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> 1| Todays goals:

« Get you ready, and give you practice, really doing analysis in InterSpec
« Useful smaller-features

- Energy Calibration

* Nuclide ID - will use Trinitite spectrum as example

- Fitting nuclide activities, shielding, and ages with of point-sources (more Trinitite ex.)
- We'll talk about limitations, etc

« Surface contamination and volumetric (trace) source activities

- Detector response functions: creating your own vs using existing ones

« Viewing search-mode or portal data

» Other calculations: nuclide decay, dose, cross-section, ...
Please work-along, or tinker around with InterSpec as we go along today

The example spectrum files at https://sandialabs.github.io/InterSpec/tutorials/



Useful smaller-features




4 | Scaling spectra

By default, InterSpec will live-time normalize the background and secondary spectrum to the foreground

= You can manually enter the scale factor you want on the “Spectrum Files” tab

InerSpec  View Tools Help M InterSpec - Tools Help
1o+4 \ 3 %] Hide Tool Tabs
AN “ Chart Options
E"’s 1“3— * Peak Labels
Show Energy Slider
1 3 A o
: Background Subtract
e 1004 B8 pap
g = Show 3D View
N Detectors
10 Feature Markers...
o T ™ D g . S L € 3
Energy (keV)
| Spockrum Pies L pesk ? S Commeon e Beet The “Y-Axis Scalers” should show
Foreground: Background: Second Foreground:
Thos2 s ernpl ol g 14,2016 ) | Tha32 sk sl oo g 9,218 )| [Thzs2. ild samie g g 4, 2018) up by default when you display
¢ ke =ik SRS multiple spectra, but you can
show/hide them from the “View”
- menu
ot e e Scale Factor Scalo Factor

You can also drag the “Y-Axis” scalers to adjust the background/secondary normalization

= Particularly useful for comparing spectra against reference spectra




5 \ More Display Options - peak labels

interSpec [NGWN Tools Help
E My Label = i
 Hide Tool Tabs ] #2.'13 kev St
T T R e
® Peak Labels () Show User Labels Teid] L
[ Show Peak Energies Qgg_ ggs':g{,n labels stirlisv |
[ Show Nuclide Names Th232 Th
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[_)Show Nuclide Energies

Feature Markers...
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£ |
You can choose to show peak
energy, nuclide, gamma, and/or e A A e T
800 825 850 875 900 925 950 975 1000 1025 1050
a user label for each peak Energy (keV)
You can add or edit the user label using the = =" = ° I

“Peak Manager” tab, or the “Peak Editor”

Spectrum Files  Peak Manager  Reference Photopeaks  Energy Calibration  Nuclide Searc)
Nuclide . Mean . FWHM - Area . CcPS “. Photopeak . Diff... 0
146132 221 537 1.786 = 0.079 54.15
261490 264 280 0.9323 + 0.0567 05,89




InterSpec - Tools Help

2 Hide Tool Tabs — Foreground (2621148 counts)
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Linear Y Scale: occasionally useful when squinting at tiny peaks or features.
“Ctrl-L" will toggle between log/linear

|
6 ‘ More Display Options - chart options m
|

Vertical/Horizontal Lines: sometimes useful for reports or HPGe spectra

Compact X-Axis: good for screens with limited real-estate

Hide Tool Tabs: entire screen becomes spectrum; the tabs contents become available in the “Tools”
menu



InterSpec - Tools Help
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7 ‘ More Display Options - multiple detectors m
|

If the spectrum file contained multiple detectors, you can control which ones the data is
displayed from “View" -> “Detectors”
= (Can be useful to isolate left/right side of portal monitors, or to energy calibrate sub-set of detectors



: ‘ A note about the spectrum display:
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When there are more spectrum channels than pixels, multiple channels are summed
together for display.

As you zoom in and out, this is dynamically adjusted.
The time-history plot does the same thing, but can also be turned off.

Seems to be the least-misleading way to display the data in discernable way.



s | Saving screen-shots
& InterSpec Edkaoou Help

L N . [ Hide Tool Tabs InterSpec
Detectors >
1045 Chart Options >

Peak Labels »
Show Energy Slider

% 10 150 20 250 300 30 40 450 500 S0 600

You can save a screenshot of the spectrum
as either a PNG or SVG file

The picture will be the same size as is
currently displayed - but of course SVG is a
vector format so can be rescaled well.

Edit View Tools Help

® | About InterSpec InterSpec
7] Manager...
1o
Store As...
5 Previous...
1o
Clear Session...
Samples > l
Open Flle...
PO cootFle > Foogound > [EENEN
> Secondary » CSV File
é QuitinterSpec  ®Q ' packground  » PCFFile
- e WJN
5 2012 N42 File
[T CHN File
g Integer SPC File
3 Float SPC File
ASCII SPC File
GR130 DAT File
1 GR135v2 DAT File
IAEA SPE File
CNF File
1 ook e you o opllnahy terct
with and view offline.
01 -
50 100 150 200 250 300 280 400 450 500 550 600

You can also export the current spectrum as
an HTML file, that will have an interactive
spectrum embedded into it, with similar
controls as inside InterSpec.

Will have peaks, reference lines, etc




o | Exporting CSV files

Spectrum Files [ Peak Manager ] Reference Photopeaks  Energy Calibration  Nuclide Search

Nuclide~. Mean . FWHM . Area v. CPS “. Photopeak . Diff... . Label . LowerEn...". UpperEn... . ROI
Ba133 276.22 1.41 41860 8.329 £ 0.045  276.40 keV 0.18 keV 272.65 279.96 5693
Ba133 302.67 1.42 97698 19.44 £ 0.065  302.85 keV 0.18 keV 299.07 306.38 1108
Ba133 355.74 1.52 285059 56.72 £ 0.11 356.02 keV 0.28 keV 349.49 359.42 2982
Ba133 383.50 1.59 37989 7.559 + 0.04 383.85 keV 0.35 keV 379.47 387.53 4121

| |

A lot of places throughout the app you'll see little links to download things - these
export text-based files useful for getting information into other applications.

« Peak information, nuclide decay info, energy calibration, detector response function,
etc.



1 | Using the CSV files

InterSpec View Tools Help @ :":'_
— Foreground (37146468 counts)
Live Time: 6000 s
Real Time: 7444 s

100
@ [ ] example

575 600 635 &0
Emgy (keV) Favorites
Recents
A Applications X
Desktop
M Documents
© oownloads
m wcjohns
{3 OneDrive -...

Spectrum Files | Peak Energy Calibration
Nuclide . Mean . FWHM . Area va CPS “. Photopeak

Locations
2] 51057848ca

= [ sNL a

0 CETEERT G CEEED e @
sass LY

For a number of these files, you can drag-n-drop them back into InterSpec.

The peaks CSV is the most useful: when you drag the CSV onto the app, the peaks will be
refit, so count-rates or exact resolution doesn't need to match - useful if you work with

similar spectra a lot.



12 | Having multiple files open

ba133_source 6405 20700317042 (Agr 17, 20%0)
background_20100317.n42 (Apr 17, 2010)
‘ Spectrum Flles ‘ Peak Manager  Reference Photopeaks  Energy Callbration  Nuclide Search WISZ.GRI3SP(Nal) 3%0sec.chn (May 17, 20%0)
- e e e T T e S e ~— : SnT13_SAMSMO(LaBN 300sec. 1 58cmPb.cha (May 26, 2011)
S F X0133_OutectvielX{1HPGa)_60sac 5. 3cmPE.chn (Ape 24, 2007)

Foreground: Backg! Foregr
@mmz (Jan 24, 2010) v] ||| passthrough.n42 (Jan 24, 2010) v || | No second foreground v ::::O-lxcw::lt:o(wcn;o:;:‘m c;:[;:o: 2008)
~ Ra226_DetectiveEX(HPGe) E0sec_381cmSS.chn (3 23, 2007)
7796 133 * | | & Ra226_Itercoptor(C2T)_871sec.cha (May 28, 2010)

Ra226 MicroDetective{HPGe)_3035ec.che (Jul 26, 2010)
Sm1S3_ DetectiveEXI00(HPGE)_226sec.chn {u 19, 2007)
10111 GRI3SP(Nal)_52sec.chn (May 21, 2010)
N3 interceptor(CZT)_300sec_5.35cmPE.chn (May 28, 20%) 00 1100 1200 1300 1400 1500
N25_IdentiFINDER (Naf)_1183sec_PE.chn (Jun 18, 20%0) Enwegy
Y88 GRI3S{Nal) 1076sec.chn (Juf 31, 2007)

