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ABSTRACT

Tiffs report describes the gamma-ray analysis program VAXGAP,which has
continually evolved at the Idaho National Engineering Laboratory over a period of
several years, it is an integrated suite of computer programs for performing analy-
ses of pulse-height spectra from high-resolution gamma-ray spectrometers and
assorted support functions. VAXGAPprograms operate on Digital Equipment Cor-
poration (DEC) VAX computers running the VMS operating system, and were.
written in VAXFORTRAN and DEC Digital Command I,angu_ge (DCI.,).a These
programs make use of DEC GKS and REGIS for graphical output on standard ter-
minals and printers, and DECwindows for graphics on workstations and terminals
that support the X Window System protocol, a This report addresses the use of
VAXGAP for data acquisition and control, energy scale calibration, and real-time
armlyses of background and sample pulse-height spectra, Also addressed are the
creation and use of efficiency tables and isotope libraries, manipulation of spec-
tmrn files and their contents, and graphical display of on-going acquisitions, saved
spectra, andmathematical fits to spectral peaks.

a. DEC,VAX,VMS, VAXFORTRAN,Digital,REGIS,and DECwindowsare tradem"xksof Digital Equipment
: Corporation.X WindowSystemis a trademarkof theMassachusettsInstituteof Technology.
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FOREWORD

This document describes the procedures and cormaaands for using the standard
version of VAXGAP. Another document, "Operator's Guide for Using INEL-
Specific VAXGAP Programs," EGG-PHY-10338, explains how to use several

additional VAXGAP analysis programs that were created specifically for use at the
Idaho National Engineering Laboratory (INEL). These INEL-specific programs
perform specialized operations and produce specialized output. For a description of
VAXGAP analytical models and algorithms, see "VAXGAP: A Code for the Rou-
tine Analysis of Gamma-Ray Pulse-Height Spectra on a VAX Computer,"
EGG-2533.
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Operator's Guide for VAXGAP,
a Gamma-Ray Spectrum Analysis Package

1, INTRODUCTION

VAXOAP,a gamma-ray pulse-height spectrum analysis software package, is a collection of programs that
run on a VAX computer under the VMS operating system in the Radiation Measurements Laboratory
(RML) at the Idaho National Engineering Laboratory. This document describes how to use the VAXGAP
software package. In order to use this manual most effectively,you should have a fundamental knowledge
of the VMS operating system.

1.1 Features of VAXGAP

VAXGAP offers tile tbUowingfeatures:

• Automatic pe_ search

• Two different methods for determining ambient background with subsequent radionuclide activ-
ity corrections for this background activity

i

• Computation of radionuclide activities for a set of nuclides that you select

• Multi-fine analysis with weighted averaging and outlier elimination to determine concentration
values

• Parent-daughter corrections performed to the grandparent level

• Completely automatic energy-scale determination using a Th-228 calibration spectrum

• Routines for the analysis of spectra coUected on spectrometer systems equipped with EG&G
Idaho's special electronic pulser injection technique for spectrum-specific determination of gain
and zero, real-time spectrometer monitoring, random summing, and dead-time corrections

• Interactive editing of analysis summary sheets to eliminate erroneous entries

• Spectral data manipulation routines for plotting spectra on hardcopy plotters or on operator ter-
minals (CRTs); spectral data storage and retrieval from disk or magnetic tape

• Special interactive photopeak fitting and efficiency curve generation on X-Window terminals

• Control of Canberra Industry's Acquisition Interface Module (AIM) for spectral data collection

• Selectable units for quantity and activity to allow you to tailor output for many different types of
radioactive samples such as charcoal filters, liquid samples, gas sample cylinders.

1.2 Computer Peripherals Required to Run VAXGAP

Although the basic spectral analysis programs will run on any VAX computer with the VMS operating
system, a few of the VAXGAPfunctions described in this manual require additional or particular types of
peripherals. 'It_efollowing list shows the functions that require special equipment:
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• Direct spectrometer control is designed for a Canberra AIM multi-channel analyzer (MCA).
Since the AIM MCA is an Ethemet device, the computer must be equipped with end node
DECnet.

• Terminal spectral plotting requires a DEC VT330 or equivalent.

• Hardcopy spectral plotting requires a Digital LN03 Plus laser printer or equivalent.

• Graphics programs require an X-Window terminal or VAXworkstation.

1.3 NotationStandards=

The following notation stm_dardsare used throughout this manual:

• In examples, comments are prefaced with an exclamation mark 'I '. These comments are only for
clarification of the example. Do not type the '!' or the comments when entering commands.

o The 'Return' key is denoted by '<cr>'.

• The notation '<Ctrl Z>' means to hold down tile 'Ctrl' key and press 'Z'.

• Except in figures, single quotation marks (') show the command or response you should type. Doz

not type the quotation marks with your entry. (See Appendix A for a list of commands that are
available on the standard version of VAXGAP.)

• A name in ali uppercase letters with a dollar sign ($) (e.g., GAPSEXE) denotes a logical (which
points to a directory) where flies are stored (see Appendix B for a list of the logical _tssigmnents
made in the standard VAXGAPenvironment).

1-2
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2. ACCUMULATING AND TRANSFERRING MULTI-CHANNEL
ANALYZER DATA

This section explains how to start or stop data accumulation, transferspccual data from the analyzerto a
slot in thestorage director),, obtain status information f_._)mall detector systems, and enter acquisition inter-
face module (AIM) addresses.

To con,rol a Canberra AIM, you may enter commands from any terminal at the DCL level. If any com-
mand.is bacomplete,VAXGAP will ask for additional input.

2.1 Define Ethernet Addresses

Since each AIM is an Ethemet device, it has a unique, six-digit Ethemet add_ss assigned to it. In order
to connect a new AIM to the computer network>you need to define its address in VAXGAPeither by enter-
haga DCI..comma:P,edo: by saving address definitions in the SYLOGIN.COM file, which is located in the
SYSSMANAGER direcl;ory. If you use the SYLOGIN.COM file, the address definidom will be made
known to _ay user who Iogs on to the system.

_; To define an Ett:mmetaddress, use VMS global symbols in the form ddSAiM, where dd is the detector
system designation. Each global symbol defines two detector systems. For example, the symbol AISAIM
defines detector systems A1 and A2. The subsequent symbol tbr an "A" detector wnuld be.A3$AIM, which
would define detector sys_ms A3 and A4. Figure 2-1 shows an example of three AI.Ms with their corre-
sponding addresses and detectors

DISAIM:=="'OOOI3F"!Detector1 and 2
D3$AIM:=="OOOO7D" !Detector3 and 4
DS$AIM:=="OOO7E4" !Detector5 a_d 6

-: Figure 2-1, AIM address definitions.

After you define the symbols, VAXGAPwill be ready to accept commands for those detector systems.
For exa.mple, if you enter a corm_and to s;.a.rtdetector I34, VAXGAP will evaluate the D3$AIM symbol
Ct)cea,usedete.ctorsD3 and IM are controlled by the D3$AIM module) and perform the action on detector 2
on that AIM.

2.2 Start and Stop Data Accumulation

2,2,1 Start Spectrum Accumulation.
_

Emer the START cozrLrnandin the form 'STA <detector> <live.time> <real-time>' and press
<ct>.

-: <Detectol> is the two-letter ID of the MCA [et_erand the detector number (e.g., B3). <Live-
. time> is the preset live time (or zero if none), _md<real-time> is thepreset realtime (again zero

if n,one).

_, The command 'STA B3 36,000' would start detector system B3 on the AIM whose address is defined by
the symboTLB3$AIM, with a live time presetof or_ehour. (In subsequent examples, the detector system may

If
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be referred to as a detector slot.) Figure 2-2 shows an example of two ways to enter the STARTcommand--
you can enter the entire command at once or enter it on_ litaeat a time.

$STA B3 3600 0<cP>

$STA<cP>
WHICH DETECTOR SLOT (E.G.,B3)? :B2<cr>
ENTER LIVE-TIMEPRESET (0 IF NOI2E):3600<cr>
ENI'ERREAL-TIMEPRESET (0 IF NONE) :O(cr>

Figure 2-2, Example of starting a spectrum accumulation.

2.2.2 Stop Spectrum Accumulation.

• Enter the STOP command in the form 'STO <detect_r>' and press <ct>.

Again, <detector> represents the two-letter lD of t},:eAIM symbol and the detector number
(e.g., B3).

Figure 2-3 shows two ways to enter the STOP command.

=.

SSTO B3<cr>

SSTO<cr>
WHICH DETECTORSLOT (E.G., B3)? :B2<cr>

Figure 2-3, Example of stopping a spectrum accumulation.

: 2.2.3 Avoid ErrorsWhile ,_tartlng and Stopping. If thepreviousaccumulationhastimedout,youdo
not need to enter the STOP c_ lmand before startia_ganother accumulation. However, if the previous accu-
mulation has not timed out, ycu must enter the STOP command on that slot before starting another accu-
mulation.

2.3 Transfer Spectral Data from the Detector System to SLOT$SPC

After you stop data accumulation, you need to transfer the data to the directory pointed to by the logical
SLOT$SPC, where the data will be temporarily stored in files (spectrum slots) having the format dd.DAT.
The first d denotes the MCA, and the second d indicates the detector connected u) the MCA. Fox"example,
A 1.DAT contains a spectrum collected on detector system A 1, and C4.DAT contorts a spectrum collected
on deLectorsystem C4.

,, Enter the $90 command in the tbrm '$90 <detector>' and press <ct>.

If the live time is zero, VAXGAPwill not transfer data and will display an error message.

Figure 2-4 shows an example of the $90 command.

2-2
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$S90 B3<cr>
TOTAl.COUNTS IN SPECTRUM:75825. COUNT/LIVETIME (SECONDS):;252.8

SSgO<cr>
WHICH DETECTOR SLOT (E.G.,B3)? :B2<cr>
TOTAL COUNTS IN SPECTRUM:100320.COUNT/t.IVETIME (SECONDS):315.2

Figure 2-4. Transferring spectral data.

As each spectrum is read from a detector system into a spectrum slot, it inherits the energy scale andwidth
eq,:ation parameters that are identified for that spectrum slot. The energy calibration programs UCLB and
THOR are used to calculate these calibration parameters (see Sections 3.1.1 a[id 3.1.2, respectively). No
other programs will calculate values for these parameters. The Edit Calibration Block (ECB) program, how-
ever, can be used to manually change the calibration parameters for each spectrum slot (see Section 4.6).

The spectral data slots in SLOT$SPC are intermediate innature, i.e., the data contained in a particul.'_rslot
will be overwritten when a spectrum is transferred from the same MCA and detector, Use the HEAD pro-
gram to transfer data from the temporary slot ft!cs to permanent storage fries (see Section 3.2).

2.4 Obtain Status Information

• q_ype'ADCS'andpress<cr>.

The essential status infomaation for each detector system will be displayed. Figure 2-5 is an example of
status information.

SLOT STATUS TIME/DATE PRESET TIME/TYPE LIVE/REALTIME

AI OFF 749/ 51286 1200 (LIVE) 1200 / 1225
A2 **ON** 852/ 51286 600 (LIVE) 490 /
A3 OFF 1420/ 51186 1200 (LIVE) 1200 / 1220
A4 **ON** 900/ 51286 3600 (REAL) I0 /
A5 OFF 1449/ 51186 57600 (LIVE) 57600 / 57623
BI OFF 1453/ 51186 1200 (LIVE) 1200 / 1226
B2 OFF 810/ 51286 600 (LIVE) 600 / 604
B3 **ON** 848/ 51286 1200 (LIVE) 740 /

Figure 2-5. Status information for each detector system.
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3. PERFORMING GENERAL SPECTRUM ANALYSIS

After you have accumulated spectral data and transferred it to a storage directory (see Section 2), you are
ready to perform specU'umanalysis. This chapter leads you through the steps necessary to run spectrum
analysis routines like GAP, GNUL, CBAG, and CBAT.

In order for a spectrum analysis to be useful, you need to determine the energy scale associated with a
detector system. With VAXGAP,you may use three different programs to determine the energy scale (_e
Section 3.1).

Each spectrum analysis routine invokes the HEAD program, which lets you enter the sampling times, the
spectrum lD number, and other spectrum-specific parameters. The HEAD program is the same in all analy-
sis routines and is explained in Section 3.2.

When a spectrum is accumulated, there is always ambient background radiation that will be measured
with the sample's radioactivity. You must subtract this background radiation from the sample spectrum in
order to obtain results that reflect the contents of the sample only, particularlywhen the sample's activity is
near backgrotmd levels. In the VAXGAPenvironment, you can subtract the ambient background radiation
by using two different techniques, which are described in Sections 3.3 and 3.4.

Section 3.4 also explains how to use the spectrum analysis routines GAP,GNUL, CBAG, and CBAT,and
Section 3.5 describes how to construct parent-daughter files.

3.1 Determine the Energy Scale

When you transfer a spectrum from an MCA, energy-scale and photopeak-widthcalibration coefficients
are read from a calibration file for that detector system. The calibration files (e.g., A1.CLB, B3.CLB) are
located in the directory pointed to by the logical SLOT$SPC. The information in the calibration file can be
modified with three different programs, which determine the energy scale:

• UCLB---determines the energy scale based on operator-supplied peak positions and energies

• THOR---determines the energy scale based on a Th-228 calibration spectrum

• PEQ---determines the pulser energy equivalents from an EG&G Idaho precision pulser using a
Th-228 calibration spectrum.

Sections 3.1.1, 3.1.2, and 3.1.3 explain each of these three programs. Section 3.1.4 describes the calibra-
tion file.

3.1.1 Use Known Peak Positions anti Energies (UCLB). TheUCLB programdeterminestheenergy
scale assigned to a spectrum slot by determining the relationship between photopeak positions and corre-
spondi, g energies. These photopeak positions can point either to an actuai peak in a spectnm_ located in a
slot or to positions of peaks located in a spectrum collected elsewhere m_dfor which the same energy scale
is deriveA. In the first case, in which a spectrum is present, the calibration is called a"spectrum calibration."
The other case is c-,_lleda "non-spectrum c',dibration."

The ordered pairs of peak position and energy are used to perform a least-squares fit to either a linear
energy equation oi the form Energy= A + BX, where X = the channel position, or to a quadratic equation of
the foma Energy = A + BX + CX2.
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Either type of fit can use weighted or unweighted energy v.,flues.If you know the uncertainty in the energy
values, you can request a weighted fit, in which each el_ergy value will be weighted according to its
associated uncertainty. The weighting function depends on th_ type of c',dibrationbeing performed (spec-
trum or non-spectrum). Both methods use a weighting factor of 1.0 / (uncertainty in energy)2.

To mn the UCLB program:

• Type _UCLB' and press <Cr>o

The UCLB program will display the UCLB options menu, as shown in Figure 3-1.

$UCLB<cr> !Startprogramexecution

Enter the spectrum slot (e.g.,NI): Ng<cr> !The slot in which the calibration
!resultswill be placed

THE OPTIONSARE:
S-Spectrumcalibration L-Linearfit W-Weighted
N-No spectrum Q-Quadraticfit U-Unweighted

ENTER THREE CHARACTEROPTION CODE (DEFAULT:SQU): NQU<cr>

Figure 3-1. UCLB optionsmenu.

• Enterthe spectrumslot andpress<cr>.

"Fnespectrum slot indicates the calibration tile wherethe resulting calibrationparameters will be
stored.

• Select the calibration options you want by entering one letter from each column and press <ct>.

For example, enter 'S' for a spectrum calibration, 'L' for a linear fit, and 'W' for an energy
weighted fit. In Figure 3-1, a non..spectrum calibration with a quadratic, unweighted energy fit
was selected.

