spectrometry. This calibration process is often very time
consuming and costly as well as being limited to “calibrated” geometries.
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In addition, x-rays are produced by gamma rays interacting (viathe photoel ectric effect) in the
material itself, the so-called fluorescent x rays. In the case of a pure uranium sample, these will
be uranium x rays. | C processes give rise to characteristic x rays of the daughter product (not the
parent), and are not proportional to the amount of material in the sample (the amount of thorium
in a decaying sample of purified uraniumisvery small). |C-induced x rays are proportional to
the number of decays; i.e., each decay has afractional output of x rays of the daughter product
regardless of the parent material present in the sample. This fact makes these x rays usable for
Isotopic analysisif the sample has avery low concentration of daughter material (Th). To
accurately use these IC x-ray peaks requires that the thorium present in very old natural uranium
samples be removed. X rays induced by the photoel ectric effect (fluorescent x rays) have
energies characteristic of the bulk material and are proportional to the mass of material present
in the source. The observed x rays, from both fluorescent and internally converted sources, must
originate near the surface to be easily observed.

Branching ratio and gamma, x-ray energy data have been published in various places”#** for
2 and***U and some of their daughter products; but this data is sometimes incomplete, or of
Inadequate accuracy. The current status of this data are summarized in Appendix A.

Figure 51 shows the main decay scheme for ?°U and **U.

Pure 22U emits only a49.55 keV gammathat is too weak to be useful for analysis (see Fig. 52).
Fortunately, “*U alpha (and beta) decays so that in within afew monthsit is in equilibrium with
the *U decay and there are gammas from ?**Th, ?*Pa, and ?*U available for analysis. (see
Appendix E for adiscussion of equilibrium). The small percentage (0.0057%) of natural U
typically observed is due to the constant decay of *®U. Similarly, *U relatively quickly decays
to equilibrium with its daughters, 2*Th and #'*Pa. Samples of uranium that have been enriched or
separated can be analyzed for their °U concentrations by using these daughter product decays
in all cases except very fresh (<2-month-old) samples. At present the only way to accurately
measure “fresh” samples before equilibrium is established is to use mass spectrometry.

"Firestone, B. F. ed., Table of Isotopes, 8th Edition, Lawrence Berkeley Laboratory, John Wiley & Sons, 1996.
8Decay Data of the Transactinium Nuclides, Technical Report 261, IAEA, 1986.
°Roy, J. C., et. a. Int. J. Appl. Radiation Isotopes, 35, pg 899, 1984.

19 ammer, M. and O. Schwerer, Handbook of Nuclear Data for Safeguards, INDC (NDS)-248, IAEA, 1991.
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235 . 28 24
7.1 xr10 4.47 x 10° 2.45 x 10°
Y yr yr

231Pg

a 3.28x10'
B yr B o
\ 4
21Th 227Th a
1.06 d a B 18.7d 24pg 284pg
1.18 min g 6.7 hr
A 4 B

v 0.33% v

230Th
7.7 x10*
yr

227Ac
21.7yr 24Th
24.1d

Fig. 51. ?°U and #*U Decay Scheme Showing Their Principal Daughtersand Half Lives.

Alternately, using high resolution gamma spectrometers, the spectra can be measured and the
2%/ 8 ratio determined by finding the peak intensities of neighboring gamma (or x-ray)
peaks from each isotope. By taking intensity ratios on gamma peaks very close to the same
energy, the detector efficiency and gamma attenuation differences in the sample will be small
and to first order cancel.

When referring to the®*U peaks in the following discussion the assumption is made that the
gamma spectrum is in equilibrium with daughters®*Th (24.1 d), ?'Pa (6.70 hr), and >*"Pa
(1.17 min), but not 2*U (2.457x10° yr) and its daughters. Similarly, the®*U spectrum is assumed
to be in equilibrium with its daughter 2'Th (25.52 hr), but not *'Pa (3.276x10* yr) and its
daughters.

The isotopic abundance is related to the observed peak intensities by the following relation:

I, =& A B Qe 1 (counts/sec)

where:
l, = measured peak intensity of isotope 1
A, = 0.6932/T,, the decay constant of isotope 1
T, = materia half-life (in seconds) of isotope 1
A, = number of atoms of isotope 1
B, = branching ratio of isotope 1
Q, = factional solid angle of detector
€, = gammacounting efficiency of isotope 1
T, = gammatransmission to detector
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The isotopic ratio is given by the following equation:

where:
A/A, = isotopicratio
A = 0.6932/T;, decay constant for isotope i
l; = measured peak intensities from isotope i
T, = half life, in the same time units, of isotope i
g = gamma counting efficiencies of isotopei
B, = branching ratios for characteristic gammarays of isotope

Analysisis greatly simplified by the following observations:

e,1,/e,T, = 1if the two gammas are close to the same energy.

Q, =Q, . Thefractional solid angle of detector isthe same for both gammas and cancels out.
T, is known from the previously measured half lives.

B, is known from the previously measured branching ratios.

|, has to be determined extremely accurately to get precise isotopic ratios.

The analysis proceeds on the assumptions that the solid-angle terms cancel out and the half-lives
and branching ratios of the respective gamma- and x-rays can be determined. The efficiencies
for detecting gamma rays are harder to determine, involving the intrinsic detector efficiencies
and the overall detector and counting geometry used to obtain the data. Gamma- and x-ray
transmissions are nearly equal for energies close to each other. Fortunately for gammas and x-
rays close in energy, theratio of theseterms, ¢,t,/e, 1, isapproximately 1. Approximate
detector efficiencies and gamma-transmission corrections are used to make first-order
corrections to this ratio. The accuracy of determining the isotopic ratio, A,/A,, islargely
determined by the accuracy of determining the respective peak intensities, I,/1,. The U235 code
determines these peak intensities as accurately as possible then applies the second-order
corrections for efficiency and transmission differences between the ratio-ed peaks to get a more
accurate answer.

The program very precisely subtracts the “background” signal, and fits the observed peak
shapes. X-rays are fit with aVVoight profile, the shape resulting from the Lorentzian profile
emitted by the x-rays and the Gaussian detector response. Gammas are fitted with a Gaussian
profile and alow-energy exponential tail (see Figs. 55, 56, and 57 for examples of these
profiles). The complex peak multiplets in the spectra are unfolded using mathematical
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descriptions of the peak shapes and Taylor series minimization to fit the observed data as
accurately as possible.

6.2. Useful Energy Regions

6.2.1. The 20-80-keV Energy Region

Fig. 52 isaplot of a99.983% **U spectrum from 20-80 keV. It clearly shows the only gamma
directly associated with the?*°U decay — the 49.369-keV peak. The 2*U peak at 49.550 keV is
normally too weak to be seen. The strongest line in this region is the**U to?**Th daughter line at
63.29 keV. The first number on the peak |abels above shows their energy, the second number
gives their approximate peak counts, and the third givestheir origin.
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Fig. 52. Plot of a 99.983% U Spectrum from 20-80 keV.
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Fig. 53 shows the spectrum from a 99.1% sample of *U. It is considerably different than the
) spectrum shown above. There are no strong lines from#°U or its daughters in this region.
Thelead Ko, and Ka, x-ray lines are atypical spectral contaminant resulting from fluorescent
X-raysin the collimator.
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Fig. 53. Spectrum from a 99.1% Sample of #?°U, from 20-80 keV.
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Fig. 54 shows a 10.075% **U/89.975% #**U spectrum from 20-80 keV. In thisregion is found
the only pure #°U peak at 49.369-keV. The *®U peak at 49.550 keV is normally too weak to be
seen. Samples that have been in areactor will often have a much higher 2°U peak.
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Fig. 54. Plot of a10.075% 2*U/89.975% 2*U Spectrum from
2080 keV.

6.2.2. The 80-85 keV Energy Region

The lowest energy range of practical useis the 80-85-keV region. It contains peaks due to *°U
(81.228, 82.087, and 84.214 keV) as well as a 83.300-keV peak dueto *®U/ ?'Th decay. Fig. 54
shows the spectrum of a 10.075% **U sample. Even though the lead x-rays are weak, they are a
typical contaminant to spectrain this region and have to be accounted for in making accurate
peak intensity determinations. The 83.30-keV U/ %*Th peak is quite weak making its accurate
determination difficult.

Fig. 55 shows the net (background subtracted) uranium spectrum (10.075% ***U) from 80 to

87 keV. As can be seen, the U / ?*Th 83.300-keV peak is quite weak, making good peak
intensity measurements difficult for this sample and samples with lower concentrations of 22U,
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Fig. 55. The Net (Background-Subtracted) Uranium Spectrum
(10.075% **U) from 80 to 87 keV.

6.2.3. The 87-100-keV Energy Region

This region has three peaks dueto **U, anumber of U peaks and the two strong uranium Ka,
and Ka, x-ray peaks. The tight clustering of peaks requires careful peak fitting and analysis. For
most concentrations, thisisthe region of primary interest since the 92.365- and 92.790-keV
28/%*Th peaks are very near the 93.356 keV Th-Ko,/ #°U peak. The thorium Ka, and Th Ka,,
x-ray peaks, dueto ***U decay, bracket the **U doublet. The **U 95.85-keV peak is so weak
and has so much interference from the PaKa, 95.89-keV peak that it isvirtually uselessas a
diagnostic tool. The main limitations on using this energy range are that at high #°U
concentrations, the signals of the **U peaks are too small to be accurately determined, and at
low #*U concentrationsthe *°U peaks are too small.
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Fig. 56 shows all 13 peaks used in fitting the data in the 86-102 keV region. Appendix A gives
the identification of each of the energies and where they come from. Clearly seen is the gamma-
ray profile of the **®U peaks and the much broader Voight x-ray profile of the **U/Th x-ray

daughter peaks and the uranium x-rays.
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Fig. 57 shows the net count spectrum from 86 to 102 keV of a10.075% 2*U sample with the
peaks grouped into their respective components. At this ?*U concentration, the **U and #**U
peaks are approximately equal. The fitting process uses both the protactinium and thorium
x-rays fromthe **U daughters to find the best fit to the combined *°U and *®*U spectrum.
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Fig. 57. Net Count Spectrum from 86 to 102 keV of a 10.075% U
Sample.
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6.2.4. The 100-118-keV Energy Region

Thisregion isvery complex with 21 peaks containing all the K x-rays of U, Th and Paplusa
109.2-keV gammafrom #*U and a 112.82-keV peak from #*U. The large number of peaksand
the overlap of peaks due to the wide Voight profile of the x-ray signals make extracting useful
peak ratios difficult. The thorium and protactinium x-ray peaks are tied to the *°U decay and
cannot be used because good branching ratio values are not available.

