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NOTE!

We assumethat you are 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, be sureto
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 isto 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,
<Alt + 2>,
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1. INTRODUCTION

ISOTOPIC version 4.1 isthe latest version of the acclaimed | SOTOPIC software, having
undergone many evolutionary, experience-based improvements from earlier versions.
ISOTOPIC provides a practical solution to awide range of gamma-ray measurement problems
encountered in site characterization prior to remediation and to decontamination and
decommissioning (D& D) operations. ISOTOPIC v4.1 is based on work done originally at
severa U.S. Department of Energy (DOE) sitesin the analysis of thousands of fissile waste
containers' and in methods developed at the U.S. Energy Measurements L aboratory??
(EML-NY C) for measuring wide-area contamination of soils and surfaces.

ISOTOPIC v4.1 has two magjor components:

® ThelSOTOPIC Supervisor program, which controls how data acquisition and analysis will
be performed by operatorsin the field.

® |SOTOPIC Operator, the software interface for actual field measurements.

This manual describes the ISOTOPIC Supervisor program. See the accompanying Getting
Sarted in ISOTOPIC v4.1 manual (Part No. 931065) for instructions on installing the
ISOTOPIC software, as well as a step-by-step walkthrough from configuration in the ISOTOPIC
Supervisor v4.1 program through field use with ISOTOPIC Operator v4.1.

1.1. What’s New

1.1.1. Container Mode Enhancements

e Asof v4, anew algorithm for increased accuracy for close-in measurements, additional
sensitivity achieved by calibrating the side of the detector as well as the front, and improved
field of view (FOV) based on the actual detector crystal dimensions.

® The new Configuration Wizard for Container/Surface Mode, which combines analysis and
report setup, detector selection and position information, collimator description, and
container characterization in one convenient wizard. The resulting analysis setup, called a

"Hagenauer, R.C., “Nondestructive Assay Quantification of Poorly Characterized Radioactive |sotopes,”
Proceedings of the 4th Nondestructive Assay and Nondestructive Waste Characterization Conference, Salt Lake
City, 1995.

’H.L. Beck, et a., “In Situ Ge(Li) and Nal(Tl) Gamma Ray Spectrometry,” U.S. Dept. of Energy, Environmental
M easurements Laboratory, HASL-258, September (1972).

% K. Helfer and K.M. Miller, “Calibration Factors for Ge Detectors Used for Field Spectrometry,” Health
Physics, Vol. 55, No. 1, pp 15-29 (1988).
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configuration, is stored in the ISOTOPIC database. Soil Mode setup remains as in previous
versions of ISOTOPIC.

Simplified menu design for faster, more intuitive data acquisition and analysis setup.

The Container/Surface Mode report isnow in HTML file format (the format used on the
Internet) so you can view it in any web browser — no text editing program is required. The
new report isin color so it iseasier to read. It provides more information, automatically
reformats onscreen as you resize the browser window, and displays bitmap images of the
corresponding spectrum and fine-tuning plot.

Additional documentation guides to help you optimize your data acquisition and analysis
configurations.

Configurations can be edited in both the Operator and Supervisor programs for increased
convenience and efficiency.

1.1.2. Soil Mode Enhancements

Simplified menu design for faster, more intuitive data acquisition and analysis setup.

Alternate calibration for increased accuracy. This calibration should provide improved
results because the detector efficiency is measured instead of derived. The same calibration
file can be used for both Container/Surface Mode and Soil Mode if the calibration is
performed at 5 times the detector crystal diameter.

Additional documentation guides to help you optimize your data acquisition and analysis
configurations.

1.1.3. Other New Features

All v4.x spectrum analysisis performed in ISOTOPIC Operator. The Supervisor program
retains the Display Analysis Results and I nteractive in Viewed Area commands allow you
to recall analyses (. uro files) that were generated within Operator to view and/or analyze
interactively.

Data sets, including archived records, can only be reanalyzed in Operator.

GVPlot replaces WINPLOTS for more versatile spectrum plotting.

| SOTOPIC algorithms have been verified and validated for quality assurance requirements.
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® The v4.x database has been expanded and is not compatible with the databases from earlier
versions. However, you can run both ISOTOPIC v4 and ISOTOPIC v3.1 on the same PC if
you uninstall v3.1 before installing v4.x, install v4.x, then reinstall v3.1. See the Operator
Manual for complete instructions.

o Asof v4, ISOTOPIC takes side detector efficiency into account. As aresult, detector
efficiency is greater than in previous versions of ISOTOPIC, and activity values using the
same configuration parameters are usually concomitantly lower in v4.x. For large standoff
distances the results should be about the same between the versions.

1.1.4. User Manual Enhancements

We have added more setup and analysis suggestions to the v4.1 Supervisor User’s Manual. See:

“General Good-Practice Procedures for ISOTOPIC Measurements,” Section 3.5.1, page 99.
Container Setup Suggestions, page 102.

Analysis Setup Suggestions for Container Mode, page 106.

Detector Setup Suggestions for Container Mode, page 113.

Library Setup Suggestions for Soil Mode, page 121.

General Suggestions On Library Entries, page 155.

1.2. Background

The characterization of containers, buildings and open areas for the radioactive content is
necessary for several regulatory and safety reasons. The movement or storage of containers of
radioactive waste requires characterization of the contents for radioactivity to verify
conformance with the U.S. Department of Transportation (DOT) regulations and with the criteria
of the facility accepting or storing the waste. Buildings and open areas must also be
characterized for the radioactive content, both before any cleanup and after the cleanup has been
performed.

The analysis of waste containers has traditionally been a difficult task because most general
gamma-ray spectroscopy programs do not have the facilities to account for the efficiency,
complex attenuation and geometry corrections needed. A similar situation holds for the analysis
of large (semi-infinite) areas. In this case, it is also the efficiency, attenuation, and geometry
corrections which must be calculated, but the assumptions and approximations are different from
the “container” situation.

ISOTOPIC v4.1 analyzes awide variety of geometries. Depending on sel ections made by the
Supervisor, the program uses either the |ISOTOPIC method (Container/Surface Mode in
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ISOTOPIC v4.1) or the M-1 method (Soil Mode) for calculation of the efficiency, attenuation,
and geometry corrections.

The ISOTOPIC method (from work done at the DOE K-25 Site) uses a point-source standard,
traceable to the National Institute of Standards and Technology (NIST), to calibrate the absolute
gamma-ray detection efficiency for a high-purity germanium detector (HPGe). Other standards
might be necessary to verify the measurement-analysis system.

The ISOTOPIC Supervisor program provides complete control over all adjustmentsin the
spectrum analysis, container, matrix, and other counting details. The supervisor models the
container configurations, selects the appropriate analysis techniques, libraries, report parameters,
and other settings required for proper analysis.

Work flow in ISOTOPIC Operator is based on decisions made in the Supervisor program. The
supervisor predefinestheinitial data collection and analysis configuration. Then, depending on
the flags set during configuration, operators can perform interactive analyses or are constrained
to a“fixed-analysis’ mode. In the fixed-analysis mode, all containers and contents are assumed
to be similar, so they are al analyzed in the same way. The operator simply initiates the
measurement sequence and, apart from the entry of container identification information, all other
operations are automatic. In the interactive mode, after the data have been analyzed, the operator
can adjust several parameters, such as matrix density and container thickness, to obtain a better
result.

The ISOTOPIC method is based on using models for attenuation and geometry to extend the
point source efficiency calibration to the actual geometry of the container. The results are thus
based on the measured efficiency of the detector using NI ST-traceable sources. Thisin-field
calibration allows the use of any germanium detector. Complete details are given in Section 2.

The soil analysis (also referred to herein as the M-1 method) implements the one-meter, in-situ
analysis methods developed by EML-NY C.* It follows the methods described in “In Situ
Gamma-Ray Spectrometry in the Environment” (ICRU Report),> and complies with the
requirements of “In-situ photon spectrometry system using a ger manium detector for measuring
discrete radionuclides in the environment,” |EC 209-FDIS.°

“Beck, H.L. et a, In Stu Ge(Li) and Nal (TI) Gamma Ray Spectrometry, U.S. Department of Energy,
Environmental Measurements Laboratory, HASL-258, September 1972.

*International Commission on Radiation Units and Measurements, Gamma-Ray Spectrometry in the Environment,
ICRU Report 53, ICRU, Maryland, December 1994.

®International Electrotechnical Commission, In-situ photon spectrometry using a germanium detector for
measuring discrete radionuclides in the environment, IEC 209 FDIS, May 1992.
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This method has been extended to include large detectors’. It does provide for specific nuclide
distributions based on the history of the site. These distributions can be different for each
individual isotope, i.e., natural isotopes are subject to different corrections than fresh fallout.
Thein-situ case, Soil Mode, typically functionsin the third mode rather than the more
interactive mode

The EML in situ methodology is based on the use of empirically determined calibration factors
to provide quantitative radionuclide analysis for radionuclides deposited near the soil surface
within the viewing area of the germanium detector. The analysis requires that you specify only
four parameters. Three of these parameters are detector parameters (the manufacturer’ s quoted
efficiency, the germanium crystal length to diameter ratio, and the detector orientation [up or
down]). The fourth parameter, alpha/rho, is used to correct for gamma-ray attenuation according
to the distribution of the radionuclide in the soil. Complete details are in Section 4.14.

|SOTOPIC has been a helpful tool in characterizing gamma-ray-emitting radioactivity in poorly
characterized matrices and large fields. This program has been used at the Oak Ridge K-25 Site
for severa years, where it has been a mgjor tool for the analysis of more than 6,000 samples. It
has been used for measurement of radioactive waste, holdup measurements, and inventory
verification. Typical analysistime for one spectrum is afew minutes. It has also been used in the
characterization of several large sites, including the DOE Idaho National Engineering and
Environmental Laboratory (INEEL). Typical data collection and analysistime for one point is
60 minutes.

1.3. The ISOPLUS-B32 Software

ISOTOPIC is designed to analyze one spectrum or multiple spectra, generated by any ORTEC
CONNECTIONS-32 MCB, for asingle container. ISOTOPIC can analyze the spectrum currently in
the MCB memory or spectrum files on disk, in any of several file formats, including the
advanced and archivable . spc format (both integer .spc and real . sec). In addition, ISOTOPIC
allows you to directly read and write spectral datafilesin the ASCII . spE file format. For more
information on the contents of ORTEC spectrum files, see the ORTEC Software File Structure
Manual for DOS and Windows Systems (Part No. 753800, hereinafter called the File Structure
Manual).

Attenuation and coefficients for common materials and situations are included in the ISOTOPIC
attenuation database. Y ou can easily add other materials to the database as needed.

"1.K. Helfer and K.M. Miller, Calibration Factors for Ge Detectors Used for Field Spectrometry, Health Physics,
Vol. 55, No. 1, pp 15-29 (1988).
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The MCB hardware setup, energy calibration, and efficiency calibration (baseline) are
performed in the Supervisor program. The radionuclide identification and net-count results are
then processed within ISOTOPIC according to the EML method or the K-25 DOE method.

All sample analyses can be controlled from a single screen, even across a network. Remote PC
workstations can control, analyze, and view the data being gathered in the counting room.

Regulatory compliance is easy with ISOTOPIC. The software’ s quality assurance (QA) features
monitor system performance and store the results in a Microsoft Access®-format database. All
hardware and analysis parameters are saved with the spectral datato ensure traceability.

ISOTOPIC' s extensive menus and toolbar give control of all aspects of data acquisition and
analysisincluding calibration, library editing, computer-controlled hardware setup, and analysis
parameter setup; as well as numerous onscreen data manipulation, comparison, and analysis
tools.

1.4. PC and Operating System Requirements

ISOTOPIC v4.1 requires a PC running under Microsoft Windows 2000 Professional or X P®
Professional, Service Pack 2. We recommend at least 100 megabytes of disk space. Spectrum
analysis will go more quickly if you have a 2-GHz processor or faster.

NOTE This software has been designed for users with full Windows “Administrator”
access. It is possible that limiting user privileges could cause conflicts.

For PCs with a memory-mapped MCB interface, no other interface can use memory mapped into
page D of the PC memory map (see the accompanying ORTEC MCB CONNECTIONS Hardware
Property Dialogs Manual, Part No. 931001). Data can be saved to or retrieved from any number
of removable or fixed drives.

ISOTOPIC will control and display up to eight Detectors simultaneously, either local or
networked. ISOTOPIC isintended to be used in field applications so the portable digiDART® is
the MCB most often used.? ISOTOPIC correctly displays and stores a mixture of different sizes

8 However, the MCBs can be any mixture of the following types of units, properly installed and hardware-
configured: DSPEC®-seriesinstruments, digiBASE®, DSP-Scint™, digiDART®, Models 916A, 917, 918A, 919,
920, 921, 926, 919E, 920E, 921E, 92X, 92X-1I, NOMAD™ Plus, NOMAD, microBASE™, MicroNOMAD®,
OCTETE® PC, TRUMP™, MicroACE™, DART®, MatchMaker™, M* CA, MiniMCA-166, and other new
modules.

6
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of spectra. Several |SOTOPIC windows can be open in the program at one time, displaying
Detectors, buffers, spectrum files from disk, and data analyses.

1.5. Before Using ISOTOPIC Operator

Before you can begin making measurementsin |ISOTOPIC Operator, the following tasks must be
performed:

The MCB and detector hardware must be properly connected, powered on, and adjusted.
Refer to the installation chapter in the Getting Started guide, the hardware manual for your
MCB, and the user materials accompanying the detector.

The correct library for the nuclides of interest must be created in ISOTOPIC Supervisor or
the accompanying Nuclide Library Editor program.

In Supervisor, the detectors must be energy and efficiency calibrated with the appropriate
source(s). If the detectors are not efficiency calibrated, all nuclide activities will be reported
as zero.

The operator permissions, which determine the parameters operators can adjust, must be set.
If al permissions are enabled, operators can perform all ISOTOPIC functions except
calibration, attenuation database entry, selection of Seagate® Crystal Reports® templates, QA
setup, and choosing the spectrum display preferences.

The Container/Surface and Soil mode configurations, which govern data acquisition and
analysisin the Operator program, must be created. If the Allow modification of
configuration settings operator permission is set in the Supervisor program, operators can
create and/or modify configurations within the Operator program.

If your organization uses | SOTOPIC’ s onboard quality assurance tools, QA settings must be
established in the Supervisor program for each detector that will be used.

1.6. Sample Measurement Files and Filename Conventions

Beginning with ISOTOPIC v4, all sample measurement, analysis, reanalysis, and reporting is
performed in the Operator program, including the analysis of archived data. Detector QA
measurements can be made in both the Supervisor and Operator programs. The type and number
of files generated during sample measurement differs slightly between Container/Surface Mode
and Soil Mode.
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NOTE When you archive a particular ISOTOPIC database, we strongly recommend you
move not only the . mpB database file, but all of the analysis, spectrum, bitmap, and
reporting files related to the records in that database. Subsequently, these should
all be stored in the same folder or in the same relationship (relative folder
structure) as when they were originally acquired. Otherwise, the Recall File and
Recall Configuration and File(s) commands might not be able to correctly recall
al the necessary information, and existing Container/Surface Mode HTML reports
might not show the embedded spectrum and fine-tuning plot images.

1.6.1. Container/Surface Mode

As noted in the introduction, the new Contai ner/Surface Mode configuration wizard combines
analysis and report setup, detector selection and position information, collimator description,
and container characterization in one convenient wizard. The resulting analysis setup, called a
configuration, is stored in the ISOTOPIC database. The files generated for each sample include
.SPC, .Anl, .UFO, .BMP, and .HTML files. Additional information is captured in the database for
each measurement.

Filenamesfor .spc, .an1, .UFo, and .HTML files are structured as follows:

[Container ID] [Iso]l] [nnnnn]

where container ID iSentered on the upper section of the ISOTOPIC Operator screen, Iso
identifies these as files generated in ISOTOPIC, and nnnnn isanumerical suffix that reflects
the number of acquisitions performed to date with the corresponding detector for the current
database. Example:

Drum 1234 Iso00567.Spc

For each sample, ISOTOPIC creates an activity plot bitmap and a spectrum histogram bitmayp,
which are incorporated into the HTML-format report. The filenames for these respectively end
IN Activity and Spectrum.

For multi-detector configurations, |SOTOPIC Operator generates an . HTML report for each
individual detector and areport in which the results from all detectors are averaged or weighted
as specified for the configuration. The filename for this averaged report endsin _ave.
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1.6.1.1. Reanalysis

When you reanalyze a Container/Surface M ode scan data set, a new suite of spectrum, analysis,
and report files are created; the original files are not overwritten. Filenames are structured as
follows:

[Container ID] [Buf] [nnnnn]

where container ID iSentered onthe upper section of the ISOTOPIC Operator screen, Buf
identifies these as files generated using a buffer window, and nnnnn isanumerical suffix
reflecting the number of reanalyses performed in a buffer window for the current database.

1.6.2. Soil Mode

The Soil Mode setup dialog includes analysis, acquisition, detector, calibration, and report
settings, which can be saved as standalone. m1 files (rather than configurations saved in a
database) for later reuse. The files generated for each sampleinclude . spc, .an1, .UFo, and
.rpT files. Additional information is captured in the database for each measurement.

The filenames are structured as follows:

[Field ID] [Iso] [nnnnnl]

where Field 1D isentered at the top of the Soil Mode setup dialog, 1so identifies these asfiles
generated in ISOTOPIC, and nnnnn isanumerical suffix that reflects the number of
acquisitions performed to date with the corresponding detector for the current database.
Example:

D&D Site XYZ Iso00200.Spc

The Operator report isin ASCI| text and does not include any bitmap images; and Soil Mode
measurements are made with only a single detector so there is no averaged report.

1.6.2.1. Reanalysis

When you reanalyze a Soil Mode scan data set, a new suite of spectrum, analysis, and report
files are created; the original files are not overwritten. Filenames are structured as
follows:

[Field ID] [Buf] [nnnnnl]
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where Field 1D isentered at the top of the Soil Mode setup dialog, Buf identifies these asfiles
generated using a buffer window, and nnnnn isanumerical suffix reflecting the number of
reanalyses performed in a buffer window for the current database.

1.7. Operation/Release Notes for Version 4.1

1.7.1. Regional Settings

Except for Icelandic Windows, your Windows Regional Settings must be configured to use a
period (. ) asthe Decimal Symbol to avoid errors when setting up or using container
configurations.

1.7.2. MCBs with a USB Interface: “UNKNOWN MODE” Error After Power Loss

If your MCB has a USB interface (e.g., digiDART, DSPEC Pro®) and the PC-to-MCB
connection is lost while running either the Supervisor or Operator program, the software will
immediately close the window for the missing MCB, post a Detector busy or not responding
message on the status bar at the bottom of the screen, and open a buffer window (see Fig. 1). To
reopen communication with the MCB in the Supervisor program:

Detector in UNKHOWHN Mode

Detector; "TSOCART 1 DIGIDART-1" is in UMKNOWH Mode!
=-* Buffer - Buffer !
Do wou want to cancel UMENOWN Mode?

Yes Mo

Marker: 256 = uhical
Detector busy or ot rezponding.

Figure 1. USB-Connected Detector in Unknown Mode.

® Make sure all cable connections are secure.

® Select the MCB from the Detector droplist on the Toolbar.

10
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e The UNKNOWN Mode dialog will open, asking if you wish to cancel the unknown mode.

— Clicking on Yeswill clear the MCB memory, reset the unit to data acquisition mode, and
open a corresponding spectrum window.

— Clicking on No will reset the MCB to the proper mode, but might retain the instrument
memory unless the MCB is powered exclusively by the USB bus, for instance, the
digiBASE. If your MCB isline- or battery-powered and has a spectrum in memory, click
on No, then re-select the MCB from the Detector list. If the spectrum has been retained in
MCB memory, it will be displayed onscreen.

® Before resuming data collection, make sure the detector high voltageis on.

11
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2. DISPLAY FEATURES

This chapter addresses the display features in ISOTOPIC Supervisor, discusses the role of the
mouse and keyboard, and covers the use of the Toolbar and sidebars. To start the program, either
click on the desktop shortcut; or go to the Windows Taskbar and click on Start, Programs,

I sotopic 41, I sotopic Supervisor 4.1. Thiswill open the main Supervisor screen. The principal
features are shownin Fig. 2.

+.* lzotopic Supervizor [Container/Surface Mode)
File Acgure Calbrate Calculate  Analyze  Librane Services BOl Digplay  Window Y

@|qléq|@|m| |7t (551 [ & ) @[@olw [ s \4) =

— Pulze Ht. Analysiz —
A e Start: 12:00:00 &M
Input Count Rate: 0 cps
Feal: 0.00
Live: 0.00
+:* Buffer - Buffer
Dead 9 4
o
ROl
Ins
i Al
b
Peak.
5 o | 2
E Library ﬂ
2 0RTEC
11:41:43 AM
Fri  3M12/04
Marker 1973 = 44784 kel 0 Chtz
e
|Calib.Lib: 1408 Bytes; 9 Muclides /13 Alloc; 14 Peaks / 20 Alloc, { 11 J o~
jp —

Figure2. Main ISOTOPIC Supervisor Screen Features.

1. Titlebar, shows the program name and current mode (Container/Surface or Soil). On the far
right are the Minimize, Maximize, and Close buttons. Thereis also atitle bar on each of the
spectrum windows showing the source of the data, which is either the Detector name or
“Buffer” and the spectrum file name. The title bar on the active spectrum window is
normally a brighter color than the bar on inactive windows (the color scheme depends on the
Windows desktop scheme you have selected).

2. Menu Bar, showing the available menu commands (which can be selected with either the
mouse or keyboard); these functions are discussed in detail in Chapter 3.

13
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Toolbar, beneath the Menu Bar, containsicons for recalling spectra, saving them to disk,
starting and stopping data acquisition, and adjusting the vertical and horizontal scales for the
active spectrum.

Detector Droplist, on the Toolbar, displays the list of currently available Detectors.
Clicking on thisfield opens alist of all Detectors currently on the ISOTOPIC Detector pick
list. Selecting a Detector opens a new spectrum window and displays the spectrum for this
Detector. The droplist shows the name of the most recently selected Detector. Up to 8
Detector and buffer windows can be open at one time.

ROI Status Area, on the right side of the menu bar, indicates whether the ROl marking
mode s currently Mark, UnMark, or Off. This operates in conjunction with the <F2>
accelerator key (see Section 6.4.1).

Spectrum Area, which can display one or more windows of data from Detectors or buffers
(containing spectra from Detectors or from spectrum files on disk). These windows can be
moved, sized, minimized, maximized, and closed with the mouse, as well astiled
horizontally or vertically from the Window menu. When more than one window is open,
only oneis active — available for data manipulation and analysis— at atime. Active and
Inactive windows follow the color conventions of your Windows desktop theme. If the
window is monitoring a Detector or you have copied the contents of a Detector to a buffer
window, the Title Bar displays the Detector name. If you have opened a spectrum file from
disk, the buffer window Title Bar shows the spectrum name and sample description. To
switch windows, click on the window you wish to activate, or cycle between windows by
pressing <Ctrl + Tab> or choosing awindow from the Window menu.

Each spectrum window contains a Full Spectrum View and an Expanded Spectrum View
(seeitems 7 and 8 below).

The Full Spectrum View shows the full histogram from the file or the Detector memory.
The vertical scaleis aways logarithmic, and the window can be moved and sized (see
Section 2.3.4). The Full Spectrum View contains a rectangular window that marks the
portion of spectrum now displayed in the Expanded Spectrum View. To quickly moveto
different part of the spectrum, just click on that areain the Full Spectrum View and the
expanded display updates immediately at the new position.

The Expanded Spectrum View shows all or part of the full histogram; this allows you to
zoom in on a particular part of the spectrum and see it in more detail. Y ou can change the
expanded view vertical and horizontal scaling, and perform a number of analytical
operations such as determining peak information, marking ROIs, or calibrating the spectrum.
Thiswindow contains a vertical line called a marker that highlights a particular position in
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the spectrum. Information about that position is displayed on the Marker Information Line
(seeitem 9 below).

9. Status Sidebar, on theright side of the screen, provides information on the current Detector
presets and counting times, the time and date, and a set of buttons to move easily between
peaks, ROIs, and library entries (see Section 2.4).

10. Marker Information Line, beneath the spectrum, showing the marker channel, marker
energy, channel contents and in some modes, other details about the marker channel, such as
the efficiency at this energy.

11. Supplementary Information Line, below the Marker Information Line, used to show
library contents, the results of certain calculations, warning messages, or instructions.

2.1. Spectrum Displays

The Full and Expanded Spectrum Views show, respectively, a complete histogram of the active
spectrum and an expanded view of all or part of the spectrum. These two windows are the
central features of the ISOTOPIC-32 screen. All other windows and most functions relate to the
spectrum windows. The Full Spectrum View shows the entire data memory of the Detector as
defined in the configuration. In addition, it has a marker box showing which portion of the
spectrum is displayed in the Expanded Spectrum View.

The Expanded Spectrum View contains areverse-color marker line at the horizontal position of

the pixel representing the marker channel. This marker can be moved with the mouse pointer, as
described in Section 2.3.1, and with the <<>/<-> and <PgUp>/<PgDn> keys, the peak buttons
or by selectionsin other lists, such as the library energy list.

The spectrum display can be expanded to show more detail or contracted to show more data
using the Zoom In and Zoom Out features. Zooming in and out can be performed using the
Toolbar buttons, the Display menu commands, or the rubber rectangle (see Section 2.3.3). The
rubber rectangle allows the spectrum to be expanded to any horizontal or vertical scale. The
baseline or “zero level” at the bottom of the display can also be offset with this tool, allowing
the greatest possible flexibility in showing the spectrum in any detail.

The Toolbar and Display menu zoom commands offer a quick way to change the display. These
change both the horizontal and vertical scales at the same time. For Zoom In, the horizontal
width is reduced by about 6% of full width (ADC conversion gain) and the vertical scaleis
halved. The Zoom In button and menu item zoom to a minimum horizontal scale of 6% of the
ADC conversion gain. For Zoom Out, the horizontal width isincreased by about 6% of full
width (ADC conversion gain) and the vertical scale is doubled.

15
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The Keypad<+> and K eypad<-> accelerator keys duplicate the Zoom In and Zoom Out
Toolbar buttons and Display menu commands. The <F5>/<F6> and <!>/<1> keys change the
vertical scale by afactor of two without changing the horizontal scale. The <F7>/<F8> and
keyboard <->/<+> keys change the horizontal scale by afactor of two without changing the
vertical scale. The <Alt + F7> key combination displays the whole spectrum in the expanded
view.

Depending on the expansion or overall size of the spectrum, all or part of the selected spectrum
can be shown in the expanded view. Therefore, the number of channels might be larger than the
horizontal size of the window, as measured in pixels. In this case, where the number of channels
shown exceeds the window size, all of the channels cannot be represented by exactly one pixel
dot. Instead, the channels are grouped together, and the vertical displacement corresponding to
the maximum channel in each group is displayed. This maintains a meaningful representation of
the relative peak heights in the spectrum. For a more precise representation of the peak shapes
displaying all available data (i.e., where each pixel corresponds to exactly one channel), the
scale should be expanded until the number of channelsisless than or equal to the size of the
window.

Note that the marker can be moved by no less than one pixel or one channel (whichever is
greater) at atime. In the scenario described above, where there are many more memory channels
being represented on the display than there are pixels horizontally in the window, the marker
will move by more than one memory channel at atime, even with the smallest possible change
as performed with the <-> and <> keys. If true single-channel motions are required, the
display must be expanded as described above.

In addition to changing the scaling of the spectrum, the colors of the various spectrum features
(e.g., background, spectrum, ROIs) can be changed using the Display menu.

2.2. The Toolbar

The row of buttons below the Menu Bar provides convenient shortcuts to some of the most
common |SOTOPIC menu functions.

g The Recall button retrieves an existing spectrum file. Thisis the equivalent of selecting
File/Recall from the menu.

E Save copies the currently displayed spectrum to disk. It duplicates the menu function
File/Save As....

16
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Start Acquisition starts data collection in the active Detector. This duplicates
Acquire/Start and <Alt + 1>,

Stop Acquisition stops data collection in the active Detector. This duplicates
Acquire/Stop and <Alt + 2>.

%

Clear Spectrum clears the Detector or file spectrum in the active window. This
duplicates Acquire/Clear and <Alt + 3>.

|

| Mark ROI automatically marks an ROI in the active spectrum at the marker position,
according to the criteriain Section 3.8.2. This duplicates <Insert>.

f?"| Clear ROI removes the ROI mark from the channels of the peak currently selected with
the marker. This duplicates ROI/Clear and <Delete>.

The next section of the Toolbar (Fig. 3) contains the buttons that control -_LIIIG Log A
the spectrum vertical scale. These commands are also on the Display I_QJ

menu. In addition, vertical scale can be adjusted by zooming in with the
mouse (see Fig. 9).

Figure3. Vertical
Scaling Section of
Toolbar.

Leg)  Vertical Log/Lin Scale switches between logarithmic and linear
scaling. When switching from logarithmic to linear, it uses the previous linear scale
setting. The keyboard equivalent is Keypad</>.

ﬂ Vertical Auto Scale turns on the autoscale mode, a linear scale that automatically
adjusts until the largest peak shown is at its maximum height without overflowing the
display. The keyboard equivalent is K eypad<*>.

Thefield to the left of these two buttons displays L OG if the scale islogarithmic, or indicates
the current vertical full-scale linear value.

The horizontal scaling section (Fig. 4) follows next. It includes a J< ﬁ|.$.|ﬂ|

field that shows the current window width in channels, and the _ . .

Zoom In, Zoom Out, Center, and Baseline Zoom buttons. Figure4. Horizontal Scaling
. . Section of Toolbar.

These commands are also on the Display menu. In addition,

horizontal scale can be adjusted by zooming in with the mouse (see Fig. 9).
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@ Zoom I n decreases the horizontal full scale of the Expanded Spectrum View according to
the discussion in Section 2.1, so the peaks appear “magnified.” This duplicates
Display/Zoom In and Keypad<+>.

ﬂ Zoom Out increases the horizontal full scale of the Expanded Spectrum View according
to the discussion in Section 2.1, so the peaks appear reduced in size. This duplicates
Display/Zoom Out and K eypad<->.

ﬂ Center moves the marker to the center of the screen by shifting the spectrum without

moving the marker from its current channel. This duplicates Display/Center and
Keypad<5>.

_jéil Baseline Zoom switches to autoscale mode and sets the baseline of the Expanded
Spectrum View to zero. Autoscale is then switched off.

NOTE In addition to the preceding commands, see the Full View command on the Display
menu (duplicated by <Alt+F7>). This function adjusts the horizontal and vertical
scaling to display the entire spectrum in the Expanded Spectrum View.

The right-most part of the Toolbar isadroplist of the available
Detectors (Fig. 5). To select a Detector or the buffer, click in the
field or on the down-arrow beside it to open thelist, then click on
the desired entry. The sidebar will update with the live time, real

2 digART on RIGHT 150-Ca

Figure5. Drop-Down

time, and presets for the spectrum sel ected. Detector List.

Finally, when the mouse pointer is paused over the center of a Toolbar |2

button, a pop-up tool tip (also mouse over) box opens, describing the @

button’s function (Fig. 6). [Stop acquisition]

Figure6. Tool Tip.
2.3. Using the Mouse

The mouse can be used for every function in ISOTOPIC except text entry. The following
sections describe specialized mouse functions.

2.3.1. Moving the Marker with the Mouse

To position the marker with the mouse, move the pointer to the desired channel in the Expanded
Spectrum View and click the left mouse button once. This will move the marker to the mouse
position. Click in the Full Spectrum View to move the expanded view to that place. Thisis
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generally amuch easier way to move the marker around in the spectrum than using the arrow
keys and keyboard shortcuts, although mouse and keyboard commands can be mixed.

2.3.2. The Right-Mouse-Button Menu

Figure 7 shows the right-mouse-button menu. To open it, position the Start

mouse pointer in the spectrum display, click the right mouse button, then Ef;:r

use the left mouse button to select from the list of commands. Not all of the Copy to Buffer
commands are available at all times, depending on the spectrum displayed S

and whether the rubber rectangle is active. Except for Undo Zoom I n and Zoom Out
Input Count Rate, al of these functions are on the Toolbar or in one of the Undo Zoom In
Menu items. See Section 3.11 for more information on the commands. ’;::“r EE:
2.3.3. Using the “Rubber Rectangle” e o e
The rubber rectangle is used for selecting a particular area of interest fdt; SS——
within a spectrum. It can be used in conjunction with the right-mouse- , ,
button menu (see Fig. 7) for many functions. To draw arubber rectangle: Egﬂ;g;uﬁ'ognht'

_ ) _ Menu for Spectra.
1. Click and hold the left mouse button; this anchors the starting corner

of the rectangle.

2. Drag the mouse diagonally across the area of interest. A reverse-
color rectangle bisected by the marker line is drawn. Note that
when drawing arubber rectangle, the marker line combines with
a horizontal line inside the rectangle to form crosshairs (Fig. 8).
They make it easy to select the center channel in the area of
interest — this might be the center of an ROI to be marked
or unmarked, a portion of the spectrum to be summed, or a peak
for the Peak I nfo function.

|
ndl

Marker: 310 = uncal 25,863 Cntz

3. Release the mouse button; this anchors the ending corner of the
rectangle.

Figure8. The Rubber

4. Right-click the mouse to open the context menu and select one of Rectangle's Crosshairs.
the available commands. Once an areais selected, the commands
can also be issued from the Toolbar, Menu Bar, Status Sidebar, or keyboard.

Asan example, Fig. 9 illustrates the process of marking a region with a rubber rectangle and
zooming in using the right-mouse-button menu.
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The rectangle can also be moved using the arrow keys. The <Shift + <> and <Shift + -> keys
move the box left and right, while <Shift + 1> and <Shift + !> move the box up and down. This
enables the box to be precisely positioned.

Marker 5343 = 131.24 KEV 5 Chts,

Start
Stop
Clear
Copy to Buffer

Zoom Out
Unda Zoom In

Mark ROI
i Clear ROI
Peak Info

Input Count Fate
Sum

Marker 5343 = 131.24 KEV 5 Crt

d..

Marker: 5343 = 131.24 KEV 5 Chts

Figure 9. Zooming In Using the Rubber Rectangle and
Right-M ouse-Button Menu.

2.3.4. Sizing and Moving the Full Spectrum View

To change the horizontal and vertical size of the Full Spectrum View, move the mouse pointer
onto the side edge, bottom edge, or corner of the window until the pointer changes to a double-
sided arrow (see Fig. 10). Click and hold the left mouse button, drag the edge of the window
until it isthe desired size, then rel ease the mouse button.

To move the Full Spectrum View to adifferent part of the screen, move the mouse pointer onto
the top edge of the window until the pointer changes to a four-sided arrow (see Fig. 10). Click
and hold the left mouse button, drag the window to its new location, and rel ease the mouse
button.
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te  Analyze Library Services BOl Display

7| | 06 1[ves & | R

Figure 10. Two-Sided Pointer for Sizing Full
Spectrum View, and Four-Sided Pointer for
Moving Window.

2.4. The ROI, Peak, and Library Indexing Buttons

The ROI, Peak, and Library indexing buttons on the Status Sidebar

are useful for rapidly locating ROIs or peaks, and for advancing between
entriesin the library. When the last item in either direction is reached, the
computer beeps and ISOTOPIC posts a*“no more” message on the Supple-
mentary Information Line. If alibrary file has not been loaded or the Detec-
tor is not calibrated, the Library buttons are disabled and shown in gray.

The indexing buttons are displayed in two different ways, depending on
whether the active spectrum is a Detector or a buffer. This two are shown
inFig. 11.

When the active spectrum is a Detector, the buttons appear at the bottom
of the Status Sidebar. If the active spectrum is a buffer, the buttons are
overlaid where the Presets and indexing buttons are displayed in Detector
mode.

The ROI, Peak, and Library buttons function the same for both Detector
and buffer. For buffers, the additional features are the ability to insert or
delete an ROI with the I ns and Dél buttons, respectively (located between
the ROI indexing buttons); and to display the peak information for an ROI
with the Info button (located between the Peak indexing arrows).

Ll ROI £|
Ll Peak £I
il Library il

et

Peal

3 o] gf
E Library ﬂ

Figure1l.
Indexing
Buttons
(Detector
window, top;
buffer window,
bottom).
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The Library buttons are useful after a peak has been located to advance forward or backward
through the library to the next closest library entry. Each button click advances to the next
library entry and moves the marker to the corresponding energy.

Instead of using the Peak buttons to index from a previously identified peak, position the marker
anywhere in the spectrum and click on the Library buttons to locate the entries closest in energy
to that point. If awarning beep sounds, it means that all library entries have been exhausted

in that direction, or that the spectrum is not calibrated. In any case, if an appropriate peak is
available at the location of the marker, data on the peak activity are displayed on the Marker
Information Line at the bottom of the screen.

The ROI and Peak indexing buttons are duplicated by <Shift + «>/<Shift + -> and <Ctr|

+ «>/<Ctrl + ->, respectively. The Library buttons are duplicated by <Alt + «>/<Alt + ->.
The Del button function is duplicated by the <Delete> key and Clear ROI on the menus and
Toolbar. The I ns button has the same function as the <Insert> key and Mark ROI on the menus
and Toolbar. The I nfo button duplicates the Calculate/Peak I nfo and the Peak I nfo command
on the right-mouse-button menu.

2.5. Drag and Drop

Several types of files can be selected and loaded into ISOTOPIC using the Windows drag-and-
drop feature. Thefile types are: spectra(.spc, .aN1, .cHN), calibration (.cLB), library (.L1B),
analysisresults (. uro), peak background correction (.pBc), and region of interest (.ro1).

The drag-and-drop file is handled the same as afile-recall operation for that type of file. For
spectra, this meansthe file isloaded into a buffer and displayed. Library and PBC files become
the working library and PBC files, respectively. The ROIs saved in an .roz file are read and the
regions set.

To drag and drop, open |SOTOPIC and Windows Explorer, and display both together on the
screen. Locate afilein Explorer such as evpemo. rox. Now click and hold the left mouse button,
move the mouse (along with the file “ghost”) to the ISOTOPIC window, and release the mouse
button. The .roz file will be read and the regions set.

2.6. Associated Files

When ISOTOPIC isinstalled, it registers the spectrum files in Windows so they can be opened
from Windows Explorer by double-clicking on the filename. The spectrum files are displayed in
GVPlot. These files are marked with a spectrumicon (¥¢) in the Explorer display. The .erT and
.ent files are also registered, and have an ORTEC icon (). They open in Windows Notepad.
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2.7. Editing

Many of the text entry fieldsin the ISOTOPIC dial ogs support the Windows Undo

editing functions on the right-mouse-button menu. Use these functions to copy Cut

text from field to field with ease, as well as from program to program. Position Eoy

the mouse pointer in the text field and click the right mouse button to open the Paste

menu shown in Fig. 12. Select a function from the menu with the left mouse Delete

button. Select Al
Figure 12.
Right-M ouse-
Button Menu
for Dialogs.

23



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

24



3. MENU COMMANDS

This chapter describes all of the ISOTOPIC Supervisor menu commands and their associated
dialogs. Asis customary for Windows menus, the shortcut key(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
Recall... dialog under File can be reached by the following key sequence: <Alt + F>,

<Alt + R>.) Theellipsis(...) following a menu selection indicates that adialog is displayed to
complete the function. Finally, asmall arrow (“»”) following a menu item indicates a submenu
with more commands. The menus and commands, in the order they appear on the menu bar, are:

File (page 28)
Settings...
Recall...
Save As...
Print
Compare...
Exit
About ISOTOPIC...

Acquire (page 32)
Start Alt+1
Stop Alt+2
Clear Alt+3
Copy to Buffer Alt+5
QA »

Settings...

M easure Background

Measure Sample

Status...

Control Chart...

Archive Database
Download Spectra
ZDT Display Select F3
MCB Properties...

Calibrate (page 60)
Energy...
Description...
Recall Calibration...
Save Cadlibration...
Print Calibration...
Calibration Wizard...
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Calculate
Settings...
Peak Info
Sum
Smooth
Strip...

Settings
Configurations...
Crystal Reports...
Attenuation...
Peak Background Correction »
Create PBC...
Select PBC...
Edit PBC...
Diagnosis »
Display Anaysis Results...
Interactivein Viewed Area...
Mode »
Container/Surface
Soil

Library
Select Peak...
Select File...
Edit »
Isotopic Editor...
Nuclide Navigator...
List...

Services
Database Management »

Create Database...

Select Database...

Purge Scans...

Manage Configurations...
Operator Permissions...
Change Password...
Lock/Unlock Detector...
Edit Detector List...

ROI
Off F2 or Alt+O
Mark F2 or Alt+M
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UnMark F2 or Alt+U
Mark Peak Insert

Clear Delete
Clear All

SaveFile...

Recadll File...

Display (page 171)
Logarithmic Keypad(/)
Automatic Keypad(*)
Baseline Zoom
Zoom|In Keypad(+)
Zoom Out Keypad(-)
Center Keypad(5)
Eull View Alt+F7
Preferences »

Points

Fill ROI

Fill All

Fill Singlets

Fill Multiplet Peaks

Fill Multiplet Composites
Spectrum Colors...

Peak Info Font/Color...

Window (page 175)
Cascade
Tile Horizontally
Tile Vertically
Arrange Icons
[List of spectrum windows]

Right-M ouse-Button Menu (page 175)
Start
Stop
Clear
Copy to Buffer
Zoom In
Zoom Out
Undo Zoom In
Mark ROI
Clear ROI
Peak Info
Input Count Rate
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Sum
MCB Properties

3.1. File

The File menu contains the spectrum file save, recall, print, and

compare commands as shown in Fig. 13.

3.1.1. Settings...

The File Settings dialog (Fig. 14) allows you to specify the directories
for al the major file types used by ISOTOPIC, including libraries,

calibrations, reports, and spectra.

To change the path (L ocation) of a particular File Type, click on the
desired file type to highlight it, then click on Modify.... Thiswill open
astandard file-recall dialog. Choose a new path and click on Open.
When all path changes have been completed, click on OK to use them or Cancel to retain the

previous settings.

The Start Up directory can be
changed if you wish to move the
entire \user directory to another
location, such as adifferent drive or
afolder under \My Documents.

The Context Files (.cxt) contain
detector and analysis information
that should not be edited (generally
reserved for factory use).

The Spectra directory contains the
spectrum files and their corresponding
analysis and report files (. spc, .2n1,
.SPE, .CHN, .RPT, and .HTML).

The ROI Filesdirectory contains
thefiles (.roz) for the ROI presets.

28

Settings
Recall...
Sawve As...
Prink. ..

Campare, ..

Exit

About Isotopic, ..
Figure13. File

M enu.

File Settings E]@
Directories l
File Types Location
Start Up C:iUzert,
Contest Files C:h U gerCuth20h
Spectra C:hUserh
ROl Files C:hUserh,
Libraries C:hU serh
Reports C:hUserh,
Table Files C:hUzert,
Sample Types C:hUserh,
Calibrations C:hUserh,
kdodify...
Qk. | Cancel

Figure 14. File TypeLocations.
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The Librariesdirectory contains the library (.nib and .mdb) and peaked background

correction(. pBc) files.

The Reports directory contains the QA reports.

The Table Files directory includes the tables for the alphal/rho (. rho) information, energy

(.enT) and efficiency (.EFT).

The Sample Types directory isintended for the sample definition (. soF) files, which direct

spectrum analysisin QA.

The Calibrations directory contains the combined energy and efficiency calibration files (. cLB).

3.1.2. Recall...

This command opens a standard file-
open dialog (Fig. 15) that allows you
to select a spectrum file for display.
When you select afile, it opensin a
new buffer window. The spectrum files
are created with the ISOTOPIC Save
As... command and by any other
programs that can produce the . can,
.spc, or . spE format (e.g.,
MAESTRO, GammaVision®-32).

Note the Show Description checkbox
on the lower left of the dialog. Use
this to display the sample description,
format, and spectrum size of each file
without having to open it. Spectra up
to 32K (or 32768) channels can be
recalled and analyzed.

Recall Spectrum File

2X
c E-

Hr MixEL000mem. Anl
I 11 EL000mm. Spe
Phx MixEu100mm, Ani
I 11 E 1 00mm. Spe
Hhr MixEuzS0mm. Ani
I 1 Euzs0mm. Spe

>

Loak jn: | ) Uszer ﬂ
[)Cxts20 M co00m00.5pc
[iManuals '83341 JSpC
| Test Files 'Canberra detector, Spc
W aH4275.5pc Mooz spe
ttl: 104,801 ‘avDiemo, Spc
P 109-2.8n01 P M1Dema.ant

4
File name: |GVD emo.Spo

Files of twpe: |Integer SPC

[v Show Description:

|nteger Data Format

MI=ED GaMMA MARINELLI OM ENDCAP OF P402E34

ﬂ Cancel

16384 Channelz

Figure 15. Recall a Spectrum File.

If the maximum eight buffer windows are currently open, ISOTOPIC attempts to close the oldest
buffer. Answering No cancels the recall operation and the oldest buffer remains onscreen.
Answering Y es closes the oldest buf-fer and opens a new buffer containing the recalled file. If
the oldest buffer contains data that have not been saved, awarning dialog first asksif the data
should be saved. Click on Yesto save and No to close without saving. When the spectrum is
successfully recalled, ISOTOPIC loads its descriptors (start time, live time, real time, Detector
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and sample descriptions) and calibration information (if any), and displays the filename and
sample description on the Title Bar of the buffer window.

For spectrum files containing multiple spectra (such as ZDT mode spectrain DSPEC-series
instruments), both spectra are automatically recalled.

3.1.3. Save As...
This command opens a standard file-save Save Spectrum File @@
dialog (Fig. ;6) so the current §pe§trum can Save in | 3 User =] ok [~
be saved to disk. Enter any valid filename ICcxts20 M cemas.spe P MixGamooomm. Anl |
(consisting of an optional driveand directory, |2 Mocmon M
afilename, and an optional extension) in the ;ﬁ::zﬁw t’um;xgugggmm.:m gﬂxgamigﬂmipi |
Filenamefield and click on Save. The recom- -%mglmm t'hMixEUIDDmm:Apnl gMixGamZSDmm:Spc |
: H GBEICCMO0, Spc MizEul00mm, Spc Rich Detector.Spc
mended and defaUIt eXter_]S onare .ShOWI"I inthe MW E3341.5pc i i:ttMixEuzmmm..c\I:.l W ater FiIter.Spf
Save astypefield. Thefile extension should ;?Canberra detector Spc - JMxEu250mm.Spe N
- . . ile: narne: i Save
Thisisespecialy trueif the spectraareto be
used in non-ORTEC programs. If you wish to Save asype: [Intsger SPC < cacd |

save to other than Integer SPC, use the Save
astypelist to select the desired format.

Figure 16. Save As.

If the filename you have specified already exists, a message box opens asking you to verify the
entry or cancel the operation. Clicking on OK will completely overwrite the existing file. After
the disk file has been saved, its filename is displayed on the spectrum window Title Bar.

For hardware with multiple spectra, for instance, MCBs that support ZDT mode, both spectra are
automatically saved in thefile.

3.1.4. Print

The Print function does one of the following:
e |f the marker isin an ROI, the data contents of the ROI channels are printed.

e |f the marker isnot in an ROI, the contents of the channels in the spectrum window are
printed.

Usethe Print dialog (Fig. 17) to print the output or saveitinadisk file (click on Print to fileto

mark it). Click on Propertiesto change print options such as paper orientation and resolution.
The data are formatted at seven channels per line with the channel number on the | eft.
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Pritter

Name:  [RAD -HF Laserlet P2015 Series PCL6 > | |1 Propettiss’

Status: Ready

Type: HF Laser)et P2015 Series PCL B

“Where:  Bldg 4 R&D

Comment: I Print ta file

ak. Caticel

Figure17. Print Spectrum.

3.1.5. Compare...

This function displays a spectrum from disk +-* Bulfer - pad 1 m1_ An1 - bkgarea-a Spe
along with the active spectrum so the two
can be visually compared. When you select
Compare..., astandard file-recall dialog box
opens. When you select the desired spectrum
file, the active spectrum window shows both
spectra, asillustrated in Fig. 18.

Note that the spectrain thisillustration are
displayed in Fill All mode, in which all of
the area under the peaksisfilled with a color
different from the back-ground (see Display/
Preferences/Fill All, Section 3.9.8.1).

For instruments that support ZDT mode,
both spectra (live-time-corrected [LTC] or
uncertainty [ERR] and ZDT) are compared.
Normal refersto LTC or ERR; Corrected
refersto ZDT. Use <F3> to switch between Normal and Corrected for both spectra, that is, to
show Normal/Normal or Corrected/Corrected. To switch only the compare between Nor mal
and Corrected, use <Shift + F3>, that is, to show Normal/Corrected use <Shift + F3>.

Figure 18. Compare M ode Screen.

The Compare spectrum is offset from the starting spectrum and can be moved up and down
incrementally with the <Shift + 1> and <Shift + | > accelerators. In addition, the vertical scale
of both spectra can be simultaneously changed with <1>and <!>.

Note that the Compare spectrum ROI s (if any were saved with the file) are not marked in this
mode.
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Figure 19 isadetailed view of the compare similar to that in Fig. 18,

In thisillustration, the starting spectrum is displayed in color (1), the
Compare spectrum is shown in color (2), the starting spectrum ROIs
are marked in color (3), and the portion of the starting spectrum that
exceeds the Compare spectrum isindicated by color (4). These colors
(called Foreground, Compare, ROI, and Composite, respectively) are
chosen on the Color Preferences dialog discussed in Section 3.9.8.3.

Press <Esc> to |leave Compare mode.

3.1.6. Exit

)

0'

Figure 19. Spectrum
Colorsin Compare
Mode.

This exits ISOTOPIC and returns to Windows. If the buffer
contains a spectrum that has not been saved, a warning message
is displayed. All MCBs continue to acquire data until the presets are met.

3.1.7. About ISOTOPIC...

Figure 20 shows the About box for
ISOTOPIC. It provides software version
information that will be useful should
you need customer support.

If your PC is connected to the Internet,
click ontheVisit ORTEC On-Line
button to browse the ORTEC website,
which includes application notes, tech-
nical papers, information on training
courses, product information, and access
to our Global Service Center.

|sotopic Supervisor -- Analysis for Windows

|zatopic Supervizor Model ISOPLUS-B32
Yersion 4.1.1.0
UMCEl Kermel Yersion 610 Connections-32 Yersion 510

lzotopic Supervigor provides advanced Multi-Channel Analyzer
capabilities and supports DSPECE, ADCAM® series and Vissk
SFECTRUM MASTER® hardware. DSPEC, ADCAM and @

SPECTRUM MASTER are trademarks of Advanced Measurement RTEC Online
Technology, Inc..

This product iz licensed to:

Preferred Customer
ORTEC

Copyright € 2007 Advanced Measurement Techiology, Inc. All Rights Feserved.

Figure 20. About ISOTOPIC.

3.2. Acquire

The Acquire menu is shown in Fig. 21. Access to the various functions depends on whether the
active spectrum is a Detector or buffer. Download Spectraisonly available for the digiDART
and DART. ZDT Display Select isonly valid for instruments that support ZDT mode.

NOTE

In some cases, a Detector option will be inactive because it is disabled for the current

Detector (while it might still be valid for some other Detector in the system, or for
this Detector under different conditions).
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3.2.1. Start

Thisinitiates data collection in the active Detector. Any warnings

arising from problems detected at the hardware level will appear in a Clear Ale+3
message box or on the Supplemental Information Line at the bottom

of the display. The Detector can also be started with the <Alt + 1> QA v

shortcut, the Start Acquisition button on the Toolbar, or the Start
command on the right-mouse-button menu. If the Detector is aready

started or if abuffer isthe active spectrum, this entry is gray. MCE Propert
roperfes

Figure2l. Acquire

NOTES To associate a sample description with this spectrum, Men

before starting acquisition select Acquire/MCB
Properties, click on the About tab (see Fig. 27 on
page 42), enter the Sample description, and click on Close.

The Supervisor program does not have a spectrum analysis capability. To analyze a
spectrum acquired here, go to the Operator program and use the Select configuration
and file(s) and Analyze spectrum in memory commands as described in the
Operator User Manual.

3.2.2. Stop

Stop terminates data collection in the active Detector. If the Detector is not collecting data or the
active spectrum is a buffer, the entry is gray. The Detector can also be stopped with the shortcut
<Alt + 2>, the Stop Acquisition button on the Toolbar, and the Stop command on the right-
mouse-button menu.

3.2.3. Clear

Clear erases the spectral data and the descriptors (e.g., real time, live time, start time) for the
active spectrum. The presets are not altered. (This function might not operate on some types of
Detectors when they are collecting data.) The data can also be cleared with <Alt+ 3>, the Clear
Spectrum button on the Toolbar, or the Clear command on the right-mouse-button menu.

3.2.4. Copy to Buffer

The Copy to Buffer function opens a Buffer window (or uses an unused Buffer) then transfers
the data and descriptors (e.g., live time, real time), from the active Detector to the Buffer. This
function can aso be performed with <Alt + 5> or the Copy to Buffer command on the right-
mouse-button menu.
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3.2.5. QA
See Chapter 5, “Quality Assurance.”

3.2.6. Download Spectra...

Thisis supported only by the Detective, trans-SPEC, digiDART, DART, and MicroNOMAD.
This command downloads the spectra from the portable MCB to the computer disk. Thefilesare
stored in the directory defined under File/Settings... in the format you select when saving. The
filename format is:

where:
sss Is the sequence number of the spectrum. Thisis the index number shown on
the digiDART spectrum list display.

iiiiiiii  isthelD string entered when the spectrum was collected. It is shown on the
digiDART spectrum list display.

ddddddddd isthe date the spectrum was collected, as recorded in the MCB.
ttttttttt ISthetime the spectrum was collected, as recorded in the MCB.
ext Is the extension for the spectrum file type selected.

NOTE This command does not erase the spectrafrom the Detector.

3.2.6.1. The Detective sMCA Mode: Conversion Gain Setting Affects Downloaded and
Moved Spectrum Size

Spectra acquired on the standal one Detective always contain 8192 channels of data. However,
when you switch the Detective to MCA Mode and connect to a PC, the conversion gain can be
set from 512 to 16384 channels. If the conversion gain is set at other than 8192 channels, be sure
to set it back to 8192 before downloading or moving spectra from the Detective. Otherwise, the
resulting spectra, as saved on the PC, will contain the same number of channels as the current
conversion gain setting. Thus, if the conversion gainis set at 1024 channels when the
Acquire/Download Spectra command is issued, the spectra saved on the PC will be missing the
datafrom channels 1024 through 8191. Similarly, if you M ove a spectrum when the conversion
gainis 1024, only the first 1024 channels of datawill be displayed in the buffer window.

34



3. MENU COMMANDS

3.2.7. ZDT Display Select

This command is active only when the current Detector supports ZDT mode (for instance,
DSPEC-series instruments) and is operating in one of the zero-dead-time (ZDT) modes. The
ZDT modeis selected on the ADC tab under Acquire/M CB Properties.... When the instrument
iIsinaZDT mode, two spectra are collected; this selects which spectrum to display.

The spectrum is |abeled in the upper-right corner of the Full Spectrum View. Either the ZDT,
LTC, or ERR label appearsin the Full Spectrum View. Thisfunction is duplicated by <F3>.
For more detailed information on ZDT mode, see Section 3.2.8.4.

3.2.8. MCB Properties...

ORTEC CONNECTIONS-32 applications use a uniform data-acquisition setup dialog called
Properties. In ISOTOPIC, the Properties dialog opens when you select the Acquire/MCB
Properties... command. The Detector most often used with ISOTPIC isthe digiDART,; its
hardware parameter setup dialogs are described here. ISOTOPIC will operate with any ORTEC
CONNECTIONS MCB. To see the Properties dialogs for our other CONNECTIONS-compliant
MCBs, see the ORTEC MCB CONNECTIONS-32 Hardware Property Dialogs Manual.

Depending on the currently selected MCB, the Properties dialog displays several tabs of
hardware controls including ADC setup parameters, acquisition presets, high-voltage controls,
amplifier gain adjustments, gain and zero stabilizers, pole-zero and other shaping controls, and
access to the InSight™ Virtual Oscilloscope. In addition, the Status tab for certain MCBs
monitors conditions such as detector status, charge remaining on batteries, and the number of
spectra collected in remote mode. Find your Detector’s setup section here or in the MCB
Properties Manual, move from tab to tab and set your hardware parameters, then click on Close.
Note that as you enter characters in the data-entry fields, the characters will be underlined until
you move to another field or until 5 seconds have elapsed since a character was last entered.
During the time the entry is underlined, no other program or PC on the network can modify this
value.

If the Detector islocked (see Section 3.7.3), you must know the password before you can modify

its MCB properties. To view alocked Detector’ s properties in read-only mode, click on Cancel
when the Unlock Password dialog opens.
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3.2.8.1. digiDART

Amplifier
Figure 22 shows the Amplifier tab. Properties

Thistab contains the controls for Field [1ata | About I Statuz I Frezets I MDA Prezet I Muclide Report

Gain, Baseline Restore, Preamp- Amplfier | Amplfier2 | A4DC | Stabiizsr | HighVohage
||f|.e|’ Typ_e’ InpUt Pol arlty’ and — Gain: 1.87 — Bazeline Restars — Optimize
optimization. The Start Auto 0.45 100 | oo = StatAuto |
(optimize) button should be clicked Stop futo |

— Preamplifier Type

IFlesistu:ur Feedl:uau:lej — Input Palarity——
[+ &[]

only after al of the controlson
the tabs have been set.

NOTE The changesyou make
on this tab take place
immediately. Thereisno

cancel or undo for this Cloze |

dialog. Figure 22. ThedigiDART Amplifier Tab.

Gain
Set the amplifier coarse gain by selecting from the Coar se droplist, then adjust the Fine gain
with the horizontal slider bar or the edit box, in the range of 0.45 to 1.00. The resulting effective

gainis shown at the top of the Gain section. The two controls used together cover the entire
range of amplification from 0.45 to 100.

I nput Polarity

The Input Polarity radio buttons select the preamplifier input signal polarity for the signal from
the detector. Normally, GEM (p-type) detectors have a positive signal and GMX (n-type) have a
negative signal.

Baseline Restore

The Baseline Restor e is used to return the baseline of the pulses to the true zero between
Incoming pulses. Thisimproves the resolution by removing low frequency noise such as dc
shifts or mains power ac pickup. The baseline settings control the time constant of the circuit
that returns the baseline to zero. There are three fixed choices (Auto, Fast, and Slow). The fast
setting is used for high count rates, the slow for low count rates. Auto® adjusts the time constant
as appropriate for the input count rate. The settings (auto, fast, or slow) are saved in the

SPatent number 5,912,825.
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digiDART even when the power is off. The time constant can be manually set on the InSight
display (see the discussion in the MCB Properties Manual).

Preamplifier Type
Use the Preamplifier Transistor Reset or Resistive Feedback preamplifier operation. The
choice will depend on the preamplifier supplied with the germanium detector being used.

Optimize

The digiDART is equipped with both automatic pole-zero logic'® and automatic flattop logic.*
The Start Auto (optimize) button uses these features to automatically choose the best pole zero
and flattop tilt settings. Pole zero is not performed for Transistor Reset preamplifiers.

Aswith any system, the digiDART should be optimized any time the detector is replaced or if
the flattop width is changed. For optimization to take place, the digiDART must be processing
pulses. The detector should be connected in its final configuration before optimizing is started.
There should be a radioactive source near the detector so that the count rate causes a dead time
of ~5%. Dead time is displayed on the digiDART front panel and on the Status Sidebar during
data acquisition.

Select either the Resistive Feedback or Transistor Reset option and click on Start Auto. The
optimize command is sent to the digiDART at thistime and, if the digiDART is able to start
the operation, a series of short beeps sounds to indicate that optimization isin progress. When
optimizing is complete, the beeping stops.

During optimization, pole zeroes are performed for several rise-time values and the digiDART is
cycled through all the rise time values for the determination of the optimum tilt values. As all of
the values for all the combinations are maintained in the digiDART, the optimize function does
not need to be repeated for each possible rise time. The optimization can take from 1 to 10
minutes depending on count rate.

The optimization should be repeated if the flattop width is changed.

The effect of optimization on the pulse can be seen in the InSight mode, on the Amplifier 2 tab.
Note, however, that if the settings were close to proper adjustment before starting optimization,
the pul se shape might not change enough to be seen. The most visible effect of incorrect settings
Is high- or low-side peak tailing or poor resolution. For small changes in the settings, the change
in the shape of the spectrum peaks might be too small to see.

Opatent number 5,872,363.

Upatent number 5,821,533.
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Amplifier 2

Figure 23 shows the Amplifier 2 tab, which accesses the advanced digiDART shaping controls
includ-ing the InSight Virtual Oscilloscope mode. Note that InSight mode is help-ful for timing
and other diagnostic work but is generally not useful for simple spectroscopy applications. It
iIsexplained in detail in the MCB Properties Manual .

The many choices of Rise Time allow a precise control in the tradeoff between resolution and
throughput. The value of the rise time parameter in the digiDART is roughly equivalent to twice
the integration time set on a conventional analog spectroscopy amplifier. Thus, adigiDART
value of 12 us corresponds to 6 pusin aconventional amplifier. Starting with the nominal

value of 12 us, increase the rise time for better resolution for expected lower count rates, or
when unusually high count rates are anticipated, reduce the rise time for higher throughput with
somewhat worse resolution. Increasing the rise time to alarge value can increase (worsen) the
resolution due to the increase in the signal noise included in the peak signal.

Use the up/down arrows to adjust Properties
the Rise Time within the range Of 0.2 Figld Data | Aot | Status I Preszets | kDA Preset | Muclide Report
to 23.0. After all the controls have Amplfier  Ampliier2 | ADC | Stabiizer | HighVoltage

been adjusted, return to the Amplifier

. Rize Time — Flattop
tab and click on Start Auto. The [ _ :
, . [zo0 =] | | widh [0:80 -
most recent settings are saved in the 20 3 | | :I
digiDART firmware even when the Tik [ 0.03306 =
power isturned off. - Pale Zera

For the more advanced user, the
InSight mode gives adirect view of
al the parameters and the controls
to adjust them interactively while Close |

[nSight i H
[ stat | Stop | [2064 :|

collecting live data. To access the Figure 23. The digiDART Amplifier 2 Tab.
InSight mode, go to the InSight

section on the Amplifier 2 tab and
click on Start. The InSight modeis
discussed in more detail in the MCB Properties Manual.

Note that the Amplifier 2 tab graphically presents a modeled shape. Thisis not a sampled
waveform of the actual pulse shape, only a model based on the current parameters. The modeled
shape is nominally a quasi-trapezoid whose sides and top might be adjusted by the controlsin
thisdialog. While a particular control is being adjusted, the model is updated to represent the
changes made.
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The Rise Time vaueisfor both the rise and fall times; thus, changing the rise time has the
effect of spreading or narrowing the quasi-trapezoid symmetrically.

The Flattop controls adjust the top of the quasi-trapezoid. The Width adjusts the extent of the
flattop (from 0.3 to 2.4 us). The Tilt adjustment varies the “flatness’ of this section slightly. The
Tilt can be positive or negative. Choosing a positive value results in aflattop that slopes
downward; choosing a negative value gives an upward slope. Alternatively, the optimize feature
on the Amplifier tab can set the tilt value automatically. This automatic value is normally the
best for resolution, but it can be changed on this dialog and in the InSight mode to accommodate
particular throughput/resol ution tradeoffs. The optimize feature also automatically adjusts the
pole-zero setting.

The dead time per pulseis (3 x Rise Time) + (2 x Flattop Width).

In the Pole Zer o section, the Start button performs a pole zero at the specified rise time and
other shaping values. Unlike the optimize feature, it performs a pole zero for only the onerise
time. The pole-zero Stop button aborts the pole zero, and is normally not used.

When the settings are correct, Close the Properties dialog and prepare to acquire data.

Once data acquisition is underway, the advanced user might wish to return to M CB Properties...
and click on the Insight section Start button to adjust the shaping parameters interactively with
a“live” waveform showing the actual pulse shape, or just to verify that all iswell. To enter the
InSight mode, click on the Start button; refer to the discussion in the MCB Properties Manual.

ADC

Thistab (Fig. 24) contains the Gate, ZDT M ode, Conversion Gain, Lower Level
Discriminator, and Upper Level Discriminator controls. In addition, the current real time, live
time, and count rate are monitored at the bottom of the dialog.

Gate

The Gate control alows you to select alogic gating function. With this function Off, no gating
is performed (that is, all detector signals are processed); with the function in Coincidence, a
gating input signal must be present at the proper time for the conversion of the event; in
Anticoincidence, the gating input signal must not be present for the conversion of the detector
signal. The gating signal must occur prior to and extend 500 nanoseconds beyond peak detect
(peak maximum).
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Conversion Gain

The Conversion Gain setsthe
maximum channel number in the
spectrum. If set to 16384, the energy
scale will be divided into 16384
channels. The conversion gainis
entered in powers of 2 (e.g., 8192,
4096, 2048, ...). The up/down arrow
buttons step through the valid settings
for the digiDART.

Upper- and Lower-Level
Discriminators

In the digiDART, the lower- and
upper-level discriminators are under
computer control. The Lower Level
Discriminator setsthe level of

Properties

Field [1ata I About I Statuz | Frezets | MDA Prezet I Muclide Report

Arnplifier I Armnplifier 2 ADC | Stabilizer

Gate Coreersion Gain

IDH j Lower Level Disc
Upper Level Dizc

Feal Time Live Time

304.92 295.40 Count B ate

I High ‘foltage
LY :I
[50 =
[6383 =

30

Cloze |

Figure24. ThedigiDART ADC Tab.

the lowest amplitude pulse that will be stored. This level establishes alower-level cutoff by
channel number for ADC conversions. Setting that level above random noise increases useful
throughput because the MCB is not unproductively occupied processing noise pul ses.

The Upper Level Discriminator setsthe level of the highest amplitude pulse that will be stored.
Thislevel establishes an upper-level cutoff by channel number for ADC conversions.

Stabilizer

The digiDART has both again
stabilizer and a zero stabilizer. Gain
and zero stabilization are discussed

in detail in Section 3.2.8.2. The
Stabilizer tab (Fig. 25) showsthe
current values for the stabilizers.