Sections 3.1.1.1 and 3.1.1.2 describe the different types of input that are required for a Sl_ctrum calibra-
tion and a non-spectrum calibration, respectively.

3.1. I. 1 Calibration Using a Spectrum°Spectrum calibration actually fits the peaks at specified loca-
tions in the spectrum to a gaussian function to determine the peak centroids and widths.

If you selected the spectrum calibration option, UCLB will request further infomaation. Figure 3-2 is an
example of the type of data UCLB will requesL

• Enter the number of peaks to be fit and press <cr>.

If you selected a quadratic type fit (see Figure 3-1), then you must enter at least three peak posi-
tions and corresponding energies. For a linear fit, you must enter at least two peak positions and
energies.
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A SPECTRUMANALYSISHAS BEENSELECTED !Informational message only
PEAKSWILL BE FIT IN THESPECTRUMTO DETERMINETHEIR CENTROIDS
ENTERTHE NUMBEROF PEAKSTO BE FIT: 3<cr>

ENTERPOSITIONOF PEAK#I: 650.6<cr> !Channel numbers are entered
ENTERPOSITION OF PEAK#2: 2348.0<cr>
ENTERPOSITION OF PEAK#3: 7134.9<cr>

THE CURRENTWIDTH EQUATIONCOEFFICIENTSARE: 3.326 AND6.0747E-04
ARE THESEOK? (N:NO): Y<cr>

WAIT FORTHE PEAKSTO BE FIT

ALI. PEAKSHAVEBEENFIT

PLEASEENTERTHE ENERGIESFOREACHOF THE POINTSDEFINEDABOVE.
ENTERTHE 'ENERGY' FORPOINT650.6 : 238.624<cr>
ENTERTHE 'ENERGY' FORPOINT 2348.0: 860.53<cr>
ENTERTHE 'ENERGY' FORPOINT 7134.9: 2614.476<cr>

Figure 3-2. UCLB spectrum calibration screen.

• Enter the peak locations in channels (within one channel), pressing <cr> after each entry.

Make sure that the peak positions you enter correspond to the same spectrum slot you entered
(see Figure 3-1).

• If the current width equation coefficients are valid, enter 'Y' and press <cr>.

If the coefficients of the width equation are not valid for the current spectrum, you can change
them by enterhag 'N' and pressing <cr>. UCLB will then let you enter the correct values.

After UCLB has valid width equation coefficients, it will make fits to the peaks. UCLB will then check
the peaks to ensure they were fitproperly. For each peak that was not fitproperly, UCLB will ask you if you
want to discard that peak from the set of data points.

• Delete ali peaks that were not fit properly.

If you do not delete a badly fit peak, UCLB will not be able to use that data and will quit. Also,
if you do delete peaks, but not enough points remain to sufficiently perform the type of fit
required (linear or quadratic), UCLB will quit.

• Enter the energies for each of the corresponding peak positions, pressing <cr> after each entry.

If you selected the energy weighted fit (see Figure 3.-1),you must also enter the uncertainty
associated with the energy.

UCLB will then perform a least-squares fit to the data points andproduce coefficient values for the energy
and width equations. The spectrum slot is now calibrated. Ali subsequentspectra readinto this slot will have
this energy scale. UCLB will display the values for ali these parameters and input values on your terminal
and wig print the values on the line printer.
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When an analysis process ends and output should be printed on the line printer, VAXGAP should display
a message like the following on the screen: "Job S000004DA (queue SYS$PRINT, entD' 933) started on
SYS$PRINT." If you do not receive the print message, then the process was not completed or the process
was aborted abnormaUy.To terminate the printing of anyjob, type 'DEL/ENTRY=N', where N is the entry
namber (933 in the example shown above).

3.1.1.2 Calibration Without a Spectrum Present. If you selectedthenon-specU_mcalibration
option (see Figure 3-1), UCLB will request further information.

• Enter channel positions and their associated widths.

This step is nece.ssary because you will not perform peak fits. UCLB will then proceed as if you were
p_fforminga spectrum calibration.The output produced at the end of a non-spectrum calibration is the same
asfor a spectrumcalibration.

3.1.2 Use a Thorium Spectrum (THOR). YoucanusetheTHOR programto automaticallydetermine
thecoefficients(A,B,C) for thequadraticenergyequation,Energy= A+BX+CX 2,andthecoefficients(Z,Y)
for the width equation,Width = Z+YX. THOR usesaTh-228spectrumasa calibrationspectrum;from it,
THOR automatically calculates the values of the calibration coefficients. THOR then prints a table that
shows the values for the coefficients and how well the determined equatiom fit the data. In general, the pro-
cess finds the locations of five lines in the spectrum, fits each line to a gaussian function, and performs a
least-squares fit of the resulting cha_melpositions to their known energies to obtain the energy equation
coefficients. The same least-squares process is repeated using channel positions and full-width-at-h_2f-max-
imum values to determine the coefficients of the width equation. The location of the five kamwnlines
depends on two factors:

1. The gain for the spectrometer must be such that the 2614 keV line from the Th-228 specmma is
in the region of 2248-4076 for a 4K spectrum and in the region of 4295-8172 for an 8K spec-
trum. Also, the 2614 keV line must have the maximum number of counts over any other line in
that region.

2. The zero of the system must be set such that the location of the 238 kev line is less than 50 chan-
nels away from the computed channel, CC, where CC = 238/(2614/X), X being the location of
the 2614 !ine.

To use the "['HORprogram:

• Collect a Th-228 spectrum (see Section 2.2).

• Transmit the spectrum to the VAX (see Section 2.3).

• Enter 'THOR' and press <ct>.

• Enter the ID of the Thorium spectrum (e.g., A3).

Figure 3-3 shows an example of how to run the THOR program.

STHOR<cr>
(THORIUHSPECTRUHID (E.G., Al): A3<cr>
$

Figure 3-3. Running the THOR program.
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3,1.2.1 Channel Fitting Errors. If THOR displays the following error message: 'PEAK ATCHAN-
NEL XXX WAS NOT FIT', where XXX is a channel number, it means that THOR found a peak that did not
fit and did not modify the coefficients tbr any of the calibration equations.

3.1.2.2Incorrect Coefficient Errors. lt is possible, however, for the THOR program to be completed
without any envr messages, but with coefficients that are completely wrong. This usually happens if the
gain/zero of the detector system is off by a large amount. Remember, the gaussian-fitting process that is used
to fit the peaks uses the width equation coefficients to determine fitting limits, background values, and other
parameters. Therefore, if these values are changed to bad values, the fitting process for subsequent energy
calibrations (or spectrum analyses) will never operate correctly.

If this happens, you must change the resulting width equation coefficients before you perform a recalcula-
tion. To do this, use the ECB program (see Section 4.6). Also, since the existing coefficients are used as a
starting value for the next iteration, you should run THOR at least two times in a row to reset the coefficient
values for the width equation back to values that will allow the fitting process to be completed normally.

3.1.3 Use Pulser Peaks from the EG&G Idaho Precision Pulser (PEQ).For thosedetectorsys-
temsequipped with EG&G Idallo's precision pulser, the energy scale is derived from the position of the
pulser peaks and their equivalent energies.

To determine the equivalent energies:

• Use a Thorium spectrum (collected with the pulser peaks).

• Enter 'PEQ' and press <cr>.

• Enter the Thorium spectrum lD and press <cr>.

PEQ uses the same algorithm(and has the same restrictions) as THOR to establish the energy scale. From
this energy scale and the position of the pulser peaks in the spectrum, PEQ updates the calibration file with
energy scale coefficients and the pulser equivalent energies. The printed output from PEQ is also the same
as THOR, except for an extra two lines that indicate the equivalent energy of the pulsers.

3.1.4 Store and Manipulate the Calibration File. The calibration file (e.g., A1.CLB, B3.CLB) for
each detector is stored in the SLOT$SPC directory. The values in these calibration blocks have been put
there by UCLB, THOR, or PEQ. Changes made to the calibration f'dewill have no effect on spectrum files
already stored in the spectrum slot file or save area directories. Any spectrum that is subsequently trans-
ferred from a detector system will get its calibration coefficients from the corresponding calibration file, and
they will be put into the parameter block of the spectrum (see Appendix C). Once a spectrum has been trans-
ferred from the detector system, it no longer has any connection to the calibration file. The energy and width
calibration will stay with a spectrurn file at all times (even on magnetic tape). Thus, you will not need to
worry about which calibration is in the detector slot when reanalyzing spectra.

The only way to change the calibration of an existing spectrum file is to run EPB (edit parameter block)
and change each coefficient individually (see Section 4.5).

3.2 Enter Spectrum Parameters (HEAD)

The HEAD program allows you to enter parameters ('header' information) for each spectrum. Header
information describes the sample from which the spectrum was obtained and other counting parameters
such as counting geometry and sample times. After you enter information for a spectrum, the HEAD
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program will copy the spectrum file from the spectrum slot file to the appropriate save area directory. If you
run the HEAD program once, and rhea run it again on the same spectrum file, the previous values will be
used as defaults.

You may enter spectrum header information in two ways:

1. Run a specmma analysis routine such as GAP, GNUL, CBAG, or CBAT (see Section 3.4). Any
of these routines will let you invoke the HEAD program and enter header information about a
spectrum.

2. Run the HEAD program 'standalone' and enter header irfformation for each spectrum. Then,
when you run a spectrumanalysis routineon a par.icularspectrum, theroutine will use that spec-
trum'sexisting header information for the analysis.

To run the HEAD program standalone:

• Enter 'HEAD' and press <cr> (see Figure 3-4 for an example of the commands).

e Enter the name of the spectrum slot (e.g., B4) arid press <cr>.

HEAD will display the header input screen, as shown in Figure 3-5.

$HEAD<cr> !INITIATEPROGRAM
ENTER SPECTRUM FILE NAME" B4<cr> !ENTERSPECTRUMSLOT

Figure 3-4. Running the HEAD program standalone.

COUNTINGINFORMATION- B4

SAMPLENAME ID
SAMPLED(OR IRRADIATED) AT DATE
STARTEDCOUNTAT 1416 DATE92885 COUNTDURATION1320m DEADTIME I%
DISTANCE__cm SAMPLEVOLUME/WEIGHT UNITS
EFF. CORR.FACTOR EFFICIENCYTABLE
COLL TIME hr SMPLFRAC % REACTORPOWER mw
EFFICIENCYERROR % GEOMETRYERROR % OTHERERROR %

COMMENTS

NOTE' PFI REDRAWSSCREEN ALSO" ^Z TERMINATESDATA ENTRY
PF2 DELETESTO ENDOF FIELD PF4 ABORTSPROGRAM
PF3 DELETESTO STARTOF FIELD

Figure 3-5. Header input screen.
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• Make entries in the following required fields, pressing <cr> after each entry.

The HEAD program checks many values forvalidity. If any value is invalid, the HEAD program
will display an error message and request that you enter a correct value.

- SAMPLE NAME--a description of the spectrum.

This may be any combination of alphanumeric characters that will fit on the line. The
HEAD program will place the sample name in the spectral header block after the ID.

- ID--a unique nine-digit ID followed by a space and a five-digit save area number (for
example, 062392032 21040).

The lD must have the form MMDDYYSSS, where MMDDYY is the month, day, and year,
and SSS = sample sequence number for that day.The HEAD program will use tiffsinforma-
tion to name the spectrum file B4MMDDYYSSS.DGE (the first two characters indicate the
spectrum slot). Figure 3-6 shows some examples of the various file names you can find in
save area directories.

The five-digit save area number must be one of the save area directories shown in

_ Figure 3-7. The HEAD program will copy the spectrum file from the SLOT$SPCdirectory
to the save area directory that you designate. The SLOT$SPC directory and the save area

J directories have the same internal file format, which is described in Appendix D.

i

File Name Description
-

A5021585001.DGE Spectrum taken on MCAA detector #5 on 15 February 1985,
sequencenumber 001.

B1123085021.DGE Spec_um taken on MCA B detector #I on 30 December 1985,
- sequence number 021.

Figure 3-6, E×amples of spectrum file names in save area directories.

_

_ Save Area Number Save Area Description

. 00000 GN$SAVE or General
GE$SAVE

01001 BK$SAVE InstrumentBackground
01002 BW$SAVE Water Background

- 01003 BS$SAVE Soil Background
01004 BF$SAVE FiIter Background
02001 TH$SAVE ThoriumCalibrations
03000 EF$SAVE Effluents
04000 EN$SAVE Environment

: 05000 LP$SAVE Loops
-

-

Figure 3-7. List of save area directories.
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SAMPLED (OR IRRADIATED) AT--a four-digit 24-hour clock time in the form HHMM
(for example, 1432).

- DATF__--asix-digit date of the form MMDDYY.

- DISTANCE--any integer value (in cm).

- SAMPLE VOLUME/WEIGHT--any integer value (see Units below).

- UNITS---for the sample volume/weight (for example, SMPL, CC, Ml.,, L, GAL, GM, or
MG).

- EFF. CORR. FACTOR--a real value (integer or floating point).

The HEAD program multiplies this efficiency correction factor with eachefficiency value
before they are used in spectral analysis algorithmsf

- EFFICIENCY TABLE--any integer value that correspond_ to an existing efficiency table.

• Enter information, if desired, in the following optional fields:

- COLL TIMF.,----thesample collection time; any real value (integer or floating point) (in
hours).

The HEAD program uses this value to decay correct for the period in which the sample was
being gathered, the so-called "C2" decay correction.

- SMPL FRAC----thepercentage of the sample you are analyzing (use this field only if you
are counting a piece of a sample).

- REACTOR POWER--for record keeping and documentation purposes only.

- EFFICIENCY ERROR, GEOMETRYERROR, and OTHERERROR--values that will be
printed on the report as additional uncertainty in the results.

- COMMENTS--for record keeping and documentation purposes only.

• Press <Ctrl Z> to save the information and exit from the HEAD program.

VAXGAPstores the information in the header and parameter blocks of the spectrum and copies the spec-
trum file from the spectrum slot in the SLOT$SPC directory to one of the save area directories (TH$SAVE,
BK$SAVE,GN$SAVE, etc.).

3.3 AnalyzeBackgroundSpectra(BACK)

In order to obtain a true measure of radioactivity emitted from a sample, you need to subtract the ambient
background radiation. In VAXGAP,you may determine this ambient background contribution in two ways:

1. Use the preanalysis technique. Preanalyze the background spectrum and subtract the background
photopeak count rate from the corresponding sample photopeak count rate. This is the traditional
method. This section describes how to use the BACK program to calculate tiffsvalue.
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2. Use concurrent background analysis. With this improved method, the regions in the sample spec-
trum containing peaks of interest are mapped to one or more background spectra to determine the
contribution of any existing ambient background activities to the measured sample activities.
You may use particular analysis routines to automatically perform these calculations, but these
routines are different than the routines that use the output from the BACK program. See
Section 3.4 for instructions on running analysis routines and using concurrent background
analysis, a

The BACK program computes the energies, counts per second, and the uncertainty in the tounts-per-
second value for ali peaks found in the background spectrum. These values are saved in a file (one file for
each of the detector slots) in the directory pointed to by the logical SLOTSBKG. These background results
files (e.g., A1.BKG, A2.BKG) are not spectrum files, but contain only the results from a background
analysis.

To print any background results file to examine the values currently being used for background
subtraction:

• Type 'PRBACK' and press <cr>.

• Enter tile ID of the detector system (e.g., B2) for which you want to see the background analysis
results.

The PRBACK procedure will print the values.