Fig. 58 shows the different x-ray multipletsin this region (each the sum of six x-ray peaks) and
the two gammarays. This energy region is not used in the analysis due to the difficult nature of
the signal's and the poor information available on branching ratios.
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Fig. 58. Net Count Spectrum from 102 to 118 keV of a 10.075% #°U
Sample.

51



U235View V1.0 (MGA-B32)

6.2.5. The 118-180 keV Energy Region

The 118-180-keV region has relatively few peaks. The usually clean 120.90-keV peak of **U is
useful for obtaining an estimate of that isotope. This peak is usually weak (sometimes too weak
to analyze), giving poor statistic answers, and there are no nearby peaksto ratio it to. For good
accuracy the 120.90-keV peak intensity needs to be corrected for efficiency and gamma
transmission.

There are usually no **U or L B

daughter peaks of sufficient =y

intensity to be of interest in this - 13376, 29928 T
region. The only exception is r |
for depleted uranium spectra ] .

where the normally weak <~ 6333,13387

131.300-keV U/ ®*Pa peak
Is enhanced and the -
143.760 keV U peak is -
one of the cleanest *°U
peaks available (see Fig. 60). R T _ _ i
Extracting the peak area of the < 12040,32525 '
93.35-keV Z*U/Th x-ray pesk [
from the 82-102 spectral

region isvery inaccurate at rA
very low U concentrations. Hil P |

These isolated #°U and 1000 Y duind

28U/daughter peaks in the O N -
118-180-keV region can be i | - b Wﬂ
more accurately analyzed. PRI S SN S SR S
The 143.76- and 163.33-keV 120 130 140 150 160 170 180
2% peaks can be used to Energy (keV)

establisn the average material  rig 59 The Gamma Spectrum from 118 to 180 keV of a 10.075%
thickness in the sample by 25 Sample.

analyzing their relative

intensities. Both of these

techniques are utilized in the U235 code for low **U concentrations and transmission
corrections.
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Fig. 60. Spectrum for 118-180-keV Rangefor a0.017% %*U Sample.

6.2.6. The 180-210-keV Energy Region

The 180-210 keV region has several prominent *°U peaks including the most intense #°U peak
at 185.715 keV. This peak, in conjunction with the 98.443 keV uranium x-ray peak, is used to
determine amore accurate gain and zero for the spectrum and to verify that ?°U is present in the
spectrum. There are no easily observable ***U peaksin thisregion. The only major uncertainty
hereisthe 185.712 keV peak which has several other weak peaks around it that must be
accounted for to get agood 185.715 keV peak intensity. One of the significant variations
observed in thisregion isthe 185.715 keV peak height to 188 keV background ratio. Thisratio
Isfound to vary from about 1000 at 90% enrichment to 1 at .02% enrichment. This changeis
attributed to the high energy gammaraysin 2*U decay and the contribution they make to the
Compton continuum in this energy region. A spectrum with ahigh 185.712-to-188-keV ratio has
almost certainly a“high” #**U enrichment. Conversely aweak 185.715 peak with ahigh
Compton continuum has alow #*U enrichment.

Fig. 61 shows the net count spectrum from 180 to 210 keV of a10.075% ***U sample. In this
region there are typically no #*U peaks intense enough for any peak analysis.
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Fig. 61. The Net Count Spectrum from 180 to 210 keV of a 10.075%
25U Sample.

6.2.7. The 210-300-keV Energy Region

The 210-300-keV region only has one strong **U/ **™Pa peak at 258.2 keV. This peak istoo
weak to be of any great interest. The overall low intensity of this region lowers its utility in
analyzing isotopic ratios.

Fig. 62 is the net count spectrum from 210 to 300 keV of a10.075% **U sample. In thisregion
there is only one #*U peak of interest, and afew U peaks.
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Fig. 62. The Net Count Spectrum from 210 to 300 keV of a 10.075%
2% Sample.

6.3. Describing the Peak Shape'!

Some peaks in uranium spectra are well enough resolved that their intensity can be simply
determined by integrating the countsin selected channels and subtracting related backgrounds to
obtain the net peak areas. However, the peaks in other regions overlap severely, requiring a more
involved procedure to interpret the data. To start, one must have an analytic function or
algorithm that adequately describes the shapes of the peaks in the regions of interest. This shape
Ismainly described by a Gaussian function; however, some tailing does occur, particularly on

“Adapted from “MGA: A Gamma-Ray Spectrum Analysis Code for Determining Plutonium I sotopic
Abundances,” Vol. 1 and 2, R. Gunnick, W. D. Ruhter, UCRL-LR-103220, 1990.
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the low-energy side. Therefore, the following equation is used to fit a peak,'? as shown in

Fig. 63, with a central Gaussian component and a “short-term” (and sometimes a “long-term”)

tailing component:

Y = Yy (e“% Y 4 T(x))

where
Y, = net countsin channel x;
Yo = peak height at the peak position, X,
o = peak-width parameter

T(x) = tailingfunction

2Computerized Quantitative Analysis by Gamma-Ray Spectrometry. Vol. 1, Description of the GAMANAL
Program, R. Gunnink and J. B. Niday, Lawrence Livermore National Laboratory, Livermore, Calif.,

UCRL-51061 (1972).
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Thetailing function is given by

T(x) = (Ae B*+ Ce P9 (1 -e%4)§ (4)
where
X = XX
Ae¥™ = short-termtailing
Ce™ = long-termtailing.
) = 1forx<x,
= 0Oforx= X,

The A and C are referred to as “tailing-amplitude parameters,” while B and D are parameters that
describe the two tailing slopes. The final term involving 6 reduces the effect of T(X) to zero at
the peak position to limit the tailing contributions only to the low-energy side of a peak.

These equations are used to unfold the datain complex peak regions, as discussed below. For
now, it isimportant to note that some of the variables are linear in the equations (such as yo, A,
and C), whereas the others are in the exponents. The variables appearing in the exponents can be
predetermined and therefore are treated as constants. The equations are then linear in form so
that they can be solved by a one-pass | east-squares calculation rather than by iterative
calculations. The peak-shape characterization is done in the calibration step. Also, the
parameters can be entered by the operator in the analysis settings dial ogs.

The peak resolution parameter, a, isrelated to the peak width, c,, by the equation

a = -1/2¢7 (5)
where 6, is given by
Gtz _ an + 682 ©6)
and where
o, = thetota peak width at half-maximum
o, = contributionsdueto the system “noise”
o, = detector contribution related to the statistical process of electron-hole production

Because o, is a constant for a given spectrum and o is directly related to the energy,™ Eq. (6)
can be written as

Gt2= S+SE (7)
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The shape constants S, and S, are determined by measuring the peak width of two “clean” peaks
in a spectrum during the calibration.

Although Egs. (3) and (4) are useful for 1!00 a;v ] 'La';nm’m !
describing gamma-ray peak shapes, they 108 L x-ray energy -
do not accurately describe the observed - X-ray shape distributlon
distribution of K-series x-ray peaks Instrumental |
associated with the actinide elements.™® 105 | T olne
Because of the short lifetime of the virtual £ - Convoluted - .

x-ray state associated with the electron 5 d'S""’““ﬂ“\;

conversion process, the Lorentzian © 100 N \ -
distribution of K x-rays emitted have an ‘/ ]
FWHM of about 100 eV. When this energy / \ -
distribution of radiations is convoluted 10° £ e
with the instrumental dispersion, the sl ] : . i
resulting peak shape, as shown in Fig. 64, 10 20 30 40 50 60

Is substantially different from that of an
eguivalent-energy gammaray. The algorithms
reported in footnote 13 are used to compute
the altered response.

Channe!

Fig. 64. TheLorentzian-broadened ener gy
distribution of x raysboth increasesthe FWHM of a
peak and significantly altersitsline shape.

The above equations are adequate for

describing peaks in a spectrum taken at modest counting rates. Additional peak-shape distortions
may occur when using high counting rates. These manifest themselves as protrusions or tails on
the high-energy side of the peaks. The magnitude and shape of this distortion is not predictable.
However, arelatively ssmple procedure has been implemented to account for this distortion
when generating peak shape profiles. In this procedure, the Gaussian portion of the 59- and
208-keV peaksisfirst stripped out. The net counts remaining on the high-energy side of these
peaks are used to determine an approximate magnitude and shape of any distortion caused by
pulse pileup. This profileis stored and used when cal culating the shape responses of the peaksin
the 94- to 104-keV region.

The program determines and uses the constants, A, B, C, D, S, and S, from the Peak Shape
Parameters entered or calculated in the calibration. The Voight profileis used in fitting peaks
that are identified as x-rays.

13« An Algorithm for Fitting Lorentzian-Broadened, K-Series X-Ray Peaks of the Heavy Elements,” R. Gunnink,
Nucl. Instrum. Meth. 143, 145 (1977).
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7.1. Standard Report

The standard report is shown in Fig. 65. Thisisthe normal report, which includes several
measurement and bookkeeping parameters as well as the analysis results.

The top of the report contains version information, analysis time, data collection time, and
sample details.

The next section shows the peak summary for each peak in the analysis. This section isincluded
or not depending on the output settings. The FWHM, Spsh, and Pkht are the peak parameters
for the tail and the main peak.

The next section shows the 92- to 98-keV region peak areas and the reduced chi-square for this
region.

The next section shows the isotopic abundance for the three uranium isotopes and the
uncertainty associated with each value.

The last section shows the file name of the spectrum and the resultsfiles. Theresultsfiles are
needed for the graphic display of the analysis results.