The value in each Adjustment
section shows how much adjustment
is currently applied. The Initialize
buttons set the adjustment to O. If the
value approaches 90% or above, the
amplifier gain should be adjusted so
the stabilizer can continue to function
— when the adjustment value reaches
100%, the stabilizer cannot make
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Field [1ata I About I Statuz I Frezets | MDA Prezet

Amplifier | Amplifier2 | ADC Stabilizer

1T iGain Stabilization Enabled——

Center Char: IEI
idth: I'I

Suggest Region I

1~ Zem Stabilization Enabled——

Center Char: IEI
width: I'I

Suggest Region |

Muclide Report
High “fcltage

Adjustment——————— Adjustment
’7Initialize| +%E (Initializel +0&

Cloze |

Figure 25. ThedigiDART Stabilizer Tab.
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further correctionsin that direction. The Center Channel and Width fields show the peak
currently used for stabilization.

To enable the stabilizer, enter the Center Channel and Width values manually or click on the
Suggest Region button. Suggest Region reads the position of the marker and inserts values into
thefields. If the marker isin an ROI, the limits of the ROI are used. If the marker isnot in an
ROI, the center channel is the marker channel and the width is 3 times the FWHM at this energy.
Now click on the appropriate Enabled checkbox to turn the stabilizer on. Until changed in this
dialog, the stabilizer will stay active even if the power is turned off. When the stabilizer is
enabled, the Center Channel and Width cannot be changed.

High Voltage

Figure 26 shows the High Voltage Properties
tab’ which alows you toturn the hlgh Field Data I Abaut I Statuz I Fresets I MDA Preset | Muclide Repart |
voltage on or off, set and monitor the ampliies | Amplfier2 | ADC | Stabiizer  HighVokage
voltage, and choose the ShutDown

ag Targetl -3500 | Yalks

mode. 2
0if Actual: 2520 Yaolks " Shutdown

{ORTEC =l

Enter the detector high voltage in the
Target field, click On, and monitor
the voltage in the Actual field. To
turn the high voltage off, click the ‘ on ‘
Off button.

The high voltage is overridden by the Llcse |
detector bias remOte_ shutdown signal Figure26. ThedigiDART High Voltage Tab.

from the detector; high voltage cannot

be enabled if the remote shutdown or

overload signals prevent it. The “Overload” indicator means there is a bad connection in your
system. The “ Shutdown” indicator means that either the detector is warm or you have chosen the
wrong Shutdown mode.

The shutdown can be ORTEC, TTL, or SMART. The ORTEC modeisused for all ORTEC
detectors except SMART-1° detectors, which usethe SMART setting. For other detectors,
check with the manufacturer. The TTL mode is used for most non-ORTEC detectors.

The high voltage in the digiDART is supplied by the SMART-1 module or in a separate DIM.
The recommended HV for SMART-1 is displayed on the dialog. For other detectors, see the
detector manual or data sheet for the correct voltage. The polarity is determined by the DIM or
SMART-1 module.
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Field Data

Thistab (see Fig. 27) is used to view the spectrain the digiDART collected in field mode, that is
without a computer attached. The digiDART is aways in field mode when the computer is
disconnected. The spectrum can then be viewed as the “active” spectrum in the digiDART. The
active spectrum is the spectrum where the new data are collected. The current active spectrumis
lost.

The lower |eft of the tab shows the Properties
total nL_meer of spectra (nOt_ counting Ampliier | amplier2 | ADC | Stabiizer | HighVoltage
the active SpeCtrum) stored in the Field Data I About I Status I Fresets I MDA Preszet I Muclide Report
digiDART memory. The spectrum ID

. . . Move Spectra
of the active spectrumis shown in the =
lower right. The stored spectra cannot -
be viewed or stored in the computer Move

until they are moved to the active
spectrum position.

To move a spectrum from the stored 3 Stored Spectra 123657
memory to the active memory, enter
the spectrum number and click on Close |

Move. Use the up and down arrow
buttons to scroll through the list of
spectra. The label on the lower right
does not update until a spectrumis
moved. The numbers are the same as the numbers on the digiDART display. This only moves
the spectrum to active memory. To save the spectrum on the PC disk, use the File/Save
commands.

Figure27. ThedigiDART Field Data Tab.

The Acquire/Download Spectra can also be used to download all the stored spectra and save
on disk automatically. They can then be viewed in the Buffer.
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About
Thistab (FI g. 28) dISpl ays hardware Properties
and firmware Informa!tlon about the Ampliier | Amplier2 | ADC | Stabiizer | HighVoltage
Currently selected dlgl DART aswell Field Data  About | Status I Presets I kD& Prezet I Muclde Repoart
asthe data Acquisition Start Time digDART sfn 241
and Sample description. Note that
creating an entry in the Sample field
is the only way to add a sample Stafl"bp'e -

. . . | 1
description to a spectrum file created |Ealbuaion souce 1714 L e
in Supervisor. The Access field shows l";‘ﬁ”?[_*;'f'?smz T'"T — — ’*‘Zﬁ*_t
whether the Detector is currentl S e Ay S —

. y Firmware Revizion Sernal Mumber Acquizition bMode
locked with a password (see  DDARO | =%  PHA
Section 3.7.3). Read/Write indicates
that the Detector is unlocked; Read Clase |

Only meansit is|ocked. Figure 28. ThedigiDART About Tab.

Status

Figure 29 shows the Status tab. Properties for: digiDART on middle I50-CART

Twe_nty-one valuesare _monltored a Ampliier | amplier2 | ADC | Stabiizer | HighVoltage
all times. Use the drop“StS to select Field Data I fbout  Status | Presets I MDA Preset I MNuclide Report

any six parametersto be displayed

S multaneously on the Status tab |EFEFI - Security Yerification Errar

Detectar State OF Health

(normally these would be the six [DIM +24V State Of Health =] [ERR
that are most important to you). The [DIM +12 State Of Healh =] [ERR
values you select can be changed at [DIM 12y State Of Heath =] [ERR

any time, so you can view each of

them as needed. Two types of values [DIM 24v State O Heath =] [ERR

are presented: OK or ERR, and IDetectDr Temperature State I:Ifj |EF|FI
numeric value. The state-of-health
(SOH) aredl OK or ERR. If the Close |

state is OK, the parameter stayed
within the set limits during the spec-
trum acquisition. If the parameter
varied from the nominal value by
more than the allowed limit, the ERR is set until cleared by the program. The numeric values are
displayed in the units reported by the digiDART. Security, Detector temperature, and Live
detector temperature are available only for SMART-1 detectors. For non-SMART-1 detectors,

they display N/A.

Figure29. ThedigiDART Status Tab.
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The available parameters are:

Detector State of Health
Thisreads OK if al the SOH are within operating limits and ERR if any oneis outside the
limits.

DIM +24V State of Health
Thisis OK if the +24 volt supply in the DIM has stayed within 200 mV of +24 V since the
last time the SOH was cleared.

DIM +12V State of Health
Thisis OK if the +12 volt supply in the DIM has stayed within 200 mV of +12 V since the
last time the SOH was cleared.

DIM -12V State of Health
Thisis OK if the -12 volt supply in the DIM has stayed within 200 mV of -12 V since
the last time the SOH was cleared.

DIM -24V State of Health
Thisis OK if the -24 volt supply in the DIM has stayed within 200 mV of -24 V since
the last time the SOH was cleared.

Temperature State of Health
Thisis OK if the detector temperature has stayed below the high temperature limit set in
the detector since the last time the SOH was cleared. Thisisavailable only for SMART-1
detectors.

High Voltage State of Health
ThisisOK if the HV supply in the DIM has stayed within 200 V of specified bias voltage
since the last time the SOH was cleared.

Shutdown State of Health
Thisis OK if the detector shutdown has not activated since the last time the SOH was
cleared.

Preamplifier overload State of Health
Thisis OK if the preamplifier overload has not activated since the last time the SOH was
cleared.
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Security State of Health
Thisis OK if the security test was passed at the end of the last spectrum acquisition. This
Isavailable only for SMART-1 detectors.

Power State of Health
Thisis OK if the power to the DIM was constant during the last spectrum acquisition.

+24 volts
Thisisthe current value of the +24 volt supply in the DIM as delivered to the detector.

+12 volts
Thisisthe current value of the +12 volt supply in the DIM as delivered to the detector.

-12 volts
Thisisthe current value of the-12 volt supply in the DIM as delivered to the detector.

-24 volts
Thisisthe current value of the -24 volt supply in the DIM as delivered to the detector.

High Voltage
Thisisthe current value of the high voltage bias supply in the DIM as delivered to the
detector.

Detector temperature
Thisisthe detector temperature at the time the current spectrum acquisition stopped. This
Isavailable only for SMART-1 detectors.

Live detector temperature
Thisisthe detector temperature at the current time. Thisis available only for SMART-1
detectors. Thisinformation is helpful to determine if the detector is cold enough to operate
The normal operation temperature should be 88—100 K. Do not ship the detector when the
temperature is below 296 K.

Battery voltage
Thisisthe current voltage of the internal battery.

Battery % full
Thisis an estimate of the amount of power remaining in the battery.
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Battery timeremaining
Thisis an estimate of the time remaining when operating the digiDART on the internal

battery.
Presets
Figure 30 shows the Presets tab. MDA Properties for: digiDART on middle ISO-CART
presets are shown on a separate tab. amplfies | Amplfier2 | ADC | Stabiizer | High Valtage
Field D ata I About I Status  Presets I kDA Preset I MHuclide Report
The presets can only be set on a R
Detector that is not acquiring data | e i 2 N
(during acquisition the preset field [O000 Live Time -
backgrounds are gray indicating that Start Chan: [3012
they areinactive). Any or al of the [ FILY el width [55
presets can be used at onetime. To [ ROllega
disable a preset, enter avalue of zero. Suggest Fegion |
If all of the presets are disabled, data LR
acquisition will continue until
manually stopped. D= |

Figure 30. ThedigiDART Presets Tab.
When more than one preset is enabled
(set to anon-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 alarge amount of this or another nuclide, the dead time
could be high, resulting in along counting time for the sample. If both the ROI Peak preset and
the Live Time preset are set, 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. In this circumstance, the
ROI Peak preset can be viewed as a*“safety valve.”

The values of all presets for the currently selected Detector are shown on the Status Sidebar.
These values do not change as new values are entered on the Presets tab; the changes take place
when the Properties dialog is closed.

Enter the Real Time and Live Time presetsin units of seconds and fractions of a second. These
values are stored internally with a resolution of 20 milliseconds (ms) since the Detector clock
increments by 20 ms. Real time means elapsed time or clock time. Live time refers to the amount
of time that the Detector is available to accept another pulse (i.e., is not busy), and is equal to the
real time minus the dead time (the time the Detector is not available).
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Enter the ROI Peak count preset value in counts. With this preset condition, the Detector stops
counting when any ROI channel reaches this value unless there are no ROIs marked in the
Detector, in which case that Detector continues counting until the count is manually stopped.

Enter the ROI Integral preset value in counts. With this preset condition, the Detector stops
counting when the sum of all countsin all channelsfor this Detector marked with an ROI
reaches this value, unless no ROIs are marked in the Detector.

The Uncertainty preset stops acquisition when the statistical or counting uncertainty of a user-
selected net peak reaches the value entered. Enter the Preset in % value as percent uncertainty
at 1 sigma of the net peak area. The range isfrom 99% to 0.1% in 0.1% steps. The peak isthe
region selected here. The region must be at least 7 channels wide with 3 channels of background
on each side of the peak. As the uncertainty is calcul ated approximately every 30 seconds, the
uncertainty achieved for a high count-rate sample might be better than the preset value.

Usethe Start Channel and Width fields to enter the channel limits directly, or click on Suggest
Region. If the marker is positioned in an ROI around the peak of interest, Suggest Region reads
the limits of the ROI with the marker and display those limits in the Start Chan and Width
fields. The ROI can be cleared after the preset is entered without affecting the uncertainty
calculation. If the marker isnot positioned in an ROI, the start channel is 1.5 times the FWHM
below the marker channel and the width is 3 times the FAVHM.

The net peak area and statistical uncertainty are calculated in the same manner as for
Calculate/Peak I nfo (see Section 3.4.2).

Marking the Over flow checkbox terminates acquisition when datain any channel exceeds 2%'-1
(over 2 x 10° counts.

MDA Preset

The MDA preset (Fig. 31) can monitor up to 20 nuclides at one time, and stops data collection
when the values of the minimum detectable activity (MDA) for all of the user-specified MDA
nuclides reach the needed value. The MDA preset isimplemented in the hardware. The formulas
for the MDA are given in Section 4.5 and can be generally represented as follows:

a+y b+cxCounts
Live time * (Eff * Yield)

MDA = D

The coefficients a, b, and ¢ are determined by the MDA formulato be used. The Eff (detector
efficiency) is determined from external programs. The Yield (branching ratio) is read from the
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working library using the nuclide and energy specified. The MDA value is the one entered in the
dialog. Countsis the gross counts in the specified region and Live timeisthelive time. The
MDA valueis calculated in the MCB given the values a, b, c, Livetime, and Yield. The
calculated value is compared with the MDA value on the dialog and when it is lower,
acquisition is stopped.

Godtficients A, B, and C can be

entered as numbers for the MDA | | | ] |
: : Arnplifier Amplifier 2 ADC Stabilizer High “foltage
calculation desired. Field Drata ] About ] Statuz ] Prezetz: MDA Presst l MHuclde Report ]

Select the Nuclide and Ener gy from HID;D Pﬂfﬂﬁﬂﬂnet “;Cllmﬂ Enfff?gn _Add New |

the droplists. The Nuclide list contains TER R s S _ Update |

al the nuclides in the working library. Delete

The Energy list shows all the gamma- MD Preset Coefficients

ray energies for the selected nuclidein Comection [150.0000  cé, 4: [0.000000

the library. Nuclide: [Co60  +| E: |0.000000 |
Energy: 117323 | kev C: |21.00000

The MDA field islabeled Correction

when the Detector is not efficiency Close |

calibrated.

Figure31l. ThedigiDART MDA Preset Tab.

Nuclide Report

The Nuclide Report displays the activity of up to nine user-selected peaks. Once the report is set
up, the Nuclide Report can be viewed at any time on the digiDART display when it is not
connected to a PC. The peak area calculations in the hardware are the same as the calculations
done here, so the Nuclide Report display is the same as the Peak Info display on the selected
peak in the spectra stored in the PC. The calculated value is computed by multiplying the net
peak count rate by a user-defined constant. If the constant includes the efficiency and yield, the
displayed value will be activity. The nuclide label and the activity units are entered by the user.

The report has this format:

Nuclide keV uCi/m2 +%
CO-60 13325 12.1 10.2
CO-60 1173.2 10.9 12.3
CO-57 1221 18 86.2
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Calculations

These are the calculations used to generate the Nuclide Report Activity, Uncertainty, and
Peak values.

Activity is calculated as follows:

NetCounts * NucCoef
LiveTime

Activity = 2)

where:
NucCoef is normally the inverse of the product of the efficiency and the yield. Note that
the efficiency isthe ABSOLUTE, full-energy-peak counting efficiency for the source-
detector geometry being used. Thus, in order to get meaningful activity results, asin any
counting situation, the efficiency factors must be appropriate to the actual counting
geometry. If NucCoef is set to 1, the peak count rate is shown on the display.

LiveTime isthe current live time.
NetCounts is computed with the following equation:
where:
GrossCounts is the sum of the countsin the ROI, excluding the first and last 3 channels

of the ROI.

Background is:

AvgCount first 3 chan + AvgCount last 3 chan

Background = 5

- ROIWidth ©)

where ROIWidth is:

ROIWidth = EndChannel - StartChannel +1 -6 (4)
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Uncertainty (in percent) is calculated asfollows:

GrossCounts + Background -

\

Uncertainty =

ROIWidth

5
6 * 100 ®)

NetCounts

Peak isthe position of the maximum count and is computed with the following equation:

Peak = MaximumROIChan * EnergySlope + Energylntercept (6)

where

MaximumROI Chan is the channdl in the ROI with the most counts. If there are no data,

the center channel of the ROI is used.

EnergySope and Energylntercept are the energy calibration values as entered on the
digiDART keypad or by software. If the values are not present, the result isgivenin

channels.

The setup dialog is shown in Fig. 32.

Add New
Manual Add — Nuclides can be added to the list using the library to assist in the region
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definition or manually. To add a nuclide manually, enter the nuclide name, ROI start and end

channels, multiplicative factor and units in the Report section. Now click on Add New to
add this nuclide to the list. The units need only be entered once, since they are the same for

al nuclidesin the table.

Library Add — To usethelibrary to aid in the definition, select the nuclide from the library
Nuclide droplist. Next, choose the gamma-ray energy from the Ener gy droplist. This defines

the gamma ray to be used. Click on the Select from Lib button in the Report section. This

will update all the entries in this section and show (as ayellow band) the region to be used in
both the expanded and full spectrum views. Finally, click on Add New to add this nuclide to

thelist.

Edit — To change any of the current nuclides, select the nuclide in the list (use horizontal
scroll bars if needed). Thiswill display the current settings for this nuclide. Make any
changes needed. Any or all of the entries can be changed. When finished with the changes,

click on Update.
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Properties |

e P -
e e et e = e
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] | Delete |
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Muclide: IEu-'I Fd TI Muclide: IEu-'I 54 Factar: I'I.EIEIEIEIE+EIEIEI
Lows RO |E43 L iks; |
Ereigy 12214 7] High ROI: [£63 Sl o L
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Marker:  B53 = 12323 ket 1.762 Crts
Figure 32. Nuclide Report Setup Tab.

Delete
To remove an entry, select the entry and click on Delete.

When the propertiesdialog is closed, all the values are written to the digiDART and will be
used when the Nuclide Report is displayed on the digiDART display.

3.2.8.2. Gain Stabilization

The gain stabilizer operates to maintain the selected peak initsoriginal position. Thisis done by
controlling the amplification factor of a separate amplifier so that the peak is stationary. The
gain stabilizer requires a peak in the spectrum to monitor the changes in the gain of the

system amplifier. The input pul se-hei ght-to-channel-number relationship is:
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Channel number = Intercept + Gain * pulse height (7)
where:
Intercept = The channel number of the zero-height input pulse.
Gain = Therelation between pulse height and channel number (slope of the curve).

Changes in either the intercept or gain can affect the positions of all the peaks in the spectrum.
When used with the zero stabilizer, both the zero intercept and the gain (slope) will be
monitored to keep all the peaks in the spectrum stabilized. The zero stabilization and gain
stabilization are separate functions in the MCB but both will affect the position of the peaksin
the spectrum.

The stabilization operates by keeping a peak centered in the defined ROI. The ROI should be
made symmetrically about the center of a peak with reasonably good count rate in the higher
channels of the spectrum. The ROI should be about twice the FWHM of the peak. If theregionis
too large, counts not in the peak will have an effect on the stabilization. The ROI can be cleared
after the Peak command so that peak count preset can be used on another peak.

The coarse and fine gains should be set to the desired values, both stabilizersinitialized, and the
pole zero triggered before setting either stabilization peak. For example, on the 92X thisis done
with the Acquire/M CB Properties... dialog; on the Model 919 it is done externally.

The I nitialize dialog button sets the gain on the stabilization amplifier to its midpoint (that is,
halfway between minimum gain and maximum gain). This should be done before selecting the
ROI for the peak because the initialization might move the peak in the spectrum, and because it
ensures that the maximum range is available for the stabilization process. If the peak is moved
by this command, use the amplifier fine gain control (<Alt + -> or <Alt + +>) to move the peak
to the desired channdl.

When starting a new system, the zero-initialize command should also be given before starting
the gain stabilization.

The Suggest button is used to set the peak center and peak width of the peak area used by the
stabilizer. Before selecting this command, the ROI must be marked and the marker put in the
region to be used. When operating, the peak will be centered in the ROI. After the region has
been recorded, the stabilization is turned on. If the stabilization is turned on when this command
Is executed, the old stabilization region is replaced by the new peak defined by the marker, and
stabilization continues using the new peak.
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The Gain Stabilizer Enabled checkbox enables or disables the gain stabilization. It can only be
turned on after the Suggest button has been used to select a working peak.

3.2.8.3. Zero Stabilization

The Zer o Stabilizer function adjusts the zero-level (or offset) level to maintain apeak in afixed
location. The zero-level stabilizer uses a peak in the spectrum to monitor the zero level of the
system amplifier. The zero stabilizer controls the offset bias level so the peak will be maintained
initsoriginal position. The input pul se-hei ght-to-channel-number relationshipis:

Channel number = Intercept + Gain * pulse height (8)
where:
Intercept = The channel number of the zero-height input pulse.
Gain = The relation between pulse height and channel number (slope of the curve).

Changes in either the zero intercept or gain can affect the positions of all the peaksin the
spectrum. When used with the gain stabilizer, both the zero intercept and the gain (slope) are
monitored to keep all the peaks in the spectrum stabilized. The zero stabilization and gain
stabilization are separate functions in the MCB but both will affect the position of the peaksin
the spectrum.

The stabilization operates by keeping a peak centered in the defined ROI. The ROI should be set
symmetrically about the center of a peak with reasonably good count rate in the lower channels
of the spectrum. The ROI should be about twice the FWHM of the peak. If the region istoo
large, counts not in the peak will have an effect on the stabilization. The ROI can be cleared
after the PEAK command so that peak count preset can be used on another peak.

The zero stabilization dialog I nitialize button sets the zero offset to its midpoint (that is, halfway
between minimum offset and maximum offset). This should be done before selecting the ROI for
the peak because the initialization might move the peak in the spectrum, and because it ensures
that the maximum range is available for the stabilization process.

The Suggest button is used to set the peak center and peak width of the peak area used by the
stabilizer. Before selecting this command, the ROI must be marked and the marker put in the
region to be used. When operating, the peak will be centered in the ROI. After the region has
been recorded, the stabilization is turned on. If the stabilization is turned on when this command
Is executed, the old stabilization region is replaced by the new peak defined by the marker, and
stabilization continues using the new peak.
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The Zero Stabilizer Enabled checkbox enables or disables the zero stabilization. It can only be
turned on after the Suggest button has been used to select a working peak.

3.2.8.4. ZDT (Zero Dead Time) Mode

An extended live-time clock increases the collection time (real time) of the acquisition to correct
for input pulse train losses incurred during acquisition due to system dead time. This corrected
time value, known as the live time, is then used to determine the net peak count rates necessary
to determine nuclide activities.

As an example, consider the case where the spectrometry amplifier and ADC are 60% dead
during the acquisition. the elapsed real time will be:
Live Time
1 -0.60

Real Time =

Live Time x 100%
100% - % Dead Time

If the N counts in the gamma-ray peak in the spectrum are divided by the elapsed live time, the
resulting counting rate, N/ Live Time,is now corrected for dead-time losses. The standard

deviation in that counting rateis /N / Live Time.

Unfortunately, extending the counting time to make up for losses due to system-busy resultsin
an incorrect result if the gamma-ray flux is changing as a function of time. If an isotope with a
very short half-lifeis placed in front of the detector, the spectrometer might start out with avery
high dead time, but the isotope will decay during the count and the dead time will be zero by the
end of the count. If the spectrometer extends the counting time to make up for the lost counts, it
will no longer be counting the same source as when the losses occurred. As aresult, the number
of countsin the peak will not be correct.

When a supported ORTEC MCB operatesin ZDT™ mode, it adjusts for the dead-time losses by
taking very short acquisitions and applying a correction in real time — that is, asthe data are
coming in — to the number of counts in the spectrum. This technique allows the gamma-ray flux
to change while the acquisition is in progress, yet the total counts recorded in each of the peaks
are correct. The resulting spectrum has no dead time at all — in ZDT mode, the data are
corrected, not the acquisition time. Thus, the net countsin a peak are divided by the real time to
determine the count rate.

2Patent number 6,327,549.
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ZDT mode has a unique feature in that it can store both the corrected spectrum and the
uncorrected spectrum, or the corrected spectrum and the uncertainty spectrum. Therefore,
supported MCBs allow you to choose between three ZDT M ode settings on the ADC tab under
MCB Properties....: Off, NORM_CORR, and CORR_ERR.

Off — Uncorrected Spectrum Only

In this mode, only the uncorrected spectrum (live time and real time with dead-time |osses)
— also called the live-time-corrected or LTC spectrum — is collected and stored in the .SPC
file. The LTC spectrum can be used to determine exactly how many pulses at any energy
were processed by the spectrometer. The corrected spectrum gives the best estimate of the
total counts that would have been in the peak if the system were free of dead-time effects.

The uncertainty spectrum can be used to calculate the counting uncertainty, channel by
channel, in the corrected spectrum.

NOTE When the spectrometer is placed in ZDT mode, the throughput of the instrument is
reduced somewhat as extra processing must be done on the spectrum; therefore, if
the gamma-ray flux is not changing as a function of time, but absolute highest

throughput is desirable, you might wish to store only the LTC spectrum in the MCB
memory.

NORM_CORR — ZDT and Uncorrected Spectra Stored

When the ZDT mode is set to NORM _CORR, the two spectra stored are the LTC spectrum
and the ZDT spectrum (corrected for the dead-time losses; real time only). Unfortunately, in

the analysis of the ZDT spectrum, the uncertainty of the measurement cannot be determined
using either spectrum.

NOTE Thismodeisnot useful for quantitative analysis if the counting rate varies
significantly during the measurement time, particularly if the user desires an accurate
counting rate and standard deviation calculation. When you select the NORM_CORR
mode, ISOTOPIC ignoresthe ZDT spectrum and analyzes the LTC spectrum asit
would for the Off ZDT mode.

CORR_ERR — ZDT and Error Spectra Stored

In the CORR_ERR mode, the estimation of the statistical uncertainty is stored in place of
the LTC spectrum, and is referred to as the error spectrum (ERR). In this mode, the ZDT
spectrum is used to measure the counts in a peak, and the error spectrum is used to determine
the uncertainty of the measurement made in the corrected spectrum.

55



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

For example, if the area of a peak is measured in the corrected spectrum by summing
channels 1000 to 1100, the variance of the measurement can be determined by summing the
counts in channels 1000 to 1100 in the error spectrum. Or, shown another way, the countsin

channel i can be expressed as N(i) £ V(i) with a1-sigma confidence limit, where N isthe
corrected spectral dataand V isthe variance (error) spectral data.

Thelivetimeis set to the real time within the analysis engine during the analysis of ZDT
Spectra.

A CORR_ERR spectrum is analyzed as aregular spectrum most of the time, with afew
exceptions as listed below.

® To calculate the peak area uncertainty, the error spectrum is used. If the peak limits are
from L and H channels, then the background variance is calculated as:

_ (B,/n,/n,+B,/n,/n,)
var 4

x (H-L +1)?

B, = sum of background counts for the channels adjacent to the peak start (low-
energy) channel L

B, = sum of background counts for the channels adjacent to the peak end (high-
energy) channel H

n, = the number of low background points (n, = 1, 3, or 5) used

n, = the number of high background points (n, =1, 3, or 5) used

The peak area uncertainty is calculated from:
c=,G+B,

where G is the sum of counts, from the error spectrum, from channels L to H.

6 (from error spectrum) 100
Area (from ZDT spectrum)

% error =

® |nthe ISOWANS32 analysis engine, the peak-fitting routine fits all the library peaks as
singlets to calculate the peak centroid, peak start and end channels, and peak background.
A linear background under the peak is assumed during the peak fitting process.
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® Theerror spectrum is always used to calculate the uncertainties of counts whenever
needed. For example, if peak deconvolution is needed, the error spectrum is used to find
the best fit for the peak background.

Choosinga ZDT Mode
Table 1 shows which spectra are collected in the three possible ZDT modes.

Tablel. ZDT Modes.

Mode Uncorrected  ZDT Corrected ZDT Error

Spectrum Spectrum Spectrum
Off (ZDT Disabled) Yes No No
NORM_CORR (ZDT-LTC Mode) Yes Yes No
CORR_ERR (ZDT-ERR Mode) No Yes Yes

When the counting rate is essentially constant during the time required to acquire the spectrum,
the standard mode — ZDT Off — isthe preferred mode; only the uncorrected spectrumis
collected and stored in the spectrum file. But, if the counting rate varies significantly during the
measurement time, the standard mode will not yield the proper dead-time-corrected counting
rate. This can be most easily understood by noting that the uncorrected mode compensates for
dead-time losses by extending the real counting time. Hence a sample containing both a
short-lived high-activity isotope and along-lifetime lower-activity isotope will experience very
high dead-time losses during the first few seconds of the measurement, as the short-lifetime
isotope decays rapidly. This high dead time will cause the counting time to be extended after the
short-lived isotope has decayed to zero activity, and the system will count the low-activity
isotope for the extra time. Consequently, the average activity of the short-lived isotope will be
underestimated.

If you anticipate significantly varying counting rates during the time taken to acquire the
spectrum, the CORR_ERR ZDT mode should be used. The CORR_ERR mode corrects for
dead-time losses over minuscule time intervals by adding counts to the ZDT spectrum in
proportion to the instantaneous ratio of real timeto live time. Thus, the dead-time correction can
correctly track rapidly changing counting rates. The CORR_ERR mode should be used
whenever the counting rate might change significantly during the measurement time. In addition
to the rapidly-decaying isotope example above, the CORR_ERR mode should be used when
monitoring cooling water flow from a nuclear reactor. The CORR_ERR mode accommodates
brief bursts of high-activity in the water flowing past the gamma-ray detector. Both the corrected
and error spectra are stored in the resulting spectrum file.
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Note that the countsin the ZDT spectrum must be divided by the elapsed REAL time to compute
the dead-time corrected counting rate. It isimportant to note that the standard deviation in the

Nzt counts in agammarray peak inthe ZDT spectrumisnot /N, . . Instead the standard
deviation is obtained from the Nz, counts in the same peak ROI in the accompanying error
spectrum. The standard deviation in this case is,/ N, - And the standard deviation in the

computed counting rate,,/N,,,,.. / Real Time, iS \/N ., / Live Time.

The NORM_CORR Diagnostic M ode

Why isthereaNORM _CORR mode, and why should you avoid using it? This mode
simultaneously collects the ZDT spectrum and the conventional uncorrected spectrum. It is
useful for demonstrating that the counts in the uncorrected spectrum divided by the livetimeis
the same counting rate as the countsin the ZDT spectrum divided by the real time, in the special
case of constant counting rate. Because the error spectrum is not collected in NORM_CORR
mode, the standard deviation in the ZDT counts cannot be calculated if the counting rateis
varying. ISOTOPIC provides some protection for users if the ZDT-L TC mode is inadvertently
selected. In this case, ISOTOPIC v4.x ignores the ZDT spectrum and presumes you intended to
use the uncorrected spectrum in a constant-counting-rate application.

To Summarize

° Usethe ZDT Off mode when the counting rate is expected to be constant during the time
taken to acquire the spectrum.

° Usethe ZDT CORR_ERR mode when the counting rate is expected to change or might
change significantly during the time required to acquire the spectrum.

° Avoid using the NORM _CORR mode because | SOTOPIC v4.x will default to analyzing
the LTC spectrum and will ignore the ZDT spectrum.

More Information
Visit our website or contact your ORTEC representative for more detailed information:

e Application note AN56, “Loss Free Counting with Uncertainty Analysis Using ORTEC's
Innovative Zero Dead Time Technique,” (http://www.ortec-online.com/pdf/an56.pdf)

® General gamma spectroscopy technical papers (http://www.ortec-online.com/papers/
reprints.htm#General).

58



3. MENU COMMANDS

3.2.8.5. Settingthe Rise Timein Digital MCBs

To achieve the best results for your application, when using a digital spectrometer such asa
DSPEC-series instrument or digiDART, we recommend that you set the rise time of the pulses
being processed by the digital filter to the minimum value for the resolution needed.

The pulserise time (and also fall time) is based on the time required for each pulse to reach its
peak value. This “peaking time” is about twice that indicated by the conventional time constants
displayed on the front panel of commercial analog amplifiers. For example, germanium detectors
are often specified at a 6-us time constant; this setting is equivalent to 12-us peaking (rise) time
inour digital spectrometers.

Up to some value of rise time, one can expect improved resolution with increasing rise time;
there will, however, be a tradeoff in maximum throughput to memory. Figure 33 illustrates an
example of thistradeoff. ORTEC digital spectrometers operate well above the peak of the
throughput curve. Operating there allows these instruments to handle an even higher rate of
Incoming counts, but with less data into memory and, therefore, longer counting time to the
same detection limit. It is possible to move the peak of the curve to the right (more counts to
memory with higher input count rate) by reducing the pulse rise (and fall) time, thereby trading
off resolution for maximum count rate.

Table 2 isaguide to choosing a count rate that will ensure that the most efficient operation of
your digital spectrometer over the range of anticipated input count rates for your application —
that is, at or below the throughput peak — while achieving the best resol ution obtainable from
the detector consistent with that requirement. Enter the rise time that best matches your dynamic
range of count rate (note that the available rise-time settings will vary by instrument; this chart is
agenera guide only).

—_ —_
w [=] N
1 1

1 1

Throughput cps
(thousands)
-3 (=)}
1 1
1

N
1
1

0 1 1 1 1 1 1 1 1 1 1 1 1 1

1 5 9 15 20 30 30 75 9 105 120 130 140
Count Rate (kcps)

Figure 33. An Example of the Tradeoff Between
Throughput and Count Rate.
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The longest rise time shown in thetableis 12 us, even though some digital instruments can be
set for risetimes aslong as 23 ps. If throughput is not an issue because all samples are low rate,
increasing the rise time beyond 12 us might achieve a small improvement in resolution. For
planar detectors, such as ORTEC's GLP, Si(Li), IGLET, and IGLET-X Series, operating at
longer rise times frequently gives improved resolution.

Table2. Rise Time Selection Guide.

Input Count Rate | Maximum Rise Time
Dynamic Range | Throughput (ns)
(cps) (cps)

0--->20000 9000 12

0--->50000 12500 8

0--->75000 23500 4

0--->100000 37000 24

0--->150000 50000 1.6

0--->200k 70000 0.8

0--->220k 85000 0.6

0--->250k 100000 04

0--->300k 120000 0.2

3.3. Calibrate
Figure 34 shows the Calibrate menu. ISOTOPIC features a Calibrate
Calibration Wizard (Section 3.3.2, page 68) to assist you in Energy...
performing the energy and efficiency calibrations. For energy Description...
recalibrations, you can either use the wizard or the Energy... Recal Calibration. .
command. See also the Getting Sarted guide, which walks save Calbration. ..
. . . . . . Print Calibration, ..

you through a simple energy and efficiency calibration using
the Calibration Wizard, including the use of the Certificate File Calibration ‘Wizard...
Editor. Figure34. Calibrate

M enu.

NOTE Each detector must be calibrated independently, even for
multi-detector systems.

The Energy... and Calibration Wizard... commands are only available if the Detector is not

acquiring data. If thereisno energy calibration, all choices except Energy..., Recall
Calibration..., and Calibration Wizard... are inactive (gray).
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3.3.1. An Introduction to Energy and Efficiency Calibration
The calibration of a spectroscopy system defines four relationships:

® Spectrum channel numbers and energy

e FWHM of the peak and energy

® Spectrum count rate and activity in becquerels or other units

® True coincidence summing factor and energy

The data collected are in counts/unit time/channel; however, to be most useful, these data need
to be converted to activities (i.e., decays/unit time at a given energy). The calibration parameters
perform this conversion.

These relationships are cal culated from spectra, user inputs, and inputs from libraries and tables.
The calibration data are merged with the spectrum when it is saved as an . sec file. The
information is used in the analysis section to perform the desired analysis.™

It is important that the energy and efficiency calibrations be performed correctly because the
calibration results will affect all analyses employing them.

® The energy calibration data are used to define the energies of the peaksin the spectrum. If
incorrect, the calculated energies will not correspond to the correct library entry and the peak
might be incorrectly identified. The shape parameters are used to define the expected shape
for asinglet peak. If incorrect, peaks will be labeled as having a bad shape when they do not,
and bad peaks will not be marked. Peaks marked with poor shape might not be included in
the activity calculation, resulting in loss of accuracy even for singlet peaks. For
deconvolutions, these parameters define the Gaussian shape used for the components of the
total peak area. Incorrect peak shapes can result in poor deconvolution results and even
incorrect peak height ratios in multiplets.

® Anincorrect efficiency calibration can cause the nuclide activity to be incorrectly reported. If
adetector is not efficiency calibrated, nuclide activities will be reported as zero.

The methods used by ISOTOPIC to calculate the peak centroid and width in the Calibrate
functions are also used in the Settings functions. This ensures consistency of results.

The energy calibration and the efficiency calibration are separated to make it easier to do these
calibrations. If properly chosen sources and libraries are used, the calibration processis simple,

33pectra saved in the . can format are compatible with older software, however the . can format does not contain
the efficiency calibration data.
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quick, and accurate. Y ou can save the input values so calibrations can easily be repeated with the
same source.

The energy calibration can be changed without affecting the efficiency calibration. With the
Recall Calibration... command, the previoudly calculated efficiency calibration can be inserted
into the new calibration data.

3.3.1.1. Energy Calibration

The energy calibration function calcul ates two sets of parameters. the energy vs. channel
number, and the peak shape or FWHM vs. energy. The inputs to this function are a spectrum or
series of spectrawith isolated peaks distributed over the energy range of interest, and either a
library or table of peak energies. The library referred to here is an analysis gammea-ray library.
The creation of atable of peak energiesis described in this section.

The formulafor energy vs. channel number is:

E=a,+a,C +a3C2 (13)
where:
E = energy
a = coefficients
Cc = channel number

The formulafor FWHM vs. channelsis:

F=b +b,C+b,C? (14)
where:
F = FWHM
b, = coefficients
C = channel number

To calculate the FWHM in energy use the following:
F(e) = F(c)(a,+2a,*C) (15)

where:
F(e) = FWHM in energy
F(c) = FWHM in channels at channel C
a, energy calibration slope defined in Eg. 13
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25
C

= energy calibration quadratic coefficient defined in Eq. 13

= channel number

When you apply a FWHM fit, ISOTOPIC automatically checks the fit for validity. If the FWHM
curveisnegative at any part of the spectrum or if the curve bends over (has a maximum and then
goes down), a warning message, Non-physical FWHM fit, isdisplayed. Click on OK, then
display the FWHM curve to see why thefit isincorrect. Also, if the delta between the data
points and the FWHM fit is greater than 25%, a message is displayed. The curve can be accepted
if the warning was displayed because the fit is outside the energy of interest, or because some of
the data points should be deleted. If you have a low-activity source, counting longer could
remedy the poor fit.

The energy calibration can be performed on a spectrum in either a buffer window (retrieved from
disk or copied from an MCB memory) or a Detector. The calibration spectrum should have well-
separated peaks containing 2000-5000 counts.

The calibration is linked to the spectrum and is transferred with it when the spectrumis
transferred (e.g., from Detector to buffer or disk file).

3.3.1.2. Efficiency Calibration

The efficiency calibration calcul ates the detection efficiency of the HPGe detector system asa
function of energy. The efficiency of the detector system is the relation between the number of
gamma rays emitted from the source to the number of gammarays collected in the full-energy
peak.

The HPGe detector system efficiency includes
effects from the detector itself, the detector-
source geometry, the materials surrounding the
detector, and absorption in the source material o

or matrix (Fig. 35). CSCAPE OF
ONE K )(-FU\Y‘\777

EXTENDED SOURCE

ABSORBING MATRIX

Container Analysis— For container analysis, %”“\ =
the only efficiency calibration needed is for SCATTERING PHOTON
apoint sourcein front of the detector. The ;
efficiencies for the different containers (geo- ] GT:J{ L
metries) are calculated from this efficiency crvosTAT / Ay
and the appropriate model. END CAP

ANNIHILATION
Soil Analysis— The soil analysis uses the / l )\ RADIATION
effici ency model included in the methods in sc;\ncec:z’:nnpgc;:oron COLD FINGER

the DOE-EML report. Figure 35. Detector with Extended Source.
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Y ou can energy-recalibrate to account for gain changes without having to repeat the efficiency
calibration.

P-type germanium detectors, such asthe ORTEC GEM Series, have a maximum efficiency at
about 150 keV; for n-type detectors, such asthe GMX Series, it is about 100 keV. For detectors
above about 50% relative efficiency, these values will be somewhat higher (Fig. 36). For both
types, these maxima depend on the individual detector. For p-type GEM detectors, the efficiency
decreases as the energy decreases. For n-type GMX detectors, the efficiency is nearly constant at
energies below 100 keV. For both types, the efficiency decreases at energies above this.

Offset for Purpases of Comparison

N-TYPE with THIN WINDOW

Logarithmic Efficiency (Arbitrary Units)

180

10 100 1000
Energy (Log)

Figure 36. Detector Efficiency asa Function of Energy.

The efficiency calibration is critically important to the accuracy of the activity results from
ISOTOPIC. We recommend that you use only calibrated sources traceable to a known standard,
accompanied by the certificate supplied by the authority that certified the calibration source, e.g.,
NIST, NPL, or PTB. The time between the calibration of the radionuclide source by its
manufacturer and the time the spectrum is collected isimportant, as this defines the decay
correction needed to cal culate source strength for the spectrum.

To perform the calibration, you will need an energy-calibrated spectrum of the radionuclidesin
the calibration source. In addition, you will need to know and their source strengths and
calibration dates. Y ou can enter these data into ISOTOPIC viathe Certificate File Editor (see
the discussion starting on page 72), and can review the results of each step. Questionable points
can be deleted, additional points added, and the fitting process repeated until you obtain the
desired result.
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If your spectrum contains many well-separated peaks, |SOTOPIC can use two energy regions for
separate fitting. The energy separating the two regions (called the knee) is specified by you . The
best fit to the two regionsis often obtained by entering a knee energy that correspondsto a
region where the efficiency is slowly varying and not at the maximum point. Thisisusually
about 300400 keV for p-type detectors and 100 keV for n-type. The Calibration Wizard
presents an efficiency curve that allows you to clearly see the effect of the knee energy so you
can easily determine the best value.

The knee value, if incorrectly chosen, can cause poor results near the knee, especially below the
knee. Using many data points near the knee aids in selecting the correct knee energy. A poor
choice of type of fit can result in agood fit to poor data, which will yield a poor efficiency
calibration.

The calibration source should contain isolated singlets over the entire energy range of interest. If
the energy region near the knee is important to the analysis, several points around the knee
should be used for both the two-function and polynomial type of fits. If you wish, you can
perform the efficiency calibration using one or more spectra to minimize the difficulty of
obtaining the required number of singlets. The data from these multiple spectra must be entered
manually; see the discussion starting on page 75.

ISOTOPIC offers severa options for the type of fit used to describe the efficiency/energy
relationship:

1. Interpolativefit.

2. Linear fit of the natural logarithm of the efficiency to the natural logarithm of the energy.

3. Quadraticfit of the natural logarithm of the efficiency to the natural logarithm of the energy.
4. Six-order Polynomial fit of the natural logarithm of the efficiency to the energy.*

Options 1, 2, and 3 can be selected separately for two separate energy regions. Either of the two
regions can be left uncalibrated by not including any pointsin the region, but the analysis will
report zero intensity (in the library peak output) for peaks in the uncalibrated region. If both
regions are calibrated, the above-the-knee energy region isfitted first, and the calcul ated
efficiency at the kneeisincluded as a data point in the below-the-knee fit. This means that only
one point need be below the knee, but two points are the minimum above the knee for a
calibration to be done.

1% Définition de Criteres de Qualité Pour I Essai des Logiciels Utilisés en Spectrométrie Gamma,” Rapport
CAE-R-5347, 1986.
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Option 4 fits the entire energy range with one function and is best suited to p-type detectors.

Option 5 fits the entire energy range with different functions over three energy regions and can
be used for p- or n-type detectors.

The result of the efficiency calibration calculation is one or two sets of coefficients (one for the
fit above the knee and one for below the knee, or just one for the polynomial fit), and a set of
energy-efficiency pairs. The energy-efficiency pairs are used for the interpolative fit. The pairs
might also be used to recalculate the efficiency and to display the efficiency plot.

Interpolative Fit

The interpolative fit uses straight lines between the data points and does a linear interpolation
between two points (one above and one below) to obtain the efficiency at the selected energy.
For energies below the minimum energy data point or above the maximum data point, the
efficiency is the straight-line projection of the last two data points at the appropriate end. The
interpolative fit is used where the efficiency is recognized to be a complex function of energy
that cannot be fit using the other functions.

If interpolative fit is used over the entire energy range, the knee energy should be set below the
minimum energy of interest.

Linear Fit

The linear fit uses a straight-line fit to the data points. Thisis used when few data points are
used or if the data points are all very close in energy. Also, for an n-type detector, the bel ow-the-
knee efficiency is nearly astraight-line down to approximately 10 keV, and the linear fit will
produce the best result. For only two data pointsin the entire calibration, linear and interpolative
are equivalent. If sufficient data are available, the linear fit is not as accurate as the quadratic fit
because of the efficiency knee.

The efficiency/energy formulais:

e - e(a1+a2'1n(E)) (16)
where:
¢ = efficiency at energy E
a, = fitting coefficients
E = energy
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Quadratic Fit

The quadratic fit fits a quadratic function to the log (energy) vs. log (efficiency) curve. At least
three data points above the knee and two below the knee are required for thisfit. With only three
points, the fit will be reported as exact for al data points, but the calibration could be inaccurate
elsewhere.

If the input points are not well separated, the best fit to the data points might not be an accurate
representation of the efficiency outside the fitted region.
The efficiency/energy formulais:

£ - e (a;+ay- In(E) +ay (In(E))?) (17)

where:
¢ = efficiency at energy E
a = fitting coefficients
E = energy

Polynomial Fit

The polynomial fit uses a 6-term polynomial to fit the natural logarithm of efficiency to the
energy. The function is optimized for p-type detectors. For n-type detectors, the low-energy
region (below 60 keV) is not well modeled by this function. At least five well-separated peaks
are needed for the polynomial fit. The knee value is not used in thisfit and the function is
grayed. The polynomial option is only on the Above knee list; the Below knee option is not used
if polynomial fit is selected.

The polynomial efficiency/energy formulais:

[
( Zl al-E”) (18)
e\’

8:

where:
¢ = efficiency at energy E
a = fitting coefficients
E = energy in MeV
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3.3.2. Calibration Wizard...

The ISOTOPIC calibration wizard automates the complete calibration process, including
spectrum acquisition. The calibration can be performed on the datain an MCB or in a buffer
window, using spectra on disk. At the end of the calibration, the complete results are presented
for review. During the review, any or all of the calibration steps can be repeated with any
changes necessary to improve the calibration.

Before starting the Calibration Wizard, you will need alibrary containing entries for the peaks of
interest. If efficiency calibrating, you will need a calibration source library and the
corresponding source certificate. Y ou can use the same source and library for both calibrations
or separate sources and libraries for each step.

REMINDER Before your operators recall and reanalyze scan data sets, be sure the systemis
efficiency calibrated or the reanalysis results will show zero activity.

Figure 37 shows thefirst calibra- Calibration Wizard HER
tion wizard screen. The options
for each type of calibration are
to Kegp Current, Create New,
or Read From File.

Pleaze select the types af calibration ta perfarm

Energy Calibration; ™ Keep Current © Create Mew © Read From File

Keep Current
This means to continue usi ng Efficiency Calibration: ¢ Keep Current & Create Mew  Read From File
the calibration stored in the
MCB or in the spectrum (the
current working calibration).
The wizard will skip this
calibration step.

However, if review of the [ Hew> | conce Help
calibration shows a problem,
you can repeat the process
with new options using the
Edit buttons on the final wizard dialog.

Figure 37. Calibration Wizard Opening Screen.

Create New
This choice means that the calibration selected (energy and/or efficiency) will be replaced
by the results of the subsequent steps.

All of the peak calculations use the Settings/Configurations... values. Thisisto ensure
that the calibration and analysis calculations are the same. Be sure to check the settings
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before starting the wizard. There are several important analysis settings. If spectrum has
high dead time, there will also be a significant amount of random summing. The
correction for random summing is applied in the calibration calculations. The Random
Summing factor is discussed in Section 4.7.4 and entered on the Sampl e tab under
Settings/Configurations.... The starting channel of the Analysis Region should be set
above the low-level cutoff. The peak-cutoff sensitivity used in the calibration isthe
smaller of the following: 10% or the value entered in Settings/Configurations.... The
peak-search level is either 4 or the value selected in Settings/Configurations...,
whichever islarger.

Read From File
This means that the calibration will be read from a . cLs file. The later dialogs will ask for
the filename for each calibration separately, so each calibration can be from a different
.cLB file.

When you have made your selections, click on Next to go to the next wizard screen, which will
depend on the selections made on thisfirst screen.

NOTE Becausethe Calibration Wizard' s flexibility, the following sections of the manual
discuss each of the wizard capabilities, rather than following the wizard from start to
finish. For a demonstration of the Calibration Wizard start-to-finish work flow, see the
example in the Getting Started guide. It steps through the process of creating a new
energy and efficiency calibration, including the use of the Certificate File Editor.

3.3.2.1. Energy Calibration

Create New
If you chose to perform a new energy calibration, the dialog shown in Fig. 38 will open.

Click on Browse to find the correct Library file. To view or change the contents of the library,
click on the adjacent Edit button. Thiswill open the ISOTOPIC Library Editor, whichis
discussed in Section 3.6.3, page 155. When finished, click on Next.

Enter the Sour ce L abel. The description you enter here will be used immediately before
acquisition to tell you which source to put on the detector.

When performing this calibration on an MCB, enter the live-time preset (Count Time) in
seconds. To collect a new spectrum, mark the Clear Data Befor e Start checkbox. If a spectrum
Isaready inthe MCB, it will be used if you do not mark the Clear box. The counting time must
be long enough to accumulate well-formed peaks with low counting uncertainty.
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If the FWHM calibration fails
one of the internal validity tests,
amessage will be displayed.
Click on OK to acknowledge
the message and the calibration
process will continue. Remember
to check the FWHM at the end of
the process by clicking on Edit
Energy on the review page (see
Fig. 49).

Click on Next to begin the energy
calibration.

Performing the New Energy
Calibration

The dialog shown in Fig. 39

will direct you to position the
calibration source and click on
OK to begin spectrum acquisition.

If the currently active window
Isan MCB and you marked the
Clear Data box, acquisition will
begin and will run until the preset
Is met. When acquisition is com-
plete, a message box will notify
you and ask if you wish to save the
spectrum file. If you answer Yes, a
file-save dialog will open so you
can assign alocation and filename.

Energy Calibration Wizard EHE3

Pleaze enter the following information for the energe calibration

Library: |I::"~Llser"~tl:|:|:al.mdl:u Browse | Edit |

Source Label 1830

Count Time: IEEEIEI.EIEI Seconds. [ iClear Data B efore Stark

< Back I Hext » I Cancel Help

Figure 38. Choose Library and Source Namefor Energy
Calibration.

Energy Calibration | x|

@ Flace the 1830 - Mixed gamma' in the calibration pozition and select OF.

Cancel |

Figure 39. Position the Sourcefor Energy Calibration.

If the currently active window is a buffer or MCB that already contains a spectrum (and, in the
case of the MCB, if the Clear Data box is unmarked), the existing spectrum will be used for the
calibration. ISOTOPIC will pause for afew seconds, then notify you that acquisition is complete
and ask if you wish to save the spectrum file. If you answer Yes, afile-save dialog will open so

you can assign alocation and filename.

NOTE If, at the end of acquisition, not enough counts have accumulated for a good energy
calibration, you can acquire additional data by moving Back through the wizard to this
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screen, increasing the Count Time, and unmarking the Clear Data Before Start box,
then starting the additional acquisition.

When spectrum collection is complete (or the buffer is used), the energy and FWHM calibration
will be performed. If successful, the wizard will go to the next step, which will depend on your
initial choicesin the opening dialog.

On the Finish Calibration Wizard screen (Fig. 49), you will have the opportunity to review and,
If necessary, edit the resulting energy calibration by clicking on the Edit Ener gy button.

If the energy calibration process detects a severe error, an error message is displayed. Click on
OK to acknowledge the error. The calibration process will stop at this point.

If the energy calibration process detects a minor error, awarning message is displayed. Click on
OK to acknowledge the warning and remember that this warning was given. The calibration
process will continue as normal. When the final review screen is displayed (Fig. 49), click on
Edit Energy to review the cause of the error and correct it if needed (see Section 3.3.2.4).

Read From File

If you chose to Read From File, Energy Calibration File 2] x]
the Energy Calibration File dialog
(Fig. 40) will open. Enter the name
of the file in which the desired
energy calibration is stored. The
calibration Description stored in :
thefile ISdISpl ayed (read-only) to Path: |E:‘»Llser'\l'v1|ke'\'lEI_1?_EIEI_|:aI.EII:| ﬂl
assist you in choosing the correct
file. Any type of file that stores
calibration records can be used.
This function operates the same as
Calibrate/Recall Calibration...
(recalling the energy calibration

Pleaze enter the pathname of the energy calibration file

Dezcription: ||:alil:|rati|:|n with daughters in library 2-iterkdB 183

only). Since thisis a complete

I ) <Back | Mewt> | Cancal Hel

calibration, no checking (e.g., - - orcd_| |

FWHM) is performed. Figure40. Select the Filethat Containsthe Desired Energy
Calibration.

Click on Next. The next screen

displayed will depend on the

choices you made on the opening screen. When you reach the Finish Calibration Wizard screen,
you will have an opportunity to review and edit the energy calibration table.
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3.3.2.2. Creating and Editing Certificate Files

The .eFT file contains all the data needed to perform an efficiency calibration using this
standard source.

There are three ways to create and edit a certificate filein ISOTOPIC:

e |nthe Certificate File Editor dialog. This requires a known calibration source, a nuclide
library containing the gamma rays of interest, and the certificate supplied by the authority
that certified the source, e.g., NIST, NPL, or PTB. See “Using the Certificate File Editor,”
beginning on page 72.

e Manually, using the Efficiency Calibration Sidebar. See “Manual Efficiency Calibration” on
page 75.

e By directly editing the ASCII-text . ert file in Windows Notepad or another text processor.

The certificate file and the efficiency standard file from the efficiency calibration have the same
structure, except that the certificate file does not use the contents of the efficiency field and all
fields must have valid contents. Tables with all fields entered can be used in the Calibration
Wizard. Any energy inthe . erT file that is not completely filled in will be ignored by the
wizard.

Using the Certificate File Editor

To create anew certificate file, enter the Certificate File Editor from the main Supervisor screen
(start at Step 1 below) or when using the Keep Current or Create New efficiency calibration
setting in the Calibration Wizard (start at Step 3):

1. UseFile/Recall... to open any spectrum file with an adequate energy calibration (you can
also use an MCB window, if you wish). Thiswill normally be the . spc file for the most
recent calibration, which will also retrieve the FWHM calibration.

2. UsetheLibrary/Select File... command to load alibrary containing the gamma rays of
interest (or browse to retrieve it in the Calibration Wizard in Step 5 below).

3. Select Calibrate/Calibration Wizard.... Thiswill display the opening screen (see Fig. 37).

4. Click on Keep Current for the energy calibration and Create New for the efficiency
calibration, then click on Next.
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5. The Effici ency Cdlibration Efficiency Calibration Wizard EE
Wi Zard screen (Flg 41) will Pleaze enter the following information for the efficiency calibration
;)I’f)en If nef_e_sbsary’ t‘)fr:)WSNe f(;l’ Certificate File:l Browsze | Edit ’}l
e proper Library file. Next, = _ —
click on the Edit button beside Library: IF.'xLlser'vaDemD.Lll:u Browse | Edit |
the Certificate File field. Souce Lobt |
Count Time: IW Seconds. ¥ | Elzan ata Befare Start
6. Because the detector-to- Distance: [000 e
source Distance is set to zero,
awarning message will be
displayed. The recommended
minimum distance is 30 cm.
Click on OK. A blank
Certificate File Editor will < Back IWI Cancel | Help |
open (Fig. 42).

Figure4l. Click on Edit to Open a Blank Certificate File
Editor.

Certificate File Editor -- Editing: Hew EHE3 |
I=otope | Energgrl Activityl Gammas/sl Uncertaintyl Certificate Dat
1 | »

Add Hew | Update | Delete | Clear All | Save Az |
Libramy Group Agzay [From Certificate)

I j Select from Lib | Activity: I IGF'S j
[sotope: I H alflife [0 aps]: I Uncertainty: I 3
E nergy: I Fammasz1 00d: I— [rate: I |

b A bz sz t

Fit Type

Above: INone vI Eelu:uw:lN.:.ne vl Khee: IEI.EIEI Jetf
(] I Cancel |

Figure42. Open the Blank Efficiency TableFile.
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74

The table contains the following columns:

Click onthe Library Group droplist and select agamma ray corresponding to an entry in
your source certificate, then click on Select from Lib. Thiswill automatically retrieve the
| sotope, Ener gy, Halflife, and yield (Gammas/100d) from the ISOTOPIC database. Enter
the assay data from the source certificate (activity [Gammas/s], Uncertainty, certification

| sotope name (formatted based on the library entries)

Gamma-ray energy (keV)

Activity in Bgor uCi at the date and time specified in column 6
Gammas/sec for this energy at the specified date and time

Uncertainty for this nuclide

Certification date and time for the gammas/sec calibration. The gammas/sec are
automatically decay corrected from the date/time in the Gammas/s to the date/time of the

spectrum acquisition.
Half-life of thisnuclide in days

Yield as gammas/100 disintegrations

Date and Time) and click on Add New (see Fig. 43).

Certificate File Editor -- Editing: Mew

|

1] | i
Update | Delete | Clear Al | Save fs... |
Libram Group Agzzay [From Certificate)
[Evisz@i121.78kev 7] Select from Lib | Activity: 1132064001 [uCi =]
| zotope: IEu-1 52 Halflife [Craps]; I4.ESB?E+EIEIS Unecertainty: IEEUDEI %
Energy: |1 21.78 Garmmnas100d: |2.E|24|:|E +001 Date: |3f1 A2 |1 2:00:00 P4
b iy b o 5=t

Fit Type

Above: I Mare vI B elow: I Mone - l

Knee: IEI.EIEI ket

ok,

Cancel |

Figure43. New Line Added.




3. MENU COMMANDS

10.

11.

Repeat this process until all desired gammarays in the source certificate have been added.

Note the Fit Type section at the bottom of the editor dialog. Most calibration data are fit
best with a Polynomial. Alternately, set a Knee at alocation where thereislittle changein
the slope (300400 keV for p-type detectors or 150 keV for n-type) and select a Quadratic
fit above and below the knee.

When the processis complete, click on Save As... to open afile-save dialog. It isimportant
to save thisfile for future calibrations. We recommend that you assign a filename that
includes the certificate number.

Click on OK to close the Certificate File Editor.

If you entered this dialog from the main Supervisor screen (Step 1 of this procedure), the Finish
Calibration Wizard screen (Fig. 49) will be displayed so that you can observe and/or edit the
efficiency curve as described in Section 3.3.2.6. Simply click on Cancel to close the Calibration
Wizard.

If you entered this dialog while working within the Calibration Wizard, you will be returned to
the setup screen for the efficiency calibration so you can continue with the process; go to
Section 3.3.2.3.

Manual Efficiency Calibration

To perform a completely manual calibration:

1.

Use File/Recall... to open any spectrum file with an adequate energy calibration (you can
also use an MCB window, if you wish). Thiswill normally be the . spc file for the most
recent calibration, which will also retrieve the FWHM calibration. (ISOTOPIC includes
several suitable demonstration spectra, such as Gvbemo. SPC.)

Select Calibrate/Calibration Wizard.... Thiswill display the opening screen (see Fig. 37).
Click on Keep Current for both the energy and efficiency calibrations, then click on Next.
The Finish Calibration Dialog will open (see Fig. 49 on page 80). Click on the Edit
Efficiency button. Thiswill open the Efficiency Calibration Sidebar, Efficiency Table, and
Efficiency Graph, as shown in Fig. 44.

On the Efficiency Calibration Sidebar, click on theicon in the upper left of thetitle bar to
open the control menu, asillustrated in Fig. 45, then select Destroy. The Efficiency Graph
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and Table windows will close, but the spectrum/buffer window and Efficiency Calibration

Sidebar will remain open.

6. Inthe upper Efficiency section of the Efficiency Calibration Sidebar, enter the Efficiency in
the top field and the corresponding peak energy in the at keV field, then click on Enter. The
Efficiency table will reopen, displaying your entry. Note that if you have specified aknee on
the sidebar, that entry will be displayed in the Efficiency Table.

7. Toenter the next peak energy and efficiency, click the cursor anywhere in the spectrum

window so that no entries in the Efficiency Table window are highlighted, then repeat Step 6

until you have entered all energies and efficiencies of interest.

+.* |sotopic Supervizor [Container/Surface Mode] - Efficiency Table

File  Acquire Calbrate Calculate  Analwze  Libram Servicez BOl Display  wfindow

-,

=|E| oD x| Jros A 8| [ e

B Efficiency Table
Energy

=10] x

Y

E fficiency Fit Delka
541 e955E-00211. . ..
044 73IZ20E-0024. ...
0A6 . BERBE—0026. . . .

L9
a8

Efficiency I

Linear Energpkey]

+-* Buffer - GvDemo.5pc [ MIXED GAMMA MARINELLI ON EMDCAFP OF P40268A ) =] ES

w4

i Calibr... [FHE3 I:

Effizietioy———

IE.EEIEBE-EIEIE

at [165.8500 ke

| Calc.. |

Tahble

10 FPairz

Delete Entry |
Hecall...l Save...l

tode
Above

I Palyriarnial - I

B elaw

INDne *I
free.. |

=0 =

== =1

S 0RTEC
4:42:28 A
Mon  4/5/04

Marker: 1.004 166,93 ket
Calibrating - Claze Sidebar ta Finish, or ESC ta Cancel

28536 Cntz Effic. = 0.071578

Figure 44. The Efficiency Calibration Sidebar, Table, and Graph.

76



3. MENU COMMANDS

8. Click onthe sidebar’s Save button and assign afilename. We suggest
that you include the certificate number as part of the name.

9. Closethe Efficiency Calibration Sidebar, then Cancel to close the
Calibration Wizard.

Editing the Efficiency Table

To edit an energy already present in the Efficiency Table, click in the table
to highlight the entry of interest. Thiswill load the current valuesinto the
sidebar (see Fig. 44). Edit the efficiency and peak-energy values as needed,
then click on Enter to update the fit and table, and save the edited file.

To remove an entry from the table, click to highlight it, then click on
Delete Entry on the calibration sidebar.

3.3.2.3. Efficiency Calibrations

" Coitr.. AEI|

ove
¥ Cloze Alt+F4

v Graph
v Table

Reztore

[ Destioy ) |
W
Edit File...
| T T, . e ||

ode
Above

I Palynomial b I

B elow

IN:::ne VI
free... |

Figure 45.
Deleting the
Efficiency
Calibration.

Create New
If you chose to perform a new effi- Efficiency Calibration Wizard @@
ciency calibration, the Efficiency . o the tolomine formation for the effi e
. . . . . eaze enler (e Tolosng Inrarmation ror e ermciency Calbration
Ibration Wiz | Fig. 4
\(/:Vﬂll l(J)aéno ard d alog ( g 6) Certificate Fils: ||::'\L|ser'\Test FilestGwDemo.Eft Browse ‘ Edit |
p - Library: |E:'\User'\Tesl Files\Reactar waterLib - Browse ‘ E dit |
Browse for an existing Certificate Souce Label: 050
(. EFT) FI Ie If you WlSh you can Count Time: |1000.00 Seconds. W Clear Data Before Start
click on the adjacent Edit button to Ditance: |1000  em

open the Certificate File Editor
dialog, which also alows you to
modify an existing certificate or
create a new one. See Section 3.3.2.2
for instructions on using this editor.

¢ Back | I et > |

Cancel | Help

Click on Browseto find the correct
Library file.

Figure 46. Create a New Efficiency Calibration.

To view or change the contents of the library, click on the adjacent Edit button. Thiswill open

the ISOTOPIC Library Editor, which is discussed in Section 3.6.3, page 155.
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Enter the Sour ce L abel. The description you enter here will be used immediately before
acquisition to tell you which source to put on the detector.

To use the spectrum currently in the MCB, unmark the Clear Data Before Start box. Thisis
useful if the same source is used for both energy and efficiency calibration. If the Count Time
for the energy calibration spectrum is not long enough for the efficiency calibration, you can
enter alonger efficiency calibration count time and unmark the Clear Data box. Data collection
will then continue for the additional time.

NOTE If, at the end of acquisition, not enough counts have accumulated for a good efficiency
calibration, you can acquire additional data by moving Back through the wizard to this
screen, increasing the Count Time, leaving the Clear Data Befor e Start box
unmarked, and starting the additional acquisition.

The acquisition must be long enough to accumulate well-formed peaks with low counting
uncertainty.

Finally, enter the detector-to-source Distance in cm.

NOTE If you enter a Distance of zero, ISOTOPIC automatically uses a distance of 30 cm.
Y ou can enter adistancein the . cLe filelater with the stapist. exe utility, whichis
discussed in Section 7.2.

Performing the New Efficiency Calibration

The dialog shown in Fig. 47 will

direct you to position the calibra-
tion source and click on OK to
begin spectrum acquisition.

@ Place the 1830 - Mixed gamma' in the calibration pozsition and zelect OF.

Cancel |

Figure 47. Position the Sourcefor the Efficiency Calibration.

If the currently active window
Isan MCB and you entered addi-
ional Count Time, acquisition
will begin and will run until the preset is met. When acquisition is complete, a message box will
notify you and ask if you wish to save the spectrum file. If you answer Yes, afile-save dialog
will open so you can assign alocation and filename.

If the currently active window is a buffer or MCB that already contains a spectrum (and, in the
case of the MCB, if the Clear Data box is unmarked), the existing spectrum will be used for the
calibration. ISOTOPIC will pause for afew seconds, then notify you that acquisition is complete
and ask if you wish to save the spectrum file. If you answer Y es, afile-save dialog will open so
you can assign alocation and filename. If you already saved this spectrum file earlier in the
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wizard (that is, if you first performed an energy calibration and that spectrum was sufficient for
the efficiency calibration), there is no need to save it again. Click on No and continue through
the wizard.

NOTE If, at the end of acquisition, not enough counts have accumulated for a good energy
calibration, you can acquire additional data by moving Back through the wizard to this
screen, increasing the Count Time, and unmarking the Clear Data Before Start box,
then starting the additional acquisition.