Po230+0_40%(HPGe) 43200sec.snk ch (May 23, 2007)
Scale Factor: Factor: [1.00 ¢ 152 DetectivelX100(HPGe). E0sec.1.27cmSS chn (3d 19, 2007)
U152 IdectiFNDERNal)_299%ac.127emSS chn (ul 19, 2010)
Lut?6_MicreDetective (HPG)_300sec.chn {3 27, 20%0)
Ba133 IcentFNDER(NM)_30050¢. 68.35emSS ch (Jul 19, 2010) e
Bat33_JdentiFINDER(Na)_298sec_0.635cmPb.chn (Jul 19, 2010)
Ba133 JdentiFINDERNal)_29550c_6cmSS.cha (Jun 16, 2010)
Bai33_JdentiFINDER(Na)_245sec.chn (Jun 16, 2010)
ba133_source 6402090031742 (Age 17, 2010)

®  provous |

B
I 12 13 14 5 18 1
Real Time of Measur

Intro_LaBr.10Percent_50cm.nd2 (Sep 16, 2014) Calbration  Nuclide Search
Ba133 GR13GP(Na)_52sec che (May %0, 2070} -
Ba133_IdentiFINDER (Nal)_266sec 13 64cmC chn (Jul 19, 20%0) Shground:

] ) . mu-umm
When you open a new spectrum file, all your previous files get | ey 1 =

kept in memory and any work done on previous spectra is not
lost, until you close InterSpec ; I a— e

You can go back to any of the previous spectra easily




| Saving your work B vew s Hep

Name [ExampleCalFile.pcf ) ] Manager...
m Hep Desc. |(optional description) Store .
1 Manager... Store As...
) Tag...
s‘mn z & Previous...
& Previous. This will save the current app state to the database - to export Samples T
Samples D\H___‘\“ as a separate file, use the "Export File" menu option Open File...
Open File...
Export File 4
Testing > [ Cancel J [7) Save | Testing ’
Or you can store everything in InterSpecs’ internal database.
o o If you do this you can “Tag” snapshots of your work, or if you
load the original spectrum some time later, you will be let
P AREE” SR8~ "R ~ A0 "BAN~ "Sag~~aA0" "as" " known you can pickup where you left off before
TKAFSe Energy (keV)
Spoctrum Files  Peak Manager | . s®® . ..s  Energy Calibration Nuciide Search
Nuclide: (Ba133 | [FFIEFTS  Energy (kev) “ BR. - P
oo for ) T e e o Toos [
Ay=1051 y [ 309730 0.645 Ba Welcome...
305970 o6 o m:m-
) _p=79wn" 3s 2520 0.00123 Ba = Bie
—_— — 1 X ons
Thickness 2.0 cm | 15 :.,:g g.:;:: : l InterSpec.. O mm T
@ 53.1625 0.02199 Ba ¥ Ask to Propagate Peaks
w
Iftyou export to a N42-2012 file, then all o | -
ere is also an option to store our session when you quit
our peaks, DRF, and fit InterSpec, or switch spectrum
act|V|t|es/sh|eId|ng ‘will be saved inside
° You cant currently access these auto-saved spectra via the GUI, but
the file and restored when you load if you load the same spectrum file later, a dialog will come up
back into Inte rSpeC asking if you want to pick up where you left o



s | Background Subtraction

1°N

| nterspec [ Toois Help InterSpec has two background subtraction options:
| 3 [Z Hide Tool Tabs

) Detectors b « “Background Subtract” - a visual subtraction for plotting only
| tessgy ; 1 Chart Options » « (Can cause display affects to the peak continuum
i = : ©> Peak Labels ’
| - Show Energy Slider JJV same pe ak
| fe+ds Hide Y-Axis Scalers S ﬁ

; Background Subtract L fﬁ ¥ r\ :
% - Hard Background Sub... LI | ‘Y i
Eresad| 9 110y . I
;§ 3 S not background-subtracted  background-subtracted
= =
: g Show RIID Results
‘g 100§ Feature Markers...
; 3 > Save Spectrum as PNG
. « “Hard Background Sub...” - background counts are

B Save Spectrum as SVG

subtracted from foreground to make a new spectrum |

« This is what most people are used to

« | personally prefer to avoid this, but in practice its probably
what works best



16 | Files with multiple samples

Spectrum Files | Peak Manager Reference Photopeaks En

Foreground:
ExampleCalFile.pcf (Oct 20, 2011) v/

@ e »

Ba-133 @ 50cm, H=80cm

o T

If a file has multiple measurements inside of it, you can also select which samples you
want to display

= [f you want to use multiple samples summed, you can enter text like:
= “1-10" to sum samples 1 through 10

= “2,3,5-7"to sum samples two, three, and five through seven

= [f you need to sum samples across files, see the “Spectrum Manager...” to create new files with
all the samples you want

= For search-mode or portal data there will be a time-chart to let you do this summing easily



Inspecting spectrum file contents

Tools -> “File Parameters”

¥
S Allow Edit
—File ;.
File Name:  Trinitite_Sample nd2 Mem Size: 147.6 kb
Inspection: Lane: Location:
Instru. Type: Radicoucide Identifer Manufacturer: Oriec Model:  DetectiveEX100
Instru. ID:  EX100 uuib: 11031021-1449-4001-8095- 165750868664
N42 file created by: InterSpec
File A
Remarks:
Date/Time:  2011-03.10T21:14:49 Live Time: 41610325 Real Time: 42101545
Det. Name: Sample Num: 1 Energy(keV): -0.0 to 2997.8 Num Channels: 8192
Sum Gamma: 10873456.00 Gamma CPS: 261.316 Sum Neutron: 9041.00 Neutron CPS: 0215
Latitude: dec or deg min' sec” N Longltude:  dec or deg minl sec” £ Position Time:
1
Y | Description: Source Type:
| Total neutrom count time = 42099.519531 seconds
f | Spectra
1 Remarks:
1
[ ®

@ &3

The “File Parameter” tool lets you look at, and edit information in spectrum files.

Sometimes spectrum files contain “meta” information that turns out to be useful, that will
show up here; if you didn't take the measurement, it may be worth checking this out to make
sure you aren’t missing something (it can also be useful to open the file up in a text-editor as
well)



18 I Feature Markers
InterSpec - Tools Help

tesa] = Hide Tool Tabs s ==
“ Chart Options » BEscae Posks
Compton Peak Sangte Facape
* Peak Labels 4 e rotd e Angle[130 3] P

i
i

Show Energy Slider

Show 3D View

Detectors » " v _—

P 32 o 5169

- - 2:‘ -°-':'noo.:a . \

I | conl aree: 249 J
| [[ehebgers

Tb150 2104.50 keV
Ce134 2104.09 keV
Pu246 2103.18 keV
Tb152 2103.50 keV

per 3 Channels

) La134 2104.09 keV
> Yeo0 70 600 o 200 7900 720 0 s pesesasannr<senansaesd Am246m 2103.18 keV
Enargy (V) g 341146 2103.16 keV
2100 2200  Eu1462103.16 keV
rgy (keV) Dy152 2103.50 kaV [ |
P1187 2104.41 koV
Boarch Co62 2097.00 keV

Not all peaks and features in a spectrum are caused by full-energy absorption of a gamma/x-ray
= Escape peaks fall 511 keV and 1022 keV bellow the full energy peak
= Sum peaks at double the actual energy
= Compton peaks or Compton edges can be confused for peaks, or scatter angle can be important to figure out

As you move the mouse on the spectrum, lines will be drawn on left and right to show where the source peak and
feature peak would be for the current mouse position

You can also try right-clicking on a peak and InterSpec will let you know about sum and escape peak possibilities
= Uses both the peaks you've fit, as well as the automated peak search results, so it works pretty well

I

If there are some peaks left in the spectrum that you cant identify, this tool is worth a try, especially for HPGe



1o 1 Comparing counts in an energy range

The “Energy Range Sum” tool lets you compare count rates between foreground and
background/secondary spectra

* You can access via “Tools -> Energy Range Sum” menu, or “shift + alt + mouse-drag”

A common use-case is comparing continuum counts above the 2614 keV peak to check if
neutrons are present

“IW:
:
E Count the number of gammas in the specified energy
range.
Lower Energy v
| Upper Energy v

You can also Shift-Alt-Drag on the chart 10 select the enevgy range

Foreground Counts: 246.8

Secondary Counts: -

Background Counts: 201.5 I
Foreground is 2.1165 o above background. (D

Note: Background is being scaled by 1.05.