Any errorsin the analysis are shown at the end of the report.
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U235 Cal cul ation Sunmmary
File = C \ U235\ heu0936. Spc Anal yzed: 6/17/1998 @ 14:21

Dat a Counted on: 5/ 29/ 1998 for 121.3 min
Anal yzer deadtine 1.11 %

Count rate 7.8081E+05 [counts/ m n]
Total Counts 9. 4751E+07 [counts]

Cal cul ated gain = . 0752 [keV/ channel ]
Cal cul ated zero = -.2384 [keV]
Nurmber of data channels = 4096

Peak Sunmary for |ndividual Peaks

E[in] E[fit] FWHM Anpsh Sl psh Pkht Tot _cts +/ - Rchi sq
185.71 185.71 .617 .001 .650 26645.7 .2343E+06 693.9 4.116
120.90 120.91 .525 .001 .616 532.2 3798. 135.3 1.317
129.30 129.71 .000 .000 .000 39.7 61.87 7.9 . 000
143.76 143.77 .547 .001 .628 5539.3 . 4303E+05 298.2 2.723
163.33 163.35 .594 .001 .639 2455.2 . 2105E+05 209. 6 1.314
205.30 205.31 .657 .002 .661 2176.0 .2088E+05 186.8 35.649
111.30 111.30 .489 .001 .608 8357.8 . 7256E+05 323.5 4.305

U238 92.36 keV peak = 220.4 +/ - 269.3 [c
U238 92.79 keV peak = 224.4 +/ - 269.3 [c
U235 93.35 keV peak = 57703.0 +/ - 269.3 [cts]
U 94. 66 keV X-ray peak = 162918. 3 +/ - 572.2 [c
U 98. 44 keV x-ray peak = 269663. 8 +/ - 814.2 [c

Rchisq = 6. 0096

URANIUM ISCWCPE ANALYSIS RESULTS

U- | sot ope Abundance(% Uncertainty (9
U234 . 801 +/ - . 093 ( 11. 623)
U235 94. 278 +/- 3.586 ( 3. 804)
U238 4.920 +/- 3.586 ( 72.881)

Data corrected for absorber; [ Z (g/cnt*3) Thx(cn)]
13. 2.6989 . 2000
Data and fit have POOR statistics
"Answers" shoul d be used w th CAUTI ON
Total peak fit error >= 120.1 %

Fit 185.715 peak RCHI SQ = 4.
Possi bl e GAIN, ZERO or STATI STICS probl ens

Fit of 85-100 keV peak regi on RCH SQ = 6.0
FIT did NOT converge well!
Possi bl e GAIN, ZERO or STATI STICS probl ens

Possi bl e SPURI OUS peak(s) detected in fit residual data
Set Qutput Level = 6; to exanmine data in; [ ]J.fit file
Possi bl e GAIN, ZERO, BACKGROUND or STATI STI CS probl ens

Fig. 65. U235 Standard Report.
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8. WINPLOTS

This program makes a hardcopy output of any type of ORTEC spectrum file in afixed format
with many user-set optional variations (such as grid lines) available. The plotting output devices
include the full range of graphics- capable printing devices supported by Windows (i.e.,
hardcopy is not limited only to plotters). WINPLOTS allows the user to select and set up the
printer. In the interactive mode, a preview of the spectrum plot is automatically displayed on the
screen and updated as changes are made to the display parameters. The operator can select the
start and stop channels or energy range for the plot, the printer to be used, whether the plot will
be in logarithm mode or linear mode, and whether to specify the scale maximum in linear mode
or use automatic scaling. If acolor printer is used, the colors of the different parts of the plot can
be selected.

The sample, detector, and acquisition descriptions in the file can be plotted or suppressed. ROIs
can be plotted when stored in the spectrum (. SPC) file or in a separate ROI file.

To start WINPLOTS, click on Start on the Windows Taskbar, then Programs, Mga, and
WinPlots (see Fig. 66). WINPLOTS can also be run in command-line mode for usein. J0B
files, or directly from other Windows programs (see Section 8.3). In this mode, the settings can
be specified or the defaults can be used.

=] Acceszones L3 |

3 = M1 » & Mch Configuration
= MAESTRO 32 v B Moaview
Edy settings » M M5D0S Prompt

g Find - 2y ‘windows Explorer I

By superd
Q;' Skt Down..,
[ Astan

Fig. 66. Starting WINPLOTS.

The spectrum files are associated with WINPLOTS by the installation program, so double-
clicking on a spectrum filename within Windows Explorer will start WINPLOTS and display
that spectrum.

The main WINPLOTS display is shown in Fig. 67.
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™ winPlots -- N71calb.spc

Eile Optionz Help

N1 calb

:zd Camma calbralon Fource, onEnd o .

o == afu] ELJII d+d0.00

Amuired: 1S-Ho-1882 120551 PM Feal Time: 101+1255=. Uoe Time:S+T3.45 5.
Flle: CAUSERNT 1alb =pc Chanrels: 15328+
DEREcky: W22

Fecall a spectrum file far plotting 02-Jun-97 9:57:09 Akd
Fig. 67. TheMain WINPLOTS Display.

8.1. File

Fig. 68 shows the File menu. These menu items select the spectrum and
ROI to be displayed, read and write the settings file, and actually make Recall Spectrum. .

the pl ot. Fecall ROL...
Erint Flat. ..
Once afile has been selected using the Recall Spectrum... function Recall Seffings..
(see thefile-open dialog shown in Fig. 69), it is automatically Sauz EelimmE fe..
previewed using the current settings. Thisisthe exact plot that will be E sit AlbF4

printed. There are minor differences between display and printer fonts  Fig. 68. The FileMenu.
and colors.

The sample description, format, and number of channels are shown at the bottom of the dialog to
aid in selecting the correct file.
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Recall a gpectrum file for plotting EHE |
Laok jr: I'a ser : =

g Mantle . spo ttl: M7 1back.spc ttl: P5041301. 5pc th: Testl.spc
iy M cbdemo. spo {¥1zalb.spe tl:; paz3mlE.Spo th: Testd spo
by M40 spe Penain00305pc B Qcdlomvspe Py TestZiobes
Fhx Mnad2.spo tt; naild031.5pc tl:; GQodlgmel spo th: uran] Bh. g
fhpM11089acspe Mg P10633abspe ¥y Godimay.spe
e H20201 b spe tt; p2lEEBac. spe tl:; Test.zpo
Kl S
File narme; |N?'I calb.zpo Open I

Filez af tpe: ISF‘E Farmat Spectra

¥ Show Description:

Integer SPC Format

j Cancel |

16384 Channels

Mined Gamma calibration source, on endcap.

Fig. 69. The Recall Spectrum Filefor Plotting Dialog.

Figure 70 shows the Recall a settingsfile
dialog. All of the settings specified on

the Options/Plot... dialog can be saved in the
settingsfile. Thefileis saved in the

Save Settings menu item. Various groups

of settings can be saved and recalled here to
make the desired plots or to be used in the
command line mode.

Recall a settings file

Look in: |'S Tropl
RedPlot. set
Fileg af twpe; ISettings Filez j Canicel |

Fig. 70. The Recall a Settings File Dialog.
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The Print Plot... dialog (Fig. 71) allows you

to choose a printer from the Name droplist.
Click on Propertiesto adjust the settings for

the current printer.

— Printer
Hame:

Status:
Type:
‘where:

Caomment:

|HP Desklet 550C Printer

Default printer; Ready

HF DeskJet 550C Printer

LPT1:

Nurnber of copies: |1 3:

Ok | Cancel |

Fig. 71. ThePrint Plot Dialog.

8.2. Options

The Options menu is shown in Fig. 72. These menu items control the plot

settings and WINPLOTS operation.

8.2.1. Plot...

The Plot Optionsdialog is shown in
Fig. 73. These settings are all stored in
the default settings file and rel oaded
when WINPLOTS is next started. The
Titleis printed at the top of every plot
(just above the sample description). If
no title is specified, adefault title is
generated which is composed of the
spectrum and ROI file names. The
Printer is selected from the list of
available printersin Windows.
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Plot Options

Options
Plat...

Save Settings on Exit
Always on Top
Fig. 72. The Options
Menu.

]|

Title: |Manual Demo
Frirter: |HP' Desklet 550C Printer j Calars...
— ROl — T et
Boxed &+ Filled Az Labels W ¥ Description
— Harizontal —ertical
Energy * ' Channels Log = O Linear
Tic Marke W [ Grid Lines Tic bake W [ Grid Lines
Ful Scale ™ Range. .. | futo Scale W FRange... |
(1] 4 Cancel

Fig. 73. ThePlot Options Dialog.
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If the printer supports color printing, the Colors... button will be
enabled. Clicking on it will display the color options dialog, Fig. 74.
If monochrome prints are desired from a color printer, check the
Monochrome box. The five different plot areas can have different
colors. Select the desired color from the drop down list for each
area. These are the Windows colors defined for the selected printer
and may not duplicate the actual colors printed.

8.2.1.1. ROI

The ROIs can be Boxed, that is, represented as “boxes’ drawn
from the start to the stop channel (or energy) and from the baseline
to above the spectrum. The Filled selection will “fill” the region
under the spectrum data with a cross hatch. It is not completely
filled in and does not extend above the data.

8.2.1.2. Text

Monachrome: ™

Grid and Tics: Blc:c: -

Spectum D ata: Bl F=d t
Foi Box ar Fill: Blc.: -

Az | abels: Blc:c ~

Other Text: m
ITI Cancel |

Fig. 74. The Color Options

Dialog.

The Axis Labels and the text Description from the file can be printed. The description includes

the sample, detector, and acquisition description.

8.2.1.3. Horizontal

If the spectrum to be plotted is calibrated, the plot can be either in Energy or Channel numbers.
If the spectrum is not calibrated, this value is set to channel and cannot be altered.

Tic Marks (small lines indicating the scale on the axes) can be included. Including them makes
the plot more readable. Grid Lines can also be included. The grid lines are lines across the

complete width of the plot at the major tic marks.

The plot can either be the complete spectrum or any part
of the spectrum. Unmarking Full Scale will enable
the Range button. Selecting Range will open the dialog

Horizontal Range Options |

Enter the Range for the Horizontal Axiz:

shown in Fig. 75, where the limits for the plot are set.
The range of the plot can be either in Channels or

Ener gy (independent of the plot labeling). In order to T

IE'I 2.000000

Unite———
From: Im |7 Energy i

Channels (o)

easily compare spectra, the energy can be set to values

Ok

Cancel

below the first channel in the spectrum. In this case the

data below channel O are plotted as 0.
Dialog.

Fig. 75. Horizontal Range Options
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8.2.1.4. Vertical

One of the two choices, Log and Linear, can be selected by clicking on the appropriate radio
button. The linear scaleis set by clicking on Range....

Tic Marks (small lines indicating the scale on the axes) can be included. Including them makes
the plot more readable. Grid Lines can also be included. The grid lines are lines across the
complete height of the plot at the major tic marks.

When Auto Scaleis selected, the plot vertical axisis Vertical Range Options ||
adj USted SO that the IargeSt count In the SpeCtrum IS Enter the kaximum YWalue for the Vertical Axis:

near the top of the plot region.

When Auto Scaleis clicked off, the Range button is

enabled. Clicking on Range will display the dialog ok | Eee]
shown in Fig. 76. The value entered will be the value
for the top of the plotted region. Any counts above
this value will be plotted at this value.

Fig. 76. Vertical Range Options Dialog.

8.3. Command Line Interface

The Command Line Interface will support options available in the interactive mode as shown
below:

W NPLT32 <spectrunr -R <roi _file> -S <set _file> -P
Where:
<spect runp Specifies the spectral datafile (. SPC, . An1 or . CHN). The extension must be
included.
-R <roi _file> Specifiesthe. RO file. The extension must be included.

-S <set _file> Specifiesthe settingsfile. The extension must be included.

-P Causes the program to print the plot and exit automatically. Used mainly in
. JOB files or the Export function.
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9. ERROR MESSAGES

Thefollowing lists the U235 error flags. These message numbers are displayed by the analysis
engine, U235, if aproblem occursin the analysis.

