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1 GADRAS-DRF BASICS
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1.1 GADRAS-DRF Data File Conventions and Formats
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1.2 Nuclear Data Libraries
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9] GADRAS-DRF ALPHA DEVELOPMENT VERSION 3x3\Nal MidScat = | B |

| Detector I Plot IAnalyze | Neutror1| Tools | Setup

Rebin Tool Generate a Rebin.dat file for the cument detector

Display Isotope Database Form

PhotoPeak List Display PhotoPeak List Form
Dose Calc Display Dosage Calculgtion Form

Deviation Pairs Display Deviation Pair Editor
Source DB Display Calibration Sources Editor

Batch Peak Batch Peak Search Analysis

Flow Forms Flow layout visible faoms
Cascade Forms | Cascade layout visible forms

Figure 1. Tools menu tab on the main page.

1.2.1 Isotope Database (DB) ) ) ) ) o
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Figure 2. Isotope DB displaying beryllium-7 (‘Be) isotopic information.
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1.2.2 (Calibrated) Source Database (DB)
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}i] Calibrated Source Database &J
File  Print
Isotope: Source 1D Calibrated Activity Calibration Date Location -
0SCD
131651 101.89uCi Aug 01, 2008 LANL
1429944 109.59uCi May 0, 2010 SRNL =
17527 111 mGi Aug 01, 1986 SNL
He41 10.54 uCi Jul 01, 1998 LLNL
HE61 99uCi Jul 01, 1998
+  T10AGM
+ 113N
+ 12558
+ 133BA
+  134C8
+ 1378
+ 13%CE
+ 182EU
+ 184EU
+  185EU S
Activity Calculator: Aprl 18,2013 E~  Activity Half Life is):

Figure 3. Calibration Source DB page with cadmium-109 (**°Cd) source highlighted.

1.3 Dose Calculation
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this calculation is independent of detector characteristics and any internal or external shielding.
However, GADRAS does compensate for attenuation and scattering by intervening air. Based on methods
specified in ANSI/ANS-6.1.1-1991, “Neutron and Gamma-Ray Fluence-to-Dose Factors,” effective dose
equivalent rates for an anthropomorphic representation of the human body can be calculated.
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9] Dase (based on ANSI/ANS-6.1.1-1991) |

Prefemed Dose Units -

Setup
Source:  137Cs, 100uCi

Distance (cm): 100
Gamma Energy Threshold (keV): 40

Computed Dose Rate (micro-Rem./hr)
Gamma Dose: 296

Meutron Dose: 0

Total Doze: 296

Gross Leakage (gammas or neutrons per
second)

Gamma: 3.15E+06
Meutron:  OE+00

Close

Figure 4. Dose calculation page.
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2 DETECTOR RESPONSE FUNCTION

2.1 Detector Response Function
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2.1.1 Copying an Existing Detector Response Function (Detector.dat) C
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Detector.dat as opposed to moving the original file, otherwise the original detector files could become
compromised and unavailable for future use.
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Detector |Plgt | Analyze | Neutron | Tools | Setup
File | Calibrate  Restore Points  Help
Change Detector... ttenustor Outer Attenuator Shield Atenuator
Browse Detector Folder... ic Mumber 13 Atomic Number 4 % AN AD
g Create Mew Detector.. D {g/em2) 0.5 AD {g/em2) 0 side ) 0 0
Save Detector Changes praiy (4] |0 ety (110 back 0 0
Low Energy  10.21 Neutron Attenuator Air Attenuator
Thermal Stop % 0 Air Pressure (atm) 1
Relative roomret 1
resolution scatter parameters Detector
keV@E-=0 4 Atomic Number 1254 Ext. Annibilation 0.7 Type Nal -
LFWHM@661 6.3 Clutter 417 Shape Time fus) 1 Defaut 512
Energy power 0.6 0Degrees 0.74 Local ¥rays MNone - weight range
Low-E Skew 0 60 Degress B.74 #ray Magnitude 0 Lower Limit (keV) 40
High-E Skew 0 120 Degrees 557 Betas 20 Upper Limit (ceV) 2800
180 Degrees 1.16 % Holes trapped 0
Peak Amourt 0 Dead Layer fnm) 0 AL Shield
itaion (om) (9122 Peak Angle 0 EF. Scalar 1 _ Tfp_e “_“’”e i -
Setback (cm) 03 Peal Width 0 LLD keV) M s :
Height (cm) 100 Frisch gid % 0 :
Length {cm) 76 :
Width jcm) 638 . _ :
Height Width 1 Relative Bf % 9369161 a :
Shape Factor 100 Inbin Rebin
Fileup
Create New Detector

MNew Detector Details

Name: |

Parent Directory:  C:\GADRAS-DRF\Detector (-]
Source-To-Detector distance {cm): g

Clone Detector from Existing Detector
Select a common detector from List, and press "Clone” button.