If the efficiency calibration process detects a severe error, an error message will be displayed.
Click on OK to continue the calibration process. Several types of errors could be incurred,
depending on the state of the spectrum. The “peaks too close together” error can be ignored.

When spectrum collection is complete (or the buffer is used), the efficiency calibration will be
performed. If successful, the wizard will go to the Finish Calibration Wizard screen (Fig. 49),
where you will have the opportunity to review and, if necessary, edit the resulting energy
calibration by clicking on the Edit Efficiency button (see Section 3.3.2.2).

Read From File— Efficiency

If Read From File was selected Efficiency Calibration File EE
for the efficiency calibration, the
dialog shown in Fig. 48 opens.
Enter the name of the filein which
the desired efficiency calibration is
stored. The calibration Description
stored in thefile is displayed (read-
only) so the correct file is easily Description: [T LITER BOTTLE GEOMETRY
seen and thereby reduce errors. Any
type of file that stores calibration
records can be used. This function
operates the same as Calibrate/
Recall Calibration (recalling the
effici ency calibration Only). When < Back | Mest » | Carcel | Help |
finished, click on Next.

Pleaze enter the pathname of the efficiency calibration file

Path: IEZ"-.U ser1LBOTTLE.CLE

Figure48. Select the Filethat Containsthe Desired
Efficiency Calibration.
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3.3.2.4. Reviewingthe Calibration Wizard Results

Thefinal screen in the calibration wizard is the review screen shown in Fig. 49. This shows the
plots of the results of all the calibration steps. (Ignore the TCC fit view in the lower right
corner.) To review and/or edit the energy or FWHM calibration, click on Edit Energy

(Section 3.3.2.5). To review or edit the efficiency calibration, select Edit Efficiency

(Section 3.3.2.6).

Finish Calibration Wizard E]@

CHAMMEL ENERGY

= T £ T

ENERGY ENERGY

el e | Ep— Ealil:uratiu:un| ol B iy |

¢ Back | Finizh | Cancel | Help |

Figure49. Review the Calibration Results.

3.3.2.5. Editing the Energy Calibration

To review or change the energy or FWHM calibration, click on Edit Energy. This opensthe
complete energy calibration dialog as explained in Section 3.3.3, page 86. If any changes are
made, the efficiency calibration should be repeated. The efficiency calibration can be corrected
by clicking on Edit Efficiency (see Section 3.3.2.6 on page 82).

Alternatively, calibration can be changed by clicking on Back to return to previous wizard
screens. Click on Back to return to the efficiency dialog, then Back again to return to the energy
dialog.

NOTE If you wish to recalibrate based on the spectrum currently in the MCB, be sure to
unmark the Clear Data Before Start checkbox.
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When the table and graph appear, move the table down so the Library List is not covered (see
Fig. 50). Rather than manually entering the peak energy in the Energy Calibration Sidebar E=
field, click once on the peak energy inthe Library List to automatically fill the field.

«-* |zotopic Superyizor (Isotopic Mode) i Library List 7| x| I
Filer Scaure  Calbrate Caloulate Analyzer Library  Services  window Library: GvDemo.Lib
= o) |0 -LEIG Log A -2048 | | | I | Huclide Energy | Fercent Half-L =|
|E| .lwl_'ml %lgl I_g—l @ ,@ $ = r Co-57 122.07 25 . &000 272.4 D |
B Energy Table Co-57 136.43 10,6000 272.4 D
2 Ce-139 165.85 | 79.9500 137.7 D
Energy Charirel Fit [keb] Delta Hg-203 279 .17 81.5000 46.59 D
122.07 732 .64 122.11 —-0.0323% Sn-113 391 .69 64 . 1600 115.1 D
165 .85 1003 .86 165. —-0.0347% Cs—-137 661 .66 a5.2100 .17 ¥
279.17 1705 .29 —-0.0104% | T8 5 g9a. 02 95 0000 1IJE. 7 D
391 .89 2401 .87 —0.0055% foo—Fh [ 925 T)
4073 . L0007 Co—60 1332.50 99 9824 1‘325 D
553 .IZIIZIll:’r: Y—848 1836.01 993500 106.7 D*

\[Calibr... [HEZ

Energy——

Channel: 7241.06
E=|1 1732377 kev

Enter |

Table
11 Energies

0 Charinel 16283 Delete Energy |
.* Buffer — GyDemo.Spc [ MIXED GAMMA MARINELLI ON ENDCAP OF P40268A ) _[Ofx]| Fesal] save |

Fit
' Energy
= P'HM

[ MNaFwHM Cal

Auto Calibrate |

Marker: 7241 = 117339 kev 42328 Cntz  PwiHR =1 757803 -
Library: Co-60 [Cobalt) at 1173.24 : 515670 Bq

| 1 Huclide Peaks; 0 Unknown Peaks
Figure50. Editing the Energy Calibration.

For a spectrum with an energy calibration, double-clicking on alibrary peak will cause the
spectrum cursor to jump to the channel corresponding to that energy. If the calibration asit now
stands is not sufficiently accurate, the channel corresponding to that energy could be off by a
channel or two. If thisis not the correct peak channel, move the cursor to the correct channel,
click once on the library peak, and press <Enter>.

To exit the calibration function, click on the Energy Calibration Sidebar Close button. This will
close the calibration function, and the new calibration will be held in memory, available for
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subsequent spectra gathered on this Detector. To save the calibration to disk, select
Calibrate/Save Calibration....

Other Sidebar Control Menu Functions

The remaining items on the sidebar control menu are Move, Close, Restore, Clear Table, and
Destroy. Destroy clears al energy calibration values. Restor e reinstates the internal energy
calibration table to the values stored when the calibration function was entered. Clear table
erases all the valuesin the table, but retains the function (energy and FWHM) to be used when
the next values are entered. In thisway, arecalibration can be done without manual entry of any
points. Close exits the Energy... calibration function and saves the current calibration as the
working calibration.

3.3.2.6. Editing the Efficiency Calibration

From the Finish Calibration Wizard screen, click on the Edit Efficiency button. Thiswill open
the Efficiency Calibration Sidebar, Efficiency Table, and Efficiency Graph. Expand the
spectrum horizontally to show the peaks completely (Fig. 44).

The next step isto destroy the current calibration. To do this, open the Calibration Sidebar and
click on the control menu icon, then choose Destr oy.

Once you have destroyed the efficiency calibration, the system is no longer energy calibrated.
Because thereis as yet no efficiency calibration, no graphs or tables are shown. Choose a
spectrum peak listed in the source data sheet.

Use the Full Spectrum View (Fig. 51) to approximately locate the peak, or use the Library List
and the Expanded Spectrum View to put the marker on the center of the peak. This selects the
peak. The peak area and count rate are calculated in the same manner as in the analysis program.

Figure51. Select Peak in Full Spectrum View.

Any point in the Efficiency Table can be deleted by selecting the point then clicking on the
Delete Entry button in the Table section of the sidebar. Any point in the table can be modified
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by selecting it and clicking on Calc.... When the worksheet opens, the previously entered values
will be shown. These values can be changed and a new efficiency generated by clicking on
Calculate Efficiency=. To retain the changes, click on OK; to discard them, click on Cancel.

=" |sotopic Supervizor [Isotopic Mode) [_ 3] x|
e Acgure  Calbrate  Calzulate &nalyze Libramp Services BOI Displap  Window
=|E| @b s s | [20E) |2 [ o =
= T ] x|
B Efficiency Table M=l E3 Efficiency
Energy E fficiency Fit Delta & |2.93‘l 2E-D02
59.54(1.6955E-002(1.6942E-002 0.0792%
88 .04(4.7320E-002(4.7820E-002 —-1.05872% B | G
122 .07|6.6588E-002 6. 4242E-002 3.5234% Enter I Calc... |
165 . 85|6.8928E-002 |7 .1574E-002 —-3.8393%
391.71|5.2977E-002|5.2718E-002 0.4892% Tahle—
3.9781E-002|3.7515E-002 6350 - 10 Pairs
2 2 | L2519 Delete Entry I
L5911E-002 (2 . 6112E-002 L FA7EE 4
Hecall...l Sa\-'e...l
Mode
Abowe
I Palyromial - |
Below
INone v|
== |
] Erergulkel) 2650
2 JRTEC
+-* Buffer -- GvDemo.Spc [ MIKED GAMMA MARIMELLI ON ENDCAP OF P40268A ) 2228 P
Fri  12-Jul-02

]

Marker 5537 = BI813 kev 20,972 Cnts  Effic. = 0.030852
Calibrating - Close Sidebar to Finish, or ESC to Cancel

I
Figure52. Editing the Efficiency Calibration.

Any point in the table can be modified by selecting it and clicking on the Calc... button to open
the Efficiency Calculation Worksheet, which allows you to enter or change the data for the
peak (Fig. 53).

In the Assay (from Certificate) section of the dialog, enter the calibration Date and Time from
the source data sheet. Enter the Activity from the source and select the units from the droplist.

The source Uncertainty is entered here but can beleft at 0.0. This uncertainty is used in the total
uncertainty calculation.
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When the values are correct, click the Calculate Efficiency = button at the top of the dialog and
the calculated efficiency will be entered in the field beside the button. If this value is acceptable,
click on OK to save the input and efficiency values and |eave the worksheet. The graphs and
tables will now be displayed.

Select the next peak and repeat the process. The Date and Time will default to the previously
entered values, but the Nuclide Half-L ife and Activity must be entered for each energy.

As each peak (above the minimum | Efficiency Calculation Worksheet @M
needed) is entered, the table and i |
graph will update and new fits will [Re=EE=Erfiveneye | |
.o Cancel |

be made. The fitting mode can be
Changed a any time to see how Bzzay [from Certificate] — Peak Meazured [from Spectrum]—
the various functions model the Date:] ! Dt BT S3T33 M
data. Note that for a quadratic fit Mrdip) - immess )| ERS: 12769

. C — Muclide——————
al ihear fitis made fgr one or two Activity: | B Half Life: [1925.1801 Daps
points and a quadratic fit is not
done until three pOl nts are entered I ncertainty: IE.EIEIEIEI 4 Gammaz/100d: IEI.EIEIE!EE+EI 4
For a polynomial fit, no fit is made From Libaty: [ Co-60

ntil five point tered. . — .
u € points are entered Figure53. Efficiency Calculation Worksheet.

The knee energy is changed by
clicking on the Knee... button

in the calibration sidebar. Thiswill open the Knee dialog Knee HE
(Fig. 54), which displays the energy value for theknee. To =~
change it, enter anew number and click on Apply. Thiswill I— L Apply
move the knee to this energy and update the fit, graph, and i e Close
table. The value in the Knee dialog field will be set to the

marker energy when the marker is moved and clicked in the Figure54. Set Knee

spectrum or the Efficiency graph window. Thisis most easily Energy.
seen in the Efficiency graph window. The knee energy is not

changed until you click on Apply. To close the Knee dialog,

click on the Close button. ISOTOPIC will use the knee value

shown when Apply was last clicked.

The table of worksheet entries, including the gammas/sec, half-life, and certification date,
contains all the information needed to do the calibration. It can be saved by clicking on the
Save... button in the Table section of the sidebar. This opens a standard file-save dialog. Enter a
filename and click on Save; ISOTOPIC will assign the default extension of . FT.
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When the Efficiency graph and table are displayed, the marker in the graph window can be
moved to an energy by clicking the mouse on the graph, the table, the Full Spectrum View, or
the Expanded Spectrum View. The Peak, ROI, and Library indexing buttons on the Status

Sidebar can also be used to move the marker to the desired energy.

Y ou can also perform amanual efficiency calibration; see page 75.

Other Efficiency Sidebar Control Menu Functions

In addition to Edit File..., the Efficiency Calibration Sidebar control
menu (Fig. 55) contains the Move, Close, Graph, Table, Restore, and
Destroy functions. Close saves the efficiency and exits the efficiency
calibration function. Graph and Table are display/hide toggles. Use
Restoreto ignore all calibration inputs made during this calibration
session, and Destroy to clear the current working calibration and table
of values.

The Efficiency Graph Control Menu

Figure 56 shows the control menu for the graph of efficiency vs. energy.
It contains selections to turn a Grid on/off and to switch from L og/L og
to Linear axes. The graph can also be Closed (removed). If closed, it can
be redisplayed with the Graph command from the Efficiency Calibration
Sidebar’ s control menu.

The Efficiency Table Control Menu

Figure 65 shows the control menu for the table of efficiency vs. energy.
It contains commands to Print and Close the table. If closed, it can be
redisplayed with the Table selection from the Efficiency

Calibration Sidebar’ s control menu.

Other Efficiency Sidebar Control Menu Functions

In addition to Edit File..., the Efficiency Calibration Sidebar control
menu (Fig. 55) contains the Move, Close, Graph, Table, Restore, and
Destroy functions. Close saves the efficiency and exits the efficiency
calibration function. Graph and Table are display/hide toggles. Use
Restoreto ignore all calibration inputs made during this calibration
session, and Destroy to clear the current working calibration and table
of values.

: Calibr._. B3 |
Move

Cloze Alt+F4

v [Graph
v Table

Restore
Drestroy

Edit File...

Figure55.
Efficiency
Calibration Sidebar
Control Menu.

Moaove
Size

Cloze  Alt+F4

® linear
Logs/Laog

9 Grid

Figure 56.
Efficiency Graph
Control Menu.
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3.3.2.7. Saving the Calibration and Finishing the Wizard

The calibration is now stored with the MCB or the spectrum in the buffer window, but not on
disk. Click on the Save Calibration button to save the calibration to a . cLas file. This should

always be done to preserve the calibration for later use.

When finished editing al calibrations, complete the Calibration Wizard and close the dialog by

clicking on Finish.

3.3.3. Energy...

Thefirst step in the energy calibration is to collect a spectrum of a known
source with isolated peaks. The spectrum peaks must be well-defined with
asmall statistical uncertainty. When the Detector has finished this data
acquisition, select Calibrate from the menu bar, then Energy.... The
Energy Calibration Sidebar (Fig. 57) will automatically open, placed over
the Status Sidebar. The Calibration Sidebar can be moved by itstitle bar to
another position. It isusually helpful to zoom in on the spectrum so the
peaks are clearly displayed.

3.3.3.1. Auto Calibration®®

The Auto Calibrate button performs a complete energy and FWHM
calibration on the displayed spectrum using the working library. There
are no requirements on the spectrum or the library other than there must
be at |east five peaks (10 preferred) in the spectrum that are in the library.

However, this feature works best if the library does not contain X-ray peaks.

The Auto Calibrate feature works as follows: the spectrum is searched for
all the major peaks, then this peak list is compared to the library peak list to
find the calibration that gives the best match.

! Calibr... [HE3

Energu

Peak & 4100.79
E=[927.5700 ke

Enter |

Table
0 Energiez

[elete Breray |
Hecall...l Save...l

Fit
¥ Energy
T PwHM

Ao Calibrate |

Figure57.
Energy
Calibration
Sidebar.

CAUTION Y ou can obtain an excellent spectrum for energy recalibration in only afew
minutes. However, agood FWHM calibration requires a much longer acquisition.
Before using the Auto Calibrate function, be sure to disable the FWHM calibration
by marking the No FWHM Cal checkbox in the lower section on the Energy

Calibration Sidebar (Fig. 57).

Bpatent number 6,006,162.
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3.3.3.2. Manual Calibration

If there is no energy calibration, the energy of one or two known peaks must be entered. Using
the Full Spectrum View, select a peak in the high energy (channel) part of the spectrum. When
this part of the spectrumisvisible in the expanded display, move the cursor to the known peak.
At thistime the centroid of the peak will be calculated and displayed in the upper part of the
calibration input window as, in this example, Channel: 11343.15. Thisis the channel number of
the peak centroid. Now click in the E= input box and enter the energy of this peak. Click on the
Enter button or press <Enter>. A table and graph will appear on the screen (Fig. 58). They can
be moved around and sized if they obscure the spectrum.

«-* lzotopic Supervizor [lsotopic Mode) M= E3
File Gcgure Calbrate Calculate Analpze Library Services  Window
== @b sl ) s & | ZmE] ®|2|¢|84| [ o= 7
H Energy Table M=l &3 i|Calibr_.. [HEZ
E nergy Channel Fit (ke Delta - Energy
165 .85 1003.86 165.91 —0.0347% Channel 8226.90
279.17% 1705 .29 279,20 —0.0104% -
391 .69 2401.87 391.71 —0.0055% E=]1352.5000 ke
661l .66 4073 .09 BEl.EB 0.0007%x Enter |
293 .02 5536 .41 398 .03 —0.0011% Tabl
1173, 97 | 1173, . 0013% ahle——
kN | 0225 50 1332 45 | 0. . 11 Energles
. . . —0. x Delete Energy I
[+] Energy Graph =10] x| Fleu:all...l Save...l
2915 A Fit
& Enengy
P HM
ke/ ™ NoFwHM Cal
3 771 | Auka Calibrate |
1] Channel 16383
2 ORTEC
+.* Buffer -- GyDemo_ Spc [ MIXED GAMMA MARINELLI ON EMDCAFP OF P402684 ) M=] k3 11:05:35 &b
Fri  12-Jul0z

Marker: B226 = 133252 ke¥ IFE8 Cnts  PwHM = 1.858705
Calibrating -- Cloge Sidebar ta Finizh, or ESC ta Cancel

| 1 Muclide Peaks; 0 Unknown Peaks
Figure58. Energy Calibration Display.

The table shows one value (the one just entered), and the graph shows a straight line fit from
(energy = 0, channel = 0) to the energy and channel just entered. This is an approximate
calibration; it should be fairly accurate if the zero offset is small.
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The Energy and FWHM radio buttons at the bottom of the Energy Calibration Sidebar display
the table and graph for either energy vs. channel (Fig. 58) or FWHM vs. energy (Fig. 59).

«-* lzotopic Supervizor [lsotopic Mode) M= B3
File Gcgure Calbrate Calculate Analpze Library Services  Window
== @b sl ) s & | ZmE] ®|2|¢|84| [ o= 7
B FwHM Table IMI=] ES ||} eSiseEd B
Energy FudHM Fit Delta - Energy
12207 -2, 1355? Channel: 8226.90
16565 -0.7238% E=[1332.5000 ke
279 .17 —-0.0273%
391.69 0.3028x Erter |
66l .66 0,190 Tabl
898.02 0.7460% e
117324 | -o.0292% T 11 Erergies
i 1332 .50 8456 1.8587 =0.7 4 x Delete Energy I
[~] Pw'HM Graph = [0] x| Fleu:all...l Save...l
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" Enengy
' FaHM
Fu/Hb ™ Mo FuHM Cal
0. 8037 Auto Calibrate
3 Energykey] 2650
S 0ORTEC
+.* Buffer -- GyDemo.5pc [ MIXED GAMMA MARINELLI OM EMDCAF OF PADZ684 ) M=l E 11:06:18 AM
Fri — 12-lul02

Marker, 8226 = 133252 ke¥
Calibrating -- Cloge Sidebar ta Finizh, or ESC ta Cancel

37,368 Cntz Pw/HM =1.858705

| 1 Muclide Peaks; 0 Unknown Peaks
Figure59. FWHM Calibration Display.

Click on FWHM. The table shows the one value entered and the graph shows a horizontal line.

For asingle point, the FWHM is assumed to be a constant.

Using the Full Spectrum View (or the Library List window), select a peak in the low-energy part
of the spectrum and move the marker to the centroid of the peak. Again click in the E=field at
the top of the sidebar and enter the energy of this peak. Both the energy function and FWHM
function, aswell as their corresponding tables, will update with the new entry so progress can be

monitored.
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At thistime, the cursor can be positioned using the calibration graphs, calibration table, Full
Spectrum View, or Expanded Spectrum View. The cursor will show the energy based on the
calibration up to this point.

The calibration can be refined by adding as many points as desired. Any point can be deleted by
selecting that point in the table of values (Energy or FWHM) and clicking on the Delete
Ener gy button on the calibration sidebar. The fit updates when a point is removed.

NOTE When you add calibration points to an existing table, make sure none of the pointsin
the table are highlighted. Otherwise, the highlighted points will be replaced with a new
value. To remove a highlight, click the mouse anywhere outside the table and then
enter the data for the new points.

After the desired number of points have been entered, the energy values can be saved by clicking
on the sidebar Save... button. This opens a standard file-save dialog (Fig. 60). Assign afilename
and ISOTOPIC will append the default energy-calibration extension, . ENT.

The saved tables of values can be used for
future calibrations using the same nuclides. Saver | 3 Use [ ci|
Thetableisin ASCII format and can be rise804a.Ent T SDSPP-14001 Ent
changed off-line using an ASCII-compat- s B coore o o
Ible editor such as Windows Notepad, or :EZSS?E:: %ggg:ﬂ?ﬁ:?m
from the calibration sidebar control menu. 5091816107 Ent ) SVDemaz Ent
Click on the sidebar title bar icon to open el Drosen T
the control menu (Fig. 61). SDART-11001 Ent

SDSPE-05501.Ent

SDSPE-EPEO Ent
Select Edit File.... Open the . ent fileto . ma H
be edited; it will be displayed as shown in File name: DT Save |
Fig. 62. Change energy values as needed Save astype: [Ent Fies = Cancel |/

4

and click on Save, or click on Cancel to
retain the original values.

Figure 60. Save Energy Calibration Table.
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Move Editing: C:\user'GvDemo.Ent ilil
¥ Cloze Alt+F4 B8.0300 -
122.0700 _I
v Graph 165.8500
v Table 331 8000 [ emed |
BE61.6600
Festone §9%.0200
1173.2400
Clear table 1332.5000
Drestroy
Edit File...
Figure 61.
Calibration _ILI
Sidebar Control <] -
Menu. Figure 62. The Energy Calibration File (ENT).

3.3.3.3. Easy Recalibration Using An .ENT Table

Using the table can speed up the calibration Recall Energy Table File
process, as follows. For an uncalibrated Lookjr: [l User ER=EEE
spectrum, enter one or two energies to [ %, UCM1B79 Ent
establish abasic calibration. Next, click 5o 53 SvDena En
mrip 72 SWDemoz Ent

on the Recall... button on the Energy CEEE Resin
Calibration Sidebar to open a standard £ e
file-recall dialog (Fig. 63). Choose the
.ENT file to be used. When the taple Is enane [F0omEn ]
selected, the peak at each energy in thelist I :

i . iles of type: |Ent Files ﬂ Cancel
will be evaluated for centroid energy and
FWHM and added to the tables. When all Figure 63. Recall Energy Calibration Table.

the peaks have been done, the new fit and
table will be displayed.

3.3.3.4. Speeding Up Calibration with aLibrary

A library can be used to speed up the calibration process as follows. Before entering the
calibration process, choose Library/Select File... from the menu and open alibrary file that
contains the nuclides in the calibration source. Next, choose Library/Select Peak... to show the
list of peaksin thelibrary in energy order. Now select Calibrate/Energy.... When the table and
graph appear, move the table down so the Library List is not covered (see Fig. 64). Rather than
manually entering the peak energy in the Energy Calibration Sidebar E= field, click once on the
peak energy in the Library List to automatically fill the field.
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[ 1 Muclide Peaks: O Unkrown Peaks
Figure 64. Speeding Up the Energy Calibration with a L|brary

For a spectrum with an energy calibration, double-clicking on alibrary peak will cause the
spectrum cursor to jump to the channel corresponding to that energy. If the calibration as it now
stands is not sufficiently accurate, the channel corresponding to that energy could be off by a
channel or two. If thisis not the correct peak channel, move the cursor to the correct channel,
click once on the library peak, and press <Enter>.

To exit the calibration function, click on the Energy Calibration Sidebar Close button. This will
close the calibration function, and the new calibration will be held in memory, available for
subsequent spectra gathered on this Detector. To save the calibration to disk, select
Calibrate/Save Calibration....
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3.3.3.5. Other Sidebar Control M enu Functions

The remaining items on the sidebar control menu are Move, Close, Restore, Clear Table, and
Destroy. Destroy clears all energy calibration values. Restor e reinstates the internal energy
calibration table to the values stored when the calibration function was entered. Clear table
erases all the valuesin the table, but retains the function (energy and FWHM) to be used when
the next values are entered. In thisway, arecalibration can be done without manual entry of any
points. Close exits the Energy... calibration function and saves the current calibration as the
working calibration.

3.3.3.6. Using Multiple Spectrafor a Single Calibration

To use more than one source (when simultaneous collection is not possible) to make asingle
calibration:

Collect a spectrum with one source or calibrate with this spectrum.

Exit the calibration function.

Clear the Detector.

Collect the spectrum of the second source.

Calibrate by adding the new lines to the existing ones (which are retained).

gagrwWNE

The process can be repeated for additional sources. When completed, the calibration should be
saved on disk. Theindividual spectra can be saved or used in other application software. In
addition, the calibrations in the spectra can be updated by recalling each spectrumin turn,
recalling the complete calibration, and re-saving the spectrum.

To use more than one stored spectrum to make a single calibration:

Calibrate using one spectrum.

Exit the calibration function.

Savethe calibration in afile.

Recall the second spectrum.

Recall the calibration (because recalling the spectrum has replaced the first calibration with
the calibration from the spectrum).

6. Select Calibrate/Energy... and enter the peak energies for the second spectrum.

agrwWDNPE

The process can be repeated for additional spectra.
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3.3.4. Recall Calibration...

This command (see Fig. 66) opens a standard file-recall dialog, allowing

you to recall the calibration fields from the specified file to the working

calibration for the currently selected Detector. The current working cali- Move
bration islost. The calibration data can be read from any file containing
the correct records. Thisincludes . cLs, .spc, and analysis (. uro) files.

The complete calibration or just the energy or efficiency calibration can
be recalled; the Recall Energy Calibration and Recall Efficiency
Calibration checkboxes at the bottom of the dialog indicate which parts

Size

Cloze  Alt+F4

Print

Figure 65.
Efficiency Table

of the calibration will be retrieved. The original calibration is retained for Control Menu.
the parts not retrieved. In all cases (even with no box checked), the

calibration description is retrieved.

To change the calibration stored in a
spectrum file, recall the spectrum file
(its calibration is automatically
loaded), recall the desired calibration,
and store the spectrum back to disk.

3.3.5. Save Calibration...

Save Calibration opens a standard
file-save dialog that allows you to
save the current working calibration
to disk in the . cLB format. Both the
energy and efficiency data are saved.

3.3.6. Print Calibration...

Recall Calibration File EE
Lookin: | il User =l =IES=
1 &lpha 28niype.cl Gmxendsp.cl N11089a.c
20 Cut AMCO.Clh GvDema.Ch N30201 .l
1 Mga Beckerl.ch izea.Clh N71cab.c
1 pinz Dzpec.clb izeal.Clb hal.clb
23 Tmpl E160.ch M1679p70.clb Pt.clb
Tihattle. clb E160ss.ch Mrmcbdema.clb Qed.clb
4| | 2
File name: |42?5cal.spc Open I
Files of tpe:  [{EaE iR Cancel |

Recall Energy Calbration v [ Fecall Efficiency Calibration

Figure 66. Recall Calibration.

This sends all the calibration data in the working calibration to the display, a printer, or adisk
file. If the calibration tables exist, they will also be printed.
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3.4. Calculate
Figure 67 shows the Calculate menu. These commands provide useful Cel e
analytical tools for spectrum manipulation. Smooth and Strip... are only Settings. .
available in buffer mode. Peak Info
aurm

. Smooth
3.4.1. Settings... tip...
Thisdialog (Fig. 68) displaysthe “x” factor used by the Peak I nfo Figure67.
command to calculate full width at 1/x maximum (FW[1/x]M) for I\Cﬂf’{e'rfﬁ'ate

the ROI peak marked by the marker. The background is subtracted
before starting the calculation (see Section 3.4.2). Enter
the factor x, an integer from 2 to 99. This number will
be retained and used until changed. (Peak I nfo always Ealuulabuniielinns
prints the FWHM, so an x of 2 is not useful.)
" for P M <10 =

3.4.2. Peak Info Cancel |

This command does one of the following: Figure 68. FW(1/x)M Dialog.

If the marker isin an ROI:

1. If the spectrum is not calibrated, the channel centroid, FWHM, and FW(1/x)M, in channels,
are displayed.

2. If calibrated, the channel centroid, FWHM, and FW(1/x)M, in channels and energy, the
gross and net area, and the library “best match” and activity are displayed.

If the marker isnot in an ROI, the peak limits used are the same as the limits for the ROI I nsert
button on the Status Sidebar, and the report is generated according to items 1 and 2 above. If the
Detector is acquiring data, the values displayed are continuously updated with new values based
on the new data.

NOTE Thiscommand uses the calculation described below, as distinguished from the analysis
engines used for detailed analysis. Typically, these results are not the same as the
complete analysis peak results.

The Next Peak and Previous Peak buttons on the Status Sidebar will move the Peak Info box
up and down in the spectrum.

The x-factor is determined in Calculate/Settings.... The peak information is displayed in a pop-
up box at the top of the peak (Fig. 69). It can also be displayed by double-clicking the mousein
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the ROI (or on the peak) or with the right-mouse-
Peak: 11341.02 = 1835.76 keV

button menu. To close the box, press <Esc> or Fu/HM: 215 Fw(l/5M- 2.27
: ; Library: *-88 [vtrium) at 183576 ; 2119.0E Bq
CI ICk n the bOX' Gross Area: 154230
Met Area: 149017 +428
Grogz/Met Count Rate: 42.84 / 4117 cps

The background on the low-channel side of the
peak isthe average of the first three channels of
the ROI (see Fig. 70). The channel number for
this background point is the middle channel of
the three points. The background on the high-
channel side of the peak is the average of the
last three channels of the ROI. The channel
number for this background point is also the

m .ddl € Channﬁl O(]; th? tr]reee[;()ki ?ts' Thhese two hlg::akk?r:n%léggl 183 EIQBI?SJELHE:;- Y-88 at 18385'80114- 2E1n1t§ 05 Bq
points on each side of the p orm the —— : : —

d . t f th o . ht | b k d ||3n:|$3 Area; 154290 Met Area: 143017 £428
enapoints o e Stral -line Dackgrounda. n .
P g g Figure 69. Peak Info Displayed at Top of Peak.

The background is given by:

l1+2 h h-1+1
B=|YcCc+ Y C |/— (19)
i- i=h-2 6
where:
B = thebackground area
| = theROI low limit
h = theROI high limit
C, = thecontents of channel i
6 = thenumber of datachannels used (three on each end)

The gross areais the sum of all the channels marked by the ROI according to the following:

h
A, = 12;1 C, (20)
where:
A, = thegrosscountsinthe ROI
| = theROI low limit
h = theROI high limit
C, = thecontents of channel i
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1

Figure 70. Background Calculation Details.

The adjusted gross area is the sum of all the channels marked by the ROI but not used in the
background, calculated as follows:

h-3
A= ) C (21)
i=1+3
where:
A,, = theadjusted gross countsin the ROI
| = theROI low limit
h = theROI high limit
C, = thecontents of channel i

The net areais the adjusted gross area minus the adjusted cal cul ated background, as follows:
_ B (h-1-5)

A =
no e o]+

(22)

The uncertainty in the net areais the square root of the sum of the squares of the uncertainty in
the adjusted gross area and the weighted error of the adjusted background. The background
uncertainty is weighted by the ratio of the adjusted peak width to the number of channels used to
calculate the adjusted background. Therefore, net peak-area uncertainty is given by:
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. - \JAa;B(hlS) (h—z—s) )
n 6 h-1+1
where:
A,, = theadjusted gross area
A, = thenetarea
B = thebackground area
| = theROI low limit
h = theROI high limit

The peak centroid is calculated by fitting a second-order polynomial of the form
a+ b(channel) + c(channel)? to the natural logarithm of the net channel contents. The
coefficients of this polynomial are then used to calculate the true peak offset value asfollows:

TruePeak (offset) = -b/2c (24)

After the true peak offset is calculated, it is added to the left boundary channel of the peak ROI
to yield the peak centroid value.

After finding the centroid for a peak, the true counts in the peak centroid channel must be
calculated. Thisisdone by using the a, b, and ¢ coefficients from the peak centroid calculation
and the true peak value in the following equation:

TruePeakCounts (centroid) = e(¢ [TruePeakl’ +b-[TruePeak] + a) (25)

After calculating the true peak counts, it is divided by 2 to get the FWHM value and also by the
“X” value designated in the Calculation Settings dialog (Section 3.4.1) to get the target values
for calculating FW(1/X)M.

After finding the target value for FWHM, channels containing net counts that bracket the target
value on the low- and high-energy sides of the centroid are located, and the low- and high-
FWHM channels are determined using linear interpolation. The FWHM is then calculated by
subtracting the interpolated |ow-energy channel from the interpolated high-energy channel.

The same process is employed for calculating FW(1/X)M for any specified X.

3.4.3. Sum

The Sum function performs its calculation in one of three ways, depending on the position of the
marker:
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1. If themarker isnot in an ROl and a box is not defined, the sum of the data channels of the
Detector is shown on the display. The complete channel width (e.g., 1 to 16384) is summed.

2. If the marker isnot in an ROI and a box is defined, the sum of the data channelsin the box is
shown on the display.

3. If the marker isin an ROI, the sum of the data channelsin the ROI is shown on the display.
Thisisthe same as the gross counts in the Peak | nfo display, but can be used on wider
ROls.

3.4.4. Smooth

The Smooth function transforms the data in the buffer spectrum according to afive-point, area-
preserving, binomial smoothing algorithm. That is, the existing datais replaced, channel-by-
channel, with the averaged or smoothed data as follows:

S,=(0, ,+40,_,+60,+40, +0,,,)/16 (26)

where:
S = thesmoothed datain channel i
O, = theorigina datain channel i
3.4.5. Strip...
This function strips the specified disk Stiip Spectrum File
spectrum from the spectrum in the Lookin: |23 User =] cil | =
buffer. Alpha Pl 00020001 Spc P 235cs137.5pc Py 312eubl0.
Cat % O0ach.én] % 250gemi0. spe % 31 Zeulln.:
kga 00ach.5pc 267 qem00.zpc F2qemi0d
NOTE The F_)BC methOd_ pir?& = Dabcd.SEc = 2segcmnn.sEc = VoSt
(Section 3.5.6.1) is preferred. 1 Tl fia] 118 5pe ] Zsnifind A1 ] 32505372,
The Stri D method is an Ryl 00020000.5pc P 129.5pc b 2smfind, spe R 325e537c.
alternate that can produce
numerous spurious peaks. Flepame: | oo ]
] . . Files of twpe: | Integer SPC il ance
A standard file-open dialog (Fig. 71) g o = _ Gl |
opens, prompting for a filename and i
. . . Factor by which file data will be multiplied before being subtracted fram
Stripping Factor. The file must be a spectum in memory. S
valid spectrum data file containing the Slselian ctlellines
same number of channels asthe _ ——
displayed spectrum. Figure71. Strip Dialog.
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The Stripping Factor isarea number that is multiplied channel-by-channel times the disk
spectrum before being subtracted from the base spectrum. If the Use Ratio of Live Timesbox is
marked, the stripping factor is calculated as the ratio of the live time of the base spectrum
divided by the live time of the disk spectrum. The factor can be negative, in which case the
spectra are added.

NOTE Thelivetimesand real times are not altered by any strip operation. The peak
uncertainty (see Section 4, “Analysis Methods”) will not include the stripped areas and
might not represent the true uncertainty.

3.5. Settings
Figure 72 shows the Settings menu commands for detector and Settings
analysis setup and spectrum analysis. Results can be displayed in Configurations. .
both graphic and text form. The Attenuation... command is only Crystal Reports. .

Atkenuation...,

active in Container/Surface Mode.

Peak Background Correction  #

NOTE Before using the Configurations... command, open Dlagnosis '
the M ode submenu and choose between Container/ Mods b
Surface and Soil Modes so the proper series of Figure 72. Analyze Menu.

Configurations... dialogs will be displayed. Use

Container/Surface Mode for spills or other small floor areas where the Soil Modeis
not appropriate. If the Configurations... command is gray (inactive), activate the
command by choosing a Detector from the droplist on the Toolbar.

The spectrum analysis tools on the Diagnosis submenu (Section 3.5.7) allow you to work with
the analysis results (. uro) files created with the Operator program. In the interactive analysis
mode, peaks can be added, deleted, or shifted in energy. These commands can be performed on
datain the active spectrum buffer when the Detector is not acquiring data. | nteractivein
Viewed Area... isdisabled (gray) for display widths above 4096 channels; Display Analysis
Results... showsthe results for all channels.

3.5.1. General Good-Practice Procedures for ISOTOPIC Measurements

These suggestions might require advance preparation.

® A turntable and scale are two inexpensive accessories that can greatly improve the
measurement results. Contact your ORTEC sales representative.

— Rotating the drum will make it “appear” more homogeneous to the detector and improve
the item correction factor.

99



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

— Weighing the item will reduce the uncertainty in the matrix density.

e Using acollimator will reduce the background activity. A detector recess of 2.54 cm (1 inch)
IS a good general-purpose setting, asit allows awide FOV. (For more information on FOV,
see the discussion on page 115.) A deeper recess reduces the background even more.
However, in most monitoring situations this can cause a significant drop in the number of
gamma rays detected from the item being measured.

e Knowing thefill height of the activity within the container helps determine the volume of the
activity. Fill height is used in conjunction with the item weight to establish the matrix
density. Thefill height can be changed for each item in the Operator program. If adrum lid
Is sealed and cannot be unseal ed because contamination could result, then other
nondestructive methods should be used to determine the fill height or procedures should be
instituted for documenting the fill height before the lid is sealed.

3.5.2. Container/Surface Mode: Configurations...

This opens the Configuration Wizard for Container/Surface Mode. (To create a Soil Mode
configuration, see Section 3.5.3.)

NOTE The Configuration Wizard is anew feature in ISOTOPIC v4.x that combines the former
Analysis Options, Operator Container Parameters, and Collimator dialogs. Theresult is
adata acquisition and analysis configuration which is stored in the ISOTOPIC
database. Sample description (. spF) files are now used only in QA (see Section 5).

A configuration issimilar to an . sprF filein that it directs data acquisition, analysis, and
reporting for container measurements. However, it also contains information about container
type, detector geometry, and uranium/plutonium enrichment.

The configurations settings are automatically saved in the database when you click on Finish on
the last page of the wizard. If you cancel out of the wizard, the changes are not stored.

3.5.2.1. Configuration Page

Figure 73 shows the first page of the Configuration Wizard.

ISOTOPIC is supplied with six default configurations:

208-liter drum

B-25 box

Pu capsule configuration
Point source in a container
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e \Water filter
® Point source

Isotopic Settings - Configuration

™ Edit (¥ Mew
Configurations Canfiguration name
=l |Lws Canignt
Start Fram existing configuration

Cancel | Mext =

Figure 73. Configuration Page.

Y ou can use these configurations asis or Edit them at any time to suit your measurement
configuration. Y ou can also create as many New configurations as desired. The Start from
existing configur ation feature allows you to use an existing active configuration as a template
for your new configuration.

NOTE  Once aconfiguration has been created in the currently selected ISOTOPIC database, it
can be edited but not deleted. The Manage Configurations... feature under
Services/Database M anagement (Section 3.7.1.4) alows you to mark old
configurations as “inactive,” which removes them from the wizard's Configur ations
and Start from existing configuration droplists. In addition, you can create a new
database containing only the four default configurations; see Section 3.7.1.1.
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Select an existing configuration or mark the New radio button and enter anew Configuration
name. If you wish, choose an existing configuration as atemplate. All of the settings from the
existing configuration will be copied to the new configuration. Modify them as needed.

Click on Next.

3.5.2.2. Container Page
Use the Container page (Fig. 74) to characterize the item to be counted.

CONTAINER SETUP SUGGESTIONS

® Model the activity rather than the container. Note that usually, but not always, the activity
takes the shape of the inner container. The following shapes are available from the
Container shape droplist:

— Cylinder — use for drums or filled pipes, thick disks.

— Box — Usefor HEPA filters or other rectangular-shaped or square-shaped objects.

— Lined cylinders — Use for contaminated piping.

— Point-source in a container — Use for points sources in a cylinder or heavily shielded
hot sources where the activity has a small volume and there are three containers (e.g.,
lead, steel, and concrete) used to reduce the shielding.

— Disk or spill — Usefor thin, circular-shaped activity, point sources, floor spills of a
relatively small diameter. Large areas of contaminated ground (diameter >10 m) are best
analyzed in the Soil Mode (see Section 3.5.3).

® Determine the container thickness. For nested containers, if several have the same material
and density, you can sum the thicknesses and enter the result as the thickness of asingle
container.

® Estimate the density of the matrix for the waste stream. The matrix density isamajor
contributor to the item attenuation correction. If possible, each item of the waste stream
should be weighed to improve the matrix density determination. The weight can only be
entered in the Operator program.

® Select the units of measure for Length and Weight to be used in the Container report in
Operator. ISOTOPIC can use both SI (metric) units and U.S. customary (inches/pounds)
units. It allows you to mix and match units according to the preference of your facility.
Regardless of the units selected, all densities arein g/cc.

NOTE The units of measure selected here also affect the units available in the Operator
program, e.g., the Scan Control Area on the main Operator screen. These units can
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be changed in the Operator program if the Allow M odification of Configuration
Parameter s checkbox is marked in Operator Permissions (Section 3.7.2).

Inner Container

On the Inner Container tab (Fig. 74), choose aMaterial from the droplist. The entries on this list
are taken from the attenuation database, which contains most common materials. New materials
can be added to the database as described in Section 3.5.5.3.

Isotopic Settings - Container

4 F_‘T dh
B2
e % :‘T
Hei ght
Fr
ot side ‘L
\‘_____,_,_
Cortainer Wall _
Thickniess Depth —]
Length Uik Weight Lnik;
Cantainer Shape: B j ength Lnits eight Ltk
f* cm i * ka b
Inner Container 1 Outer Container/Fiker | Matrix
Material: [EEEy. Depth: (1219200 cm Wall Thickness: |5, 2540 cm

Density: |11 gfice Height: [121,9200 cm Lid Thickness: |n,5080 cm
Length: |193,0400 £m

Cancel | < Back | Mext = |

Figure 74. Inner Container Tab, Container Page.

If the object to be counted is not in a container (e.g., amilling machine), select None for the
inner container M aterial.
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The Density isread from the database. If you know that the actual density differs from the value
In the database, enter the known value here. It will be saved for this Container Type only. Enter
the container dimensions according to the definitionsin the figure at the top of the dialog. Some
shapes do not use al of the available dimensions on the dialog; the unused dimensions are gray

Outer Container/Filter Page

Click on the Outer Container/Filter tab (Fig. 75). This alows you to characterize the outer
container or afilter or absorber inserted between the detector and the container. The M aterial
list here contains the same entries as the list on the Inner Container tab. The dimensions are
calculated from the inner container dimensions. For containers, enter the wall and lid thickness;
for filters, enter the filter thickness for both the wall and lid thicknesses.

Isotopic Settings - Container

4 __1&—; dh
en
SR S e =
Hei ght
Frg,
it side
\#_ﬂ
Corkaine Wall |
Thickress DBD“’]_'_.
Length Lnit Weight Unit
Container Shape: Box ﬂ A S Sl
o cm T in (* kg b
Inner Container T Duter Container /Filter; T Makrix
Outer Container: v
Material: |4 - ‘Wall Thickness: 0 cm
Density: |2 7oz gjcc Lid Thickness: [ om
Cancel | « Back | Mext = |

Figure75. Outer Container Tab, Container Page.
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Matrix Page

Figure 76 shows the Matrix tab. The matrix is the material in the container enclosing the
radioactive substances. The matrix density and attenuation corrections are usually the dominant

source of corrections for gamma-ray attenuation.

Isotopic Settings - Container

4 ™
Length

Cur‘t_ain e Wall |
Thickness Depth—]

Length Lnit wWeight Lnit:
Container Shape: Box ﬂ A S Sl
o cm T in (* kg b
Inner Container T Quter Conkainer/Filker T Matrm
. Tokal Weight Fraction in Matrix
Material: | -ombustible - g
Uranium:  |g
Estimated Density: g3 gjcc
Plutoniurm: g
Tare Weight 0.0000 kg
Cancel | « Back | Mext =

Figure 76. Matrix Tab, Container Page.

The Material list is drawn from the attenuation database. Most common materials are in the
database. See Section 3.5.5.3 for instructions on adding new materials.

A default Estimated Density for the material is used unless you enter anew density here. The
default value is typically the crystalline density of the material. In practice, however, thefill
density of a pure material is much less than its crystalline density. If you know the actual

density, enter it here.

The Tare wt isthe weight of the empty container.
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If uranium or plutonium is present, the possibility of self-attenuation exists. Self-attenuation
effects are corrected in the software. These corrections are almost impossible to estimate
initially. The program will calculate an initial selection. When uranium is detected in the sample,
iIf the sample is nonhomogeneous, ISOTOPIC assigns an initial value of 0.001 weight fraction
uranium. The presence of uranium fluorescence X rays at 98.44 keV indicates that a significant
amount of uranium self attenuation is present. If you know the matrix contains a greater fraction
of uranium or plutonium, you should enter that greater fraction in the appropriate Total Weight
Fraction field. If you enter avalue here, it isused in Operator as the default value on the
Adjustments sidebar in the Results Plot window (see the Operator Manual).

Click on Next to go to the Analysis page.

3.5.2.3. AnalysisPage

This page allows you to specify the analysis parameters as well as the contents of the container
report generated in | SOTOPIC Operator.

AnalysisTab
Figure 77 shows the Analysis tab.

ANALYSIS SETUP SUGGESTIONS FOR CONTAINER MODE

® \When analyzing containers, high attenuation is usually an issue. In such cases, averaging
the activity of a high-energy gamma ray with that of alower-energy gamma ray could bias
the results unless your container modeling is“ perfect.” To minimize this problem, no
activity averaging is done in Container Mode, and the Not In Average (A) flag isignored.
Instead, only one gamma ray for each library nuclide is used as a reference gamma ray for
activity reporting. Because of this, you must optimize your library as follows. Use the Cut,
Insert, and Paste buttons to rearrange the library as required (see Section 3.6.3.3).

— For each nuclide in the library, choose one high-energy gamma ray as the reference
peak to be used for determining activity.

— Move al the reference gamma rays so they are listed in the library ahead of any other
gamma rays. In other words, if the library contains 10 nuclides, the library should start
with the 10 reference gamma rays.

— Theremaining gammar rays for al of the library nuclides can then follow in any order.

® |nall cases make certain that the most intense, clean (no interferences likely) gammaray
for aparticular nuclide is referenced first in your library. The next three most intense
gamma rays should be listed next in the library.
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® Thefollowing parameters can affect the detection of weak peaks:

— Peak search sensitivity

— Match width (set to 0.5)

— Peak cutoff (set to 40% and increase if necessary)

— Background type (default set to Auto, but adjust to 5 if necessary for very weak peaks)

® Do not “clutter” your library with too many nuclides and gamma rays. The search engines
will not be very effective in this situation. Use only the nuclides and gamma rays that are
likely to be present.

® \When creating libraries, if you work from the supplied Libo or Lib1l master library, it
might be helpful to delete all X raysfrom thelist of gamma rays for each nuclide. The
energy Auto-calibrate feature works better if the library includes no X rays.

First, enter the Number of Detectors and the Live Time Preset (in seconds). If the operator will
be adjusting detector positions before each measurement, mark the Ask for Detector Position
Adjustmentson Start checkbox. For measurements from a single, fixed detector position, leave
this box unmarked.

Enter the Library file and Match Width to be used for the analysis. The Match Width setsthe
maximum amount by which a peak centroid can deviate from the nearest library peak energy and
still be associated with that library peak. The value entered is multiplied by the FAVNHM at the
peak energy to get the width used. If the value is too small, some spectrum peaks will be
misidentified due to statistical variation in the centroid, and if it istoo large, some library peaks
will be incorrectly identified.

HINT  If your final report includes false positives, add more key line flags. Thisis especialy
helpful for the ISOWAN32 analysis engine.

NOTE If multiplets are not present, the Match Width can be set to values as great as 1.0. This
is helpful when thereisadlight gain shift and the identification of critical peaksis
missed.

The Background Type can be set to Auto, 1-pt., 3-pt., or 5-pt. These are explained in more
detail in Section 4.1.1.

The Peak Search Senditivity sets the sensitivity for the peak search used in the I nteractive in
viewed ar ea function (Section 3.5.7.2) and the full-spectrum analysis in the Operator program.
Before a suspected peak is accepted, the magnitude of the second difference must be greater than
the weighted error of the channel counts. The Peak Search Sensitivity isamultiplicative factor
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Isotopic Settings - Analysis

Mumber of Dekector{s): 1 Live Time Preset (sec) 0

Ask For Detector Position Adjustments on Start: [

Analysis T UraniurnyPlutoniurn T Report ]
Library Peak Search Sensitiviky

" i i+ i i ... Least
|C:'|,User'|,gvdemo.lib J Most ... L L9 # = Fas
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Cancel | « Back | Mext =

Figure77. AnalysisTab, Analysis Page.

used in error weighting. The sensitivity can be set at any integer value from 1 to 5, with 1 the
most sensitive (that is, “1” finds the most peaks). A value of 1 will find small peaks, but will
also “find” many false peaks. A value of 5 will locate all the large peaks, but may miss some of
the smaller peaks. If too high, some small peaks will be missed. In the interactive mode, many
regions will be deconvoluted unnecessarily if the value is too sensitive. The parabolic
background method is disabled for energies above 200 keV if the sensitivity isset to 1.

In the Peak Evaluation section, the Peak Cutoff [imits the unknown peak list to peaks with 1-
sigma uncertainty below this value. Mark the Directed Fit box if you wish to allow for negative
peak areas in low-level spectra. Directed fit is described in Section 4.1.2.2.

MDA Type alows you to choose the MDA calculation to be used for calculating the MDA for

the report. The MDA is ameasure of how little activity could be present without being The
MDA isreported in units of activity, such as becquerels. The calibration geometry, backgrounds
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(system and source-induced), detector resolution, and particular nuclide all seriously affect the
MDA reported. The Supervisor Manual provides explanations of the different MDA formulas
used by ISOTOPIC. The default is Method 12, Regulatory Guide 4.16. To use another MDA
method, change the M DA type parameter in the B3owinds. ini file (see the Supervisor
Manual).

The parametersin the Additional Error section are used in the calculation of the total
uncertainty. Total uncertainty is composed of error estimates that follow a normal distribution
and error estimates that follow a uniform distribution over arange. Most errorsin gamma
spectroscopy, whether systematic or random, follow a normal distribution. Error estimates are
included for counting, random summing, absorption, nuclide uncertainty, efficiency, and
geometry. Enter additional errors (%) related to the measurement that follow a normal
distribution at the 1-sigmalevel. Enter uniform distribution errors (%) at the complete range of
the uniform error limit. That is, if the likelihood of an uncertainty is uniform over 3% of the
reported results, enter 3.0 in thisfield. The error estimates from all corrections are explained in
the “Analysis Methods’ chapter of the Supervisor Manual.

If you wish to decay correct the concentrations of the nuclides to a specific date, mark the Decay
Date checkbox and enter the date in the format displayed below the date field. This date format
Is determined by the current Windows date format setting.

Enter the Analysis Range, in channels. Thisis usually used to eliminate analysis of the ends of
the spectrum that do not contain useful data. The Analysis Range should be as wide as possible
because the automatic energy recalibration feature (see the Supervisor Manual) requires
separated library peaksto work properly. Also, the correlation of lines from a single nuclide
done by the analysisis defeated if the energy range analyzed does not include all the lines.

The Activity and Quantity Units section determines how activity is reported.

All Container Shapes Except Surface/Disk and Point Source

Choose the appropriate Base Activity Units — either becquerels per kilogram (Bg/K g) or
microcuries per kilogram (nCi/K g).

Next, use the Activity and Quantity fields as follows to determine whether ISOTOPIC reports
the total activity for ameasured item or the item’s activity per unit measure:

® Toreport total activity, enter only the Activity field and leave the Quantity field blank —
do not enter zero or any blank spaces!

® Toreport activity per unit measure, enter both fields.
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CAUTION A mistake here can affect your results by multiple orders of magnitude. For
instance, if you wish to report total item activity but do not remove the default
K g entry from the Quantity field, your results will be high by afactor of 1000.
Likewise, if you replace the Quantity entry with one or more blank spaces,
ISOTOPIC will read those spaces as characters and will assume you wish to
apply afactor of 1000.

Next, enter aMultiplier and Divisor to scale the numbers up or down. The units label is printed
at the top of the activity columns on the report and should reflect the values chosen; that is, if
nCi is chosen with amultiplier of 1000, then “nanocuries’ should be entered in the Activity
label field. The combined label (activity/quantity) islimited to 14 characters.

Surface/Disk and Point Source (in Container) Shapes

When you select either the Surface/Disk or Point Sour ce (in Container) shape on the
Container page, if either the Diameter or Depth is zero,™® ISOTOPIC allows you to report only
In activity units (i.e., total activity of the item measured), not concentration units (i.e., activity
per unit measure); see Fig. 78.

Activity and Quantity Units
Scale Factaors to Reported Ackivity
Ease Ackivity Uniks

Activity label LC Multiplier |3
" Bg s udi
Cuantity Label Divisor

Figure 78. Activity and Quantity Unitsfor Surface/Disk and Point Sour ce Container
Shapes.

Uranium/Plutonium Tab

Use thistab (Fig. 79) to set the parameters for cal culating the uranium and plutonium
enrichment.

The Uranium and Plutonium I sotopic Weight Fractions can be entered or determined from
the spectrum. If you choose Use Entered Value, you must enter all the weight fractions and an
uncertainty value, (+/-) before moving to the next wizard page. The values should sumto 1.

®An example would be a smear, which has a diameter but no depth.
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In most uranium samples, #°U is the most easily analyzed isotope. The other uranium isotopes
can be computed from the 2°U determination if the weight fractions are known. In this case,
mark Use Entered Value and enter the weight fractions. Vaues for all isotopes will be
computed based on their corresponding weight fractions. If you do not know the weight
fractions, select Deter mined from Spectrum. The final results will then reflect activity
determined from the gamma rays for each isotope. If no gammarays are detected for a particul ar
uranium isotope, it will not be reported in this mode.

Similarly, in most plutonium samples, *°Pu is the most easily measured isotope, and the other
plutonium isotopes can be computed from the *°Pu determination if the weight fractions are

known.

Isotopic Settings - Analysis

Mumber of Detector(s): 1 Live Time Preset {sec) S0
Ask For Detector Position Adjustments on Start: I
Analysis T Uranium,Plutonium T Report ]
Iranium Isokopic Weight Fractions
{* LUse Entered Yalue L-234 4
1J-235 1 +-1 o
™ Determined From Spectrunm | |
bz3s g
Al uranium isotopes wikth
wieight Fractions entered will L-238 0.5
be referenced to U235
Total 1
Pu Isokopic Weight fractions
Pu-235
™ Use Entered Yalue
Pu-239
o Determined From Spectrum PL-Z40] li
Pu-241
Fu-242
Tokal 0.99975
Cancel | < Back | Mext = |

Figure 79. Uranium/Plutonium Tab, Analysis Page.
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Report Tab

The settings on this tab (Fig. 80) govern the content and generation of the Operator program’s
Container/Surface Mode report. Note that the Supervisor program no longer generates reports.

Choose the Uncertainty Reporting options. The Confidence level multiplier shown hereis
used on the report only. All internal checks on peak uncertainty are done at the 1-sigmalevel.
See Section 4.7 for details on the total uncertainty calculation. The uncertainty can bein
Activity (e.g., 200 Bq + 10 Bq) or Percent (e.g., 200 Bg = 5%). If Counting is selected,
counting uncertainty will be printed. If Total is selected, both the counting and total uncertainty
will be printed.

Isotopic Settings - Analysis

Mumber of Detector(s): 1 Live Time Preset (sec) o

Ask For Detector Position Adjustments on Start: I

Analysis T UraniurmyPlukoniurm T Report. ]

Uncertainty Reporting

Confidence Level

i~ Percent * Counting
F1- (2o O 3-s
@ in Activity Units (" Total = z 3 - sigma
Reporting Oplions
| Library Peaks |w Errar Estimation
I Library Peak Matrix v MDA's and Correction Factors
[ Unknown Peaks |w Spectrum and Interactive Plots

v Print on completion

Isotopic Interactive Flok

Mo of Mast Inkense Peaks per Muclide ko Plot 5 {enter O to show all peaks in the plot)

Cancel | < Back | Mext =

Figure 80. Report Tab, Analysis Page.

The Reporting Options show the tables that can be included in the HTML port in the Operator
program. Note that these settings apply only to the standard Container/Surface HTML report. If
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you are using a custom Crystal Reports template to output your results, that template will define
the contents of your custom report.

The points on the | sotopic I nteractive Plot are the activitiesrelative to the key line. Typically,
only the most intense gamma rays have meaningful data. The plot can contain as many gamma
rays as are defined in the library, up to the number specified here. Not many nuclides have more
than 10 useful gamma rays. The activity is based on the gammaray count rate, the detector
efficiency, the gamma-ray yield (branching ratio), and attenuation. Thus, the gamma ray peak
with the highest count rate may not be the peak with the highest activity. Enter zero to plot all of
the gamma rays for each nuclide.

HINT Be surethat the reference gammaray isincluded in the No of Most | ntense Peaks per
Nuclideto Plot. If, for instance, you use a setting of 5 but the reference gammaray is
the sixth most intense peak, your reference gamma ray will not be used.

Click on Next to go to the Detectors page.

3.5.2.4. Detectors Page
Use the Detectors page (Fig. 81) to define the position of each detector relative to the container.

DETECTOR SETUP SUGGESTIONS FOR CONTAINER MODE

® Select the orientation of the detector with respect to the item. For a box, the most common
orientation position is the Front, which ISOTOPIC defines as the wide side. The user
should try to measure activity through the least thickness of matrix to minimize the item
correction factor. Normally, you will not use the Side position (narrow width) for routine
measurements unless you are making multiple measurements. For cylinders, the most
common position isthe Side. If measuring athick disk looking down on the disk (i.e., along
its cylindrical axis), use the Top position for the cylinder orientation.

e Typically, you will consider the largest dimension of the item to be measured, then position
the detector at a distance half the size of the largest dimension. For example, if adrumis
100 cm high, the detector is usually positioned approximately 50 cm from the face of the
collimator to the inner container. It isimportant to measure the Standoff distance from the
front of the collimator, not the detector end cap, unless a collimator is not used. If you are
not sure of the appropriate detector-to-item distance, use the Calculate button to help
determine the field of view (FOV). For most common measurements, position the detector
so the item being measured is within the field of view.
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® Generally, you will position the detector at the horizontal center of the item. For box-
shaped items, the detector can be positioned off center. It isimportant to enter the proper
Distance for the edge parameter.

Note the Detector 1 of [x] indicator on the left, immediately below the diagramin Fig. 81. This
number reflects the number of detectorsin this configuration. For multi-detector configurations
or configurations in which the same detector is used in different orientations, when you click the
Next button, this same page will be presented for each of the remaining detectorsin the
configuration.

Choose the Name of the Detector to be configured and its Type; then enter the detector crystal
L ength and Diameter, in millimeters, from the detector data sheet.

Isotopic Settings - Detectors

Cortainer Wall _
Thickniess DEpth_'_-

Detector 1 af 1 Crystal Dimension (in mm)
Mame: o detector v e PType v Length: 70 Diameter: | gn

Detector Configuration

Orientation:  Front & Side " Top Weighting: [v Mo Callimator

Detector Height: 50,9600 cm Offset from Edge: |91 4400 cm Depth (Recess): '7 cm

Detector Colimator

Detector Skandoff { to Collimator Fronk) .
Thickness: li cm
Sz a3 HE.5000 £ Caleulate ... Inner Diameter: Ii o
Calibr ation File: |C:'I,Llser'l.GvDemo.C|h Callimator Material
il . " f i {
PEC File: |C:'|,Llser'|,Test Files\Pipe background.Pbc

Cancel | < Back Mext = | |

Figure 81. Detectors Page.
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NOTES Each timeyou add an MCB or move it to a different PC or port, be sure to rerun the
MCB Configuration or the Name list will not be up to date. If you subsequently do
not see the new (or moved) detector on the Name list, return to the ServicesEdit
Detector List... diaog (Section 3.7.5), make sure this detector is on your 1SO Pick
List, and click on OK. Finally, exit and restart the Supervisor program.

If you permanently remove an MCB from the system, any configurations that use it
will have to be edited. See the discussion in Section 5.4.

Next, refer to the diagram at the top of the page and select the detector’s Orientation. The
position of the physical detector in this counting situation is defined by the Detector Height,
Offset from Edge, and Standoff (to auto-cal culate the standoff, see below). The definitions of
these dimensions are illustrated in the figure on the wizard screen. It isimportant that these
values be accurate as they are used in the model to cal culate the detection efficiency and the
matrix attenuation. Note that if the detector is on the Top of the container, the container lid
thicknessis used for the container absorption calculation (both containers), otherwise the
container wall thicknessis used.

In the case where the analysis uses two spectra collected by a single detector in two positions,
assign each position the same detector Name but either (1) adifferent Orientation; or (2) a
different height, offset, and/or standoff.

Enter the Weighting factor for this detector. This factor is used in the averaging of results from
multiple spectra. The factors do not need to total 1.

If you are using a Detector Collimator, enter the Depth (Recess), Thickness, and I nner
Diameter in cm; then specify the Collimator Material. The depth dimension is the distance
from the front of the collimator to the front of the detector. If the front of the detector is flush
with the face of the collimator, the distance is O (zero). If no collimator is used, mark the No
Collimator checkbox.

To use the energy calibration from an existing ORTEC Calibration (.c1b) File, click on the
browse (...) button and select the desired file. To use an existing PBC table, browse and select
the desired . pBc file.

Field of View/Detector Standoff

ISOTOPIC includes a utility for calculating the Standoff for the current detector/collimator
combination and the detector Field of View (FOV). FOV isthe space subtended in front of and
coaxial with a collimated detector. The FOV must be computed to establish the area necessary
for a source’s activity to be detected without a collimator correction.
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To usethistool, click on the Calculate button to open the Field of View dialog (Fig. 82). The
calculation is based on the Crystal Diameter, Collimator depth and inner-diameter, and
L ength Unitsfor the current configuration.

First choose the Parameter to Calculate. When you select Standoff, the FOV field becomes
active and the lower left button label reads Calculate FOV. Enter the detector’s FOV and click
on the Calculate button. The result is the effective detector diameter facing the sample. Use it to
find the optimum detector standoff, the use of which will reduce measurement uncertainty. The
new FOV isdisplayed both in the FOV field and just below the “stone wall” on the diagram.

= Field of View : : @]@

Det, Standaff om

Canfiquration Collirnator

Detector Standoff: |30 cm Depth/Recess: (2000 cm
Crystal Diameter: [ rnm ] Inner Diameter: |7 0Q cm
Field of Wigw [FOW]: I

Parameter to Calculate Lenath Units
" Standoff v FOY {= -

Calculate FOY ¢ E xit

Figure 82. Calculatethe FOV or Standoff.

When you select FOV, the Detector Standoff field becomes active and the lower left button
reads Calculate Standoff. Enter the standoff distance and click on the Calculate button. The
result is the detector-to-item distance at which there is no attenuation caused by the collimator. If
you position the detector closer to the item being measured than the FOV would recommend, the
uncertainly will increase. The new standoff is displayed in the Standoff field and above the
detector in the diagram.
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Click on Exit to return to the Detectors page. If you calculated the standoff, the new value will
be displayed in the Detector Standoff (to Collimator Front) field.

Click on Next to go to the Finished page (Fig. 83).

3.5.2.5. Final Page

This page (Fig. 83) gives you the opportunity to go Back and review the settings for this
configuration before finishing the wizard and returning to the Supervisor program.

Isotopic Settings - Finished

Cortainer Wall _
Thickniess DEpth_'_-

If you would like to review or edit your
entries, click Back. To exit this wizard
without saving your changes, click
Cancel. Otherwise click Finished

Cancel | « Back Finish

Figure 83. Final Page.

3.5.3. Soil Mode: Configurations...

This opens the Soil Gamma Analysis Parameter Setup dialog for Soil Mode (Fig. 84). (To create
a Container/Surface Mode configuration, see Section 3.5.2.)
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Use this dialog to specify the detector, calibrations, data acquisition, analysis, and reporting
settings for soil monitoring. Typically, you will save this suite of analysis parameters so it can be
retrieved for reuse with the dialog’s File/Recall command (Section 3.5.3.5). The parameter set is
saved in afile with the extension .m1. The current settings are retained for use in the analysis,
but are not saved if there is no filename in the Soil Setup Filefield. However, the settings are
stored in the analysis database as part of the scan data set for each sample measurement.

The Soil Mode user interface allows operators to capture two levels of site and sample
information. The top-level information is entered in thisdialog, inthe Field I D field. Typically,
this refersto the top-level identifier for the project, for instance, the overall project or facility
name. Additionally, the Operator interface hasa Grid I D field in which the operator can enter a
sampling grid number or other sample ID/description. The Field 1D entered hereis prepended to
the filename for the . spc, .an1, .uFo, and . rprT files generated during measurementsin the
Operator program.

3.5.3.1. Detector

Thistab (Flg 84) describes B® Soil Gamma Analysis Parameter Setup E]@
the germanium detector and File Alpha/Rho  Print Tables...
the energy and effici ency Soil Setup File: [CAUser\CwSHOT_070626 m1 0K
cdibrations Currenﬂy stored Field ID: [DD Site 52 Cancel
in the M CB CIICk on the Detector T Acquisition T Analyzis T Fepart
droplist and choose the 001 MC9 130 5
DeteCtOl' tO be u%d Efficiency Calculation

* DOE - EML Efficiency
Next %Iect elther the DOE- DetectorEf. [5p % DetectorHeight [yop em
EML Effl Cl enCy (deteCtOI’) Crystal. Len: ISD— (i) Orientation: m
Cal | bl‘aII on method or use the CrpstalDia:  [5p (mm)  Aspect Ratio: 0B
efficiency calibration from  UseFile: | [
an existing calibration File. Erergy/FAHM Calfaton

v Use File: |C:'\U$er'\GvDemo.Elb J
The DOE_EM L Eff|C|ency Energy: 3.771 + 1.6151e1 " ¢ + 2 447423 % o=2
method |S Very S mpl e The PHM: 5471 + 8.4689e-4 * © + -1.3773e-8 * o2
advantage of the Use File
(alternate) method is that

you get increased accuracy Figure 84. Soil Mode Operator Settings Dialog.
at energies below 200 keV.