In the database, the first four digits of the error are the errnum value, and the second four are the

warnum value.
=Errnum Meaning
(Hexadecimal)
1 The peak parameter shapc(l) =0in: PKFIT
2 Thefit MATRIX issingular in: PKFIT
4 Tried to read beyond EOF OF INPUT filein: RDBLK
8 LIVETIME NOT found in header, Approximate LIVETIME value calcul ated.
10 Data TY PE set to -1, Cannot read INPUT data of this type.
20 GAIN, ZERO appear to be incorrect in Setup file? Use C=Calibrate, to check or
change.
40 Total counts VERY HIGH. Possible 10 or data problems
80 Total counts VERY LOW. Possible 1O, statistics or data problems
100 Livetime = Realtime in Header record, Possible 1O or data problems
200 Analyzer DEADTIME VERY HIGH = Possible 1O or data problems
400 Fit 185.715 peak RCHISQ = value. Possible GAIN, ZERO or STATISTICS problems
800 Fit of 85-100 keV peak region RCHISQ = value. FIT did NOT converge well!
Possible GAIN, ZERO or STATISTICS problems
1000 U-235 185.715 keV peak VERY LOW or non-existent. U235 may NOT be present for
analysis or; Possible GAIN, ZERO or STATISTICS problems
2000 Fit Matrix is SINGULAR in PKFIT; cannot fit data. Possible GAIN, ZERO or

STATISTICS problems
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40
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Possible SPURIOUS peak(s) detected in fit residual data. Set Output Level = 6; to
examine datain; [ ].fit file. Possible GAIN, ZERO, BACKGROUND or STATISTICS
problems

Uranium 98.443 keV X-ray peak VERY LOW or non-existent. U235 may NOT be
present for analysis or; Possible GAIN, ZERO or STATISTICS problems

Requested Material Cross Section: NOT in database. Transmission correction in
ERROR.

A peak was found near 129.3 keV, Pu-239 may be present. Possible source
contamination--Analysis may be Inaccurate.

Input Energy out of cross section range in material: value)

Invalid inputs in Peak Parameters. Check SETUP file; or: Examine Analysis Settings.
Possible errors include zero energies or widths that are too small.

Uranium X-ray peaks at 94.65 or 111.298 keV appear to be Calculated incorrectly. No
Correction to data applied. Possible GAIN, ZERO or STATISTICS problems.

Code was unable to resolve very weak U-238 peaks; percentage U235 is probably
90% . Possible inadequate count

Gain calculation error. Unable to calculate gain or zero. Possible input GAIN, ZERO
or STATISTICS problems.

Low U235 185.715 keV peak signal; Possible input GAIN, ZERO or STATISTICS
problems



APPENDIX A. *°U AND ***U DECAY

A.1. Gamma- and X-Ray Decay of ***U and **U
and their Daughters from 49-300 keV

The gamma-ray energies listed in bold are used with the branching ratios listed in column three
to determine #°U/ **U/ **U ratios by the U235 code. All x-rays listed as | C-decay are internally
converted in the isotope and decay with the isotope’ s decay characteristics, half-life, and
Isotopic composition. All x-rays labeled as fluorescence are caused (nearly completely) by
photoel ectric absorption in the material and subsequent L—K shell electron decay. These x-rays
are characteristic of the physical properties of the material and not its isotopic composition.
Gammarays and x-rays are listed by energy. This should allow quicker identification of
observed spectra and may help pinpoint potential interference in a given measurement. Only the
“strongest” lines are listed; many other gammas in this range are normally too weak to observe.
These lines will occur with different intensity depending on the isotopic concentration being
observed. The branching ratios listed in column three are the ones presently used at LLNL.

Group E (kev) | Branch | G Sour ce Par ent URADOS |AEA®
No. Ratio or Branch Ratio Branch Ratio
BRx100 | X BRx100 x100
Group-1
1 49,550 0.064 G U-238 U-238 0.064+0.008
2 53.200f 0.123 G U-234 0.123+0.002
3 58.570/ 0.500 G Th-231 U-235 0.46 + 0.060 0.5+ 0.05
4 63.290, 4.470 G Th-234 U-238 3.94+0.010 4.47 + 0.88
5 72.751 0.260 G Th-231 U-235 0.26 £ 0.02
6 72.804| 27.700 X Pb-Ka2 fluorescence
7 73.920, 0.202 G | Pa234m U-238
8 74.000, 0.036 G Pa-234 U-238
9 74.910, 0.510 G U-235 U-235
10 74.969| 46.200 X Pb-Kal fluorescence
11 81.228/ 0.850 G Th-231 U-235 0.85+ 0.03
12 82.087| 0.370 G Th-231 U-235 0.37 £ 0.02
13 83.300, 0.073 G Th-234 U-238 0.064 + 0.10 0.073
14 84.214, 6.710 G Th-231 U-235 6.71+0.1
15 84.450, 5.580 X Pb-KB3 fluorescence
16 84.930, 10.700 | X Pb-KB1 fluorescence
17 87.300, 3.910 X Pb-KB2 fluorescence
Group-2
1 87.700, 0.050 G Pa-231 Th-231/U-235
2 88.500, 0.030 G Th-227 U-235
3 89.956) 3.360 X ThKa2 | U-235 |C-decay 3.17 £ 0.08 34+08
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Group E (keV) | Branch | G Sour ce Par ent URADOS |AEA®
No. Ratio or Branch Ratio Branch Ratio
BRx100 | X BRx100 %100
4 89.970 0.742 G Th-231 U-235 0.97 £ 0.05
5 92.290, 0.470 X PaKa2 |U-235IC-decay | 0.451 +0.036 0.39+ 0.03
6 92.365  2.600 G Th-234 U-238 2.52 + 0.06 2.60 £ 0.53
7 92.790, 2560 G Th-234 U-238 2.50 + 0.06 2.56 £ 0.52
8 93.356, 5.500 X ThKal | U-235I1C-decay 522+0.14 56+1.3
9 94.660 9.161 X U Ka2 fluorescence 61.2 (norm) 28.2+ 0.6
10 94.700, 0.0321 Pa-234 U-238
11 95850, 0.0024 | G Th-234 U-238
12 95.860,  0.880 X PaKal |U-235I1C-decay | 0.776+ 0.043 0.63 £ 0.05
13 98.443 14.800 X U Kal fluorescence 100.0 (norm) 45.1+£09
14 99.270,  0.400 G Th-231 U-235 0.14 + .03
Group-3
1 102.270| 0.400 G Th-231 U-235 0.40 £ 0.02
2 104.819| 0.137 X ThKp3 | C-decay
3 105.604| 0.262 X ThKp1 | C-decay
4 106.239| 0.009 X ThKp5 | C-decay
5 107.595| 0.022 X PaKp3 | C-decay
6 108.422| 0.042 X PaKp1 | C-decay
7 108.582| 0.100 X ThKp2 | C-decay
8 108.955| 0.003 X ThKp4 | C-decay
9 109.072| 0.002 X PaKp5 | C-decay
10 109.160| 1.540 G U-235 U-235 1.54 + 0.05
11 109.442| 0.022 X | ThKO2_ 3 |C-decay
12 110.480, 0.555 X U KB3 fluorescence
13 110.500| .0043 X U-238 U-238
14 111.350| 1.000 X U Kp1 fluorescence
15 111.486| 0.017 X PaKp2 | C-decay
16 111.870| 0.001 X PaKp4 | C-decay
17 111.964| 0.037 X U Kp5 fluorescence
18 112.380| 0.004 X | PaKO2 3 |C-decay
19 112.820| 0.040 G Th-234 U-238 0.256 + 0.054
20 114.540, 0.388 X U Kp2 fluorescence
21 114.844| 0.011 X U Kp4 fluorescence
22 114.900| 0.0064 | G | Pa234m U-238
23 115.377| 0.089 X U KO23 fluorescence
Group-4
1 120.900, 0.0342 | G U-234 0.041+0.006 | 0.0342+ 0.0005
2 124914 0.0600 | G Th-231 U-235 0.06 + 0.003
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Group E (keV) | Branch | G Sour ce Par ent URADOS |AEA®
No. Ratio or Branch Ratio Branch Ratio
BRx100 | X BRx100 %100

3 131.300, 0.0286 Pa-234 U-238

4 134.030, 0.0250 | G Th-231 U-235 0.025 + 0.005
5 135.664 0.0840 | G Th-231 U-235 0.084 + 0.007
6 140.760, 0.2200 | G U-235 0.22 £ 0.02
7 143.760, 10.9600 | G U-235 10.95+0.15 10.96 + 0.08
8 150.930, 0.0800 | G U-235 .08 + 0.02d
9 152.700, 0.0083 Pa-234 U-238

10 163.330, 5.0800 | G U-235 5.11 + 0.05 5.08 + 0.04

Group-5

1 182.610, 0.3400 | G U-235 0.37 £ 0.02 0.34 £ 0.02
2 183,500 0.0329 | G U-235 .0329

3 184.800, 0.2200 | G Th-234 U-238

4 185.715| 57.2000 | G U-235 57.2+0.02 57.2+ 05
5 185.900, 0.0039 | G Pa-234 U-238 3.89E-3
6 194.940, 0.6300 | G U-235 0.630+ 0.01
7 198.900, 0.0420 | G U-235 0.042
8 202.110, 1.0800 | G U-235 1.080 + 0.02
9 205.311] 50100 | G U-235 5.010 £ 0.05

Group-6

1 21530 0.0288 | G U-235
2 21794/ 0.0370 | G Th-231 U-235 0.037 + 0.001
3 221.38/ 0.1200 | G U-235 0.12 + 0.01
4 226.63] 0.0059 | G Pa-234 U-238
5 227.17) 0.0055 | G Pa-234 U-238
6 23350 0.0290 | G U-235
7 23850/ 0.0092 | G Th-231 U-235
8 240.85/ 0.0540 | G U-235
9 246.84/ 0.0530 | G U-235

10 258.20f 0.0730 | G | Pa234m U-238

11 291.63] 0.0180 | G U-235

12 293.90/ 0.0039 | G Pa-234 U-238

&“Handbook of Nuclear Datafor Safeguards,” INDC (NDYS)-248, IAEA, 1991

GAMGEN code LLNL

“Presented in CEA meeting by DAMPRI-LPRI May 1996
4“Decay Data of the Transactinium Nuclides,” Report # 261, IAEA, 1986
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A.2. ?**U and Daughters ***Pa and #**Th

GAMGEN cal culation showing gammas/second/gram of 2**U (g/s/gm) at five years since
separation and the implied branching ratio (branching ratio normalized to 2.60% at 92.3 keV ).