- Counts per 3-0-55;1m




Calibration




21 | Energy Calibration - a primer

Almost all spectrum files use one of:
= Polynomial:
= The energy of channeliis: E; = ¢y + ¢y Xi + ¢, Xi% + ¢3xi3 + ...
= Spectrum file gives the coefficients c;, usually 2 or 3 of them, but sometimes up to ~5.
= (g is often times called offset, ¢, is gain, ¢, quadratic
= The most common energy calibration form

= Full Range Fraction (FRF):

= The energy of channeliis: let x; =

Ca
then E; = ¢y + cyx; + cox? + caxd + ——
#channels t 0 1 270 37 1+60x;

= Primarily used in PCF files (GADRAS and related), but also in some N42-2006 files.
= Lower Channel Energies:

= The lower energy of each channel is given.

= Sometimes the upper energy of last channel is also given

= Common in CSV or simple ASCII files, but can also be in N42 and PCF files

A detectors calibration may not always be great, so sometimes adjustments to the

coefficients of polynomial or FRF coefficients may be necessary before analyzing
data - there are a few ways to do this in InterSpec



» | Energy Calibration (cont.)

d 08
w0 Nedtrons: 0.01333 cps
B L1 @ stpwe bachground)

i
8

1 { Roal Time: 29063 5
| . Scalod by 04838
Al | : 0.005000

01

Spectrum Files  Peak Manager  Reference Photopeaks  Energy Calibration  Nucide Search

More Actions Apply Changes To Calibration Coefficents Calibration Peaks
Unsecize., & Fereground Polynomisl Deviation Pairs Nucide. Call..w. Mean |
InocaeEoerov.  GBeckgrond TS0 872887 am
Combis Craress . Unew (301007 |EIF

Quacrasc 0 Fit
HENE. Qute 0 Fit
Musi File Cal,

/

You can manually adjust parameter
until the photopeak's line up with
where they “should” be




23 | Energy Calibration (cont.)

You can fit for peaks associated with nuclides, and use those to “fit” for the best
coeffiCients meswe v wos o -

— Foreground (214698 counts)
Live Time: 295.7 s
1e+3; Real Time: 300.0 s
Neutrons: 0.01333 cps
(1.1 0 abcove background)
Background (30037 counts)
Live Time: 295.7 s

1 Real Time: 296.3 s
Scaled by 0.4938
Neutrons: 0.005000 cps
10
1
014 T T T T T T T T T T T T Y T LAMARAAMAL MRS e T
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 Energy (keV)

Spectrum Files  Peak Manager  Reference Photopeaks EmernIbuﬂon 1 Nuclide Search

More Actions Apply Changes To Calibration Coefficents Calibration Peaks
Lingarize... Foreground Polynomial Deviation Pairs Nuclide = Calib.... = Mean “. Photopeak . Difference .
Tuncate Energy..  ®ackground  OT'Set [-778s61  |E@Fit Eu152 Brue 121.75 121.78 keV 0.03 keV
i Linear  [3.0277 | E@Fit Eu152 true 244.77 244.70 keV -0.07 keV
Combine Channels... e
Quadratic 439592605 | EFit Eul152 Brrve 344.22 344.28 keV 0.06 keV
To FRF... e Eul52 true 779.30 778.90 keV -0.39 keV
Quartic |0 LIFit
Multi File Cal... ) Eu152 B true 964.15 964.08 keV -0.07 keV
Eul52 Btrue 1085.04 1085.86 keV 0.82 keV
Eul52 Btrue 1111.42 1112.07 keV 0.65 keV
@ @ ! Eul52 Btrue 1406.54 1408.01 keV 1.47 keV

/

e ., 2) Select which order coefficients
3) Push “Fit Coetfs you want to fit for 1) Select the peaks you want to use for the fit



| Energy Calibration (cont.)

‘ i s ~ Frvgpont e couts) |
Lwe Time: 55808 3 |
Pasl Time: 6000 8 |
oed, | Nesors O 006000 cpa |
f NG
0, S |
A % A
§ N \\Tyﬁzu‘\q”r -y " i
! PN
\]

B EEEE E EE EE R EEE o™

You can graphically recalibrate by
holding Ctrl+Alt and dragging the
spectrum to where you want

Confirm Recalibration X

Original Energy [10.92 =
Modified Energy[ 25.88

Parameter to adjust
|> Offset

-

Linear
Add Deviation Pair

Preserve 1461.0 keV Cal.
Changes will be applied to
all samples

2  Cancel | © Accept

If Ctrl+Alt+drag again within 2 minutes, one of the
options will be to preserve your last calibration

o This is useful to adjust both the gain and offset using a
low and high energy peak; when you do the second
calibration this option will keep your previous peak at the
same location you drug it to




25 | Energy Calibration (cont)

Keep Previous Calibration? * Spectrum Files  Peak Manag Ref! Photopeaks ‘ Energy Calibration | Nuclide Search

:t Ioolt(: like youdr;ave bade?., a Foreground spet:trull)'t:lt thathis More Actions Calibration Coefficents
rom the same detector as t e previous spectrum, but with a Linearize Polynomial Deviation Pairs Nuclide
different calibration. - oy  Offset CIF“
Order | Previous (Polynomial) | New (Polynomial) Linear Dﬁ,
Combine Channels...
(1) '21':7145 g T Quadratic |0 CIFit
5 0' - Quartic [0 CIFit
Would you like to use the previous calibration with the
new file?
@ Eim
[N Yos \\
When you load a new spectrum, : : .
and its from the same detector Further options having to do with
as your previous spectrum, and energy calibrations will appear in the
the energy calibrations are Energy Calibration tab depending
different, you will be asked if on context

you want to keep the previous
calibration




26 | Energy calibration practice

The file “th232_energy_cal_practice.n42"” was generated without an energy
calibration - please try to determine it

le+d == Foreground (305672 counts)
Live Time: 4969 s
Real Time: 5000 s
Neutrons: 0.006000 cps
(1.7 0 above backgroend)
Background (24694 counts)
le+34 Live Time: 4969 s
E Real Time: 497.2 s
Scaled by 0.9944
Neutrons: 0 cps

£ 3
g -
g
105
14
0.1§". T e T T .H‘,‘.“.H
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 IJ(X)EIL'J(;D(II(SO\?)IGOD 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

y (ke I

You can assume you need at least a quadratic equation.

The truth answer will be given in about 10 minutes - if you are not a power energy calibration user, feel free to ignore this
next 10 minutes, and instead determine the energy calibration



27 | Energy Calibration - complications

InterSpec  View Tools  Help

WO 00 300 40 SO0 600 YOO &0 900 W00 1900 1200 100 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 WO 2000 00
Enargy (keV)

S
g L V B 4 \Hﬁ\m%
© 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20 22 23 24 25 26 27 28 2 30 3N 2 3
Real Time of Measurement (seconds)
Spectrum Files  Peak Manager Energy Nuclide Search
More Actions  Apply Changes To Calibeation Coetticents Calibeation Peaks
Lnearize.. ar Detector Potymomial Deviation Pairs Nuclide . Call - Mean . Photopesk - Differs... -
Tuncate Energy.. [ Background Ofset 0140148 Grr
Linear  [0.1874: GFn
Combne Channsis.. (I oisgiayes Sam A o.teree
Quadratc |-2.07732E.08 it
RERE., Gusencer I 0 s
Mt Flo Cal. =Ea
= .