Each time you run the BACK program, VAXGAP overwrites what was in the background results file for
that slot. Consequently, if you run the BACK program on data that do not represent a background spectrum,
you must either (a) count a new background spectrum and run BACK on that spectrum, or (b) move the last
background spectrum from the spectrum save area (BK$SAVE) into its appropriate spectrum slot and reana-
lyze the data. Procedure (b) would work only if the background spectrum calibration coefficients have not
changed from when the spectrum was taken.

To mn the BACK program:

• Type 'BACK' and press <ct>,

The BACK programwilldisplaytheBACK inputscreen(seeFigure3-8foranexample).

Ifyouwanttochangeanyofthedefaultvalues:

• Press <cr_ to move the cursor to the value you want to change.

® Enter the nev/value, which will appear to the right of the current value. For each menu item, only
a few values are,valid:

- SPECTRUM ID--the spectrum slot (e.g., A 1).

a. E. Wayne Killian, Thomas C, Sorense,_,"Concurrent Determination of Ambient Background Contribution to

Low-Activity High-Resolution Gamma-R_'ySpectra," Radioactivity and Radiochemistry, Vol.3, No. 1, May 1992.
/

/
/
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VAX 'BACKGROUND'ANALYSIS

SPECTRUM ID (e.g.,AI): AI

ISOTOPELIBRARY: MASTER

REQUIRED ENERGY LIBRARY: ZEROLIM

ENTER SPECTRUMHEADER PARAMETERS? YES

PRINT DETAILEDPEAK FIT SETUP? NO

PEAK SEARCH SENSITIVITY: 8

Figure 3-8, Example of the BACK input screen.

- ISOTOPE LIBRARY and REQUIRED ENERGY LIBRARY--may be the name of any
compatible library that exists.

Use the directory command with the logicals GE$ISOTOPESLIB and GE$LIMITSLIB to
determine wltich librar',esare available.

- ENTER SPECTRUM HEADER PARAMETERS?--either 'YES' or 'NOL

If you enter 'YES', tile HEAD program will run automatically after you exit the BACK
screen (see Section 3.2).

- PRINT DETAILED PEAK FIT SETUP?--also either 'YES' or 'NO'.

If you enter 'YES', VAXGAP will print adetailed output of how each peak was fit, in addi-
tion to the normal output.

- PEAK SEARCH SENSITIVITYma positive integer less than 20.

A sm'tilervalue increases the sensitivity of the search. A default sensitivity of 8 is used in
all analysis procedures when you do not have the option to enter a different value.

• Press <cr> to replace the old value with the new one.

® Press <cr> again to move the cursor to the next value you want to change. (If the cursor is at the
bottom of the screen, press <cr> to move it to the top.)

When ali the values on the BACK input screen are correct:

® Press <Ctrl Z> to save the values and exit from the BACK input screen.

® Enter spectrum header information, if necessaz3,.

The BACK program wiI1calculate the ambient background radiation and print the results.
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3.4 Perform General Spectrum Analysis

Four Ge spectral analysis routines are available for which a specialized report is not required:

1. GAP is used where an upper limit on the area of each peak islimited to the 95% confidence level.
Ambient background values are subtracted using the preanalysis technique (see Section 3.4.1).

2. GNUL has no upper limits, and the calculated photopeaks and their associated uncertainties are
not restricted. The difference between GAP and GNUL is apparent only when the area of a peak
is small in relation to its uncertainty. Ambient background values are subtracted using the prea-
nalysis technique (see Section 3.4.2).

3. CBAT uses the same peak fitting algorithms as GNUL, but uses the concurrent ambient back-
ground analysis technique. This program allows you to select up to 22 different background spec-
tra to be used in the analysis (see Section 3.4.4).

4. CBAG is identical to CBAT except that the three most recent backgrounds for the detector sys-
tem are automatically selected (see Section 3.4.3).

All of the analysis routines are very flexible and permit you to select many different options. Figure 3-9
describes the functions performed by ali four routines.

Function Selectabl]e_e

Produceoutput results in differenttypes of activityunits YES

Produceoutput results in differentquantity units YES

Select isotopelibraries YES

Calculateinput spectrumheadervalues YES

Automaticallyfind peaks in spectrum NO

Performnon-linear least squaresfit of gaussiansto peaks NO

Determinevalues for selected isotopiclines (foundor not) YES

Assign isotopic identificationto fit lines NO

Subtractactivitydue to ambientbackground YES

Do line interferencedecontamination NO

PerformParent-Daughtercorrections YES

Determinenet concentrationvalues (line value averaging) NO

Print resultsof each peak fit and an isotopesummary report YES

Figure 3-9. Functions perforated by the general spectrum analysis routines.
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Aliof the Ge spectral analysis routines produce a printed output report that has ttmeeparts: peak descrip-
tion, isotope summary, and fin,alsummary.The peak description andthe isotope summary are printed for all
t)q)esof Ge anaiysis. The appearance of the final summary report dependson the type of sample from which
the spectrum was collected.

'The peak description output shows the results obtained from the fitting process (centroids, widths, etc.)
and thz associated nuclide lines obtained from the isotope library. A maximum of three lines can be
associated with each peak in the spectrum, provided they are within 1 kev of the energy of the peak.

The isotopic summary output groups together all the identified lines for a particular radionuclide and
identifies the lines used to compute the final activity concentration value. This final concentrationvalue can
be the _e.sultof several different operatior_s.The routine will print a flag number with each line to help you
identify which operations were,performed. A description of each of these flags is given in Appendix E.

Sections 3.4.1 through 3,4.4 describe each of the general spectrum analysis routines.

3.4.1 Analyze Spectra Using GAP. UsetheGAP routineif anupperlimit onthe areaof eachpeakis to
be limited to the 95% confidence level. Ambient backgro_d values are subtracted using the preanalysis
technique.

'ro run _e GAP routine:

• Type 'GAP' and press <ct>,

'II_eGAP routine will display the GAP input screen (see the example shown in Figure 3-10).

SPECTRUMSLOT (e.g., Al): AI

PRINT SUMMARYREPORTONLY? NO

NUMBEROF SUMiMARYREPORTCOPIES: I

ACTIVITY UNITS (pCi,uCi,dps,Bq,dpm): uCi

PERFORMBACKGROUNDCORRECTION? YES

PRINT LESS-THANVALUES? NO

ISOTOPELIBRARY: MASTER

REQUIREDENERGYLIBRARY" ZEROLIM

ENTERSPECTRUMHEADERPARAMETERS? YES

INTERFERENCELIBRARY' NOINTLIB

PERFORMPARENT-DAUGHTERCORRECTION? NO

' ELIMINATE EXCESSIVEDECAYTAGS? YES

Figure 3-10, Example of the GAP input screen.
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If you want to change any of the default values:

• Press <cr> to move the cursor to the value you want to change.

• Enter the new value, which will appear to the right of the current value. For each menu item, only
a few values are valid:

- SPECTRUM SLOT--the name of the spectrum file (e.g., AI).

- PRINT SUMMARY REPORT ONLY?--either 'YES' or 'NO'.

If you enter 'YES', only the summary sheet will be printed.

NUMBER OF SUMMARY REPORT COPIES--a positive integer greater than or equal to
zero.

If you enter zero, GAP will not print a final summary page, so you will not need to edit the
summary report°

- ACTIVITY UNITS---one of the following units: pCi, uCi, dps, Bq, or dpm.

The conversion to the selected activity will be printed on the final summary report. Activity
units for the isotope summary list will be in uCi.

- PERFORM BACKGROUND CORRECTION?--either 'YES' or 'NO'.

If you enter 'YES', then the concentrations of the background radionuclides that were last
idemified for ttfis detector slot will be subtracted from the same radionuclide concentrations

in the sample spectrum, If you enter 'NO', then GAP will not perform the background sub-
traction function.

- PRINT LESS-THAN VALUES?--also either 'YES' or 'NO'.

If you enter' YES', then GAP will print the values for ali radionuclides that have concentra-
tions '.hat have upper-limit concentration values.

- ISOTOPE LIBRARY--the name of the isotope library to use in the an_':ysis.

The GE$ISOTOPE$LIB directory contains the isotope libraries.

- REQUIRED ENERGY LIBRARY--the name of the requiz_ energy library to use in the
analysis.

The required energy library contains a list of radionuclide line energies for which the analy-
sis code will be required to determine values. The GE$LIMIT$LIB directory contains the

required energy libraries.

- ENTER SPECTRUM HEADER PARAMETERS?---either 'YES' or 'NO'.

If you enter' YES', the HEAD program will run automatically after you exit the GAP input
screen (see Section 3.2).
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- INTERFERENCE I,IBRARY---the name of the interference library to use in the analysis.

Use this to clean up peaks containing counts from more than one isotope. The default
'NOINTLIB' will disable this feature ot' the analysis. The GE$INTERF$LIB directory con-
tains the interference libraries.

- PERFORM PARENT-DAUGHTER CORRECTION?--either 'YES' or 'NO'.

If you enter 'YES', GAP will perform a parent-daughter correction according to the
information contained in the parent-daughter library in the directory pointed to by the log-
ical GESPD$LIB. Also, GAP will print a separate 'Parent-Daughter' summary sheet,
which will indicate the actions performed on the nuclides contained in the parent-daughter
library (see Section 3.5).

- ELIMINATEEXCESSIVE DECAY TAGS?----either'YES' or 'NO'.

If you enter' YES', then isotopes requiringexcessive decay com_.ctionswill have their tags
removed from the peaks. Excessive decay correction is defined to be a correction in excess
of l 5 half-lives.

,, Press <cr> to replace the old value with the new one.

,, Press <cr> again to move the cursor to the next value you want to change. (If the cursor is at the
bottom of the screen, press <cr> to move it to the top.)

When ali the values on the GAP input screen are,correct:

,, Press <Ctrl 7.>to save the v',dues.

o Enter spectrum header intormation, if necessary.

If you wanted at least one copy of the summary report, the GAP routine will display the surmnary report
editing screen (see Figure 3-11 for an example_

: LINE RADIONUCLIDE SAMPLEACTIVITY (uCi/cc) ERROR
1. AR 41 8.321E-03 2.80

: 2. MN 54 1.409E-03 8.03
3. MN 56 3.362E-03 5.08

_ Do you wish to delete a line? If so, enter the line number.
To edit the analysisresults file, type 'E'
To end editing, type 'Ctrl Z'. There are 0 linesleft to display.

Figure :]-1"1. Summary report editing screen.-

- By using the functions on the editing screen, you may delete radionuclides and see which radionuclides
" will be printed on the summary report. These features let you see which nuclides are present and which

nuclides are valid without having to print the complete analysis results. Also, you can edit the summary
results without having to reanalyze spectra.
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If you want to delete a radionuclide:

* Enter the number of the line you want to delete.

If you want to use the edit function:

, Type 'E'. The EDT text editor will be invoked to allow you to examine the analysis output.

® Press <Ctrl Z> to end editing and redisplay the summary output results.

• Press <cr> to display the next set of lines to edit.

When there are no more lines to display,the GAP routine will exit from the summary report editing screen
and print the analysis results.

3.4.2 Analyze Spectra Using GNUL. TheGNUL programhasnoupperlimits imposed,soali photo-
peaksareprintedregardlessof thesizeof theuncertaintyterm.ThedifferencebetweenGAP andGNUL is
apparent only when the area of a peak is small in relation to its uncertainty. Ambient background values are
subtracted using the preanalysis technique.

To run the GNUL routine:

• Type 'GNUL' and press <ct>.

• Enter the same values as for the GAP routine explained in Section 3.4.1.

. Press <Ctrl Z> to save the values.

, Enter spectrum header infc,rmation, if necessary.

• Edit the summary ieport, if desired (see Figure 3-11).

The GNUL routine will then print the reports.

3.4.3 Analyze Spectra Using CBAG. TheCBAG routineusesLe concurrentbackgroundcorrection
technique. The three most recent backgroundspectra for the detector system are automatically selected, if
there are less than three background spectra in the BKG$SLOT directory for that detector system, the
CBAG routine will use only tile number of spectra that are available. The CBAG routine p_ts the back-
ground spectra photopeak results as part of the peak fit summary page.

To use the CBAG routine:

• Enter' CBAG' and press <ct>.

• Enter the same values as for the GAP routine explained in Section 3.4.1.

• Press <Ctrl Z> to save the values.

• Enter spectrum header information, if necessary.

• Edit the summary report, if desired (see Figure 3-11).
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3.4.3.1 Spectrum Analysis Using HP, a Derivative of CBAG. The HP routine is identical to the
CBAG routine, except that the HP routine does not quantify the activities of the radionuclides identified.
Also, the HP input screen is identical to the CBAG input screen, except that the default values for the iso-
tope, required energy, and interference library fields are specific to HP.Thus, the summary report lists only
the radionuclides, with no quantification of their activities. Use the HP routine if the sample geometry is
irregular and, hence, no efficiency table is available, making meazfingfulquantification impossible. (Such
an instance would be when a health physics technician needs to know only which radionuclides might be
present on a pipe wrench, hence the name HP.)

To use the HP routine:

• Enter 'liP' and press <cr>,

• Enter the same values as for the GAP routine explained in Section 3.4.1.

• Press <Ctrl Z> to save the values.

• Enter spectrum header information, if necessary. (Make sure,that efficiency table 2 is specified in
the header information.)

• Edit the summary report, if desired (see Figure 3-11),

3.4.3.2 Spectrum Analysis Using SCREEN, a Derivative of CBAG. TheSCREENinputscreen
is identical to the CBAG input screen, except that the default values for the isotope, required energy, and
interference library fields are specific to SCREEN, and the default activity units are in nanoCuries (nCi).

The SCREEN routine is based on the reporting requirements of the Department of Transportation.
SCREEN does not print nuclides found in nature (naturals) in the summary report, and does not include
either natural or required radionuclides in the editing list. Also, SCREEN calculates and prints total activi-
ties for those listed radionuclides that have true-positive activities.

If the gmld total activity is above the specified limit of 2 nCi/gram, the SCREEN routine prints a warning
message as part of the summary report. ,qeparatetotals and their corresponding uncertainties are presented
for the required radionuclides and for the other tagged, non-natural radionuclides. The uncertainties are
propagated in the standard fashion for the uncertainty of a sum: the uncertainty of the total equals the square
root of the sum of the squares of the individual uncertainties.

To use the SCREEN routine:

• Enter 'SCREEN' and press <cr>.

• Enter the same values as for the GAP routine explained in Section 3.4.1.

• Press <Ctrl Z> u_save the values.

• Enter spectrum t_eaderinformation, if necessary.

• Edit the summary report, if desired (see Figure 3-11).

3.4.4 Analyze Spectra Using CBAT. Like CBAG, the CBAT routine uses the same concurrent back-
ground correction technique, but you are not limited to three background spectra. You may enter up to 22
background spectra you wish to use.
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To use the CBAT routine:

• Enter 'CBAT' and press <cr>o

• Enter the same values as for the GAP routine explained in Section 3.4.1.

• Press <Ctrl Z> to save the values.

The CBAT routine will then display the background spectra selection menu, as shown in Figure 3-12.

BACKGROUNDNO I (e.g., BK$AI011091002):
BACKGROUNDNO 25
BACKGROUNDNO 35
BACKGROUNDNO 45
BACKGROUNDNO 55
BACKGROUNDNO 65
BACKGROUNDNO 75
BACKGROUNDNO 85
BACKGROUNDNO 95
BACKGROUNDNO I05
BACKGROUNDNO 115
BACKGROUNDNO 125
BACKGROUNDNO 135
BACKGROUNDNO ]45
BACKGROUNDNO 155
BACKGROUNDNO 165
BACKGROUNDNO 175
BACKGROUNDNO 185
BACKGROUNDNO 195
BACKGROUNDNO 205
BACKGROUNDNO 215
BACKGROUNDNO 225

Figure 3-12. Background spectra selection menu.
i

, Enter spectrum IDs for up to 22 background spectrum files.