72

E(keV) | g/slgm | Gor X |BR x100| Source | Parent 1 | Emiter 2 | Parent 2
629 | 2.36 G 0.0182 | Th-234 | U-238
739 1.36 G 0.0105 | Pa-234m| U-238
740 | 530 G 0.0408 | Th-234 | U-238
833 | 871 G 0.0670 | Th-234 | U-238
92.3 | 338.0 G 26000 | Th-234 | U-238
928 | 335.0 G 25769 | Th-234 | U-238
947 | 216 G 0.1662 | Pa234m| U-238 | Pa234 | U-238
95.9 1.62 G 0.0125 | Th-234 | U-238
1105 | 2.98 G 0.0229 | U-238 | U-238
1149 | 4.32 G 0.0332 | Pa234m| U-238 | Pa234 | U-238
131.3 | 3.23 G 0.0248 | Pa234 | U-238
152.7 | 1.08 G 0.0083 | Pa234 | U-238
1848 | 1.49 G 0.0115 | Th-234 | U-238
258.2 | 9.02 G 0.0694 | Pa-234m| U-238




APPENDIX B. X-RAYS

B.1. Uranium and Daughter X-Rays"*

Th X rays Pa X rays U X rays

E (keV %? E (keV) % E (keV) %

93.350 45.400 95.863 45.3 93.434 45.1 Kal
89.957 28.100 92.282 28.1 94.654 28.2 Ka2
105.604 | 10.700 108.422 10.7 111.298 10.7 KB1
108.582 4.100 111.486 4.163 114.445 4.15 KB2
104.819 5.610 107.595 5.64 110.421 5.65 KB3
108.955 0.110 111.870 0.11 114.844 0.12 KB4
106.239 0.380 109.072 0.389 111.964 0.397 KBS
109.442 0.900 112.380 0.93 115.377 0.95 K02 3

%/ refers to percent decay per 100 k-shell vacancies.

B.2. X-rays Associated with Uranium Decay, Sorted by Energy

Uranium x-ray fluorescence intensity is set to 1.00 for U-Ka, in this comparison. The other
branching ratios are derived from the observed decay of ***U. The Pabranching ratios
determined from the protactinium fluorescent decay ratios normalized to a 0.042 branching ratio
for the PaKp, line at 108.422 keV. The thorium branching ratios determined from the Th
fluorescent decay ratios normalized to a.503 branching ratio for the Th Ka, line at 93.350 keV.

E (keV) % Branch Type X Ray
Ratio

89.957 | 28.100 0.3113 Th| Ka2 |C-decay
92.282 | 28.100 0.1103 Pa | Ka2 |C-decay
93.350 | 45.400 0.5030 Th| Kal |C-decay
94.654 | 28.200 0.6253 U | Ka2 | fluorescence
95.863 | 45.300 0.1778 Pa | Kal |C-decay
98.434 | 45.100 1.0000 U | Kal | fluorescence
104.819 | 5.610 0.0622 Th | Kp3 |C-decay
105.604 | 10.700 0.1185 Th| KBl |C-decay
106.239 | 0.380 0.0042 Th | Kg5 |C-decay
107.595 | 5.640 0.0221 Pa| KB3 |C-decay
108.422 | 10.700 0.0420 Pa| KBl |C-decay
108.582 | 4.100 0.0454 Th| Kp2 |C-decay
108.955 | 0.110 0.0012 Th | Kp4 |C-decay

“Browne, E. and R. Firestone, “Table of Radioactive Isotopes,” LBL, 2986, p. C-23.
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E (keV) % Branch Type X Ray
Ratio
109.072 | 0.389 0.0015 Pa | Kp5 |C-decay
109.442 | 0.900 0.0100 Th | k02 3| IC-decay
110421 | 5.650 0.1253 U | Kp3 | fluorescence
111.298 | 10.700 0.2373 U | KBl | fluorescence
111.486 | 4.163 0.0163 Pa | Kp2 |C-decay
111.870 | 0.110 0.0004 Pa | Kp4 |C-decay
111.964 | 0.397 0.0088 U | Kp5 | fluorescence
112.380 | 0.930 0.0037 Pa | k02 3 | IC-decay
114.445 | 4.150 0.0920 U | Kp2 | fluorescence
114.844 | 0.120 0.0027 U | Kp4 | fluorescence
115.377 | 0.950 0.0211 U | k02 3| fluorescence
E Th X rays/Norm.|Intensity| Scofield® Th X rays Calc. Meas.
(keV) measured | meas. % Calculation % % diff.
93.350 93.348 100 454 100 4540 | Kal 0
89.957 89.957 61 | 27.694 61.9 2810 | Ka2 0
105.604 105.606 19 8.626 22.35 10.70 | Kp1 2.47
108.582 108.471 10 4.54 8.5601 4.10 Kp2 2.5
104.819 104.822 11.466 5.61 Kp3 3.53
108.955 0.11 Kp4a
106.239 0.8247 0.38 KB5 0.68
109.442 090 k02 3
Pa X-rays
95.863 95.867 100 45.3 100 45300 | Kal 0
92.282 92.284 62 | 28.086 62.2 28.100 | Ka2 -0.1
108.422 108.418 24 | 10.872 22.45 10.700 | Kp1 2.36
111.486 0 8.6882 4163 | Kp2 2.62
107.595 107.586 11 4.983 11.472 5640 | KB3 3.86
111.870 0.110 Kp4
109.072 0.8441 0389 | Kp5 0.78
112.380 0930 |k02_3
U X-rays
98.434 98.435 100 45100 | Kal 0
94.654 94.656 62.5 28.200 | Ka2 0.02
111.298 111.300 22.6 10.700 | Kp1 2.25
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E Th X rays/Norm.|Intensity Scofield® Th X rays Calc. Meas.
(keV) mea.%ured meas. % Calculation % % diff.
114.445 8.7462 4.150 Kp2 2.35
110421 110.416 11.549 5.650 KB3 3.82
114.844 0.120 Kp4
111.964 112.043 0.8656 0.397 KB5S 0.77
115.377 0.950 k02 3
Ko2/Kal | KBUKal | KB3/KBL | KPS/KPL
Th 0.619 0.224 0.513 0.0369
Pa 0.622 0.225 0.512 0.0376
U 0.625 0.226 0.511 0.0383

®Barreau, G. et a., “Z. Phys. A. Atoms and Nuclei,” 308, 209-213 (1982).

®Scofield, J. D. “Relativistic Hartree-Slater Values of the K and L X-ray Emission,” Atomic Data and Nuclear
Data Tables 14, 121-137 (1974).
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APPENDIX C. DAUGHTER GAMMA AND

C.1. #*U-Daughter *'Th Gamma Rays, Pa X-Rays,

and Branching Ratios

X-RAYS

IAEA Gor | *Rdl. Branch Imp.
E (keV) +AE E(keV) X Intb TAl Notes Ratio Branch
(TAEA) Ratio?
26.560 25.640 G 202 20 0.146 0.135542
44.100 0.3 G 0.06 0.04 4.03E-05
58.470 0.05 58.570 G 7.2 0.7 0.005 0.004831
63.700 0.2 G 0.68 0.14 0.000456
72.660 0.06 72.751 G 4 04 0.0026 0.002684
73.000 0.1 G 0.1 0.04 6.71E-05
81.180 0.05 81.228 G 14.2 14 0.0085 0.009528
82.020 0.06 82.087 G 7.2 0.7 0.0037 0.004831
84.170 84.214 G 100 Reference a 0.0671 0.067100
89.940 0.05 G 15.3 15 0.010266
92.230 0.05 X 6 0.6 PaKa2 0.004026
93.300 0.1 G 0.5 0.05 0.000336
95.870 0.05 X 10.3 1 PaKal 0.006911
99.300 0.05 G 21 0.2 0.001409
102.300 0.05 102.270 G 6.7 0.7 0.004 0.004496
105.730 0.1 G 0.14 0.02 9.39E-05
106.580 0.1 G 0.34 0.04 0.000228
107.620 0.1 X 1.29 0.14 PaKp3 0.000866
108.490 0.1 X 243 0.24 PaKp1+5 0.001631
111.590 0.1 X 0.9 0.1 PaKp2 0.000604
112.460 0.1 X 0.34 0.04 Pak_0 0.000228
115.500 0.2 G 0.04 0.01 2.68E-05
116.910 0.05 G 0.39 0.04 0.000262
125.100 0.05 124.914 G 0.95 0.09 0.0006 0.000637
134.140 0.08 134.030 G 0.42 0.05 0.00025 0.000282
135.770 0.06 135.664 G 13 0.1 0.00084 0.000872
136.780 0.2 G 0.09 0.03 6.04E-05
145.150 0.3 G 0.12 0.03 8.05E-05
146.000 0.07 G 0.58 0.06 0.000389
163.160 0.06 G 2.6 0.03 0.001745
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IAEA Gor | *Rdl. Branch Imp.
E (keV) +AE E(keV) X Intb TAl Notes Ratio Branch
(TAEA) Ratio®
164.940 0.1 G 0.06 0.03 4.03E-05
169.580 0.1 G 0.03 0.01 2.01E-05
174.190 0.08 G 0.31 0.03 0.000208
183.470 0.07 G 0.57 0.06 0.000382
188.770 0.2 G 0.08 0.01 5.37E-05
218.000 0.07 217.94 G 0.67 0.07 0.00037 0.00045
236.170 0.07 G 0.18 0.02 0.000121
240.400 0.2 G 0.005 0.0005 3.36E-06
242.600 0.1 G 0.013 0.0006 8.72E-06
249.800 0.3 G 0.01 0.002 6.71E-06
250.500 0.3 G 0.011 0.002 7.38E-06
267.800 0.07 G 0.023 0.0006 1.54E-05
308.900 0.3 G 0.008 0.001 5.37E-06
311.000 0.1 G 0.054 0.005 3.62E-05
318.000 04 G 0.002 0.0002 1.34E-06
320.200 0.3 G 0.004 0.0003 2.35E-06

*Normalized to 0.0671 for 84.17 keV transition.
®Browne, E and F. Asaro, Phys. Rev. C, 7(6), 2545; the 84.17-keV transition branching ratio = 0.070 +0.003.