Some detection systems have multiple physical detectors, and/or may provide many

different measurements all within the same file
= Each detector may have a different energy calibration
= The energy for a given detector may change for each sample

In these cases you will have to select how you want the changes applied




28 | Energy Calibration - complications (cont.)

e

— Foreground (326745 counts) |
Uve Time: 2269 5 il

vvvvvv

WO 00 300 40 SO0 600 YOO &0 900 W00 1900 1200 100 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 WO 2000 00
Enargy (keV)

& L

© 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20 22 23 24 25 26 27 28 2 30 3N 2 3

Real Time of Measurement (seconds)

Spectrum Files  Peak Manager Energy Nuclide Search

More Actions  Apply Changes To Calibeation Costficents Calibeation Peaks

Linsarize.. s Detector Potymomial Deviation Palrs Nuclide = Call. - Mean - Photopeak . Differs.. -
Tuncate Energy.. [ Background Ofsot (o408 |EF

Combine Channsis... Osplarpec Sam “ P pierezz___ |6

Quadratc |-2.07732E.00 Fit
TaFAE. Guseces I 0 A
Mutt Fio Cal. s |

You can see the calibrations for
You can select which each detector using this menu,
detectors, samples, and files which will appear when you load a
to apply the changes to here spectrum with multiple detectors




For multiple detector systems, or where calibration changes throughout file:

= |If you manually change a coefficient, the effect of that change is applied to all the other
calibrations in the file
= E.g., the peaks for all detectors will move the same amount
= Thisisn't as straight forward as changing the coefficients of each calibration by the same amount, but InterSpec takes
care of the math
= |If you want to adjust the calibration of just one detector, use the “View” — “Detectors” menu
to change which detectors are being shown, to just that one detector

= Options also appear on the GUI to let you apply changes to just the visible samples, or all the
samples, or just the foreground/background/secondary spectrum

= Changes are not applied to other files you may have open, but aren’t being displayed; use the “Multi File Cal...” option
for that, or after an adjustment, change back to the other file you want, and you should be prompted if you would
like to use the new calibration

]
2o | Energy Calibration - complications (cont.) m
|



30 | Energy Calibration - nonlinear deviation pairs

Calibration Coefficents

Detector Polynomial Deviation Pairs
Offset  |0.140146 |@Fit o 0 =)
Linear  |0.187422 | @ Fit
Quadratic |0 | O Fit — 9 S
Quartic |0 |OFit 2614 0 ©)

®

Non-Linear deviation pairs are typically used to account for intrinsic non-linearities not captured by a lower-order
polynomial
= Non-linear deviation pairs are typically static over time and temperatures and wont need to be adjusted after initial
characterization

The deviation pairs are actually the nodes of a cubic spline that specifies a change to add on-top of the polynomial or
FRF calibration

An example use is:
= Usethe 239 keV and 2614 keV peak to determine offset and gain

= Then if the 1460 keV K-40 peak is at 1450 keV, you would a deviation pair with energy of 1460 and offset of 10
= You would also add a deviation pair with offset 0 at 0 keV, and one with offset of 0 at 2614 keV

Practically, if you are trying to use a quartic or above calibration, you should consider non-linear deviation pairs



51 | Energy calibration practice - Answer

Truth answer:

Polynomial
Offset |10 | @ Fit
Linear  |3.02832 | @ Fit
Quadratic |9.53674E-06 | @ Fit
Cubic  |1.86265E-09 | @ Fit

However, we probably don't have enough power with this lower resolution spectrum to
get the small cubic parameter.



Nuclide ID




Nuclide-ID practice

Please load the “trinitite_sample_b.n42" and “trinitite_sa )Jle b_background.n42” files available from
Tutorials section of https://sandialabs.github.io/InterSpec

— Foreground (7783306 counts)
Live Time: 1.55Te+4 s
Real Time: 1.588¢+4 5
le+S Newtroas: 0.2170 cps.
033 @ showe backgroend)

(4068532 counts)
Live Thme: 1.557e4d 5
le+4: Real Time: 1575044 s
Scaled by 0.3742
Nestroes} 0.2147 cps

Channels
Z
-

Counts per 8
=

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx

0.1
0 100 200 300 400 500 600 700 800 %00 |ooonoo|m|300|4001(5(k)‘ov|fm|7001un|m2xm2|oozmzswzm2:mzwozmozmoz9m
Energy

Measurement is from Dave Mercer of Los Alamos National Laboratories

This is sample “B” in “Gamma and Decay Energy Spectrosco y Measurements of Trinitite” -
available at https://arxiv.org/abs/2103.06240 én exceIIent iScussion and analysis!)

125.6 grams of typical green-glass pieces



https://sandialabs.github.io/InterSpec/
https://arxiv.org/abs/2103.06240

Please fit, and associate the nuclides for as many non-background peaks as you can.

Later today we will fit for activities, and then back-decay them to time of detonation,
and then compare to the paper.

]
2 | Lets take 15 minutes to do nuclide ID (or take a break) m
|



35 | Results

Co-60, Ba-133, Cs-137, Eu-152, Eu-154, Pu-239, Pu-241

Cs137

== Foreground (7783306 counts)
Live Time: 1.557c44 s
Real Time: 1.588¢+4 s
Neutrons: 02170 cps
(0.53 0 shove background)
Background (4068532 counts)
Live Time: 1.557¢+4 s
le+51 Real Time: 1.575c44 5
Scaled by 03742
Neutrons: 02147 cps

Counts per 3 Channcls
x

SO 100 150 200 250 300 350 400 450 500

550 600 650 700 750 00 850 900 950 1000 1050 1100 1150 1200 1250 Energy (keV)




Fitting activity and shielding




37 | Peak-Based Differential Attenuation Analysis

Goal: Take gamma spectrum of radioactive source, and from the spectrum
potentially determine:
1. The amount of shielding
The effective atomic number of shielding
The source activity
Isotopics of material

bk W

The source Age



3 | Differential Attenuation - Pretty Basic Stuff

The photon cross-section with matter varies by both photon energy and material

Gammas Making it through 1.54 g/cm2 (think 2 mm steel)

atomic number

\\ N ~‘\\3\\\‘\\\‘\.\\
\)
s\x\‘s\“\\“\\“

T-Fraction Interact
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For peak-based spectroscopy, we care about the efficiency of detecting the full-energy of
incoming gammas - i.e., efficiency to see peaks in the spectrum.

The efficiency is commonly given as either:

= Intrinsic: A function describing the fraction of gammas striking the detector face, who's full
energy will be absorbed

= Absolute: The fraction of full-energy absorptions, for a source at a given distance

39 | Detector Response Function

Usually given in a form like: exp(-343.63 + 269.10*log(x) -83.80*log(x)A2 + 13.0*log(x)A3 -1.01*log(x)"4 + 0.03*log(x)5)



40 | Source Gamma Intensities:

Activity Chart | Decay Chain | Calculator

Click nuclide for more information.

[Th232 [Th228] Double-click nuclide for particles it gives off.

Click a different source nuclide above to

change displayed decay chain.
Ac228 Show Decays Through Th232

Ra228| |Ra224

(P0216] (P0212)]

Th232

Atomic Number: 90

Atomic Mass: 232.04

Can reach secular equilibrium

Half Life: 1.4e+10y

Specific Act: 110 uCi/kg

Decays to Ra228 by Alpha decay, BR 1.0

Decreasing Atomic Mass

Increasing Atomic Number

v

ENSDF gives us the energy and intensity of gammas for each nuclide

The Bateman equations let us determine these probabilities for decay chains as a
function of time




a1 | Putting it together:

We know a nuclides output gamma spectrum (as a function of age)
We know the gamma attenuation (as a function of energy and atomic number)

We know the efficiency for a gamma to end up in a photopeak (as a function of
energy, source to detector distance, and detector face size/shape)

We can fit photopeak’s in spectra to determine their area

Its now just x? or -log(likelihood) fit to figure out the the unknowns




- | Comparison of Peak-Based analysis to Full Spectrum

an

alysis

Advantages of peak-based:

No Ba)ckground is needed (unless you want to use source peaks that overlap with background
peaks

Does not depend on scattering of your environment,

For full spectrum you need to characterize the DRF to your environment, ex. concrete floor, Tm high, how big the room is,

etc.