= Each entry must be in the form XX$XnMMDDYYSSS (e.g., BKSA1062492002), where 'XX'
represents the save area directory in which the spectrum file is located (see Figure 3-7), and the
remaining characters represent the name of the spectrum file (the extension .DGE is not
necessary).

• Press <Ctrl 7_>to start the spectrum analysis.

3.5 Construct Parent-Daughter Files

In any of the general analysis routines (GAP, GNUL, etc.), if you enter 'YES' forparent-daughter correc.
tion, VAXGAP will attempt to correct the activities measured for ali nuclides listed in aparent-daughter fi£e
for their growth durLngthe decay period and cotmting interval.

1
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Careful checks axerequired to identify daughters and granddaughters that might be in equilibrium with a
longer-lived immediate precursor. When decay product activities are near equilibrium, the correlation
between measured daughter activity and the daughter activity at the beginning of the decay interval is lost.
If a daughter (granddaughter) is in equilibrium with its precursol, the daughter (granddaughter) activity is
corrected for simple decay using the precursor half.life, and this will be noted in the parent-daughter surn-
mary that will be printed when the analysis finishes. The parent-daughter file is in the directory pointed to
by the logical GE$PD$LIB and defines the nuclides to be corrected and their decay relationship.

When VAXGAP performs the parent-daughter correction, VAXGAP will read the PD_LIBRARY.LIB
file (see Figure 3-13 for an ex_mple).

C COMMENTSCANBE PUT IN FILE IF COLUMNI : C
C
2,36,88, KR,37,88, RB,I. 0
3,53,133,1,54,133,XEM,54,133,XE,0.0288
2,54,13.8,XE,55,138,CS, 1.0

Figure 3-13. Example of the parent-daughter libra.'3,file.

• Enter decay chain descriptions in the format shown below.

Begin each decay chaindescription in column 1. Separateeach entry with a comma. Use only one
line per decay chain for up to three member decay chains.

nm,gpz,gpa,gpid,pz,pa,pid,dz,da,did,branch

where:

nm = number of entries in chain (2 or 3)

gpz = grandparent nuclide Z

g-pa = grandparent nuclide A

gpid = grandparent chemical symbol (e.g., KR)

pz = parent nuclide Z

pa = parent nuclide A

pid = parent chemical symbol

dz = daughter nuclide Z

da = daughter nuclide A

did = daughter chemical symbol

branch = decay branching factor.

• Save the new PD_LIBRARY.LIB file.
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4. OPERATING MISCELLANEOUS PROGRAMS

Youmay use many small utility programs to manipulate spectral data files and their contents. Use EFF to
maintain efficiency tables, use MAKE_LIB to create VAXGAP isotope libraries, and use SPECTRA to
read, write, and move spectrum flies. VAXPLOTdisplays and prints spectrum plots. Use EPB and ECB to
edit a spectrum parameter block and a spectrum slot calibration file, respectively. PRHEAD displays and
prints spectrum headers. Sections 4.1 through 4.7 describe these utility programs.

4.1 Create and Modify Efficiency Curves/Tables (EFF)

The efficiency tables used by the analysis routines are in the directory pointed to by the logical
EFFICIENCY$TABLES. The tables are normally referenced by a four-digit table number (e.g., 1154), but
the file names actually consist of a two-character slot number, a four digit distance in centimeters, and the
four-digit table number (e.g., Al00101154). The slot number is used as a validity check to reduce operator
errors when entering the efficiency number. The distance is also a validity check, but it allows you to create
a group of tables for different distances and save the group as one table number.

Each table consists of up to 250 pairs of energy and efficiency values. There are no restrictions on the
spacing between energies of the points, but the interpolation routine will produce the best results if more
points are used in regions of the curve where the slope is changing the most. A typical curve consists of
about 50 pairs of values with about half the points below 300 keV.Also, typicalRML efficiency calibration
curves span an energy range from 50 to 3000 keV.

To use the programs that maintain the efficiency tables:

• Enter 'EFF' and press <cr>.

VAXGAPwiUdisplay the efficiency table maintenance menu, as shown in Figure 4-1.

EfficiencyTable MaintenanceMenu
I - Set Print Destination
2 - Analyze ReferenceStandardSpectrum
3 - Generate Table of ExperimentalResults
4 - Fit Curve on windowed terminal
5- Edit/CreateTables Interactively
6 - Display/PrintContentsof lables
7 - Plot EfficiencyTables (Log Plot)
8 - Plot EfficiencyTables (LinearPlot)
9 - Plot Efficiency"Fables(EFF_ENG**.-A)
10 - Print Sorted List of Tables
11 - Test Interpolationof Tables
12 - Edit/CreateReferenceStandardData Sheet
0 - Exit

Enter Your Choice

FI0ure 4-1. Efficiency table maintenance menu.

• Enter the number of the action you want to perform.
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• When you have finished, enter '0' to exit from the menu.

Sections 4.1.1 through 4.1,12 explain each of the options tn the efficiency table maintenance menu,
respectively.

4,1.1 Set Print Destination. This option lets you select the printer for output, lt is the same as the SET-
PRINTER command procedure. After you select' 1' in the efficiency table maintenance menu:

• Select the name of the default printer.

If you select 'LASER', VAXGAPwill ask you fox'the number of columns:

• If necessary, enter '80', '96', or '132' for the number of columns to print with the laser printer,
then press <cr>.

i

Youcan print reports using 80 columns, except when you analyze a reference standard spectrum.

4.1.2 Analyze Reference Standard Spectrum. Use this option to analyze a calibration source spec-
trum and store the calculated efficiencies in the EFFCRVSRESULTSdirectory. This option can be run as a
standalone program by typing the 'ECA' command at tile DCL prompt. VAXGAPwill display the efficiency
curve analysis screen, as shown in Figure 4-2.

ECA ANALYSIS ....Type 'Return'to move to next line, Type 'Ctrl Z' to exit.
SPECTRUM SLOT: A1<cr>
ENTER SPECTRUMHEADER PARAMETERS? YES<cr>
REFERENCESTANDARDNUMBER (e.g., S061792004): S061792004<cr>

Figure 4-2. Efficiency curve analysis screen.

• Enter the spectrum slot (e.g., B3) that contains the calibration source spectrum to be analyzed;
then press <cr>.

• Enter either 'YES' or 'NO' for spectrum header parameters and press <ct>.

If this is a new spectrum, enter 'YES'. This will cause the 'HEAD' programto be run so you can
enter header irfformation. If you have already entered header information, enter 'NO'.

• Enter the ten-character calibration source VAX ID number for the sample that was counted and
press <cr>.

The program will then analyze the spectrum and save the calculated e_ciencies in the directory pointed
to by the logical EFFCRV$RESULTS. Result files will have the same names as the spectra they are pro-
duced from (e.g., A2062592015). VAXGAP will print a report showing the peak fits and the micro-curie
results.

4.1.3 Generate Table of Experimental Results. Usethisoptiontoperformaweightedaverageof the
saved results for up to 10 spectrum analyses.

• Enter the efficiency table name where the results will be saved.
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If experimental data already exist in the table, VAXGAP will ask if you want to continue:

• Enter 'Y' or 'N', if necessary, and press <cr>.

® Enter the result f'tlesto be used.

Result files have the same name as the spectra they are produced from (e.g., A2062592015).
Each time the program asks for a result file, enter the next file to be included in the averages.

® When you have finished entering result flies, enter a blank name to terminate data entry.

VAXGAPwill calculate the averages and piace them in the experimental data area of an efficiency table
file. VAXGAPwill also print a report that shows the input data, the results of the averaging, andthe statistics
of the averaging.

4.1.4 Fit Curve on X-Window Terminalor VAXWorkstation. Thisoptionis theEfficiencyCurveFit
(ECF) program, which lets you fit polynomial curves to experimental efficiency data and build a new effi-
ciency table. This option is available only on ataX-window terminal (see Section 5.1 for instructions).

4.1.5 Edit/Create Tables Interactlvely. Usethis optionwhennew tablesarecreatedor whenediting
existing tables. The detector system lD, VAX lD number, detector number, source-to-detector distance, and
title must be entered.

4.1.6 Display/Print Contents of Tables. 'Thisoption lets youdisplayandprint theinformationin a
particular efficiency table.

• Enter the number of the efficiency table and press <cr>.

® Enter 'Y' and press <c:> if you want the table to be printed. (The table will always be displayed
on your terminal.)

4.1.7 Plot Efficiency Tables (Log Plot). Usethisoptiontoplot thecontentsof anefficiencytableonthe
laser printer using log/log scaling. The program will plot the actualvalues in the table as small circles, lt will
then call the VAXGAPefficiency lookup subroutine EFF and plot the values it returns for a range of points
between the high and low value in the table. As an option, you may plot the experimental data as activity-
related error bars with small triangles at each end.

4.1,8 Plot Efficiency Tables (Linear Plot). Use this option to plot the contents of the low energy region
(low view) of an efficiency taule on the laser printer using linear scaling.

• Enter the energy range (in keV) to be plotted (e.g., 30,400).

The energy range should be two real numbers separated by a comma.

The program wig plot the actual values in the table as small circles, lt will then call the VAXGAP effi-
ciency lookup subroutine EFF and plot the values it retums for a set of points in the specified range. As an
option, you may plot the experimental data as activity-related error bars with small triangles at each end.

4.1.9 Plot Efficiency Tables (EFF*ENG**-A).Use this option to plot the contents of the high energy
region (high view) of an efficiencytable on the laser printer using linear scaling.The' A' coefficient is calcu-
lated using energies of 400 and 16130keV as endpoints of a line with a slope of zero for the function Y =
EFF*(ENG**-A). This amplifies the discontinuities in the curve.
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• Enter the energy range (in keV) to be plotted (e.g., 200,3000).

The energy range should be two real numbers separated by a comma.

The program will plot the actual values in the table as small circles, lt will then call the VAXGAP effi-
ciency lookup subroutine EFF and plot the values it retums for a set of points in the specified range. As an
option, you may plot the experimental data as activity-related error bars with small triangles at each end.

4.1.10 Print Sorted List of Tables. With this option, you may use four different sequences (detector
system, number, title, or detector) to sort all the efficiency tables available on the system and print them.
Each type of report has the same contents and format.

4,1.11 Test Interpolation of Tables. Use this option to produce a numeric test of the VAXGAPeffi-
ciency lookup subroutine EFF.

• If you want to print the results, enter 'Y' and press <cr>. (The results will automatically be dis-
played on your terminal,,)

• Enter the low, high, and step values, and press <cr>.

Separate each value with a comma (e.g., 200.0,205.0,0.1).

• Enter 'EFF' and press <cr>,

VAXGAPwill generate a set of values between the low and high values, in the increment you enteredfor
the step.

• Enter more sets of low, high, and step values for the program to process.

• When you have finished, press <Ctrl Z> to exit back to the menu.

4.1.12 Edit/Create Reference Standard Data Sheet. Use this option to maintain reference standard
(calibration source) data sheets (VAX files) that are needed to calculate efficiencies. Each data sheet con-
tains information about the energies, activities, and associated uncertainties that are present in a particular
calibration source. These are stored in binary form in files located in the directory pointed to by the logical
GAMMA$STD.

Youmay create new files, change existing files, or print files. The program creates a temporary ASCII file
of the data sheet and then uses the text editor to allow you to make changes. When you have finished making
changes with the text editor, the ASCII file is read and converted to binary form for storage. Print data sheets
by sending the ASCII file to the current default printer.

4.2 Create VAXGAP Isotope Libraries (MAKE_LIB)

This section lets you know how to create VAXGAP isotope libraries with the MAKE_LIB and NIL pro-
grams. First, you will create ttu'ee ASCII files (parent-daughter, extraction, and add-delete) (see Sections
4.2.1 through 4.2.3). Then, when you run the MAKE_LIB program (see Section 4.2.4), it will use these files
to extract selected radionuclide information from the radionuclide data base, which has a documented pedi-
gree and contains referenceable information on radionuclide gamma-ray and X-ray decay data used by the
P.ML. After the MAKE_LIB program has finished, it will produce a new library file, which you may edit.
Finally, you will run the NIL program (see Section 4.2.5), which will process the new library file and create
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the final VAXGAPisotope library, The MAKE-LIB program produces another output file, which is named
RGH.LOG and contains information about what processes were performed when MAKE-LIB extracteu
radionuclides from the radionuclide data base (see Section 4.2.6). Section 4.2.7 lists some items that are
important to remember when creating a new VAXGAPradionuclide isotope library.

4.2.1 Create the Parent-Daughter File. This file contains information concerning the construction of
parent-daughter radionuclides. Figure 4-3 is an example of a parent-daughter file. After you enter lines for
the parent and daughter, they will be combined into a new radionuclide, a parent-daughter combination,
which has the parent half-life. In the first parent-daughter combination in Figure 4-3, a new radionuclide
called KRRB is created from a parent of 36 Kr 88 and a daughter of 37 Rb 88.

C THIS IS AN EXAMPLEOF SOMEPARENT-DAUGHTERCOMBINATIONS
C CONTAINEDIN 'MASTER.PD'
C
P,88,36,KR,2.8400H,KRRB,KEEP
D,88,37,RB,17.800M,1,KEEP _ i
C
P,89,36,KR,3.1600M,KRRB,KEEP
D,89,37,RB,15.200M, I,KEEP

Figure 4-3, Example of a parent-daughter ASCII file.

• Enter 'EDT' and press <cr>.

Begin all entries in column 1. Youmay enter comments by entering 'C' in column 1, followed by
the comment. Separate ali field values with a comma.

® Enter a parent line irl the form P,A,Z,ID,HL,NEW-ID,KEY.

P is for parent; A, Z, and ID are the atomic number, the atomic weight, and the chemical symbol
of the radionuclide; HL is the half-life as aunit of time (S, M, H, D,or Y);NEW-ID (e.g., KRRB)
is the name of the new radionuclide; and KEY is either KEEP or DELETE.

The half-life must match the half-life value in the RGH data base and may have the form
1.456E+10Y, 145S, 280.3D, etc.

The NEW-ID may be any combination of four characters, but should begin with an alphabetic
character.

Use KEEP to save the parent and daughter lines after the new parent-daughter combination is
created. If you enter DELETE instead, the program will delete the line from the working data
base.

• On the next line after the parent line, enter a daughter line in the form D,A,Z,ID,HL,BRMP;KEY.

D is for daughter, A, Z, and lD are the atomicnumber, the atomic weight, and the chemical sym-
13olof the radionuclide; HL is the half-life as a unit of time (S, M, H, D, or Y); BRMF (e.g., 1) is
the branching ratio multiplication factor (the decay mode branch); and KEY is either KEEP or
DELETE.
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The branching ratio of the daughter lines will be multiplied by the BRMF value when the daugh-
ter lines are combined with the parent lines to create the parent-daughter radionuclide.

• After you have entered all p_r_t-daughter combinations, save the parent-daughter ASCII file
with an appropriate name (e._,, MASTER.PD),

4,2.2 Create the Extraction File. In the extraction file, the information you enter will specify which
radionuclides the MAKE_LIB program will extract from the radionuclide data base. Figure 4-4 shows an
example of an extraction file.

4,7,BE,4.604300E+06S,50.O,3,477.59299
8,19,0,2.691000E+O1S,50.O,3,1357.00000
9,20,F,I.IO3000E+01S,50.O,3,1633,602
11,22,NA,g50.7999D,50.O,I,1274.542
11,24,NA,5.407200E+O4S,50.O,3,2753.96509
12,27,MG,5.670000E+02S,50.O,3,843.76001

Figure 4-4. Example of an extraction ASCII file.