Z3-Nal-MidScat v
Cr,
Select and clone a detectar by browsing via the "Browse" button .

Create Detector From Parameters

Type: Nal - Length [cm): 76
Channels: 512 Height (cm): 6.7
HPGe Ef.: (10D Width {cm): 6.7

Cancel

Ii
i

Figure 5. File drop-down menu (top) for fiCreate New Detectoro Screen (bottom).
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r;‘{\] GADRAS-DRF ALPHA DEVELOPMENT VERSION 3x3yNal MidScat ==
Deleclor’| Plot | Analyze | Newtron | Tools | Setup |
File  Calibrate  Restore Points  Help
energy calibration Inner Attenuator Outer Attenuator Shield Attenuator
Order Din E 1011 Atomic Number 13 Atomic Number 4 k3 AN AD
Order 1in E 303871 AD {g/em2) 05 AD (g/em2) 0 side g 0 0
Order 2in E 422.03 Porosity (%) 0 Porosity (%) 0
Order3inE 28575 back 0 0 !
Low Eneray 10.21 Neutron Attenuator Air Attenuator
Themal Stop % 0 Air Pressure (atm) 1
Relative oom ret 1
resolution scatter parameters Detector
keV @E>0 4 Clutter 3 Ext. Annihilation 0.7 Type Nal -
%LFWHM@661 6.3 0Degrees 3 Shape Time (us) 1 Default 512
Energy power 0.6 45 Degrees 3 Local Xrays  None weight range
Low-E Skew 0 90 Degrees 3 Hray Magnitude 0 Lower Limit eV} 40
High-E Skew 0 135 Degrees 3 Betas 20 Upper Limit eV} 2800
180 Degrees 3 % Holes trapped 0
FAatten < Edge 3 Dead Layer nm) 0 AC Shield
— Rate @E >0 3 B Scalar 1 EP il h
Setback om) 03 Increase with E 3 LLD keV) 34
Height {om) 100 Attenuate 3 Frischgid % 0
Length {em) 7.6
Width {cm) 6.35
Height/Width 1 Relative Ef % 87 67635
Shape Factor 100 Inbin Rebin
Pileup [+

Figure 6. The Detector.dat file with the detector response function parameters for a Nal
detector.

2.2.1 Dimensions and Distance
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Figure 7. Detector cross section profiles shown for several shape factor (S) values.
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2.2.3 Scatter Parameters
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2.2.4 Miscellaneous Parameters
1.1.1.1 External Annihilation .
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1.1.1.2 Random Pileup and the Shaping Time Constant
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the single parameter characterization is not adequate if high precision is required in the x-ray region for
these high-Z shields.

1.1.1.4 Weight Range
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1.1.1.5 Anticoincidence (AC) Shields
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1.1.1.6 Other Effects
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3 PCF SPECTRAL FILE
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37 GORF L4 DEVELOPMENT VERSION 3o i 2= e

Dstoctor | Plot || Analyze | Neutran | Tools | Setp |

Eile | Help

New Y 5
Cpen Add Spec Pair | Residual
Save Source with Foreground Clear Source

Delate Spec |
Moeasured Spectrum
Tite. Y-88 @ 122 em Siyla
Foreground: Cal peld V
Background: Calpcfl
Souree for Computed Spoctrum /

Using detector "Jx3\Nal MidScat”
Distance (cm) 122 Heaight {(cm) 100

[ Pt

Figure 8. Creating a new PCF file from the Plot tab within the File menu.
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[ Create new file ==

(jov“. » Computer » DriveC (C:) » GADRAS-DRF » Detector » detector - [ 43| [ Search detector 2|

Organize = New folder s~ 0l @

5 Favorites Name i Date modified Type Size
|l Downloads
%] Recent Places

I Desktop

No items match your search

1% Computer
&, DriveC (C)
E3 My Book (E)

€ Network

~ | Pcffiles (“pcf) -
Concel

Figure 9. The default PCF file name is fieventList.pcfo.