Detector characterization much simpler (either do by measuring a couple check sources, or a
simple GEANT/MCNP calc can be good enough)

Gamma transport through material is trivial; doesn't really depend on geometry

Peaks and spectral features from nuisance sources only effect you if they also have a gamma
line overlapping a peak you want to use of the isotope of interest

Disadvantages of peak-based:

You need at least as many peaks in your spectrum as quantities you want to fit
The broader energy range, the better (see next slide)

E.x. To fit for activity and shielding thickness, you need at least two peaks (three or more is better) - full spectrum
analysis can fit for atomic number, areal density, and activity of single-peak sources like Cs-137

You are not using spectral information outside of the peaks
You aren't extracting information about scattering environment

Full-spectrum analysis uses more information, so can give better results, but can also give
worse results if scattering environment is not well characterized



43 I Finding shielding atomic number:

(preferably a few)

For energies = 300 keV fitting for both atomic number, and amount of shielding
becomes degenerate - so you really want at least one peak bellow 300 keV

Gammas Making it Through 1.54 G/cm?2

o

|_praction Interact




44 I Finding shielding atomic number (cont):
Atomic Numbers > 20
80 to 500 keV

Gammas Making It Through 1.54 g/cm?2

ps
o
3
o
. Z
. c

T
SEEEES RS SRRRRRRRARE L (—Ds
Energy (keV)

Bottom line: if you want to determine the both effective atomic number, and amount of shielding, using
a peak-based approach, you want at least one peak below 300 keV, and preferable a few



45 | Fitting activity, shielding, and age in InterSpec

1
InterSpec  View Tools Help ="

— Foreground (307218 counts)
Live Time: 2938 s
1043 Real Time: 300.0 s
Neutrons: 0.01000 cps
(0 o above background)
| Background (29526 counts)
100 ‘ Live Time; 293.8

! L . f
O S o 20 a0 40 00 6 70 80 0 1000 1%0 120 1300 1400 1500 1600 1700
Energy (keV)
Spectrum Files = Peak Manager Reference Photopeaks  Energy Calibration  Nuclide Search

Nuclide . Mean . FWHM . Area “. Photopeak . Difference “. Label . LowerEnergy . Upper Energy
Hol166m 183.96 11.44 10255 184.41 keV 0.45 keV 168.81 202.50
Ho166m 280.34 11.02 3177 280.46 keV 0.12 keV 261.11 297.58
Ho166m  411.06 14.51 1245 410.94 keV -0.11 keV 394.51 427.98
Bi207 569.88 18.25 7960 569.70 keV -0.18 keV 543.02 597.51
Cs137 662.16 20.15 3205 661.66 keV -0.50 keV 628.68 867.86
Ho166m 711.70 20.12 3559 711.68 keV -0.01 keV 628.68 867.86
Ho166m 753.90 18.04 588 752.28 keV -1.61 keV 628.68 867.86
Hol166m 778.00 20.37 175 778.82 keV 0.82 keV 628.68 867.86

Q) Q. Search for Peaks I Clear all Peaks | © Nuc. from Ret. SNV () add.. ) | T csv
First: fit peaks, associating them with nuclides

= Peaks that are in both the background and foreground do not need to be fit. Or if a peak is for a nuclide you don't
care about you can skip it

= |f you have lots of peaks for a nuclide, like a HPGe spectrum of Ra-226, you can maybe fit for just the larger ones




46 | Fitting activity, shielding, and age in InterSpec (cont.)

R . ° LIPS ° LR L7 & Detector: LaBr 10%
— 1 e s —
nterSpec  View - s Ounnte
Allows advanced input of shielding material and activity Te = = - Y a g -
around source isolopes 10 improve the fit. 2 D S )
Gamma XS Calc ‘ pe7.9 g, AR-26.0
= g J
8 rﬂ/ Dose Calc 2 @ | Thickness (6.35 (20.35) mm | @Fn
1/r2 Calculator *
Units Converter Nuclide . Mean = Photo.. = Use =  Nuclide~ Activi..~. FitAct. -
100 Flux Tool Hol66m 18396  184.41keV Etve | Mol66m 3521w Etrve

Ho166m  280.34  280.46 keV

Nuclide Decay Info troe Cs137 19.22C Berve
Hol66m 411.06 410.94 kev  Eerve 8207 3943 Qrerve
Detector Response Select — 8207 569.88 56970 keV  Etrve

10 Make Detector Response €137 66216 66166 kev Etrue
! Hot6ém 71170 711.68kev  Eurve
File Parameters | Holé6m  753.50 752.28keV Etrue
Energy Range Count | i
1 File Query Tool | B Muliple nucides contribute to poak
Math/Command Terminal [ Subtract Background Peaks
]motofumdmmmqn
L T T | G snow o Gragne c=rm
0 100 200 300 400 500 600 700 800 900 1000 11X 1 [Ces)
Energy (keV) y

From the “Tools” menu, select “Activity/Shielding Fit”




47 | Activity/Shielding Fit Tool

* Activity/Shielding Fit

o ™= Select shielding(s)

RS YV B 5 Detector: ORTEC Detective-EX100_LA:
4 ) Distance: |5 cm
Get an idea of g ° o (=] Geometry: | Spherical !
E + + Add Shielding: ") Material Generic
how good the 0 ‘—05. o -t = og et o ing
. Enaw.(w. ® D  [Ory soil (5% H20) v|
fit is 4T p=1.6 glem®, AN~11.0
" Thickness [1.07 (£0.08) cm
ol ®
Mult. ( @) x
Nuclide ©. Mean ~. Photo... ~. Use “. FitAct. . F-. Activity “. Age Ya

Pu241 59.63 59.54 kev  Etru Btrue 868.37Bq + 31.7Bq  65.00y
Ba133 80.85  81.00kev  Etru B true 60.30kBq £ 8.5kBq  65.00y
You can select Pu239 9872  98.78kev  tru Btrue 4.65 84 NA
. Eu152 121,94 121.78kev  Etru P true 232.56 Bq NA
peaks to use 1n Pu239 129.33  129.30kev  Mtru B true 3.61 kBq + 39.4 Bq NA
Eul52 24480 244.70 keV  Etry B true 2.58 Bg NA
the ﬁt Eul52 29535 29594 keV [ fal Btrue 28.92 Bq NA
{ Ba133 302.92 302.85kev  Etru
Eul152 34431 344.28keV Mtru
, Ba33 356.03  356.02 keV Aty
\ [=] All Peaks
| Muttiple nuclides contribute to peak

. % Attenuate for air
Some options * % Subtract Background Peaks
 Isotopes of same element same age

@

ou want
&

4

Decide if you want activity
and/or age fixed for each
nuclide

Select DRF

Enter distance

Fit for the quantities



ss | Activity/Shielding Fit Tool (DRF)

Detector Response Function Select x
06+ — Efficiency
FWHM 2.7
05+ -
1 .23 %
H Woat
02+ 1.9
0.1+
L1,
0 4 4 . 5
0 1000 2000 3000
Energy (keV)
J data/GenericGadrasDetectors
B Gow B
, G
] These are de ft " d from GADRAS-DRF. Currently only the
A m de i efficie and FWHM ions are used.
- ==
I Use as default DRF for SN "IN
Use as default DRF for mode! SR
(2] Mo Dstector | (® cancel [ Accert |

If you click/tap on the detector area, it will bring up this dialog

= We'll cover DRFs later, but this dialog lets you choose from some DRFs that come with
InterSpec, enter your own DRF equation, upload a DRF, or select from previous DRFs



49 | Activity/Shielding F|

All of the peaks you have fit for
the foreground will appear in this

list. \

° You can choose if a peak should
participate in the fitting process.

o We’ll cover strategies for deciding
if a peak should be included
during exercises

ol
=V S Y L [ Detector: ORTEC Detective-EX100_| ©)
4+ o Distance: |5 cm
Pey 1)
° ® ' y: | Sphe ¥
of- : = op w000 scasnoang: EIIITIN EEREITE
q ° 400 800 ) 1
E""v‘(““. [ ] m [Dry soi (5% H20) v|
44 —
p=1.6 glem?, AN~11.0
e ™ 1.07 (0.09) cm | @F
R o ‘
Mult. [ @ x
Nuclide *. Mean . Photo... ~. Use “. FitAct. . F-. Activity Age ]
Pu241 59.63  59.54kev  Eeu Gtrue 868.37Bq+ 31.7Bq  65.00y
Ba133 80.85  81.00kev Ewu Gtrve 60.30kBq £ 8.5kBq  65.00y
Pu239 98.72 98.78 keV Gru Qtrve 4.65 Bq NA
Eul52 12194 121.78kev @y Grve 232.56 Bq NA
Pu239 129.33  129.30kevV Mty Grve 3.61 kBq  39.4 Bq NA
Eul52 244,80 244.70kev  Etry Btrue 2.58 Bq NA
Eul52 295.35 295.94keV [ fal: Grve 28.92 Bq NA
1 Ba133 30292  302.85kev  Eery
Eu152 344.31  344.28 keV tru
| Be133 356.03  356.02keV  Errs
\ [~ All Peaks
| € Mutiple nucides contribute to peak
% Attenuate for air
Subtract Background Peaks
Isotopes of same element same age

Any nuclides associated with the peaks you have selected, will appear

here

= You can manually edit an activity, and choose not to fit it, if you happen to

know it, but not the shielding

= Age of nuclides is also editable, or fittable for applicable nuclides




so | Activity/Shielding Fit Tool (shielding)
[ Detector: LaBr10% &%)
l

Distance: [100 cm

Add Shielding: Generic
) |Fe (iron) v|©

- B AN
Clicking on these icons will p=7.9 glem™, AN~26.0 ®
toggle between shielding types Thickness |6.35 (+0.35) mm | E@Fit

g |Generic v O
@
AN CJFit AD oem? B2 Fit

° The shielding can be either a specific type of material from InterSpecs database, or it can be a generic material where
you specify the atomic number (AN) and areal density (AD), or you can enter a chemical formula and density.