• Enter 'EDT' andpress <cr>.

Begin all entries in column 1. You may enter up to 1000 entries. Separate ali field values with a
comma.

• Enter extraction lines in the form Z,A,ID,HL,LOW-ENERGY,MAX-ICODE,ENERGY-IC.

Z, A, and lD are the atomic weight, the atomic number, and the chemical symbol of the radionu-
clide to extract;HL is the half-life as a unit of time (S, M, H, D, or Y);LOW-ENERGY is the low
cutoff energy value (e.g., 50) below which a radionuclide line will not be entered into the new
library; in the same manner, MAX-ICODE is the largest I-CODE value that will be entered into
the library; andENERGY-lC is the energy of the line umt is selected to have the 1-CODE 1 value.

Isotope x-ray lines have a maximum I-CODE value of 12 and a minimum value of 8. lt'you want
to include x-rays in the new library, the value for MAX-ICODE must be no smaller than 8.

If the radionuclide data set contains an I=CODE 1 line energy that is different than the value in
ENERGY-IC, MAKE_LIB will replace the I-CODE 1 line with the value in ENERGY-IC and
will give the entry from the radionuclide data base an I-CODE value of 2. If no line in the data
base matches the value in ENqY,RGY-IC,MAKE_LIB will display an error message.

If the energy is less than 1000.0keV, a match will occur if the energy value is within 0.4 keV.For
energy values greater than 1000.0 keV,a match will occur if the energy values are within 0.8 keV.

• After you have entered all extraction entries, save the extraction ASCII f'de with an appropriate
name (e.g., MASTER.EXTRACT).

MAKE_LIB will not extract a line from the data base if its branching ratio is less than 1% (except for
I-CODE 1 lines). A line with abranching ratio less than 1%can be extracted from the data base with the use
of an 'add' entry in the add-delete file (see Section 4.2.3).
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4.2.3 Create the Add-Delete File. Use this file to specify which lines for a particular radionuclide you
want the MAKE_LIB program to add or delete. Figure 4-5 shows an example of an add-delete file.

C LIBRARYADD-DELETEFILE FORMASTERLIBRARY
C 6/6/91
D,27,58,CO,70.86D,511.0
D,29,64,CU,12.701H,511.0
D,30,65,ZN,244.25999D,511.0
A,38,91,SR,3.4272E+4S,1280.855
A,38,91,SR,3.4272E+4S,1413.506
A,39,94,Y,I.122E+3S,2140.600
A,40,97,ZR,6.084E+4S,703.761
A,40,97,ZR,6.084E+4S,1276.128

Figure 4-5. Example of an add-delete ASCII f'fle.

• Enter 'EDT' and press <cr>.

Begin ali entries in column 1.Youmay enter comments by entering 'C' in column 1, followed by
the comment. Separate all field values with a comma. You may enter up to 100 'add' entries and
up to 100 'delete' entries.

• Enter add-delete lines in the form F,Z,A,ID,HL,E.

F is the function, either 'D' for delete or 'A' for add; Z, A, and lD are the atomic weight, the
atomic number, and the chemical symbol; HL is the half-life as a unit of time (S, M, H, D, or lr);
and E is the energy of the line to add or delete.

The half-life must be within 5% of the half-life value in the data base.

The energy must not deviate from the data base value by over 0.01 keV.

After you haveentered all add and delete entries, save the add-delete ASCII f'dewith an appropri-
ate name (e.g., MASTER.AD).

4.2u4 Run the MAKELIB Program. Before you run the MAKE_LIB program, make sure you have
created all the f'tlesyou need (e.g., parent-daughter, extraction, and add-delete) to extract the information
you want from the radionuclide data base.

• Enter 'MAKE-LIB' and press <cr>.

The MAKE_LIB program will ask for the names of the flies, as shown in Figure 4-6.

• Enter the name of the parent-daughter file, including the directory where the file is located (e.g.,
(3E$ISOTOPE$LIB:MASTER.PD); then press <cr>. If you do not need a parent-daughter file,
press <cr>.

If the parent-daughter f'tleis in your default directory, you do not need to enter a directory name.
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$MAKE-LIB<cr> !Startprogramexecution

ENTER PARENT-DAUGHTERFILE NAME: GE$1SOTOPE$LIB:MASTER.PD<cr>
ENTER NEW LIBRARYFILE NAME: MASTER.ASCII<cr>
ENTER LIBRARY EXTRACTIONFILE NAME: GE$1SOTOPE$LIB:MASTER.EXT_CT<cr>
ENTER ADD-DELETE FILE NAME:GE$1SOTOPE$LIB:MASTER.AD<cr>
$

Figure 4-6, Running the MAKE_LIB program.

® Enter the name that the new library file will be.,called (e.g., master.ascii)

If you do not include a directory name, MAKE_LIB will create the new library file in your
:_.fault directory.

• Enter the name (and directory, if necessary) of the extraction file and press <cr>; just press <cr>
if you do not need an extraction file.

• Enter the add-delete file name and directory, :rodpress <cr>;just press <cr> ifyou do not need an
add-delete file.

The MAKE_LIB program will read the entries in the extraction file 0hdcheck those entries against the
add-delete file entries to delete and add lines. Entries in the add-delete file will not be used if an entry for the
selected radionuclide was not in the extraction file or ,ifa half-life or energy match was not made. If any
entries in the add-delete fee were not used, MAKE-IAB will print a list of them at the conclusion of the
program.

The MAKELIB pmgrmn will save the resultingradionuclides (that wereextracted from the radionuclide
data base) in the r_ewlibrary file (e.g., MASTER.ASCH). An example of tMs file is shown in Figure4-7.

12,MG , 27, 170.677246,9.462000E+OOM,7.88900E-01,3
12,MG , 27, 843.757324,9.462000E+OOM,7.30000E+01,I
I_,MG _ 27,1014.428833,9.462000E+OOM,2.91200E+01,2
13,AL , 26,1129.660889,7.200000E+OSY,2.47100E+00,3
13,AL , 26,1808.648438,7.200000E+O5Y,9.97600E+01,i
13,AL , 28,]778.987793,2.240600E+OOM,1.00000E+02,I
14,SI , 31,12G6.167847,2.621670E+OOH,7.00000E-02,I
16,S , 37,3103.981689,5.050000E+OOM,9.40000E+01,I

Figure 4-7, Example of th,enew library file.

Because the new library file is an ASCII file, you may delete or change lines; however, if you change
values, he information will no longer be traceable to _e radionuclide data base.

4,2,5 Run the N.L Pro,gram.Use the NIL program to construct a VAXGAP library from the new library
file gen_er_tedby the MAKE...LIBprogram. Besides creating a VAXGAPlibrary, the NIL pmgr;_mperforms
three editing functions on the new library file:
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1. Checks ali lines for identical energy values and adjusts those values by a small constant. VAX- _

GAP does not permit identical energies for different nuclides.

2. Converts all half-life values to seconds°
=

3, Combines energy lines for a single radionuclide which are within 1 keV into a single line.

The NIL program use_ the following algorithm to adjust a set of identical line energy values El:

Ei=FA+D

where

i = from two to the number of identical lines for a given energy

D = 0.0001 ifEi is less than 1000 keV.

D = 0.001 if Ei is greater than 1000 keV.

D is incremented by 0.0001 for each subsequent i.

The NIL program converts half-life values to seconds by using the conversion of 31,556,736 seconds in
a year (365.24 days in a year) for those radionuclides with a half-life greater than or equal to one year.

If two or more lines for a radionuclide are within 1 keV, VAXGAP will double-tag those lines with the
same radionuclide identification. To prevent this from happening, the NIL program examines the set of lines
for' a radionuclide and for those lines within 1 keV, and combines them into one line. The NIL program uses
,.,e following algorithm to combine a set of lines with energy F-,iinto one energy E:

E - _ El * BRt/BRT
l-!

where

BRr = branching ratio of line at energy E_

BRT = _ BR_ .
=

1 r

The branclling ratio of the new line at energy E is BRT.

To run the NIL program:

® Enter 'NIL' and press <cr>.

The NIL. program will ask for more information, as shown in Figure 4-8.

® Enter the name of the new library file that the MAKELIB program created (e.g., MASTER.AS-
CII) and press <ct>. If necessary, also enter the directory.

• Enter 'N' and press <cr>.



$NIL<cr>
ENTER FILE SPECIFICATIONFOR ASCII FILE: MASTER.ASCII<cr>
IS THIS A NEW FILE (Y=YES):N<cr>
THERE ARE 1240 GOOD ENIRIES IN LIBRARY
THERE ARE 0 BAD LINES
ENTER NEW VAXGAP LIBRARYNAME: MASTER<cr>
FURTHER INFORMATIONIN NIL.LIS

$

Figure 4-8. Running the NIL program.

The NIL program will create a new VAXGAPlibrary called MASTER.LIB and will store the new file in
the GE$ISOTOPE$LIB directory.

Also, the NIL program win create a file called NIL.LIS, which contains information about duplicate
energy values and energy combinations that were made. Youmay display the NIL.MS file on your terminal
or print the file.

4.2.6 Examine the RGH.LOG File. Whenever you run the MAKE_LIB program, it will create an ASCII
file called RGH.LOG, which will contain information on ali the transactions made by the MAKE_.LIBpro-
gram. YOUmay examine this file on your terminal with the EDT editor or print it.

Figure 4-9 shows an example of the type of entries that you might find in an RGH.LOG file.

The symbols ' %%%', '$$$', '###', and '!!!' each represent information from a certain type of routine in
the MAKE_LIB program:

1. '%%%' is writtenby the routine that extracts the information out of the data base madloads it into
computer memory. Its main function is to look for format errors in the data base and for other
type of inconsistencies.

2. '$$$' is written by the routine that processes the x-ray line information and determines the
I-CODE values for the x-ray lines only. The I-CODES for X-ray lines are stored in memory as
negative numbers. When the X-ray lines are evaluated to determine whether to include them in
the new library file, the sum of the absolute value of the (I-CODE) + 6 is substituted as the
I-CODE value for the X-ray lines. The maximum I-CODE value for the X-ray lines is -2.
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9_%READRGH--NO LINES FORNUCLIDE 40 19 K
NUCLIDEIGNORED

9_%READRGH--LINE CODEIS NOTA 'X' OR _R' FORTHE FOLLOWING:
60 27 CO @ 467.3000 keV

LINE IGNORED

%%%READRGH--BRANCHINGRATIO IS ZEROFORTHE FOLLOWING:
65 30 ZN @ 9.0514 keV

LINE IGNORED

$$$COMPUTEXRAY IC--NUCLIDE HASX-RAYS
47 21SC 3.351000E+OODNUMBEROF X-RAYS: 8 WITHMINIMUMIC OF:-6

$$$COMPUTEXRAY IC--NUCLIDE HASX-RAYS
54 25 MN 3.123000E+O2D NUMBEROF X-RAYS: 8 WITHMINIMUMIC OF:-4

###MAKE-PD--PARENTDAUGHTERCOMBINATION:
PARENT-- 95 40 ZRNBWITH A HALF LIFE OF 6.398000E+OID
DAUGHTER-- 95 41NB WITH A HALF LIFE OF 3.497500E+OID

PARENTKEPT
235.67999 4
724.19897 2
756.72900 2
204.11356 5
561.677!9 6
765.80701 1
DAUGHTER95 41NB KEPT

!!!EXTRACT--I-CODE 1 LINE MISMATCHFORNUCLIDE:
8 19 0 WII'H A HALF LIFE OF 2.691000E+01S

EXTRACTFILE I-CODE 1 ENERGY:1357.000 LIBRARYFILE I-CODE 1 ENERGY:197.142

!!!EXTRACT--I-CODE 1 SWITCHFORNUCLIDE:
8 19 0 WITH A HALF LIFE OF 2.691000E+O1S

REFERENCELIBRARY I-CODE 1 ENERGY: 197.142
EXTRACTFILE I-CODE ENERGY= 1356.844

Figure 4-9. Example of entries in an RGH.LOG ASCII file.

3. '#00' is written by the routine that constructs the parent-daughter combinations from the parent-
daughter file. A listing of ag lines combined into the parent (and associated I-CODE values) is
made. The I-CODE values are a recomputation of the ali I-CODES based on the selected lines.
The algorithm used to compute the new set of I-CODES is

I..CODE= 1.501 - F + LOGI0(MC/BR) + 0.5

where

MC = maximum branching ratio of ali lines

BR = branching ratio ot' the line



F = 0.0 if (Max-energy - energy) is less than 5130.0

F = 0.5 if (Max-energy - energy) is greater than 500.0

where

Max-energy = the energy of the line with the maximum branching ratio

energy = energy of the current line.

4. ' !_!' is written by the extraction routine. Messages show ali I-CODE switches and the entries in
',heextraction file for which none of the radionuclide lines met the extraction criteria.

4.2.7 Remember Important Items. Keep the following items in mind when you create a new VAXGAP
library from the data base:

1. With the EDT editor, you may edit ali files used by the MAKE_LIB program. When you invoke
the MAKE_LIB program and enter the name of each file, be sure to include the name of the
directory where the flies are located.

2. You may read information from the radionuclide data base, but you cannot make changes to it
within VAXGAP.

3. You cannot edit the VAXGAPlibrary with EDT. To examine information that is in a VAXGAP
library, use the PRLIB program to print it.

4. Keep all input files (parent-daughter, extraction, etc.) in a secure location so that when changes
and updates are made to the radionuclide data base, you can easily generate a revised VAXGAP
library.

4.3 Manipulate Spectrum Files (SPECTRA)

'Ilae spectral manipulation program (SPECTRA) reads and writes specmmafiles to magnetic tape, and
moves spectrum files between save areas and slots.

To run the spectral manipulation program (SPECTRA):

• Type 'SPECTRA' and press <cr>.

SPEC'II_A will display the SPECTRA menu, as shown in Figure 4-10.

$SPECTRA<cr>

DOYOUWANTTO: A) READFROMTK-70
B) WRITETO TK-70
C) TRANSFERSPECTRAFROMSAVEAREATO SLOT$SPC
D) TRANSFERSPECTRAFROMDATADISK AREATO SLOT$SPC
E) LIST SPECTRAIN SAVEAREA
F) LIST SPECTRAON TK70 (NON-BACKUP)
G) RETRIEVESPECTRA FROM A WEEKLY BACKUP TAPE
H) LIST ALL FILES ON A WEEKLY BACKUP"[APE
Z) QUIT

-->A<cr>

Figure 4-10. SPEC'TRAmenu.
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• Enter the letter of the action you want to perform.

From all the options available with SPECTRA, only options A, B, C, and D are used routinely.
The other options are installation-specific and not described here.

When you use magnetic tape:

• Load the tape on the computer.

SPECTRakwill logically mount the tape and print the following messages:

$MOUNT-I..W'RITELOCK,VOLUME IS WRITE LOCKED

$MOUNT-I-MOUNTED, MOUNTED ON _MUB6:

® When you are f'mishedusing the SPECTRA menu, enter 'Z' and press <cr> to exit.

Sections 4.3.1 through 4.3.3 below explain how to perform options A ttu_ugh D, respectively.

4.3.1 Read from TKT0 or TK50 Cartridge Tape. If youwantto readspectrumfliesfromtheTK70 or
TK50 magnetic tape, choose option A. SPECTRA will proceed with a series of questions and prompts for
commands, which are shown in Figure 4-11,

DOYOUWANTA LIST OF SPECTRAPRINTED?N<cr>
ENTERCOMMAND(<CNTL>ZTO EXIT): READ<ct>

* 052085* 05* 052385001): 062292003<cr>ENTERREADMASK(E.G., , , ,
ENTERDESTINATIONDIRECTORY(BK, GN, ETC.)