C.2. U and Daughters Gammas

keV Branch ratio® g/s'gm Emitter 1 Parent 1 Emitter 2 Parent 2
11.400 0.03050 2.40E+03 Th-231 U-235
13.000 0.22367 1.76E+04 U-235 U-235 Ac-227 U-235
13.700 0.49817 3.92E+04 Th-231 U-235
14.500 0.00224 1.76E+02 U-235 U-235 Ac-227 U-235
15.000 0.00407 3.20E+02 Th-231 U-235
16.100 0.15250 1.20E+04 U-235 U-235
16.600 0.37617 2.96E+04 Th-231 U-235
17.200 0.00224 1.76E+02 Th-231 U-235
19.100 0.02643 2.08E+03 U-235 U-235
19.800 0.07523 5.92E+03 Th-231 U-235
25.600 0.14869 1.17E+04 Th-231 U-235
42.000 0.00061 4.80E+01 U-235 U-235
42.800 0.00059 4.64E+01 Th-231 U-235
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keV Branch ratio® g/s'gm Emitter 1 Parent 1 Emitter 2 Parent 2
58.600 0.00488 3.84E+02 Th-231 U-235
72.700 0.00112 8.80E+01 U-235 U-235
72.800 0.00255 2.01E+02 Th-231 U-235
74.800 0.00061 4.80E+01 U-235 U-235
81.200 0.00915 7.20E+02 Th-231 U-235
84.200 0.06710 5.28E+03 Th-231 U-235
90.000 0.03419 2.69E+03 U-235 U-235
90.000 0.00956 7.52E+02 Th-231 U-235
92.300 0.00397 3.12E+02 Th-231 U-235
93.400 0.05592 4.40E+03 U-235 U-235
95.900 0.00641 5.04E+02 Th-231 U-235
96.200 0.00087 6.88E+01 U-235 U-235
99.300 0.00122 9.60E+01 Th-231 U-235
102.300 0.00417 3.28E+02 Th-231 U-235
105.400 0.02008 1.58E+03 U-235 U-235
108.200 0.00231 1.82E+02 Th-231 U-235
109.000 0.00671 5.28E+02 U-235 U-235
109.200 0.01563 1.23E+03 U-235 U-235
111.900 0.00077 6.08E+01 Th-231 U-235
116.100 0.00071 5.60E+01 U-235 U-235
124.900 0.00057 4.48E+01 Th-231 U-235
135.700 0.00079 6.24E+01 Th-231 U-235
140.800 0.00224 1.76E+02 U-235 U-235
143.800 0.11133 8.76E+03 U-235 U-235
150.900 0.00081 6.40E+01 U-235 U-235
163.100 0.00158 1.24E+02 Th-231 U-235
163.300 0.05160 4.06E+03 U-235 U-235
182.600 0.00346 2.72E+02 U-235 U-235
185.700 0.58077 4.57E+04 U-235 U-235
194.900 0.00641 5.04E+02 U-235 U-235
198.900 0.00427 3.36E+02 U-235 U-235
202.100 0.01098 8.64E+02 U-235 U-235
205.300 0.05096 4.01E+03 U-235 U-235
221.400 0.00122 9.60E+01 U-235 U-235
240.900 0.00055 4.32E+01 U-235 U-235

aNormalized to .0671 at 84.214 keV .
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C.3. ?*®U and Daughter Gamma Rays

E (kev)? Branch Ratio %*? uncert. %? g/Igm Emitter 1 Parent 1

63.24 3.6000 3 4.73E+02 Th-234 U-238
131.31 0.0286 14 3.23E+00 Pa-234 U-238
152.76 0.0083 3.7 1.08E+00 Pa-234 U-238
203.12 0.0027 8 3.37E-01 Pa-234 U-238
226.85 0.0167 13 9.54E-01 Pa-234 U-238
249.21 0.0035 4.7 4.53E-01 Pa-234 U-238
258.26 0.0730 0.46 9.02E+00 Pa-234m U-238
272.20 0.0018 9.1 1.62E-01 Pa-234 U-238
293.74 0.0049 31 6.31E-01 Pa-234 U-238
369.52 0.0044 35 4.69E-01 Pa-234 U-238
372.02 0.0023 6.9 2.10E-01 Pa-234 U-238
450.96 0.0030 52 3.36E-01 Pa-234m U-238
453.58 0.0019 8.4 2.71E-01 Pa-234m U-238
458.63 0.0020 8 2.43E-01 Pa-234 U-238
468.44 0.0023 6.8 2.63E-01 Pa-234m U-238
475.75 0.0023 6.5 3.18E-01 Pa-234m U-238
506.70 0.0035 55 2.59E-01 Pa-234 U-238
543.98 0.0036 4.7 4.14E-01 Pa-234m U-238
569.30 0.0203 13 1.73E+00 Pa-234 U-238
654.37 0.0022 7.6 9.70E-02 Pa-234 U-238
666.42 0.0015 9.8 2.59E-01 Pa-234 U-238
669.64 0.0017 8.9 2.26E-01 Pa-234 U-238
691.08 0.0090 2.1 8.75E-01 Pa-234m U-238
699.02 0.0059 2.6 7.44E-01 Pa-234 U-238
702.05 0.0071 24 8.59E-01 Pa-234m U-238
705.90 0.0065 2.4 9.16E-01 Pa-234 U-238
733.38 0.0115 15 1.39E+00 Pa-234 U-238
737.88 0.0021 8.3 1.62E-01 Pa-234 U-238
739.95 0.0118 21 1.13E+00 Pa-234m U-238
742.77 0.0946 0.7 9.38E+00 Pa-234m U-238
755.00 0.0021 8.1 1.62E-01 Pa-234 U-238
766.37 0.3220 0.65 3.29E+01 Pa-234m U-238
781.73 0.0078 2.2 8.43E-01 Pa-234m U-238
786.25 0.0554 0.93 5.67E+00 Pa-234m U-238
796.42 0.0054 4.3 6.14E-01 Pa-234 U-238
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E (kev)? Branch Ratio %? uncert. %*? g/s'gm Emitter 1 Parent 1
805.74 0.0088 18 1.04E+00 Pa-234 U-238
808.20 0.0026 10 3.60E-01 Pa-234m U-238
819.21 0.0037 3.9 4.20E-01 Pa-234 U-238
824.94 0.0068 2.6 6.47E-01 Pa-234 U-238
831.39 0.0078 19 8.89E-01 Pa-234 U-238
851.57 0.0070 2 6.88E-01 Pa-234m U-238
875.94 0.0042 3 6.47E-01 Pa-234 U-238
880.45 0.0212 09 1.46E+00 Pa-234 U-238
883.22 0.0211 09 2.13E+00 Pa-234 U-238
887.28 0.0071 18 8.27E-01 Pa-234m U-238
898.52 0.0059 2.2 6.63E-01 Pa-234 U-238
921.70 0.0127 11 1.32E+00 Pa-234m U-238
924.98 0.0142 1.2 1.78E+00 Pa-234 U-238
926.61 0.0192 11 1.60E+00 Pa-234 U-238
941.94 0.0025 4.2 3.45E-01 Pa-234m U-238
945.90 0.0335 0.86 2.44E+00 Pa-234 U-238
947.43 0.0031 44 1.29E+00 Pa-234 U-238
980.42 0.0045 3 4.85E-01 Pa-234 U-238
984.09 0.0030 4.2 3.07E-01 Pa-234 U-238
994.93 0.0057 21 4.61E-01 Pa-234m U-238

1000.99 0.839 0.56 1.03E+02 Pa-234m U-238
1041.70 0.0012 8 1.54E-01 Pa-234m U-238
1061.89 0.0023 52 2.23E-01 Pa-234m U-238
1084.25 0.0012 7.5 2.22E-01 Pa-234 U-238
1124.93 0.0042 31 3.34E-01 Pa-234m U-238
1193.69 0.0135 0.96 1.43E+00 Pa-234m U-238
1220.37 0.0009 10.2 1.11E-01 Pa-234m U-238
1237.24 0.0053 18 5.73E-02 Pa-234m U-238
1292.66 0.0009 11.2 9.70E-02 Pa-234 U-238
1352.80 0.0019 41 2.75E-01 Pa-234 U-238
1393.57 0.0039 2.5 4.85E-01 Pa-234 U-238
1413.88 0.0023 4.2 2.39E-01 Pa-234m U-238
1434.13 0.0097 13 9.07E-01 Pa-234m U-238
1452.63 0.0012 7.3 1.62E-01 Pa-234 U-238
1510.20 0.0129 12 1.45E+00 Pa-234m U-238
1527.27 0.0024 3.7 2.47E-01 Pa-234m U-238
1548.12 0.0014 59 2.07E-01 Pa-234m U-238
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E (kev)? Branch Ratio %? uncert. %*? g/s'gm Emitter 1 Parent 1
1553.74 0.0081 16 1.00E+00 Pa-234m U-238
1570.67 0.0011 7.8 1.21E-01 Pa-234m U-238
1591.65 0.0019 52 4.30E-01 Pa-234m U-238
1593.88 0.0027 3.6 9.70E-02 Pa-234 U-238
1668.44 0.0012 6.2 1.94E-01 Pa-234 U-238
1694.08 0.0013 59 1.94E-01 Pa-234 U-238
1737.73 0.0212 11 2.26E+00 Pa-234m U-238
1759.81 0.0014 4.4 2.55E-01 Pa-234m U-238
1765.44 0.0087 14 9.71E-01 Pa-234m U-238
1809.04 0.0037 2.1 4.77E-01 Pa-234m U-238
1819.69 0.0009 7.3 1.32E-01 Pa-234m U-238
1831.36 0.0172 13 1.78E+00 Pa-234m U-238
1863.09 0.0012 4.3 1.35E-01 Pa-234m U-238
1867.68 0.0092 14 8.43E-01 Pa-234m U-238
1874.85 0.0082 15 8.75E-01 Pa-234m U-238
1877.21 0.00165 34 3.07E-02 Pa-234 U-238
1893.50 0.00219 29 2.39E-01 Pa-234m U-238
1911.17 0.0063 16 5.89E-01 Pa-234m U-238
1925.42 0.0005 10.1 8.08E-02 Pa-234 U-238
1937.01 0.0029 2.3 3.34E-01 Pa-234m U-238
@Scott, H. L. and K. W Marlow., NIM A286, (1990) 549-55.
C.4. #**U and Daughters ***Pa and #**Th
E(keV) g/gm | Emitter Parent 1 Emitter 2 Parent 2

62.9 2.36 Th-234 U-238

73.9 1.36 Pa-234m U-238

74.0 5.30 Th-234 U-238

83.3 8.71 Th-234 U-238

92.3 338.0 Th-234 U-238

92.8 335.0 Th-234 U-238

94.7 21.6 Pa-234m U-238 Pa-234 U-238

95.9 1.62 Th-234 U-238

110.5 2.98 U-238 U-238

114.9 4.32 Pa-234m U-238 Pa-234 U-238

131.3 3.23 Pa-234 U-238

152.7 1.08 Pa-234 U-238
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E(keV) g/sgm | Emitter Parent 1 Emitter 2 Parent 2
184.8 1.49 Th-234 U-238
258.2 9.02 Pa-234m U-238

C.5. 238U Daughter Protactinium: Gammas and
Branching Ratios

234mPa | C-decay?
| C-decay prob%

E (keV) x1000 Uncert. +

257.90 57.000 0.230 Pa234m
691.00 5.500 0.500 Pa234m
701.60 5.400 0.500 Pa234m
740.10 7.100 0.700 Pa234m
743.00 56.600 0.230 Pa234m
766.60 207.800 0.800 Pa234m
782.30 5.300 0.500 Pa234m
786.40 34.200 0.130 Pa234m
887.50 5.200 0.500 Pa234m
922.30 8.300 0.800 Pa234m
946.30 7.000 0.700 Pa234m
1001.20 590.000 Pa234m
1738.20 14.200 0.600 Pa234m
1831.50 11.200 0.400 Pa234m
1868.20 5.300 0.500 Pa234m
1911.80 3.700 0.400 Pa234m
1937.70 2.100 0.200 Pa234m

NORMALIZED 1001. = 590 (0.59% x 1000)
@Ardisson G. and C. Marsol, Nuovo Chimie, 11v28A, 155 (1975).