The gamma attenuation by the

dead layer of germanium is especially important at these energies.
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DOE-EML Efficiency

Complete the five associated fields. The Detector Efficiency isthe actual stated efficiency of the
detector from the manufacturer’s data sheet (for ORTEC detectors, refer to the crystal’s Solid
Sate Photon Detector Operator Manual).

The Orientation is either up or down and is selected from the droplist. Down means the detector
endcap is facing down or toward the ground and Up is the opposite. For a detector to face
downward, it must be supported on atripod or table. The preferred orientation is down.

The Length and Diameter of the germanium crystal are entered from the manufacturer’s data
sheet for the detector. The Aspect Ratio is calculated from these two numbers.

NOTE  The€efficiency, orientation, and crystal dimensions are used in the calculation of the
absolute efficiency factorsin the DOE-EML method. Care should be taken to enter
the proper numbers. These are not used if Use Fileis specified.

UseFile

For this method, click on the browse button to find the efficiency file to be used in the analysis.
Thisisthe same format as the GammaVision . cLg file and can be created with the commands on
the Calibrate menu, but the efficiency must be for the infinite plane geometry for the report to
be meaningful.

NOTES Before selecting the Use File option, take a point-source calibration at a distance 5x
the diameter of the detector, and save it with the Save Calibration command under
the Calibrate menu. Detector crystal diameters will range from 25 mm to 85 mm,
depending on the efficiency of the detector. If the detector crystal diameter is 50 mm,
then calibrate with a point source at 250 mm (25 cm). The diameter of the detector
crystal is given on the data sheet shipped with your detector. Be sure to use the
crystal diameter, not the diameter of the endcap.

In Container/Surface Mode, when deciding on the detector-to-source distance for
efficiency calibration with the calibration wizard, we suggest 30 cm as atypical
distance. However, if you position the calibration source at 5x the diameter of the
detector crystal, you can use the same calibration in Soil Mode and Container/Surface
Mode.

The normal height of the detector is 1 meter or 100 cm. It can be placed at different heights and

the software will adjust the efficiency in the DOE-EML (Beck) method for the actual height
entered here.
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The Energy/FWHM Calibration section at the bottom of the dialog shows the current energy
calibration stored in the MCB. A specific calibration from a . cLs file can be used to override the
calibration currently stored in the MCB. To select afile, mark the Use File box and enter or
browse for the filename.

3.5.3.2. Acquisition

The Acquisition tab isshown in Fig. 85. The Live Time Preset and Real Time Preset are
entered here. If no presets are entered, spectrum acquisition will continue until manually
stopped.

To clear the data before each BR Soil Gamma Analysis Parameter Setup E]@
start Operan on, mark the Clear‘ File Alpha/fho  Print Tables...

Before Start box. Thisisthe Soil Setup File: - |C:ALsert LW SHO_070526. m 0K

normal case. ThlS Clear ﬂag |S Field ID: |D&D Site w2 Cancel

also on the Operator display, so Detectr | MAcquisiion | Andbsis | Repor

It can be changed in the field.

The SOll DenS|ty and Alr Fieal Time Preset: |3600 v Clear Before Start

DenS|ty can be Changed from Live Tirne Preset: |0

the normal valuesin thefields
here. These are used to calcu-

i Soil Density: Jem™3
|ate the attenuation of the v 15 @
gammaraysin air andin the AirDensity 0012 o/em”3

soil. The soil density is used
in the depth profile with the
alphalrho values.

3.5.3.3. Analysis

The Analysistab is shownin

Fig. 86. See Section 4.14.1.2,

page 237, for information on

the alphal/rho calculation and creating and editing alpha/rho files. See al'so Section 3.5.3.6, which
contains instructions on determining an accurate o/p value.

Figure 85. Soil Mode Acquisition Parameters.

Click on the browse (...) button to locate the Alpha/ Rho File to be used in the correction
calculation.

In some circumstances, advanced users might wish to override the Alpha/Rho File. To do this,

mark the Override Value checkbox and specify the alpha/rho value to be used for
nonhomogeneous nuclides (i.e., where a/p >0).
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The Optl mize Al pha/RhO B Soil Gamma Analysis Parameter Setup E]@
feature iS a| SO for advanced File Alpha/ftho  Print Tables...

usersandis 0n|y rarely used: Soil Setup File: [CrUser\Lw/SHOT_070626.m1 0K

Mark this checkbox to enable Field ID: |D&D Site k2 Cancel

the automatic adjustment of the Detecter | Acquision | Bnalysis | Repot

a pha/rho value based on the Alpha /Rho File: [#M1.RHD [

relative intensities of gamma

. . [~ Owerride Value [ Optimize &lpha/Rho
rays from a single nuclide.

These gammarays are user- Library File: [1Mater b -

deﬂ nw I n the Con Cmtr atl On Anal_lr|3i3 Engine; ||SCIWEIH32 j | Directed Fit

Ratio Limits section of the —
. . (e <, .

AI pha/RhO d| al og (See Fraction Limit: |70 o | Decay Date: Moy

page 124)' Matchwidth: (075 *FwHM AnalzeChan [10 to 3000

Enter the name Of the Peak Cutoff: W E Backaground Type: m

Library Fileto beused in
the analysis of the spectrum.
Thislibrary can bein the
NuclideNavigator® or Figure86. The Soil Mode Analysis Par ameters.
GammaVision format. Use

the browse button to find the

file on the system.

LIBRARY SETUP SUGGESTIONS FOR SOIL MODE

® |n Soil Mode analyses, all gammaraysin the library are averaged, weighted by their yield
(branching ratio). To exclude a particular gamma-ray from the averaged activity
calculation, mark its Not In Average (A) peak flag (see Section 3.6.3.3).

e |n all cases make certain that the most intense, clean (no interferences likely) gamma ray
for a particular nuclide is referenced first in your library. The next three most intense
gamma rays should be listed next in the library.

® Do not “clutter” your library with too many nuclides and gamma rays. The search engines
will not be very effective in this situation. Use only the nuclides and gamma rays that are
likely to be present.

e |f using the supplied Libo or Lib1 master library, it might be helpful to delete all X rays
from the list of gamma rays for each nuclide. The energy Auto-calibrate feature works
better if the library includes no X rays.
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The Fraction Limit is used to rgject nuclides if enough different gammarays are not detected.
The gamma-ray detected fraction is the ratio of the sum of the yields of the peaks for a specific
nuclide (in the library) located in the spectrum and the sum of the yields of all the peaks for that
nuclide in the library. The Fraction Limit isthe lowest ratio that will be accepted for the
nuclide to be considered present.

For example, ®°Co has two peaks with about 99% branch for each peak. If both peaks are found,
the ratio is (99+99)/(99+99) or 100%. In this case, ®*Co will be marked present because the ratio
Is above the 70% fraction limit shown in the figure. If one peak is not located, theratio is
(0+99)/(99+99) = 50%. Since thisis below the 70% fraction limit in the figure, ®®Co will not be
marked present in this spectrum.

If you wish to decay correct the concentrations of the nuclides to a specific date, mark the Decay
Date checkbox and enter the date in the format displayed below the date field. This date format
Is determined by the current Windows date format setting.

The Match Width set the upper limit on how far the spectrum peak energy can be from the
library energy and still assigned to the library nuclide. That is, the difference between the
gammarray peak energy in the spectrum and the gamma-ray peak energy in the library must be
less than this match width value or the spectrum peak will not be associated with that library
peak. Note that the tolerance isin multiples of the full width at half maximum (FWHM). This
allows the tolerance to be wider at higher energies (where the FWHM islarger) and smaller at
the lower energies.

The Analyze Chan (anaysis channels) are the channel limits for the analysis of the spectrum.
The lower limit should be set above the lower-level discriminator (LLD) cutoff. The high limit
should be at the high limit of useful datain the spectrum.

The Peak Cutoff limits the unknown peak list to peaks with 1-sigma uncertainty below this
value. Library peaks with 1-sigma uncertainty are printed, but are not used in the activity
calculation. The default value is 100%.

The Background Type can be Auto, 1-point, 3-point, or 5-point. These are explained in
Section 4.1.1. In most in situ spectra, the best choice will be 3-point for 8K or fewer channels,
and 5-point for 16K channels.

Note that Soil Mode analysis uses MDA Method 12, Regulatory Guide 4.16, by default. To use
another MDA method, change the M DA type parameter in the B30winds. ini file

(Section A.1.3) to the desired method number, according to the information and numbering
schemein Section 4.5.
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3.5.3.4. Report

The Report tab (Fig. 87) specifiesthe options for the final Soil report, which is described in

detail in the Operator user manual.

The Activity Units can be in becquerels (Bq), microcuries (nCi), nanocuries (nCi), or
picocuries (pCi) for the activity. The selection of per unit areaor per unit weight isdonein the

alphalrho table.

The four Output sections of the report can be turned on or off by marking or unmarking the

corresponding checkbox.

The Unknown Peaks list
should be included to check

that the spectrum does not Sail Setup File: [C\User\LWwWSHOT_0F0B26,mi oK
contain significant amounts Field ID: |D3D Site xvZ Cancel
of any nuclides not included Detector | Acaustion | Anabss | Report
in the library.

Activity Units Output

Reporting Uncertainty
canbel, 2, or 3sigma. The
uncertainty is reported at
the selected confidence limit
on the reports; the valueis
printed on the report.

The output report can be
sent directly to aPrinter,
File, or Program. When the
output is sent to a program,

B Soil Gamma Analysis Parameter Setup

=%

File Alpha/Rho Print Tables...

f# Bg ¢ G ¢ nG ¢ pCi

Reporting Uncertainty

¥ 1 (2  3-Sigma

Send To
" Prirter

v Peak List
¥ Peak |dentification
v Muclide |dentification

W Unknown Peaks

™ File |

* Frogam |notepad.exe

[
-

that program will be started Figure 87. Soil Mode Report Options.

with the report filename as an

argument. Windows Notepad

can be used to view the report as soon asit is available. To browse for the program or filename,
use the browse button beside the field. If an asterisk (*) is entered as the filename, the report will
be assigned the spectrum filename with the extension . ret. In al cases, the report file will be

saved to disk.
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3.5.3.5. Menu Commandsfor the Soil Setup Dialog

File
The File menu is shown in Fig.88. These commands will recall settings (.m1)
filesfrom or save them to disk. Using the settings filesis an easy way to Mg .

restore the system to a known state. Any number of settings files can be saved. open-

Save
Save fs..,

New — This opens the Create Soil Settings File dialog, a standard file-save Figure 88.
dialog. Enter afilename for the new .m1 file and click on Save. The file-save Soil Setup
dialog will close and the fields (all the inputs on the Detector, Acquisition, File Menu.

Analysis, and Report tabs) will be set to blanks or to their default values.
Enter the new settings, then use File/Save to save them.

NOTE If the current settings have not already been saved, be sure to do so before selecting
New; otherwise, they will be lost.

Open — Use this command to open an . M1 file from a standard file-open dialog. The contents
of the file replace the current settings, which are lost unless they have been saved.

Save — This saves the current settings to the .m1 file most recently retrieved during this work
session. Use it to save any changesto the parametersin a particular settingsfile. If no settings
file has been retrieved during this configuration session, this command functions the same as
Save As....

Save As— This savesthe current settingsin an .m1 file using a standard file-save dialog. Enter
afilename and click on Save.

Alpha/Rho
The Alpha/Rho menu is shown in Fig. 89. Use these functions to create,
change, print, and display the apha/rho tables. Mew...
Edit. ..
NOTE If anuclideisin the analysis library but not in the alpha/rho table, :"‘”t---
it is assumed to be uniformly distributed in the soil, that is, the e
alphalrho is 0.0. If the Override box on the Analysis tab is marked g‘)?lure 89.
(see Section 3.1.3), the table values are ignored and all table nuclides Alpha/
. pha/Rho
use the Override value. Menu.
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New
This command will create a new alpha/rho (. ruo) file. Thefirst dialog is a standard file-open

dialog. Enter aname for the new file and click on Save. A second dialog (Fig. 90) will open,
allowing you to build alist of nuclides and alpha/rho values.

Enter a Description that will easily distinguish this particular .ru0 file from all others.

To begin adding nuclides to the table, click on Add. Thiswill open the Alpha/Rho Vaue
dialog shown in Fig. 91. Enter a Nuclide name; it must be entered exactly asentered it isin the
nuclide library, including metastable state (e.g., Ag-110m for *®"Ag). The software does

will add correct capitalization and place a dash between the nuclide and its atomic weight.

For example, if you enter co60, it will be reformatted as Co-60. The droplist shows the nuclides
dready in the table.

NOTE Do not duplicate entries; thiswill result in ambiguous results because the report will
not show which value was used.

. Alpha/Rho Table Q@@
Drescription: |M'| Alpha/Fho File
1] 4
Muclide: m Alpha/Fha: IEI— Cancel
Distributior; IW
Units: IW

Concentration FBatio Limits

Energy 1 [keW] | Energy 2 [ke'] | Lowwer Limit | Upper Limnit |

Figure 90. Alpha/Rho File Entry Dialog.

Select the Sour ce Distribution for this nuclide by clicking on one of the radio buttons. If the
distribution is Exponential, enter the nuclide Alpha/Rho value, which can be any positive
number. Uniform distribution in the soil means the type of distribution that might be
expected for naturally-occurring nuclides. A planar distribution (Plane) means a uniform thin
layer on the surface of the soil, such as recent fallout. By default, the activity of planar

and exponentially distributed sources are listed in units of activity/m?, while uniform nuclides
arein units of activity/g. See Section 4.14.1.2 for more details on the alpha/rho parameter.
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= Alpha/Rho Value M=E3
Muclide: |Co-E0 0K
Units Source Distibution Cancel
o Default " Uniform [&lphasRho = 0]
g " Plane [AlphasBho = Infinity]
" m"2 " Exponential [Alpha/Fiho »= 0625]
AlphasBho =

Concentration Fatio Limits

Energy 1 (ke | Energy £ [kev) | Lawwer Lirnit | IJpper Lirnit |
1173 1332 0.a 1.1

Energy 1: 1173 ke Loweer Limit: | g
Erergy 20 1332 kel Upper Limit: |1 q

pdate | Delete |

Figure 91. Add Nuclideto Alpha/Rho Table.

Concentration Ratio Limits

Advanced spectroscopists can use the Concentration Ratio Limits (the activity of two

peaks) to develop a more accurate alphal/rho value. If the apha/rho value is correct, the activity
ratio of Energy 1 to Energy 2 will approach 1.0. The Lower Limit and Upper Limit represent
the acceptable Energy 1/Energy 2 ratios. The a pha/rho value might need to be adjusted if the
ratio is outside these limits. If Energy 1/Energy 2 is outside these limits, the concentration ratio
section of the report will show “Failed.”

To use the concentration ratio limits for one or more nuclides, set up your entries as described
below, then mark the Optimize Alpha/Rho checkbox on the Analysis tab of the Soil Mode
configuration dialog (see Section 3.5.3.3).

CAUTION Thisisararely used and advanced feature that should be approached with caution.
If anuclide has two intense gamma rays at least 500 keV apart (to reflect different
attenuations), the a/p value can be determined from information obtained from
these two gamma rays. However, long count times could be necessary to obtain the
excellent counting statistics required to make this feature useful.

Enter the two energies and the upper and lower limits of the ratio for the nuclide activity for
these two energies. Now click on Add to add these values to the table shown above the entry
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fields. To delete an entry, click on the entry to highlight it and then click on Delete. To change
an entry, click on the entry to highlight it, change the values, and click on Update.

Repeat for all the nuclides to be added to the table.

Click on OK to return to Fig. 90. Click on Cancel to return to Fig. 90 without saving the
changes made here.

To modify an existing nuclide values, select the nuclide from the droplist, then click on Edit to
open the dialog shown in Fig. 91. Make any changes and click on OK.

To remove an entry from the table, click on the Nuclide field to open the list, highlight the
nuclide to be removed, and click on Delete.

When the table is completed, click on OK to saveit. A pop-up box will ask if thisfileisto be
used as the default alphalrho file on the Analysistab. Click on Yesto use the new file or No to
retain the currently assigned file.

Edit — Use this function to change the values in an apha/rho table. A standard file-open dialog
Is displayed; select the . ruo fileto be edited and click on Open. The . ruo file will be displayed
asin Fig. 90. Follow the Add/Edit/Delete instructions above. When the changes are compl ete,
click on OK to save them.

Print — This prints the current alpha/rho table, in table form, to the default printer.

View — This displays the table in adialog in the same format as the printed table.

Print Tables
The Print Tables menuisshown in Fig. 92. Thiswill print the N;/N, Print Tables...
Curves and Flux tables used in calculating the detector efficiency based NFfho Curves...

Flu:

Figure 92. Print
Sail Files.

on the detector Description entered on the Detector tab.

3.5.3.6. Helpful Hintsfor Establishing a/p Values

It is not easy to determine an accurate a/p value for the soil activity you are

measuring. The a/p values apply only to radioactive fallout that has penetrated the soil over a
number of years. Usually the activity will seep into the soil in an exponential manner, with the
highest concentration of activity located near the top of the soil. To determine the value
accurately, core samples must be taken and the activity mapped per centimeter of depth. The a
valueisthe reciprocal of the relaxation length for the activity. The relaxation valueis
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determined by measuring the activity changes determined from core samples. The soil depth
above which 63% of the activity liesremainsisthe relaxation length. Table 3 equates the
relaxation value with a usable number for the a value.

If you have no idea how much activity seepage has occurred over time, avalue of 0.6 is
commonly used.

Table 3. Estimating a/p (density) at an Estimated Soil Density of 1.65 g/cc.

Relaxation length (mm)* a (cm™) a/density
1 10.00 6.061
5 2.00 1.212

10 1.00 0.606
20 0.50 0.303
30 0.33 0.202
40 0.25 0.152
50 0.20 0.121
60 0.17 0.101
70 0.14 0.087
80 0.13 0.076
90 0.11 0.067
100 0.10 0.061
200 0.05 0.030

NOTES In moist areas the o/density number usually ranges from 0.03 to 0.2.
In dry areas the o/density number usually ranges from 0.2 to 1.
1 mm represents a fresh deposit with minimum activity seepage.

3.5.4. Crystal Reports...

The Report Properties dialog (Fig. 93) is used when you wish to use a Crystal Reports template
for your Container/Surface and/or Soil Mode reports (Crystal Reportsis available as an option
with ISOTOPIC). When you specify a Crystal Reports template here, the resulting reports can be
viewed and/or printed in the Operator program with the File/Recall Reports... command. If you
do not enable this feature and select a template, a message box will open in Operator when the
Recall Reports... command isissued.

To use aCrystal Reports template, mark the User Defined Template checkbox and Browseto

locate the report template (which must exist before you can select it). Y ou cannot type characters
directly into the field.
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To print the report when the analysis is finished,

mark the Print on completion checkbox. If you

wish to print multiple copies, they can be printed I Print on completion =
as“sets’ by marking the Collated box. If you 4 Wursises o Coptes
mark Prompt before print, adialog will open 2

when the report is ready, and the operator can % | Uses Diefnecl Tampate

choose whether or not to print. The operator can

also print the HTML (Container/Surface Mode) :t:e il

or ASCII (SOII MOde) report in addltl ontoor |E:"-.|_.|$er"~5tandardlsu_v1.rpt Browse. ..
instead of the one specified in this dialog.

ISOTOPIC supplies you with three example ok | Cancel |
_Crystal Reports templates, which are installed Figure93. Crystal Reports Optionsfor the
INc:\User: Operator Program.

® StandardIso vl.rpt — forindividua
detector reports in Container/Surface Mode.

® standardIsoAve vl.rpt — for the averaged Container/Surface Mode report in multi-
detector systems.

® soil.rpt — for Soil Mode reports.

StandardIso vl.rpt and standardIsoAve vl.rpt,aswell asyour custom templates, can
reside in any location. However, as of thisrelease, standardIsoaAve v1.rpt must remainin
c:\User.

IMPORTANT Please note that these templates are merely examples to illustrate the potential of
this reporting option. The resulting reports have not been rigorously tested for
accuracy.

3.5.5. Attenuation...

This command is active in Container/Surface Mode. It opens a series of dialogs that allow you
to view, change, add to, and delete from the attenuation database. The attenuation database is
used for the calculations with collimators, material matrices, and containers. Y ou can add,
modify, or remove as many materials as you wish. Theinitial dialog is shown in Fig. 94.

NOTE Each ISOTOPIC database has its own attenuation database. See the discussion in
Section 3.7.1.1.
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The left side of the screen shows the table of mass attenuation coefficients by energy
(ISOTOPIC does not use linear attenuation coefficients, therefore, all entries in that column are
zero). Theright side shows a graph of the selected coefficient for the selected material.

To select amaterial, use the droplist to show the available materials in the database. The display
will update when a new material is selected.
3.5.,5.1. Editing an Existing Material

To edit amaterial, select it, then click on the Edit button. This opens the edit dialog shown in
Fig. 95. Make changes as needed, using the mouse and/or arrow keys to move between fields.

IMPORTANT  Mu (n) values must be entered without coherent scattering.

w. Attenuation Materials

Name - Dose
Add QJ Edt | Delte | Rehesh |

Drate: |

Chemical Faorrmula: |

Atomic Weight: |

Density: | [ Log#-axis
E nerqgy LinearCoefficient M azsCoefficient - 1000

p (10 1] 117 T
15 i 8.3 o : : : :
2|:| |:| 1?2 E ‘IDD. ........... ........... .......... ........... ..........
an 1] 36 z : : : :
40 1] 16.8 =
50 0 9.14 S
B0 i 554 5
80 0 251 E:
100 1] 138 =
=y
150 1] 0498
200 1] 0271
300 1] 0144
00 0 0AE 0.0 + + + + + + + +
: 2000 4000 G000 2000
500 1] 00387 -
| |_ Energy [kev]

Figure 94. Attenuation Materials Dialog.

To return to the main Attenuation Materials dialog without saving the new values, click on
Cancdl.
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To save the modified values in the database, go to the Name list and select any but the entry you
have just edited. Thiswill return you to the main Attenuation Materials dialog. Re-select your
newly modified entry to display its table and graph.

3.5.5.2. DeletingaMaterial

To completely remove a material from the database, select it from the Name droplist, then click
on Delete and confirm the deletion. Note that thereisno “ undo” for this operation. However,
should you accidentally delete a needed item you can re-create it quickly and easily, as described
In the next section.

. Attenuation Materials

Mame: | Ph j
Cancel

Date: | 2/25/2002 5:00:00 AM

Chemical Formula: ||:h|:,

Atomnic \Weight: |2|:|;-'_1 q

Density: |1 13437 [ Log®-axis
Energy LinearCoetficient b azzCoefficient - 1000
10 126 ]
13035 B3.2 : : : :
‘I 3':'35':'1 ‘I 58 = ‘I DD. ........... ........... .......... ........... ..........
15 108 z : : : :
152 105 =z
1520001 145 3
15,861 131 5

> IS 152 =
20 - a4 %
an 2819
40 124
:g :;g 0.0 ' ' ' ' ' ' '
a0 2'1 : 2000 4000 BO00 anon
: E kel

38.004 165 . neray (ke

Figure 95. Edit an Existing Attenuator.

3.5.5.3. Adding New Entriesto the Attenuation Database

Thefirst step isto click on Add to start the Attenuation Coefficient Wizard (Fig. 96). Note that
you can mark a checkbox to skip this startup screen in the future. Click on Next to continue. At
any time, click on Back to go back to a previous dialog to make corrections or review the
entries. Click on Cancel to return to the main attenuation dialog without adding an entry to the
database.
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Attenuation Coefficient Wizard - Introduction

The Attenuation Wizard will help wou add matrix materials to the database,

[~ skip this screen in the fukure.

Cancel | | Mext = N

Figure 96. Start the Attenuation Wizard.

Figure 97 shows the Calculate Coefficients page. Y ou can define a new database entry as either
acombination of other materials already in the database or you can use attenuation coefficients
from textbooks and other reference sources to create an entirely new entry.

Attenuation Coefficient Wizard - Calculate coefficients

Select "Calculate coefficients” to add a new makerial that is composed entirely of
materials already in the database. Select "Enter coefficients" to enter the material and
data by hand.

(" Calculate coefFichs

Zancel | < Back, | Mexk = | |

Figure 97. Choosethe Method for Adding a New Material.

132



3. MENU COMMANDS

Asnoted in Section 3.5.5.1, make certain the mu values are entered without coherent scattering.

® Toadd anew element, click on Enter coefficients then Next, and go to the “New Element”
discussion on page 133. Be careful to use the correct values.

e To build anew material from entries already in the database, click on Calculate Coefficients
then Next, and go to the “New Compound” discussion on page 134.

New Element

Figure 98 shows the New Material page. Enter the Name of the element but do not enter a
Chemical Formula. In this example, we are creating an entry for molybdenum.

IMPORTANT The name must not duplicate an existing material name; be sure to check the
list of existing entries before creating a new one! If aduplicate entry is
accidentally created, ISOTOPIC will not alow you to populate the mass
attenuation coefficients table for the duplicate or use either the original or
duplicate entry. To regain full accessto the attenuation database functionsin
such cases, we recommend you create a new database with Services/Database
M anagement/Cr eate Database... (Section 3.7.1.1). Any user-defined elements
or materialsin your current database must be re-created in the new database.

Attenuation Coefficient Wizard - New material

Enter the name of the new material, IF a chemical Formula is entered, the \Wizard will
parse it ko create a list of elements used in calculating the coefficients. Use upper and
loweer case when entering the elements. IF wour material is a mixture whose composition
by weight is known, do nok enter the chemical Formula.

Marne: [Molybdenum| I

Chemical Formula: |

Cancel | < Back | Mext = | |

Figure 98. Enter the Element Name but No Chemical Formula.
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Click on Next to go to the Size page (Fig. 99).

Attenuation Coefficient Wizard - Size

Faor a new element enter both the atomic weight of the element and the density of the
material. For compounds or mixed matrices, enter only the compound/matrix density
and use the default atomic weight,

Densiky: 10,28 J_ gficc
Weight: 42| au
Cancel | < Back | Mext = | Finish

Figure 99. Enter the Density and Atomic Number.

Enter the Density and Weight. At this point, click on Finish (rather than continuing through the
wizard, the remaining screens of which are not used when adding a new element).

The wizard will return you to the main Attenuation Materials screen, which will display the new
entry you have created (Fig. 100). To complete the table of energies and mass attenuation
coefficients, click on Edit and follow the instructions in Section 3.5.5.1.

New Compound from Existing Database Entries

Click on Next to go to the New Material dialog (Fig. 101). In this dialog, enter the Name of the
material.

IMPORTANT The name must not duplicate an existing material name; be sure to check the
list of existing entries before creating a new one! If aduplicate entry is
accidentally created, ISOTOPIC will not alow you to populate the mass
attenuation coefficients table for the duplicate or use either the original or
duplicate entry. To regain full accessto the attenuation database functionsin
such cases, we recommend you create a new database with Services/Database
M anagement/Cr eate Database... (Section 3.7.1.1). Any user-defined elements
or materialsin your current database must be re-created in the new database.
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. Attenuation Materials

M ame: | Molybderum ﬂ
sdd | Ed %j Delete |  Rehesh |

[ ate:

|
Chermical Forrmula: |
Atomic 'Weight: |
|

Derity: [~ Log¥-awis

Energy LinearCoefficient EM azzCoefficient - 1
p (10

15
20
a0
40
a1l
&0
a0
100
150
200
300
400
500
00

Aftenuation Coefficient

01 ; ; ; ;
2000 4000 G000 2000

Energy (ke

oOooDloNoooDooDo oo oS
oooDloIooDoo oD oo oD

Figure 100. Ready to Edit Energiesand Mass Attenuation Coefficientsfor New Element.

Attenuation Coefficient Wizard - Mew material

Enter the name of the new material, IF a chemical Formula is entered, the Wizard will
parse it bo create a lisk of elements used in caloulating the coefficients. Use upper and
lower case when entering the elements, IF wour material is a mixture whose composition
by weight is known, do nok enter the chemical Formula.

Marmne: |5and

Chemical Formula: |Si02

Cancel | < Back. | Mext = %|

Figure 101. Name of New Material.
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Y ou can either enter the Chemical For mula here or construct the material from the database
materials in the next dialog. The chemical symbols must be entered exactly as stored in the
database, including uppercase letters. Click on Next to continue.

If the chemical symbol entered is not found in the database,
ISOTOPIC displays a“not found” message (Fig. 102). Before
an element can be used, it must be entered into the database 3 Element not found in database: Mo
as described in the “New Element” discussion on page 133.

Click on Next to go to the Size page (Fig. 103). Figure 102. Not Found Error

M essage.

Attenuation Coefficient Wizard - Size

For a new element enter both the atomic weight of the element and the density of the
material. For compounds ar mixed matrices, enter only the compound)matrix: density
and use the default atomic weight,

Density: glce
W'gight: 50,0245 au

Zancel | < Back, | Mexk = N |

Figure 103. Density and Atomic Weight of New Material.

® Defined chemical formula — If you entered a chemical formula on the previous dialog, the
atomic weight will be displayed as the default value on this screen. Click on Next to skip to
the Relative Amounts page (Fig. 105 on page 137).

® No defined chemical formula — If you are instead entering a material with no defined
chemical weight, such as “combustibles’ or “glass and combustibles,” the fields on the Size
page will be empty. Enter the Density of the matrix in units of g/cc. Do not enter an atomic
weight. This value becomes the default density for this material when selected for a
configuration. It can be adjusted in the Configuration Wizard.

136



3. MENU COMMANDS

® Click on Next to continue to the Composition page (Fig. 104).

The chemical formulais used to calculate the total absorption coefficient from the individual
coefficients in the database. These can be combined in one of two ways. On this dialog, select
either combination by Number of atoms or by Percent by atomic weight. Both methods are a
weighted average of the component coefficients; this selects the weighting factors.

In the example of sand, combining by number of atoms means that the total absorption
coefficient is the sum of the silicon coefficient and twice the oxygen coefficient divided by the
number of atoms (3). While the percent by weight method means that the total absorption
coefficient is 0.4675 (or 28.08 divided by 28.08 + 15.99 + 15.99) times the silicon coefficient
and 0.5325 (or 31.98 divided by 28.08 + 15.99 + 15.99). Click on Next to continue.

Attenuation Coefficient Wizard - Composition

The coefficients of the new material will be caloulated using the relative amounts of its
constituents, Select percent by weight ar by number of atoms. IF this is a mixcture whose
chemical formula is nok known, select percent by weight.,

" Percent by Weight

Zancel | < Back, | Mexk = | |

Figure 104. Choose How Relative Amount I's Deter mined.

The Relative Amounts screen (Fig. 105) will open next. Thisdialog is used to add materials or
elements from the database M aster List column to the Composition of New Material column.
If achemical formula was entered previoudly, the elements and number are already entered. To
add an element or material from the Master List, click on the element, enter the Number of
Atoms, and click on Add. To remove an element from the new material, click on the element in
the Composition column and click on Remove. To change the number of atoms, remove the
element then add it back, entering the correct number of atomsin the dialog. When the
composition of the new material is correct, click on Finish.
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Attenuation Coefficient Wizard - Relative amounts

To create the coefficients For a new material, Add the elements that make up the new
material, and enter the relative amount for each element.
Master Lisk Composition of Mew Material
Al fa Mumber of Atoms: fakerial Murmber of Atoms
Alzoa
’7 o} 2
Au i 1
B
Be add --=
Bi
Bir
C
Ca =-- Bemove
Casulfate ﬂ < >
Cancel | < Back. | | Finish

Figure 105. Define Composition of New Material.

The main Attenuation Materials dialog (Fig. 94) will reopen, displaying the new coefficients. To
accept these values and return to the main ISOTOPIC screen, click on Close.

3.5.6. Peak Background Correction

The Peak Background Correction submenu is shown in Fig. 106. Use these Create PEC..

commands to load a new working . pc file, and to create or edit . pBc files. Sl 2E FE L,

The . pac files are organized by nuclide, then by peaks for each nuclide. SO
Figure 106.
PBC Menu.

The .pac file for each detector is used with the peak background correction
in Container/Surface Mode container analysis. Note that the PBC correction
isrelated to the detector and the shield, but not to the geometry of the sample. Any of the
correction table nuclide data include the nuclide name, which can be any combination of eight
characters, but must be consistent throughout all files.

3.5.6.1. Create PBC...

This starts the PBC wizard, which creates . pec files automatically from either an archived
spectrum file (discussion starts below) or alive spectrum (see page 140). At startup, ISOTOPIC
automatically attemptsto load the . pBc file last loaded. Thereafter, it can be replaced at any time
using Select PBC....
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From an Archived Spectrum File
® Click on File/Recall... and select the spectrum file from which the . pec file will be derived.

® Select Create PBC.... Thiswill open the dialog shown in Fig. 107. Browse for the Analysis
Library. Thiswill normally be alibrary of background nuclides.

% - [B]X]|
= | oo | o A | [EE] @[22 |4 [ sutrer -l
s Pulze Ht. Analysis
= Start 12:00:00 P
Create Background Files 3/21/19593
Real: 1.824.00
Remove all sources, verify parameters and zelect OF. to begin data Line: 1.800.00
collection: Dead 132 %
ROl
Analyziz Libran: ||::"-.L|$Er"-.TESt Filez\Uranium.lib Browse... |
1 i
Real Time Preset: | Seconds J Del J
Live Time Preset: | Secondsz Peak
B ﬂ Irfo ﬂ
-
Save Spectrum on Completion: v m Library ﬂ
] Cancel © 0RTEC
9:40:16 Ak
b arker: 1] = L33 keY I Lhtz Tue 7/31/2007

Figure 107. Creating a.PBC Filefrom an Archived Spectrum File.

® Mark the Save Spectrum on Completion checkbox to save the spectrum after the analysis,
and click on OK.

® |SOTOPIC will analyze the spectrum file, create an analysis (.an1) fileand a . pBc file, and
display the dialog shown in Fig. 108.
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Isotopic40

&l Background Files have been created!

Figure 108. PBC Process
Complete.

® The.psc filenameis structured as follows:

PBC [Iso] [nnnnn] - [Detector Name] [date]
where 1so identifiesthese asfiles generated in ISOTOPIC, nnnnn isanumerical suffix
reflecting the number of PBC acquisitions performed to date with the corresponding detector for

the current database, petector name iSthe name on the detector droplist in the configuration
dialogs, and date isformatted according to the settings in Windows Control Panel. Example:

PBC Iso00032-ISOCART 01 7-8-2007.Spc
Y ou can change the filename as necessary to make it even more descriptive.

From a Live Spectrum

® Select Create PBC... to open the dialog shown in Fig. 109.

® Browsefor the AnalysisLibrary. Thiswill normally be alibrary of background nuclides.

® Enter the Real or Live Time Preset. The count rate in background situations is normally low,
so either preset can be used.

® The Acquirenew Data and Clear Data on Start options are used to control data acquisition
in the MCB.

— To clear the MCB and collect a new spectrum for the preset time, mark both the
Acquireand Clear checkboxes.
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Create Background Files

Remove all zources, verify parameters and select OF. to begin data
collection:

Analysis Library: ||:: SUserTest FileshPu.Lib Browse. ..

Real Time Preszet: |5':":":| Secondz

Live Time Preset; | Seconds

Arcquire new Data: W
Clear Data on Start: v

Cave Spectrurn on Completion: [+

Cancel |

Figure 109. Creating a.PBC Filefrom Live Spectral Data.

— If the MCB contains a good spectrum and no more data is needed, unmark both the
Acquire and Clear checkboxes. Thiswill ignore the counting presets and read the
spectrum in the MCB.

— To add more count time to a spectrumin MCB memory, mark the Acquir e box and
unmark the Clear box. Adjust the counting preset(s) to the original count time plus the
additional count time (i.e., the preset value will reflect the total time for the data
collection, not just the additional time). It the preset isless than the actual time, no new
datawill be added to the existing spectrum.

® Mark the Save Spectrum on Completion checkbox to save the spectrum after the analysis.
® Prepare the detector, remove all sources, and click on OK to start data collection. At the end
of the count, the spectrum will be analyzed and the . pc file created as described in the

preceding section. As noted there, you can change the filename as necessary to make it more
descriptive.
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3.5.6.2. Select PBC...

Use this command to open a standard file- Select PBC File _ 2|x|
open dialog (Fig. 110) and select anew Lookin: | Ieotopic R ==
working (internal) .psc file. If a . pBc file euibonoarbe

Is already loaded, its name will be displayed
in the File name: field; otherwise, the

default, . pBC, will be shown. Select the

desired file and click on Open.

File name: [ls000001.Pbe
Files of type: IPbc Files LI Cancel |

Figure 110. Select PBC File.

3.5.6.3. Edit PBC...

Thisfunction is used to manually : Editing: Pbctable.pbe 7]
create anew .pac file from a spectrum Creatior: 10413/93 1:03:40 PM Cadh

. Editior: 1113497 4:42:18 PM Peaks
previously analyzed or to change the o
ot : Cadf |
contents of an existing .pBc file. To Tl : :
create a .pBC f?l_e, cIic!< on Edit PB_C... o B i
to open the Editing: dialog shownin Md147

Fig. 111. e

e Cut Edi... Cut

......................................

Inzert...

Figure 111. PBC Table Editing Dialog.
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Figure 112 shows the dialog control menu (click on thetitle &
bar icon to open it). It contains severa of the commands x%ﬁ:’:ﬂ AltaFd
necessary to create and edit . pac files. —

Shov Background Analysis...

e
Sort...
Load PEC Tahble...

Open the control menu and click on New. Thiswill clear the Save PBC table &s..

Edit window so nuclides can be entered manually. Figure112. Edit PBC Dialog
Control Menu.

Manually Creating a New PBC Table

Click on the I nsert... button to open the PBC Nuclide dialog
(Fig. 113). Enter the nuclide name exactly asit appearsin the
library. Click on OK to add the nuclide.

Now, in the (right-hand) peak portion of the dialog, click on Insert... to open the PBC Peak
dialog (Fig. 114). Enter the energy of the gamma ray and the counts per second of the
background peak. The energy must be the same as the library value. Peak energiesin the PBC
Table and not in the library for this nuclide will not be corrected, and peak energiesin the library
and not in the PBC Table for this nuclide will not be corrected. Click on OK to add the nuclide.

PBC Peak 51
e IK_4|:| Muclide:  Co-E0
ance | 73,00 ket
Cancel
Figure 113. Edit or CRs. 4|
'\N/Ianua“y Add Nuclide Figure 114. Edit PBC Peak
ame Values.

Automatically Creatinga PBC Table

A .pac file can be made from the background spectrum analysis results (. uro) file. In this
process, the background count rates are extracted from the analysis results file and inserted in a
.pBc file. To do this, open the control menu and click on Show Background Analysis.... This
will open a standard file-open dialog. Select the correct . uro file and click on Open. Thelist of
nuclides in the analysis will be displayed to the left of the PBC Table (see Fig. 115). If no peaks
are shown, none were in the analysisfile, possibly because they were all outside the energy
analysis range.
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Adding Nuclides

There are two I nsert buttons at the bottom of the PBC nuclidelist: Insert..., which isfor
manually specifying the nuclide; and the button below it, which will be labeled with the name of
the nuclide selected in the analysis results list (when no nuclide is selected, this button islabeled
Insert Copy).

 GyDemo UFO : Editing: Pbctable.pbc
Co-hd Creatior: 10413493 1:03:40 P Bal3l
CovBl Editior: 11713497 4:42:18 PM Peaks
a8
Cd-109 Cadb
113 ] e
Cs-137 2 12380 017319
53123”% 3 13360 034533
o 4 21610 01534
5 7320 008330
5 48650 1.44099

Edi... Cutt

| | Ingert...

Figure 115. ThelList of Analysis Nuclides (left) and the PBC Table
(right).

To automatically add an analysis nuclide to the PBC list, go to the analysis results list and click
once on the nuclide of interest. Thiswill activate the gray I nsert Copy button at the bottom of
the PBC list, and change its |abel to Insert plus the name of the nuclide. Now, in the PBC list,
click on the nuclide immediately below the desired insertion position, then click on I nsert
[nuclide name]. Thiswill insert the nuclide, and display the energies and backgrounds for its
peaksin the analysis.

Double-clicking on anuclide in the analysis results list will insert it into the PBC list
immediately above the highlighted PBC-list nuclide.

To manually add a nuclide to the PBC list, locate the nuclide immediately below the desired
insertion position, and click once to highlight it. Next, click on the manual Insert... button to
open the dialog shown in Fig. 113, then follow the manual nuclide and peak insertion
Instructions that begin on page 143.
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The entire analysis nuclide list can be copied to the PBC list by | GvDemo UFD R EA |
opening the analysis list control menu (Fig. 116) and selecting Mave
Copy All to PBC. Llose Alt+F4
Copy &l to PEC
To change the name of a nuclide on the PBC list, double-click on it Figure 116. Analysis
to open the PBC Nuclide dialog (Fig. 113). ResultsList Control
Menu.

To remove anuclide from the PBC list, click on the nuclide, ]
then on Cut. Thiswill remove the nuclide from thelist. In |

.. ) ! ; nzert. .. Cut |
addition, it will activate the gray Paste button at the bottom
of the PBC list, and change its label to include the name of Insert Eu-152 | Paste *‘1-4'3[:!
the cut nuclide. Thisisillustrated for K in Fig. 117.

Muclide Cut: K-40;

Rearranging a PBC List Figure 117. Cut Nuclideis
. . A i Ready to Paste.
Nuclides can be rearranged in the . pBc filelist by cutting and

pasting them into a different location. To move anuclideto a

new position in thelist, highlight the nuclide to be moved; Cut it from the list; locate the nuclide
immediately below the desired new position and click once on that nuclide to highlight it; then
click on the Paste button (which will be labeled with the name of the Cut nuclide). The Cut
nuclide will be inserted in the space above the highlighted nuclide.

Several nuclides can be cut at one time from the list, then pasted back into the list into adifferent
order. Cut nuclides remain queued up for pasting, last one first, according to the nuclide name
on the Paste button.

To move anuclide to the end of the PBC list, Cut the nuclide from the list, highlight the --end--
entry, and click on the Paste button.

Peak Editing

When anuclideis selected in the working . pBc file, the right half of the Edit PBC dialog shows
the peak list. Note the column headers, Rank, Energy, and C.P.S.. To sort the peak list by a
particular parameter in the list, click on the appropriate header.

To edit apeak, either double-click on the peak in the right-hand list, or click once on it, then
click on the Edit button. Thiswill open the PBC Peak dialog (Fig. 114).

Use the same PBC Peak dialog to add a peak: click on the peak just below the desired insertion

point in the peak list, then click on Insert.... Thiswill open the PBC Peak dialog. Enter the
energy and counts for the peak and click on OK.
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Peaks can be deleted with Cut and moved with Cut/Paste. The order of the peaksis not
important and has no effect on the correction.

Several peaks can be cut at one time from the list, then pasted back into the list into a different
order. Cut peaks remain queued up for pasting, last one first. Each relocated peak will be
assigned a Rank number according to its new position. Click on the peak just below the desired
Insertion point in the peak list, then click on Paste.

Saving or Canceling Changes and Closing the Edit Session

To save thismodified . pBc file and use it as the working file, click on the control menu, then
Save PBC Table As.... Either use the current filename (which will overwrite the previous
values) or assign a new filename, then click on Save. (ISOTOPIC will assign the default . peC
extension.) To exit the edit session, click on the control menu, then Close.

To abandon any changes and restore the . pec file to its condition before editing, click on the
control menu, then Close. A dialog will open to confirm the deletion of the changes; select No.

3.5.7. Diagnosis

Figure 118 shows the Diagnosis submenu, which contains the Display Analysis Results ...
supervisor’s two spectrum analysistools. Note that scan data, Interactive In Viewed Area...
including archived data records, can only be reanalyzed in

Figure 118. Diagnosis
ISOTOPIC Operator. Submenu.

3.5.7.1. Display Analysis Results...

This command displays the results of Recall Analysis Results File
an analysis of the complete spectrum by Lockine |3 User - & = = 2=
reading the analysis results stored in a 3 Ca Lizspet UFO SvDemo3.IFO

-uro file (the . uro file selection dialog g - iy

iIsshown in Fig. 119). Thisdiffersfrom 8] 4nl8282.UFD Dadbl.uio

GvDema. UFD Sample.UFD

the interactive analysis resultsin that the SVt LU0 2] cvdeme] UFD

analysis considers all of the spectrum
and all of thelibrary entries. The .uro
files are created by the analysis routine S [_geen |
in ISOTOPIC Operat()r Files of type: |Ufo Files ﬂ Cancel

File name:

i ) ) Figure 119. Open a .UFO File.
Figure 120 shows the display for atypical

.uFo file, dong with its spectrum file.
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«-* |lzotopic Supervizor [lsotopic Mode] HEE3
File  Acquire Calbrate Calculate  Analvze Library  Services BOl Dizplap  Window
== @2 &l |tos & B|L| ¢ [ eue =
H Analysis Besults Table [_ O] _SFLUIfE H;' Bﬁﬁn;giid_
Energy FudHM Area B ackground Muclide Bg i Analysis BT = IEB:ﬂ.pr-EI?
1103 .80 9z 2752 17733 < Tnlcnommn - :
s e e Bi-214 0. 00008 Show Residuals Real 3111362

Library Peak

withir
Muclide ﬁ
]

77 1642 (12281 < Tnknowm >
.88 606 13636 < Inknown >
a8 33604 (14606 < Tnknown s

Live:  30,000.00
Dead: 388 %

1167 .11 [1.89 424 12334 <Unknown > ROl

. 945 12936 Co-60 |0.0000
1161.85 |1 66 2128 |15427 <Unknown> & Peak i
1207.74 |1.96 3442 |15814 <Unknovns % Urknown o A 2
121894 [1.30 1191 [11730 <Unknown > _ Del |
1238 18 |1.98 114768 19632 <Unknown > LI Multiplet g
1253.57 |2.93 6012 |16362 <Unknown > el
1269 .95 |0.47 171 6771 <Unknown >

—
—
-1
w
ra
e
=R N el el S N S ey T5
[¥a]
=

98 201489 17R4 1T+ e +iomir s i g Infa |ﬂ
M Library ﬂ

2 0ORTEC
£19:00 Ak
Fri  19-Jul-02
Marker: 4464 = 112022 ke 7308 Cnts
Analyziz Besulks - ESC or Close Sidebar to Cancel
I
Figure 120. Display from .UFO File.
Analysis Sidebar
Figure 121 shows the Analysis Sidebar. The buttons move the marker up
and down through the resultslist, library, and spectrum simultaneously. — Ehon Bosiduaie
N Library Peak —
] i @#  Thewithin Nuclide buttons move up and down the library at| itin e
list for the selected nuclide, in the order the energies are ] Erey g
stored in the library. Since the library energies are not — —
.. . . . b Peak &t
usually stored in increasing energy order, thiswill cause = —
the marker to jump about the spectrum. Thisis useful in i ””k”_””"” L_.
deciding if anuclideis present or not, by looking for al the & Multiplet &

lines associated with the nuclide. If the selected peak has a Figure 121.

zero areq, it is not displayed. Analysis Results
Sidebar.
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fi] ey @i The Ener gy buttons move the cursor up and down through the library peak list
in energy order. Only non-zero-area peaks are shown. Since the library used for
the analysis might not be the same as the working library, this could be a
different set of peaks than found with the Library buttons on the Status Sidebar.

%] Pesk &  The Peak buttons move the marker up and down through all the peaksin the
spectrum. Thisincludes non-zero-area library peaks and unknown peaks above
the peak-search sensitivity cutoff.

% |unknewn & The Unknown buttons move the marker up and down through the unknown
peaks that satisfy the sensitivity cutoff, in energy order, skipping over any library
peaks.

4] Murpiet 2 The Multiplet buttons move up and down through the multiplet or deconvoluted
regions in the spectrum. The multiplet up button goes to the first (lowest-energy)
peak of the next higher multiplet. Similarly, the multiplet down button goes to
the last (highest-energy) peak of the next lower multiplet.

To look at individual peaksin the multiplet, use the Peak, Ener gy, or Unknown
buttons.

The ROI, Peak, and Library buttons on the Status Sidebar are also active.

Marking the Show Residuals checkbox adds aline
beneath the spectrum that displays the difference
between the actual spectrum and the calculated
spectrum based on the analysis and the calibration
peak shape. An exampleisshownin Fig. 122.

Analysis Results Table
Figure 120 shows the Analysis Results Table »“
window. The table records can be sorted by any “

parameter (e.g., energy, area, nuclide, FWHM)
by clicking on the desired column header. Figure 122. Spectrum Residuals Display
(arrow).

The Analysis Sidebar control menu is shown in

Fig. 123 (click the title bar icon to open the menu). Mark or unmark Table to show or hide the
Analysis Results Table; use Print on the results window’ s control menu to print the table as
displayed.
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When the Analysis Results Table is displayed and ISOTOPIC isin

Interactive-analysis mode, more details can be displayed for any peak by

double-clicking on that peak in the table. This opens a Details window,
asshown in Fig. 124. Use the Peak buttons to step to the next-highest-

energy and next-lowest-energy peaks. Click on Close or press <Esc> to

exit.

The Details window shows the following peak information, derived from

" nalysis EAEG |

Move
Cloze Alt+F4

v Table

Figure 123.
Analysis Sidebar
Control Menu.

the . uro file structure (which is described in detail in the File Sructure Manual):

Energy
Centroid
Center

mlo, mhi

i Details

Energy
Centroid
Center

mlo,. mhi
multilo, hi
Fwhm

Fwl0Om

Fwldm

Area
Background
Counts=

FirstHet
Fir=tBaclkground
Tncertainty
Abundance

MDA
fwPealkFlagl,K 2.3
Lo, HiWidth
Backlo, Hi
Slopeibove
gfParaBacl:
irpHuclide, . ..

165 85 Peak
165 85 ﬂ
1003 a8

98g 1022 ﬁ
0 0

6263 (0.477 keV)

12.01 (0.915 keV)
15.18 ( 1.16 keV)
181118

90187

181118

181118

0

0.0062793

879.193

4.13299

0=0000 0=0040 0O=x0000
3 3

2647 .33 2227 .67

0

0 0 1]
7 —754-7530 0 12

Figure 124. UFO Peak Record Description.

The library peak energy in keV, or the centroid energy for unknown peaks.

The peak centroid energy from the spectrum.

The peak centroid channel from the spectrum.

The low and high channel numbers for the peak region. These are the
beginning and end channel numbers for the background region around a
single peak. See also multilo, hi.
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multilo, hi

Fwhm

Fw10m

Fw04m

Area

Background
Counts
FirstNet

FirstBackground

Uncertainty

Abundance

MDA

fwpeakflagl,2,3

Lo, HiWidth
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The low and high channel numbers for the multiplet region. These are the
beginning and end channel numbers for the background region around the
entire multiplet. All peaksin the multiplet will have the same multilo, hi
values.

The full width at half maximum of the peak. It isameasured value for
single peaks and a calculated value for peaks in a multiplet region.

The full width at tenth maximum of the peak. It is a measured value for
single peaks and a calculated value for peaks in a multiplet region.

The full width at twenty-fifth maximum of the peak. It is a measured value
for single peaks and a calculated value for peaks in a multiplet region.

The corrected net area of the peak. For example, the PBC correction could
be applied to this number.

The corrected peak background calculated by the program.
The uncorrected net area of the peak.
The net area of the peak calculated on the first pass through the spectrum.

The peak background calculated by the program on the first pass through
the spectrum.

The 1-sigma counting uncertainty in the peak net area, as afraction.

The activity for this nuclide based on this peak only. It is zero for unknown
peaks or if thereisno efficiency calibration.

The minimum detectable activity for this nuclide, in Bg, based on this peak
only. It is zero for unknown peaks or if there is no efficiency calibration.

The peak flags described in the File Structure Manual as hexadecimal
numbers.

The number of channels used in the calculation of the background bel ow
and above the peak. If the background selection is set to a given number,
then these will both be the same. For auto background, these can be
different.
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BackL o, Hi The calculated background val ues used to calcul ate the background.
SlopeAbove The slope of the background above the peak.
gfParaBack The parabolic factors for calculating the background. If the parabolic

background has not been used, these are 0.

irpNuclide, ... The pointers to other records in the . uro file as described in the File
Structure Manual. They are only used in debugging.

3.5.7.2. Interactivein Viewed Area...

This selection starts an interactive analysis session by analyzing the spectrum now displayed.
The working library selected with Library/Select File... isused. The analysis parameters have
been set in the Settings/Configuration... dialogs. When the analysis is complete, the graphical
results and peak areatable are displayed asillustrated in Fig. 125. The table records can be
sorted by such parameters as energy, area, FWHM, and background by clicking on the desired
column header.

Analysis Sidebar

Figure 126 shows the interactive Analysis Sidebar. The buttons move the marker up and down
through the results lists, library, and spectrum simultaneously.

The buttonsin the Library Peak section pertain to the results from the analysis; the other
buttons pertain to the spectrum. The peak-found buttons move to the next higher or lower peak
in the analysis results list. Thisincludes non-zero-area library and unknown peaks above the
cutoff. See Peak button below.

] i #  Thewithin Nuclide buttons move up and down the library list for the selected
nuclide, in the order the energies are stored in the library. Since the library
energies are not usually stored in increasing energy order, thiswill jump the
marker around in the spectrum. Thisisuseful in deciding if anuclideis present
or not, by looking for all the lines associated with the nuclide. Only non-zero-
area peaks are displayed.
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«-* |lzotopic Supervizor [lsotopic Mode] HEE3
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Figure 125. ResultsInteractivein Viewed Area.
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The Ener gy buttons move the marker up and down through the library peak list
in energy order. Only non-zero-area peaks are shown. Since the library used for
the analysis might not be the same as the working library, this could be a
different set of peaks than found with the Peak buttons.

The Peak buttons move up and down through the peaks found by the on-line
peak search. (The sengitivity is set in the system settings.) This could select
more peaks than the analysis peaks above because of the difference in the cut-
off. If the sengitivity for analysisislow, e.g., 5%, many peaks will not be
reported because their uncertainty istoo high. They will have been found by the
analysis, but not reported.
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&|urknown & The Unknown buttons move the marker up and down
through the unknown peaks in energy order, skipping [ EShow Fesidual
over any library peaks. Only peaks that satisfy the sensi- Shift [ket/
tivity cutoff are shown. Note that the Library Peak and N 'D—E Ejl
Unknown buttons select different groups of peaks. : T '

y Feal

& Muliplet 4 The Multiplet buttons move up and down through the [[;dd w!rhiEEb;'
multiplet or deconvoluted regions in the spectrum. The = Muclide 2
next time you click on the multiplet up button, the marker B Energy ]
goes to the first (lowest-energy) peak of the next-higher 1] Peak A
multiplet. The next down button goesto the last (highest- .| Unknown 4
energy) peak of the next-lower multiplet. To look at 5] Multiplet 42|
individual peaksin the multiplet, use the Peak, Energy, Figure 126.
or Unknown buttons. Analysis Display

Controls.

To add a peak to the analysis library, position the marker at the desired

location and click on Add. This adds atemporary nuclide to the library (assigned the name
“Analyze” in the results table) with a peak at this energy. A new analysisis performed and the
new results are displayed. More peaks can be added as needed.

To delete a peak, click on the peak energy in the Analysis Results List. The marker will jJump to
this channel in the spectrum. Click on Delete. A new analysisis performed and the new results
are displayed.

The energy calibration for all the peaks in the spectrum can be shifted Shift [ket!

with the Shift (keV) field and slide bar (Fig. 127). Select the amount of [000 [OK

shift and click on OK. The shift incrementsin energy equivalent to 0.1 N

channel. ISOTOPIC will perform the new analysis and display the results. Figure 127. Shift
keV.

The residuals are the differences between the calculated spectrum (based

on peak shape, peak area, and background) and the actual raw data. These

can be displayed in the spectrum window by marking the Show Residuals

checkbox (refer to Fig. 122). The scaling factor for the residual display isthe same asfor the
data display. In log mode, the scale of the residuals display is somewhat exaggerated and the
residuals could appear more significant than they actually are.

Saving the Analysis Resultsin a .UFO File

The results of this analysis are stored in memory and can be stored as a . uro file on disk by
selecting Store Results As... from the Analysis Sidebar control menu (see Fig. 121). Mark/
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unmark the Table item to show/hide the Analysis Results Table. Use the Print command in the
results window control menu to print the results table.

3.5.8. Mode: Container/Surface or Soil

This selects the Settings/Configurations... dialogs presented in Supervisor, and fixes the mode
of operation for the Operator program. Y ou can select either the Container/Surface
(ISOTOPIC) mode or the Soil (M-1) mode. Container/Surface Mode is used for spills or other
small floor areas where the Soil Mode is not appropriate. The operator cannot change the mode.

3.6. Library
The Library menu is shown in Figure 128. The Library commands let
you select, display, create, edit, or print the library files used in the Select Peak...
functions under the Settings and Calibrate menus, using either the Select File. ..
ISOTOPIC library editor discussed here or the NuclideNavigator 11 Edt g
library editor, if NuclideNavigator isinstalled. Library files are organ- HeE
ized by nuclide, then by the nuclide peaks. Figure 128.

Library Menu.

The nuclide library is used with reference to the peak-search or report

functions for quantitative identification of and activity calculations for spectral components
according to calibrated peak energy. The nuclide library data include the nuclide name, half-life,
and half-life uncertainty. The nuclide names can be any combination of eight characters, but
must be consistent throughout all files. The library peak data include the energies and yield or
gammag/disintegration for each energy. The default file extension is . L1B.

Users are expected to develop libraries for calibration, samples, quality assurance, auto-
calibration, and suspect. Several sample libraries may be necessary if different nuclides are
present for different measurement streams.

ISOTOPIC isinstalled with a number of examplelibraries. Libo.1ib isan example of a master
library. It contains many common nuclide used in nuclear spectroscopy. Note, though, that itis
provided merely as an example. We strongly recommend you check appropriate reference
sources to ensure the half-lives and gamma-ray yields are the latest accepted values. The
suspect library fileiscalled suspect.1ib. Thislibrary is used to help with identification of
nuclides that emit gamma rays listed in the unidentified peak list. suspect.1ib can be changed
to better suit your facility. However, thisfile must remain in the c: \user directory.
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At startup, ISOTOPIC automatically attempts to load the library last |oaded. Thereafter, this
working library can be replaced at any time with Library/Select File.... Thelibrary stays
resident in memory after it has been loaded.

In the Operator reports, the nuclides are listed in the order they appear in the library.

3.6.1. Select Peak...

This opens awindow containing alist of  Library List ]
the library peaksin energy order (Fig. 129). L";'\;E"”lﬁ_“’jem'lL'bE — I
. . . nz=1li1de Nnergy ETCET =% —L1Tre
Thislist shows the nuclide name, energy, Cd 109 22 16 | 86.0000 136 Days
gammas/100 disintegrations, and half life. ca-io2 2o 20 | 3I-ooee 4o Davs
Clicking on any field moves the marker line Hg-203 70.83 | 3.5200 46 59 Days
: Hg—203 72 87 | 6.4000 46 .59 Days
to that energy in the spectrum. Cd-109 86.03 | 3.6100 436 Days
Ce-139 | 165 .85 | 79 9500 1377 Days
_ _ _ Hg-203 | 279.17 | 81 5000 46 .59 Days
The Library List can be sorted by nuclide, Sn-113 | 391.69 | 64.1600 115.1 Days
energy, percent, or el lifeby clickingon (st | 3535 | 5| 1%
' i ' Co—60  [1173 .24 | 99 3000 1925 Days
g:rgﬁggglr?mn heager. Click againto Co—60  |1332.50 | 99,9824 1925 Day=

. Figure 129. Peak List Dialog Box.
3.6.2. Select File... 9 d

Thisopensthe Load Library Filediaog. If alibrary has already been selected, it is shown in
the File name: field. If File name: contains the default entry, *. 1B, no library is currently
selected. Select the desired disk and filename and click on Open. This library becomes the
working library. The ISOTOPIC analysis requires the . LB format. Use the Edit... command to
write the library file in this format.

3.6.3. Edit...

Use this command to create a new library file or change the contents of an existing library file.
Select the | sotopic Editor... or Nuclide Navigator ... (if NuclideNavigator 111 isinstalled). The
ISOTOPIC library editor is discussed here; the NuclideNavigator editor is described in the
NuclideNavigator |11 user manual.

GENERAL SUGGESTIONS ON LIBRARY ENTRIES

® [|nall cases make certain that the most intense, clean (no interferences likely) gammaray
for a particular nuclide is referenced first in your library. The next three most intense
gamma rays should be listed next in the library.
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® Do not “clutter” your library with too many nuclides and gammarays. The search engines
will not be very effective in this situation. Use only the nuclides and gamma rays that are
likely to be present.

e |f using the supplied Libo or Lib1l master library, it might be helpful to delete all X rays
from the list of gamma rays for each nuclide. The energy Auto-calibrate feature works
better if the library includes no X rays.

See also the sidebars entitled ANALY SIS SETUP SUGGESTIONS FOR CONTAINER
MODE on page 106 and LIBRARY SETUP SUGGESTIONS FOR SOIL MODE on page 121.

Figure 130 shows the ISOTOPIC library Editing dialog.

The control menu isshown in Fig. 131 (click on the Title Bar icon to open it); it contains several
of the commands necessary to create and edit the . L1B files.

: Editing: GvDemo.Lib i |
Creation: 4/13/88 10.58:044M [ Ed- 103 [Cadmium]—— Move
Editior: 4/5/95 5:19:53 AM Half Life: 436 Days % Close Alt+F4
Co57 Uncertainty: 5.4000 Show Maszter Librany...
Co-B0 Muclide Flags: | --------
-88 : Mew
Edit Cd-109... | Flastore
Sn-113
Ce]37 Peaks Sart...
Ce-123 Peak. Flags: G--n--- -
HEQ-EEIS . Load Librany...
24l L kank | _Energy ] Percent | Save Library As. .
- ehd - g8 03 3 6100F. . . .
22 16 |2 6O00E. Figure 131. Library Edit
3 24 .94 |1 7000E. . Dialog Control Menu.
Inzert... | Cut | Edi... Cut
[hsert Gapp | Paste | Inzert... Easfe

Figure 130. Editing Library Dialog.

3.6.3.1. Copying NuclidesFrom Library toLibrary

To copy nuclides from one library to another library — for example, to make aworking library
from amaster library — click on the Edit window control menu and select Show
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Master Library. Thiswill open afile selection dialog. Choose the desired disk and file and
click on Open. Both libraries will be displayed side by side, asillustrated in Fig. 132.

To copy anuclide from the master library to the working library: Go to the master library list
and click once on the nuclide of interest. Thiswill activate the gray I nsert Copy button at the
bottom of the Editing dialog’s nuclide list, and change its |abel to I nsert plus the name of the
nuclide. Now, in the Editing dialog, locate the nuclide immediately below the desired insertion
position, click on it once, then click on Insert [nuclide name]. Thiswill insert the nuclide and
display its peak list on the right.

Double-clicking on a nuclide in the master library will add it to the working library, inserting it
immediately above the currently highlighted nuclide in the list.

LibD_Lib HE - Editing: G¥Demo_Lib 3] =]
Ec7  Rb-B83  #Xe131M | Creation: 4/13/88 1058044 [ Cad-103 [Cadmium]
Na22 531 ¥e133M A | Edition: 4/5/95 81353 AM Half Life: | 438 Days

Ma-24  v-83 #e-135

Cl-38 TAIM Ke138

Co-b7 Uncertainty: | 5.4000

A4l Zr85 0 G134 Muclide Flags: | --------
k.-40 Mb-94  Ce136 .

k.-d2 Mb-95  Cs137 Edit Cd-109... |
ScdE6 Mo93 Ce138 Peaks

Cr-51 Te-39M  La-140
M54  Ru-103  Ba140
M55 Rh-106M Ba-133
Fe-53  Ag108 Ce133
Cob6  Ag-110M Ce-147
Cob5?  Cd103 Ce-143

Co58  5Sn113 Ce144 24.94 1. 7000E. .
CoB0  SB122 Pr144

CuBd  5SB124  MWd147
65 Sb125 Ew1bd
a7 Sb126 Euw154
Se-7d Teld  Ewl155

EBr-g2 Te-132  Gd153

FrO=ZCC DA @MO O O™+

Kr85M  J131  Tb-160 _
kg7 J132  YB17S msert.. | cw | Edi. cu
B9 0131 RE Inzert... Paste
Kr83  J134  HE1S e |

Rb-8E 135  Ta182

Figure 132. The Master Library (left) and Library Editing Dialog (right).

3.6.3.2. Creatinga New Library Manually

Open the control menu and click on New. Thiswill clear the Editing dialog so nuclides can be
entered manually. Click on the Insert... button to open the Insert Library Nuclide dialog, shown
in Fig. 133. Enter the Nuclide Name and Half Life and click on OK.
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Now, at the bottom of the (right-hand) peak list, click on Insert... to open the Edit Library Peak
dialog (Fig. 137). Enter the energy of the gammaray and the yield of the peak.

Inzert Library Nuclide HE
Muclide Mame: ||
HEI": LIfE II:I IDa_IrIS J
IIncertainty: ||]_|]|j|j[|
Muclde Flags
[ Thermnal Meutran Activation [T]
[T Fast Neutron Activation (F
[T Fizsion Product 1]
[ Maturally Dccuring |sotope (]
[T Phaton Reaction [F]
[ Charged Particle Reaction (C]
[ No MDA Calculation (k4]
[T Activity Mot in Total 2]
Ok I Cancel
Figure 133. Insert aNuclideinto a
Library.

3.6.3.3. Editing Library List Nuclides

To edit the information about a nuclide in the working library:

CIigk on the ngclide to highlig'ht it. The Edit... button (in Fhe upper righ't Edit Cd-109.
of Fig. 130) will change to Edit plus the name of the nuclide, as shownin :
Figure 134. Figure 134. Ready

to Edit thisNuclide.

Click on Edit [nuclide].... Thiswill open the Edit Library Nuclide dialog
(Fig. 135). The Nuclide Name, Half Life, Uncertainty, and Nuclide Flags will already be
listed.