- LEAVE BLANKTO USE DIRECTORYIN TAPEFILE" GN<cr>
OUTPUTDATATO DETECTORSLOT [Y/N] ' Y<cr>
ENTERDETECTORSLOT (E.G., A3)" BZ<cr>
CURRENT:85072201 DATABLOCK#19

Figure 4-11. Interface with SPECTRA for 'Read from TK70.'

SPEC_RA will begin the 'Read from TK70' interface by asking if you want a list of printed spectra:

® Enter 'Y' or 'N' and then press <cr>.

If you enter 'Y', you will receive a hardcopy listing of the spectrum foes.

o Enter either the 'READ' or 'SKIP' command andpress <cr>.

You may add a number to the end of the command to read or skip that number of spectra (e.g.,
READ6, SKIP3). 'SKIP' used alone is the same as 'SKIP1 '.

'READI' will i_adjust one spectrum. If you enterjust 'READ', SPECTRA wiUaskyou to enter
a read mask:

Enter a read mask, if necessary, and press <ct>.
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You may enter a specific spectrum or use a wildcard (*) to select many spectra. For exmnple,
entering '061792002' tells SPECTRA to read only the second spectrum taken that day,
'061792" means to read ali spectra gathered on 06/17/92, and'*' will read ali remaining spectra
on magnetic tape.

If you use relytype of READ command, you will need to specify the destination directory where
the spectra will be stored:

• Enter the destination directory, if necessary, and press <cr>.

You may specify a specific save area (e.g., BK, GN, BW.--see Figure 3-7 for all the save area
directory names) or you may use the directory written on the tape.

If you read a single spectrum (e.g., READ1, 061792002), SPECTRA will ask if you want to
transfer the data to a detector slot:

• Enter either 'Y' or 'N', if necessary, and press <cr>.

If you enter 'N', SPECTRA will store the spectrum in a save area directory.

If you enter 'Y', SPECTRA will ask you for the name of the detector slot:

• Enter the detector slot (e.g., A3), if necessary, and press <cr>.

SPECTRA will transfer the data to the detector you specify.

SPECTRA will then display the status of the program or if a problem exists. As you skip spectra and read
spectra from the tar_, SPECTRA will display the current spectrum's lD and the data block being accessed.
When you have finished reading spectra, the SPECTRA menu will again be displayed.

4.3.2 Write to TKT0. If you want to write spectrum files to the TK70 magnetic tape, choose option B from
the SPECTRA menu (Figure 4-10). SPECTRA will prompt you for answers or commands, as shownin Fig-
ure 4-12.

DO YOU WANT A LIST OF SPECTRAWRITTEN? N<cr>
ENTER TAPE ID: TEST<cr>
SKIP TO EOV (Y/N)?Y<cr>
DATA ON TAPE WILL BE OVERWRITTEN- OK? (Y/N) Y<cr>
ENTER SAVE DIRECTORY(E.G., 'GN'),OR ENTER 5-DIGIT ID: GN<cr>

Fi0ure 4-12. Interface with SPECTRA for 'Write to TK70.'

• Enter 'Y' if you want SPECTRA to print a list of spectra; then press <cr>.

e Enter the tape lD (e.g., TEST) and press <cr>.

SPECTRA will print the tape ID on ali listings.

• Enter' Y' if you want to skip to the end of the spectra already saved on the tape; then press <or>.
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If you enter 'Y', SPECTRA will save aLlexisting spectral data. If you enter 'N', SPECTRA will
ask you to confirm your request to overwrite the data.

• Enter either 'Y' or 'N', if necessary, and press <cr>.

If you enter 'Y', SPECTRA will begin writing data on the tape, so all existing information on the
tape will be destroyed.

• Enter either the name of the save area (e.g., BW) or tile five-digit lD number (e.g., 01002) and
press <cr>. (See Figure 3-7 for a list of the save area directories.)

SPECTRA will then display a menu for transferring spectra from the save area to the tape, as shown in
Figure 4-13,

*** WRITE SPECTRA FROM 'GN$SAVE'TO TAPE ***
DO YOU WANT TO WRITE: A) INDIVIDUALSPECTRA

B) ALL SPECTRA IN GN$SAVE
C) ALL SPECTRATAKEN ON MMDDYY
D) ALL SPECTRATAKEN BETWEENMMDDYY AND MMDDYY
E) ALL SPECTRATAKEN ON MCA n
F) ALL SPECTRATAKEN ON MCA n ADC m
G) SELECT SPECTRA WITH SEQ NO. XXXXX
H) CHOOSE NEW DEFAULT DIRECTORY
Z) QUIT

-->D<cr>

Figure 4-13. Menu to write data to the tape.

The following list shows the information that SPECTRA will ask you for, depending on the letter you
choose:

A. Enter the name of the data file (e.g., B2062492002.DGE) and press <or>; if you are done,
just press <cr>.

B. bio extra information needed.

C. Enter the date (e.g., 061792) and press <cr>, or press just <or> to abort the data transfer.

D. Enter the first and second date, pressing <cr> after each date, or press just <ct> to abort the
data transfer.

E. Enter the letter of the MCA (e.g., B) and press <ct>, or press just <cr> to abort the data
transfer.

E Enter the letter of the MCA and .thenumber of the detector (e,g., B3) and press <cr>, or
press just <cr> to abort the data transfer.

G. Enter the five-digit lD of a save area (e.g., 01002) and press <cr>. Then, enter the first date
(e.g., 061792) or '*' ifyou want ali dates in the directory, and press <cr>. If necessary, enter
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the second date and press <cr>. At any time, you may press just <cr> to abort the data trans-
i'er.

H. Enter either the name of a save area (e.g., BW) or the five-digit number (e.g., 01002) and
press <cr>.

• When you are finished transferring data, enter 'Z' and press <cr> to exit from the menu
(Figlare4-13).

Figure 4-10, the SPBCq'RA menu, will be displayed.

4.3.3 Transfer Spectra from Save Area to SLOT$SPC. If you wantto transferspectrumflies from
$SAVEsaveareadirectoriestotheSLOT$SPCdirectory,chooseoptionC fromtheSPECTRAmenu(Fig-
ure 4-10). SPECTRA will ask you for the name of the detector slot and the file name of the spectrum in
GN$SAVE. See Figure 4-14 for an example.

ENTER DETECTOR SLOT (E.G., B3) : B3<cr>
ENTER SPECTRUM ID (E.G., B2072785009.DGE):B3081585001.DGE<cr>
GN$SAVE:B3081585001.DGE

SLOT$SPC:B3.DAT

NUMBER OF DATA CHANNELS IS : 4096.000

Figure 4-14. Exanapleof transferring spectra from a save area directory to the SLOT$SPC directory.

• Enter the name of the slot (e.g., B1) and press <cr>.

: • Einterthe file name of the spectrum (e.g., B 1061792012.DGE) and press <cr>.

The spectrum will then be transferred to the slot. The associated calibration file in the slot wiU not be
altered. The SPECTRA menu will then be displayed. Option D performs a similar operation, but takes the
spectrum from the appropriate $DATAsave area.

4.4 PlotSpectra(VAXPLOT)
=.

Usethespectralplottingprogram(VAXPLOT) todisplayandprint anyspectrumstoredontheVAX disk.
These files can be located in either the SLOT$SPC directoD' or one of the save area directories (e.g.,
GN$SAVE).

• Enter 'PLOT' and press <cr_,.

= • Enter the name of the spectrum file (e.g., A1 or A1081792009) and press <cr>.

If you enter a two-character ID, VAXPLOT will retrieve the file from the SLOT$SPC directory.

If you enter the full 11-character name, VAXPLOT will ask you to designate which save area the
file is located in:
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® If necessary, enter either the two-character ID (e.g., BW) or the five-digit number (e.g., 01002)
that corresponds to the save area directory and press <cr>. (See Figure 3-7 for the list of save area
directories.)

VAXPLOT will display the VAXPLOT input screen, as shown in Figure 4-15.

If you want tc.change any of the default values:

. Press <cr> to move the cursor to the value you want to change.

VAXPLOT -- Type 'Return'to move to next line. Type 'Ctrl Z' to exit.

SPECTRUM SLOT OR ID" AI040188025

FIRSTDECADE, NUMBER OF DECADES" AUTO

COUNT SCALE (LOGOR NORMAL)' LOG

NUMBEROF PLOT PASSES: 2

TYPE PLOT (POINT,ASI'ERISK,OR LINE)" LINE

X-AXIS LABEL (CHANNELOR ENERGY)" ENERGY

REGION OF INTEREST(START,END): 0,3000

PLOT DEVICE (LASER,LN05, VT): VT

Figure 4-15. Example of the VAXPLOT input screen.

® Enter the new value, which will appear to the right of the current value. The following list
explains each field in the VAXPLOT input screen:

- FIRST DECADE, NUMBER OF DECADES--the first or baseline decade and the total
number of decades you want.

Enter two integers separated by a comma (e.g., 1,4).

The first decade of the plot is that power of 10 from which the charmel contents are sub-
tracted before they are plotted. Valuesbelow this point are not plotted.

The number of decades is the power of 10that is added to the first decade to determine the
top value tbr the channel contents, Values above this point are not plotted.

Enter 'AUTO' if you want all the spectral data to be plotted. VAXPLOT will calculate the
first decade and number of decades automatically.

COUNT SCALE (LOG OR NORMAL)--controls whether the Y-axis wiUbe a logarithmic
scale or a linear scale.
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If you enter 'LOG', the logarithm (base 10) of the counts will be plotted. If you enter
'NORMAL', the actual counts will be plotted. The Y-axis will be scaled appropriately to
match the data.

- NUMBER OF PLOT PASSES--an integer between 1 and 4.

This is the number of passes (complete plots across the width of the paper) you want the
program to make. The total number of channels to be plotted is divided by this value to
determine the number of channels plotted for each pass.

- TYPE PLOT (POINT, ASTERISK, OR LINE)---designates how each point will be plotted.

Enter 'POINT' if you want a small dot for each channel. 'ASTERISK' will produce an '*'
for each channel. If you enter 'LINE', each channel in the spectrum will be connected with
a line.

- X-AXIS LABEL (CHANNEL OR ENERGY)--designates how the counts in a channel
will be plotted.

If you enter 'ENERGY', each plot pass will use a linear approximation for that particular
segment of the spectrum.

- REGION OF INTEREST (START,END)--controls the portion of the spectrum to be
plotted.

Enter two integers separated by a comma (e.g,, 100,500).

If the X-axis label is channel, enter the region of interest in the range from 0 to 8191 chan-
nels. If the X-axis label is energy, enter the region of interest in the range from 0 to
31300keV.

The region of interest is divided by the number of passes to determine how many channels
will be plotted on each pass. This is adjusted to provide tic marks at even intervals.

__ PLOT DEVICE (LASER, LN05, VI')---designates the output device for the plot.

LASER selects the LN03 laser printer; LN05 selects the DEClaser 2150; VI' displays the
plot on your terminal.

• Press <cr> to replace the old value with the new one.

• Press <cr> again to move the cursor to the next value you want to change. (If the cursor is at the
bottom of the screen, press <cr> to move it to the top.)

When all the values on the VAXPLOT input screen are correct:

• Press <Ctrl Z> to save the values and create the plot.

If you display the plot on your terminal, press <cr> when you have finished viewing the plot. YOuwill
then get a menu that allows you to adjust the plot parameters, display the plot again on your terminal, print
that plot, or exit.
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If you print the plot, VAXPLOT will display a message on your terminal that the plot is completed and
that it has been queued to the printer.

On the printed plot of the spectrum, in the top center of the plot just under the plot border, you will see the
spectrum's alphanumeric header. Also, in the center of file plot below the top X-axis, you will see the
11-character spectrum ID number.

If either of these spectrum designatorsconsists ofjumbled or unreadable characters, it may mean that you
ploaed data that had not been processed through the HEAD program (see Section 3.2).

If data from a foreign system was used to plot a spectrum, the spectrum's alphanumeric header will be the
61st through the 135th characters in the header record, terminated by a carriage retum (13) or null (0). The
spectrum lD number will be the first two characters of the file name plus the 12lh through the 20lh charac-
ters in the header record.

4.5 Edit the Spectrum Parameter Block (EPB)

Each spectrum file contains a parameter block, which is a collection of information about that spectrum
(see Appendix C). You may use the EPB program to modify the contents of the parameter block.

• Enter 'EPB' and press <cr>.

• Enter the name of the spectrum file (e.g., A1 or Al081792009) and press <c1>.

If you enter a two-character lD, EPB will retrieve the file from the SLOT$SPC directory.

If you enter the full 11-charactername, EPB will ask you to designate which save area the file is
located in:

• If necessary, enter either the two-character lD (e.g., BW) or the five-digit number (e.g., 01002)
that corresponds to the save area and press <cr>. (See Figure 3-7 for the list of save area
directories.)

EPB will then display the EPB Batch input screen, as shown in Figure 4-16.

• Press the 'arrow' keys to move the cursor until the parameter you want to modify is highlighted
and press <cr>.

EPB will display that parameter's value and ask you if you want to change it:

• If you want to change the value, enter the new value. If not, just press <ct>.

EPB will save the new value and display the EPB Batch input screen again.

• When you have finished modifying values, highlight 'EXIT' and press <ct>.

4.6 Edit the Spectrum Slot Calibration File (ECB)

You may change values in the calibration block of a spectrum slot. This would be necessary if the widths
of photopeaks in the spectrum change substanti',dlydue to gain changes.
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ED IT PARAMETER BLOCK

Use arrow keys to select parameter,
then press "RETURN".

EXIT LTIME RTIME SIART TIME START DATE S NUM COLLECTTIME

COLLECT DATE COLLECT HOUR SMPL FRACTION EFF MULT EFF TABLE

EFF FILE DISTANCE VOLUME VOLUME UNITS NO CHANNELS TOTAL

SYS FLOW SYS VOLUME SYS VOLUME UNITS POWER COLL POS ERR EFF

ERR GEO ERR OTH SC SUM MCA SYSTEM ADC NUM ZERO OFFSET EA CO

EB CO EC CO WA CO WB CO SA SUM SB SUM NO PULSER

PULSER RATE PLS ONE KEV PLS TWO KEV PLS CHANNELS PLS ONE START

PLS TWO START PLS ONE PS PLS TWO PS CAL PULSER WD LOW PULSER WD

Figure 4-16. Example of an EPB Batch input screen.

• Enter 'ECB' and press <cr>.

® Enter the two-character lD of the spectrum slot (e.g., A1) and press <or>.

The ECB progtmn will display ali the calibration file entry parameters for that spectrum slot. Figure 4-17
is an example of a spectrum slot's calibration block.

ChannelZero: 1.5250E-01 Energy zero term: -3.8246E-02
Energy LinearTerm: 3.6217E-01 Energy Quadraticterm: -6.2544E-09
Width Zero Term: 2.7864E+00 Width linear term: 7.0014E-06
Error Matrix: 1 1.380E-03 2 1.4340E-09 3 2.8274E-17 4 -I.2911E-06

5 1.6113E..I06 -1.8908E-13
Random Sum CorrectionCoeff. A: 1.0000E+O0B: 0.0 C: 0.0
Number of Pulsers:2 Pulser rate: 50 Pulser Channels:128
Ist Pulser Start Channel:7936 Offset: 728I
2nd Pulser Start Channel: 8064 Offset: 969

<Ctrl Z> terminatesdata entry
PFI Aborts program
PF2 Erases Field

Figure 4-17. Example of a calibration block.
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• Using the 'arrow' keys, move the cursor to the parameter you want to modify.