° You can choose to fit for, or fix, thickness, AN, and AD

° You can have multiple shielding's, but of course this can get degenerate to fit for multiple of them, especially if they
have similar effective atomic numbers



51 | Activity/Shielding Fit Tool (shielding cont.)

If your shielding contains the same element as one or more of the nuclides you are fitting for, you will
be given the option to have the shielding become the source term

*  Activity/Shielding Fit x I
81 VS YT | Detector: HPGE40% From Cal Data (6]
@ D [15cm |
a4 )
° A ° Geometry: | Spherical -~
~ : e o s ; Add Shieiding: [N
:. 400 ‘oo (h\})ﬂo o0 o ® ®200 QO  [Cwanm 7]
44 o p=19 glcm?, AN~92.0
° 226(2238003)om | E@Fit
|Source for:
Mult.
®x I Fit Mass Fractions
Nuclide . Mean ~. Photo... ~. Use Nuclide . . FitAge - Activity v Ag U238 - U Mass Frac:|0.80373
U238 63.35  63.29kev Mty U238 Cfalse 9.16 MBq # 20.4 kBq  20. U235 - U Mass Frac:|0.196215
u23s 143.75  143.76 keV  (fak u23s 14.38 MBq £ 31.9kBq 2 Assuming fixed 0.01% other U isos
u23s 16336 163.38 keV  Etry
u23s 185.69 18571 keV Etry
u23s 194.91 19494 kev Etry
u23s 202.14  202.11 keV  (lfak
u23s 205.27 20531 kev @ty
u23s 258.21 258.26 kev Ertru '
> 1
[=I All Peaks
| & Multiple nuclides contribute o peak
1 Attenuate for air
[ Subtract Background Peaks
!  Isotopes of same element same age Perform Model Fit

o In this case self-attenuation is taken into account; especially useful in high-Z materials (W, Th, U, Pu, etc)
° InterSpec uses an adaptive quadrature based ray-tracing algorithm to account for self-attenuation and geometric effects

o If there are multiple nuclides composing the shielding you can fit for the isotopics as well



Activity/Shielding Fit Tool (shielding cont.)

®
Distance: | 100 cm ]
Geometry: | Spherical v) | Spherical geometry
Ada i
Inner shell D [T orum) 7 | 6.84 mm solid sphere of Thorium metal
p=11.7 g/cm3, AN~90.0 @
Thickness |6.84 (+0.28) mm | @Fit
Source for:
Th232-ThMass Frac:[1 |
D [ar "|© | <@uumm A1 cm gap outside the Thorium
p=0.00129 g/cm®, AN~7.4 @®
Thickness |1.00 cm | OFit
Outer shell D F S
ine wood v|O .
= | A 1 inch shell of wood
p=0.65 g/cm3, AN~6.6 @
Thickness |1inch | OFit

InterSpec uses a spherical geometry when self-attenuating sources are used

Nuclides that aren’t part of shielding's are point-sources at the center of all shieldings



Activity/Shielding Fit Tool (distance)

® The distance is from the detector face, to
Do [100 o | &= the center of shielding
Geometry: | Spherical
TR—
m | Th (thorium) v|©
p=11.7 g/cm3, AN~90.0 @
Thickness |6.84 (0.28) mm | @Fit
Source for:
4 Th232 - Th Mass Frac: D
D [ar v] O
p=0.00129 g/cm3, AN~7.4 @
Thickness |1.00 cm | OFit
m |Pine wood v|©
p=0.65 g/cm3, AN~6.6 +
Thickness |1 inch | OFit

Distance, like times, can be entered in fairly flexible formats; the following are all valid
distances:

“1.2cm”, “1ft", "1 ft 13in”, “1' 13", “3 m", “3 meters”, “3.6E-2 m", etc




]
s | Activity/Shielding Fit Tool - graphic @q

‘ . 340 18T | <dev>=0.340
% 0{—0- 09 he & = } b é | ® ® t.
g q ® 400 Ew(kgé)o . 2 oy ve® 5 1+ e* ¢ =5 o + ++ ¢+
- S 0.6
2]

0 400 800 1200 =
Energy (keV)

The graphic in this tool is to help provide you an idea of how well the data lines up to the model
= Left: chart shows you how many statistical deviations each peak is away from the model
= Right: chart shows you the multiple of how far away from the model each peak-area is. The error bars are
1-sigma statistical uncertainties.
= E.x, if the dot corresponding to a peak is at 2.0, that indicates that peak would give double the activity that is currently showing

Generally, if after doing a “Perform Model Fit,” a peak is %reater than maybe 5-or-so-sigma away
from the nominal value, you should consider removing that peak from the fit, or checking that its
associated with the correct gamma line, or that there isn't an interfering nuclide that you aren't
currently fitting for



55

Activity/Shielding Fit Tool (options)

Multiple nuclides contribute to peak
Attenuate for air

(] Subtract Background Peaks
Isotopes of same element same age

Multiple nuclides contribute to peak: if two or more nuclides being fit for contribute to a
peak, allow all of them to contribute to calculating the expected peak area, not just the nuclide
assigned to the peak

Aﬁ_telgpate for air: Adds attenuation from the air; between the detector and the outside of the
shielding

Subtract Background Peaks: useful if background peaks contribute to your isotcape of
interest. To enable this option you must have a background spectrum loaded, and you must
have the background peaks fit in it

To fit the peaks in a background spectrum, first load it as a foreground spectrum, fit the peaks, then load your
foreground of interest file, and from the “File Manager” tab select the first file as background

Background peaks do not need nuclides associated with them; matching of which peaks to subtract from which is based
on energy

Isotopes of same element same age: If you are fitting for the age of a material, like Th, U, Pu,
etc, and you want to constrain all isotopes for an element to be the same age, select this
option




56 \ Activity/Shielding Fit Tool (more...)

:1

Distance: 3.6/ Calculation Log

Im)| Model...
Add Shieiding: (] Ex:nnmm

—— Open From Database...
Th (thorium'
o : Save To Database...

p=129/em® Ciong In Database...
Thickness [2.98 (:2.94e-02)mm | EFit
Source for:
4Th232 - Th Mass Frac{1.000 3]

@  |Steel - AISI 1040 Med. Carbon ¥|

p=7.8 glcm?, AN~25.9
Thickness (2.20 (20.05)em | EF

Perform Model Fit

Clicking on the gear icon brings up a menu that lets you:
= See a log of calculations, which has a whole bunch of details about what exactly went into
the calculations
= You can save, export, import, or load a previous model. Useful if your model is complex. I

= If you export the foreground to a N42-2012 file, or store it in InterSpecs internal database, your model will be
saved along with the foreground



7 | Activity/Shielding Fit Tool (general notes)

This tool recc}juires use of your critical thinking and spectroscopy knowledge - you can do
things that don't make sense

= E.x., if you try to fit for atomic number of shielding using two close-together peaks, or two
high-energy peaks, you will get a nonsense answer (but you should also get a large error as
well). Or ifyou fit for the a%e of a nuclide that has already reached equilibrium, you might get
a really large age (but also hopefully large uncertainty)

. ]Icnt]grSpec doesn't currently do a great job of detecting and notifying you of degeneracies being
it for

Large uncertainties are a “smell” of these
You can only fit for as many quantities as you have peaks for

If you are fitting for the effective atomic number of your shielding, having one or more
peaks below 300 keV is usually necessary.

Always ask yourself if the results make sense.

Uncertainties given are only statistical. Uncertainties about your DRF, peak-skew,
distance, material conmposition, or other factors may dwarf the statistical uncertainties




Lets fit activity of the Trinitite
Sample




s 1 Some additional information you need:

Lets take 15 minutes to fit activities, and/or as a break.