The Uncertainty is asingle number that represents the uncertainty (2 sigma or 95% confidence
level) in the values entered for this nuclide. It is added in quadrature to form the total uncertainty
on the final report. The Uncertainty value should be taken from the nuclear data sheet for this
nuclide. The default is zero, but 2% is arealistic number.

Thefirst six Nuclide Flags are used to show how the nuclide was produced. For example,
Thermal Neutron Activation (T) indicates that this nuclide is produced when the parent
nuclide absorbs a slow neutron. This can be helpful in organizing reports by nuclide category.
More than one flag can be checked. Libraries produced with Nuclide Navigator Il or |ater
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versions will already have these flags set. For other libraries, it will be necessary to consult a
reference for the proper settings.

The No MDA Calculation flag indicates that the nuclide Edit Library Nuclide ——— BIH|
will not be reported unless present in the spectrum. If Nuclide Mame: [[BESIE
thisis not checked, the MDA value will be printed if the HallLite: [12410 s ]
nuclide is not present in the spectrum., Uncerein: [55000
Muclde Flags
The Activity Not_in Total flag indiqat%that the ac;tiyity ™ Themal Neutian ﬁctiiatim M
for this nuclide will not be included in the total activity ™ Fast Neutron Activation )
for this Salﬂpl e. [T Fizsion Product in
[ Maturally Dccuring |zotope (]
These flags are listed on the report and saved in the . uro I Photon Reaction [P)
file. [ Charged Particle Reaction ]
[T No MDD Calculation [k]
[T Activity Mot in Total ]
Manually Adding Nuclides
]S I Canizel
To manually add a nuclideto the library list, locate the

nuclide immediately below the desired insertion position, Figure 135. Edit or Manually Add
and click once to highlight it. Next, click on the manual Nuclide Name.

Insert... button to open the Edit Library Nuclide dialog. The

dialog will be blank. Fill in the name and half life as well as any other inputs and click on OK.

Deleting Nuclidesfrom the Library
To remove anuclide from the library, click on the nuclide,

Inzert... Cuat
then on Cut. Thiswill remove the nuclide fromthelist. In — :
addition, it will activate the gray Paste button at the bottom Laste Eulas
of the nuclide !ISt, an(_j qhqnge its |abel t?slz ncl gde Fhe name Figure 136. Cut Nudlideis
of the cut nuclide. Thisisillustrated for ~“Eu in Fig. 136. Ready to Paste.

Rearranging theLibrary List

The order of the nuclidesin the library is the order in which they are listed on the report.
Nuclides can be rearranged in the . 1B filelist by cutting and pasting them into a different
location. To move a nuclide to anew position in the list, highlight the nuclide to be moved; Cut
it from the list; locate the nuclide immediately below the desired new position and click once on
that nuclide to highlight it; then click on the Paste button (which will be labeled with the name
of the Cut nuclide). The Cut nuclide will be inserted in the space above the highlighted nuclide.
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Several nuclides can be cut at one time from the list, then pasted back into the list into adifferent
order. Cut nuclides remain queued up for pasting, last one first, according to the nuclide name
on the Paste button.

To move anuclide to the end of the library list, Cut the nuclide from the list, highlight the --
end-- entry, and click on the Paste button.

Editing Nuclide Peaks

When anuclide is selected in the working . 1B file, the right half of the Editing dialog shows
the peak list. Note the column headers, Rank, Ener gy, and Percent. To sort the peak list by a
particular parameter in the list, click on the appropriate header.

To edit apeak, either double-click on the peak in the right-hand list, or click once on it, then
click on the Edit button. Thiswill open the Edit Library Peak dialog (Fig. 137). The Energy
(keV), Gammas per 100 Disintegrations, Photon Flags, and Peak Flags will already be listed.

The Photon Flags are used to show the origin of the Edit Library Peak HE
peak. Only one can be selected at atime. Gamma Ray Associated Nuclide: | Cd-109
(G) and X-Ray (X) mean the peak energy isdueto a Energy (ke [EENIRE
nuclear or atomic transition, respectively. Positron Gammas per 100 Disintegrations: [36100
Decay (P) is used for the 511-keV peak. Single-Escape Phaton Flags

(S) peaks are peaks for which asingle 511-keV photon (" Gamma Fiay (G]
has escaped the detector. This can only occur for full- Lf: SRep ()
energy peaks above 1.022 MeV. Double-Escape (D) ~ EE‘EE&‘:’;:” g
peaks are peaks for which two 511-keV photons have  Double-Escape 0]
escaped the detector. Both single- and double-escape -

peaks are broader than gamma-ray peaks. Neither can [ Key Line (K]
be used for activity calculations because the intensity [~ Mot In &verage ()
of the peak is not related directly to the intensity of the

full-energy peak. Nonetheless, these can be included in ok | _cancel

the library to account for the peak in the spectrum.
y P » Figure 137. Edit or Manually Add

Lib Peak Values.
The Not In Average (A) flag in the Peak Flags section orany AU

of the dialog should be set for these peaks. All the peaks

marked as Key Line (K) must be present before the nuclide will be listed as present on the
report. If no lines are marked as key lines, the nuclide will be listed as present if thefirst lineis
in the spectrum.*

"To duplicate the operation of older versions of ISOTOPIC, mark either no lines or only thefirst line as akey
line.
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Some old libraries could have these flags set in an unwanted manner. These libraries should be
checked before use.

HINT If your final report includes fal se positives, add more key line flags. Thisis especially
helpful for the ISOWANS32 analysis engine in Container/Surface Mode.

Adding Nuclide Peaks

To add a peak: Click on the peak just below the desired insertion point in the peak list, then click
on Insert.... Thiswill open the Edit Library Peak dialog; all the fields will be blank. Enter the
necessary information for the peak and click on OK.

Rearranging the Peak List

The entriesin the peak list can be rearranged with the Cut and Paste buttons. Several peaks can
be cut at one time from the list, then pasted back into the list into a different order. Cut peaks
remain queued up for pasting, last one first. Each relocated nuclide will retain its energy and
counts/sec values, but will be assigned a Rank number according to its new position. Click on
the peak just below the desired insertion point in the peak list, then click on Paste.

3.6.3.4. Saving or Canceling Changesand Closing

To save thismodified . 1B file and use it as the working file, click on the control menu, then
Save Library As.... Either use the current filename (which will overwrite the previous values)
or assign a new filename, then click on Save. (ISOTOPIC will assign the default . .18
extension.) To exit the edit session, click on the control menu, then Close.

To abandon any changes and restore the . L1B file to its condition before editing, click on the
control menu, then Close. A dialog will open asking if the changes should be saved; select No.

3.6.4. List...
. ) ) . List Library Peaks EHE3
TheList... function (Fig. 138) prints B
alist of the library, ordered either by Name  [AP Lovariatd <] Properis
Nuclide or Energy, to either the printer - "
) . atus: Diefault printer; Ready
ora d|Sk f| I e. Tuope: HF Lazerlet 4
Where:  %hWSrad_printershpd
Commert: [ Print o file
Order
by Muclide (v " Enengy ]4 | Cancel

Figure 138. Print Library to Printer or File.
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3.7. Services

The Services menu (Fig. 139) contains several functions and = ViCes
utilities. Database Management  »
Operatar Permissions. ..
_hange Password, .,

3.7.1. Database Management...
LockjUnlock Detectar, .,

The default ISOTOPIC databaseis called IsotopicDB.mdb. The Edit Detectar List...
commands on the Database M anagement submenu (Fig. 140) Figure 139. Services
allow you to create a new database for use in both the Supervisor Menu.

and Operator programs, choose the database to be used for the

results, purge (permanently delete) scan records from the selected

database, and activate or inactivate Container/Surface Mode

configurations. Each | SOTOPIC database holds analysis results as well as the configuration,
attenuation, mode settings, collimator definitions; and detector names. Y ou can create as many
databases as you wish, and switch between them at any time.

CAUTION We strongly recommend against opening and manipu- Create Database. .
lating the IsotopicDB.mdb database file in Microsoft ie'ect ;’f"taba‘-‘en-
urge acans. ..

Access. Editing and/or accidentally saving the data-
base in an incompatible version of Access could make

your database file unusable within ISOTOPIC. Figure 140. Database
Management Submenu.

Manage Configurations. ..

NOTE The v4.x database is different than the databases from
previous ISOTOPIC versions and is not cross-compatible.

3.7.1.1. Create Database...

This command allows you to create a new Create Access Database File 27X
ISQTOPI C databases. AI_I tables are auto- Savein: [ 23 User B 5 E-
mat| Cal Iy set u_p’ al Ong Wlth the four defaUIt IZ)Clean database @srsﬁﬂxxxdaugh.rﬂdb
container configurations, and the basic écmm %srssnmecm.mb
attenuation and collimator entries. Any Moot Sleeiremts
special additions (such as custom config- Fubo.Mdb
| CrtecDB.mdb

urations or new attenuation materials) must
be added manually to the new database.

File: name: |
To create a new database (Fig. 141), Save astype: |Database = Cancel

simply browse to the folder in which the

new database will be located, enter a new
filename, and click on Save. If you do not
create the new database in your current Start Up directory, as assigned on the Directories tab

Figure 141. Create a New Database.
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under File/Settings... (Section 3.1.1), you must go to the Directories tab and switch the Start
Up entry to the location of the new database file.

NOTES When you create a new database, it is automatically selected as the target database for
the Supervisor and Operator programs. To choose another database, use the Select
Database... command below.

Before using the new database, you must issue the Services/Edit Detector List
command (see Section 3.7.5) then click on OK to close the dialog. Thisstepis
necessary to make the Detectors on the | SO Pick List available on the Detector Name
list in the Configuration Wizard (see Sections 3.5.2.4 and 3.5.3.1). If the pick list
shows all desired Detectors, you do not have to modify or re-create the list, but you
still must click on OK.

When you archive a particular ISOTOPIC database, we strongly recommend you
move not only the . mpB database file, but all of the analysis, spectrum, bitmap, and
reporting files related to the records in that database. Subsequently, these should all
be stored in the same folder or in the same relationship (relative folder structure) as
when they were originally acquired. Otherwise, the Recall File and Recall
Configuration and File(s) commands might not be able to correctly recall all the
necessary information, and existing Container/Surface Mode HTML reports might
not show the embedded spectrum and fine-tuning plot images.

3.7.1.2. Select Database...

Thisfunction (Fig. 142) letsyou select a Select Access Database File 7X
new target database for use in both the Look in: [ £ User | =
Supervisor and Operator programs. Note CiCeandatbase % ]srs600daugh.Mdb

that the configuration, attenuation, and Dexs2 % ]srs6000ecal.Mdb

collimator records are included in the %g;g‘;";;-:jj'; %j[jﬁﬁ,;szb

database, and can be different for each % ]Li0.Mdo

database. %] OrtecDB.mdb

3.7.1.3. Purge Scans... Fie name:
This function displays the analysis records e RS =] S
in the ISOTOPIC database, as shownin Figure 142. Select a Database.

Fig. 143. All of the scansin the database

are displayed by scan I D. Also shown is the spectrum filename for each scan. Thisis one way to
determine the spectrum filenames for a scan if the printed report is not available. Unwanted
scans can be removed by selecting the scan and clicking on Delete. Thiswill delete the data, but
the disk space will not be recovered unless you mark the Compr ess the database when the
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Supervisor program is closed checkbox. The database will then be compacted to recover the
space from deleted scans when you exit ISOTOPIC Supervisor.

NOTE Thereisnoundo for a deletion. Before deleting any scans from the database, we
strongly recommend that you make a backup copy of your database!

Scans are listed in ascending order (oldest scan first) according to ID. To reverse the sort, mark
the M ost recent scan first checkbox. By default, the short spectrum filenames are listed. To
display the complete path and filename for each scan, unmark the Short file name box.

To remove a scan from the database, click on the scan to highlight it, then click on Delete. To
remove more than scan at atime, use <Shift + L eft-click> to highlight a contiguous block of
scans or <Ctrl + L eft-click> to highlight several different scans, then click on Delete.

To close the dialog, click Exit.

Purge scans

| [E9

1D | Description | Tupe | Date | Spectium
2 lzatopic: 208-liter drurm, ' ater Filter Can. B/4/2007 1:46:37 PM Wwhater Filker BufDO000.An1
3 Izotopic: Lw'S Configll, 070508 test02 Con, 5/8/2007 3.08:50 PM 070508 test02 [2o00003.4n01
4 Isotopic: Lw'S Configl1, 070508 test03 Con. 5/8/2007 3:10:00 P 070508 test03 1z000004.An1
5] lzotopic: Lw'S Configdl, 070503 testO4 Con. 54842007 31220 PM 070502 tegtDd 2000005401
B Izotopic: Lw'S Configll, 070508 test05 Con. 5/8/2007 3.25:44 PM 070508 test05 12000007 Anl
7 lzotopic: Lw'S Config, 070803 test0s Cot. BA842007 3:33:54 P 070508 test0E 12000008 An1
g Izotopic: Lw'S Configll, 070508 testd7 Con, 5/8/2007 3.38:05 PM 070508 test0F [2o00009.401
9 Isotopic: Lw'S Configl1, 070508 test08 Con. 5/8/2007 3:39:30 PM 070508 test0B 1:000010.AR1
10 lzotopic: LWS Configl, 070503 test03 Con. 54842007 24110 PM 070502 tegt0 12000077401
11 lsatopic: L'WS Configll, 070508 test10 Can. 5/8/2007 3:53:53 PM 070508 test10 1200001 2401
3 P 070508 test11 1200001 3.AR1

Isnt-:q:uc WS Cc-nhgﬂ'l, 070508 test1l Can. 582007
: D?EIEEIS testl2 )

lzotopic: LS Co ) - ) 51142007 3:.49.17 PM 2-01 12000021 An1 LConfig2-01 BufDOD0B.&n1

19 lzatopic: L'WS Config1, LCanfigl-01 Can. 5/11/2007 3:80:40 PR LConfig1-01 12000022 401
20 Izotopic: Lw'S Configll, LConfigl-02 131 Con, 5A11/2007 35154 P LConfigl-02 131 Buf00007 401
bl lsotopic: Lw'S Configl1, 1234 Con. 57,2007 40120 Pk 1234 Buf0008.2n1
22 lzotopic: Lw'S Configd2, 070517_2det_01 Con, 572007 51130 P O70517_2det_071 1s000023.4n1 O70517_2det_01 Buf00O03.,
23 lsotopic: Lw'S Configl2, 070617_2det_02 Con. 5M7/2007 51367 P 070517_2det_02 1so00024.An1 070517_2det_02 Buf00010.,
24 Isotopic: Lw'S ConfigD2, 070517_2det_03 cobD am241 Con. 572007 21508 P O70517_2det_03 cob0 ami41 1000025 An1 070517 _2det_I
25 Izotopic: Lw'S Configl2, 070517_2det_04 cok0 am241 Con, 572007 51558 P O70517_2det_04 cobl am241 000026401 OF0517_2det_| [
26 Isotopic: Lw'S Config1, 070517 1det 01 coBD am241 Con. 57,2007 51709 P 070517 1det 01 coB0 am241 Bufl00l 3.An1
< >

Options

v Shart file name v Compact databaze when the supervizsor pragram iz clozed Delete [ Exit

Figure 143. Select the Scansto Be Purged.

3.7.1.4. Manage Configurations...

Once a Container/Surface Mode configuration is created in Supervisor, it cannot be deleted from
the current ISOTOPIC database. Therefore, as you switch projects and add more configurations
to the database, the Configuration list in the wizard can become unwieldy. There are two ways
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to manage the length of that list: you can create a new database (Section 3.7.1.1), which will
contain only the default ISOTOPIC configurations; or you can use the Manage
Configurations... dialog to inactivate the configurations you no longer wish to see on the
container setup wizard's Configuration list.

Figure 144 shows the Manage Configurations dialog. Configurations are listed in ascending
order (oldest configuration first). To sort on any of the columns, click on the header box.

Manage configurations

D | D ezcription Date Iz Active
4 208-liter drum 5/11/2007 2:08:00 PM Yes

B B-25 Box B/B/2007 9:49:33 Abd Yes

7 Pu Capzule Config 572007 2:46:08 PM Mo

g Paint source in a container BAFS2007 34610 P e

3 Wt ater Filker B/6/2007 4: 2732 P u

10 Paint Source B/BA2007 4:27:42 P Mo

11 LS Configd B2 2007 3:59:08 P Ves

12 L'w/'S Configlz 51742007 5:08:06 PM Yes

Options

v I Togagle Active | Exit |

Figure 144. Choose Which Configurations Will Be Availablein the Container Wizard.

To activate or inactivate a configuration, click to highlight it, then click on Toggle Active. To
activate or inactivate more than one configuration at atime, use <Shift + L eft-click> to
highlight a contiguous block of configurations or <Ctrl + L eft-click> to highlight several
discrete configurations, then click on Toggle Active.

To close the dialog, click Exit.
Figure 145 shows the correspondence between active configurations (marked Y esin the Manage

Configurations dialog) and the choices available on the Configurations list in the Configuration
Wizard.
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tanage configurations le
1D | D ezcription | [ ate | |z Active |
4 208-liter drum 5/11/2007 208:00 P Tes
B B-25 Bow B/B/2007 94533 AM Tes ‘\
7 Pu Capzule Config B TA2007 346:02 P Mo ‘\
3 Foint zource in a container B TA2007 34610 P ez
9 i ater Filter BMT/2007 34612 P Mo \
10 Foint Source B/4/2007 11:05:22 A Mo
1 L'w'S Config01 52242007 355:08 P Tes
12 L'w'S Configh2 BMTA2007 5:08:06 P Tes §
f* Edit
Configurations
B-25 B ~|

208-liter drum

Paink source in a cankainer
LS Configdl
L\'S Canfiglz

fit

Figure 145. Only ConfigurationsMarked “Yes’ Will Be Displayed in the Container
Wizard.

3.7.2. Operator Permissions...

The list of operator permissionsis shownin Operator Permissions
Fig. 146. These are several of the options that
the operator can change for a specific analysis.
If you, as supervisor, do not want operators to
make one or more of these changes, unmark the

X

Allow Energy Recalbrations: v
Allow Backaground O& Tests: v

Allow Sample G Tests: v

corresponding checkbox. One reason for not Allow Configuration Selection: v
alowi ng these to be Changed iIsto ensure that &llaw Modification of Configuration Parameters W
the data are collected and analyzed according &llow Isotape Plot: v
to a set procedure each time. Allow MCE Settings Modifications:
Allow Recall Files Cormand: v
If the option is not marked, the menu item for Allow Recall Scan Command:
that function is not shown in the Operator
program.

Cancel

Allow Energy Recalibrationsrefersto the

manual Energy calibration (see Section 4.1.6) Figure 146. Set Permissionsfor the
and not the automatic energy recalibrationin Operator Program.
the analysis program.
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Allow | sotope Plot lets the operator interactively adjust the matrix and container materials
and densities. Thisis explained in the Operator Manual. The Supervisor program does not have
this capability.

Allow MCB Settings M odificationsis to allow the operator to use the MCB Properties dialogs
to make changes to the MCB. Under normal circumstances, thisis not needed. The operator still
has control over the high voltage (detector bias) and the presets even if this permission is
unmarked.

3.7.3. Change Password

The Supervisor program can be protected by a password, so that it will not operate if the correct
password is not entered. If no password is set, the dialog will not be displayed.

When you select this command, the dialog shown in Password for 'Isotopic Supe 2%
Fig. 147 opens. Enter the password twice to confirm o

the correct entry.

“Yerification: I Cancel |

Figure 147. Supervisor Password Entry.

NOTE Thereisno master password. If you lose
the password, contact your ORTEC repre-
sentative or the Global Service Center for
assistance.

3.7.4. Lock/Unlock Detectors...

Thisfacility will protect a Detector from destructive access (e.g., Start, Stop, Clear) by any
program on the PC or network. While any program can view the data and read the contents on
any Detector in the system — locked or unlocked — the contents of alocked Detector cannot be
changed without knowing the password.

NOTE Thereisno master password. If you lose the password, contact your ORTEC
representative or the Global Service Center for assistance in unlocking the detector.

If the Detector is currently unlocked, selecting Lock Detector |
L ock/Unlock will open the dialog shown in Quner. [Fred Boggs T
Fig. 148. Enter the Owner name. Then enter a

password in the Passwor d field, and re-enter it in Pl [ _Cancel |
the Verify field (the two entries must agree). Click Veify: ||

on OK. The password is not case-sensitive (that is,
upper-case and lowercase letters are treated the
same).

Figure 148. Entering Name/Password to
Lock a Detector.
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If the Detector is currently locked, selecting L ock/ Unlock Detector
Unlock will display the dialog in Fig. 149. Enter
the correct password to unlock the Detector. Password: [

Canicel |
Each time destructive access to a Detector is Figure 149. Unlocking a Detector.

attempted while it is locked, the L ocked Detector
dialog (see Fig. 150) will ask for the password.

In addition, the owner of the Detector will be Locked Detector
displayed on the Supplemental Information Line
(see Fig. 151). Password: [~

Cancel |
If the incorrect password is entered in either the Figure 150. Password for Accessing
Unlock or L ocked Detector dialog, the dialog L ocked Detector.

will reappear, waiting for the correct password. If
you do not know the password, click on Cancel to
abort the access attempt.

Marker: 1452 = E70.83 ke

Detector Locked by Fred Bloggs!

3.7.5. Edit Detector List...
Figure 151. Name of Person Who

Thisis used to select the local and networked Detectors L ocked Detector.

that will be available to ISOTOPIC on this PC. Other appli-

cations (e.g.,GammaVision, AlphaVision®, MAESTRO) on

the same PC can have their own lists. In thisway, the different Detectors on the network can be
segregated by function or type.

Figure 152 shows the Detector List Editor dialog. On the left isthe Master Detector List of all
Detectors on the system (both local and connected via network). Thisis created by the MCB
Configuration program (see the MCB Properties Manual). The default descriptions are derived
from the hardware and can be changed by running the MCB Configuration program manually.

The ISOTOPIC installation program initially sets the available Detector list identical to the
master list. The Master Detector List, including the Detector descriptions, is the same for all
ORTEC programs (e.g., ISOTOPIC, MAESTRO, GammaVision) running on all PCs connected
to the workgroup.

To add a Detector to the | SO Pick List for this PC, click on the name in the Master list, then
click on Add. To add al the Detectors on the Master Detector List, click on All.

To remove a Detector from thislocal pick list, click on the namein the | SO Pick List and click
on Remove. To remove all the Detectors, click on New.
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Detector List Editor

b azter Detectar List 150 Pick List
00001 DSIR 04T fedted] T o001 DSJR-047 [edited)
ooz DSJ2EPE o002z DSJZEPE
oo DSJZ-EPT Qo003 DSJZ-EPT
00004 digDART ISOCARTO 00004 digiDART ISOCARTON
00005 SHIMSKI MCE 138 00201 digiDART ISOCARTOR

00006 &Y Detector #2
Q0003 92« Spectum kaster [ORSI
ooo0s ORSIMPA MCE 1 Input 2

000 0ORSIMP4 MCE 1 Input 3

00011 ORSIMPA MCE 1 Input 4 Add - |
0o EDwaRDS2 MCB 129

00201 digDART 1SOCARTOZ

0030 RAMDTFRAMK MCE 512
00404 RAMDTFRAMK MCE 513

Eemoyve <=

1 o

Ok

Cancel

Y-

All

P e

Figure 152. Detector List Editor Dialog.

When Detector selection is complete, click on OK to save your selections to disk and record
them in the ISOTOPIC database. Do not close the dialog by pressing the <Esc> key or clicking
on the X-box. These Detectors will be used by ISOTOPIC until changed on this screen or until

the next time te MCB Configuration programisrun.

NOTE Before running the MCB Configuration program, be sure to read the cautionsin
Section 5.4 concerning MCB Configuration and its effect on QA and container
configuration. Note also that if you remove an MCB from your system, any
configurations that use that instrument must be assigned another MCB.

3.8. ROI

An ROl — region of interest — is away to denote channels or
groups of channelsin the spectrum as having special meaning.
An ROI can be used to mark peak areas for the printout or to
mark a peak to stop acquisition when that peak reaches a preset
value. Channels marked as ROI channels are displayed in a
different color than the unmarked channels.

The ROl menu commands (Fig. 153) are available for both
buffer and Detector windows. See Section 2.3.3 for ROI opera-
tions performed with the mouse.

ROI
& Off Fz or Alt+0
Mark, Fz ar Alk+rM

nMark Fz aor Alt+L

Mark Peak.  Insert
Clear Delete
Clear All

Save File. ..
Recall File...

Figure 153. ROl Menu.
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3.8.1. Off/Mark/UnMark

No function within ISOTOPIC v4.x. To mark ROIs, use the rubber rectangle and right-mouse-
button menu (Section 3.11), Mark Peak (discussed below), or the <F2> key (Section 6.4.1).

3.8.2. Mark Peak

This function marks an ROI in the spectrum, at the marker position, in one of two ways.

1. If the spectrum is calibrated, the region is centered on the marker with a width of three times
the calibrated FWHM. There does not need to be a peak at the marker position.

2. If the spectrum is not calibrated, the region is centered on the peak located within two
channels of the marker and as wide as the peak. If the peak search fails, or if the peak is not
well-formed, no ROI is marked. Thereis no limit on the size of a peak or ROI; therefore, in
some uncalibrated spectra, the algorithm could mark large ROIs.

ROIs can also be marked this way with the ROI I ns button on the Status Sidebar, the Mark
ROI button on the Toolbar, Keypad<lns>, and <lnsert>.

See also Mark ROI on the right-mouse-button menu, Section 3.11.8.

3.8.3. Clear

This clears the ROI bits of all ROI channels contiguous to the channel containing the marker.
Thisisduplicated by the ROI Del button on the Status Sidebar, K eypad<Del>, the <Delete>
key, and the Clear ROI Toolbar button.

See also Clear ROI on the right-mouse-button menu, Section 3.11.9.

3.8.4. Clear All

Thisresets all the ROI bitsin the displayed spectrum (i.e., removes all ROI markings from the
spectrum). However, it does not affect the ROI status of M ar k/Unmar k/Off.

3.8.5. Save File...

This command opens a standard file-save dialog (Fig. 154) that saves the current ROI table of
the channel numbers in the active spectrum to a disk file. The contents of the spectrum are not
changed.
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3.8.6. Recall File...

Recall File... setsthe ROIsin the buffer or active Detector to the table in the disk file created by
ROI/SaveFile... (Section 3.8.5), from the table stored in an . spc file, from the analysis limitsin
a .uro file, or from the energiesin alibrary. This command opens the dialog shown in Fig. 155,
prompting for afilename. When you select afile, the ROIsin the buffer or active Detector are
set to conform to the table in the file. The previous ROIs are cleared. The data contents of the
buffer or Detector are not altered by this operation, only the ROI bitsin the buffer or Detector.

In .Rro1, spectrum, and . uro files, the ROIs are saved by channel number. Therefore, if the
spectrum peaks have shifted in position, the ROIs in the file will not correspond exactly to the
spectrum data. For library files, the ROIs are generated using the library energies, and the energy
and FWHM calibrations.

Sovehoifle A [llRecal ROI Fil B
Save in: |'E| User j gl @% Look jr: |EI Uszer j gl @%
-1 Alpha (2 Tropl M11089ag.rai -1 Alpha (2 Tropl M11089ag.rai
2 cif [ waterford N 30207 b roi 2 cif [ waterford N 30207 b roi
20 Tt Blank.rai Stabs.nai 20 Tt Blank.rai Stabs.nai
I Mga loax.rai Testroi I Mga loax.rai Testroi
2 pins Mmcbdern.roi Testunns.roi 2 pins Mmcbdern. roi Testunns.roi
[ 5cx Mrmichderno.roi [ 5cx M mcbderno. roi
File name: || Save I File name: IMmcbdemU.rUi Open I
Save as ype: IFlc'i Files j Cancel | Files of type: IHDI Channels j Eemeal |

Figure 154. Save ROI File Dialog. Figure 155. ROI File Recall Dialog.

3.9. Display

The commands on the Display menu (Fig. 156) control the color, Display

fill, and scaling in the spectrum windows. These functions are v Logarithmic  Keypad( ] )

duplicated by indicated hot keys, as well as commands on the :”t':lf”a“; Keypad ™)

. . SS2INE L00m
toolbar and right-mouse-button menu (see Section 3.11).
Zoom In Kevpad{ + )
. . Foomn Dok kKevpadi - )
3.9.1. Logarithmic Corter Coypadi 5 )
L ogarithmic toggles the vertical scale of the Expanded Spectrum Pultiewn  A+F7
Preferences 2

View between the logarithmic and linear modes. This functionis

duplicated by K eypad</> and the L og/L inear Display button on

the Toolbar.

Figure 156. Display Menu.
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3.9.2. Automatic

Automatic switches the Expanded Spectrum View to alinear scale that is automatically adjusted
until the largest peak shown is at its maximum height without overflowing the display. It also
toggles the vertical scale of the spectrum display between the automatic and manual modes. If
the logarithmic scale was enabled, the display is switched to linear. This function is duplicated
by Keypad<*> and the Vertical Auto Scale Toolbar button.

3.9.3. Baseline Zoom

Baseline Zoom switches to autoscale mode, then sets and keeps the baseline of the expanded
display at zero counts. Autoscale is then switched off. This function is duplicated by the
Baseline Zoom Toolbar button.

3.9.4. Zoom In

Zoom I n adjusts the horizontal and vertical scalesin the ™ g & j_a|
Expanded Spectrum View to view asmaller portion of Figure 157. Vertical and Horizontal

the spectrum. The vertical scale is divided by two and Full-Scale Setting on the Toolbar .
the horizontal scaleis reduced by about 6% of the full

horizontal scale. The current horizontal and vertical full-

scale values are shown on the Toolbar (see Fig. 157).

This command is duplicated by K eypad<+>, the Toolbar Zoom I n button, and Zoom In on the
right-mouse-button menu.

3.9.5. Zoom OQOut

Zoom Out adjusts the horizontal and vertical scalesin the Expanded Spectrum View to view a
larger portion of the spectrum. The vertical scale is doubled and the horizontal scale isincreased
by about 6% of the full horizontal scale.

This command is duplicated by Keypad<->, the Toolbar’s Zoom Out button, and Zoom Out
on the right-mouse-button menu.

3.9.6. Center

This function forces the marker to the center of the screen by shifting the spectrum without
moving the marker from its current channel. This function is only required when moving the
marker with the mouse; the keyboard functions for moving the marker automatically shift the
spectrum to center the marker when the marker travels past the end of the current expanded
display. Center is duplicated by Keypad<5> and the Center button on the Toolbar.
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3.9.7. Full View

Full View adjusts the horizontal and vertical scaling to display the entire spectrum in the
Expanded Spectrum View. This command is duplicated by <Alt + F7>.

3.9.8. Preferences...

This displays the options available for selecting the screen colors and
spectrum display options. This selection is for the active spectrum

display only. The submenu is shown in Fig. 158.

3.9.8.1. Pointg/Fill ROI/Fill All

Use these functions to select the histogram display mode for both
spectrum windows.

In Points mode, the data are displayed as points or pixels on the
screen, in the colors chosen for Foreground and ROl under
Display/Pr efer ences/Spectrum Colors... (see Section 3.9.8.3).

In Fill ROl mode, the unmarked regions of the spectrum are
displayed as points, while the ROIs are filled from the baseline
to the data point with the ROI spectrum color.

In Fill All mode, all the data points are filled from the baseline
to the data point with the For eground and ROI spectrum colors.

Figure 159 shows a comparison of the three display modes.
Note that the point/pixel sizein the Point- and Fill ROI-mode
Illustrations has been exaggerated to make them easier to see.

3.9.8.2. Fill Singlets/Fill Multiplet Peaks/Fill Multiplet
Composites

The peaks detected during analysis can be displayed as con-
trasting, solid lines superimposed on the spectrum, or can be
filled to background height with a contrasting color.

Choose whether to fill singlets, multiplets, and/or multiplet
composites by clicking on the menu item(s) to mark them with
acheckmark. Click again to remove a checkmark. Thefill color

Poinks
® Fill ROI
Fill All

v Fill Singlets
Fill Multiplet Peaks
v Fill Mulkiplet Composites

Spectrum Calars. ..
Peak Info Fonkf/Color. ..

Figure 158. Display
Pr efer ences Submenu.

Figure 159. Comparison of
the Points, Fill ROI, and Fill
All Display Modes.

for these peaks can be selected on the Spectrum Colors... dialog, discussed in the next section.
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3.9.8.3. Spectrum Colors...

Usethisdialog (see Fig. 160) to select colors for various features in the two spectrum windows.
Each scroll bar controls the color of adifferent feature. The vertical colored stripes behind the
scroll bars show the available colors.

The Background scroll bar controls the background color of the spectrum window, Foreground
determines the color of the spectrum points or fill, ROl governs the color of the ROI points or
fill.

The pointg/fill of acompared spectrum (File/Compare...)
use the Compar e color, unless they overlap with the Eac‘“g’”;ﬂlﬂ _:-_%JJ - - - —{J
original spectrum, in which case the Composite color is Foreground < - ,
used. (TN I Y
ol <] |
To change a color, click and hold the left mouse button on e IS —
. . Compare 4 _I r
the scroll bar button and drag it lowly across the different Composite o 1'1 § A
colors. When the desired color is displayed in the box Mult Peaks 4 » mE A
beside the OK button, release the mouse button. The Special <] - b
spectrum window will immediately change color. - 06 | Dotaue | - |
To cancel acolor change, return the slider button to its Figure 160. Display Color Selections.

starting color, or close the Spectrum Colors... palette by
clicking on Cancel or pressing <Esc>.

To reset the color valuesto the original ISOTOPIC colors, click on Defaults.

To accept the color changes, click on OK. These color changes will be recalled the next time
ISOTOPIC is started.

NOTE The Spectrum Colors... affect only the spectrum windows. The colors of the remaining

features on the screen must be changed using the Windows Control Panel (which will
also, of course, affect the appearance of all other Windows applications on this PC).
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3.9.8.4. Peak Info Font/Color

This function opens the Font dialog
(see Fig. 161). It allows the selection
of the font type, size, and color used in
the display Peak | nfo datain the text
box in the spectrum windows (see
Section 3.4.2, Fig. 69).

Fant: Fant style: Size:

|Hegular |8 (1] |

k5 5
Small Fantz
System Bold Italic 14
T Tahoma 18
' Times New Foman 24

T Yerdana ﬂ J J
Effects Sample
[ Sthrikeout
[ Underline
Colar:
|- Teal j Seript:

|We&tem ﬂ

‘ AaBbYyrz

Figure 161. Peak Info Font Selection.

3.10. Window
This menu contains standard Windows commands for controlling the Windaw
display of the spectrum windows (Fig. 162). In addition to the Cascade
spectrum window display mode (Cascade, Tile Horizontal, Tile Tile Horizontally

Vertical, etc.), thelist of currently open buffer and Detector windows

Tile Vertically
Arrange Icons

Is shown. The currently active spectrum is checkmarked. To make a

different window the active window, click on itsentry inthelist. This
Is especially useful if the spectrum has been expanded and not all the

Spectraare visible.

v 1 Buffer - GvDemo,Spc

Figure 162. Window
Menu.

3.11. Right-Mouse-Button Menu

Figure 163 shows the right-mouse-button menu. To open it, position the mouse pointer in the
spectrum display, click the right mouse button, then use the left mouse button to select from its

list of commands.

3.11.1. Start

This starts data collection in the selected Detector, as described in Section 3.2.1.
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3.11.2. Stop Stark

Skop
Stop terminates data collection in the selected Detector; see Section 3.2.2. Clear

Copy to Buffer
3.11.3. Clear Zoom In

Zaarn Ok
Clear erasesthe Detector spectral data and the descriptors (e.g., real time, Unda Zoom In
live time, start time) for the selected Detector. The presets are not altered. Mark ROT
See Section 3.2.3. Clear ROI

Peak Info
3.11.4. Copy to Buffer Input Count Rate

Sum

The Copy to Buffer function transfers the data and descriptors (e.g., live

time, real time), from the selected Detector to the buffer; see Section 3.2.4. ME Properties

Figure 163. Right-
M ouse-Button

3.11.5. Zoom In Menu.

Zoom | n adjusts the horizontal and vertical scalesin the Expanded
Spectrum View to view a smaller portion of the spectrum, as described in Section 3.9.4.

3.11.6. Zoom Out

Zoom Out adjusts the horizontal and vertical scalesin the Expanded Spectrum View to view a
larger portion of the spectrum, as described in Section 3.9.5.

3.11.7. Undo Zoom In

Thiswill undo or reverse the last Zoom I n operation done with the rubber rectangle. It restores
the display to the horizontal and vertical expansion before the Zoom In. It is not the same as
Zoom Out.

3.11.8. Mark ROI

This function marks an ROI in the spectrum for the total width of the rubber rectangle. All
channels are marked. See also Sections 2.3.3 and 3.8.2.

3.11.9. Clear ROI

This clears the ROI bits of all channelsin the rubber rectangle or all ROI channels contiguous to
the channel containing the marker. See also Section 3.8.3.

176



3. MENU COMMANDS

3.11.10. Peak Info
This command is discussed in Section 3.4.2.

3.11.11. Input Count Rate

This command is active only for supported ORTEC MCBs.
For these units, the input count rate can be displayed in the

upper left corner of the spectrum window, as shown in
Fig. 164. Note that thisis the input count rate and not the

number of processed pulses. Figure 164. Input Count Rate
Window.

The buffer shows the input count rate when the spectrum

from an MCB with ICR support has been either transferred

to the buffer from the MCB or saved to disk. If the MCB is stopped, the value displayed is the
current input count rate value and not the value at the time the MCB was stopped.

3.11.12. Sum
The Sum function is described in detail in Section 3.4.3.

3.11.13. MCB Properties...
This command accesses the MCB setup dialogs discussed in Section 3.2.8.
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4. ANALYSIS METHODS

This chapter describes the calculation details of the analysis of containers and soils, and the
underlying spectrum analysis. The container and soil portion of the analysis use the same
spectrum analysis methods.

4.1. Calculation Details for Peaks

For all library peaksin the analysis energy range, the program attempts to calculate the net peak
areaand centroid of a peak at that channel. At this step in the analysis, each peak is considered
to beasinglet. A singlet isasingle, isolated peak; that is, it is far enough away from other peaks
in the spectrum so that the spectrum has background on both sides of the peak (does not overlap
another peak). The steps are to calculate the background, then the net area, then the centroid.

4.1.1. Background Calculation Methods

The background method is one of these types. automatic, 5-point average, 3-point average, and
1-point minimum, selected on the Analysis page of the Container/Surface Mode and Soil Mode
configuration dialogs. The normal selection for Container or Soil analysisis 3-point for 8K
spectra and 5-point for 16K spectra. Thiswill reduce the peak area variation due to counting
uncertainty in these low-count spectra.

4.1.1.1. Automatic
For the first pass, the peak centroid isthe library energy (Fig. 165).

To calculate the first pass background on the low-energy side of the peak, the 5-point average of
the channel contentsis calculated for the region from the peak-centroid channel to the channel
which is 6 times the library match width (normally 0.5) times the calculated FWHM (from the
calibration) below the centroid. The 5-point average data at a given point is the sum of the data
from two channels below the point to two channels above the point divided by 5. Thisisthe
same as smoothing the data with a smoothing width of 5 and coefficients of 0.2 for all points.
The background value is the minimum value of the moving 5-point average and the background
channel number is the center channel of the 5. If the minimum average value is within one sigma
(counting statistics) of the actual channel value at the assigned channel point, this 5-point
average isthe low energy background value for this peak. If the average value is not within one
sigma of the actual data, a 3-point average is used instead of the 5-point average to calculate a
new minimum value. This 3-point average minimum value is compared with the actual data at
the assigned channel and is accepted if it iswithin 1 sigma of the actual data. If the 3-point
average aso failsthis test, the data value at the assigned channel is used for the background.
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80

1078

40 —

COUNTS X

752 765 777 780
CHANNEL NUMBER

Figure 165. Background Calculation.

The same process is repeated for the high-energy side of the peak to cal culate the background
value above the peak. The background under the peak is the straight line between these two
values.

The net peak area and background are calculated from this first pass. Next, the width is reduced
or increased depending on the peak-area-to-background ratio and the library match width. This
adjustment makes two improvements: (1) it reduces the number of channelsin the peak for small
peaks (decreasing the uncertainty), and (2) it improves the area calculation for peaks moved
from the library energy.

This background cal culation method (that is, automatically selecting 5-, 3-, or 1-point averaging,
depending on which method best approximates the spectrum data) has advantages, when there
are closely spaced peaks, over other methods. For example, because the 1-point method will be
used when asmall peak is very near alarge peak, a more accurate measure of the background
will be obtained as compared to the 5- or the 3-point average (Fig. 166).

The background of the small peak is less affected by the other peak because the automatic
method will tend toward the smaller values.

Even in the case of peaks that are further apart than those shown in Fig. 166, the background is
less dependent on the scatter in the data when the 5-point method is used.
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30

25 b

Peak of Interest 2 FWHM Minimum Point with Error Bars

FWHM -\4——
ﬁ/\wj = { 2::2 Average Background
[T =—3PTS w
| 1 1 b

2640 =1 §PTS [~— 2680 2700
Channel Number

Counts x 1072

Figure 166. Background of a Small Peak Near L ar ge Peak.

4.1.1.2. 5-Point Average

If the 5-point method is chosen, the minimum 5-point average channel value is chosen and is not
compared with the actual data at the center channel. This can be useful for isolated peaks with
high scatter in the channel-by-channel data.

4.1.1.3. 3-Point Average

If the 3-point method is chosen, the minimum 3-point average channel value is chosen and is not
compared with the actual data. Thisis better than the 5-point method for close peaks and better
than the minimum value for high scatter.

4.1.1.4. 1-Point

The 1-point method uses the minimum data point in the search width. This may not be the same
value as the automatic method, because the automatic method uses the center channel of the
3-point average as the background point (assuming the 5-point and 3-point tests have failed).
This method has advantages in close peaks with good counting statistics.

If in doubt about which method should be used, use the Auto selection.
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4.1.1.5. Example Background

An exampleisshown in Fig. 167, with the spectrum printout in Table 4. The report section for
this peak is shown in Fig. 168.

The FWHM for this peak is 6.85 channels. The centroid is at channel 2292.16. The background
search width is from channel 2271 to 2313. The 5-point averages are shown in Table 4, and the
minimaare 11.8 at channel 2276 and 12.2 at channel 2311. The background slope is +0.0114
and the offset is -14.4.

Peak

1

®
Spectrum Data
o

il

End = 2276

I l [ i
2274 2315

Figure 167. Example Peak Background Calculation.

UNIDENTIFIED PEAK SUMMARY

PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM

SUSPECTED

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA % kev NUCLIDE
2292.16 569.78 432. 17711. 59.04 .81 1.734 Bi-207

Figure 168. Peak Resultsfor Previous Peak.
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Table4. Spectrum and Five-Point Smooth.

s — Ll ()

2317 10 11.
2318 14 11.
2319 12 10.

Channel Spectrum 5-pt smooth . . o o
— (= o (=
2270 17 13.8 T l'llllll] T TT']TTTI T llllllll L T IIIITV]
2271 14 14,6 )
2272 14 13.2
2273 14 12.2
2274 7 12.4
2275 12 12.8
2276 15 11.8 .
2277 16 13.6
2278 9 13.2
2279 16 14.4
2280 10 17.6
2281 21 21.2
2282 32 29.8 ——
2283 27 54.2
2284 59 97.4
2285 132 185.6
2286 237 349.6
2287 473 614.0
2288 847 967.4 r
2289 1381 1386.6
2290 1899 1772.6
2291 2333 2084,2
2292 2403 2204.8
2293 2405 2128.0
2294 1984 1850.6 |
2295 1515 1497.0
2296 946 1077.6
2297 635 718.4
2298 308 429.2
2299 188 248.2
2300 69 126.0
2301 41 66.4 B
2302 24 31.0
2303 10 20.0
2304 11 14.6
2305 14 12.6
2306 14 14.0
2307 14 15.0 -
2308 17 13.8
2309 16 13.8
2310 8 13.8
2311 14 12.2
2312 14 13.4
2313 9 13.4 -
2314 22 12.8
2315 8 12.0
2316 11 13.0
0
2
0
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Figure 169 shows an example of the differences among the four methods for determining the
background.

PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA % keVv

B e e e e e e e e e e e e e T e T e e e e e e e e e e e el e e
Background width: best method (based on spectrum).

2939.64 718.00 1514. 79. .009 70.82 1.517
Background width: average of five points.

2939.64 718.00 1372. 12. .001 422 .37 1.517
Background width: average of three points.

2939.64 718.00 1299. 43. .005 119.77 1.517
Background width: minimum data point.

2939.64 718.00 1214. 72. .008 69.70 1.517

Figure 169. Example of Different Background M ethod Results.

4.1.2. Peak Area — Singlets
4.1.2.1. Total Summation Method

The gross area of the peak is the sum of the contents of each channel between the background
channels (including the two background channels) as follows:

h

4,=) C, 27)

i=1

A, = thegrossarea

C, = thedatavalue of channdl i

| = thecenter channel of the background calculation width at the low energy side of the
spectrum

h = the center channel of the background calculation width at the high energy side of the

spectrum
This peak area calculation method (referred to as total summation) maintains precision as the
peak gets smaller, isless sensitive to random fluctuations in the data, and isless sensitive to the
differences between the spectrum peak shape and the calibrated peak shape.

Refer to Figs. 168 and 169 and Table 4 to calculate the gross area for the example peak. The
integral from channel 2276 to 2311 is 18143 counts.

The net areais the gross area minus the background in those channels (Fig. 170).
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80

Net Area

(28)

O
i
40 —
X
2 Calculated Back
- ckground
Z
8 - Background Area
O /
Background Point Determined
/ by 5 PT Average
NN\ AN
752 7865 777 790
CHANNEL NUMBER
Figure 170. Grossand Net Peak Area.
B, + B,
4, = x W
2

the background area

the background on low side of peak
the background on high side of peak
the peak width

4.1.2.2. Directed Fit Method

In some cases the total summation method does not produce the desired answer for the peak area
and does not produce negative peak areas. Another method of obtaining the peak areafor a
particular energy isto fit the spectrum region with a background plus peak shape function. This
so-called “directed fit” can be applied to peaks and has the ability to produce negative peak
areas. A gaussian fit is performed at the specified energy in the library, and a peak areais
determined. The computed peak area and its corresponding activity can be positive or negative.
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The directed fit to the library peak areais doneif the following are true:

The option is enabled.

The spectrum is energy calibrated.

The peak was rejected for any shape test by the total summation method.
The peak isasinglet (multiplets allowed in ISOENV 32).

W E

If all these conditions are met, the spectrum region for 3 times the calibration FWHM, centered
on the peak energy, isfit with a grid-search, least-squares fit with nonlinear coefficients. The
function is the background plus a Gaussian peak shape. The five parameters are peak amplitude,
peak centroid, and a quadratic background function. Theinitial values and uncertainties are
taken from the spectrum.

Thefit isiterated until the reduced chi square for the fit changes by less than 1% from the
previous iteration up to amaximum of 10 iterations. Most cases will convergein 3to 4
iterations. If the fit fails, the peak values are set to the total summation values. If the fit
converges, the background and peak area are calculated from the fit values.

4.1.3. Example Peak Area

4.1.3.1. Total Summation M ethod

Again, refer to Figs. 167 and 168 and Table 4 to calculate the background for this peak.
Substituting in the above formulas yields:

Background area = 11.8+12.2 (2311 -2276 +1) 29)
= 432
and
Net area = 18143 -432 = 17711 (30)

4.1.3.2. Directed Fit Method

A section of a spectrum with anegative peak is shown in Fig. 171. The raw data values and the
generated fit are shown. In this case the, background at the low energy end of the peak is 1170
counts per channel and on the high end is 1173 counts per channel. This gives atotal
background of 35145 counts and the net peak of -133 counts.
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Raw Data

SRR

Background

Figure 171. Example of Directed Fit.

Since these values are derived from afitting process, it is difficult to redo the calculations
manually.

4.1.4. Peak Uncertainty

The counting statistical uncertainty is the uncertainty in the gross area and the uncertainty in the
background added in quadrature. The uncertainty in the gross areais the square root of the area.
The uncertainty in the background is not as simple because the background is a calcul ated
number. The background area uncertainty is the uncertainty in the channels used to calculate the
end points of the background multiplied by the ratio of the number of channelsin the peak to the
number of channels used to calculate the background. For wide peaks and low counts per
channel, there is high uncertainty in the calculated background.

(background area) (peakwidth) 12
(width of low average + width of high average)

8ross area error = 4y gross area

net area error = \/ (gross area error)* + (background error)?

bkg error =

(31)
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Referring back to Figs. 167 and 168, and Table 4, the background uncertainty is:

(432)(2311-2276+1)
5+5

Background error = \J

= 39.4 (32)

Net area error= /(18143 +1552.4)
= 140.4 or 0.8% of net peak area

The peak width is calculated at the half maximum, tenth maximum, and twenty-fifth maximum
for the net peak shape. The peak width points are linearly interpolated between the two channels
that bracket the respective height value. For spectra containing very few counts, the uncertainty
in peak areawill never be lessthan 1.

4.1.5. Peak Centroid

The peak centroid channel in total summation is the center-of-moment of the peak and is
calculated as the weighted channel number of the peak. That is, the peak centroid is the sum of
the net channel contents times the channel number divided by the sum of the channel contents.
The centroid is calculated on the data in the measured full-width at one twenty-fifth (1/25)
maximum (FW0.4M) for the peak.

> iC,

i=1

h
Yo

i=1

Peak centroid =

(33)

where:
i
C

the channel number
net contents of channel |

For the directed fit method, the centroid comes from the fitting process.

From the Table 4 values and the cal culated background, the net spectrumis shown in Table 5,
continuing the example calculation on this peak.
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The FW.04M is 2.2 times the FWHM for a Gaussian peak. The peak integration channels are
then 2284 to 2300. The channel numbers are rounded to the nearest integers. The centroid for

this example is 4.0366x10" / 1.761x10" = 2292.16.

Table5. Example Net Spectrum.

Channel Background Net Spectrum
2270 11.7152 5.284
2271 11.7266 2.273
2272 11.7380 2.262
2273 11.7494 2.250
2274 11.7608 -4.760
2275 11.7722 0.227
2276 11.7836 3.216
2277 11.7950 4.205
2278 11.8064 -2.806
2279 11.8178 4.182
2280 11.8292 -1.829
2281 11.8406 9.159
2282 11.8520 20.148
2283 11.8634 15.136
2284 11.8748 47.125
2285 11.8862 120.113
2286 11.8976 225.102
2287 11.9090 461.091
2288 11.9204 835.079
2289 11.9318 1369.068
2290 11.9432 1887.057
2291 11.9546 2321.046
2292 11.9660 2391.034
2293 11.9774 2393.023
2294 11.9888 1972.011
2295 12.0002 1503.000
2296 12.0116 933.988
2297 12.0230 622.977
2298 12.0344 295.965
2299 12.0458 175.954

Channel Background Net Spectrum
2300 12.0572 56.942
2301 12.0686 28.931
2302 12.0800 11.920
2303 12.0914 -2.091
2304 12.1028 -1.102
2305 12.1142 1.885
2306 12.1256 1.874
2307 12.1370 1.863
2308 12.1484 4.851
2309 12.1598 3.840
2310 12.1712 -4.171
2311 12.1826 1.817
2312 12.1940 1.806
2313 12.2054 -3.205
2314 12.2168 9.783
2315 12.2282 -4.228
2316 12.2396 -1.239
2317 12.2510 -2.251
2318 12.2624 1.737
2319 12.2738 -0.273

4.1.6. Energy Recalibration

The spectrum energy calibration can be redone “on the fly” for the spectrum being analyzed.
This option is turned off by default and must be enabled to operate (see Section A.1.3). This
Improves the analysis results and adjusts for small changes in the hardware gain. Energy
recalibration isfirst performed using singlet peaks only. Then, after deconvolution, the spectrum
Isrecalibrated using all the peaks. If the energy calibration changes, the spectrum is reanalyzed.
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For all peaksin thelibrary, the peak centroid energy in the spectrum is compared with the library
energy. If the difference between the library energy and the centroid energy is lessthan 0.5 keV,
or 0.5 times the FWHM, or one channel (whichever is greater), that centroid is associated with
that library energy. The FWHM multiplier, or Match Width, can be changed on the Analysis
page under Settings/Configurations.... If it iswithin this limit and has counting error less than
either 10% or the input sensitivity value (whichever isless), it isaqualified recalibration peak.

The energy range is split into two parts and the number of qualified library peaksin each region
Is counted. It there are more than the user-set number of qualified recalibration peaks in both
regions of the spectrum, these spectrum centroids and library energies are used to recalculate the
energy calibration for the spectrum. The default energy is 10 keV and the number of peaksisO
below and 10 above. Only this analysisis affected and the calibration in the spectrum file is not
changed. If the energy recalibration is performed, a notice is written on the report, even if the
recalibration had little or no effect. The Calibration menu can be used to print the new
coefficients from the . uro file. They are printed on the Operator reports.

Since this energy recalibration is dependent on the library and the spectrum, changesin the
library can affect the calibration, and hence the peak energies reported. Only the energy factors
are changed. The shape coefficient and efficiency coefficients are not altered. While the
automatic energy recalibration will correct for small changesin the calibration, it is not intended
as a substitute for accurate calibrations or as a correction for systems suffering from stability
problems.

For an accurately calibrated spectrum, this recalibration will have little effect. Its effect will be
most pronounced on deconvolutions of multiplets; thisis discussed in Section 4.2.

Because of this recalibration feature, the analysis results of spectra can change when alibrary is
changed, or if the peak sensitivity is changed to avalue under 10% (see fixed cutoff above).
Such changes between analyses can result in the recalibration being enabled in one case and
disabled in the other case. This can result in the analyses being different in several different
ways. The peak areas and backgrounds can be different because the integration limits for each
peak will change dlightly. This changeis usually very small, but in a spectrum with very few
countsit can be a high percentage of the total peak. In agiven spectrum, some peak areas may
change and others may be constant. Some peaks may move from the identified list to the
unknown list (or the reverse) because the uncorrected centroid is too far from the library energy
for validation.

In addition, an energy difference for all good library peaksis calculated. Thisis the sum of the
absolute value of the difference between the peak centroid energy (before recalibration) and the
library energy, expressed as a fraction of the FWHM, divided by the number of peaksin the
sum. Thisyields a number between 0 and 1 for good 3-point (or more) calibrations, with O being
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the best calibration. For 2-point calibrations, this number can be much larger than 1.0 because
the calculated FWHM (which is alinear function) does not fit the spectrum FWHM at the ends
of the spectrum. If high values are reported, and the analysis results are unacceptabl e, a better
calibration should be made. The calibration section can be used to produce a multi-point
calibration which will reduce the energy difference.

zn: |Epi —ELl
i1 FWHM,, (34)
QUALITY FACTOR =
n
where:
E, = the energy of theith peak in the spectrum
E. = the energy of the corresponding peak in the library
FWHM,; = the calculated FWHM of the peak at the library
n = the number of peaksin a spectrum with matching library peaks

This “energy-normalized difference” is printed on the report. For a complex spectrum this

number will range from 0.1 to 0.3. A large value indicates that a new calibration should be
performed or that the library does not match the spectrum well. Smaller values are usually

associated with fewer peaks or a better calibration.

If an energy recalibration has occurred, the library peak list is reanalyzed with the new energy
calibration. This results in more accurate peak values for centroid and area.

4.1.7. Peak Search

After the library peaks are located, the spectrum is searched for any other peaks. Thisis needed,
even if thelist of unknown peak valuesis not requested, for correct calculation of the peak
background near peak multiplets and for determination of the peak centroids for deconvolution
of multiplets not in the library. The stepped background test compares the background above the
peak areato the background of the peak area (see “Background for Multiplets,” Section 4.2.1).

The peak search method is based on the method proposed by Mariscotti. In this method it is
assumed that the spectrum, C(n), is continuous and the background is independent of channel
number in the vicinity of a peak. Thisimplies that the second derivativeis zero for background
regions and non-zero in the peak regions. In order to reduce the effect of statistical fluctuations,
the smoothed second difference is used (see Fig. 172).
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Second Ditference

Spectrum

Figure 172. Second Difference.

The second difference can be represented as:

%

C'(n) =Y, kC(n-j+i) (35)
i=0
where:
k = the smoothed second difference weighting functions,
2] +1 = the smoothing width

The peaks are located where the second derivative varies significantly from zero.

A typical gamma-ray spectrum is shown in Fig. 173. This gamma-ray spectrum is far from the
ideal spectrum of awell-formed peak on a smooth background. Shown are seven features that
can be distinguished and accounted for in the peak-detection algorithm.

1.

The full-energy photopeak that results from the complete capture of all the photon energy in
the detector and is the most well-defined feature

2. The Compton edge for the full-energy peak
3.
4. The backscatter peak

The Compton plateau
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Figure 173. A Typical Gamma-Ray Spectrum.

The pulse pileup or sum peaks from the addition of the peak energies in the detector or
electronic processing

The single-escape peak

The double-escape peak

Not all of these will appear in a given spectrum. For example, escape peaks cannot occur for
photons |ess than about 1 MeV.

The shape of the second derivative can be used to reject Compton edges and other non-peak
structure in the data (Fig. 174).
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Second Difference
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Figure 174. Second Differencefor a Compton Edge.

4.1.7.1. Peak Acceptance Tests
The second difference must pass the following tests to be considered a peak.

C/(n)< -2 J C(n) zzjj (k,)? (36)
i=1

In addition, the spectrum data at the channel indicated by the second derivative must pass these
tests.

C(n)<G x C"(nx1) (37)
where:
G = aconstant proportional to the resolution of the detector
k = the second difference coefficients
C(n) = thechannel dataof the nth channel
C1n) = the second difference at the nth channel
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The peak centroid is calculated using the weighted channel sum method as follows:

h
Y ixC
i=1

P = (38)

>

where:
P = peak centroid in channels
C = net contents of channel |
i = channel number
I = peak low limit
h = peak high limit

Once apeak islocated, it is recorded and the peak search starts again two channels | ater.

After apeak has been located, if it isnot in the library, the peak background, net area, and
uncertainty are calculated in the same manner as library peaks. If the peak uncertainty isless
than the sensitivity threshold level entered, the peak is added to the list of unknowns. If the peak
Is within the deconvolution width (approximately 3.3 times the FWHM) of alibrary peak, then
the peak is marked on the output list. The unknown peaks are included in a deconvolution when
they are close enough to affect the peak area calculation.

If apeak islocated in the spectrum and the library peak is a subsidiary peak, where the major
peak has not been found, the peak will be maintained in the unknown list.

4.1.8. Narrow Peaks

The peak width is compared to the calibration width at the half and tenth maximum. If the peak
IStoo wide or too narrow it is marked to show thisin the Operator report. If the peak istoo
narrow, it is not used in the abundance cal culation unless the “accept-low-peaks’ or “accept-all-
peaks’ switch (page 318) isturned on. If accept-all-peaksis on, all are accepted. If accept-low-
peaksison, the peak isfurther tested. If the peak areaisless than 200 counts, it is accepted. If
the peak areais between 200 and 300 counts and the background is less than half the peak area,
the peak is accepted. If the peak areais over 300 it is rejected.

4.2. Locating Multiplets

Any region that contains more than one peak, including library and non-library peaks, passing
the sensitivity test in aregion that is 3.3 times the FWHM width will be deconvoluted. If a peak
intheregionisalibrary peak and is not the first peak in the library for this nuclide, thefirst (in
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library order) peak in the energy analysis range for this nuclide must have a positive net area and
adefined centroid for this peak to be included in the deconvolution unless the first library peak
isalso in this multiplet region. If, however, the peak was located by the peak finder, it may be
included in the deconvolution as an unknown peak. The areas of disqualified peaks are set to
zero.

If the library energies are less than 10 eV apart, only the lowest energy peak isincluded in the
deconvolution. The peak areas for the other peaks (within 10 €V) are set to zero. The conflicting
peaks are marked as energy-conflicting peaks. This message appears on the report and the
individual peaks are labeled in the comment field of the nuclide/peak matrix.

All peaks found by the peak search routine and not in the library are included in the
deconvolution regardless of the sensitivity setting, unless all the deconvolution candidates are
unknown peaks with uncertainty greater than the sensitivity setting, in which case theregionis
ignored.

4.2.1. Background for Multiplets

The background for peak multipletsis calculated in an analogous manner to singlets with the
exception that the width of the region isfrom 1.5 times the FWHM below the lowest peak to 1.5
times the FWHM above the highest peak (Fig. 175).
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Figure 175. Background for Multiplets.
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4.2.2. Stepped Background

If the slope of the background across the peak areais less than the slope of the background
above (higher in energy) the peak area (that is, if the background under the peaksis declining
faster than the background above the peak areais declining), a step isinserted in the background
for each positive area peak (Fig. 176). The total height of the stepsis equal to the difference
between the background below the peak area and the value of the background above the peak
region projected backward to the background point at the low end of the multiplet. The size of
the step inserted at each peak centroid is proportional to the height of the peak. The result is then
smoothed with a smoothing function equal to the resolution of the detector at this energy. This
background is calculated after the deconvolution and if the stepped background is needed, the
net spectrum is recalculated and the deconvolution is repeated.

10000. 00
1000. 00

100. 00|

te=s
Total of S‘Ieps [ — \I. _ L
/7"

Pl
P N
Background Slope /
Across Peak Area

Background Steps
Background Based On Slope
Above Peak Area

[
o
[=]

=]
v

P
[=]

COUNTS X 1000

e
o
=

1 l ) l L l 1
42 450 480

4

] 40
CHANNEL HNNUMBER

Figure 176. Stepped Background.

A real spectrum with stepped background is shown in Fig. 177. The two components of the
doublet are of equal size.
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Figure 177. Stepped Background.

4.2.3. Parabolic Background

In some cases, like that shown in Fig. 178, the straight-line background can be significantly
above the actual spectrum. This can occur if the peaks are on the low energy side of arapidly
rising background. In this case, if these two conditions are met, the parabolic background is

calculated:

1. The background on the low-energy side of the multiplet isless than the background on the
high-energy side.
2. Atleast 3 contiguous pointsin the lower 75% of the multiplet region are less than the

straight line background.
3. For energies above 200 keV, the peak search sensitivity is 2 or higher.

The parabolic background is calculated as the | east squares fit to the actual spectrum data at the
low-energy background data point, the spectrum data point at the channel most below the
straight line background and the spectrum data at the high-energy background data point. This
parabolic form is calculated channel-by-channel and subtracted from the original spectrumto
obtain the net spectrum for the fit.

Figure 178 shows this case for an actual spectrum.
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Figure 178. Parabolic Background.

4.2.4. Total Peak Area

The net spectrum, which is the composite of the contributions of the individual peaks, can be
represented as a weighted sum of the Gaussian peak shapes. The weighting factors of each
component are proportional to the area of that component peak.

The peaks to be included in the deconvolution are each positioned at the library energy or the
peak finder energy of the component. The shape is calculated for the peak at the given energy
even though the change in shape with energy within the energy range of the multiplet is small.
The calibration peak shape is used. The contribution of a unit-height peak is calculated for each
channel in the multiplet range for each candidate energy. This matrix of peak amplitudes
multiplied by the weighting factors and summed is equal to the net spectrum. For ISOENV 32,
the peak centroids are allowed to vary in the fitting. The peak positions for all peaks are allowed
to shift in the fitting process to obtain a reduced chi-square. The maximum number of channels
to shift isset in B3owINDs . INI. The weighting factors are determined by solving the matrix
equation. The final result, that is, the area of the individual components of the multiplet, isthe
corresponding weighting factors times the unit-height area of the peaks at their respective
positions.

If any of the weighting factors (and therefore the peak areas) are negative or zero as aresult of
the deconvolution, that peak candidate is deleted from the list and the remaining candidates are
re-fit. Peak areas for deleted peaks are set to zero. The fitting process is repeated until no peak
areas are negative or there is only one peak remaining. If there is only one peak remaining, the
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peak parameters for this peak are recalculated as if this peak were asinglet. The peak shape
parameters and energy are set to the calculated peak parameters.

The background reported for each component peak in a multiplet is the gross areafor three times
the FWHM centered at the peak centroid minus the component peak area (Fig. 179). This means
that for each peak the areas of the other peaksin the multiplet are treated as background. By
including all the area not associated with the actual peak in the region of the peak, the
uncertainty due to the background is more accurately calculated.

In the case of a multiplet, the sum of the reported backgrounds and net peak areas will be more
than the sum of the gross spectrum for the same region because the background and some (if not
all) of the net peak counts will be counted more than once.
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Figure 179. Background for Multiplet Components.

The energy recalibration affects the multiplets in two ways. For inclusion in the list of
deconvolution candidates, the first peak for this nuclide must be present. If the first peak has not
been found because it failed the centroid test (see above), then subsequent peaks are not used.
The deconvolution will then be performed with fewer candidates. Secondly, the library energies
are used to define the location of the multiplet component library peaks. The peak finder
energies are derived from the channel number, so although the reported energy may change, the
position relative to the actual data does not change. A mismatch of these will result in an
inaccurate fit, and a different fit when the peak channels are shifted relative to the spectrum.
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4.3. Fraction Limit

Thisisused in Soil Mode analyses only. To verify the identification of a particular nuclidein a
spectrum, the number of located peaks is compared to the number of possible peaks. Thisvaue
gives more weight to the more intense peaks. It is expressed as:

n

Y Branching Ratio,
Fraction =

l;l (39)
Z Branching Ratio

p=1 i

where Branching Ratio isthe yield for the peak for the given nuclide, | isthe sum over the

located peaks, and p is the sum over the possible peaks. This fraction is between 100 for all
peaks located and O for no peaks located.

Thisvalueis compared to alimit value, entered on the Analysis tab under Settings/
Configurations... for Soil Mode (Section 3.5.3.3), to determine whether the nuclide peaks are
present in sufficient measure to say the nuclide is present. The fraction limit test is passed if the
fraction is above the selected value.

To disable the fraction limit test, enter alimit of zero on the Analysis tab.

4.4. Nuclide Activity Based On Peak Area

The nuclide activity is calculated for all peaksin the library whose energy is between the energy
limits selected for the analysis (in-range). For the Container/Surface or Soil report, the activity is
calculated as described above. There are several methods of determining if anuclide is present
or not, and if MDA should be reported.