234mPa | C-decay?
| C-decay prob%

E (keV) | x1000 | Uncert. =
63.0 4.10 Pa 234
131.3 20.00 Pa 234
153.0 6.60 Pa 234
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234mPa | C-decay?
| C-decay prob%

E (keV) | x1000 | Uncert. =
226.9 11.50 Pa 234
569.3 13.80 Pa234
699.1 4.75 Pa 234
805.5 3.10 Pa 234
824.7 3.70 Pa 234
8311 5.10 Pa 234
926.7 16.80 Pa 234
945.8 18.40 Pa234
980.5 3.90 Pa 234

1394.1 2.40 Pa 234

®Radiochem. Radioanal Lett., 357 (75), 221.
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D.1. Report File

D.1.1. Isotopic Ratio File for Post-processing

D.1.1.1. Output UFM file
(Unformatted U235 file)

UFM record

Variable
sFormat
sType
LREC
LSPCREC
LOWEDES
HIGHEDES
AN1REC
AN2REC
LAN3REC
AN4RECAL
AN4RECBL
AN4RECAH
AN4RECBH
CALDESL
CALRECL
CALDESH
CALRECH
CLRREC
ISOREC1
ISORECL
NISOREC

UFM Record

U235 analysis records taken from . SPCfile
CALREC record taken from . SpCfile
Analysis results records

Description
Must be 1

Must be 4096

Last used record

Spc file names record pointer (long record)

Low energy detector description record

High energy detector description record

First U235 analysis record

Second U235 analysis record for low energy detector
Third U235 analysis record (long record)

Fourth SPC analysis record A for low energy detector
Fourth SPC analysis record B for low energy detector
Fourth SPC analysis record A for high energy detector
Fourth SPC analysis record B for high energy detector
Low energy calibration description

Low energy calibration record

High energy calibration description

High energy calibration record

Calibration results record

First isotope record

Last isotope record

Number of isotopes

Variable Type

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2

© 00 N o ol A WDN PP

S N T L I s =
B O © 0N O UM wWwNDNRP O

Position
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Variable Description
PUREC Pu 242 record
AMREC Am 241 record
PKRECL1 First peak record
PKRECL Last peak record
Extra
SPC Record
Variable Description
SPC1ID Low energy spectrum name
SPC2ID High energy spectrum name
SampleTupe Sample type
Extra

First AnalysisRecord (Alsoin .SPC File)

Variable
wU235 Type
bFreshSample
bUPresent
bThPresent
bAm241Heterogeneous
bPuFixed
dPuThickness
dSolutionArea
dCell

dConc

dDepth
bSolution
bTwoDetectors
bHighEnergy
dFeThickness

86

Description

U235 type flag 1=MGA++, 2=U235, 4=CZTU
Freshly separated sample
Uranium present

Th x-rays present

Am241 Heterogeneous

Fixed Pu abundance

Pu thickness

Solution area

Cell to detector distance

Solution concentration

Solution depth
Sampleisasolution

Two detector analysis

High energy detector SPC file flag
Steel sample container thickness

Variable Type
INTEGER*2
INTEGER* 2
INTEGER*2
INTEGER*2
INTEGER*2[39]

Variable Type
CHAR* 256
CHAR* 256
CHAR*26
INTEGER*2 [243]

Type
INTEGER*2

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
INTEGER*2
INTEGER*2
INTEGER*2
REAL*8

Position
22
23
24
25

26-64

Position
1-123
124-256
257-282
292-512

Position

|_\

a b~ WON

7-10
11-14
15-18
19-22
23-26

27

28

29
30-33
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Variable
wOutputDevice

bLongPrint

bPrintPeaks
bPrintRatio

Extra

Description

1=file

2=screen

3=printer

Long printout

Print peak information

Print Pu241 ratio

Second analysisrecord (also in SPC file)

Variable
wPuAbundance
dPuAbundance
dColtm

dCoeff

dE2421
dE2422
dE2423
dE2424
|Channel
dDepth
dVolume
dPbThickness
dCdThickness
dCdFrac

dCd2
wU235Cal

Extra

Description

Pu abundance calculation flag
Operator entered Pu value
Collection time

Pu abundance calculation coefficient
Pu calculation coefficient

Pu calculation coefficient

Pu calculation coefficient

Pu calculation coefficient
Number channels in spectrum
Detector depth

Detector volume

Lead thickness

Cd thickness

Fraction Cd in second gamma path (low
energy detector only)

Cd thickness in second gamma path (low
energy detector only)

0: read detector calibration from SPC file
1: Use default calibration

Type
INTEGER*2

INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2 (27)

Type
INTEGER*2
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
INTEGER
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8

REAL*8
INTEGER*2

INTEGER*2 (6)

34

35

36

37
38-64

Position

Position

1
2-5
69

10-13
14-17
1821
22-25
26-29
3031
32-35
36-39
4043
44-47
48-51

52-55

56

57-64
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Third analysisrecord (also in SPC file)

Variable
cOutputFile
CRpgPgm
szOperator
szSamplD
szSampleType
szU235Ver
WEXxtra
szDecDat
szAnlIDat
szAcgDat
szU235Ver
Extra

Description
Report file name

Report program name
Operator name
Sample ID (Unique)
Sample Type

U235++ Version
extra

Declared date
Analysis date
Acquisition date
U235 Version

Calibration resultsrecord

Variable
PUGPSC
CDABS

ANS(ICMP(13))

RSLP
SHAPC(10)
SHAPC(2)
IW122
IW208
QFIT
RMSD
Counts
HighECounts
TIME
RLTIME
TIM
RLTIM2
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Description

PU absorption g/cm?

CD absorption g/cm?

tailing amplitude

residual slope

100 keV background slope

resolution slope

FWHM at 122 keV

FWHM at 208 keV

Reduced chi?

Intensity normalized chi?

Number of countsin low energy detector
Number of countsin high energy detector
Low energy livetime

Low energy real time

High energy live time

High energy real time

Type
CHAR*256

CHAR* 256
CHAR*64
CHAR*26
CHAR*26
CHAR*8
INTEGER*2 (2)
CHAR*12
CHAR*12
CHAR*12
CHAR*8
INTEGER* 2 (136)

Type
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
INTEGER
INTEGER
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8

Position
1-128
129-256
257-320
321-333
334-346
347-350
351-352
353-358
359-364
365-370
371-374
375512

Position
14
58

9-12
13-16
17-20
21-24
25-26
27-28
29-32
33-36
37-40
41-44
45-48
49-52
53-56
57-60
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Variable
IDT1
IDT2

| sotope record

Variable(s
ISONAM
GRMS

ER

ER2

PCT1

ER1
SPPOW

ISONAM1
GRMS1
ERO1
ER201
PCT101
ER101
SPPOWO01

Pu 242 record

Variable
NPU

Extra
PU242C
SP242
CPU242

Description
Low energy dead time
High energy dead time

Description

Isotope name

relative abundance

% uncertainty

%* uncertainty

isotopic analysis by weight % of Pu
1 sigma uncertainty

specific power (milliwatts/g)
Declared abundance

Isotope name

relative abundance

% uncertainty

%* uncertainty

isotopic analysis by weight % of Pu
1 sigma uncertainty

specific power (milliwatts/g)
Declared abundance

Description

Pu 242 algorithm flag:
<0 = New

0=0Id

>0 = entered by operator

isotopic analysis by weight % of Pu 242
specific power (milliwatts/g) of Pu 242
User input of Pu 242 abundance

Type
INTEGER

INTEGER

Type
CHAR*8
REAL*S
REAL*S
REAL*S
REAL*8
REAL*S
REAL*S
REAL*S
CHAR*8
REAL*S
REAL*S
REAL*S
REAL*S
REAL*S
REAL*S
REAL*S

Type
INTEGER

INTEGER
REAL*8
REAL*8
REAL*8

Position

61-62
63-64

Position
14
58

912
13-16
17-20
21-24
25-28
29-32
33-36
37-40
41-44
45-48
49-52
53-56
57-60
6164

Position
1-2

9-12
13-16
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Variable Description

POW Uncertainty in Ratio

SGPOW Total (power?)

UPU U/Pu ratio by fluorescence (approx)

ERUPU Error in U/Pu ratio

RDPM Related to U237 separation date ( calculate days from

it)

PEFF Pu-240 effective

EPEFF Error in Pu-240 effective

CONC Pu solution concentration

SIG Error in pu solution concentration

CDFCT Pu solution concentration correction factor

R4139 Pu241/239 ratio based on 148/129 keV peaks

D4139 Difference between R4139 and isotope cal culation (%)

Am241 record

Variable Description

RAM241 Am/Pu241 weight ratio

ERRAM Error in Am/Pu241 weight ratio

STDDEV Number standard deviations 100622 Am241 peak
results differ by

PCTDIF % 100622 Am241 peak results differ by

AM100 Zero-time weight % derived from 100 (300,
600) keV peak

AM300 Zero-time weight % derived from 100 (300,
600) keV peak

AMG600 Zero-time weight % derived from 100 (300,
600) keV peak

DM100*PCT(5)/ERL(5) Error in zero-time weight % derived from 100 keV
peak

DM300*PCT(5)/ERL(5) Error in zero-time weight % derived from 300 keV
peak

DM600* PCT(5)/ERL(5) Error in zero-time weight % derived from 600 keV
peak

AA(2) Beta

CA106 Am243-Np239 flag
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REAL*8
REAL*8
REAL*8
REAL*8
REAL*8