• Press 'PF2° to erase the contents of the field.

• Enter the new value and press <cr>.

• For the 'Number of Pulsers' parameter, enter either '2' or '0' and press <or>.

For spectrometers equipped with EG&G Idaho's precision pulser, the parameter 'Number of
Pulsers' controls whether the pulser information is used for calibration of the spectrometer.

If you enter '0', then pulser data will not be used in the calibration.

If you enter '2', men the pulser data will be used for calibration, and you must then enter valid
entries for the following parameters:

- Pulser rate--the number of pulses (per amplitude) injected per second (the normal rate is
50).

- Pulser Channels--the number of channels dedicated to each pulser amplitude. The total
number of channels used for the pulser data will be twice the number entered for this value.

- 1st Pulser Start Channel--the starting channel in the spectrum where the low amplitude
pulser data begins.

- Offset (1st pulser)---the number of cha_melsadded to the low amplitude pulser to piace the
pulser data in the indicated spectrum region. This value is determined at spectrometer setup
time and is the valuecoded into the low amplitude offset switches in the pulser interface.

- 2nd Pulser Start Channel--the starting channel in the spectna"a where the high amplitude
pulser data begins.

- Offset (2nd pulser)--flae number of channels added to the high amplitude pulser to piace
the pulser data in the indicated spectrum region. This value is determined in the same man-
ner as the low amplitude offset.

• When you have finished changing values, press <Ctrl Z> to terminate data entry and exit the
program.

4,7 Print the Spectrum Header (PRHEAD)

You may print the spectrum header and the informational parameters that are stored with the spectrum
data.

• Enter 'PRHEAD' and press <cr>.

• Enter the file name of the spectrum you want to print and press <cr>.

• Enter 'Y' and press <cr> if you want the information printed on the line printer. PRHEAD will
automatically display the header iIfformationon your terminal.

4-21



5. OPERATING MISCELLANEOUS PROGRAMS ON X-WINDOW
WORKSTATIONS

'l_s section describes four graphics programs that perform different functions. Section 5.1 explains the
Efficiency Curve Fit (EC_ program, which fits polynomial curves to experimental efficiency data and lets
you build a new efficiency table.

In Section 5.2, you wiUlearn how to run DAS, aprogram that displays in real time the spectral data being
accumulated on a rnulti-charmel analyzer. DAS also displays collected specU'athat are stored in spectrum
disk flies (slots).

Another graphics program is GINA, which allows you to define the fit limits and backgroundvalues for
a non-linear fit of the data to a gaussian function and display the resulting function values (see Section 5.3).

The XTP program, explained in Section 5,4, performs spectrum analysis and displays the peak fit results.

Since these programs use the DEC Windows interface, you must run them on VAX workstations or
X-window terminals. In this section, the notation 'click' means to press the left button on the mouse. If the
middle or right button of the mouse should be clicked, the _structiorts wig specify which button to click.

5.1 Generate Efficiency Curves (ECF)

Use the ECF program to fit polynomial curves to experimental efficiency data and to create and modify
efficiency tables.

• Enter 'EFF' and press <cr>.

The efficiency table maintenance menu will be displayed (see Figure 4-1 in Section 4.1 for an example).

• Type '4' to select 'Fit Curve on windowed terminal' (the ECF program).

• Enter the name of an efficiency table and pl_ess<cr>.

The table name must be 10 characters long (e.g., A400001111),and the table file must reside in
the EFT'ICIENCY$TABLESdirectory.

• Enter _:e range of tlzetable and press <cr>. i[fyou want to keep t_ defaultvalues, just press <cr>.

Separate the range values with a comma (e.g., 50.0,3000.0). The range values (in keV) are the
starting energ3,and the ending er_ergyof 1_etable, and may be between 40.0 and 4.000.0keV'.
These values are for display scaling purpeses and to piace a boundary around tt_egeneration of
new table values.

The ECF program will display functionboxes, a plot of _e efficiency curve points (if there are any), the
experimental data points, theregion boundaries that have been defined, region bour_daryvalues (in keV), the

. number of points in each region, the degree of polynomial used to fit _e experimental points in that region,
and a reduced chi-squared number that was computed when the fit was made (see Figure 5-1).

Sections 5.1.1 through 5.1.14 descri_ each of the function boxes.
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Figure 5-1, ECF selection screen.

5.1,1 Ada Exp Point, Use this function to add experimental data points when you need to extend the effi-
ciency table beyond the energy range of experimental data. Also, this timction provides additional points in
areas where the polynomial curve does not tbllow the desired shape.

Click the ADD EXP POINT function box.

In the graph display area, click wherever you want to piace new points_

• When you have finished, click the DONE function box to quit.

The tmcertair_tyfor the .selectedpoints will be set to zero, so the added points will be shown as sman black
dots instead of vertical lines.

5,1.2 Delete Exp Point. Use this function to adjust the position of data points or to remove incorrect data
points.

• Click the DELETE EXP POINT function box.

• Click the points you want to delete.

• Click the DONE function box to quit.
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5.1.3 Move Exp Point. Youmay move experimental data points that were addedmanually, but you cazmot
move experimentally measured points. Moving a point will change only the efficiency of the point; the
energy remains the same as the original point.

• Click the MOVE EXP POINT function box.

• Move the desired points to new locations.

To move a point: Piace the cursor on the point, hold down the left mouse button, move the point
up or down to a new location, and release the mouse button.

• When you have fixfishedmovhag points, click the DONE function box to quit.

5.1,4 View LOG/LOG. If you click the VIEWLOG/LOG functionbox, ECF will showexperimental points
as vertical lines, indicating the uncertainty of each point. If a fit has been made, it will be shown as a curve
through the points. ECF will show the high and low range of the table as dashed lines, as well as any region
boundaries that have been defined. The region parameters will also be shown below the plot of the data.

5.1.5 View Low. Click the VIEW LOW function box to display a linear plot of the low energy pox_.ionof
the efficiency table (below 400 keV). ECF will show experimental data, current table definitions, and a
curve through the current definitions (see Figure 5-2).

Figure 5-2. ECF view low screen,



5.1.6 View High, The VIEW HIGH function shows an 'energy x efficiency' plot of the data above 200
keV. The exponential term of tiffsequation will initially be calculated from the data, but it can be selected
manually to change the slope of the curve. Like the VIEW LOW function, VIEW HIGH will show exper-
imental data, current table definitions, and a curve through the current definitions (see Figure 5-3).

5.1.7 Define Region. Use the DEFINE REGION function to define the number ot' regions that the curve
will be divided into and the boundaries between the regions. This function is available only whenthe log/log
view is on the screen. Each region will have a separate polynomial fit to it.

• Click the DEFINE REGIONfunction box.

• Select the number of regions you want zo define (1, 2, or 3).

• Click on the graph where you want each region to end.

Intermediate boundaries will be adjusted to the nearest data point. Any data points outside the endsof the
high and low region will not be used for the curve fit.
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5,1.8 Define Degree. With the DEFINE DEGREE function, you may define the degreeof the polynomial
to be used for each region. This function is available only when the log/log view is on the screen.

• Click the DEFINE DEGREE function box.

The ECF program will display the maximum degree pem_itted for the current number of data points.
(There must be one more data point in the region than the degree of the polynomial.) Currently, the maxi-
mum degree of polynomial supported by VAXGAPis 10.

• Enter polynomial degrees for each region:

- Click the digit boxes (0 through 9) to select the desired digits.

- If necessary, click ERASE to remove the last digit you selected.

Click ENTER to save the polynomial degree for the region.

• If you want to terminate the DEFINE DEGREE function without saving any values, click EXIT.

5.1.9 Fit Curve. Use the FIT CURVE function to determine the coefficients of the polynomial to be used
for each region of the curve. This function is available only when the log/log view is on the screen.

As the number of data points and the degree of the polynomial increases, the computer will take longer to
process the calculations. After ECF completes the fit, ECT will save the new set of points for the current
efficiency table, but they will not be written to the disk until you exit the program.

5,1.10 Change Slope. Use this function to adjust the slope, a, of the "eft.energy-"' plot of the data. You
may enter a value or let ECT calculate a value from the data. Small changes in this value have a large effect
on the screen. A value of 0.85 is typical for most curves.

• Click the CHANGE SLOPE function box.

• Click either M_MNUALor CALCULATED.

If you select CALCULATED,ECF will automatically compute the slope and then exit out of this
function.

If you select MANUAL, you will need to enter a value:

• Click the digit boxes and the '.' box to select a value.

• Click ENTER to save the value and exit.

5.1.11 Move Fit Point. The MOVE FIT POINT function adjusts the fit points in order to refine the shape
of the efficiency table. This function should be used to smooth any "ringing" produced by the polynomial
fit, Moving a point will change only the efficiency of the point; the energy remains the same as the original
point. This function is not available on the log/log view because the resolution of the screen is not adequate
for this function.

® Click the MOVE FIT POINT functionbox.

• Move the desired points up or down to new locations.

To move a point: piace the cursor on the point, hold down the left mouse button, move the point
to a new location, and release the mouse button.

® When you have finished moving points, click the DONE function box to quit.



5.1.1 2 Define Line. Use the DEFINE LINE function to draw a straight line on the screen, which is some-
times useful when you analyze and construct efficiency curves.

• Click the DEFINE LINE function box.

• Draw as many lines in the graph region as you desire.

To draw a line: Piace the cursor where you want to begin the line, hold down the left mouse but-
ton, move the cursor to where you want to end the line, and release the mouse button.

To erase a line: Select one of the view functions (e.g., VIEW LOG/LOG, VIEW LOW, VIEW
HIGH).

5.1.13 Adjust Table. With the ADJUST TABLE function, you may multiply the efficiency table values by
a constant value within a selected energy range. The energy range can include tile wholetable or any fraction
of it.

• Click the ADJUST TABLE function box.

• Select the energy range of the curve within which to make the adjustment.

To select the range, click on the curve at the beginning position, then click again at the end of the
range.

• Select 'Y' if the energy values are correct.

If you select 'N', ECF will erase the region markers and prompt you to select new region values.

• Enter an adjustment factor, which will be applied at the starting and ending positions of the
region.

From these two adjustment factors, the ECF program will then compute two coefficients,S and Z, for a
function, f, such that

f(energy) = S * energy + Z,

f(region's start energy) = the adjustment factor at the start of the region, and

f(region's ending energy) = the adjustment factor at the end of the region.

Efficiency table values within the selected region are then multiplied by the value of the function,
f(energy), where energy is the corresponding energy of the efficiency value. The resulting efficiency curve
will then be displayed, and the program will restart the process by asking you to select a new region.

• When you have finished, click QUIT to terminate the process.

5.1 .'14Oult. Use the QUIT function to update the efficiencytable and return to the efficiencytable mainte-
nance menu.

• Click the QUIT function box.

• Enter 'Y' and press <cr> to insert efficiencytable values and experimentalpoint information, and
return to the efficiency table maintenance menu.

If you enter anything but' Y', ECF will not modify any of the table values and will return you to
the etIiciency table maintenance menu.
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5.2 Display Spectra (DAS)

The DAS program displays, tn real time, spectra as they are collected from detectors. Also, you may dis-
play spectral data after they have been stored in the directory pointed to by the logical SLOT$SPC.

In addition, DAS provides a first-look photopeak identification function, which f'mds the peaks in a spec-
trum and associates the peak energies with radionuclide identifications out of the master nuclide library.

• Enter 'DAS' and press <cr>.

The DAS program will display the DAS selection screen, as shown in Figure 5-4.

• Click either the MCA (detector system) or SLOT function box.

If you click MCA, the DAS program will retrieve the spectrtun directly from the detector system.

If you click SLOT, DAS will retrieve the spectrum from the directory pointed to by the logical
SLOT$SPC.

Figure 5-4, DAS selection screen.
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MCA is the default, which means that you do not need to click the MCA function box.

Select a detector group and an ADC number to tell DAS whicl_spectrum to display (e.g., B3):

• Click a detector group box (A, B, C, D, or R).

The box you click determines which detector group you want to retrieve the spectrum from.

• Click an ADC number (1 through 9).

The ADC number is the specific number of the spectrum in that detector group.

The DAS program will retrieve the spectrum and display it on the screen. You can click in the spectrum
display area to piace a marker (a small vertical line) on a spectrum channel. DAS will display, in the status
display area of the window (the bottom of the screen), the channel energy and nuclide identification
associated with that energy.

5.2.1 Change the Size of the Display. YoumayusetheSIZE functiontochangethenumberof chan-
nelsdisplayed in the window:

• Click the SIZE function box.

• Click the value for the number of channels you want to display (256 to 8K).

To automatically zoom in on 256 channels, move the cursor in the spectrum display area and
click the middle mouse but!on. DAS will center the enlarged region of the spectrum at the posi-
tion where you clicked.

5.2.2 Move the Starting Channel. The red bar graph shows how many channels are being displayed and
where in the spectrum the displayed channels are located. The length of the bar is scaled to the number of
channels displayed. For example, if the number of channels is 8K, then the bar is drawn completely across
the window; if the num_r of charmels is 4K, then the bar length is half the window width, etc.

The starting position of the bar indicates where the data display begins in the spectrum. You may move
the starting channel of the spectrum display:

a, In the green region where the red bar graph is located, move the cursor to the piace you want the
beginning channel of the spectrum to be displayed.

• Click the mouse to shift the beginning channel.

In the green region, the channel number values show where the spectrum display is positioned. In
the spectnnn display area, the bottom left number shows the beginning channel, and the fight
number shows the ending channel.

5.2.3 Identify Nuclides. Youmay use the ID function to identify the nuclides associated with prominent
photopeaks in the spectrum. When you click the ID function box, the standard VAXGAPpeak location sub-
routine finds the charmel numbers of all peaks in the spectrum. After these channel numbers are converted
to energy, this energy is used to tentatively identify the nuclide associated with each photopeak.

The DAS nuclide library is located in the GE$1SOTOPE$LIB directory. Initially, this library is a copy of
the MASTER nuclide library. Youcan copy any VAXGAP library into DAS.LIB, and that library will be
used for identification.

5-8



• Click the ID function box.

• Examine the identification of each photopeak.

If the energy of any photopeak in the spectrum is not witlfin 1 keV of the photopeak energy of an
entry in the nuclide library, DAS will display "NI"' on that photopeak.

® Because the lD function does not determine a photopeak's exact centroid (center of mass only),
the centroid and nuclide identification might be in error.

5.3 Fit Peaks Interactively and Display Spectra (GINA)

With the GINA program, you can interactively select background regions, fit limits, and peak centmids,
and initiate a fit of the peak to a gaussian function. The results of the fit (centmids, widths, and quality-of-fit
numbers) are displayed as a plot of the resulting gaussian function with the spectral peak data, which is use-
ful in examining peak shape and resolution of peak doublets, and in determining background values.

If you plan to print a hardcopy of the resulting plot, you must define which laser printer you want to print
the plot on by defining the que name in GINA$QUE:

• Enter the "Define" command and include the printer que you want to use (e.g., DEFINE
GINA$QUE LASER).

To begin the GINA program:

® Enter "GINA" and press <cr>.

® Enter the name of the spectrum file (e.g., A 1 or A 1081792009) and press <or>.

If you enter a two-characterlD, GINA will retrieve the file from the SLOT$SPC directory.

If you enter the full 11-character name, GINA will ask you to designate which save area the file
is located in:

® If necessary, enter the two-character ID (e.g., BW) that corresponds to the save area directory and
press <cr>. (See Figure 3-7 for the list of save area directories.)