The nuclide is reported as present if all of the following are true:

1. Thefirst in-range peak of the nuclide in the library is present in the spectrum, and the
counting uncertainty is below the peak cutoff.

2. All of the peaks marked as key lines are present.

3. Thefraction limit test is passed.

If the nuclide is not present, the MDA isreported unless the “No MDA” flag is turned on. MDA
Method 3 suppresses all MDA output.
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The nuclide activity (in becquerels or curies), based on the peak at energy, E, is given by:

NEi
Ap = (40)
ELXIXY,
where:

A = theactivity of nuclidei based on energy E
Ng = thenet peak areafor peak at energy E
g = thedetector efficiency at energy E
t = thelivetime
yqy = thegammas/disintegration for energy E of this nuclide

The gammag/disintegration value isin the library and the efficiency factor is stored in the . cLB
record of the . spc spectrum file. Model corrections are then applied to these values for the
reported answers.

4.5. MDA

The Minimum Detectable Activity (MDA) isameasure of how little activity could be present
but undetected by the analysis. There are many factors affecting the MDA, which isreported in
activity units such as becquerels. The calibration geometry, the backgrounds (system and source-
induced), the detector resolution, and the particular nuclide all substantially affect the MDA
reported. Except for the MDA formula chosen and the sensitivity threshold, the MDA is not
affected by the analysis software.

In most instances, the MDA value is calculated based on the background value of the peak. If
the peak area was not used in the activity calculation because it failed the sensitivity test or a
shape test, the peak areais added to the background for the MDA calculation, unless the MDA
defines the background separately. If the background is O, it is set to 1 for the MDA calculation.
The background will still be reported as 0 on the report. By reviewing the individual MDA
values (which are printed on the nuclide/peak matrix in the report) you can determine how
relevant the selected MDA valueisto the physical situation. The MDA reported for the nuclide
Isthe value for the first peak in the library. The report specifies which MDA method was used.

4.5.1. Computing MDA Values

MDA values for many methods depend on area and background values. Area and background
determination varies from method to method. The information needed to validate the MDA
results can be found in the peak analysis Details dialog (Fig. 180; refer also to the Analysis
Results Table discussion on page 1); the analysis options (Section 3.5.2.3 for Container/Surface
Mode; Section 3.5.3.3 for Soil Mode); and manual integration of the spectrum peaks. Seventeen
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methods for calculating the MDA are explained below. Select the preferred MDA method by
modifying the MDA type parameter in the B3owinds. ini file (Section A.1.3). The numbering
scheme for M DA type corresponds to the method numbers below; the default is Method 12,
Regulatory Guide 4.16. The B30winds.ini fileislocated in c: \Program Files\Isotopic4l.

45.1.1. AreaMethods
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Figure 180. Peak Analysis Details Dialog.

A, Gross area under the peak determined by integrating the peak with awidth of 2.5 times
FWHM (counts). Areas computed in this manner are used in Methods 4, 11, and 14 below.

To determine the area:

1. Collect from the Details dialog the FWHM and peak centroid.

2. Determine the starting channel by subtracting 1.25 channels times the FWHM, and the
ending channels by adding 1.25 channels times the FWHM

3. Establish an ROI and integrate.

Net peak areareported on the Identified Peak Summary Report or peak Details dialog

(counts). Areas computed in this manner are used in Methods 9 and 10 below.
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A, Gross area under the peak determined by integrating the peak with awidth of 2.5 times
FWHM minus one channel on the high and low energy side of the peaks. Areas computed
in this manner are used in Method 13 below.

To determine the gross area:
1. Collect the FWHM and peak centroid from the Details dialog.

2. Determine the starting channel for the low-energy background by subtracting 1.25 times
the FWHM channels. The starting channel for the high-energy background is 1.25 times
the FWHM.

3. Establish an ROI and integrate. The number of channels used to integrate the peak, N, is
used to establish the peak background.

For example, consider the peak described in the Details dialog in Fig. 180. The peak
channel is 5582. Two-and-a-half times the FWHM is 18.48 channels. Round up to 19
channels. The outer two channels are the first channels for the background. Thus,
integrating the 17 channels 5573-5589 represents A ;. The average background is
determined by integrating channels 5570-5572 and 5590-5592, and dividing by 6.

A, Gross counts (counts). If the peak isfound, the results can be determined from the Details
dialog or standard ISOTOPIC Operator report. If the peak is not found, the gross counts
can be determined by setting an ROI at the peak energy and determining it from peak
information.

45.1.2. Background Methods

B, Background reported in the Identified Peak Summary (counts). These backgrounds are
used in Methods 1, 2, 5, 6, 7, 8, 12, and 16 below. For some MDA methods, if the peak
failsvalidity tests, B, = B, + peak area.

B, Theaverage of three high-energy channels and three low-energy channels as part of peak
areamethod A, (counts). Backgrounds computed in this manner are used in Method 13
below.

B; Thesum of the counts on the high-energy portion of the peak and the low-energy portion
of the peak. The boundary of the peak is established as described for A,. The number of
high-energy background channelsis equal to half the peak width. The number of low-
energy channelsis equal to half of the peak width (counts). Backgrounds computed in this
manner are used in Methods 14 and 15 below.
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45.1.3. Computing MDA

The MDA methods are computed from count rates, CR ... To convert CR ., to activity a
conversion factor is used that contains detector efficiency, yield, and activity correction factor
information.

where:

MDA, = conversion factor to convert a MDA count rate to an activity. Parameters
included in the conversion factor include, detector efficiency, gammarray yield,
decay and other peak corrections. If the yield of agammaray was 100% and there
were no corrections, this value would be the detector efficiency (cps/Bq). All
activity corrections will be included in the MDA, term.

CR = reported peak count rate in the Identified Peak Summary report (cps)
Act,, = reported activity of the gammaray in the Library of Peak Usage report (Bq)
CR
MD4 = — "4
mAconv
where:

MDA = reported MDA value for the specified gammaray (BQ)
CR, = MDA count rate for the method chosen (cps)

4.5.2. ISOTOPIC v4 MDA Methods

45.2.1. Method 1: Traditional ORTEC

100 2500 50
X 2 >|<B1 + +
SENS |\ SENS2 SENS (41)
CR .. =
LT
where:
SENS = peak cutoff value (%) described in the . spF file
LT = livetime (sec)

NOTE If the peak isrejected, the peak areais added to the background term B,
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45.2.2. Method 2: Critical Level ORTEC

B
CR,, = 233 x g (42)

Critical level (CL) is defined as the smallest concentration of radioactive material in a sample
that will yield a net count (above background) that will be detected with a 95% probability.
NOTE If B, iscomputed as zero, it isassigned avalue of 1 for CL calculations.

4.5.2.3. Method 3: Suppress MDA Output
The MDA isnot calculated and is set to zero.

45.24. Method 4: KTA Rule

Al
“LXFWHM x ¢
N

CRmda - \ (43)
LT
where:
N = number of channels under peak A, (channels)
FWHM = full width at half maximum (channels); use the Details dialog for the proper value
o = confidence level selected in the . sor file (1,2, or 3)

45.2.5. Method 5: Japan 2 Sigma Limit

CR , =2x (1+V1+231) (44)

mda L T

45.2.6. Method 6: Japan 3 Sigma Limit

R - asa (1+/T+0.8888xB, |
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45.2.7. Method 7: CurrieLimit

B
CR . = 1.645x % (46)

NOTE If B, iscomputed as zero, it is assigned avalue of 1 for MDA calculations.

4.5.2.8. Method 8: RISO MDA

B
CR,, = 4.65% g (47

NOTE If B, iscomputed as zero, it is assigned avalue of 1 for MDA calculations.

4.5.2.9. Method 9: LLD ORTEC

i X A
100 2 (48)

where;

o, = counting uncertainty (%). Thisvalueisfound in the peak Details dialog.

45.2.10. Method 10: Peak Area

This method is useful if negative peak areas are expected.

A

CR,, = —; (49)

45.2.11. Method 11: Air Monitor — GIMRAD (also called DIN 25 482 M ethod)

FWHM

1.35x | 1.0 +,| 1.0+ 2.96 x4, x

/\
CR , =

(50)
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45.2.12. Method 12: Regulatory Guide 4.16
Thisis afrequently used method in the USA.

2.71+4.66 ,/B
CR . = /By (51)
LT

45.2.13. Method 13: CountingLab — USA

This method is used when a minus MDA is needed in situations when the background is greater
than the peak area.
A,- B,N

CRmda = T (52)

where:
N = number of channelsincluded in the integration of the peak (channels)

45.2.14. Method 14: Erkennungsgrenze (Detection Limit) DIN 25 482.5

This method is described in the German DIN 25 482 tell 5. It is designed to establish a critical
value for the spectrum.

4% B, N 2N,
1.96°xN_x| 1+ |1+ 211+ (53)

N (1962 | 2W, N,

CR, , =
4 x LT x N,
where:
N, = number of channelsin the peak rounded up using the A, peak method (channels)

N, = number of channelsin the background regions above and below the peak Usually, this

number is approximately half of the number of peak channels, N, (channels).

4.5.2.15. Method 15: Nachweisgrenze DIN 25 482.5

This method represents the lowest true value of activity that can be reliably reported with similar
samples. Its value is approximately twice the value computed for Erkennunggrenze
(Section 4.5.2.14).
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N
2x196%x |B,x|1+_“ 2x196)2 x| 1+ ¢
J 3 2N] ( ) 2N (54)
CR, ., = LA b
" LT 4 x LT

45.2.16. Method 16: EDF — France

This method is defined for the EDF and CEA in Rapport CEA-R-5506, Determination du Seuilet
de la Limite de Detection en Spectrometrie Gamma.

B
CR ., = 6.2X% E (55)

NOTE If B, iscomputed as zero, it isassigned avalue of 1 for MDA calculations.

4.5.2.17. Method 17: NUREG 0472

B
CRmda = 4.66 X E (56)
LT

4.5.3. Peak Area Rate
In al cases, the reported MDA isthis peak arearate converted to activity. The MDA activity
will include the efficiency correction and any other corrections being used.

4.6. Corrections
If enabled, the following corrections are made on a nuclide-by-nuclide or peak-by-peak basis.

4.6.1. Decay Correction

If enabled, the decay correction projects the activity at the time of count back to the time the
sample was collected. Thisis useful when thereis along time (relative to the half-life) between
the sample collection time and the sample count time. The sample collection timeis entered on
the dialog. If thetime is greater than 12 half-lives, the correction is not made and the message is
printed out. The maximum number of half-lives can be changed from 12 to another valuein
B30winds.ini (Section A.1.3). Twelve half-lives corresponds to a decay factor of about 4000.
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4.6.2. Peaked Background Correction

The Peaked Background Correction (PBC) is used in Container/Surface Mode to correct for the
presence of anuclide in the background spectrum that also occursin the sample. If the nuclideis
not of interest in the analysis results, there is no need to make this correction. The correction
subtracts peak counts in the background spectrum from the peak counts in the sample.

The PBC valuesin the PBC table are the counts-per-second at each library energy. These values
are subtracted from the counts-per-second values of the sample spectrum before the above
corrections. The PBC value is added to the background and the new error is calculated by
multiplying the percent error by the ratio of the uncorrected area to the corrected area.

This method improves on older PBC methods because the peak count rates are stored in the PBC
table for each energy in the spectrum and not the average rate for a nuclide. This removes the
dependence on the efficiency calibration in the PBC table, yielding more accurate results
because the nuclides in the background are not in the same geometry as the sample, meaning that
the efficiency calibration is not the one to be used.

The subtraction of the PBC area and the recal culation of the percent error can result in the new
net peak area being below the sensitivity cutoff thus eliminating this peak from use in the
activity calculation. If the first library peak isrejected, the MDA is reported.

4.7. Reported Uncertainty

The uncertainty printed on the report can be either counting or total uncertainty. They can be

printed at 1, 2, or 3 sigma. The counting uncertainty is the uncertainty of the peak area due to

statistical uncertainty, and was discussed earlier. For a peak net area, the counting uncertainty
can be expressed in percent of the peak area. This same percent is used to express the percent
counting uncertainty in the activity values.

4.7.1. Total Uncertainty Estimate

The total uncertainty estimate (1 sigma) is determined by summing in quadrature the individual
uncertainties from the various analysis components.

2
_ 2 2,2 .2 2 2 2  Ouw (57)
G, = ,|0O G,rt O Obs ™ Opuc + Opgr™ Ogep

t count nor rsum abs 3
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where:
o, = total uncertainty estimate
O = COUNtiNg uncertainty estimate
0. = additional normally distributed uncertainty estimate
o.4m = random summing uncertainty estimate
o4 = absorption uncertainty estimate
o.. = huclideuncertainty estimate
og = efficiency uncertainty estimate
04 = QEOMEtry uncertainty estimate

o, = uniformly distributed uncertainty estimate

All components of uncertainty estimates except ¢,,, are computed at the 1-sigmalevel. The
uncertainty estimate for auniformly distributed error is used at the full range. If acorrection
factor is not used, the uncertainty estimate is zero for that component.

4.7.2. Counting Uncertainty Estimate
Thisisdiscussed in Section 4.1.4.

4.7.3. Additional Normally Distributed Uncertainty Estimate

Input,,, is obtained from user input.

2
2 _ Inp utnor (58)
nor 1 00
where:
o, = variance of additional normally distributed uncertainty (% 1 sigma)

Input,, = user input for normally distributed uncertainty (% 1 sigma)

4.7.4. Random Summing Uncertainty Estimate

CF, - 1|
, _ |CFy
Soum = 100 (59)
where:
o’em = Variance of random summing error estimate
CF,. = random summing correction factor
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4.7.5. Absorption Uncertainty Estimate

|CF , - 1|
2 ab
o = — 60
abs 100 ( )
where:
o’y = variance of attenuation error estimate
CF,, = absorption correction factor
4.7.6. Nuclide Uncertainty Uncertainty Estimate
Input
O’ = | o (61)
200
where:
o%.,. = variance of nuclide error estimate

Input,, . = user uncertainty input for nuclide (% 2 sigma). Thisis the uncertainty in theyield
for the first gammaray in the library for each nuclide.

4.7.7. Efficiency Uncertainty Estimate

The efficiency uncertainty is computed differently depending on the type of fit used for the
efficiency calculation. The components used for efficiency include the errors due to uncertainty
of the calibration source, and uncertainty of the calibration fit.

4.7.7.1. Interpolative

For this calculation, the calibration points are sorted in ascending order by energy. If energy E is
less than the first (lowest-energy) calibration point, E; and E,, ; are the two lowest-energy
calibration points. If energy E is greater than the last (highest-energy) calibration point, E; and
E.., are the two highest-energy calibration points. For all other cases, E, < E< E,;:
6j(l;i+1 - E) + 6i+1(E_ E;)
6 =
c &, - E) (62)

i+1
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where;

o, = theuncertainty (not the fractional uncertainty) associated with energy E; from the
certificate.

This calculation is also used when energy E isless than the first calibration point, the efficiency
fit is polynomial, and the detector is N-type.

4.7.7.2. Linear, Quadratic, or Polynomial

In general, the efficiency curve (or efficiency fit) can be expressed as:

Ing = Eakx", k=1,..,m (63)

where:
¢ = theefficiency at energy E
In = the natural log
a, = thek™fitting parameter

The parameters X, n, and m depend on the type of efficiency curves:

® For linear/quadratic fits:

by

(64)

(SN

I I K
i
Q |
N -

(98]

® For polynomid fits:

(65)

o N [T
|
b

I I N
[T

The summation in EQ. 63 isthe sum over al the fitting parameters, k = 1, ..., m, not the sum over
al the calibration points.

Now let us define aparameter y asy = Ine. Thisyields:
y :Eakx”, k=1,....m (66)
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Thefitted efficiency at any point x. (as defined in Eqgs. 64 and 65 above) is:
y,(x) = Eak x", k=1,..,m (67)

M atrix Solution

Equation 67 aboveis Eq. 7.12 in Bevington,'® except that the function f, (x. ) has been replaced
by x ", a particular type of polynomial:

fi(x) = x," (68)

where x; and n are defined in Egs. 64 and 65.

From Eqg. 7.14 in Bevington, the p matrix is calculated using Eq. 68 above:
B, =Y (/6> y,x", i=1..,N (69)

where o; and N are defined in Eq. ?, y; isdefined in Eq. 67, and x is defined in Eqgs. 64 and 65.

From Eqg. 7.15 in Bevington, the a matrix is calculated by:
ay = ¥ e 5", i=1,.,N (70)

where for alinear/quadratic fit:
n=n-1
ki=k-1

and for apolynomial fit:
n=2-n
k,=2 -k

The o, factor is the fractional uncertainty at the i calibration point. o; is not the absolute
uncertainty because the actual curve being fitted is not the efficiencies themselves but the
natural log of the curve.

Bevington, Philip R. and D. K. Robinson. Data Reduction and Error Analysis for the Physical Sciences, 2nd
ed., McGraw-Hill, 1992.
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Matrix Inversion

From Eg. 7.20 in Bevington, the n" fitting parameter in our Eq. 66 or Eg. 63 can be calcul ated
as:

a =Y B8, k=1,.,m (71)

where d isthe inverse matrix of a:
5 =al (72)

The 6 matrix is called the error matrix because its diagonal elements are the variances of the
fitting parameters, and the off-diagonal elements are the covariances of the fitting parameters
(see Eq. 7.25 in Bevington):

o2 =38, i,j=1,...,m (73)

19 y

= 2
If'_l’ca,.aj

between the fitting parameter a, and a..

is the variance for the fitting parameter ai . If i #j, 62 , Isthe covariance
J

a;

Uncertainty of the Fit
From Eqg. 3.13 in Bevington, the polynomial fit uncertainty is given by:

2 _ C o
c,” = EZ 81.1. (ay/aa,.)(ay/aaj) i,j=1,...,m (74)

wherey is the polynomial given in Eq. 66 and & isthe i" fitting parameter. The error matrix J;
has been used instead of 62 for clarity. Equation 74 does not use the factor 2 before the

covariance terms, asis donein Bevington Eq. 3.13. Thisis due to the double-summation
notation used in Eq. 74 and because the error matrix is symmetric (,, = d5, ...). The diagona

elements are not double-counted in the above equation. (In Bevington, Eq. 3.13, 62”' IS

J

denoted as 62, )
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From Eq. 66, since dy/da; = x " we have:

Gyz - Z Z 8ij x(i1+j1) Z’] = lamam (75)

where for alinear/quadratic fit:
b=1-1
i=1-1
and for a polynomial fit:
=2 -1
J1=2 -]
Finally, the calibration uncertainty is:

6, = €0, (76)

where ¢ isthe fitted efficiency at energy E (from Eq. 63), and o, is calculated from Eq. 75. If o, is
zero, then the “sigma above” (o,) or “sigmabelow” () value described in the following
paragraphsis used.

If the fit type is not polynomial, the calibration uncertainty is calculated as:

c

6, = ¢, forE>E, , (77)

G, = G, for E < E,.. (78)

where o, and o, are defined as follows.

If theenergy E> E, .,

o XU - (X 1EHIG X 1E-HIL) N,
“ N-1

(79)

If E < B

, _ L e-HNIAT - (X eI, X lE-RIf)IN,
N,-1

G, (80)
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where:
g = themeasured efficiency at energy E,
f. = thecalculated efficiency at E, from Eq. 63

Ene = theefficiency knee energy

N, is the number of efficiency points above the knee energy and N, is the number of efficiency
points below the knee energy. Both N, and N, must be greater than 1. If ¢, or o, iS zero, the
default uncertainty of 1.5% is used.

If the fit type is polynomial, the calibration uncertainty is calculated as:
G, = C (81)

c a

For polynomial fits, E,.. is always ignored.

Sometimes, the efficiency pairs might be missing from the calibration file but the fit parameters
and fit type are stored in the file. In these cases, the o, or ¢, value is used.

4.7.8. Geometry Correction Uncertainty Estimate

G = 0.015 (82)

where:

0’4 = Variance of geometry error estimate. A practical error estimateis 1.5% (1 sigma)

4.7.9. Uniformly Distributed Uncertainty Estimate

Gum.2 = (Input,, )? (83)

where:
o2, = uncertainty estimate for a uniformly distributed uncertainty estimate
Input,;, = user input for full range (%)
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4.8. Peak Uncertainty for a Zero-Area Peak

For a peak with zero activity, if there is a background:

c = /2 Background (84)

area

If the background = 0, the analysis engine assigns a peak count of 1.

4.9. Uncertainty of Results for Multiple Analyses

Thisiscalculated as:

o - N 1T @)

where:
w, = weight assignment for detector i
o; = uncertainty for analysisi

4.10. Reported Uncertainty for Entire Container Measurement

For nuclear waste measurements, it isimpossible to provide a mathematical basis for localized
matrix attenuation and geometry, because many of the critical parameters for each drum are
typically not measured. However, estimates based on practical experience are presented that
provide realistic uncertainties. These practical experiences include the scanning large numbers
of containersto empirically verify where the activity is actually located in drums and boxes,
thus, the effect of geometry can be computed. The models assume that matrix density is
homogeneous and that any activity found is located within the container. Practical experience
indicates the deviation from homogeneity.

Overall uncertainty is described as:

2
overall - \/( peakf t * matrzx * Ggeometry) (86)
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where:
Onear = Overall measurement uncertainty (%)
Ooeaqit = UNCErtainty in peakfit (%)
Omarix = UNcertainty in matrix attenuation (%o)
Ogeomery — UNCErtainty in the geometry correction (%)

The peak fit uncertainty method is determined in Section 4.1.4. The matrix uncertainty is
computed by assuming that the localized attenuation and difference in gamma-ray path length
can vary by 40%.

_ _ -4
1-e 1=¢™) « 100 (87)

matrix = A

-B

1-¢™

A = upxa
B = A*14
where:
L = mass attenuation coefficient (cm?/g)
p = matrix density (g/cm?)
y = container diameter or width (cm)
a = container constant (1 for box, 0.834 for cylinder)

Note that for high-density material the correction factor approaches
CF = ppy (83)

Thus, high-density material can have an uncertainty of 40%. Measurements of bulk thorium,
uranium, and plutonium can exhibit excessive gamma-ray self attenuation that isimpossible to
guantify. Neutron methods should be used to quantify these materials.

The geometry uncertainty varies with the container shape. For cylinders or boxes, experience has
shown that a practical uncertainty to assign is to assume that the activity isin the outside one-
fourth of the container, and to compute a geometry correction which is then compared to the
geometry correction factor for homogenous material.
CF,-CF
G NG S IUN 100 (89)

geometry CF
H
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where:
CF,
CFy

Correction for a homogenous container

Correction factor if activity islocated in the front or outside fourth of the
container. If the container is arotated cylinder, the factor reflects the correction
factor if the activity islocated in the outside half of the cylinder. Thus, the
geometry uncertainty would be less.

For point-source measurements, assume that the measurement distance between the detector face
and the activity cannot be determined more accurately than 1 cm.

(CF,-CF,)
c = x 100
geomelry C FM (90)

Dist + 1
CF, = mea (91)
Distc -
Dist
CF, = il (92)
Dzstc -

where:
CF, = Correction factor with the adjusted distance
CF, = Correction factor for the modeled distance. For models with volumes, this
comparison would be made for each voxel.
Dist ... = distance from the face of the collimator + detector recess to the surface of the
point source (cm)
Dist,, = distance from the face of the detector to the point source used for calibration

(cm)

The geometry uncertainty is:

CF,-CF
= (CE, 7 % 100 (93)

Ggeometry C FH
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4.11. Analysis Algorithms

4.11.1. Characterizing the Detector Intrinsic Efficiency

The algorithms take advantage of detector characterization. Initially, full-energy peak intrinsic
efficiency is needed for the detector used to make the analysis. To obtain that information, you
must perform a point-source calibration at afixed distance from the face of the detector. See
Fig. 181 and Eqn. 95.

Figure 181.
Intrinsic
Efficiency.

d
Q= 27:-[1— —) (94)

Jd? + R?

(95)

where:
©Q = subtended solid angle (radians)
R = radius of the detector (cm)
d = distance from the calibration point source to the detector (cm)
g, = full energy peak efficiency of the detector at distance d
n = number of gammarays detected at the full energy peak from the source
N = number of gamma rays emitted at the full energy peak from the source
g = full energy peak intrinsic efficiency
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Note that in order to compute the intrinsic efficiency the diameter of the detector crystal is
needed.

A working detector has a dead layer of germanium and an aluminum end cap to house the
detector. Attenuation by the can and dead layer of germanium must be taken into account for
realistic detector characterization. See Fig. 182. Now, the intrinsic peak efficiency for arealistic
detector can be determined as shown in Egn. 98.

dead layer of Ge

—» R €

Figure 182. HPGe Detector
with a Dead Layer of
Germanium and Aluminum

Endcap.
C, = e (96)
CZ — g Hala (97)
g, 4r
g = ——— 98
" C.C,-Q )
where:
C, = attenuation correction factor for the aluminum end cap
u. = linear attenuation coefficient for the aluminum end cap (cm™)
. = auminum end cap thickness (cm)
C, = attenuation correction factor for the dead layer of germanium
ug = linear attenuation coefficient for germanium (cm™)
|y = thickness of the germanium dead layer (cm)
g; = full-energy peak intrinsic efficiency for the front of the detector
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The side of the detector also detects gamma rays and must be included in the overall full peak
intrinsic efficiency. To estimate the average length of gamma-ray cylinder penetration length,
CPL, assume that, for side detection, the detector is abar. See Fig. 183. The average thickness of
the penetration distance is computed using Eqgn. 99.

<— cpL —*>

Figure 183. Top View of a Detector Used to
Estimate Detector Penetration Thickness.

CPL=+2-R (99)

If you know the relative fraction of gamma-ray activity remaining in the crystal when penetrated
from the side and from the front, you can determine the total peak areaintrinsic efficiency for
the side:

(1_ e—,uCPL)
gis = 8f

ey (0

side full-energy peak intrinsic efficiency

linear attenuation coefficient for germanium at energy of the gamma ray penetrating
the detector (cm™)

length of the detector (cm)

Thus, information about the length of the detector crystal is needed to compute the side
efficiency.

4.11.2. Computing Item Activity

For a point source with no significant attenuation, positioned with an offset greater than the
diameter of the detector, both the side and top of the detector will see activity. To compute the
activity of the source, both detector efficiencies are needed. See Fig. 184.
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T

|
\/i
<+«— 2R —»
Figure 184. Activity of a
Point Sour ce Interacting
with the Top and Side
Surfaces of a Detector.

Once the efficiencies of both the front and side of the detector are determined, the activity of the
point source can be computed as shown in Egn. 101.

CR-4r

Act =
P (gif'Cl'Cz'Ql+‘9is'C3-C4-Qz)-k (101)

where:
Act,; = reported activity (Bq)
Q, = thesolid angle subtended on the top surface of the detector (radians)
Q, = thesolid angle subtended on the side surface of the detector (radians)
C, = attenuation through the side of the end cap and cup holding the detector
C, = attenuation through the side dead layer of Ge
Kk = constant involving the yield (branching ratio), decay corrections, and unit

conversion factors (y emitted/BQ)

When computing the activity of aitem, the volume must be subdivided into small voxels, each
of which must be corrected for matrix and container corrections. The activity of avoxel, Act;, is
shown in Eqgn. 102:

CR'V, -4x
(gif ACRCR 5'is'C3'C4'Qz)'V'k

Act. =

(102)
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Note that for a box, the volume of each voxel is the same. However, for acylinder or other
items, the voxel volumes might not be the same and the activity must be weighted accordingly.

n

1
Act. =
e Dy - D, - Dy (103)

o A

activity of item being measured (Bq)
volume of the item (cm?)
volume of the i™ voxel(cm?)

matrix correction for the i voxel, calculated as e *" , where u, is the mass
attenuation coefficient for the matrix, d, isthe matrix density, and |, isthe
matrix thickness

inner container correction factor for the i voxel, calculated as €% , where u,
Is the mass attenuation coefficient for the inner container, d, isthe inner
container density, and |, isthe inner container thickness

outer container correction factor for the i voxel, calculated as €** , where u,
Is the mass attenuation coefficient for the outer container, d, isthe outer
container density, and |, isthe outer container thickness

number of voxels

4.11.3. Collimator Correction

When a collimator is present, only afraction of the activity within the item being measured will
interact with the collimator. Of the fraction of the voxels that have activity that interacts with the
detector only afraction of the detector will be “shadowed” from the activity. See Fig. 185.

Shadowed activity

Figure 185. Collimator Correction
Factor.

In addition, some of the activity will penetrate the collimator but most of the activity that
interacts with the collimator will be attenuated.
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In order to compute the area of the detector that is shadowed the surface area of the detector
must be divided small area called pixels. Each pixel will either be completely shadowed by the
collimator, partially shielded by the collimator, or not shadowed at all. Partially shielded means
some of the gamma ray emitted from a voxel may be partially absorbed and a small fraction will
completely penetrate the collimator. Consider the effect of activity from avoxel of theitem
being measured projected on the each pixel of the detector surface. The tiny surface of areaof a
pixel will be reduced if the activity interacts with the collimator. The amount of attenuation of
those gamma rays that hit the collimator is determined by the path length, I, through the
collimator, and the linear attenuation coefficient of the material. The angle of incidence, 8, and
detector recess within the collimator are parameters needed to compute the amount of material
the gamma ray will penetrate; see Eqns. 104 and 105:

| = Dcosg™ (104)

N
AS — Z aie_(fuili) (105)
i=1

where:

effective (unshadowed) detector area of apixel from the activity of voxel; (cnm’)
detector recess (cm)

angle of incidence for the gamma rays emitted from voxel,

area of apixel on the detector (cm?)

linear attenuation coefficient of the collimator material (cm™)

length of the collimator material the gamma ray passed through from voxel; (cm)

_.—‘:_gu QDUP

Figure 186. Detector
| nteraction with
Collimator.
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The effective detector area projected by the activity emitted from avoxel, A, IS shown below:

) ,Zl Ay (106)
Aaveu - m
A, = 7z R (107)
A
where:
A, = fraction of adetector surface that is unsnadowed from activity emitted from 1 voxel
m = number of voxels

For example, if the surface area of a detector is 40 cm?, and the activity emitted from a voxel
does not interact with the collimator, then unshadowed area for that voxel is 40 cm?. If the
activity of the voxel enters the detector from the side and half of the activity is “shadowed” by
the collimator then the effective areafrom that voxel is 20 cm?. If most of the activity does not
interact with the collimator, then the average area for all vowels might be 36 cm?. The collimator
correction factor would then be 1.11. The computed activity is then increased by this correction
factor.

4.11.4. Computing Masses

Equation 108 can be used when gram quantities, Mass, qiq» Of reported nuclides are needed in
addition to activities.

N = Anuclide

‘nuclide

_ N4y
nuclide Av

(108)
Mass

where:
N = number of atoms of areported nuclide (atoms)
Judie = decay constant of areported nuclide (sec™)
At = atomic number of the measured nuclide (g)
Av = Avogadro’s number (6.02 x 10* atoms/At)
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For most waste samples the correction factors for container attenuation, matrix attenuation,
sampl e self-attenuation, and geometry are unknown. However, one of the attenuation correction
factors usually dominates the other correction factors. The program identifies the magnitude of
each factor for each sample. Thisis done by fixing the smaller attenuation correction factors and
allowing the analyst to compute the dominant attenuation correction factor. Next, the smaller
attenuation factors can be fine tuned for good results.

4.11.5. Fine-Tuning the Plot

The fine-tuning plot allows you to adjust the attenuation properties of the item being measured
to simulate the material with which the gammaray actually interacts. After correcting for
attenuation, detector efficiency, and yield, if the activities computed from several gammarays
emitted by a particular nuclide are the same (% diff issmall for all points), you have additional
assurance the model is correct.

A high-energy, intense gammaray from each nuclide is normally selected (using the library) asa
reference gammaray. Its activity (peak area corrected for yield, efficiency, and attenuation)
becomes areference activity. The activities computed from other gamma rays of the same
nuclide are plotted as a percent difference of activities (compared to the reference activity) vs.
energy, as shown in Fig. 187. A value of —100% indicates that the gammaray at that energy was
not found.

Note that if there were no gamma-ray attenuation due to container, matrix, or self-attenuation,
the activities would be much closer. The scatter around the axis is due to inadequacies of the
peak-fitting program, inaccurate yields, counting statistics, and uncertainty in detector
efficiency.

A sample containing several nuclides would appear as shown in Fig. 188. Each nuclide has a

different set of gammarays and reference gamma rays that are plotted in the same manner. On a
computer screen the different nuclides would be plotted in different colors.
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Figure 187. Plot of Peak Area Corrected for Branching Ratios for
Gamma Rays of **°Sb.
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Figure 188. Plot of *Sb, ™Eu, and **Eu Activities.
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If asheet of steel were positioned between the point source and the detector, and if the gamma-
ray peaks (corrected for yields) were then plotted, the resulting display would be similar to
Fig. 189. Note the change in the slope of the points with energy.
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Figure 189. Activity of the Standard Without a Container Correction Factor.

In an actual waste sample, there are several attenuation factors that affect the intensity of the
detected gamma rays. These factors include matrix attenuation and self-absorption by the
sample, especially uranium and plutonium. For containers larger than 20 liters, the matrix
attenuation usually dominates.

If the thickness of the steel were unknown, different thicknesses could be selected, using the
adjustments in the Operator program, until a zero slope was obtained. Because the mass
attenuation factor is higher for the lower-energy gamma rays, the lower-energy gamma rays will
have greater correction factors than the higher-energy gammarays. The program offers a variety
of container materials (e.g., steel, glass, plastic, zircaloy, monel, copper) to determine the
container attenuation correction factor. The new container thicknessis then used to compute
new activity.
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The matrix is assumed to consist of a specific weight fraction uranium (or plutonium). The mass
attenuation coefficients for the matrix are determined accordingly.

The mean free path through the matrix is seldom known and is determined by selecting a matrix
thickness or density and observing the effect on the corrected peak area on the plot screen as
with the container thickness.

Uranium self attenuation can be observed from the fluorescence X rays at 94.66 and 98.44 keV.
The X rays are emitted from gamma activity mostly from the 185 keV gamma rays emitted from
%, Their activity is proportional to the concentration of uranium and the gammaray activity
present. No analytical method is known that can accurately compute the uranium attenuation
from these X rays, but an approximation can be made from the 98/185 keV activity ratio. The
uranium attenuation is approximated be adding a uranium wt% into the matrix. The program
gives an estimate when these X rays are present, but the best effect is determined from the fine-
tuned interactive screen in the Operator program. There is no corresponding method for
plutonium self-attenuation determination.

4.11.6. Uncertainty Estimate

The overall uncertainty is given by:

2 2 2 2
Goverall = \/ ka + Gvoxel + Gavg + O-s (109)
where:
o, = thesystematic uncertainty, assumed to be fixed at 10%.
oy = thepesk fit uncertainty from the peak analysis (Section 4.1.4).
o,xa = theuncertainty in modeling avoxel asapoint source, given as.
Oy =100+ |CF, — CF . | CF, (110)

where CF, is the correction factor (to convert peak count rate to activity) calculated
for a point source in the center of avoxel at the center of the container (see the
discussion on cal culating point-source correction factors, beginning with Egn. 102 on
page 224); and CF. isthe correction factor for a point source at the far corner of the
voxel.
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Oag = the weighted averaged uncertainty (over all voxels), given by:

O-avg - (111)

Z(Vi'DJJ'Dzi'Dsi)

Z(Vi’DJj'Dzi'Dsi'a)

V. = volume of thei™ voxel(cm?)

4 = matrix correction for the i voxel
inner container correction factor for the i voxel
outer container correction factor for the i voxel
= number of voxels

w
1

SDDO
1

The matrix, inner-container, and outer-container correction factors are defined on
page 225 for Egn. 103.

o is the uncertainty for the i" voxel, defined as follows:

‘0, (112)

matrix

o =\ol+0

where the uncertainty due to matrix correction is:

O-matrix = (1_ e—Gu-ﬂ-p- M ) +100 (113)
In this equation:
4, = mass attenuation coefficient for the matrix
o, = uncertainty inthe matrix, assumed to be 5%
p = matrix density

MT, = matrix thickness for the i voxel
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o, = theuncertainty in the voxel-to-detector distance:

O'a=1OO-O'L\/2-(1/d°aj +1/d'j (114)
do  d
where:

o, = uncertainty in distance, assumed to be 0.5 cm

d, = calibration distance

d = distance from the center of the i voxel to the detector

o, = theuncertainty in the detector efficiency (including detection from the detector side).
Based on measurements with a point source, the uncertainty in the detector efficiency
Is about 3% at a source-to-detector distance of 30 cm. At greater distances, 3% is
also assumed. The uncertainty increasesto 15% at 10 cm. At other distances, the
uncertainties are linearly interpolated. ¢, is limited to a minimum value of 3% in all
cases.

In container wall attenuation, the wall thickness has zero uncertainty so there is no uncertainty
associated with the container wall correction.

4.11.7. Minimum Detectable Activity for Volumes

The minimum detectable activity (MDA) for volumes can be computed using the MDA values
obtained from the peak-fitting programs and then correcting for geometry, container attenuation,
and matrix attenuation. The following formulais used to compute the MDA activity of a sample
with its activity homogeneously distributed throughout a volume:

mAvoI - ]MDApt( (CFitem) (CFair)(CFCol) (115)
where:
MDA, = MDA of asample whose activity is homogeneously distributed throughout the
sample (BQ)

MDA, = MDA of point source computed by the peak-fitting algorithm (Bq)
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4.12. %*°U Enrichment Determination Methods in Containers

It isdifficult to determine the ?°U enrichment in poorly characterized matrices because the
primary gamma ray used for the determination of 2°U is highly absorbed. It is beneficial to have
two methods available using different energy regions with different absorption characteristics.
Because the 186-keV gammaray from #°U is lower energy than the 1001-keV gammaray from
28, the 186-keV gammaray is subject to higher attenuation than the 1001-keV gammaray. On
the other hand, the gammarays in the 90- to 93-keV region require excellent peak
deconvolution. Frequently, the counting statistics, detector resolution, and peak-fitting ability
are not adequate for an accurate determination. If the results of the two methods are in
agreement, one can assume that the **U enrichment and the attenuation corrections have been
determined properly. If they do not agree, the analyst must decide which method is more
accurate. Usually, enrichment determination using the 186- and 1001-keV gammaraysis more
accurate.

4.12.1. U Enrichment Calculations

The total grams of uranium, G;,, can be computed using the following formula:

Grye = Gpq + Gps + Gy + Gy (116)

Tot 235

where:
G,;;, = gramsof 2U
G,;s = gramsof U
G,;; = gramsof U
G,z = gramsof U

Frequently, there is not enough gammarray activity to characterize the 2*U activity dueto itslow
photon abundance and high attenuation at 120 keV. The nuclide ?*°U does not emit any gamma
rays. Typicaly, the sum of the?**U activity and the?**U can be estimated using the following
eguation:

G234

G

+ Gy

= 1.011 G,

= 0.011 G,

(117)

+ G

Tot 238

The #*®U activity comes from reprocessed uranium. Equation 118 represents a typical
concentration of 2°U. If fuel rods have been left in areactor for an extended time period, the U
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concentration will be larger. For highly enriched or depleted uranium, the *U concentration
may differ from the concentration estimated by Eqgn. 118.

The#*U enrichment, Enr, can be computed as follows:

100
Enr = Gy (—)
GTot
(118)
Enr = —IOOG
1.011+—28

235

Within the 186 to 1001 keV region, the 186 keV gammaray is used to determine the U
activity and the 1001 keV gammaray is used to determine the 22U activity.

4.13. Limitations on Container Analysis

The program cannot quantify gamma-ray-emitting nuclides if the gamma rays do not exit the
sample and are not detected. Some gamma rays may reach infinite thickness' in a moderately
heavy matrix. However, if some gamma rays do not reach infinite thickness, the proper
correction factors can be applied to these gamma rays and will also apply to the lower-energy
gammarays that have exceeded infinite thickness. If the item contains uranium of different #°U
enrichments, the program cannot differentiate among the enrichments. Sometimes one gamma-
ray-emitting nuclide will be located within the measured item where there is a high matrix
attenuation, and another nuclide will be located where there is a minimum matrix attenuation.
The plot will reveal gamma-ray peak area arrays with different slopes. The program is easy to
use but decisions must be made within the program as to which nuclide should be used to define
the overall sample attenuation. Generally, the best decision isto report conservatively high
values (e.g., select the nuclide that will give the highest attenuation correction for the matrix).

Detector efficiency edge corrections have not been implemented in this version. Samples should
be measured at distances greater than 30 cm (12 in.) to minimize this limitation.

It should be noted that both energy regions used for enrichment determination are susceptible to
thorium interference. The #?°Ra nuclide (daughter of 2°Th) emits a 186 keV gammaray; thorium

Bnfinite thickness indicates a matrix thickness in which 99.9% of the penetrating gamma rays are absorbed.
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fluorescence X rays (89.96 and 93.35 keV) will be emitted when macro quantities of thorium are
present.

4.14. Soil Analysis Methods

The Soil Mode provides both qualitative and quantitative analysis results of radionuclides
deposited through various scenarios in non-laboratory environments. The software packageis
based on methods devel oped by Beck et al. at the DOE EML.

The analysisis accomplished in afive-stage process:

1. Field acquisition of a calibration spectrum followed by energy and full width half maximum
(FWHM) calculations and storage of all coefficients.

2. Field acquisition of an in situ spectrum followed by the peak search routines necessary to
yield net count rate per gammaray energy.

3. Application of calibration factors derived from the methods described by Beck et al.,
yielding qualitative and quantitative analysis results.

4. Storage of all acquired data and analysis results in separate files identified per field location.

5. Capability of supervisory/administrative review or reanalysis of all stored data files and
analysis results.

4.14.1. Overview of Soil Mode

4.14.1.1. Field Acquisition of an In Situ Spectrum

The operator must select the site to be characterized with the understanding that the approximate
useful viewing areafor a germanium detector placed 1 m above areasonably level surfaceisa
circle with aradius of approximately 10 m. After the detector and electronics are set up on the
site, the operator can start acquiring a spectrum. Count times used vary widely; however,
selecting a count time between 10 and 60 minutesistypical.

At the completion of spectrum acquisition, and after the peak search, the gamma spectroscopy
software will determine the following:

e Energy line corresponding to peak centroid location

e Radionuclide name that peak represents (if in the file library)
® Net counts for the peak being considered
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e Gamma fraction for that energy line of the radionuclide being considered
e Count time (live time) of the acquired spectrum

The end result of this process will yield an array of data that lists net counts per minute per peak,
identified by name, energy, and yield. These data are stored for analysis using Beck’s
methodol ogy.

4.14.1.2. Application of Calibration Factors

Calibration Factors Described by Beck

The basic calibration equation derived by Beck for use with in situ spectrometry is expressed in
terms of peak count rate (N), activity or inventory in the soil (A) and uncollided flux (®) as:

N[ N,
EREIED
0

The fundamental calibration parameters are expressed in ratios as follows:

N f/A) IS the total-absorption peak count rate (cpm) in the spectrum at the energy of a
particular nuclide y transition per unit inventory (Bg m2) or concentration (Bq g *) of
that nuclide in the sail.

NV f/NO) Isthe angular correction factor of the detector at that energy for a given source
distribution in the sail.

(N, /@) isthe peak count rate (cpm) per unit uncollided flux (y cm™?s™) for aparallel beam of
gammarays of the same energy that isincident-normal to the detector face. The cm™
units refer to area of the detector crystal.

(®/4) isthetotal uncollided flux (y cms™) at that energy arriving at the detector per unit
inventory or concentration of the nuclide in the soil.

I nformation Needed

This method of estimating calibration factors for use in evaluating in situ requires that
information about the detector being used and the assumed profile distribution(s) for
radionuclides of interest be supplied. Thisis done in the Settings/Configurations... dialogs.
Thisinformation is specific to implementation of Beck’s method.
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® Detector Efficiency (expressed as %)
® Detector Orientation (up or down)

e Detector Aspect Ratio (calculated by —YStallength(L)

crystal diameter (D)

® Assumed Deposition Profile Parameter (o/p value ()

NOTE o/p isassumed to be O (reflecting uniform distribution) for all natural emitters. a/p is
assumed to be infinite (reflecting surface only distribution) for fallout on undisturbed
soil.

Beck’s method isimplemented within M-1 by calculating values for each of the calibration
parameters N, IN,, N,/®, and ®/4, and solving for Ain Eq. 119.

This processis repeated for each energy line of all the nuclides identified by the gamma analysis
software.

Calculation of the Angular Correction Factor

Helfer and Miller provide four tables which summarize results for finding the Angular
Correction Factor (N /N,) for energies ranging from 0.3 MeV to 2.5 MeV and L/D ratios
ranging from 0.5 to 1.3.

Tables shown for the Angular Correction Factor reflect data for both upward- and downward-
facing detectors. Valuesfor (N; /N,) have been calculated for the two limiting cases for a/p (i.e.,
where a/p = 0, the case for uniform distribution; and where a/p = «, the case for planar surface
source distribution).

Usually, the preferred orientation of the germanium detector is facing down. The two tables
given below provide (N; /N,) values for the limiting cases where a/p = 0 and o/p = - for a
downward-facing detector.

Calibration Factorsfor Field Ge Detectors— |.K. Helfer and K.M. Miller
Table 1. Angular Correction Factor, (N;/N,), Downwar d-Facing Detector,
Uniform Source Distribution (a/p = 0).
Energy L/D
MeV: o5 | 06 | 07 | 08 | 09 | 10 | 11 | 12 | 13
0.3 081 | 082 | 083 | 086 | 091 (099 | 1.08 | 118 | 1.31
0.5 084 | 085 | 085 | 088 | 093 [ 099 | 1.06 | 1.14 | 1.25
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Energy L/D
MeV: ' o5 | 06 | 07 | 08 | 09 | 20 | 212 | 22 | 13
07 |08 | 08 | 087 | 091 | 093 [098 | 105 |112 ]| 122
10 |o088| 08 | 089 | 091 | 094 | 098 | 103 | 110 | 118
15 |091| 091 | 091 | 092 | 094 | 097 | 102 | 107 | 113
20 |092| 092 | 093 | 093 | 094 | 096 | 100 | 205 | 110
25 |094| 094 | 094 | 094 | 095 | 096 | 099 | 103 | 107

Table 2. Angular Correction Factor, (N;/N,), Downwar d-Facing Detector,
Plane Sour ce Distribution (a/p = «).

Energy L/D
MeV 05 | 06 0.7 08 | 09 | 120 | 11 | 12| 13
0.3 08 | 080 | 081 | 083 | 088 | 097 | 107 | 119 | 1.35

0.5 082 [ 0.82 0.83 085 | 090 [ 097 | 106 | 1.16 | 129
0.7 083 | 0.84 0.85 087 | 091 [ 097 | 105 | 114 | 125
1.0 085 | 0.85 0.86 088 | 092 [ 097 | 1.04 | 112 | 122
15 0.86 | 0.87 0.88 09 | 093 [ 097 | 1.03 | 11 1.17
20 0.88 [ 0.89 0.90 091 | 093 [ 097 | 1.02 | 1.08 | 1.14
2.5 0.89 [ 0.90 0.91 092 | 094 ( 097 | 1.01 | 1.07 | 112

Although not the preferred orientation, (N; /N,) values have also been determined for upward-
facing Ge detectors. The two tables given below provide (N; /N,) values for the limiting cases
where o/p = 0 and a/p = .

Table 3. Angular Correction Factor, (N; /N,), Upwar d-Facing Detector,
Uniform Source Distribution (a/p = 0).

Energy L/D
MeV ' o5 | 06 | 07 | 08 | 09 | 120 | 21 | 12 | 13
03 |o08L |08 |08 |08 [091 |099 |108 [118 131
05 |084 [085 |o085 |o088 |093 [099 |106 [114 [1.25
07 |o086 |08 |087 091 |093 |098 105 [112 [121
10 |088 [088 [089 [091 [094 |o098 103 [110 |118
15 |o091 |091 [o091 [092 [094 [097 |102 |107 |113
20 |092 [092 [093 |093 094 |096 [100 105|110
25 |094 094 [094 |094 095 |006 [099 [103 |107
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Table4. Angular Correction Factor, (N; /Ny), Upward-Facing Detector,
Plane Sour ce Distribution (a/p = «).
Energy L/D
MeV: los5| o6 | 07 | 08 | 09 | 120 | 11 | 12 | 13

0.3 077 |077 |078 |078 |0.81 [089 |100 (112 |134
05 079 |0.79 |080 |080 |0.83 [090 |099 |110 |1.28
0.7 080 |0.80 |081 |082 |0.84 [090 [099 |1.09 |124
1.0 082 |0.82 |08 |083 |0.86 [091 |[098 |1.08 |1.20
15 083 |0.83 |08 |08 |0.87 [092 |[098 |1.06 |1.16
2.0 084 |084 |084 |08 |0.88 [092 |098 |1.05 |1.13
25 085 |0.85 |08 |[087 |089 [092 |098 [1.03 |11

The data represented in these four tables are used by ISOTOPIC in the following manner:

(N /N,) values presented by Helfer and Miller have been fitted to curves and are represented
within ISOTOPIC as coefficients to athird-order polynomial. These coefficients are represented
as arrays, with one array per each of the four tables previously presented.

Table Description

N
1 E VS% Ff for uniform source distribution downward-facing detector
0
L| N f . .
2 E vsB v for planar source distribution downward-facing detector
0
L| Nl o .
3 E vsB v uniform source distribution upward-facing detector
0
L| N 7 . )
4 E vsB v plane source distribution upward-facing detector
0

The polynomial can be expressed as:
(Nf/No) = ay +by® +cy+d (120)

where a, b, ¢, and d are stored constants and y = Ey (in MeV).

Knowledge of detector orientation (i.e., facing up or facing down) specifies which two tables
(and, therefore, which corresponding arrays) will be used in the calculations.
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For this discussion, let us assume that the detector is facing down. This limits our interest to
Tables 1 and 2, and the corresponding polynomial coefficients.

At this point, the value to be used for o/p must be considered. Depending upon the value of a/p,
there are three possible cases to be evaluated. Three cases represent three general source
distributions:

® u/p<0.1 uniform source distribution a/p = 0
® a/p>05 planar source distribution a/p = «~
® 0.1< a/p<0.5 not distributed; not planar

These three general conditions are used in the following manner:

Example 1

For the case where a/p < 0.1, the source is deeply distributed and a/p is assumed to be 0, which
approximates this case by assuming the source to be uniformly distributed.

N N
_f = _f (121)
NO NO

a/p<0.1 a/p=0

For example, assume:

Detector orientation = down
E=25MeV

L/D=1.3

a/p =0.08

Sincea/p <0.1, assume o/p = 0. From Table 1, we find that for these conditions (N; /N,) = 1.07.

Applying the polynomial fit used by the software for the same conditions, the following array
would be selected (specific to a2.5-MeV gammaray).

L/D a b c d

0.5 0.01679 -0.09369 0.20177 0.75843
0.6 0.01194 -0.06794 0.15896 0.78032
0.7 0.00827 -0.05423 0.14345 0.79176
0.8 0.01794 -0.09219 0.16737 0.81819
0.9 0.01725 -0.08038 0.12008 0.88279
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L/D a b Cc d
1.0 0.00418 -0.01398 -0.00441  0.99267
1.1 -0.00935 0.05220 -0.12062  1.11052
1.2 -0.02020 0.10903 -0.22889  1.23552
1.3 -0.03218 0.17748 -0.37624  1.40313

For L/D = 1.3, we find the values for the coefficients of the third-order polynomial to be as
follows:

a = -0.03218
b = 017748
c = -037624
d = 140313

Substitute into the polynomial equation:

N
I\ = ay® + by +cy +d (122)
0
wherey = energy (E) in MeV, then solve:
Ml - (~0.03218) (2.5)* + (0.17748) (2.5)?
N, (123)
+(-0.37624) (2.5)! +(1.40313)
The value (N; /N,) isfound to be:
N
[_f = 1.0690 (124)
NO

Rounding to the nearest hundredth, we get (N /N,) = 1.07.

Example 2

For the case where a/p > 0.5, the source is deposited very near the surface of the soil and a/p is
therefore assumed to be «, representing a planar source distribution.

242



4. ANALYSSMETHODS

For example, assume:

Detector orientation = down
E=25MeV

L/D=13
alp=1

Since o/p > 0.5, assume a/p = <. The corresponding value for (N; /N,) is 1.12.

Applying the polynomial fit used by the software for the same conditions, the following
coefficients would be selected:

L/D a b C d
1.3 -0.02731 0.16165 -0.36188 1.43966

Solving this polynomial would yield a (N; /N,) value of 1.1186, which rounds off to 1.12.

Example 3

For the case where a/p is within the range described by (0.1 < a/p < 0.5), the M-1 software
calculates avalue for (N;/N,) that represents the median value of (N; /N,) for o/p =0 and
(N; /No) for alp = e,

N N

The terms [ —f] a/p=0 and [ Ff] a/p = are determined as described in Cases 1 and 2,
0 0

respectively.

For example, assume:

® Detector orientation = down

e E=25MeV

e |L/D=13

® o/p=03

Since o/p > 0.1 and o/p > 0.5, (N; /N,) will be represented as the median of the two special cases
previously outlined (i.e., where the source is uniformly distributed [a/p = 0] and where the
source is aplanar distribution [a/p = ]).
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Valuesfor (N /N,) for these special conditions have been calculated in Cases 1 and 2. From
those cases — which assume the same conditions given above, except for the value of a/p — we
see that:

Nf
— =1.07 (125)
NO
a/p=0
and
N
[—f] =1.12 (126)
NO
a/p=w
Substituting, we find:
N, ) ( 1.07+1.12)
— = | —= (127)
N, 2
a/p=0.3

Rounding to the nearest hundredth, we get:

Ny

= 1.10 (128)
a/p=0.3

Ny

4.14.1.3. Calculation of Peak Count Rate Per Unit Uncollided Flux

(V, /®)is energy dependent and is obtained by counting a gamma-emitting point source placed
one meter from the face of the detector.

Beck has shown that when experimentally determined and plotted as a function of energy in a
log-log plot, the data points for (&, /®) within the energy range of 200 keV to 3 MeV make a
reasonable straight line fit possible. Therefore, any energy in this range conforms well to the
following equation:
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N,
In|l —| =a-bInE (129)
(1)}

where E = the energy of the gamma line of interest (in MeV), and a and b are detector dependent
constants.

By standardizing the manufacturer’ s quoted efficiency as areference point, Beck determined the
following relationships:

a = 2.689 +0.4996 In £ + 0.0969 (In ) (130)

and

b = 1.315 - 0.02044 ¢ + 0.00012 & (131)

where ¢ is the manufacturer’ s measured efficiency (%) of the Ge detector relativeto a3 x 3-in.
Nal (TI) detector.

For example, given:

Detector efficiency = 30%

E=25MeV

a=2.689 + 0.4996 In (30) + 0.0969 (In(30))? = 5.5092
b =1.315 - 0.02044 (30) + 0.00012(30)* = 0.8098

Upon substitution, we find:

N,
1n(€°] = 5.5092 - (0.8098) In (2.5) (132)

NO
In| 2| = 47672 (133)
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Taking the exponential of both sides and solving, we find:

Ny
()

] = 117.6

4.14.1.4. Calculation of Total Uncollided Flux per Unit Inventory

In order to provide a simpler method for determining the term (®/4), Beck established the

(134)

following table for unscattered flux one meter above the ground for various energies and o/p

values.

Energy al/p

(MeV) 0 0.06 0206 0312 0625 6.25 o0
0.05 14403 0.0816 0.2245 0.3049 04748 1.147 158
0.1 2114 01458 0.3627 04708 0.6786 1359 1.71
0.15 33264 0.1702 04103 05261 0.7438 1427 1.78
0.2 39056 0.1843 04550 05770 0802 1483 1.8
0.25 40640 0.2008 0.4697 0.5910 0.8185 1506 1.86
0364 47184 02268 0.5158 0.6429 08775 1578 1.93

0.5 53904 0.2519 0.5595 0.6918 0.9334 1.650 2
0.662 6.1456 0.2788 0.6041 0.7412 09889 1.719 2.05
0.75 6.5312 0.2919 0.6257 0.7649 1015 1.752 2.08
1 75280 0.3245 0.6769 08209 1.077 1830 215
1173 81472 03437 0.7067 0.8531 1113 1874 219
1.25 84384 0.3523 0.7198 08675 1129 1895 221
1333 87504 0.3617 07336 0.8826 1145 1914 222
1.46 91472 0.3731 0.7511 09011 1166 1941 225
1765  10.091 0.3997 0.7897 0.9428 1211 1997 2.29
2004 10.818 04183 08173 0.9725 1.243 2036 2.33
2.25 11.397 04357 0.8414 09982 1271 2071 236
2.5 1217 04536 0.8667 1.025 1300 2105 239

For a/p = 0 (uniform profile, natural emitters), the source strengthis1vy g*s* for soil at all

depths. For a/p >0 (exponential profile, fallout emitter), the source strengthis1ycm?s*

emitted from an infinite column of soil where the activity exponentially decreases with depth at
relaxation length of 1/a at soil density p.
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The value for a/p has been selected, and the energy (E) in MeV is aso established at this point.

Theflux is calculated by solving one of three equations, depending on the value of a/p. For
these equations:

S = surfaceactivity (photonss™ cnv)

S, = soil activity per unit volume (photons s * cm®)

ps = soil density in g/cm?® (the default valueis 1.6 g/cm®)

p, = airdensity in g/cm?® (the default valueis 0.0012 g/cm?)

h = height of detector above ground in cm (the default value is 100 cm)
udps = mass attenuation coefficient of soil

w/p, = mass attenuation coefficient of air

When o/p =0, the distribution is uniform, and the unscattered flux is given by:
~(b, /PP
O 1Pl e gty (135)
S/p 2 pg p, (1, /PP A P,

When the distribution of aradionuclide decreases exponentially with depth, the unscattered flux
IS

El 1

1
2

1+£&] LI ]] (136)
pS HS pa

In the case of athin layer on the surface, a/p = -, and the unscattered flux is:

ﬁ&&pah
&pah)_epsuspa E
Pa

i
SO

— pahJ (137)

The software solves the equations for the given value of a/p. The air density, soil density, and
detector height are specified in the Settings/Configurations... dialogs for Soil Mode.

The mass attenuation coefficients are calculated for a given energy by logarithmic interpolation
of Beck’s values.
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The activities of uniformly and exponentially distributed nuclides are typically reported in
different units— Bg/g and Bg/cn, respectively. To compare activities of different distributions,
the units can be converted. The program estimates the activity per area by calculating the depth
of soil that will absorb 90% of the gammarays at the peak energy, and multiplies the flux by

p. X depth to convert Bg/g to Bg/cm?. To report exponentially distributed nuclides in Bg/g, the
flux must be divided by p, x depth.

4.14.1.5. Calculation of the Overall Calibration Factor

Recalling that the total absorption peak count rate per unit inventory or concentration is equal to
the three functions just calculated, it is now possible to solve for (N f/A) asfollows:

N N N
02 B 2 I R 4 (138)
4 NI IAW

Because the gamma-spectroscopy software has generated N, (net peak count rate specific to a
radionuclide gamma emission), it is possible to solve for Act:

Act = R 10;’\?
F (139)
r(h
where:
Act = activity of the nuclude per surface area (Bg/M )
R = peak count rate (cps)
Y, = y-ray yleld(brar_wchlng ratio) for the nuclide (y/dis)
1000 = cm?/M? conversion
4.14.2. Critical Level Counts Calculation
The critical-level (or detection-decision-level) counts are calculated as follows:
CL = 2.33 /BKGVAR (140)
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where:
CL = Ciritical level (counts)
BKGVAR = Variance in the background

The background variance is calculated by the spectrum analysis part. Use the B3owinds. ini file
(Section A.1.3) to select the proper method.

4.15. Analysis Engines

Container/Surface Mode analyses are performed with our ISOWAN32 analysis engine. Soil
Mode analysis uses the ISOENV 32 engine. Following is a basic summary of the process used by
each. See also the Analysis Setup Suggestions for Container Mode on page 106.

4.15.1. ISOWAN32

| SOWAN32 performs alibrary-based peak search of the spectrum. The energy analysis assumes
that all library energies exist in the spectrum so it triesto fit a peak at every location. The Peak
Cutoff value specified on the Analysis page of the Container Configuration Wizard is compared
to the 1-sigma counting uncertainty for each peak to determineif that energy will be used for
further analysis. With alarge Peak Cutoff value (greater than 40%), this engine can “find” false
peaks. This engine does a good job of finding weak peaks that correspond to the library peaks.

4.15.2. ISOENV32

| SOENV 32 does a preliminary Mariscotti?® peak search of the spectrum and removes library
nuclides for which sufficient energy peaks were not found. A library-based peak search is then
performed using the reduced library. A Directed Fit can also be used to generate negative peak
areas to meet environmental reporting requirements. Standard reports have a“ Summary of Peaks
in Range” section that displays potential library matches and associated activity concentration
for each peak found during analysis. This analysis engine works especially well with misshapen
peaks and peaks with counts slightly higher than background. Like the ISOWAN32 analysis
engine, the Peak Cutoff valueis used to reduce fal se peaks.

Table 6 compares the two analysis engines.

M.A. Mariscotti, “A Method for Automatic Identification of Peaksin the Presence of Background and its
Application to Spectrum Analysis,” Nuclear Instruments and Methods 50, 309-320 (1967).
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Table 6. Feature Summary of ISOTOPIC Analysis Engines.

peaks found.

Feature ISOWAN3 |ISOENV32

2

Uses aninitial Mariscotti peak search v

Uses aninitial library-based peak search v

Removes nuclides from library not found in a preliminary peak search v

Reports MDA for removed nuclides v

Utilizes gain shift corrections v

Directed fit (negative peak areas) option is available v v

More sensitive in finding small and/or misshapen peaks v

Displays all possible library nuclide matches and calculated activity for all v
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CAUTION Running the MCB Configuration program can affect the continuity of your
QA measurementsin ISOTOPIC. Be sureto read Section 5.4!

5.1. Introduction

The accuracy and reproducibility of results of a data acquisition system should be verified on a
periodic basis. Quality Assurance (QA) in ISOTOPIC supplies ameans for doing thisin
accordance with ANSI N13.30 and N42.14. The detector-shield background, detector efficiency,
peak shape, and peak drift can be tracked with warning and acceptance limits. The latter use a
check source. These results are stored in the ISOTOPIC database, vQa32.mdb, and can be
displayed and charted. The database can be accessed with commercially avail able database
products, including Microsoft Access.

Determine ahead of time which tests are important in deciding when the system should be shut
down for maintenance. All of the tests provide important information, but a change of system
response in a particular test does not necessarily indicate that a particular detector, or the data
acquired with it, cannot be used for reporting.

The information stored in the database for each detector includes:

e Total Activity — The sum of the decay-corrected activities of the nuclides measured in the
source, as defined in the analysis library.

N
Total Activity = E (DC,x A4)
x=1

where:
N = the number of nuclidesin the analysis library
DC = the decay correction factor for nuclide x in the analysis library
A = thecaculated activity, in becquerels, for nuclide x in the analysis library

The total activity of acalibration or check source tests the efficiency calibration currently in
use and the general operating parameters of the system, including source positioning,
contamination, library values, and energy calibration. This efficiency parameter is the most
important of the QA checks. It is very important that results not be reported unless you can
show that the efficiency has not changed since the detector was last calibrated. One or two
gammar rays (one at high energy and one at low energy) are al that are necessary.
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® Average FWHM Ratio — The sum of the ratio of each peak’s measured FWHM vs. its
calibrated FWHM, divided by the total number of peaks, for all peaks defined in the analysis
library.

P
Y (FWHM,,,,, | FWHM_,, )
Average FWHM Ratio = *

P
where:
P = the number of identified peaksin the spectrum
FWHM,,... = the measured FWHM of analysislibrary peak x, in keV
FWHM_, = thecalibrated FWHM of analysislibrary peak x, in keV

Average FWHM givesthe general state of health of the detector. As a detector ages, air
eventually entersit and the FWHM eventually increases. The FWHM parameter is very
important, and most useful, if the spectrum contains many multiplets, particularly in regions
where they are important to the analysis.

® Average FWTM ratio — The sum of the ratio of each peak’s measured FWTM vs. its
effective calibrated FWTM, divided by the total number of peaks, for all peaks defined in the
analysislibrary. Thistest check the electronic noise and pole-zero adjustment of the
amplifier.

P
Yy (FWITM,, . | FWTMpe, )
Average FWTM Ratio = *=

P

where:
P = the number of identified peaks in the spectrum
FWHM,,.. = themeasured FWTM of analysislibrary peak x, in keV
FWHMc, = theeffective calibrated FWTM of analysis library peak x, in keV

The full-width at tenth maximum, FWTM, is useful for determining if noise has suddenly
entered the spectroscopy system. The effect will be greater for low-energy peaks than high-
energy peaks. Thistest is more sensitive than the FWHM test for detecting the sudden
presence of noise. Neutron damage causes alow-energy tail; the FWTM test is a sensitive
indicator of this.
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® AveragelLibrary Peak Energy Shift — The average of the deviation of the measured peak
energy from the expected peak energy, for al energies defined in the analysislibrary.

E |E eas —E '] |

Average Peak Energy Shift = Z Meas, 1By

x=1 E
where:
E = the number of identified peak energiesin the spectrum
Eves = the measured peak energy corresponding to analysislibrary energy X, in keV
E, = theexpected peak energy x from the analysislibrary, in keV

It is not unusual for gain shifts to occur, especialy if the temperature changes. Small gain
shifts can affect the analysis, but do not necessarily mean the data gathered with the detector
should not be reported. The spectrum calibration can be changed after data acquisition to
compensate for these shifts. Y ou should take into account how practical this QA feature
when deciding to keep or remove a particular detector.

e Total Background — The count rate (counts/sec), over the entire spectrum, of the
environmental background (that is, with no source present).

Total Background = Total Counts/Live Time

The background should be monitored to verify that the detector and shield have not been
contaminated by radioactive materials. The value stored is the total count rate whichis
independent of the count time and any specific isotopic contamination. A background
analysis report can be printed after the analysis compl etes.

NOTE When choosing a QA source, select nuclides that have long half-lives. Nuclides with
short half-lives decay rapidly. Consequently, the counting statistics problem will
eventually override the benefit of including that nuclide in the QA check. Thus, if you
have a mixed-gamma source that also contains rapidly decaying nuclides, do not
include those nuclides in the QA library. Good choices for a QA source combination
include **Am and *Co.