If you didn’t previously ID as many nuclides as you would like, you can start from my fit
peaks using the file “Trinitite_Sample_B_peaks_fit.n42" file available from the “Tutorials”
section of https://sandialabs.github.io/InterSpec/

Additional information that may be useful:
« The trinity detonation happened 07/16/1945
« The date of the measurement can be found in the “File Parameters” tool

« The detector used is an EX-100 - if you have InteSpec v1.0.9 or less, thereis a

“common_drfs.tsv” file on the Tutorial page that has the DRF. InterSpec v1.0.10_rc3 and
above will automatically load the DRF

* You can assume a (roughly estimated) distance of 5 cm from the sample -the distance
isn't known well


https://sandialabs.github.io/InterSpec/

60 ‘ Trinity Sample Activities

Activity/Shéelding Fit x 3

4+ L k- ) Detector: ORTEC Detective-EX100_LA @
Di [5cm
) . :. y:[Sphedcal -]
°,.° e s shioseg: (SN
0+—o0-2 e. céo * Ofﬂ m—.‘.—o— ; Shielding:
° ® . Energy (xoV) ® 88 [Gonerc v
2+ L] :
* AN(26 | CIFt  AD [0.7597 | gom? EFit
LB = Rl A4S
k=
FES
Nuclide . Mean . Photo... = Use Nuclide . FitAct. - FitAge - Activity v Age .
Pu241 59.63  59.54keV  Etru| Pu241 Gtroe 511.28Bq+ 45489 8500y
Ba133 80.85  81.00kev My Pu239 Gtrue 46.98kBq £ 9.9kBg  85.00y
Pu239 98.75  98.78kev  Eru Eu154 B true 4.308q NA
Eu152 121.94 121.78keV  Eeu | Eu1S52 S true 216.01 Bg NA
Pu239 12935 129.30keV  Eery Cs137 Gtroe 3.34 kBq + 19.2 89 NA
238.73 Co60 @ true 24589 NA
241.96 82133 Gtrue 26.94 Bq NA
Eul152 244.79 24470 keV  Etry
Eu1S2 29535 29594 keV Eery
300.40
Ba133 302.91  302.85kev  Eery
ey 24A N A4 N0 LaV -
i e
| (=] All Peaks
1 @ Multiple nuclides contribute to peak
1 Attenuate for air
% Subtract Background Peaks
[ Isotopes of same element same age Porform Model Fi

@




|
«» | Trinity Sample Activities (cont): m

<dev>=1.70 8 <dev>«=0.490
40 k) o0
§ - *
% § e K ° e °
: Tee © & et
§ soe—— 2.0 o o0 o o 1 o0 00— 5 & ®
= Py ®  wo 800 1200 °
Energy (keV) 84
Mult. [ @)y Mult. (@) x
No background-peak subtraction With background peak subtraction

Multiple nuclides contribute to peak

A '
Subtract Background Peaks

Isotopes of same element same age

A few of the Eu152 peaks overlap with NORM background peaks, so we need to account for this.

« |loaded the background spectrum as a foreground, used the automated peak-search
function, and then quickly cleaned up a few peak fits - did not assign nuclides to background
peaks



- | Trinity Sample Activities (cont):

Some peaks of interest have background

peaks that either partially overlap, or totally
overlap. Shown here;:

« The 969 keV background peak had to be fit
so the 964.1 keV Eu-152 peak would be fit
well.

« There is a background peak at 964.8 keV
(from Th232) that totally overlaps with the
Eu-152 peak - this needed to be fit in the
background spectrum in order to account
for it in fitting activity

LN I S e

5 ST T [ RN S N T A S [ | AT [ B0 ) [ PR ET L) [ % LRI [T
955 958 960 963 965 968 970 973 975 978
Energy (keV)




63 ‘ Trinity Sample Activities (cont):

§ . ® oo gz - . ®
2 . o . ~ Sl K " ® : [
E T e ® o ‘EW(::)_' ] .nz'o’o_.!._'_ , © LA Energy (keV) - ® W
-4 L °
e £ ] .
mur. (@ x Sl mor. (@) x
No Shielding A little bit of shielding fit for

Adding a shielding, and allowing its thickness to be fit for helped improve the fit.
« This is mostly to account for the self-attenuation of the sample itself

* The type (i.e., the effective atomic number) of shielding doesn't matter much, we
don’t have the statistics to differentiate much

+ If we take the shielding to be iron, it fits for about 1 mm - so not much



64 I Trinity Sample Activities (cont):

1°N

Se+34 == Foreground (7783306 counts)

Live Time: 1.557e+4 s

<dev>=0.290 Real Time: | 588c44 s
4 z Neutroas: 0.2170 cps
053 0 sdove background)
. Background (4068532 counts)
§ 24 Live Time: 1.557¢+4 s
Real Time: 1.575¢44 s
S @ @ ° Y ®® Scaled by 03742
% N ) Neutroas: 02147 cps
0 <_. L t .x—m—o—
400 800 1
® €]
@ Energy (keV) -
2] @ =
o
®
=~ 44
S+

Mult. [ @)X 2e+3

210 220 230 240 250 260 270 280
Energy (keV)

The Eu-152 peak at 244.7 keV appears to be a bit of an outlier

« It has ~5 sigma fewer counts than the other Eu-152 peaks would predict

« (The 5 sigma is statistical only, and doesn’t account for systematic errors that like the quality of
the peak fit might contribute to)

- If you wanted, you could remove the peak from the activity fit, or you could go back to the
spectrum and see if maybe a different continuum model would work better

* | choose to leave it in - 5 sigma is about my personal comfort level to leave peaks in



65 ‘ Trinity Sample Activities (cont):

Pu241
Pu239
Eul54
Eul52
Cs137
Co60

Ba133

Nuclide ©. Fit Act. . . Nuclide . Fit Act. . FitAge

true Pu241 true

@ true . Pu239 ® true 3 -

% true 4.30 Bq NA Eul54 ® true 4.30 Bq NA
% true 216.01 Bg NA Eu152 ® true 215.97 Bq NA
® true 3.34 kBq + 19.2 Bq NA Cs137 ® true 3.34 kBq *+ 31.9 Bq NA
true 2.45 Bq NA Co60 true 2.45 Bq NA
& true 26.94 Bq NA Ba133 ® true 26.94 Bq NA

Age matters for the Pu-241 activity

We actually see the 59 keV peak from Am-241. If we had assigned the 59 keV peaks as
Am-241, then the age wouldn’t matter

For most of the isotopes in this spectrum, the relative intensities of the peaks don't really
change over time.

For Pu-239 and Pu-241, we don't have peaks from multiple progeny isotopes, so the
option to fit the ages is not given to us




s | Trinity Sample Activities (cont):

The distance was 5 cm - this is closer than the DRF approximation is valid for

Detective-EX100 detection element is 65 mm x 50 mm

A
v

65 mMm
InterSpec models the detector as a flat-disk.

l.e., the gamma-rays coming in from the source are all parallel.

l.e., distance between the source and the detector is much larger than the size of the source or detector

This approximation starts becoming valid when distance between source and detector is much larger than the
detectors diameter, or source size

Also, the DRF we have is probably not from the same detector used, so this could be up to maybe 20% difference



- | Trinity Sample Activities (cont):

Nuclide "

Pu241
Pu239
Eul54
Eul52
Cs137
Co60

Bal133

Fit Act.

true
true
true
true
true
true
true

. Activity
1.35 kBg + 119.5 Bq
47.08 kBq + 9.9 kBq
4.30 Bq
216.05 Bq
3.34 kBq + 19.2 Bq
2.45 Bq
26.97 Bq

“. Age
65.00 y
65.00 y
NA
NA
NA
NA
NA

Mass .
351.059 pg
20.512 ug
0.430 pg
33.591 pg
1.041 ng
0.058 pg
2.848 pg

2 Trinitite
Radl.o- Green B
nuclide e Work)

®Co 657151
1338, 11.3+0.6
1370 81.1+3.1
152Ey 357+ 1.4
154Ey 82+ 1.7
ISSEu —
2Np =
29py 317 + 144
MAMP  25+02
upp 829466

https://arxiv.org/abs/2103.06240

However, Mercer, et al list the activities in Bg/gram, at date of detonation

To compare we need to back-decay these activities to 1945

-
!


https://arxiv.org/abs/2103.06240

s | Trinity Sample Activities (cont):

1Pu1.35kBq - Pu47.08kBq - ||"“Eu4.30Bq  |'¥Eu216.00Bq
“Co2458Bq  ||'¥Ba26.948q

' ActivityChart  Decay Chain | Calculator

inital Date 03132011

End Dato
Time Span |-65.66 y

For Eu154:

Final Activity 4.300 Bq

Inital Age  0.00us

For Eu152:
Final Activity 216.000 Bq

Initial Age |0.00us
For Co60: §

Final Activity 2450 Bq
Iniial Age  0.00us

For Ba133:

Final Activity 26.940 Bq
Initial Age 0.00us

" ForPuz41:
Final Activity | 1.350 kBq

10

The “Nuclide Decay Info” tool can help us.