The GINA program will display the spectrum in the GINA selection screen (see Figure 5-5 for an exam-
pie). At the bottom of the screen, the row of values preceded by the letter "C" represent the charmel num-
bers, which are scaled across the screen. The second row (labeled E) indicate the energy of the channels

displayed in the first row.

The following list explains the function boxes in the GINA selection screen:

ZOOM SIZE--determines the number of channels that will be displayed when you want to 'zoom' in on a
specific specU'al region.
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Figure 5-5. GINA selection screen.

• Click the ZOOM SIZE function box.

• Click the number of channels you want displayed (128,256, 512, or 1024).

To zoom in on a region:

• Click the area you want to zoom in on.

If you are zoomed in on a region and you use the ZOOM SIZE function box to change the chan-
nel display, GINA will immediately resize the display.

DISPLAY ALL--displays the entire spectrum.

If you are zoomed in on a region:

• Click the DISPLAY ALL function box to resize the display to a full spectrum.

STEP LEFTmmoves the spectrum display to the left the number of channels specified by the value in
ZOOM SIZE.
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STEP RIGHT---moves the spectrum display to the right the number of channels specified by the value in
ZOOM SIZE.

QUIT--tenninates the execution of GINA and prints the results of the last fit if you saved the fit.

• When you are ready to quit, click the QUIT function box.

MARK FITMlets you set background values, fit limits, and peak centmids, and initiate a fit of a peak.

• Click on a region to zoom in on it.

• Click the MARK FIT function box to display the MARK FIT screen, shown in Figure 5-6.

• Piace background marks (i.e., '[' and ']') to designate regions that will be used as background
values.

Click the left mouse button to piace a left bracket. Then click again to piace a right bracket. GINA
will toggle between left and right brackets.

Ali channel values between brackets are averaged together to establish a background value for
that set of brackets.

INlr'ERACTIVI:, 8_E.CTFiLAM FIT

_ Figure 5-6. GINA mark fit screen.
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You must piace two sets of background marks for each peak or set of peaks being fit.

• Piace fit limit marks (i.e., 'u') to designate the left and right fit limits of a peak or set of peaks
being fit.

Click the middle mouse button to piace a fit limit mark on the starting channel of the fit region.
Click the middle mouse button again on the ending channel. The fit region must contain at least
three channels.

• Piace peak centroid marks (i.e., '1') to identify the peak centroids to be used in the fit.

Click the right mouse button to piace peak centroid marks. You must identify between one and
five peaks for each fit. The centroid must be between the fit limits. The centroid mark identifies
the initial centroid value for the fit. However, as the peak fitting is performed, this value will be
adjusted to get the best peak fit.

The following list explains the function boxes in the MARK FIT screen:

CLEAR MARKS----deletesall fit marks and plots of the fit results.

CLEAR LAST MARK---deletes only the last mark that was placed in the spectrum.

BACKGROUND LINEAR--determines the type of background that will be used to fit the peak. This func-
tion box lets you toggle between a "Linear" and a "Step" background.

• Click the BACKGROUND LINEAR function box to choose whichtype of background you want
when the peak is fit.

VARYWD-determines whether the width of the peak will be allowed to vary during the fitting of the peak.
This function box lets you toggle between a "Varying" and a "Fixed" width.

• Click the VARYWD function box to choose a varying or fixed width when the peak is fit.

FIT--initiates a fit of a marked peak or peaks to a gaussian function.

• Click the FIT function box.

This function will take 1-10 seconds to perform depending on the number of points in the fit and
the number of peaks being fit. As each fit is made, the results of that fit will be scrolled in the "fit
results display area," which has enough space to scroll the result_ from five photopeak fits. If
more than five fits are made, the top line will scroll off the screen and cannot be recovered. You
may make as many fits as you want, but you cannot change the region of the spectrum being
viewed in MARK FIT. Change the spectrum view with the GINA selection screen.

SAVEFIT--saves the numeric results of ali peaks that were fit during the last fit process.

• Click the SAVEFIT function box.

Even if results from previous fits are displayed in the "fit results display alx_a,"the SAVE FIT
function will save only the last fit.

You must click the SAVE,FIT function box to save the results for printing.

HARD COPY.--prints a plot of the fit on a laser printer.

QUIT--returns you to the GINA selection screen.

• When you have finished, click the QUIT function box.
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5.4 Display Peak Fits (XTP)

Youmay use the XTP program to display aspectrum that has been fit. XTP uses the same "peak find" and
"fit" "algorithmsused by GNUL and displays the results of the peak fits.

XTP will access those spectral flies located in the directory pointed to by the logical SLOT$SPC. If this
logical points to another node on a network, the files on that node can be accessed. To obtain hardcopy plots
of the fit results in XTP, the logical XTPSQUE must be defined and point to a laser printer queue.

• Enter 'XTP' and press <cr> to start the XTP program.

The XTP will display the XTP menu, which consists of three fields---SPECTRUM SLOT, ISOTOPE
LIBRARY NAME, and REQUIRED ENERGY LIBRARY.If you want to change any of the default values:

• Press <cr> to move the cursor to the value you want to change.

• Enter the new value, which will appear to the rightof the current value. For each menu item, only
a few values are valid:

SPECTRUM SLOT--the name of the spectrum file (e.g., Al).

ISOTOPE LIBRARYmthe name of the isotope library to use in the analysis.

The directory pointed to by the logical GE$ISOTOPE$LIB contains the isotope libraries.

- REQUIRED ENERGY LIBRARY--the name of the required energy library to use in the
analysis.

The required energy library contains alist of radionuclide line energies forwhich the analy-
sis code will be required to determine values for. The directory pointed to by the logical
GE$LIMITSLIB contains the required energy libraries.

• Press <cr> to replace the old value with the new one.

• When you have finished, press <Ctrl Z> to save the values.

The XTP program will display the spectrum plot with the fitpeaks and their corresponding energies (see
Figure 5-7). Also, you will see the decade control window with a red line that shows the current decade
values.

5,4.'1 Display and Print Peak Fits.

• Click on the region of the spectrum you want to zoom in on.

• XTP will display 256 channels, centered at the location you clicked. XTP will display a fit ordy
if all values of the fit can be displayed on the screen.

• Click the PRINT function bo× to print that spectnlm region and the fit functions.

® Click the DISPLAY ALL function box to display the complete spectrum (see Figure 5-8).
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Figure 5-7. XTP display screen, showing energy values for all possible peaks.

5.4,2 Control Decades. hathe decade control window, the red bar shows how many decades are on the
Y-axis of the spectrum. You may change the value of the base decade by adding decades to and removing
decades from the bottom of the red bar. Also, you may add decades to and remove decades from the top of
the red bar.

To remove a decade:

• Click on the portion of the red bar you want to remove.

To add a decade:

• Piace the cursor beyond the end of the red bar.

• Click to extend the number of decades out to the position of the cursor.
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Figure 54. XTP spectrum screen, showing the complete spectrum.
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Appendix A

Command Summary for VAXGAP

The following is a list of the commands you may use within the VAXGAP environment,

Command Description

ADCS*TATUS Print the statusof ali ADCs connected to the VAX through a CanberraMCA.

BACK Analyze an ambient room background sample.

CBAG Perform general spectrum analysis using concurrent background.

CBAT Perform a concurrent background analysis.

DAS Display spectrum and detector system status on a windowed terminal.

DIRHEAD Get directory listing with header information.

ECA Analyze an efficiency curve reference standard calibration ,source.

ECB Edit a calibration block.

EFF Create, edit, and print efficiency tables.

EPB Edit a parameter block.

GAP Perform general Ge spectmrn analysis with upper limits.

GINA Perform interactive peak fitting and display on a windowed terminal.

GNUL Perfom_ general Ge spectrum analysis with no upper limits.

HEAD Enter spectrum header parameters and copy spectrum from disk slot to disk save
area.

HP Perform unquantified spectrum analysis using GNUL fit algorittuns.

MAKELIB Construct an isotope library from the referenced data base.

NIL Create an isotope library from text file.

PEQ Determine the pulser energy equivalents for pul_ers.

PLOT Plot a spectrum on a laser printer or VT330 CRT.

PRBACK Print the ambient background for a particular spectrum slot.
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Command Description

PRDATA Print channel contents of a spectrum on either the line printer or the CRT.

PRH*EAD Print the spectrum header information.

PRLIB Print the contents of an isotope library.

$90 Transfer spectrum from Canberra MCA to a spectrum slot.

SCREEN Spectrtun analysis of samples for Department of Transportation shipping
requirements.

SPECTRA Move spectra to and from disk and magnetic tape.

STA Start spectrum data acquisition.

STO Stop spectrum data acquisition.

THO*R Energy calibrate spectrum slot from a Th..228 source.

UCLB Calibrate spectrum slot using operator input.

XTP Display spectrum analysis and fit results for windowed terminals.
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Appendix B

Logical Assignments in VAXGAP

The tbllowing list describes the logical assigrunents made for the VAXGAP system.

Directory or
Terminal Line Description

BATCH$RESULTS Batch analysis results files

BATCH$RESULTSSDIR The name of the directory file for batch analysis results

EFFCRV$RESULTS Efficiency curve analysis results files

EFFICIENCY$TABLES All efficiency tables

GAMMA$STD Efficiency curve standards files

GAPSDISK Name of the disk containing VAXGAP directories

GAP$EXE VAXGAP executable files

GAP$LIB VAXGAP subroutine library

GAP$SRC VAXGAP source and object files

GE$INTERF$LIB Interference decontamination flies

GE$ISOTOPE$LIB Isotope library flies

GE$LIMIT$LIB Limit library files

GE$PD$LIB Parent-daughter correction files

GE$SAVE,... Spectrum files

LIB$SRC VAXGAP subroutine library source and object files

LN03 Terminal line to which the laser printer is co_mected

SLOT$BKG Background results Ides for ali detector slots in the system

SLOT$SPC Detector slot files
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Appendix C

Spectrum Parameter Block Contents

The following is a list of the contents of the parameter block of a Ge spectrum.

Variable Contents

LTIME LIVE TIME IN CENTI_SECONDS

RTIME REAL TIME IN CENTI-SECONDS

STARTTIME TIME OF START OF COUNT

START_DATE DATE OF START OF COUNT

S_NUM SAMPLE NUMBER

COLLECTTIME SAMPLE COLLECTION TIME

COLLEC'I'_DATE SAMPLE COLLECTION DATE

COLLECT_HOUR COLLECTION DURATION (HOURS)

SMPL_FRACTION SAMPLE FRAC.'TION

EFF_MULT EFFICIENCY CORRECTION FACTOR

EFT_TABLE EFFICIENCY TABLE NUMBER

DISTANCE SOURCE TO DETECTOR DISTANCE

VOLUME VOLUME/WEIGHT OF SAMPLE

VOLUME_UNITS UNITS OF VOLUME/WEIGHT

NO_CHANNELS NUMBER OF CHANNELS IS SPECTRUM

TOTAL TOTAL NUMBER OF COUNTS IN SPEC.

SYS_FLOW SYSTEM FLOW RATE (VOLUME/MIN)

SYS_VOLUME SYSTEM VOLUME

SYS_VOLUME_UNITS UNITS FOR SYS_FLOW/SYS_VOLUME

POWER REACTOR POWER MW
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Variable Contents

COLL_POS COLLIMATOR POSITION

ERR_EFF ERROR IN EFFICIENCY

ERR_GEO ERROR IN GEOMETRY

ERR_OTH ERROR IN OTHER

MCASYSTEM MCA SYSTEM (Al, A2,... Bl,...)

ADC_NUM ADC NUMBER

ZERO_OFFSET ZERO ENERGY CROSS OVER

EA_CO A COEFFICIENT OF ENERGY EQU.

EB_CO B COEFFICIENT OF ENERGY EQU.

EC_CO C COEFFICIENT OF ENERGY EQU.

WA_CO A COEFFICIENT OF WIDTH EQU.

WB_CO B COEFFICIENT OF WIDTH EQU.

ERR_MX(6) ERROR MATRIX TERMS

SA_SUM A COEFF. RANDOM SUM EQUATION

SB_SUM B COEFF. RANDOM SUM EQUATION

SC_SUM C COEFF. RANDOM SUM EQUATION

NO_PULSER NUMBER OF PULSERS USED

PULSER_RATE PULSE RATE OF PULSER

PLS_ONE_KEV ENERGY OF PULSER #1

PLS_TWO_KEV ENERGY OF PULSER #2

• PLS CHANNELS NO. OF CHANNELS IN PULSER BI.IFP.

PLS ONE_START STAI_F CHANNEL OF FIRST PULSER

PLS_TWO_START START CHANNEL OF SECOND PULSER

PLS ONE_PS START CHANNEL OF PULSER #1 IN PULSER SPECTRUM

PLS_TWO_PS START CItANNEL OF PULSER #2 IN PULSER SPECTRUM
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Variable Contents

CAL,PULSER_WD WIDTH OF PULSER AT CALIBRATION

LOW_PULSER_WD WIDTH OF CURRENT LOW PULSER

EFF FILE EFFICIENCY TABLE FILE NAME
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Appendix D

File Structure for Ge Spectra

This appendix shows the file format for the storage of gamma-ray pulse height spectra on the GAP disk.

512-byte blocks:
i ii i i i i i llllll iiii iiiiilll_

lD Block -- 1 block
.... •.:: _-,,, i

Parameter Block -- 1 block
._,x

Pulser Spectrum --- 4 blocks

n 64 blocks for 8K specmim

Gamma-ray Spectrum u 32 blocks for 4K spectrum

ID Block:

The informationstoredinLhcID blockisASCIIcharacterdatao:dy:'lhcfirst60bytesarercscrvcdfor

spcctrt_tIDnumbersof3 ficld_of20 bytesineachfield.The remainingbyteswillcontainspectrumheader
information.

ParameterBlock:

The itemsstoredinthisblockareasdcfir_cdinthemagnetictapestandard.Allitemswillbc storedin

binaryformat(sccAppendixA).

PulserSpectrum:

"lhcpulserspccl_"nwillbe storedhere.Enough room cxistsfor512channelsofpulsehcightdata.'l'lac
channel contents will be in floath]g point format.

Gamma-ray Spectrum:

The Gamma-ray spectrum block will contain the pulse height spectrum in blocks of 128 channels, The
channel contents will be in floating point format.
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Appendix E

Description of "Flag" Values---
Printed as Part of Isotope Summary

This appendix describes the flag values that are printed with each line during the isotope summary print-
out obtained from an analysis of a Ge spectrum. The net value printed could be a combination of values
given below:

Flag Value Description

0 Peak fit by nonlinear fitting process

1 Peak fit by linear fitting process

2 Peak fit by nonlinear fitting process as part of multiplet

3 Peak fit by linear fitting process as part of multiplet

5 Peak fit by linear fitting process "upper-limit" result

7 Peak fit by linear fitting process as part of multiplet "upper-limit" result

8 Background corrected

12 Peak that may be a coincidence sum peak

16 Background corrected "upper-limit" result

32 Interference decontaminated

64 Interference decontaminated "upper-limit" result

128 Peak listed as clean in interference library

256 Line value converted to "upper-limit" in CLEANUP

512 Line is an "outlier" not used in weighted average

As an example of flag values being summed together: A net flag value of 554 (2 + 8 + 32 + 512) indicates
the following:

1. The initial peak was fit as multiplet by GAUSS.

2. The peak counts/second was corrected for a background radiation level

3. The peak counts/second was interference-decontarninated

4. The peak,value was _ejectedas an outlier and was not used in the r: ralweighted average.