File Tools Options
Id» Title Source TL(s) TT(s) G(cps N{cps

Ecal: 0.00 3000.00 0.00 0.00 0.00 Deviation pairs set to zero  Channels: 1024 NumRec:

Figure 10. A newly created blank PCF screen.
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(KS KSIFKi Y dzal 65 02yilySR 6SiaSSy iKS aliy3 a1 T¢ IyR (KS ality3 60Y¢ 20 aY'te Y MIERE (KS aliy3a
IS y2ii 01-aS aSyaiidSe CIFaS mm K263 (KS £/C TS SlK (KS a™¢K o1-i mun 0Y 1€ Sylilié KIFKETKGSR ly 6fdzS
I-yR I- 3LISOMNIE LINS@ISS 2y (KS 3K Iy NISRe

CAGDRF\Detectol al MidScat\Cal, =

File Tools Options

Id» Title Source Date & Time TL(s) TT(s) Gicps N{cps
1 |Background 14-NOV-1995 12:04:20.07 1033 1036 (446 |0

0

3 |¥Y-B8 @122 cm B88Y_485182 14-NOV-1995 12:27-24 19 535 537 549 |0
4 |Cs-137 @ 122 cm 137C5_495171 14-NOV-1995 12:37:32.49 585 |587 |554 |0
5 |Co57 @ 122 cm 57C0_495181 14-NOWV-1995 12:49:16.96 680 684 |B16 |0
6 |Am-241 @ 122 cm 241AM_495192 14-NOV-1995 13:00:47.60 648 650 (494 0
7 |Background 14-NOV-1995 13:09:09.89 479 431 (450 |0
& |Background 14-NOV-1995 12:04:20.07 553 555 (442 |0

Ecal: 10.11 3038.71 422.03 -285.75 10.21 Deviation pairs not defined  Channels: 512 NumRec: 8

228

Figure 11. PCF file with eight spectra (left). Preview of
(right).

Th spectrum displayed in red
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4 PLOTTING/VIEWING SPECTRA (VIA PCF FILE)

4.1 Measured Spectra
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adz0{N1-04SR &LIS0idzY" 1 LIE20(0SRe =KSy (KS aLISOliY TIStRE IS 02 Y LISHSE (KS ti2i odiiizy Y dal 6S 0601SR
(2 RUI-& I yS& 21 Y 2RITISR Lit2(

m GADRAS-DRF ALPHA DEVELOPMENT VERSION 3x3\Nal MidScat SRNCE X
Detector | Plot |Ma?yze | Neutron |Tnu\s |Se¢up ‘
File Help
SpecPairs:
V.88 @ 22cm Residuals

[] Clear Source

Delete Spec Pair

Measured Spectum
Title: Y-8 @122 cm

Foreground: Calpef.2
Background:  Calpef,1

Source for Computed Spactrum

Using detector "3c3\Nal MidScat”
Distance (cm) 122 Height {cm) 100

| NN

Figure 12. Plot screen with entries to be plotted from the fical.pcfo file.
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n 3x3WNal MidScat: CAGADRAS-DRP\Detector\3x3\Nal MidScat\Cal.pcf,3

File Tools

Y-88 @ 122 cm

live-time(s) = 534.76

Counts / keV

Energy (keV)

ROI Zoom

Figure 13. Plot of background subtracted ®Y spectrum.
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IyGKS O8I KIS HISI 27 (KS LR LIS 11 2 16 ALISONI- Oy 68 ASESOISR I-yR RIAI-SSR Iy I- Aly3S
A-LIKe

'}TJT] GADRAS-DRF ALPHA DEVELOPMENT VERSION 3x3\Nal MidScat

SARCEl X |
| Detec(orl Plat |f\na?yze | Neutron |Too\5 |Setup |
File  Help
SpecPairs:
Y-88 @ 122cm [ Add Spec Pair ] Residuals
Cs-137 @ 122 cm

Co-57 @ 122 cm

[] Clear Source

Delete Spec Pair

Measured Spectrum
Title: Co57 @ 122cm
Foreground: Calpcf5
Background: Cal pcf,1

Source for Computed Spectrum

Using detector "Zx3\Mal MidScat”
Distance {cm) 122 Height (cm) 100

=
7

Figure 14. Plot page example with 3 background subtracted spectral pairs identified for
plotting.
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i 3:3\Nal MidScat: CAGADRAS-DRF\Detecton\3x3\Nal MidScatiCal pef.3 (=] 0

Eile Tools

Co-57 @ 122 cm ive-time(s) = 534.76

Counts / ke

Energy (keV)

ROIZoom

Figure 15. Plot of the three background subtracted spectral pairs: ¥cs (blue), *Co
(purple), and By (black).