ORTEC Application Note 55 contains more information and help on starting and running QA
for gamma spectroscopy.

5.1.1. Using QA Results to Diagnose System Problems

A gradual deterioration of the FWHM,,,../FWHM_,, ratio usually means the detector |eakage
current has increased.
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A sudden deterioration of the FWHM,,... /FWHM_,, ratio suggest that additional noise has been
introduced into the system. Commonly, this can arise from:

® A noisy motor introduced into the ac line
® RF interference
® Electronic failure of a component in the detector, preamplifier, or MCB

Generally, these problems will also cause the FWTM ratio check to fail. If the FWTM ratios fall
but the FWHM ratios are acceptable, this could indicate:

® |ncorrect pole zero
e Neutron or other radiation damage to the detector

5.2. QA Submenu

Figure 190 shows the QA submenu under the Acquire menu. These Settings. ..
commands allow you to accomplish the three major QA functionsin Measure Background
ISOTOPIC: Measure Sample

Skakus, ..

1. Establishing and entering the settings, or “ground rules,” for QA. Cortrol Chark. .

archive Database

Figure 190. QA
Submenu.

2. Measuring background and sample. Thisis performed periodically,
and it is automatically logged into a database by the program.

3. Analyzing the QA database and generating reports. Thisincludes
ISOTOPIC Status and Control Chart features, to view the current
status of measurements for the Detector and/or view and print the data stored in the database
as a control-chart display.

In addition, you can create an archive copy of the QA database.

5.2.1. Settings...

The QA settings include the upper and lower radionuclide activity limits which, when exceeded,
indicate that the system is not operating correctly. There are two levels of limits. The warning
limits are determined by the settingsin the L ow and High fieldsin the Quality Assurance
Settings dialog in Fig. 191. The alarm limits those outside of the Minimum and Maximum
fields. If the result of a QA measurement is outside the warning limits, awarning dialog is
displayed. If the QA result is outside the alarm limits, aviolation dialog is displayed. Moreover,
If the Lock Acquireon Violation(s) box is marked, the violation must be corrected and the QA
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measurement repeated before the out-of-limits Detector can be used to collect more datain
ISOTOPIC.

Generally, after setup these levels should not be changed without careful consideration.

Normally the spectrum is cleared before anew QA spectrum is collected. If you wish to use an
existing spectrum to continue a count for QA information, mark the Don't clear at Start
checkbox and the existing spectrum will not be retained as the starting point for the additional
data collection.

If desired, additional information can be generated about each peak used for the QA
measurements. If you mark the Peak Recordsin Database checkbox, a new table will be
generated in the gacv32 .mdb database that contains extrainformation about each peak
computed in the measurement. A new table is generated for each measurement and is labeled to
correspond to the QA measurement number.

For each spectrum used to collect QA data, a set of spectrum and report files are generated. The
file names begin with the QA File Prefix characters and are incremented starting with the QA
File Sequence number.

5.2.1.1. Establishing QA Settings
Click on Settings... to open the Quality Assurance Settings dialog shown in Fig. 191.

This dialog contains three main data-entry areas:

® BACKGROUND Acquisition time and Count Rate L imits
e SAMPLE Type Analysis Settings File
® SAMPLE Analysis Parameter Limits

Several preliminary steps must be taken to determine the QA settings:

1. Backgrounds must be counted to determine whether the detector is contaminated. Usually a
live time of 200-300 seconds is sufficient. Note that background count rates are established
by summing all the counts of the spectrum and dividing by the live time. Peaked
backgrounds, used for spectrum analyses, are not established here.

2. Samples must be counted for total activity to obtain expected values, since total activity is
detector and QA source dependent. When deciding on the nuclides in your QA library, do
not select nuclides with short half-lives as the basis for tracking changes in detector
efficiency. After ayear, the counting statistics from aweak peak could introduce a
significant error the QA measurement.
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Quality Assurance Settings for: ISOCART 1 DIGIDART-1

BACEGROUND Acquisition / Count B ate Limitz

Feal: |10 5 Minirnurn Lo High M a=irnurm
Live: [0 s |0 00010 [1e+006  [1e+007 Cancel |

Create Background Repaort [ [

SAKMPLE Type Analyziz Settings File Dian't Clear at Start [
Peak Records in Database [
Lack Acquire on Yiclation(z] [

Browse... Edi... A File Prefic |52

(14 File Sequence: |

SAMPLE Analysis Parameter Limits

Check. Limits: b irirnLanm L High b aimuinm

|C:AUser\Defaul. Sdf

Suggest |

[~ Total Activiy (Bg) || |

[ Ay PwWHM Ratios |||

| | |
[~ Av Peak Shift (kev) ||| | | |
| | |
| | |

[ AvPWTM Ratios |||

Figure 191. QA Settings Dialog.

3. A QA library containing only the nuclides in the QA source must be created using the
nuclide library editor (see Section 3.6).

4. A sampletype settingsfile (. spr) must be created which contains the defaults for the QA
acquisition and analysis (see Section 5.3).

5. A database to contain the QA results must exist. The ISOTOPIC QA database, GvQa32.Mdb,
iIsinstalled as part of the standard |SOTOPIC installation, and should be located in the \user
directory on the drive where ISOTOPIC was installed. However, if you select the Settings...
command and | SOTOPIC cannot find evQa32.Mdb (or if the database file cannot be used for
some reason), awarning message will ask if you wish to create a QA database. Click on OK
to start the QA database setup wizard and go to Section 5.6 for instructions. When the
database has been successfully created, you will be automatically returned to the Quality
Assurance Settings dialog.

All the information gathered in preliminary Steps 14 can be entered in the Quality Assurance
Settings dialog.
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The BACKGROUND Acquisition time and Count Rate Limits are entered using the
information gathered in Step 1 above. Enter the Real time or Livetime in seconds; for
background spectra, the dead time is near zero, so these are usually equal.

The Minimum and M aximum count-rate limits are the acceptance thresholds for the alarm
limit. Acceptance thresholds are used to indicate that the system is operating far from the
expected conditions, and can be used to prevent data acquisition from being performed at all
until the condition is corrected. If the L ock Acquire on Violation(s) box is marked and an
acceptance threshold is exceeded, the Detector is automatically locked out from use until the
problemis corrected and QA isrerun. The Low and High count-rate limits are the warning
limits, and exceeding them will cause warning messages to be displayed.

The Background Report is printed after the analysisif it is enabled. The report is stored or
printed if enabled.

The SAMPLE Type Analysis Settings Fileisthe . sor file configured for QA in Step 4. Click
on Browse... to select the . spF file. To edit the . spr file, click on Edit.... Thiswill open the
Analysis Options dialog (see Section 5.3). Especially relevant sample type settings include:

® Sampletype description
® Acquisition presets
® QA nuclidelibrary file (the one created per Step 3)

On the left of the SAMPLE Analysis Parameter Limits section are checkboxes for marking the
limitsto be tracked. Total Activity (Bq), Average Peak Shift (keV), Average FWHM Ratios,
and Average FWTM Ratios are the choices. Click on the ones to be tracked. Once you have at
least one result for this detector in the QA database, you can click on the Suggest button to
automatically calculate suggested warning and alarm limits for the selected parameters based on
the data obtained to date for this detector. (If you click on Suggest before the first QA sample
measurement, the software will take no action.) The actual limits can be determined from the
samples counted in Step 2 above.

Click on OK. ISOTOPIC will check the measurement limits to determine if they are set
consistently. If they are, the dialog will close; if not, a message will be displayed on the Marker
Information Line and the dialog will remain open so the limits can be changed. QA data can now
be collected using Acquire/QA/M easur e Background and Acquire/QA/M easure Sample.
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5.2.2. Measure Background

This command (Fig. 192) reminds you to verify
that all sources have been removed from the
Detector before proceeding. Confirm that all
sources have been removed for a background
measurement, click on OK—Start. The remain-
ing functions are performed automatically.

Mark the Overwrite (r epeat) previous
background measurement checkbox (by
clicking on it) if the previous measurement was
in error. If asample QA has been run since the
background QA, the previous background run
cannot be overwritten. For example, if aproblem
was detected, fixed, and thisrun isto verify the
repairs, check the box so the “bad” valueis not
kept in the database. Click on OK.

If the background is outside the set limits, a
warning similar to Fig. 193 is displayed.

5.2.3. Measure Sample

This command opens the Sample QA Measure-
ment dialog (Fig. 194). It contains a reminder
to place the QA source on the Detector. Click
on Overwriteto replace the last measurement.
Click on OK—Start to begin the count.

The QA source spectra are collected for the
preset time and analyzed automatically. The
analysis results are compared with the limits.
If the result is outside the limits, awarning is
displayed. The results are also stored in the
QA database.
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Background QA Measurement EH |

Enzure that detector iz free of arny
zamples, and pressz "0FK, -- Start' to
continLe.

Cancel |

Dvenarite [repeat) previous backaround measurement; [

Figure 192. Begin Count for Background
QA.

OA Acceptance Threzhold Haz Been Violated!

“Wialatian

| Tatal Backaround
kinirLim R

5.000 174.40 R0.00

R ecommendation

Statusz... |

Comect conditions cantributing to the excursion of this
parameter; and/or obtain supervizor assistance in
eztablizhing new threshaold walue(z].

MHOTE that ary further data acquizition may be inhibited on
thiz detectar until thiz violation haz been eliminated.

Figure 193. Background Warning Message.

Sample A Meazurment

Sample Tepe:  Qad7327 zdf

Thig iz 04 for the 473214-11 zample.

Owenwite [repeat] previous sample measurement; [
MOTE

Enzure that the comect zample is properly mounted at
the Detector, and press "0k - Start' to continue,

Figure 194. Starting Sample Type QA
M easur ement.
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5.2.4. Status...

The QA status for the currently selected Detector is displayed as shown in Fig. 195. Click on

OK to close the dialog.

BA Status for thiz Detector

Meazurements Recorded far thiz Detectar
Backaround only: q
Total [Sample wpe and Background): 3
— Minimurn— —— Laow—— —— Latest Meazurement—— —— High——
Total Background: 1] B.000 | 0 L0 R0.00
T atal Activity [Ba): | 0
Peak, Skift [kev]) -0.50000 (| -0.25000 | 1] [o.k.] 0. 25000
v PWTM Ratior | --20H00 1 075000 || [7.00000 [o.k.] 1.500

— b awirnLin -

100,00

0. 50000
1.500
2.000

Figure 195. Showing Status of QA Measurementsfor a Detector.

5.2.5. Control Charts...

The Control Chart... functions display
the data stored in the QA database as a
control chart. The displayed data can be
scrolled backward or forward across the
screen so that all collected data can be
viewed. A typical chart isshownin

Fig. 196. The short dashed lines represent
the warning limits and the long dashed
lines represent the acceptance threshold
limits.

Figure 197 shows the control chart File
menu, which contains the Print Graph
command for printing the current graph
on the current printer; a standard
Windows Print Setup... command

_] Gamma¥ision Quality Azsurance

File Scale Plotanable Detector..

Options

EGEG O

1.01EE +5&

9.7E65E +4

9.374E +4

1.034E+5,

1.055E +5

RTEC

1 DSPEC-075
Standard S5ample Activity

4

7428/97

Marker: 8/12/97 01:01 AM = 6.022E+5 Bq

8/26/37

Figure 196. Control Chart Example.

for selecting the printer and its setup features, such as landscape vs. portrait layout, paper size,
number of copies, and device control options; the Exit command for closing the QA Chart
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Program (this duplicates the dialog upper-right Close box); and an About box providing version
information about the chart program.

Choose the chart time period (Week, Month, or Quarter) from the Scale menu (Fig. 198).

The Plot Variable menu (Fig. 199) contains functions for selecting Activity, Peak Ener gy,
Peak Width @ Half Max, Peak Width @ Tenth Max, or Background.

m Plak Variable
Print Graph ek W Bckiviby
Exit v Manth Peak Energy
About Q8 Chart Program... Quarter Peak Width @ Half Max
. : Figure 198. Peak Width @ Tenth Ma:x
Figure197. QA Chart File Scale Menu. Backcround
Menu.
Figure 199. Plot Variable
Menu.
The Detector menu item opens the list of Detectors for

which background and sample measurements have been
made (Fig. 200). Select a Detector for this control chart
and click on OK.

Off-line processing of the QA data-base (including detailed
trend analyses) can be done outside of ISOTOPIC. The
database format used is well-documented and compatible
with a number of popular software products including
Microsoft Access.

NOTE We strongly recommend that you back up any Cancel
| SOTOPI C database files before performing Figure 200. Detector Pick List,

manipulations on them outside of | SOTOPIC.

The Options menu (Fig. 201) includes an Always On Top Options
command, which keeps the QA window on top of all other windows, v Always On Top
no matter which window (in ISOTOPIC or any other program) might Fixed ertical Scale
be active. Figure201. QA

Chart FileMenu.
The Fixed Vertical Scale command adds flexibility in displaying
control charts both on-screen and on printouts, for comparison with
other charts.
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® Fixed Vertical Scale Off (no check mark) — In this mode, the vertical scale of the graphis
adjusted so that all points are shown to scale. All points are black. If one or more data points
are substantially out of range, the graph could be quite compressed vertically.

® Fixed Vertical Scale On (check mark) — In this mode, the vertical scale of the graph is set
to show the upper and lower alarm limits as full scale. The data points within the alarm limits
are colored black. Out-of-range points are displayed in red at the lower or upper limits of the
graph, at the proper horizontal coordinate. The out-of-range points are printed as a question
mark ( ?).

To switch between the two display modes, click on the menu item to mark it with a checkmark
or unmark it.

Figures 202 through 205 show the screen and printout for a QA data set with Fixed Vertical
Scale on, then off. Compare the location of the points that exceed alarm limitsin Figs. 202
and 203 to the location of the question marksin Figs. 204 and 205.

] GammaYision Quality Assurance

File Scale Plot'arable Detector.. Optiohs

EGkG ORTEC
1 DSPEC-075

Standard 5ample Activity

1.094€+5. 4 [ i
1.055E+51 = "
1.01GE+5}m L . . .

=T =L | R B L T

53?4E+4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7/28/97 Marker: 8/12/97 01:01 AM = 6.022E+5 Bq 8/26/97

Figure 202. Control Chart On Screen with Fixed Vertical Scale
On.
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EG&G ORTEC 9/2/98 10:23:
1 DSPEC-075 08 AM

1.094E+5 Standard Sample Activity

1.055E+5- *

1.016E+5 -+

T

9.765E+4

0.374E+4 | WI0XROYRORYYIIRIYYIYIRYIOOITIIT | || U DO S T S S S A BN BRI ]
7128/97 Marker: 8/12/97 01:01 AM = 6.022E+5 Bq 8126/97

Figure 203. Printout of Control Chart with Fixed Vertical Scale
On.

] GammaYision Quality Assurance

File Scale Plot*anable Detector.. Options

EG&G ORTEC
1 DSPEC-075

Standard 5ample Activity
B.623E+5

4.822E+5
3.021E+5

Al
|
1 22D —— e e e Sm— L’“

= ] L R e S S R Y B
FA2TAT Marker: 8/12/97 01:01 AM = 6.022E+5 Bq 842597

Figure 204. Control Chart On Screen with Fixed Vertical Scale
Off.
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EG&G ORTEC 9/2/98 10:22:26 AM
1 DSPEC-075
6.623E+5 Standard Sample Activity
4.822E+5
3.021E+5-
1.22E+5
EFFRA LB FL LN b . . XL LA T LML LMY T
-5.813E+4 { | 1 I | 1 1 1 1 1 1 1 1 | I | [ | 1 I L 1 1 L | L | L
7/27197 Marker: 8/12/97 01:01 AM = 6.022E+5 Bq 8/25/97
Figure 205. Printout of Control Chart with Fixed Vertical Scale
Off.

5.2.6. Archive Database

This utility allows you to create a copy of the QA database file, cvga32.Mdb, for archival. A
standard file-save dialog opens, allowing you to select the target folder and name of the archive
database. This operation does not remove records from or compact the cvQa32.Mdb database
file.

5.3. Creating a Sample Description (.SDF) File for QA

ISOTOPIC QA uses an ORTEC sample description (. spF) fileto govern the data analysis and
reporting process. A sample description file, pefault. spF, isinstalled in c: \user as part of the
ISOTOPIC sample files. We suggest you use it as a starting point for the analysis of your QA
measurements, and modify it as needed according to the following instructions.

Figure 206 shows the Analysis Options dialog, which has tabs for entering Sample, System,
Decay, Report, Analysis, and Corrections parameters. The fields on this set of screens define the
spectrum part of the ISOTOPIC analysis settings. For a multi-detector system, the settings (e.g.,
MDA type) should be consistent for all detectors. The calibrations and peak background
corrections are unique for each detector, but other settings should be the same for all detectors.
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To create an . spF file, complete all screens of the dialog, then return to the Sample tab. Click on
the Save As... button in the upper right of the dialog; this will open a standard file-save dialog.
Enter the path (if necessary) and new filename, then click on Save to return to the Sample tab.
Click on OK to close the Analysis Options dial og.

If you wish, you can Browseto recall an existing . sor file, modify one or more settings, and
save the modified settings as anew .sor file or overwrite the existing one.

NOTE Although this dialog has multiple tabs, any changes to the current set of “working”
parameters for the selected Detector will not take effect until you click on OK.
To retain the current working parameters, click on Cancel instead.

5.3.1. Sample Tab

Sample settings (Fig. 206) are those whose values are generally different for each sample type.
When an . spF fileisrecalled, the date of Creation and last date the file was updated (Edition)
are displayed. Whenever the file is changed, the edition date is updated when it is saved.

The Description is used to identify the sample-type file, and can be 64 characters long.

Clicking on the Presets button opens a Presets dialog corresponding to the available presets for
thisMCB, as discussed in Acquire/M CB Properties... (Section 3.2.8).

The Calibration data to be saved Container/Surface Analysis Options E]@
with the spectrum or used for on-

. . Sample | System | Decay | Report | &nalysis | Corections
line analysis can be the currently | | | | | |

|oaded Internal (working) calibra- File [ C\UsenDefault S Browse.. | Saveds.. |
tion or acalibl’ation StOI’ed on dlSk Creation: 8/25/2000 1:42:06 P Edition: 8/25/2000 1:48:06
The working calibration is the Description: 04 defauit settings | Presets |
calibration just created with the bralsis Range Random Suming
Calibrate menu functions (see From: [10 Tofsoo0 0
Section 3.3) or the calibration

Backaround Tepe

most recently recalled from disk.
When the . sec filefor this
spectrum is saved to disk, the Nuclide Library R Calibrafion
current calibration will be saved Intemal b2 fn:d

with it for later analysis or | |

Compari son. Browse. .. Browse...
ITI Cancel | Help

* Ao, " 1-Paint © 3-Point © 5-Paint

Figure 206. Sample Tab.
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The filename of the Nuclide Library to be used in the spectrum analysis can be the I nternal
(working) library or alibrary on disk. The working library isthe library from Library/Select
File..., and will include any modifications made during the interactive analysis mode.

The Background Type can be set to Auto, 1-pt., 3-pt., or 5-pt. These are explained in more
detail in Section 4.1.1.

Random Summing is the random summing correction factor. Entering zero turns this correction
off.

The Analysis Range, in channels, is entered here. Thisis usually used to eliminate analysis of
the ends of the spectrum that do not contain useful data. The Analysis Range should be as wide
as possible because the automatic energy recalibration feature (see Section 4.1.6) requires
separated library peaksto work properly. Also, the correlation of lines from a single nuclide
done by the analysisis defeated if the energy range analyzed does not include all the lines.

5.3.2. System Tab

System settings are those settings that are generally the same from sample to sample. However,
all of these entries except the L abor atory name can be different for each sampletype. The
dialog isshown in Fig. 207.

The Laboratory name, composed
of any 64 characters, is printed as

PX

Container/Surface Analysis Options

the second line on each page of the
QA sample measurement report.
The spectrum name s printed on
the next line.

MDA Type — Thisalowsthe
selection of the type of MDA
calculation to be used as the

method of calculating the MDA to
be on the QA report. The MDA is
ameasure of how small an activity
could be present and not be detected
by the analysis. Many factors affect
the MDA, which isreported in units
of activity, such as becquerels. The
calibration geometry, backgrounds
(system and source-induced),
detector resolution, and particular

Sample  System l Deu:a_l,l] Hepu:urt] .-'f-.nal_l,lsis] Eu:urreu:tiu:uns]

Labaratary name: |EIF|TEE

MDA Type PEAE. SEARCH SEMSITITY

Most... Least
Nureg 4.16 Method =7 r2 @3 a8

o Matchwidth: 05000 *Fu/HM [ke¥]
Baze activity unitz
+ Bg/kg TIRP A|
Scale factors to reported activity
Activity labet:  [Ba Multiplier.  [1.0000E+000
[luantity label: Ir Divizor: lm
Cancel | Help

Figure 207. System Tab.
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nuclide all seriously affect the MDA reported. Section 4.5 provides explanations of the different
MDA formulas used by ISOTOPIC.

The PEAK SEARCH SENSITIVITY setsthe sensitivity for the peak search. Before a
suspected peak is accepted, the magnitude of the second difference must be greater than the
weighted error of the channel counts. The PEAK SEARCH SENSITIVITY isamultiplicative
factor used in error weighting. The sensitivity can be set at any integer value from 1 to 5, with 1
the most sensitive (that is, “1” finds the most peaks). A value of 1 will find small peaks, but will
also “find” many false peaks. A value of 5 will locate all the large peaks, but might miss some of
the smaller peaks. If too high, some small peaks will be missed. In the interactive mode, many
regions will be deconvoluted unnecessarily if the value is too sensitive. The parabolic
background method is disabled for energies above 200 keV if the sensitivity is set to 1.

Inthe Library section, Match Width sets the maximum amount by which a peak centroid can
deviate from the nearest library peak energy and still be associated with that library peak. The
value entered is multiplied by the FWHM at the peak energy to get the width used. If the valueis
too small, some spectrum peaks will be misidentified due to statistical variation in the centroid,
and if itistoo large, some library peaks will be incorrectly identified. A value of 0.5 isthe
factory default. If the Match Width is set to avalue other than 0.5, the value will be printed on
the QA sample measurement report.

The Fraction Limit is one of the parameters used to determine the presence or absence of a
nuclide. The sum of the emission probabilities of the peaks in the spectrum identified with the
nuclide is divided by the sum of the emission probabilities of all peaks of the nuclidein the
energy range being analyzed. If the result is greater than the fraction limit, the nuclide is marked
as being present. To turn off thistest, set the limit to zero.

The Units section allows you to choose either becquerels (Bq) or microcuries (uCi) as the base
units, and aMultiplier and Divisor to scale the numbers up or down. The unitslabel is printed
at the top of the activity columns on the QA sample measurement report and should reflect the
values chosen; that is, if nCi is chosen with amultiplier of 1000, then “nanocuries’ should be
entered in the Activity field. The combined label (activity/quantity) islimited to 14 characters.
Enter the sample Size units. Thisfield islinked to the Divisor field, and the default unitis
kilograms (kg). To use a unit of measure other than kg, enter the abbreviation in the Sizefield,
then enter the appropriate factor for converting kilograms to these units. For example, to use
grams, enter g in the Size field and 1000 in the Divisor field.
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5.3.3. Decay Tab

The Decay tab isshown in Fig. 208.
This dialog shows all the decay
options and date/time entry fields.

Mark the checkboxes in the Decay
Correction section to enable or
disable decay correction During
Acquisition and decay correction to

agiven Date and Time (Collection).

Both of these affect the report of the

Container/Surface Analysis Options

Sample] Systern  Decay l Hepu:urt] .-'f-.nal_l,lsis] Eu:urreu:tiu:uns]

Decay Corection

Date: |3/25/2000

[ Al yn]

Tirne: |1:47:09 Pk

[ During Acquisition Bl

Sample Collection
[ Collection...

PX

analysis of the total spectrum.

Sample Start [ ate:
Sample End D ate:

[ Al yn]

Time: I—
Time: I—
In the Sample Collection section, [hemnr:ss t]
mark the Collection checkbox and
enter the times for sample collect-
ion. These dates/times are the start
time of the sample collection and
the stop time of the sample collec-
tion. For example, for air filters, the
start time is the time when the air
flow is started and the stop time is when the air flow is stopped. These times are used to
calculate the build-up of the activity in the sample. It is assumed that the spectrum is not
collected during the build-up time.

(] | Cancel Help

Figure 208. Decay Tab.

5.3.4. Report Tab

This screen (Fig. 209) controls the contents, destination, and some details of the QA sample
measurement report.

Select one or more Reporting Options by marking the checkboxes.

Next, choose the Uncertainty Reporting options. The Confi-dence level multiplier shown here
Isused on the spectrumreport only. All internal checks on peak uncertainty are done at the
1-sigmalevel. See Chapter 4 for details on the total uncertainty calculation. The uncertainty can
bein Activity (e.g., 200 Bq £ 10 Bq) or Percent (e.g., 200 Bg = 5%). If you select Counting,
the counting uncertainty will be printed. If you choose Total, both the counting and total
uncertainty will be printed.

When ISOTOPIC performs an analysis, it writes the resultsto a . uro file and to a fixed-format
ASClI-format .rper file. If you are analyzing a spectrum that has not yet been saved to disk,
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ISOTOPIC automatical Iy creates a Container/Surface Analysis Options E]@
spectrum file with the extension of _ _
Sample] System] Decay Report l.-'l'-.nal_l,lsm] Eu:urreu:tu:uns]

.AN1. The .urFo, .RPT, and .AN1
files share the same filename. These Feparting Options Uncertainty Reparting
reports are saved in the SpeCtr um ol L e * Percent " Counting

. - et wititeivi 7 ~ Activi o T |
dl_rector)_/ specified on t_he _ = Lo o i civity ot
_Dlrectorlgstab under File/Settings... ¥ Library peak matis e b
In SuperVISor' v Muclide abundance v 1- 2" 3-Sigma
The Print option sendsthe .rrer file Output
to the default Windows pri nter for " Printer [v Dizplay Analysiz Besults
this PC.

" File: | Browse...

TheFile Optl on adlows you to " Progran; |N|:utepau:|.E:-:e Browse...
specify afilename to which the QA
M easurement report will be written.
Each new report will overwrite the 0k | Cacel | Heb |

preceding one without warning. Figure 209. Report Tab.

(Note that while preceding report

contents will be lost, each QA

measurement will generate a unique

pair of .spc and . uro files unless you mark the overwrite box on the QA measurement dialog,
SO you can regenerate the report contents by reanalyzing the . sec file with ISOTOPIC
Operator.)

Choosing Program allows you to select any Windows program to be run with the report
filename as an argument on the command line. The report filename sent to the program is the
spectrum filename with the extension . reT. The default program is Windows Notepad. In this
case, when the analysis finishes, Notepad automatically starts and opensthe . rer file. (Notepad
can be used to save the . ret file to adifferent filename, if you wish, or to print the report.) Note
that the analysis does not complete until you close the selected program (e.g., Notepad).
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5.3.5. Analysis Tab

Use this screen (Fi g. 210) to select ContainerfSurface Analysis Options E]@

the AnalysisMethod, Additional Sanpie | Systom | Decay | Report Anclsis | Corectons|

EI’I’OF, Analys| S, and Peak ample | Swstem ecay . epor orrechions -

Str | pp| ng OptionS to be Used. Analysiz Method .-i'-.u:lu:htu:.unal Error

Program Systematic

|IS0WAN32 Analysis | 1.00000 %

5.3.5.1. AnalysisMethod scd | | .

|SOTOPIC uses the ISOWAN32 Mooooo %

and ISOENV 32 analysis Programs

(anal yS| S engl neS). Because QA Peak Stipping &nalysiz

measures detector consistency from Library Based [~ [~ Manual Based Peak Cutaff

acquisition to acquisition, you can Second Library: fMoooooo %

use either engine. However, once | Brose.. |

you have begun using a particul ar Third Library: Dl

engine to analyze QA measurements | Browse...

for a particular detector, be sureto

continue using that engine. We Carcel | Hep

therefore recommend that, for

simplicity, you use ISOWANZ32 for Figure210. Analysis Tab.
al QA analyses.

5.3.5.2. Additional Error

The parametersin the Additional Error section are used in the calculation of the total
uncertainty. Total uncertainty is composed of the systematic and random uncertainties in all of
the factorsinvolved in producing the final ISOTOPIC concentration result. To account for other
uncertainties in the system, enter two values — Systematic and Random — that will be
included in the total calculation. The Systematic value is added to the total uncertainty as a
systematic component; the Random is added as a random component.

5.3.5.3. Analysis

The Peak Cutoff limits the unknown peak list to peaks with 1-sigma uncertainty below this
value. Library peaks with 1-sigma uncertainty are printed, but are not used in the activity
calculation.

Click on Directed Fit to allow for negative peak areasin low-level spectra. Directed fit is
described in Section 4.1.2.2.
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5.3.6. Corrections Tab

The Corrections tab is shown in
Fig. 211.

The Peaked Background
Correction (Section 4.6.2) can

be turned On or off, and the cor-
rection file specified. The filename
of the . pBc fileto be used for the
correction in the spectrum analysis
can be the Internal (working) file
or aFileondisk. If the Internal
box is not checked, afilename
must be entered. The working file
IS the one most recently loaded
with Settings/Peak Background
Correction/Select PBC... (See
Section 3.5.6.2 for details).

Container/Surface Analysis Options E]@

Sample] System] Deu:a_l,l] Hepu:urt] Analysis  Corestions l

Peaked B ackaground Correction

File: | Browsze. ..

(] | Cancel Help

Figure211. Corrections Tab.

5.4. Caution: Running the MCB Configuration Program Can
Affect Container Configurations and QA

In ISOTOPIC, Detector identification is based on the instrument | D number and text
Description assigned to the MCB by the MCB Configuration program. The I D number and
Description string are assigned when MCB Configuration polls the local PC and network for
attached ORTEC MCBs and then builds a Master Detector List of the instruments found. The
configuration program presents the list to you for approval. Before clicking on the Close button
to finalize the MCB Configuration process, you can either accept the default IDs and
descriptions or modify them (we recommend that you assign a meaningful detector description).

There are two ways in which these two pieces of information are tied to data processing in
ISOTOPIC. Therefore, it isimportant that these properties be preserved when you re-run the
MCB Configuration program to update your detector list whenever (1) a new instrument has
been added to your PC and/or network, (2) an MCB has been removed, or (3) an already
configured instrument has been moved to another PC or port.
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1. Detector assignmentsin container configurations, Soil Mode setup, and reports —
Before you can assay a container with ISOTOPIC, you must use the Configuration Wizard
(Settings/Configurations...) to create a configuration for that particular type of container.
The Detectors page (see Section 3.5.2.4) requires you to select and define the placement of
each Detector used to measure this container type. Once you have assigned a Detector to the
configuration by choosing it from the Name droplist on the Detectors page, al of the
definition/positioning data on the Detectors page will be linked to that Detector Name and
will be saved in the ISOTOPIC database. If the text Description for the Detector is changed
when the MCB Configuration program isre-run, al of the configurations that use that
Detector Name can no longer be employed unless they are updated with the changed
Detector description string.

2. Quality assurance — Once you have established QA settings for those detectors and
subsequently collected data using them, if you then re-run the MCB Configuration program
for any reason, you must ensure each instrument is still assigned its previous instrument
number and description before collecting any more data. Allowing the MCB Configuration
program to assign a new instrument identification to a detector, and then using that new
identification, interrupts the orderly accumulation of QA records. Thisis because ISOTOPIC
treats the renumbered detector as new, with zero “previous QA measurements’ and with
potentially incorrect QA settings.

If you have to re-run the MCB Configuration program and if doing so changes any of the

I D numbers or Descriptions, you must manually edit the | D numbers and Descriptions for all of
the ISOTOPIC Detectors on the Master Detector List for your PC. We recommend that you keep
alist of the ID and Description for each MCB on your system. Note spelling, spacing, and
uppercase/lower case; these details will be necessary when recreating the Description text
string. Let us use the following example to illus-trate how to restore your ID numbers and
Descriptions:

Suppose you are using two MCBs for your ISOTOPIC measurements and, in your original MCB
Config-uration, you configured them as 1 ISOCART 2 DIGIDART-2 and 4 ISOCART 1
DIGIDART-1. Thisisdepicted in Fig. 212. The numerical prefixes 1 and 4 are the | Ds and the
text strings that follow are the Descriptions.

Suppose we add one new MCB to the system and remove two. We must then manually run
MCB Configuration to add the new instrument to the Master Detector List. After running the
MCB Configuration program, we find that our two digiDARTS, originally assigned IDs of 1
and 4, have been renumbered with IDs of 2 and 3, respectively.

271



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

Configure Instruments Yersion 6.01 |

Mumber & Dezcrption

Cloze

ISOCART 2DIGIDART-2
STATIOM 1 DSJR 003
STATION 2RICH D5J2
ISOCART 1 DIGIDARTA
HF-1 DSPEC JRZ

s
»

N e L2 —

[~ Update instrument list on all zpstems

Ity Input  System

Cancel

Help

Renumber Al

Bk

Renumber Mew

Figure 212. Original MCB Configuration Showing Our Two

ISOCARTSs.

Before closing the
Configure Instruments
dialog, double-click

on the MCB entries that

Ingtrument: |nput:
B14 1

System;

Description:

HAYwO0D

|

ISOCART 1 DIGIDART-1
must be renumbered

and/or renamed. This

will open the Change
Description or ID dialog.
Restore the origina
Instrument number in

the ID field and click on
OK, asshownin Fig. 213.

Repeat for all Detectors
that must be renumbered
and/or renamed.

Change Description or ID
1D: Close I
[
% Cancel
Cloze |

|SOCART 1 DIGIDART-1
ISOCART 2 DIGIDART-2
HP-1 DSPECJR2

LAB dspr gem n15583a

Canicel |
Help |

Renumber &l |
Renumber Newl

[op by ROy [

[™ Update instrument list on all systems

Instr Input  System
B4 1 HaYWw 00D

Figure 213. Manually Renumbering and/or Renaming Detectorsto
Maintain Container Configuration and QA Integrity.

When you are finished,
click on Close.
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5.4.1. Confirming the MCB Identification
54.1.1. QA

To confirm that the original QA Settings... are still in effect, run background and sample QA
measurements and check the results dialogs to confirm that the MCBs are being properly
tracked.

5.4.1.2. Container Configuration

If the MCB Configuration program has renumbered one or more of your already configured
MCBs, and you have not restored the Description to its original string of characters (including
spacing and case), as discussed above, the next time the Operator program is started, the
Configure Detector dialog (Fig. 214) will indicate a mismatch in the database, and will ask the
operator to choose one of three ways to resolve the disparity.

® Overwritethe MCB description currently in the database with the “new” MCB Description.
® Createanew MCB record in the database.

® Skip the new detector, neither overwriting the existing detector record nor creating a new
one.

Configure Detector |

Mew Detector Found:

||J|34 Front ISOCART

Detector In Database:

004 Front ISOCART =]

& Cweratite the detectar record selected above
" Create a new detector record in the database

" Skip this new detector.

Ok

Figure 214. New Detector Found.

We strongly recommend that users choose Skip. Y ou can then re-run MCB Configuration and
correctly re-enter the originally assigned I D and Description. Thisiswill ensure that your
existing QA setup and container configurations function properly.

If you do not plan to use ISOTOPIC’s QA features, you can choose either Skip or Overwrite.

273



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

NOTE Inamost al cases, but perhaps particularly if you are using our QA program, you

should not use the Create a new detector record option. Doing so could create two
entriesin the database that share the same Detector Name, which could cause
confusion when designating the Detector(s) to be used in the Configuration dialogs
(refer to Fig. 81, page 114).

5.5. Quality Assurance Example

This section discusses how to set up QA for anew detector in ISOTOPIC, then perform
background and check-source measurements for the detector.

1.

From the detector droplist on the Toolbar, select the MCB with the new detector. ThisMCB
will now be displayed in the active spectrum window.

We will assume that our check source was calibrated at 1.0 uCi of ®Co activity and 2.0 uCi
of ¥’Cs activity on June 27, 2000. The total expected activity measured today and decay-
corrected back to the calibration date is 3.0 uCi. We will count the source in the same
position for 10 minutes each day to verify that the detector efficiency and calibration have
not changed. It is unlikely that the actual detector efficiency has changed, but the calibration
file might have changed or electronic noise might be interfering with the spectrum
collection. We will count background for 120 seconds to verify that the detector is not
contaminated. (If the detector were contaminated with the same isotopes asin the QA
source, the QA activity would also be incorrect.)

Use the ISOTOPIC Library Editor on the Library menu to prepare a QA library containing
only ®Co and **¥'Cs, and save it thelibrary asga.1ib.

Select Acquire/QA/ Settings... to display the Quality Assurance Settings dialog for this
detector (Fig. 215), then go to the SAMPL E Type Analysis Settings File section and click
on the Edit button. Thiswill open the Analysis Options dialog (Fig. 216), which will allow
us to create a sample defaults (. sprF) file for analyzing the QA acquisitions for this detector.

We will now enter the following analysis options for this . sor file:

a. On the Sample tab, click on the Presets button to open the Presets dialog for this MCB
type, then enter aLive Time preset of 600 seconds.

b. Inthe Nuclide Library section, unmark the I nternal box, then browse to retrieve the
newly created ga.1ib file.
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c. Click on the Decay tab.
Mark the Collection
checkbox and enter
06/27/2000 as the Date
and 12:00:00 asthe
Time. The format for
the date and time will
be determined by the
Windows settings for
the host PC.

d. Return to the Sample tab,
click on Save As..., and
savethisfileasga. spF.

e. Click on OK to closethe
Analysis Options dialog.
Thiswill return you to
the Quality Assurance
Settings dialog.

In the BACKGROUND
Acquisition section, enter
aLive Time preset of 120
seconds. Enter arbitrary
count-rate values for the

L ow and High background
settings until you know
what the realistic numbers
should be. Do not use zero
for the Low limit; if you
do, you will not receive a
warning if the detector is
not counting (for instance,
if it is disconnected).
Remember that these
values are count rates, so
are independent of the
counting time.

Quality Assurance Settings for: Dark i
BACKGROUMD Acguigition £ Count Bate Limits

Fieal: IEI =5 kinirnum Low High b aRirnum
Lve:[120 s f260.00 30000 S00.00  [800.00

Create Background Report [ [ Frint On Completion

—— SAMPLE Tupe &nalysiz Settings File Dan't Clear at Start [

Peak Records in Database [

[ C:hseroa, Sdf _ T
Lock Acquire on Wialation(s] [
Browse... Edit... @2 Fil: Prefix: IDA—
[14 File Sequence:; |4—
SAMPLE &nalyziz Parameter Limits
— Check Limits: — Minimum — —— Low—— —— High——~ b aximum-
[V Total Activity [Bg) || |30000.0 || [100000. || [120000. || 130000
I~ Av Peak Shift (kev] | ||-0.50000 || [-0.25000 || [0.25000 || |0.50000
™ AvFPwHM Ratios | ||0.80000 || [0g0000 || [1.200 || J1.500
™ AvFwTH Ratios ||J0.50000 || [075000 || [1.500 || J2.000

2l x|

Canicel |

Suggest |

Figure 215. Example of Quality Assurance Settings.

Analyziz Options K |

Sample | S_I,Isteml Deu:a_l,ll Fiepu:urtl .-i‘-.nal_l,lsisl Enrrectinnsl Isu:utu:upesl

File :II::'k.Llser'\E!.-“-‘-. Analysiz Preference. Sdf
Creation; 8/7/02 2:02:10 PM

Editior: 8/7/02 2:08:10 P

Dezcription: I

Save.ﬂ.s...l
Presets |

— fnalysis Bange————— — Random Summing
Frarm: I'IEI To IEEIEIEI |7 IEI —‘
Background Type
A, " 1-Point & 3Point © 5-Paint
Muchde Library Calbration
Internal [~ Internal [+
[ b |
Browsze... | Browse... |
k. | Cancel | Help

Figure 216. Typical Settingsfor Quality Assurance Analysis.
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You

Select the ga. spF fileinthe SAMPLE Type Analysis Settings File section.

The expected value of the activity of the sampleis 1.1E+5 Bq (3.0 uCi). Scale this up and
down by 10% for L ow/High and 20% for Minimum/M aximum into activity fields. These
values are shown in the SAMPLE Analysis Parameter Limits sectionin Fig. 215.

are now ready to collect datafor the QA background followed by the QA check source

measurements.

0.

10.

11.

12.

Select Acquire/QA/Measure Background... to start the background process. Y ou will be
prompted to remove all the sources from the detector and click on OK-Start. The
background spectrum will be collected and summed, and stored in the QA database,
GvQa32.Mdb. If any limits were exceeded, a warning message will be displayed.

Select Acquire/QA/Measure Sample... to start the sample process. Y ou will be prompted
to place the QA source in the proper place on the detector and click on OK-Start. The
sample spectrum will be collected and analyzed, and the results stored in the QA database.
If any limits were exceeded, a warning message will be displayed.

Note the Lock Acquire on Violation checkbox in the QA settings dialog. If thisbox is
marked and alimit is exceeded, ISOTOPIC will display a QA warning each time you try to
use the detector until the QA problem is corrected.

The background and sample spectra will automatically be stored according to the QA File
Prefix and QA File Sequence number entered in Fig. 215.

You have now completed a QA setup and system verification, and have stored the
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5.6. Creating the QA Database

Figure 217 shows the first wizard screen.
Mark the second radio button, User Data
Sour ce (Appliesto this machine only).
Click on Next.

The second wizard screen isshown in
Fig. 218. Leave the highlight on the first
entry, Microsoft Access Driver (*.mcb),
then click on Next.

Create New Data Source

Select a twpe of data source:

" File Data Source [Machine indspendent]

® Izer Data Source [Applies to thiz machine onlyf

€ Spstern Data Source [&pplies to this maching only)

access (o

Selecting File Data Source creates a file-bazed data
zource which iz shareable between all users with

the databage.

< Back I Mest » I

Cancel

Figure217. First QA Database Wizard Screen.

Create New Data Source

Select a driver for which pou want to zet up a data source.
Hame | Yergioh | Compa
M 250360200 Microso
ticrosoft dB aze Diiver (*.dbf] 380360200 Microsc
ticrosoft Excel Diriver [*.xlg) 380360200 Microsc
ticrosoft FoxPra Driver [*.dbf) 380360200 Microsc
ticrosoft Test Diriver [*tat; * czy] 350360200  Micros
SOL Server 2600213 Microsc
1] | -+
Advanced... |

< Back I Mest » I Cancel |

Figure 218. Second QA Database Wizard Screen.
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Figure 219 shows the setup summary on Create New Data Source
the final wizard screen. Click on Finish.

“when vou click finizh, pou will create the data source
which pou have juzt configured. The driver may prompt
yaou for mare informatiorn,

Uzer Data Source GYOA J
Diriver: Microsoft Access Driver [*.mdb)

o of

< Back

Cancel |

Figure219. Final Wizard Screen.

The last setup screen is shown in Fig. 220. Click on OK; the Quality Assurance Settings dialog
(Fig. 191) will open. At this point, the database is ready and QA setup and measure-ments can
proceed.

ODBC Microsoft Access 97 Setup

Advanced...

Data Source Mame: ak. |
Description: |Gamma"-"isinn 32 04 Databasze
Cancel
Database
Databaze: C:AUsertGyladZ kMdb Help
Select... | Create... | Bepair... Compact... |

Syztem Databasze

* Mong

" Databaze:

I

Optiongs: >

Figure 220. Select Database.
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5.7. The QA Report

A typical report is shown in Figs. 221 through 225. The exact details of the report depend on the
options selected, the spectrum, the calibration, and the libraries.

5.7.1. First Page

The beginning of the report (Fig. 221) shows all the bookkeeping data that are stored with the
spectrum files along with other messages about the analysis.

Report Header
These top two lines are repeated on every page. The first line gives the program name,
input/report code (in this example, 63), analysis version code (in this example, gs2w2.01),
analysis date, and page number.

The input/report code represents the user-entered requests and the status on the program’'s
ability to fulfill these requests. The number is decoded into binary with the following bit

usage:

Trueif the spectrum is energy calibrated
Trueif the spectrum is efficiency calibrated
Trueif thelibrary isavalid gamma-ray library
Trueif the isotopic abundance will be reported
Trueif the isotopic matrix will be reported
Trueif the peak/energy matrix will be reported
Trueif the PBC has been used

Trueif the directed fit has been enabled

NoOOOUITA WN -

=

These flags represent the analysis performed. This can be different than the analysis
requested. For example, if the library could not be found, this bit would be turned off. Also,
the isotopic abundance and isotopic matrix output bits would be off and the peak/energy
matrix output bit would be turned on.

On thisreport, the code 63 (which isbinary 0000 0011 1111, read digit numbers from right to
left) means that the spectrum is (1) energy calibrated, (2) efficiency calibrated, (3) valid
library found, (4) isotopic abundance is reported, (5) isotope matrix is reported, and (6)
peak/energy matrix is reported. Normally, this code just confirms that the proper analysis was
performed. In the case where the output report does not appear to be the correct form, this
code can help locate the difficulty.
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The analysis version code changes as updates to the internal algorithms are made. This code
isonly useful when requesting assistance for a particular spectrum.

The second line gives the laboratory name as entered on the Sample tab under Analyze/
Settings/Sample Type..., and spectrum name.

Sample Description from File
The sample description, if any, saved with the spectrum file. The . spc file description is 128
characters (two lines) and the . cun file description is 63 characters (one line).

Spectrum Filename
The user-entered name for a . cun file or the original name of the . spc file (from

CONVERT) for .spc files.

Data Acquisition Parameters
These include the date and time data acquisition started, the live time and real time values,
and Detector ID as stored in the spectrum file.

Calibration Information
Includes the calibration filename, and information about each of the calibrations (energy,
efficiency, TCC) performed. The filename and description are from the spectrumfileif itis
an .spc file. Each set of calibration data shows the date the calibration calculation was
performed (not the collection date of the calibration spectrum), so each calibration can have a
different date. The offset and slope from the calibration datain the . spc or . cun file are
presented; the quadratic factor is not printed.

AnalysisLibrary
This section of the report prints the analysislibrary filename. If the library was not found, a
“not found” message is printed here. If the manual library-based peak stripping is enabled,
the two additional library filenamesinvolved are printed here.

Analysis Parameters
Lists analysis-related factors including analysis engine, and analysis start and stop channels;
peak rejection cutoff and peak search sensitivity; normalization factor, user-selected MDA,
random and systematic error, fraction limit for nuclide identification, and background
method; and half-lives decay limit.

The peak rejection level isthe user-entered value for the 1-sigmaerror cutoff on peak
utilization. Any peaks with 1-sigma counting error greater than this value are not used in the
analysis. Library peaks that fail thistest are still reported, but not used in the analysis. Peaks
that are not in the library and fail are not reported in the unknown list.
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Header for each page

Sample description from file

Spectrum filename

Data acquisition parameters

Calibration information

Analysis library

Analysis parameters

User-selected corrections

Quality factor

Energy recalibration notice

G52W2 .01
Spectrum name:

waniz
ORTEC

ORTEC g v — i ([ 63)
PerkinElmwer Instruments GvDemo. inl
Sample description

Mixed gamma marinelli on endeap of P402Z65

Spectrum Filename: C:4User'\GvDemo.inl
Aoeguisition information

Start time: O6-Jun-1991 15:37:33

Live time: 3600

Feal time: 4zz0
Dead time: 14.659 %
Detector ID: 12592

Detector system
122

Calibration

Filename: GvDemo. inl

Energy Calibration

Created: O05-Apr-1995 05:44:58
Zero offset: 3.771 keV

Gain: 0.162 keV/channel
Quadratic: Z.447E-09 keV/channel"z

Efficiency Calibration

Created: O07-%ep-2000 16:22:38

Type: Polynomial

Uncertainty: 3.396 %

Coefficients: -0.126920 -4.060596 0.731664
-0.124767 0.005437 -0.000215

Library Files

Main analysis library: Calibnl. lib

Likhrary Match Width: 0.500
Analysis parameters
Analysis engine: wanid GEZWZ .01
Start channel: 1o 5.39%keV )
Stop channel: 16000 | Z588.55keV )
FPeak rejection level: 100.000%
Peak search sensitivity: 5
Samwple Size: 1.000
Aetivity scaling factor: 1.0000E+00/( 1.0000E+00%
1.0000E400

Detection limit method: Traditional ORTEC method
0.0000000E+00
0.0000000E+00

0.000%

Random error:
Systematic error:
Fraction Limit:

Background width: best method (based on spect
Half lives decay limit: 1z.000
Corrections Status Corments
Decay correct to date: TES 0f—Jun-1991 16
Decay during acquisition: YES
Decay during collection: NGO
True coincidence correction: joe}
Peaked background correction: NO
Mhsorption (Internasl): jiLa]
GEOmELry correction: jile]
Random swreaing: NGO
Energy Calibration
Normalized diff: 0.0310

The energy calibration was changed to fit the spectrum.
Zero offset 3.682 keV; Gain .162 keV/channel
Quadratic .274E-09 keV/channel”2

13-3EP-Z000 13:45:58 Page 1

1.0000E+4+00) =

rumj .

I3

Figure 221. First Part of Report.
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The normalization factor isthe factor for changing the output activities to the requested units
from the internal units of becquerels. It is the quotient of the input multiplier and input
divisor. A value of 1.0 leaves the activities in becquerels.

User-Selected Corrections
Thislists al available corrections and whether or not they were performed in this analysis.

If the decay-during-acquisition correction was enabled, this entry is marked YEs. The
correction might be small due to the ratio of the half-life to the real time, so the effect might
not be seen in the output activity.

Quality Factor
This value is a measure of how well the spectrum matched the centroid energies of the library
peaks (see Section 4.1.6, page 189). It can range from 0.0 to 1.0, with 0.0 being the best. If
this value approaches 1.0, the calibration should be checked. The value will also be large if
thereis large statistical variation in the library peaks in the spectrum. This can occur when
screening low level samples for afew nuclides, because the centroid of avery small (or
nonexistent) peak is not well-defined.

Energy Recalibration Notice
If the spectrum was recalibrated, this message is printed. The change might be small and the
Quality Factor should be referenced for changes (see page 189 for more details). The new
energy factors listed in this section are the offset and slope from the recalibration of the
spectrum. These will not be very different from the previous values.

5.7.2. Unidentified Peak Summary

Figure 222 shows the peak/energy matrix of the unidentified peak summary. Y ou can suppress
this report. The first column is the peak channel as determined by the peak finder (see

Section 4.1.5). It isreported to two decimal places, but normal variation can be in the tenths of a
channel.

The second column shows the peak centroid in energy if the spectrumis calibrated, zero
otherwise. Thisisthe first column converted to energy according to the energy coefficientsin the
calibration data. This, too, is reported to the nearest hundredth of a channel. Peaks are included
in the unknown list if they are too far from alibrary peak, so these extra digits might be of use.
The third column shows the background under the peak. Thisisthe straight-line background.
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Net area ! live time

Straight-line background or area X efficiency
M,
TEETTEETEEESE N I D E N T I F I E D P E j“ K S U H H .h_ R Y TEEETELTEFTEEEE
Peak Centroid™ Background Net Area Efficiencyf Uncert FWWHM Suspected
Channel Energy Counts Counts % Area 1 3igma % keV Nuclide
127.33 20.98 54417. 5761z. 0.000E+00 1.22 z.206 TC-99M =
533.82 28.10 202723. 192605, 7.188E406 0.84 1.442 PE-214
644,92 106.45 78113. 857. 7.123E+03 54.66  0.492 NP-239 =
739.92 1z22.13 165593, 57741. Z.693E+405 1.74 1.472 CO-57
g827.12 136.53 144585, 8728. 3.186E404 11.31  1.385 CO-57
1004.71  165.&5 131263. §338. 2.703E+04 10.85 1.361 CE-133 =
i 1353.58  223.46 74461, 1553, 7.276E+03  33.02 0.416 3B-126 =
Peak location from 2466.90  407.28 225790. 2782. 1.854E+04 46.82 0.200 - s
peak finder 3457.94  575.87 74427, 1655. 1.571E+04  40.44 0.294 - sM
3530.45  582.89 123664, 1658. 1.595E+04  43.54 0.262 TL-208 =
4007.22 £61.61 115408, 33Z468. 3.666E+06 0.33 1.924 CS-137
4504.69  743.75 35467. 1075. 1.345E+04 37.80 0.352 AG-110M =
5352.56  98z.51 10110. 158. 2.646E+03 57.91  0.425 PL-234 =
£982.73 115z.91 Z3750. 766. 1.455E+04  42.24 0.254 - s
2069.83 1332.40 z0z294. 219262. 4.790E+06 0.33 2.408 CO-60
$z00.04 1353.90 51393. 330. 9.507E+03  34.59 0.219 - =
s7z6.24  1440.78 2966, 43z. 1.000E+04 31.65 0.255 - s
9499.70 1568.49 z0zg. 179. 4.382E403 52.40 0.313 - s
11732.55 1937.17 1940. 3z3. 1.18zE+04 32.54¢ 0.546 - =
15174.52 _ 2505.48 308. 19099, 5.92Z6E+405 0.81  z2.972 - s
“—-___________.—'
/{/1:;{ fails shape tests. Closest match from suspect library
Energy ofpeak" D Peak area deconvoluted,
channel Jul Peak is close to a library peak.
\
Gross minus background Counting uncertainty

Figure 222. Unidentified Peak/Energy Matrix.

The fourth column shows the net area which is the gross area minus the background area. The
areais calculated by the summation method for singlets and by the fitting method for multiplets.

The next column shows either the net area divided by the live timeto yield the counts/second for
the peak or the net areatimes the efficiency at this energy. See page 317.

The next column shows the counting uncertainty for this net peak area. The 1-sigmavalues are
no higher than the peak cutoff.

The next column shows the full-width at half-maximum (FWHM) of the net peak area. Thisisin
energy if the spectrum is calibrated, channels otherwise.

The next column shows the closest match from the suspected nuclide library if the spectrumis
calibrated. If not calibrated or no match isfound, adash is printed. If anuclideislisted in both
the analysis library and the suspected nuclide library, it is possible for different peaksto be

associated with the same nuclide in different libraries because the acceptance window is larger
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for the suspects than for the analysis. It could indicate that the energy calibration isincorrect or
that the libraries need improving.

The next column shows a symbol if the peak istoo wide or too narrow as compared to the shape
calibration. For peaks, or if the spectrum is not calibrated, the column is blank.

The last column shows a symbol if the peak has been included in a deconvolution region. It can
mean that the system is not correctly energy calibrated.

5.7.3. Peak/Energy Matrix

Figure 223 shows the peak/energy matrix for the library peaks. If the library-based peak
stripping is enabled, there is a separate list for each library. The library nameis printed at the
beginning of thelist. They are arranged in ascending energy order. The list can be suppressed. It
Isnot printed if the library is not found or the spectrum is not calibrated.

Arranged in ascending order

E o o o o oo o I D E N T I F I E D P E j._ K S U H H j._ R Y Lo o o o o ol o o
Nuclide Peak Centroid Background Net Ares Intensity Uncert FITHM
Channel Energy Counts Counts CtsfS3ec 1 Sigmwa % eV
AM-z41 "380.97 59.56 212820. 136820. 68.410 0.5z 1.429
. . C3-134 1405.26 232.45 108031, 1143, 0.572 52.32 0.246s
Library entries z-a0 3092.06  510.50 65474, 1110. 0.555 45.76  0.169s
CoE-134 3411.40 563.23 129511, 281343, 140.672 0.26 1.815D
C3-134 3445.22 569.31 139654, 510466, 255,233 o.17 1.319D
= Peak fails shape tests.
I Peak area deconvoluted.
Actual peak energy Deconvolution

Figure 223. Identified Peak Summary.

The first column shows the nuclide name as listed in the library.

The second column is the peak channel as determined by the peak finder (see page 188). If the
peak centroid cannot be found, then thisis set to 0, along with the remaining entries on thisline.
It is reported to two decimal places, but normal variation can bein the tenths of a channel.

The third column shows the peak centroid in energy if the spectrum is calibrated, zero otherwise.
Thisisthe first column converted to energy according to the energy coefficientsin the
calibration data. This, too, is reported to the nearest hundredth of a channel. Peaks are included
in the unknown list if they are too far from alibrary peak, so these extra digits might be of use.
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The fourth column shows the background under the peak. In most cases thisis the straight-line
background, but can be the stepped background in a deconvoluted region.

The fifth column shows the net areawhich is the gross area minus the background area. The area
Is calculated by the summation method for singlets and by the fitting method for multiplets.

The next column shows the net area divided by the live time to yield the counts/second for the
peak.

The next column shows the counting uncertainty for this net peak area. All library peaks are
reported, even if their error exceeds the input sensitivity cutoff.

The next column shows the FWHM of the net peak area.

The last column shows a symbol if the peak is too wide or too narrow as compared to the shape
calibration, or adifferent symbol if the peak area was deconvoluted. Otherwiseit is blank. The
symbol explanations are printed at the bottom of the list.

5.7.4. Library Peak Usage

Figure 224 shows the isotope/peak matrix or summary of library peak usage. Y ou can suppress
this part of the report. It isalso not available if the library is not found or the spectrumis not
efficiency-calibrated. If the library-based peak stripping is enabled, there is a separate list for the
two analysis libraries. The library name is printed at the beginning of the list.

The first column shows the nuclide name. These are arranged in library order.
The second column shows the average activity in becquerels or other units. This number has
been normalized by the scaling factors, the decay-during-acquisition correction, the decay during

sampl e collection, and random summing.

The third column shows the peak energies for each nuclide, in the library order. Thisisthe
library energy.

The next column shows the activity based only on this peak. For a nuclide with only one peak,
thisis the same as the entry in column 2, except for the normalization and correction factors.

The next column might contain asymbol ( *,!,?, @, %, $, +, -, =, &, or } ) which shows

whether or not the peak passed various tests. These symbols can be used to determine how to
change the analysisin order to obtain better results.
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Branching ratio

Library entries —
in order of library

Library energies —
in library order

Nuclide codes

Reported Activity based on MDA for each peak Half-life in days
activity this peak only
\
EEEEL TMHMLALETY oF LIEBERLLET PELE i) L GE FEEEE
- Nuclide'- LAverage  — ——————%—————— Peak - ————————————
WName Codl Lotivity Energy betivity Code MDA Value
Becquerels ke Becguerels Becguerels Comments
K-40 R 1.0193E+03 1460.53 1.019E+03 * 1.603E+Jﬁ 4.68E+1i 8.55§+DD e
L —7 511.00 4.239E+05 + 1.427E+05 1.10E-03
10Z2.00 2.229E+06 + 5.565E+05 3.88E-04 C
CE-134 28 3.0544E+04 604.71 3.047E+04 ( 5.435E+00 7.54E+4+02 6.50E4+01 G
795.87 4.570E+04 + 3.952E+01 4.14E+01 G
1400.58 Z.832E+04 1.599E+01 1.35E+01 C
J_,_F——~—~—J—f_’_F_F_—F_F_F_b-1080.07 2.937E+04 @ 1.206E+03 2.14E-01 C
242.72 Z.ZzO0E+04 - 3.647E+03 Z.99E-02
547.43 1.450E+04 - §.153E+03 1.98E-0z2 C
J26.59 4.35ZE+04 + 1.5G5E+04 §.53E-03
931.30 9.866E+04 + 3.390E+04 4.Z4E-03 C
889.52 6.795E+05 + 1.855E+05 1.19E-03
1494.53 1.295E+06 & 2.069E+05 6.07E-04 C
547.06 5.852E+05 + 5.836E+05 2.76E-04
232.64 1.883E+06 + 7.705E+05 1.23E-04
AM-241 28 2.1273E+02 59.53 2.127E+02 { _1.015E+00 1.53E+05 2Z.68E+06 G
| = This peak used in the nuclide activity average.
* - Peak iz too wide, but only one peak in library. Complete
! - Peak iz part of = multiplet and this area went ‘//f/, exp|anaﬁon
negative during deconvolution. ofpeaks
? - Peak i3 too narrow.
@ - Peak is too wide at FW25M, but ok at FUWHM.
% — Peak fails sensitivity test.
$ - Peak identified, but first peak of this nuclide

failed one or more qualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid iz not close enough to the
library energy centroid for positive identification.
P - Peakhackground subtraction

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation 5 - Gamna Ray

F - Fast Neutron Activation X - ¥-Ray

I - Fis=sion Product F - Positron Decay
N - Naturally Occurring Isotope 3 - Single-Escape

P - Photon Reaction I - Double-E=scape

C - Charged Particle Reaction E - EKey Line

M - No MDL Caleculation L - Not in Average

R - Coincidence Corrected 2 - Coincidence Peak
H - Halflife limit exceeded

Peak codes

Figure224. Summary of Library Peak Usage.

The symbols have the following meanings:

*  The peak FW10M and FW25M were wider than the calibrated shape by more than 20%
which would indicate that this might be a multiplet. Deconvolution was not possible,
however, because only one peak was in the library.

286



5. QUALITY ASSURANCE

?

This peak was in an area that was deconvoluted and the area of this component was zero or
minus. The peak was then removed as a component and the deconvolution redone. This
usually indicates this peak was not present or the energy calibration needs adjusting.

The peak FW25M isless than 80% of the calibration FW25M. This usually indicates that this
peak is not present.

@ The peak FW25M was wider than the calibrated shape by more than 20%, but the FAVHM

%

was within 20% of the calibrated FWHM. This indicates that there might be a small peak near
the main peak that should be included in the library.

The 1-sigma counting error was greater than the user-set sensitivity cutoff value.

This peak was identified as belonging to this nuclide, but the first peak in the library was not
present or was disqualified. Normally, the first peak in the library is the main peak for the
nuclide, and this would indicate that this peak does not belong to this nuclide. The library
should be changed to reflect the actual peaks.

The abundance for this peak was higher than the running average of those included so far
(starting at the first energy for this nuclide in the library and going down the peaks for this
nuclide).

The abundance for this peak was lower than the running average of those included so far
(starting at the first energy for this nuclide in the library and going down the peaks for this
nuclide).

This peak was outside the user-specified limits for the analysis.
When the library-directed centroid was recal culated after background subtraction, the
centroid value was outside the energy limits. This means the peak could not be attributed to

this nuclide.

The library should be changed to include the actual peaks or the calibration checked. This
also occurs for very small peaks where the peak shape isill-defined.

The peak areafor this peak was derived using other peaks for this nuclide. Thisis enabled by
the library-based peak stripping option.

The next column might contain asymbol, ( , that indicates which peaks were used in the
average activity calculation for this nuclide. There might be a symbol in the previous column
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indicating that the peak did not pass atest, but if the ( is present, it was used in the activity
calculation.

5.7.5. Nuclides in Sample

Figure 225 shows the activity in the sample. If the spectrum is not efficiency-calibrated or the
library is not found, this table is suppressed. The nuclides are arranged in library order. The
activity isthe average activity multiplied by the scale factor. Y ou enter the column label. If decay
correction is requested, the decay-corrected activity is also printed. If the nuclideis not found,
the MDA valueisprinted witha < symbol after the nuclide name, and no uncertainty.

Average activity

wEEEE S UMMLETY o F NUCLIDES?S IN 3 LMPLE wEEEE
Time of Count Time Corrected Uncertainty 1 Sicmwa

Nuclide Lecivicy Aocivicy Counting TOTALL
Eq B
Lib d k-40 # W1 0153E+03 1.0193E+03  3.2651E+00%  1.1793E+01%
Ibrary order 4— o 154 3.0844E+04 3.4881E+04  6.6582E-02%  1.1240E+D1%

Z.1273E+02 2.1Z86E+02 8.2197E-01% 1.1270E4+01%

A1]l peaks for activity calculation had bad shape.
— hotivity omitted from total
& — Aetiwvity omitted from total and all peaks had bad shape.

- MDA walue printed.

- hotivity printed, but activity < MDL.
- bhetiwvity <« MDA and failed test.

- Area < Critical level.

— Failed fraction or key line test.

Halflife limit exceeded
Comments ~ |  ________ S U MM AR T mmmmmoe oo

Total Actiwvity | 0.0 to 2641.8 keV) 3.2075348E+04 Bog "‘_‘—“—:;::r-Totalacﬁvﬂy
q

Total Decayed Activity | 0.0 to 2641.5 keW) 3.6112727E+04 B

Ahnalyzed by:

C. M. Doe
RFeviewed by:
Supervisor
Start/stop analysis
Laboratory: PRadiochemistry Labk regionin energy

Figure 225. Summary of Nuclidesin Sample.

The total activity isthe scaled sum of the decay-corrected activity, if present, or the time-of -
count activity. The MDA values are not included in the total .
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6. KEYBOARD FUNCTIONS

This chapter describes the ISOTOPIC accelerator keys.

6.1. Introduction

Table 7 provides a quick reference to all of the ISOTOPIC keyboard and keypad functions,
which are discussed in more detail in the remainder of the chapter.

The accelerators operate only in the active window. The Title Bar must be highlighted with the
active title bar color (as set up in Windows Control Panel). In addition, the cursor must be in the
active spectrum window. Similar to other Windows applications, the focus can be switched
between ISOTOPIC and other applications by clicking on the Windows Taskbar, pressing

<Alt + Tab>, or, if the inactive window is visible, pointing with the mouse at some spot in the
Inactive window and clicking.

The multi-key functions, such as <Alt + 1> or <Shift + ->, are executed by holding down the
first key (e.g., <Alt>, <Shift>, or <Ctrl>) while pressing the key that followsthe “+” signin the
brackets, then releasing both keys simultaneously. Functions that use the keypad keys begin with
the word Keypad, e.g., Keypad<5>.

Asusual for any Windows application, the menus are accessed by clicking on them with the
mouse, or by using the Alt key plus the key that matches the underlined letter in the menu item
name. For example, the multi-key combination to activate the File menu is <Alt + F>.

Note that the ISOTOPIC accelerator keys do not interfere with Windows menu operations or task
switching. For example, when amenu is active (i.e., pulled down), the <<>/<->and <1>/<!|>
keys revert to their normal Windows functions of moving across the menu bar and scrolling
up/down within a menu, respectively. As soon as the menu is closed, they behave as ISOTOPIC
accelerators again.