REAL*8
REAL*8
REAL*8
REAL*8
REAL*8

REAL*8
REAL*8
REAL*8

REAL*8
REAL*8

REAL*8

REAL*8

REAL*8

REAL*8

REAL*8

REAL*8
REAL*8

Position

17-20
21-24
25-28
29-32
33-36

3740
41-44
4548
49-52
53-56
57-60
61-64

Position

14
58
9-12

13-16
17-20

21-24

25-28

29-32

33-36

3740

4144
4548
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Variable Description Type Position
TZ Current date — Am241 separation date (years) REAL*8 49-52
ERRTZ Errorintz REAL*8 53-56
Extra INTEGER*2 (8) 57-64
Peak Record

Variable Description Size Position
ENRG Energy (keV) REAL*8 14
YNET Net counts REAL*8 59
RM Residuals REAL*8 10-12
ENRG1 Energy (keV) REAL*8 13-16
YNET1 Net counts REAL*8 17-20
RM1 Residuals REAL*8 21-24
ENRG2 Energy (keV) REAL*8 25-28
YNET2 Net counts REAL*8 29-32
RM2 Residuals REAL*8 33-36
ENRG3 Energy (keV) REAL*8 3740
YNET3 Net counts REAL*8 41-44
RM3 Residuals REAL*8 4548
ENRG4 Energy (keV) REAL*8 49-52
YNET4 Net counts REAL*8 53-56
RM4 Residuals REAL*8 57-60
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APPENDIX E. DATABASE TABLES

E.1. Acquisition Table

U235 Variable Database
Column
ItemID SamplelD
SPC1ID LowESpectrum
DETID LowEDetector
RLTIME LowEReal Time
TIME LowELiveTime
IDT1 LowEDeadTime
SPC2ID HighESpectrum
DETID(14:26) HighEDetector
RLTIM2 HighEReal Time
TIME2 HighELiveTime
IDT2 HighEDeadTime
OPRNAM Operator
STYPES SampleType
ACQDAT AcquisitionDate
ANLDAT AnalysisDate
DECDAT DeclaredDate
E.2.
U235 Variable Database
Column
[temID SamplelD
ANLDAT AnalysisDate
PUGPSC PuAbs
CABS CdAbs
IW122 IW122
IW208 IW208
QFIT QFit
RMSD NormQFit
UPU UPu
ERUPU ErrUpu

Description

Unique analysis results identifier
Low energy spectrum name
Low energy detector name

Low energy real time

Low energy livetime

Low energy dead time

High energy spectrum name
High energy detector name

High energy real time

High energy livetime

High energy dead time

Operator name

Sample type ( Freshly separated, Aged, or U/Pu)
Acquisition date

Analysis date

Declared date

Analysis Results Table

Description

Unique analysis results identifier
Anaysis Date

PU absorption g/cm?

CD absorption g/cm?

FWHM at 122 keV

FWHM at 208 keV

Reduced chi?

Intensity normalized chi?

U/Pu ratio

Error in UPu

Variable
Type

CHAR*256
CHAR*26

CHAR*256
CHAR*26

CHAR*64
CHAR*26
CHAR*12
CHAR*12
CHAR*12

REAL*8
REAL*8
INTEGER
INTEGER
REAL*8
REAL*8
REAL*8
REAL*8
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U235 Variable Database
Column
RAM?241 RAmMPu241
ERRAM ErrRAMPuU241
TZ Tz
ERRTZ ErnTz
PEFF PU240Eff
EPEFF ErrPu240Eff
U235 Variable Database
Column
ItemID SamplelD
ANLDAT AnaysisDate
ISONAM | sotope
GRMS Rel Abundance
ER PerUncert
ER2 Per* Uncert
PCT1 Percent
ER1 SigmaUncert
SPPOW SpecificPower

94

Description

Am241/Pu241 ratio

Error in RAmPu241
Separation time (years ago)
Errorin Tz

Pu-240 effective

Error in Pu240Eff

E.3. Isotope Table

Description

Primary Key Unique analysis results identifier
Anaysis date

Isotope name

rel ative abundance

% uncertainty

%* uncertainty

isotopic analysis by weight % of Pu

1 sigma uncertainty

specific power (milliwatts/g)

REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8

CHAR*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8
REAL*8



APPENDIX F. MGAVIEW FILES

Filesin the default directory, c: \ nga:

set up. nga Contains the information that appears in the Analyze/Settings... fields.
Thisisan ASCII text file and can be edited with Windows Notepad or
other text processors.

235Rpt . mdb The U235View database, which should be backed up regularly. ORTEC

strongly recommends that users not manipulate this database outside of
the U235View program (copy the database and manipul ate the copy).

Filesinc:\ Program fil es\ Mya

If any of these files are missing or corrupt, default values will be used.

U235br . t xt Contains the default branching ratios. Whileit is strongly recommended
that users not edit this ASCI|I text file, follow its format to create

customized branching-ratio files.

set u23. t xt Contains the setup files keys. Thisfile can be translated into another
language, and the . u23 fileswill be writtenin it.

u235ns(g. t xt Contains the U235View messages and FORMAT statements that are used
to write the report file. Included for translation.

F.1. Disabling and Enabling U235View’s Graphics

To disable graphics on a PC with the Typical U235View installation, go to the Windows
Taskbar and click on Start, Run. On the command line of the Run dialog, enter:

regsvr32 /u (gsx.ocx
(“regsvr32”, a space, aforward slash and a“u”, a space, and “gsx.ocx”) and press <Enter>.

To re-enable graphics on this PC, click on Start, Run, then enter

regsvr32 gsx.ocx

(no “dlash-u”) and press <Enter>.
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F.2. Analysis Command Line Options

The analysis engine may be run in command line mode for use by other programs or directly.
The command lineis:

U235 lowfilenanme [/O /M parfil enane /n]

Where:

U235 IS the program name of the analysis engine, normally located in
c:\program fil es\nga.

Lowf i | enane Isthe filename of the low energy spectrum, it must always be present.

/0 Turns on the debugging output, default is off

/ M parfil ename Reads the analysis parameters from parfilename. The default isto read the
parameters from the spectrum file, if possible. If not possible, internal
parameters are used. The file has the same format as set up. U23.

I'n Is the spectrum file format index. The default is 9.

LLNL/ACCUDUMP

ASCII (sequential integer) no header
Nuclear Data, Accuspec, (.cnf)
Canberra S100 format

ORTEC format (.chn)

LLNL ASCII format

SPE ASCII format (.spe)

Euro ASCII format (.txt)

ORTEC format (.spc)

©OooO~NO O, WN B
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APPENDIX G. MCB CONFIGURATION

G.1l. Initial Configuration

Theinitia configuration is
determined by the program
MCBCONS32, which is either run by
SETUP or run manually and set to
the Master Detector List for
MAESTRO.

When MCBCON32 isrun, it searches
the PC and the network (if any) for
MCBs. After this search is complete,
the list of Detectorsis displayed

(Fig. 77). The Detectors are listed in
alphanumeric order by server name,
hardware MCB number, and segment
or device number.

Conhigure Detectors Yersion 4.01

Mumber & Description
L] DSPEC-O075

Cloze

e T145% Low Backaround GEM / 95 Cancel |
3 DART in Low Level Lab
4 ROMALDKE MCE 1
5 ROMALDKE MCB 2 Help |
Renumber 2l |
Fenumber Newl

¥ Update detector list on all systems

MCE  Input  Spstem
1 1 ROM-80-1

Fig. 77. Detector Numbering.

Thefirst time the system is configured, Fig. 78 will be displayed to remind you of the Detector

numbering scheme.

Thiz iz the first time pau have configured these detectars.

Al detectors must have an 1D number. Since none of your detectars have 1D
numnbers, it iz recornmended that you press Berumber Al to establizh initial 10
numbers for your detectors.

Fig. 78. Detector Numbering First Time.

The PC hardware description for a particular Detector can be viewed by clicking once on the
Detector from the Number & Description list with the mouse. The description will then be

displayed in the lower edit box.

When a configuration is performed, the result is normally broadcast to all PCs on the network.
This can be stopped by removing the checkmark from the Update detector list on all systems
checkbox under the detector list. If thisbox is not checked, the configuration is only saved to the

local PC.
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If the Detector numbers are not in the desired order, click on Renumber All to assign new

numbers in sequence, or Renumber New to renumber only the new detectors. Figure 79 will be
displayed if thelist is a mixture of old and new numbers.

“'ou have chozen to Benumber All of wour detectors even though at least one
detector already has a number. [F pouw want your detector numbers to remain
unchanged far pour exigting detectors pou should press Cancel then choose
Renumber New.

Prezz OF to contitwe renumbering or Cancel to abandaon thiz operation.

Cancel |

Fig. 79. Renumbering War ning.

To change the detector number or
description, double-click onthe Detector  mce:  input:~ system: D —
entry in Fig. 77. Thiswill display the ! 1 RON-50- F _ oo |
dialog box shown in Fig. 80. Thisshows  Descrtiar: Cancel |

145% Low Background GEM / 92+

the physical detector location and alows
the description and number to be changed.

Fig. 80. Change Detector Description or 1D.
Click on Help to display the information

screen shown in Fig. 81.

To Change Individual 1D Humbers or Descriptions:

Double-click on the detector in the upper left box. Change the description
and press 0K,

All detectors must have a unique |0 number. To Change 1D Mumbers:

Prezz "Renumber A" to renumber all detectors starting from 1. ze this
button with caution since existing detector numbers may change.

]

Prezz "Renumber Mew' to number new detectars [ones with O for their [0
nurnber] higher than all exizting detectaors.

Fig. 81. Detector Renumbering Help.
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gortterm. ... 29
PoleZero ........ . 7
PrESALS . . o 19
ralemeter ........ .. 22
ReSat/SavelReport . .................... 24
Real Time .......... ... i, 19
record

database . ... 33
FEPOMt .. 59
Reportoptions. . ................ooin.t. 28
rubberrectangle ............ ... .. ... 12
SamplelD ........ . 21
sampletype . ... 27
Sereenoutput L. 29
SepadtionDate . ... 28
SEVICES . . o 33
Shorttermtalling ....................... 29
Spectrum . ... 38

colorprinting ............coiiiiin... 65

hardcopy ........... ... .. .. ... ..... 61

plot ... . 61
SpectrumFile ........... ... .. 21
SpectrumonDisk .............. 30

Fileformat ............ ... .. ... .. .... 31
speedbuttons . ... 11
Stat .. 23
Sat/SavelReport . ... 23

resart . ... 24
S (0] 0 23
tailling amplitude parameters ............ 55, 57
TitleBar ... 9
transmisson correction . .......... ... ... 52
Uncertainty ...............ciiiiinon... 20
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fresh. ... ... 42

natural . ... 42
Vetical Scde ....................... 11, 39
Voightprofile . ...................... 44, 51
Window ........... ... ... .. . ... 40
WINPLOTS ... . s 61

CommandLine ...................... 66
X-rays

Voight profile ....................... 44
ZOOM Lo 12
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