4.2 Computed Spectra
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34 core atpra DveLoPMENT VERSION s wa .ot S| e =]
Detector |{ Fiol Neutron | Tools
File  Help
SpecPairs:
I | [ dd Spec Par | Fesiduds

[7] Clear Source

Delete Spec Pair

Measured Spectrum
Title: Y-88 @ 122cm Style

Foreground: Calpcf.3
Background: Cal pef 1

Source for Computed Spectrum

88Y_455182 ;

Using detector "33'Nal MidScat”
Distance {cm) 122 Height (cm) 100

Figure 16. The Plot screen displaying selections for a foreground, background, and
computed spectrum
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u 3x3\Nal MidScat: CAGDRF\Detector\3x3\Nal OnGround\CaI.pd‘E@l&J

File Tools

Y-88 @ 97.8 cm live-time(s) = 174.93

chi-square = 6.55

=
]
=
——
w
=
c
=]
o
[ &)

1000 1500
Enerav (keV)

Figure 17. Plot page of a measured By spectrum and a 8y source (ID number: 495143).
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In this example, 10uCi of %?U is propagated through 10 g/cm?” of iron (Z=26), and 3.2mCi of **’Cs is
propagated through 5 g/cm? of aluminum (Z=13).

4.3 Tools on the Graph Window
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5 ENERGY CALIBRATION OF SPECTRA
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Figure 18. PhotoPeak List library page with the 137Cs entry higlighted.

5.1 Manual Energy Calibration using GADRAS-DRF
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Figure 19. Selecting Peak Search and Manual Energy Calibration located under the

Detector tab.
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Figure 20. The Peak Search and Manual Calibration screen is blank when first opened
(left) and populated when a spectrum is loaded (right).
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Figure 21. Selection of the actual energy for a peak (highligted entry or manually enter
energy) in the change energy window.
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Figure 22. Energy calibration screen showing two selected peaks in the channel/energy
table (top) and the highlighted (cyan) parameters that will be adjusted
(center).
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Figure 23. A measured spectrum (black) with a ¥cs library spectrum overlay (cyan).
Isotopics, activity, and shielding information of the overlaid spectrum is
provided at the lower left corner of the window in the same color as the

spectrum (cyan).
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5.2 Graphical Energy Calibration
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Figure 24. The 661-keV peak from ~'Cs in the measured spectrum (black) and the
computed spectrum (red) do not overlay, which indicates the calibration for
the measured spectrum is incorrect.
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Figure 25. Energy Calibration parameter selection and confirmation window.
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Figure 26. Sucessful graphical energy calibration, the measured *'Cs sEectrum (black)
is now energy calibrated and aligned with the computed **'Cs spectrum
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6 ANALYZING SPECTRA

6.1 Graphical Analysis Using Plot Overlays from Library
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Figure 27. Graph of measured spectrum with best fit isotope information and overlay
using shift + left-click (left); Photopeak list with displayed isotope
highlighted (right).

6.2 Numerical Spectral Analysis
G001l uAZVKIé()SSYLJSN?Z 1Y SRI AZdzaIyIteaAa uSOKyMszSa 0|yos (z4SR (2 ARsyﬂATe LJSI‘IaIyRLJSNHQNJY
Iy ly1-2ai% ¢KS 1yIeTS (10 2y (KS Y Hy LIS LIi2@IRSE 2Li12ya 121 yirY S0I -y1-@aia 2L02ya ¢KS
l-y1-feaia 2Li2ya 1-161-6tS HISY

o {ly3fS wSNSaaI2y

o adfiilits wSNSazi2y

o CftE

¢KS 1yIRTS LIS aK2y ty CIawiS Hy 02yfiHya GSES 6288 (K140 1-00SLIG tyLiti 721 T205302ayR 1yR
61-013N2dzyR ALISOMNI AYIEH) 2 GKS Lit2d L3S0 SiaLil-e 2Ly HIS 120 (KS 1y1-aia 2ailil FyR HS 12ayR Iy
0KS01 625 2yﬁr<§ AEIKii éARS 27 IKS I-yHeala L3S ¢KS Syay3 Lid st 2yte ak26 iKS o1013i2ayR

AAAAA

oT



Single Regression |} Muiiple Regression || Fuuc |

Shielding and Gain
AN: 13 AD: 0 [] Independert Shielding Gain Shift (%): 0

Source Libraries

|sotope

Hray

Benchmark
CaptureGammas
Continuum
Meutron

SHM
DetectorFolder

Using detector "2c3%Nal MidScat"
Distance (cm) 122 Height (cm) 100

r}fﬂ GADRAS-DRF ALPHA DEVELOPMENT VERSION 3x3\Nal MidScat =RNCN X
| Detector I Plot | Analyze | Neutron |Too|5 ISe{up |
Eile  Help
(Gamma Spectrum
Title: Y-8 @ 122cm
Foreground: Calpcf,3
Background: Calpcfi Sigma %

Display Options
Strip backaground

Fill Templates

Figure 28. The Analyze tab on the main page contains three numerical analysis tab
options: Single Regression, Multiple Regression, and Flux. The source
libraries are located in the middle of the analysis tab for each option.