6.2. Marker and Display Function Keys

6.2.1. Next Channel <->[<e>

When not in rubber-rectangle mode, the right and left arrow keys move the marker by one
displayed pixel in the corresponding direction. This can represent a jump of more than one
spectral data memory channel, especially if the horizontal scale in channelsis larger than the
width in pixels of the window (see the discussion in Section 2.1).
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Table7. Quick Referenceto | SOTOPIC Keyboard Commands.

Key

<l>or <F5>
<1t>or <F6>
<>

<>

<->or <F7>
<+> or <F8>
<Ctrl +->
<Ctrl + >
<shift + ->
<shift + «>
<Alt +->
<Alt + >
<PageUp>
<PageDown>
<Home>
<End>

<Ctrl + Fi>
<F2>

<F3>

<shift + F3>

<F4> or <Alt + 6>
<F5>or <i>
<F6>or <1>
<F7>or <->
<F8> or <+>
<Alt + F7>
Keypad<->
Keypad<+>

K eypad<5>
Keypad</>
Keypad<*>
Insert<ins>
Ddete<Dd>
<shift + 1>
<shift + 1>

<Alt + 1>

<Alt + 2>

<Alt + 3>

<Alt + 5>

<Alt + 6> or <F4>
<Alt +->

<shift + Alt + ->
<Alt + +>

<shift + Alt ++>
<PrintScreen>

Function

Change verticd scde so spectrum pesks are srdler.

Change verticd scae so spectrum pesks are larger.

Move marker to higher channd.

Move marker to lower channd.

Narrow the horizonta scde.

Widen the horizontdl scde.

Jump to next higher peek.

Jump to next lower pesk.

Jump to next higher ROI.

Jump to next lower ROI.

Advanceto next library entry.

Recede to previous library entry.

Jump to higher channd number in 1/16th-screenwidth increments.
Jump to lower channe number in 1/16th-screentwidth increments.
Jump to first channd of the full spectrum.

Jump to last channd of the full spectrum.

Sdect Detector i (i = 1to 12, in pick ligt order).

Switch ROI hit control from OFFto SET to CLEAR.

In supported ORTEC digitd MCBs, switch between the two oectra stored in ZDT mode.
In supported ORTEC digitd MCBs, switch the disk spectrum to compare normd to disk ZDT spectrum or
ZDT spectrum to disk normd spectrum.

Switch between digolaying selected Detector and buffer.

Change verticd scde so that spectrum peeks are smdler.

Change verticd scde so that spectrum peeks are larger.

Narrow the horizonta scde.

Widen the horizontdl scde.

Rest both horizontal and verticd scding to view complete spectrum.
Zoom out.

Zoomin.

Center expanded digplay on cursor.

Switch to logarithmic verticd scde.

Switch to auto verticd scale

Mark the pegk region around the cursor as an ROI.

Clear the ROI.

Shift the compare goectrum upwards.

Shift the compare spectrum downwards.

Sart acquisition in sdlected Detector.

Sop acquistion in selected Detector.

Clear datain sdlected Detector.

Copy datain the sdlected Detector to the buffer.

Switch between digolaying selected Detector and buffer.

Decrease amplifier fine gain by samdlest increment (where supported).
Decrease amplifier fine gain by severd increments.

Increase amplifier fine gain by smallest incrementt.

Increase amplifier fine gain by severd increments.

Capture screen to Windows Clipboard.




6. KEYBOARD FUNCTIONS

If the horizontal scale is expanded, when the marker reaches the edge of the spectrum window,
the next key press past the edge shifts the window to the next block of channelsin that direction
such that the marker is now in the center of the display.

6.2.2. Next ROI <Shift + ->/<Shift + <>

The <Shift + -> or <Shift + <> move the marker to the beginning of the next higher channel
ROI, or the end of the preceding ROI, respectively, of the displayed spectrum. These functions
are duplicated by the ROI indexing buttons on the Status Sidebar.

6.2.3. Next Peak <Ctrl + ->/<Ctrl + «>

The <Ctrl+ -> and <Ctrl+ <> keys perform a peak search on the spectrum in the higher or
lower channel direction, respectively, and move the marker to the first peak found. If no peak is
found, the program displays the “No M or e Peaks’ message and the marker does not move. If the
spectrum is energy-calibrated and the library loaded, the system displays the best match from the
library within two FWHMSs of the peak centroid. If there is no match within this range, the “No
Close Library Match” message is displayed. These functions are duplicated by the Peak
indexing buttons on the Status Sidebar.

6.2.4. Next Library Entry <Alt + ->/<Alt + <>

These keys move forward or backward through the nuclide library to the next closest library
entry. Each button press advances to the next library entry and moves the marker to the
corresponding energy. Also, instead of indexing from a previoudly identified peak, the marker
can be positioned anywhere in the spectrum and these keys used to locate the entries closest in
energy to that point. If awarning beep sounds, it meansthat al library entries have been
exhausted in that direction, or that the spectrum is not properly calibrated for reaching the energy
with the marker. In any case, if an appropriate peak is available at the location of the marker,
data on the peak activity are displayed on the Marker Information Line. These functions are
duplicated by the Library indexing buttons on the Status Sidebar.

6.2.5. First/Last Channel <Home>/<End>

These keys move the marker to the first or last channel of the spectrum.

6.2.6. Jump (Sixteenth Screen Width) <PageDown>/<PageUp>

<PageDown> and <PageUp> jump the marker position to the left (to lower channel numbers) or
right (to higher channel numbers), respectively, 1/16 of the window width, regardless of the
horizontal scale. The status of the ROI bit is not altered when the marker is moved with these
keys. The marker channel contents and Marker Information Line are continuously updated as the
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marker jumps, so when the jump is complete, the marker information is up-to-date for the current
channel.

6.2.7. Insert ROI <Insert> or Keypad<Ins>

These keys mark an ROI in the spectrum, at the marker position, in one of two ways:

1. If the spectrum is calibrated, the region is centered on the marker with awidth of three times
the calibrated FWHM. There does not need to be a peak at the marker position.

2. If the spectrum is not calibrated, the region is centered on the peak, if any, located within two
channels of the marker and is as wide as the peak. If the peak search fails, or if the peak is
not well-formed, no ROI is marked. Thereisno limit on the size of a peak or ROI; therefore,
in some uncalibrated spectra, large ROI's could be marked.

These accelerators duplicate the function of the Mark ROI Toolbar button and the ROI/Mark
Peak menu selection (see Section 3.8).

NOTE <Insert>and Keypad<lns> work conveniently in combination with <Ctrl + <> and
<Ctrl + ->to rapidly set peak ROls.

6.2.8. Clear ROI <Delete> or Keypad<Del>

<Delete> and K eypad<Del> clear the ROI bits of all ROI channels contiguous to the channel
containing the marker. These accelerators duplicate the function of the Clear ROI button on the
Toolbar and the ROI/Clear menu selection (see Section 3.8).

6.2.9. Taller/Shorter <1>/<1>

When not in rubber-rectangle mode, the <1> and <!> keys decrease or increase the vertical full
scale of the displayed spectrum so the peaks appear taller or shorter, respectively. The minimum
Is 16 counts-full-scale; the maximum is 1024 million counts. Each successive key press doubles
or halves the full scale until the maximum or minimum is reached. Whenever the maximum full-
scale value is reached, the next <1> key press switchesto logarithmic scale. If the display is
aready in logarithmic scale, the display switchesto linear scale. In either case, the vertical full-
scale value is aways shown on the Toolbar.

Note that if the number of counts exceeds the full-scale value, the data points will be displayed at
the full-scale value.

These keys duplicate the function of the <F6>/<F5> keys.
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6.2.10. Compare Vertical Separation <Shift+1>/<Shift+1>

In Compare mode, the <Shift + 1> or <Shift + | > keys decrease or increase the vertical
separation between the two spectra. Each successive key press will increase or decrease the
separation by moving the spectrum read from disk. The spectrum from disk can be moved below
the first spectrum if it has fewer counts.

6.2.11. Zoom In/Zoom Out Keypad<+>/<->

K eypad<+> increases the scale of both axes in the Expanded Spectrum View so the peaks
appear larger, while K eypad<-> does the opposite, making the peaks look smaller. The scale
value for both axesis always shown on the Toolbar.

These functions are duplicated by the Zoom In/Zoom Out buttons on the Toolbar and Zoom In
and Zoom Out under the Display menu. See Section 2.1 for a more detailed discussion.

6.2.12. Fine Gain <Alt + +>/<Alt + ->

These accelerators step the internal amplifier up or down by one increment of fine gain on the
selected Detector, if it has a software-controlled amplifier. The new fine gain setting is shown on
the Supplemental Information Line at the bottom of the screen. If the gain stabilizer is active, the
display of the histogram data might not change.

The fine gain can also be set with Acquire/M CB Properties... (Section 3.2.8),
<Shift + Alt + +>/<Shift + Alt + -> on the keyboard, and Keypad<Alt + +>/<Alt + ->.

6.2.13. Fine Gain (Large Move) <Shift + Alt + +>/<Shift + Alt + ->

<Shift+Alt+ +> and <Shift+Alt+ -> step the internal amplifier of the selected Detector (if it has
a software-controlled amplifier) up or down by alarge increment of fine gain. If the gain
stabilizer is active, the display of the histogram data might not change.

The fine gain can also be set using Acquire/M CB Properties... (Section 3.2.8), <Alt+ +>/
<Alt+ -> on the keyboard, and Keypad<Alt + +>/ <Alt + ->,

6.2.14. Screen Capture <PrintScreen>

The <PrintScreen> key captures the entire monitor display to the Windows Clipboard, where it
iIsavailable for use in other applications such as word processors, Windows Paint, etc. Some
older keyboards require <Alt + PrintScreen> or <Shift + PrintScreen>.

A typical usage would be to set up the display as desired for the snapshot, then press
<PrintScreen>. Start the desired graphics or word processing application. Copy the image from
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the Clipboard with <Ctrl + V> or Edit/Paste (refer to the documentation for the graphics or
word processing program). See the FullShot manual for other screen-capture and screen-printing
methods.

6.3. Keyboard Number Combinations

NOTE Only the keyboard numbers will function in the following combinations. The keypad
number keys will not perform these functions.

6.3.1. Start <Alt + 1>

<Alt + 1> starts the acquisition in the selected Detector. Any presets desired must be entered
before starting acquisition. This accelerator duplicates the Start Toolbar button, the Start
command on the right-mouse-button menu, and Acquire/Start (Section 3.2.1).

6.3.2. Stop <Alt + 2>

<Alt + 2> stops acquisition in the selected Detector. This duplicates the Stop Toolbar button, the
Stop command on the right-mouse-button menu, and Acquire/Stop (Section 3.2.2).

6.3.3. Clear <Alt + 3>

<Alt + 3> clears the displayed Detector histogram data and its descriptors (e.g., real time, live
time). This accelerator duplicates the Clear Spectrum Toolbar button, the Clear command on
the right-mouse-button menu, and Acquire/Clear (Section 3.2.3).

6.3.4. Copy to Buffer <Alt + 5>

<Alt + 5> copies the histogram data from the selected Detector to the buffer, along with its
descriptors (e.g., livetime, real time), and displays the spectrum in anew window. This
duplicates the Copy to Buffer command on the right-mouse-button menu and Acquire/Copy to
Buffer (Section ?).

6.3.5. Detector/Buffer <Alt + 6>

<Alt + 6> switches the display between the histogram of the spectrum in the selected Detector
and the spectrum in the buffer. The buffer will have the memory size of the spectrum that was
last transferred from Detector or disk file.

The Detector list on the right side of the Toolbar indicates whether the buffer or a particular
Detector is currently displayed, and the Status Sidebar shows the presets for the displayed data.

This duplicates <F4> and Display/Detector/Buffer; see Section 4.6.2.
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6.3.6. Narrower/Wider <+>[<->

The <+> key increases the horizontal scale of the Expanded Spectrum View so the peaks appear
wider, while the <-> key decreases the horizontal scale, making the peaks look narrower. The
horizontal and vertical scale values are displayed on the Toolbar. These functions are duplicated
by <F7>/<F8>.

6.4. Function Keys

6.4.1. ROI <F2>

The <F2> key toggles the ROl marker status between the Mark, UnMark, and Off conditions,
then the arrow keys are used to set or clear the ROI bits for particular channels or groups of
channels, or return the marker to normal usage (Off, in which mode the marker can be moved
without changing any of the ROI bits). The current ROl marking status (M ar king, Unmarking)
Isshown in at the extreme right of the Menu Bar (Off mode is shown as blank). ROI bits are
changed by using the keyboard to move the marker to a channel, as follows:

e Mark The channel is marked (set) as an ROI with the marker.

e UnMark The channel is removed from the ROI (reset) with the marker.

o Off The ROI status is unchanged with the marker.

6.4.2. ZDT/Normal <F3>

For MCBs operating in ZDT mode, the <F3> key switches between the normal (LTC) or
uncertainty (ERR) spectrum and the ZDT corrected spectrum. It duplicates the Acquire/ZDT
Display Select command.

6.4.3. ZDT Compare <Shift+F3>

For ZDT-supporting instruments in Compare mode, this accelerator switches the compare
spectrum between the ZDT spectrum and its accompanying LTC or ERR spectrum. Itisused in
combination with <F3> or Acquire/ZDT Display Select to display the normal-to-ZDT,
uncertainty-to-ZDT, ZDT-to-normal, or ZDT-to-uncertainty comparisons.

6.4.4. Detector/Buffer <F4>

The <F4> key switches between the display of the data in the Detector and the data in the buffer.
It duplicates the function of <Alt + 6> and Display/Detector/Buffer; see Section 6.3.5.
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6.4.5. Taller/Shorter <F5>/<F6>

These keys decrease or increase the vertical full scale of the displayed spectrum so the peaks
appear taller or shorter, respectively. They duplicate the function of the <1> and <!> keys. The
vertical scale value is always shown on the Toolbar.

6.4.6. Narrower/Wider <F7>/<F8>

These keys increase or decrease the horizontal scale of the data display so the peaks appear
narrower or wider, respectively. They duplicate the function of <-> and <+> keys. The
horizontal scale value is always shown on the Toolbar.

6.4.7. Select Detector <Ctrl + F1> through <Ctrl + F12>

These keys display the spectrum for the specified Detector n (where n = 1 to 12, corresponding
to <Ctrl+ Fn>, in the order that the Detectors are defined in the Detector pick list; see Fig. 5).
The selected Detector name (or the buffer) is shown on the Toolbar.

These keys duplicate the function of the Detector pick list on the Toolbar, and the Detector ...
dialog under the Display menu. An error message box will appear if the selected Detector is
invalid. In systems with more than 12 Detectors, use Display/Detector ... or the droplist on the
Toolbar.

6.4.8. Show Full View <Alt + F7>
This key will force the Expanded Spectrum View for the active spectrum to be the full spectrum
width. Thisis duplicated by the Display/Show Full View.

6.5. Keypad Keys

6.5.1. Log/Linear Keypad</>

K eypad</> toggles the active spectrum window between logarithmic and linear vertical display.
Thisisduplicated by the L og Toolbar button and Display/L ogarithmic (Section 3.9.1). The
vertical scale can be controlled with the Zoom In/Zoom Out Toolbar buttons, K eypad<+>/<->,
the<1>and <!> keys, and <F7/F8>.

6.5.2. Auto/Manual Keypad<*>

K eypad<*> switches the spectrum window between automatic and manual vertical full scale
(see the discussion in Section 3.9.2). Thisis duplicated by the Vertical Auto Scale button on the
Toolbar.
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6.5.3. Center Keypad<5>

K eypad<5> forces the marker to the center of the screen by shifting the spectrum without
moving the marker from its current channel. Thisis duplicated by the Center button on the
Toolbar. For more information, see Section 3.9.6.

6.5.4. Zoom In/Zoom Out Keypad<+>/<->

K eypad<+> adjusts the scale of both axes in the Expanded Spectrum View so the peaks appear
larger, while K eypad<-> does the opposite, making the peaks look smaller. The scale value for
both axesis always shown on the Toolbar. These functions are duplicated by the Zoom | n/Zoom
Out Toolbar buttons and the Zoom In and Zoom Out commands on the Display menu (see
Sections 3.9.4 and 3.9.5, respectively).

6.5.5. Fine Gain Keypad<Alt + +>/<Alt + ->

These accelerators step the internal amplifier up or down by one increment of fine gain on the
selected Detector, if it has a software-controlled amplifier. The new fine gain setting is shown on
the Supplemental Information Line at the bottom of the screen. If the gain stabilizer is active, the
display of the histogram data might not change.

The fine gain can also be set on the Amplifier under Acquire/M CB Properties... (Section 3.2.8);

with Keypad<Shift + Alt + +>/ <Shift + Alt + ->; and with keyboard <Alt + +>/<Alt + -> and
<Shift + Alt + +>/<Shift + Alt + ->.
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7.1. GVPIlot

GV Plot replaces WinPlots as our program for printing any type of ORTEC spectrum file. In the
interactive mode (it can also be run in command-line mode), a preview of the spectrum plot is
displayed on the screen and updated as you adjust the display parameters. Y ou can select the
graph colors and symbols for the plot, the start and stop channels or energy range, the printer to
be used, and logarithmic or linear vertical scaling. Optionally, you can save these display settings
and recall them for later use. The sample, detector, and acquisition descriptions in the file can be
printed or suppressed. In addition, you can save, recall, and display the spectrum file's
corresponding analysis information; as well as ROIs stored in the spectrum file or in a separate
.Roz file.

To start GVPlot, click on Start, Programs, | sotopic 41, and GV Plot (see Fig. 226). GVPlot can
also be run in command-line mode or directly from other Windows programs (see Section 7.1.5).
In this mode, you can either specify the settings or use the defaults.

F.i Isobopic 41

I MAESTRO 32
I ORTEC
AllPrograms B [ startup W MCB Configuration

E Muclide Library Editor

ﬁ Isokopic Operator 4.1

ﬁ Isokopic Supervisor 4.1

Figure 226. Starting GVPlot.

The spectrum files are associated with GV Plot by the installation program, so double-clicking on
a spectrum file-name in Windows Explorer will start GV Plot and display that spectrum.

7.1.1. Screen Features

Figure 227 shows the magjor GV Plot screen features.

1. Titlebar, showsthe current spectrum filename. On the far right are the standard Windows
Minimize, Maximize, and Close buttons.

2. Menu Bar, shows the available menu commands (which can be selected with either the
mouse or keyboard); these functions are discussed in detail in the following sections.
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Figure227. TheMain GVPlot Display.

3. Toolbar, beneath the Menu Bar, contains icons for recalling a spectrum, printing it, and
adjusting the vertical and horizontal scale of the spectrum window. Y ou can display or hide
the toolbar from the View menu.

4. The Expanded Spectrum Window shows all or part of the full histogram; this allows you to
zoom in on a particular part of the spectrum and see it in more detail. Y ou can change the
vertical and horizontal scaling, and perform a number of operations such as displaying peak
information, marking and modifying ROIs, and displaying the residuals (see item 6 below).
Thiswindow contains avertical line called a marker that highlights a particular position in
the spectrum. Information about that position is displayed on the Marker Information Line
(seeitem 8 below). Right-clicking in this window opens a right-mouse-button menu, which is
discussed in Section 7.1.4.

5. The Full Spectrum Window shows the full histogram from the file or the Detector memory.

The vertical scale switches between logarithmic and linear in concert with the scaling in the
expanded window. When you zoom in on part of the spectrum in the expanded window, the
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Full Spectrum Window displays a rectangular area that reflects
the portion of spectrum now visible in the Expanded Spectrum
Window. To quickly move to different region in the spectrum,
either click on that region in the Full Spectrum Window or click
and drag the rectangle to the new position, and the expanded
display will update immediately at the new position. Y ou can
also zoom out by clicking and dragging arubber rectangle over &
any portion of the Full Spectrum Window (the starting point for  Figure 228. Grab Areafor the
this operation must be outside of the current expanded-view Full Spectrum Window.
indicator rectangle). The full-spectrum window can be moved

and sized (see Section 2.3.4); the “grab zone” for thiswindow is

shown in Fig. 228.

Residuals, which can be displayed in the lower section of the spectrum window, displays a
comparison of the counts in each channel to the calculated counts for that channel as
determined by the peak-fitting algorithm. This comparison can be displayed in counts
(absolute residuals) or standard deviations (relative residuals). See the discussion on

page 307.

Marker Information Line, beneath the spectrum, shows the Marker channel, marker
energy, and channel contents. The ROI section shows the boundaries of the ROI in energy
(for calibrated spectra) or channels (for uncalibrated spectra), the number of countsin the
ROI, and other information; see the discussion associated with Fig. 240 on page 309.

Status Bar, below the Marker Information Line, displays program status information such as
warning messages. Y ou can display or hide the status bar from the View menu.

7.1.2. The Toolbar

The row of buttons below the Menu Bar provides convenient shortcuts to some of the most
common GV Plot commands.

g The Recall button retrieves an existing spectrum file. Thisis the equivalent of selecting

File/Recall Spectrum... from the menu.

% Print sends the current spectrum immediately to the default Windows printer without

opening the standard Print dialog. If you wish to switch to another printer or adjust the
default print properties, use the File/Print... command (Section 7.1.3.1).

Vertical Log/Lin Scale switches between logarithmic and linear scaling. When switching
from logarithmic to linear, it uses the previous linear scale setting.
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ﬂ Zoom | n decreases the horizontal full scale of the Expanded Spectrum Window so the

peaks appear “magnified.” Y ou can also access this command from the right-mouse-button
menu (Section 7.1.4.2).

ﬂ Zoom Out increases the horizontal full scale of the Expanded Spectrum Window so the

peaks appear reduced in size. Y ou can also access this command from the right-mouse-
button menu (Section 7.1.4.3).

ﬂ Center forces the marker to the center of the screen by shifting the spectrum without
moving the marker fromits current channel.

4| Basdline Zoom sets and keeps the baseline of the Expanded Spectrum Window at zero
countsin Linear scale mode and 1.0E+0 countsin L ogarithmic scale mode. When

Baseline Zoom is off, the baseline can be offset to a higher value. Thisis useful to show
small peaks on a high background.

7.1.3. Menu Commands

7.1.3.1. File
Figure 229 shows the File menu. Use these commands to select the | Ee.
spectrum, analysis, and ROI s to be displayed, recall or save GVPlot Recall Spectrum
settings files, and print the spectrum. Recall ROIs
Recall IFD File
Use the Recall Spectrum... command (Fig. 230) to open a spectrum Recall Seflings
file. When the Show Description checkbox at the bottom of the Save Seftings As...
dialog is marked, you can click on each spectrum filename and see Print... CbeP

Its sampl e description, spectrum format, and number of channels as
an aid in selecting the correct file.

E xit

Figure229. TheFile
Menu.

The recalled spectrum will be displayed using the most recently

selected graph color, symbol, and axis-scaling settings (which are

set with the Options/Graph... command). These settings will also be used when you print the
plot. There are some differences between screen and printer fonts and colors. If you do not have
acolor printer, the screen colors will be rendered in grayscale.

Once you have opened a spectrum file, Recall ROl s allows you to import the ROIs from an .roz
file. You can also open the corresponding analysis results (. uro) file with Recall UFO File.
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Recall a spectrum file for plotting HE

Look in: I £ User

(hp Mantlel . spe M¥1back. spc ttl: FRO41901 . 2pc ttl: Testl.spc
fhr M cbderno.spo : tt; paZ3dml16.5pe tt; Test? spo
P MK40.5pc Henal00305pe Py Ocdigmvspe iy TestZiobs
(o Mnad2 spo tt[ hail0031.5po tt; Qedlgmyl.spo tt; uranBh.sg

P N1108%ac.spe PEpP10633abspe Hby Qodimgy.spe
o M 30207 b spo tt[ p2lEEEac, zpo tt; Testzpc

[+ 1
File name: IN?'I calb.zpc Open I
Filez of pe: ISF‘E Farmat Spectra j Cancel |

¥ Show D escription: Integer SPC Formnat 16384 Channels

Mixed Gamma calibration zource, on endeap.

Figure 230. The Recall Spectrum Filefor Plotting Dialog.

Once you have used Options/Graph... to choose graph colors, symbols, and axis parameters,
you can save these settingsin an ASCII text file with the Save Settings As... command (which
opens a standard Windows file-open dialog). The Recall Settings command allows you to recall
aparticular settings file so you can quickly and reproducibly adjust the appearance of the
spectrum window. Y ou can also call a settings file from the GV Plot command line to ensure that
the resulting plot(s) will be displayed according to your specifications.

The Print... dialog (Fig. 231) allows you to PintPot [
select a printer Name and specify the prCEs

Marne: IHF' DezkJet BEOC Printer

Number of copiesto be printed (this number
Isreset to 1 after every print session). Click

Statuz: Default printer; Ready
Type: HF Drezkdet 550C Printer

on Properties to change print options such as Where:  LPTI:

paper size, orientation, and output resolution. Commen: Nurber of copis: [T 2]
Ok, | Cancel |

Figure 231. ThePrint Plot Dialog.

7.1.3.2. View

Figure 232 shows the View menu, which allows you to hide or display the Wiew

Toolbar and Status Bar. v Tookbar

v Statuz Bar

Figure 232.
TheView
Menu.
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7.1.3.3. Options

The Options menu is shown in Fig. 233. These menu items govern the Optians
appearance of the spectrum window and printed output. ?r;'n: -

v Auto Load LIFO
Graph... Figure233. The

This command opens the dialog shown in Fig. 234, which lets you set Options Menu.
the graph colors, symbol type, and axis scaling factors. These settings are

stored when you exit GV Plot and reloaded the next time GVPlot is started. You can also save
these settingsin an ASCI| text file using the Save Settings As... command, and retrieve them
with Recall Settings.... Graph... is duplicated by the Propertiesitem on the right-mouse-button
menu.

The droplists on the left side of thedidog Y ]
control the screen and printout colors. As Text: [P ——
. amposiie ac * [u]

noted above, there are some differences Background: e | i

: B — Fill Mode
between screen and pri nter fonts and colors, Markers: I vl [ Identified ™ Unknown W ROl
AISO’ if yOU dO nOt haVe aCOI O_r prl nter, the Data Set Colors: [ tultiplets [ Composite
screen colors will be rendered in grayscale. [Daa =] e~ | T Auo (Spectu

Fill Calar |0 to: |0

The Text color affects the color of the axes
. . ! IHE” Calar vI | ¥ auto' [ Residual
axis labels, and spectrum title. Background [S— "Hesi;ual le Hang; —

Spectum Style: - Auiz Scale

controls the color of the spectrum :
background in both the ful and expanded 1= st ot I —
windows. Markers appliesto the ROI bars. W Shaw Muclide Mame W Auto Range

V¥ Show fees |EI o |EI IkE"-.-" j
Data Set Color s allows you to choose
separate colors for spectrum Data, Fitted __ Cancel |
peaks, and Residuals; select a datatype Figure 234. ThePlot Options Dialog.

from the left-hand droplist, then choose a

color from the list on theright. Similarly, use

Fill Color to control the colors of ROI's, Nuclide Peaks, Unknown Peaks, Multiplets, and
Compositesin both point and fill modes. Spectrum Style determines how the histogram data are
represented (Points, Line, or Fill All).

The Show Nuclide Name checkbox allows you to hide or display the nuclide markers for an

analyzed spectrum (an example of these markersis shown in Fig. ?, page ?). Turning the nuclide
markers on or off dlightly adjusts the graph’s vertical scaling.
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Clearing the Show Axes checkbox removes the axes so the portion of histogram shown in the
Expanded Spectrum Window occupies the entire window without an inside border.

Set the Y Axis Scale of both the Full and Expanded Spectrum Windowsto Linear or
L ogarithmic. You can also do thiswith the Vertical L og/Lin Scale button on the toolbar.

The Draw Multiplet radio buttons determine whether

multiplets are drawn as a Composite curve, shown Composite
individually (Each), or displayed as individual peaks

superimposed with the composite curve (Both). These

modes are compared in Fig. 235. This display is most

easily seen with all Fill M odes turned off (checkboxes Each

unmarked).

The Fill M ode checkboxes allow you to determine
which peak types, if any, will be displayed in fill mode Both
rather than data-point mode.

Auto Y (Spectrum) allows you set up afixed y-axis
range for the Expanded Spectrum Window (Auto Y
unmarked/off), or allow the program to autoscale the
y-axis to accommodate the tallest peak currently displayed in the expanded view (Auto Y
marked/on). The Auto Y (Residual) functions similarly for the residuals plot (which is displayed
from the right-mouse-button menu, Section 7.1.4.1).

Figure 235. Draw Multiplet M odes.

If the spectrum is calibrated, the Horizontal axis can be displayed in either Ener gy units or
Channel numbers. If the spectrum is not calibrated, the horizontal axisis shown in channels and
cannot be changed.

You can plot al or part of a spectrum by turning Auto X Range respectively on or off. Turning
Auto X Range off activates the x-axis range fields that allow you to let the plot limitsin either
channels or keV (select units from the droplist). The plot limits are independent of the x-axis
units of measure. This means that you can, if you wish, choose to display the x-axisin

Ener gy units, then select the portion of the spectrum to be displayed as a range of channel
numbers.

In order to easily compare spectra, the energy can be set to values below the first channel in the
gpectrum. In this case the data below channel O are plotted as 0.

NOTE Manually setting the range for one axis disables zooming for that axis only. If both axis
ranges are manually fixed, all zooming is disabled..
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Title Text

Thisdialog (Fig. 236) allows you to compose atitle to
be displayed at the top of the spectrum plot. In addition,

you can choose whether or not to display the Real and
Live Time, Spectrum File Name, and the sample or
Detector description.

Title: |
Additional Text
[T BedlandLlive Time T Spectum File Mame

Add Descriptions in Spectrum File

& None " Sample " Detectar

Auto Load UFO

When this feature is turned on (a checkmark is
displayed beside the command), recalling a spectrum
file aso recalls the corresponding .uro fileif it shares
the same filename and drive/folder location as the
spectrum file. Note that if the analysis captured in

the . uro file covers only part of the spectrum, that portion of the spectrum, rather than the entire
spectrum, will initially be displayed in the Expanded Spectrum View.

Figure 236. Composethe Plot Title.

7.1.3.4. ROI
The ROI menu (Fig. 237) works in conjunction with the Mark ROI | ROl
and Clear Active ROl commands on the right-mouse-button menu * affd_f rtve )
(Section 7.1.4). adify Active
Clear
Clear All
Modify Active ROI/Off oo File
This enables the M odify Active ROI mode, which lets you use the _ fecelfle
arrow keys, <> and <~>, to add more channels to the currently active E‘g‘l”l\j ifz The

ROI (click inside the ROI to activate it). Pressing the left arrow shifts

the low-energy boundary of the ROI to the left and pressing the right

arrow shifts the high-energy side to the right; this shift might take a moment to occur. Asthe you
adjust the size of the ROI, the ROI boundary (and ROI Bars, if currently displayed; see

Section 7.1.4.8) shifts and the Marker Information Line updates accordingly. When you select
Off, the left/right arrow keys return to their original function of moving the marker through the
spectrum. Y ou can also adjust the size of the ROI by clicking and dragging the ROI bars.

Clear

This clearsthe ROI bitsin al ROI channels that adjoin the channel containing the marker. This
Isduplicated by the Clear Active ROI command on the right-mouse-button menu.
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Clear All

Thisresets all the ROI bitsin the spectrum, removing all ROI markings from the spectrum.

SaveFile...

This command allows you to save to disk atable of the channel numbers, for the current
spectrum, that have the ROI bit set. The contents of the spectrum are not changed. A standard
Windows file-save dialog opens, allowing you to create a filename or overwrite an existing . roz

file.

Recall File...

Recall File... sets the ROIs in the spectrum according to the table in the disk file created by
ROI/Save File.... This command opens a standard file-open dialog, prompting you to select a

filename. When you select afile, the ROIsin the currently displayed spectrum are set to conform

to the tablein thefile. The previous ROIs are cleared. The spectrum data are not altered by this

operation, only the ROI bits.

In .roz files, the ROIs are saved by channel number. Therefore, if the spectrum peaks have
shifted in position, the ROIs in the file will not correspond exactly to the spectrum data.

7.1.4. Right-Mouse-Button Menu Commands

Figure 238 shows the right-mouse-button menu, which opens when
you right-click in the Expanded Spectrum Window.

7.1.4.1. Show Residuals

Marking this menu item activates the Plot Absolute Residuals

and Plot Relative Residuals modes. The Residuals section of the
spectrum window (item 6 on page 301) displays a comparison of
the counts in each channel (Actual) to the calculated counts for that
channel as determined by the peak-fitting algorithm (Fitted). Plot
Absolute Residuals displays the difference in each channel, in
counts, between Actual and Fitted counts. Plot Relative Residuals
displays the difference in each channel, in standard deviations
(abbreviated ST D on the screen), between Actual and Fitted counts
divided by the square root of the Actual counts; that is,

(Actual - Fitted) |\ Actual .

Show Reziduals
& Flot Abzolute Residuals
Flat Belative Residuals

Zoom Ik
Zoormn Qut
Urdo Zoom In
Full *igw

kdark RO
Clear &ctive ROI
v Show ROl Bars

FPeak Info
Show Hover Window
Sum Spectm

Frint Graph

Properties

Figure238. The
GVPlot Right-M ouse-
Button Menu.

307




ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

The Properties command is equivalent to Optionsg/Graph...; see Section 7.1.3.3.

7.1.4.2. Zoom In

Zoom | n adjusts the horizontal and vertical scalesin the Expanded Spectrum Window to view a
smaller portion of the spectrum. This command is duplicated by the Zoom In button on the
toolbar.

7.1.4.3. Zoom Out

Zoom Out adjusts the horizontal and vertical scales in the Expanded Spectrum Window to view
alarger portion of the spectrum. This command is duplicated by the Zoom Out button on the
Toolbar.

7.1.4.4. UndoZoom In

Thiswill undo or reverse the last Zoom I n operation done with the rubber rectangle. It restores
the display to the horizontal and vertical expansion before the Zoom In. It is not the same as
Zoom Out.

7.1.4.5. Full View

Full View adjusts the horizontal and vertical scaling to display the entire spectrum in the
Expanded Spectrum View.

7.1.4.6. Mark ROI

This allows you to mark a peak as an ROI by clicking and dragging the rubber rectangle across a
portion of the spectrum, then selecting Mark ROI. If Show ROI Barsison (see

Section 7.1.4.8), the new ROI will be marked with the active ROl Bars until you either move to
or create another ROI. Use the M odify Active ROI command on the ROl menu

(Section 7.1.3.4) to widen the ROI boundaries, or click and drag the ROI barsto increase or
decrease the number of channelsin the ROI.

7.1.4.7. Clear Active ROI

This clearsthe ROI bitsin al ROI channels that adjoin the channel containing the marker. This
IS the same as the Clear command on the ROI menu (Section 7.1.3.4).
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7.1.4.8. Show ROI Bars

These are vertical markers that indicate the lower and upper active
boundaries of each ROI in the spectrum. The ROI bars for an
Inactive/unselected ROI have solid fill; when you click on an ROI
to activate it (only oneis active at atime), the bars for the active
ROI changeto adiagonal fill (see Fig. 239). To display the ROI
bars, right-click in the expanded window to open the right-mouse-
button menu, then click on ROI Barsto checkmark it. To hide the
ROI bars, click on the command again to clear the checkmark.

% )
% )
% )
% )
% )
% )
) )
) )
) )
) )
) )
) )
) )
% )
% )

)

When you activate an ROI by clicking on it, the Marker Informa- __
tion Line (Fig. 240) displays the following information about the Figure 239. Inactive (solid)
active ROI: and Active (diagonal fill)

ROI Bars.
(@ The marker position, in channels and energy

(b) The countsin the marker channel

(c) The start and end points for the ROI, in channels for uncalibrated spectra and energy for
calibrated spectra

(d) Thetota countsin the ROI

(e) Thenuclide name, if identified

(f) Thenet peak area, in counts

(@) The peak background area, in counts

(h) Theactivity in the peak, in becquerels

IHarker 353 =B0.78 ke Cnts 3048 | BOI 335 - 358 ke¥ Cnts 208113 |Name: Am-241 &rea; 127237 Bkogd: 115403 Bg  5.747e+003
a b c d e f g h
Figure 240. The GVPlot Marker Information Line.

Y ou can shift the start or end channel of an ROI by moving the mouse over an ROI bar until the
pointer changes to a double-arrow, then clicking and dragging the ROI bar to the desired location
(allow a moment for the display to update). In addition, you can widen the ROI in the M odify
Active ROl mode (Section 7.1.3.4).

Set the color of the ROI bars with the Markers droplist in the Graph Properties dialog (select
Properties from the right-mouse-button menu or Options/Graph...).
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7.1.4.9. Peak Info

This command opens a Peak | nfo box (Fig. 241) for
the selected peak and leaves the box open until you
click inside it. This command works for peaks |oaded
from a . uro file and ROIs created within GV Plot or
loaded from an . roz file. The contents of the Peak
Info box are described in Section 3.4.2. Y ou can
simultaneously display multiple Peak Info boxes as
long as they do not overlap (opening a new Peak Info :
box closes any ovgrlappl ng boxes). F_or very narrow Pk BE36 67 = 808 07 kel
peakS, you mlght find it useful to pOS|t|0n the marker FidHM 1,57, FW(1i5M: 2,36
with the left/right arrow keys before calling the Peak Library ¥-88 at 895.0%; 2011.710 By
I nfo command. When the marker is on a peak, the Dross frea 295075

. . . . . . et Area: 212276 £ 505
I'Ight side of the Marker Information Line will dlsplay Gross/Met Count Rate: 54.91/58.97 cps
aPeak Area readout. g

Figure241. The eak Info Window for an

7.1.4.10. Show Hover Window ROL.

When you select this command, a checkmark is

displayed by this menu item to indicate that it isin hover-window mode. In this mode, the Peak
Info window opens when the mouse pointer is paused over apeak for approximately 1 second,
and closes when the pointer is moved away from the peak. To turn off hover mode, select Show
Hover Window again to remove the checkmark.

7.1.4.11. Sum Spectrum

This sums the gross counts in the area selected with the rubber rectangle or, if you have not
selected an area, the gross counts in the entire spectrum. The results are displayed on the status
line, and indicate the span of channels summed.

7.1.4.12. Print Graph

This command prints performs a“quick print” of the contents of the Expanded Spectrum
Window, using the currently selected printer and print settings (these will be either the default
printer and print settings for this PC or the printer and settings used most recently during this
GVPlot session). To change printers and/or print properties, use the Print... command on the File
menu (page 303).

7.1.4.13. Properties
This opens the Graph Properties dialog, which is discussed in Section 7.1.3.3.
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7.1.5. Command Line Interface

The GVPlot command line interface supports options available in the interactive mode as shown
below:

GvPlot<spectrum> -U <ufofile> -R <roifile> -S <setfile> -P

where:

<spectrum> Specifies the spectral datafile (.spc, .an1, or .cuN). The extension must
be included.

-U <ufofile> Specifiesthe . uro file. The extension must be included.

-R <roifile> Specifiesthe . roz file. The extension must be included.

-S <setfile> Specifies the settings file. The extension must be included.

-P Print the plot to the PC’s Windows default printer and exit automatically.

Used mainly in File/Export....

7.2. StdDist

Spectrafrom GammaVision-32 and other ORTEC CONNECTIONS programs can be analyzed in
ISOTOPIC if the point-source calibration has been made on the detector. The calibration can be
performed in GammaVision, but GammaVision does not store the distance between the source
and the detector in the spectrum file. It is stored in the file by ISOTOPIC (see Fig. 46, page 77).
To add the distance to one or more . spc, .aN1, Or .cLB files, use the program stdpist. exe,
located in c: \Program Files\Isotopic41l (Or the directory in which ISOTOPIC was
installed).

When you start stdpist.exe, the Isotopic Calibration Distance dialog (Fig. 242) opens.

To select the files to be modified, click on Add. This opens a standard file-open dialog. To select
more than onefile, use <Ctrl + Left Click>and <Shift + Left Click>, then click on OK.
Thefileswill be displayed as shown in the figure.

To remove afile, click to highlight it then click on Remove.

Toremove al filesfromthelist, click on Clear.
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When the list of filesis complete, enter the
Calibration source to detector distance in
cm and click on Apply. If afilethat you
wish to modify already contains a source-
to-detector distance, ISOTOPIC will dis-
play awarning message before overwriting
the old distance with the value entered
here. If necessary, you can make a copy of
the original file and modify the source-to-
detector distance in the copy.
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- * Isotopic Calibration Distance - ||:I|5|

Calibration zource to detector distance:

File | Digtance ﬂ

C:hUger 2000077 Anl 0.00E+00

C:hUger zo00077.Spo 0.00E+00

C:hU ger zo00078.An1 0.00E+00

C:AU gerMisEu000mm. Clb 2.30E+M

C:AUgersMisE ul 00mm. Clb 2.30E+M

C:AUserMixE u250mm. Clb 2 30E+M -

4 | B
Add ... Remove Clear |

Figure 242. Add a Source-to-Detector Distanceto a
Spectrum, Analysis, or Calibration File.




APPENDIX A. STARTUP AND ANALYSIS
SETUP

To start ISOTOPIC Supervisor, click on Start on the Windows Taskbar, then on Programs,
I sotopic 41, and | sotopic Supervisor 4.1 (see Fig. 243).

i @ Pl

‘3_3 B Configuration
E Muclide Library Editor
All Programs B I skartup 2% lsokopic Operator 4.0

: «-* Isobopic Supervisor 4.0
.| Log OfFF ﬁ| Shuk Dawn

[ MaEsTRO 32
I ORTEC

Figure 243. Starting ISOTOPIC Supervisor.

A.l. Analysis Setup

All of the analysis engines have severa options that can be specified in adisk file

(B3owinps. 1N1I) and the report output text can be specified in adisk file (B3owIn. TxT). These
files are loaded by SETUP, but if not found or cannot be read, the internal defaults are used. As
1supplied, the files are the same as the internal defaults.

These files should only be changed after careful consideration of the impact of the changes.

A.1.1. ISOWAN32 and ISOENV32

The ISOWANS32 and ISOENV 32 analysis engines analyze a compl ete spectrum. These programs
are run by ISOTOPIC and can also be run by other programs. These analysis programs read the
command line to control the analysis. The command line (shown here for ISOWAN32 only) is.

ISOWAN32 file.SPC [DEBUG] [file.INI]

file.spc  Thisisthe spectrum filename and it must be the first argument. For a complete
analysisit must contain all the analysis parameters and calibrations. The output
files are the input file name with the extension of . uro for the binary output and
the extension of . reT for the text output.

DEBUG This optional parameter controls the output of debugging information on the
| SOWAN32 Window. ISOTOPIC sets this parameter when ISOTOPIC isrunin
debug mode. This produces considerable output and significantly slows the
execution. It must be the second or third argument.
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file.INI  Thisoptiond fileisthe . 1Nz file (such asB3owinps. 1n1) for controlling the
analysis. It overrides the normal default file. If the file cannot be found or read, the
default file name is used. If the default file cannot be found or read, the internal
options are used. By selecting different . i~z filesfor different spectra, different
analyses can be produced.

A.1.2. isoQED.ini

The isoQED. ini initialization file contains information necessary to devel op detector
characterization and parameters to adjust the analysis parameters. Thisfileislocated in the
c:\User folder. Under most circumstances the default values are set so that you never need use
thisfile. The times you might want to change thisfile are:

® \When the detector is not an ORTEC detector and the dead layer of germanium and outer
container have different thicknesses than the standard ORTEC detector,

® When the far-field method of analysisis preferred over the close-geometry method,
® When the close-geometry analysis needs to be speeded up, and

® \When you have a better estimate of uncertainty for matrix density and container thickness
than the default value.

Table 8 shows the available analysis adjustment parameters.

Table8. HPGe Detector Parameters.

Variable Default Comment
FrontAlCapThickness 0.76 Endcap Al thickness (mm)
SideALThickness 1.53 Side thickness of the Al endcap (mm)
PTypeFrontDeadlL ayer 0.65 Dead layer for the top of Ge crystals for p-type detectors (mm)
NTypeFrontDeadlL ayer 0 Dead layer on the top of Ge crystals for n-type detectors (mm)
NTypeSideDeadl ayer 0 Dead layer for the side of Ge crystals for p-type detectors
(mm)
GapCMEndcapAndCrysta 0.5 (Dist)ance between the endcap and dead layer of germanium
cm
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Two analysis methods are available, a close-geometry analysis and far-field analysis. Both can
be used concurrently. That is, the close-geometry analysis can be used to measure items close to
the detector, while the far-field approximation can be used to measure items with larger detector-
to-collimator distances. The close-geometry calculation includes detector characterization
information, and is generally considered more accurate than far-field analysis. Y ou should
validate the best method for your application. See Table 9.

Table9. Analysis Selection.

Variable Default Comment

QEDOverride Flag 1 Changeto 2 to use the far-field analysis method at all
distances greater than QEDDetector Sour ceDistance.

UseMonteCarloCalculation 0 Reserved

QEDDetectorSourceDistance (cm) 1000 [ Distance from the detector face above which the far-field
method will be implemented.

For example: If you wanted to use close geometry at a standoff distance of 20 cm or less and the
far-field method at standoff distance greater than 20 cm, set QEDOverrideflag to “2” and the
QEDDetector Sour ceDistance to “20.”

Analysis can be accelerated by reducing the number of voxels used to follow the gamma-ray path
to the detector. This might be necessary if the spectrum has a large number of peaksor if the
computer speed is<1 GHz.

Table 10. Voxel Adjustments.

Variable Default Comment

ContainerHei ghtSegments 10 Container is divided into # of segments of height for both
box and cylinder.

ContainerAngul ar Segments 20 Cylinder container pie shaped segments

Contai nerLengthSegments 10 Segment number length for a box

AttenuationDirectionSeg 25 Segments used to compute attenuation in one mean-free
path

ContainerRadial Segments 10 Number of pixels used for cylinder segment

M axPenetrationDepth 5 Maximum penetration depth in mean-free-path units.
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Note that accuracy could be reduced with fewer voxels, however, the reduction not be significant
and the benefits of a speedup in analysis might override the slight decrease in accuracy.
Reducing the layers of attenuation, AttenuationDirectionSeg or the M axPenetrationDepth,
will likely have the greatest acceleration effect. Generally, the nonhomogeneity of the sample
dominates the analysis error.

Table 11. Uncertainty Estimates.

Variable Default Comment
MatrixMuRhoUncertPct 10 % Uncertainty for the combination of mass attenuation
coefficients and effective density.
MinContainerUncPct 10 % Uncertainty of minimum container uncertainty to
report.

NOTE TheMatrixMuRhoUncertPct value will have a mgjor effect on the overall
measurement uncertainty.

A.1.3. B3OWINDS.INI

The B3owinDs. 1N1 file containsinitial or default values for the analysis engine. It is read by the
engine before the spectrum file isread. The contents are shown below. The filename can be
specified on the command line. If the specified file cannot be found in the default directory (as
defined by Windows) the \MEssaGE directory on the default drive is searched. If it is not found
there or cannot be read, then the internal values are used. Some of these values can only be set in
thisfile.

A.1.3.1. Contents
B3OWIN.TXT Message file name
The name of the file containing all the text and format statements used in the report.

YES NO spellings
These are the spellings of the repliesto questions. It is not used in ISOWAN32.

JANFEBMARAPRMAY JUNJULAUGSEPOCTNOVDEC spellings
The aternate (to English) spellings of the months. These spellings are used in addition to
English to convert the input dates to fixed format.

D Deconvol. charact
The character on the report denoting that this peak is part of a deconvolution
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S shape character
This character on the report means that the peak had a bad shape flag set to true.

M Multiplet char.
The character on the report denoting that this peak is part of a multiplet.

- Unknown suspect
The character on the report denoting that this peak has not been found in the suspect library.

D:\A27\EBAR.TBL Ebar table filename
The filename for the average energy table.

DAA2NAIEQT.TBL | Eq table filename
The filename for the iodine equivalence table.

F Ebar on/off
The flag to turn on or off the average energy calculation.

F | Eq on/off
The flag to turn on or off the iodine equivalence calculation.

F T=print eff cor peak area
The flag to turn on or off the printing of the efficiency-corrected-net-peak areafor unknown
peaks. It is printed in place of the net peak count rate in the unknown peak table. Note the
efficiency number is area and the peak number is rate. This also prints out the half life and
yield for library peaksin the Library Peak Usage section.

0 # of pks/eng recal low
The number of peaksin the low part of the energy spectrum needed in order to do an energy
recalibration.

15 # of pks/eng recal high
The number of peaksin the high part of the energy spectrum needed in order to do an energy
recalibration.

0.0 recal energy dividing
The energy dividing the high and low regions for the energy recalibration.

1.0 scaling factor on activity

This number is multiplied times the activity beforeit isprinted. Thisisin addition to all the
other factors entered.
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2.0 range multiplier
The multiplier of the FWHM for the acceptance width of the suspect library.

0060 Page length
The page length of the Soil Mode and QA report, in lines.

T F = erase .uro file
This controls the erasure of the . uro file after the analysis. Note that if thefileis erased by
| SOWANS32 after the analysis, the display results feature will not work because display uses
the .uro file.

12 F MDA type, T=Allow change
The first number isthe MDA method to be used as the default. See Section 4.5.2 to select the
MDA method index number. Enter aT after the number to allow the MDA method to be
changed in configurations used in Container Mode. For soil mode, the letter should always be
F because there is no provision for changing the MDA method in Soil Mode configurations.

F PBCTEST.PBC PBC F=off and filename
The switch to turn on the PBC correction and the filename to use. If the PBC is off in the
spectrum, then these values are used.

F d:\a27\MPCTABLE.MPC MPC F=off and filename
The switch to turn on the MPC or DAC calculation and the table filename to use. The
B30wIN.TXT file has the labels for the output data. The table used can be either MPC or DAC
depending on the values in the table.

T T=do directed fit
The switch to turn on the directed fit.

F T=Halt WAN32 on error
This switch halts ISOWAN32 when an error occurs. If thisisfalse, ISOWAN32 exitsin all
cases and the error reporting is sent to ISOTOPIC. If true, ISOWAN32 displays a dialog
indicating an error, and must be closed before another analysis can be performed.

T T=keep small, bad peaks
The switch to keep or rgject small peaks with bad peak shape. This should be set to true to
report peaksin low background systems with few counts.

A Derived peak area char.

The character used to mark the peaks where areais derived from other peaksin library-based
peak stripping.
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F Print discarded peak table
If T, this prints the discarded peaks table and the associated flags.

12 Half lives decay cutoff
The cutoff for the decay limit for the report. The previous value was 8.

2.0 Activity range factor
The multiplier used in the test to determine if the secondary gamma lines should be included
in the activity average for the nuclide.

T T = Perform activity range test
F meansto include all peaksin activity average (except those marked “not in average”),
which means it ignores the range test.

T T = Print O area peaks
F suppresses the printing of peaks with zero area, which are normally printed in ISOENV 32.

T T = Print O activity isotopes
F suppresses the printing of library energiesin the peak table for those nuclides with zero
activity.

0.0 Min. step background energy
Sets the lower limit for the use of stepped background for multiplets. It is normally set to zero
energy.

T T = Do fraction test on all peaks
F disables the fraction limit test.

F T = Useall narrow peaksin act.
If T, the narrow peak flag is not used to reject peaks from the activity calculation.

T T = Print O act. peaksin nuclide table
F suppresses printing in the nuclide table of nuclides not found. The normal case for
|SOWANS32 isto print al nuclidesin thelibrary.

T T = Use peak cutoff
F ignores the peak sensitivity cutoff and uses all peaks for activity calculation.

2 F Second MDA type, T = Calculate

Specifies a second MDA type to be calculated and stored in the . uro file. It istransferred to
the database by Report Writer but is not printed on the normal 1SOTOPIC report.

319



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

F Sort isotope peaks by energy
If T, this sorts the isotope/peak matrix part of the report by energy. The normal listing is by
library order.

2.0 Multiplet channel shift limit

The limit, in channels, that the peaks can be shifted in the fitting process in ISOENV 32.

0.0 Background width / FWHM for MDAs
Some types of MDA calculate the background independently of the analysis peak results.
This sets the peak width as a multiple of the FWHM.

F T = Print MDA in Nuclide Summary
If T, this prints the MDA for the nuclidesin the final summary aswell as the activity.

0.1 Env factor
The env factor is used to reject nuclides if not enough different gamma rays are detected.
Thisis an alternative check to the Fraction Limit and is available for only for the
ISOENV 32 analysis engine. This factor is multiplied by the correction factors for the first
peak (this includes detector efficiency and yield) in the library. This product is compared to
correction factors for the second peak in the library. If the correction factor for the second
peak in the library isless than the first peak product (i.e., it can be expected to be a weak
peak), then only the first peak is used to identify the nuclide. To retain a nuclide on the
preliminary identification list, set the factor to a value greater than 1. Decrease the factor to
reduce the chance of false positive nuclide identification.
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FROM THE ISOTOPIC DATABASE

The default ISOTOPIC database file, 1sotopicDB.mdb, contains information useful for writing
custom reports or for transferring to a Microsoft Excel® spreadsheet for further data processing.

Theinitial step in extracting data from selected tablesis to initiate a Microsoft Access query.
This query can be used to write Access reports or to develop an Excel query derived from the
Access query.

IsotopicDB.mdb iSin the Access 97 format. ISOTOPIC writes to the database using tools that
are compatible with that format only. However, any newer version of Access can be used to write
aquery by linking the tables into the available Access version. Y ou must furnish your own copy
of Access.

CAUTION Do not convert the 1sotopicDB.mdb fileto a newer version of Access because
| SOTOPIC will not be able to write to it after it is converted! We strongly suggest
that you make a copy of the original database file and manipulate or query the
copy only.

B.1. Writing a Simple Query

Enclosed is avery simple query to sort the results of information stored from the last Soil Mode
measurement.

Consider the need to report the results of the last sample which are reported with the name of the
.spc file The necessary information is found in four tablesin the 1sotopicDB.mdb database
(see Table 12).

Table 12. IsotopicDB.mdb Tables Used for the Query.

Table Field Comment

Nuclide Nuclides The proper nuclide is selected by linking the
Nuclide ID field with IsotopicPeaks

I sotopic Results I sotopicResultsID Number of the last set of results linked to
| sotopi cPeaks

|soPeaks IsoActivity Final results of activity linked to

| sotopicResultsID

Spectra Spcfile Name of the file used to collect the data
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1. Open anew database using your version of Access. In this example, the new database is
named Buf fer .mdb because it acts as a buffer between the ISOTOPIC Access 97-format
database and your version of Access.

2. Link thefour tableslisted in Table 12 such that the new Buffer .mdb database contains these
four tables.

3. Develop a“Select” query that includes these four tables. Link as shown in Fig. 245. Use the
fieldsidentified in the table as part of the query. Be sure make the following adjustments to

the query:
e Using the Criteriacell in the query, exclude the value unknown from the nuclide field.
® Order 1sotopicResultsID as descending so the most recent set of results will be
displayed first.
e You want only one set of records, so set the Top T
Va.lueSdrOpllgtO ull’aSShOWnln Flg 244 ﬂ:‘;ﬂ L ! ﬂ:@ E 1 i «
® Changethe query property value tnique values Figure 244. Set Top ValuesLigt to
to Yes so that duplicate entries are excluded. “1".
e Show all fields.
New Table E”g
Datasheest View
Design View
Table Wizard

ImEl:urt Table

This wizard creates tables in the
current database that are linked
to tables in an external file.

Ok | Cancel

Figure 245. Link the Tablesin the New Databaseto
the Tablesin the ISOTOPIC Database.

Figure 246 shows the completed query.
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Microsoft Access

- Fle Edit View Insert Query Tools Window Help
E-HR EEBY iR - E-|Y 2|1 [l B == R A T B

2! Simple results : Select Query

IsotopicPeaks

=

IsotopicPesksID
IsotopicResultsID

PeaksID
MudidelD

IsoActivity

IsoWeight

)

Date
IsotopicScanID

AnalysisResultsID
Library

Mudlide
Abundance

General |
Description
Default View
Qutput All Fields
Top Values
UniqueValues . . .........
Unique Records
Run Permissions
Source Database
Source Connect Sfr
Record Locks
Recordset Type
ODEC Timeout

Datasheet

(current)

Field:
Table:
Sart:
Show:
Criteria:

Mudlide

IsoActivity

IzsotopicResultsID

Mudides

IsotopicPeaks

IsotopicResults

Descending

< ="Unknown”

or.

< ||||]

Figure 246. A Finished Simple Query.

4. Run the query and verify that the results of the query are the same as the results from the
corresponding 1SOTOPIC report.

5. Savethe query with a descriptive file name.

6. If theresultsare correct, you are ready to develop an Excel query or custom Access report.
Refer to your Access user manual for information on devel oping a report.

B.2. Transferring the Data to Excel

At this point, you can transfer the data to Excel. The “quick and dirty” method isto simply cut
and paste from the HTML report into the spreadsheet. The more advanced method is to develop
an Excel query which uses the same fields present in the Access query.
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To do this:
1. Develop anew Excel query:

® Select the following menu sequence in Excel: Data\lmport External Data\New
Database Query.

e Navigate to the example Buf fer .mdb database created using your version of Access.
® Select the smple query just developed in Access (in this example, Isotopic Query.)
® Seclect theNuclide, IsoActivity, and spcFile fields, asshownin Fig. 247.

® Savethe query with adescriptive name, such as Isotopic Query.

Query Wizard - Choose Columns

Wwhat calumng of data da you want o include in your queny’?

Available tables and columns: Columnz in wour guery:
+ MSyzluenes ~ Nuu:lid,a_ J
+ MSysRelationships | soictivity J
. SpcFile
+ MNucldes
-1 Simple results <L
|sotopich esultzl D
+ Specha
w

Preview of data in selected columnn:

@ Options... Mext = Cancel

Figure 247. Select the Fieldsto Be Used in the Excel Query.

2. Onthe Excel spreadsheet page, click the cursor where you want the query data returned.
3. Click on Data\lmport External Database\l mport Data.
4. Select the name of the query just developed, e.g., Isotopic Query.

5. The data should now be transferred to the spreadsheet from the Buf fer .mdb database as
shown in Fig. 248.
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Ed Microsoft Excel - Book1

@ File Edit WVew Insert Format Tools Data Window Help

ey &Y & BB & |- @ =

Arial -0 - B F U E=E=EFE| % %
13 T ¥ &

A10 - x

A B C

1 |Muclide |IsoActivity | SpcFile
2 |K-40 5097067188 C:\Documents and Settings\Hagenauer
3 Ma-22 584 4561157 | C:\Documents and Settings\Hagenauer
4 Th-230 3961.056396 | C:\Documents and Settings\Hagenauer
5 |Th-232 90431.35156 C:\Documents and Settings\Hagenauer
B U-235 237770.0313 C\Documents and Settings\Hagenauer
7 U-238 739549 375 C:\Documents and Settings\Hagenauer
8 |U-KXRAY 0 C:\Documents and Settings\Hagenauer

Figure 248. Resultsof the Simple Query.

Additional data can be added to the queries by adding other fields found in other tables. Be
careful to properly link the tables or your query will not return the results you want. Other forms
and reports can be developed in Access and Excel.
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APPENDIX C. FILES TYPES AND FORMATS

This appendix describes the file structure for the ISOTOPIC program files. See the ORTEC
Software File Sructures Manual for DOS and Windows Systems for compl ete descriptions of the
formats for thesefiles, including . spc, . caN, and . uFo files. This appendix aso includes two
program examples that show how to access the spectrum files.

Our Analysis Results Toolkit (A12-B32) can be used to develop user-written programs to read
the analysis results.

C.1.1.

.CXT

.SDF

C.1.2.

.CHN

.SPC

.AN1

.ROI

. BMP

C.1.3.

.CLB

.LIB

.UFO

C.1. ISOTOPIC File Types

Detector Files

“ConteXT”; system Detector information used by ISOTOPIC; not user-modifiable.

“Sample type defaults’; configured by clicking on the Edit button on the QA Settings
dialog; binary format.

Spectrum Files

“CHaNnels’; MAESTRO-style spectral datafile; binary format.

“SPeCtrum”; spectrum with full analysis settings, calibration, descriptions, etc.; “Inform”
type binary format.

Alternate name for spectrum files used for analysis, when the . spc nameisalready in
use; same format as . spc.

“ROI"; channel pairs created by the ROI/Save File... function; binary format.

“BitMaP’; Windows bitmap. spectrum.Bmp iS the spectrum (histogram) picture.
Activity.Bmp ISthe fine-tune plot picture.

Miscellaneous Files

“CalLibration”; full energy/efficiency calibration; “Inform” style binary format.
“LIBrary”; nuclidelibrary; “Inform” style binary format.

“UnFormatted Output”; analysis results; “Inform” style binary format.
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.EFT

.ENT

.RPT

. HTML

. TXT

.PBC

C.1.4.

.MDB

C.2.1.

“EFficiency Table”; used for efficiency Calibrate/Recall Calibration... function (and
created with the Save... button on the Efficiency Calibration Sidebar); formatted ASCI|
text (also, lines that do not begin with numeric values are ignored).

“ENergy Table”; used for energy Calibrate/Recall Calibration... function (and created
with the Save... button on the Energy Calibration Sidebar); formatted ASCI| text (also,
lines that do not begin with numeric values are ignored).

“RePorT”; output of analysis engine; ASCII text. Also, file extension for Crystal Reports
templates.

“HyperText Markup Language’; web-browser markup language. Output format for
Operator program reports.

“TeXT”; general ASCII text files used by File/Print....
“Peak Background Correction”; table values for the PBC.

QA Database Files

Microsoft Access database file extension.

C.2. Database Tables for ISOTOPIC QA

QA Detectors Detector Table

(Only one of these tables for entire database; one record for each detector being monitored for
QA, with fields defined as follows.)

Field Name SQL Data Type Description

Detector SQL_INTEGER Detector 1D number. (Primary Key)

DetName SQL_CHAR (32) Detector Pick List Name

DetDesc SQL_CHAR (64) Detector Description

Creation SQL_TIMESTAMP Date/Time this record created

NumM eas SQL_INTEGER M easurement counter (all types) for this detector
NumBack SQL_INTEGER Background type only Measurement counter for this detector
SamFile SQL_CHAR (64) Sample Type File Name

SamType SQL_CHAR (64) Sample Type Description

LibFile SQL_CHAR (64) Nuclide Library File Name

Setup SQL_SMALLINT Setup Flagword

Limits SQL_SMALLINT Limit Settings Flagword
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Field Name SQL Data Type Description

MinBack SQL_REAL Min. Background CPS Acceptance Limit

L owBack SQL_REAL Low Background CPS Excursion Warning Level
BigBack SQL_REAL High Background CPS Excursion Warning Level
MaxBack SQL_REAL Max. Background CPS Acceptance Limit
MinActivity SQL_REAL Min. Total Activity Acceptance Limit

L owActivity SQL_REAL Low Total Activity Excursion Warning Level
BigActivity SQL_REAL High Total Activity Excursion Warning Level
MaxActivity SQL_REAL Max. Total Activity Acceptance Limit

MinShift SQL_REAL Min. Average Peak Shift Acceptance Limit

L owShift SQL_REAL Low Average Peak Shift Warning Level
BigShift SQL_REAL High Average Peak Shift Warning Level

M axShift SQL_REAL Max. Average Peak Shift Acceptance Limit
MinFWHM SQL_REAL Min. Average FWHM Ratio Acceptance Limit
LowFWHM SQL_REAL Low Average FWHM Ratio Warning Level
BigFWHM SQL_REAL High Average FWHM Ratio Warning Level
MaxFWHM SQL_REAL Max. Average FWHM Ratio Acceptance Limit
MinFWTM SQL_REAL Min. Average FWTM Ratio Acceptance Limit
LowFWTM SQL_REAL Low Average FWTM Ratio Warning Level
BigFWTM SQL_REAL High Average FWTM Ratio Warning Level
MaxFWTM SQL_REAL Max. Average FWTM Ratio Acceptance Limit
Oper ator SQL_CHAR(64) User name last entered on the Analysis tab under

Settings/Configurations... at start of latest measurement

C.2.2. Application Information Table

(One of these tables for entire database; one record for ISOTOPIC.)

Field Name SQL Data Type Description

ModelNumber SQL_LONG Product Model No.(i.e., 66)

SerialNumber SQL_CHAR(32) Product Serial No.

AppName SQL_CHAR(16) Application Name (i.e., “ISOTOPIC")

AppVersion SQL_CHAR(8) Version/Revision (i.e., “2.22" or greater)

Laboratory SQL_CHAR(64) Laboratory name entered under ISOTOPIC system dialog

C.2.3. M...d Measurements Table(s)

(Where“...d" isthe detector number in decimal from the Detectors table above. There is one of
these tables for each detector, covering all measurements, whether background or standard
sample type. The total number of recordsin this table is denoted by NumMeas in the Detectors

329



ISOTOPIC v4.1 (ISOPLUS-B32) Supervisor User’s Manual

table, which is also the measurement number of the last record in this table. The records are
stored sequentially by measurement number.)

Field Name SQL Data Type Description

M easur ement SQL_INTEGER M easurement Number (Primary key)

MeasTime SQL_TIMESTAMP Date/Time for this measurement

MeasType SQL_SMALLINT Activity analysis (1) or Background (0)

LiveTime SQL_REAL Acquisition Live Time in Seconds

CountRate SQL_REAL Background CPS (only for Background measurement)
Activity SQL_REAL Total Activity

Peak Shift SQL_REAL Average Peak Shift

FWHMRatio SQL_REAL Average FWHM Ratio

FWTMRatio SQL_REAL Average FNTM Ratio

C.24. P..dmmmm Peaks Table(s)

(Where“...d" isthe detector number in decimal, “mmmm” is the measurement number to 4 places. Thereis one of
these tables for each measurement in the table above, but only if the output of actual centroid energiesis enabled.)

Field Name SQL Data Type Description

PeakNumber SQL_INTEGER Peak No. counter (Primary key)
PeakFlags SQL_INTEGER Analysis Results Flags

Nuclide SQL_CHAR(8) Library Nuclide Name this peak belongs to
Energy SQL_REAL Library Energy

Centroid SQL_REAL Actua Centroid Energy

CalFWHM SQL_REAL Expected (Calibrated) FWHM at this energy
FWHM SQL_REAL Actua FWHM

FWTM SQL_REAL Actua FWTM

Area SQL_REAL Net counts in peak

Background SQL_REAL Background counts
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