6.3 Source Libraries
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Figure 29. Isotope library page for isotope inclusion in the numerical analysis.
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6.4 Introduction to Linear Regression Analysis
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6.4.1 Single Regression Analysis
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J3] GADRAS-DRF ALPHA DEVELOPMENT VERSION 3x3\Nal MidScat
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Gamma Spectrum

Title Y-88 @ 122cm
Foreground: Calpcf3

Background: Cal pcf 1
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Figure 30. Single Regression Analysis tab with 226Ra, 232Th, 40K, and 88Y selected

from the isotope source library and the shielding options activated.
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Figure 31. Graph of Single Regression Analysis of a ®8Y spectrum.
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File  Display
wwwwwwwwwwwwwwww SOURCE DRANEING BY SINCLE DECBESSION #*ésskesdsdsdds
detector name : 3x3\NaI MidScat
distance (cm) - 1zz

foreground spectrum: Cal_pcf,3
background spectrum: Cal._pcf,l

collect date/time :- 14-NOV-1955 12:27:24.19

Source Chisgr Beotivity Units AN AD Gain(%)
BEY 1.08 6.3 +/- 0.1 uCi 11.32 3.0 0.0
ZZ8RR 10.21 T71.8 +/- 10.4 uCi 30.0 128.0 0.0
232TH 13.52 24.0 +/- 0.4 uCi 23.4 8Z.1 0.0
40K 17.27 33.1 +/— 0.8 hCi 24.5 105.5 0.0

Figure 32. Single Regression Analysis Summary Page.

6.4.2 Multiple Regression Analysis
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Figure 33. Graph of Multiple Regression Analysis of By spectrum.

MH



r 5
o5 Analysis Results =NAC| X

File  Display
************** MULTIDPLE LINEAR REGRESSION ANALYSIS i dbdkddid -
detector name : 3x3\Nal MidScat
distance (cm) z 122

foreground spectrum: Cal_pcf, 3
background spectrum: Cal_pcf,1

collect dateftime : 14-NOV-1%35 12:27:24_.15

reduced chi-sguare : 1.06% weight range (keV): 35-2734
relative background: 1.000 background unc (%): 0.000
mult-regres. coeff.: 0.488 template error (%): 5.000
GainShift (%) = 0.000

Source Actiwvity (uCi) Weight (gm) AN AD
Z2ZeRA 0.34 +/- 0.06 3_47E-07 1z.0 a.0
232TH 0.1% +/- 0.05 1.77E+00 1z.0 0.0
28Y 5.60 +/- 0.07 4_0Z2E-10 1z.0 a.0

226RA, 343nCi+222TH, 193nCi+88Y, 5_60uCi

Figure 34. Multiple Regression Analysis Summary Page.

6.5 Compute Flux
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Figure 35. Compute Flux Analysis Page.
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File Tools
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Figure 36. Graph of Compute Flux showing the peaks and continuum from the flux
calculation
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File  Display

detector: 3x3\Nal MidScat -
foreground: C:\GADRAS-DRF\Detector’3x3'Nal MidScat\Cal._pcf,K 3
background: C:\GRDRAS-DRF‘\Detector3x3'Nal MidScat‘\Cal.pcf, 1

title: ¥-88 @ 122 cm
live time: 534_76
date/time: 14-NOV-1555 12:27:24.1%

chi-square: O0.&

Energy Lezkage
(keV) ({Photons/s)
207.3 +/- a.za 7538 +/- 1872
5822 +/- 5.1 228 +/- 1333
8l8.5 +/- 12.7 1551 +/- 1&81
BST7.9 +/- 0.8 208794 +/- 4307
1171.0 +/- 30.7 2120 +/- 1852
1377.0 +/— 14.4 1876 +/- 2172
1833.8 +/- h_S 157691 +/- 3330

Figure 37. Analysis results from flux calculations performed using Compute Flux

7 CONCLUSION
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