On the “Calculator” tab, if the “End Date” is before the “Initial Date”, then things will be back-

calculated
 Thisis only
“End Date”

Before 65.66 y:

Nuclide Activity

Pu241 32.62 kBq
Pu239 47.17 kBq

Eu154 854.05Bq
Eu152 6.23 kBq

Cs137 15.16 kBq
Ba133 2.05 kBq

Co60 13.77 kBq

8.50 ng
20.55 ug

85.48 pg
968.75 pg

4.72 ng
216.12 pg

328.84 pg |

true for InterSpec >v1.0.10_rc3 - before that you'll have to have to have the
after “Initial Date” and manually do the extra multiplication

| used the “Math/Command Terminal” to divide original activities by 126.6 grams




s | Trinity Sample Activities (cont):

Nuclide InterSpec Mercer, et al

Co60 109.6 65.7 + 15.1
Ba133 16.32 11.3+0.6
Cs137 120.7 81.1+3.1
Eu152 49.6 35.7+1.4
Eu154 6.8 82+1.7
Pu239 375 317 £ 144
Am241 7.36 25%0.2
Pu241 259 829+6.6

Activity in Bg/gram of "Sample B”, decay corrected to date of detonation
(except Am-241, its activity is at date of measurement)

For most of the nuclides, we are ~50% high, except Pu241/Am241, we're off by a factor of 3

+ If we drop the shielding from the fit (ex., ~1 mm Fe), then Pu241/Am241 activity drops by a
factor of ~2.5, bringing us inline with other estimates

The distance and/or DRF is likely a little off - but overall not to bad



Enrichment Calculations




1 1 Enrichment Calculations

— Foreground (11737636 coents)
levbs Live Time: 3479«
3 Real Time: 3600 5

Backgrousd (297752 counts)
Live Time: 3479«
le+Sy Real Time: 3482 5

E Scaled by 0.9671

c+dy

-
Lut 3 a1

Counts per 9 Channels

0.1

As mentioned earlier, if your shielding contains the same element as one of your source
nuclides, an options will appear to make it a self-attenuating source

« This uses a ray-trace algorithm to integrate over the source volume, and correct for self attenuation

Please load “uranium_40%_HPGe_15cm_peaks_fit.n42"; it contains the DRF, peaks have been fit
for, with nuclides assigned, and is ready for you to fit the activity/mass to.

« Use a distance of 15 cm
« Assume a solid sphere —

« No need for shielding outside the Uranium



Enrichment Calculations

1
After loading the spectrum, to to the e il o
“Activity/Shielding Fit” tool e D=
a- L ]
. . e 3 B s |
Enter distance, and add a Uranium o X e e [0 e
(e @ Energy (keV) -3 19 glom?®, AN~62.0
Shleldlng I" =] ° LJ TNdmo::!‘A(dSh-Of!)un
Ay ot (@ x s:‘lv:kmk::’nFm
Select peaks you want to use O e ey e | =
u238 63.36 63.29kev  Etru U238 9.14MBq 4+ 22.0kBq  20.00y 735.312¢9 Assuming 0.01% other U isos

= Some of the U235/U238 peaks have x- [& = w2 Owljies = usoddsuss;e 0y s

ray interferences, you probably don't s s ey Be

want to use these Lim e e G

u23s 20527 205.31keV  @try

A “Source for” box should appear in T B
the shielding, and you can select to | e s o ek
use the shielding for U235 and U238; | s
you can then choose to “Fit Mass | @
Fractions” | |

Real answer: 1 kg, 20% enriched sphere
Fit answer: 915 g, 19.6% enriched



Contamination Calculations




;2 I InterSpec for soil and other contamination analysis

=

Spherical

InterSpec supports determining contamination

via adding trace sources to a shielding

[
_\

.

End-on Cylinder

N—

.

Side-on Cylinder

-

.

Rectangular



I
Homogenous and exponentially distributed trace sources m

Trace sources can either be
a) uniform: determined as activity per cm3, total activity, or activity per gram
b) Exponentially distributed sources, starting from surface facing the detector

Trace sources are volumetric source-terms in the shielding's - they do not affect the
attenuation of the shielding
f@)="Te |

S, = total activity (—)

L = relaxation length (cm)

Uniform trace Exponential 63% of activity is within one I
source distribution relaxation length of the surface



;6 | Basic idea for analyzing soil measurements in InterSpec m

In the “Activity/Shielding Fit” tool, use a shielding composed of soil that is effectively
“infinitely large” with one or more trace sources
= The dimension along detector axis should be many attenuation lengths of highest
energy peak used for analysis
For 2614 keV, 2 meters in soil would attenuate 99.999% of gammas
= Theradial (cylindrical) or width/height (rectangular) dimensions should be large enough
to cover the detector’s field of view
For detector 1-meter from ground, needed radius ranges from 15 m (homogeneous), to 210 m (pure surface)
= Increasing dimensions beyond the effectively infinitely large dimensions wont change
answers
i.e., for soil contamination, using cylinder with height 2 m, and radius 225 m is a good default to use
Also, when an exponential distribution is selected, dimensions to use will be suggested
I

You will then fit for trace-source activitie(s)



;7 1 Shielding geometries and distances in InterSpec
The “Distance” entered in the “Activity/Shielding Fit” tool is from the center of the

shielding to the detector

Example: if you want to represent soil as 2 meter thick, end-on
cylinder, with detector 1 meter from the ground:

. >m /4
[ A
e | -

\ \/

2m ———

a




78 | Case-study: Eu152 surface contamination (cont)

Paper coated with Eu152 were distributed over a 21m x 21m area to simulate fresh fallout. A
Micro-Detective was used to measure contamination 1m above the ground, pointing down.

This measurement was performed by P. SLADEK and
group of Nuclear Science and Instrumentation |
Laboratory (NSIL), Physics Section Division Physical &
Chemical Sciences, IAEA.

This and similar measurements were discussed on an
IAEA webinar presented 20211117, and is available at
https://elearning.iaea.org/m2/course/view.php?id=1224

T

a

21 m

v



;5 | Case-study: Eu152 surface contamination (cont)

There are a couple ways you could represent this scenario
1. As an exponential surface contamination, with very short relaxation length
2. As athin “air” volume, with uniform trace-source distribution

1cm We'll demonstrate this one

"

21 mj|

/

21 m

W




Case-study: Eu152 surface contamination (cont) @4

The steps for analysis is similar to before, but this time choose a rectangular geometry
of air, set the dimensions, and click on the “+"” button to add a trace-source [0 & j

p=0.00129 g/cm?, AN~7.4
Half-Width [10.50m  Add shielding befor

Half-Height [10.50m  Add Shielding after
o
S __ Add 0.5 cm to distance to

Distance: [100.5 cm <— — | make up for 1 cm thickness

Geometry: | Rectangular v/

- .
“Width” and “Height” are Add Shielding: VLIS 88 ‘Generic
entered as half-values - D [ar v|©
thr:S m?hkes things eﬁ[§|Tr 0=0.0013 g/em?, AN~7.4 ®
\g :Ps €re are muftipie \ Half-Width |10.50 m | OIFit Multiplying by 1 cm, gives
y Half-Height [10.50 m | OFit surface contamination of
2
Half-Depth [5.00 mm | Ogi 246 mBg/cm
TS0 s (known value: 252 mBg/cm?2) I
Choose a total thickness
of 1 cm, for convenience Nuclide  |Eu152 ,/ v
Activity  |246.4390 mBq||percm"3 v/
Fit activity value




¢1 1 Warnings about volumetric-source calculations in InterSpec

« The angular response of the detectors is not taken into account.
« Not typically a large effect (think 10%), but has not been rigorously evaluated
- This is expected to be added in the future

« There are likely to be larger systematic uncertainties to consider

« There are a lot of things to consider about the sampling that aren’t covered here




Detector Response Functions




Detector Response Functions

To determine an unknown source’s activity, or unknown shielding, or nuclide age
you usually need to know the photo-peak detection efficiency of the detector.

0.6

Det. Diameter ® Data Intrinsic Eff.
6.6 cm

\ — Fit Intrinsic Eff.
Intrinsic Eff. = 04+
7 Fit Params o .
Eqn. in MeV
FWHM Eqn. 02t
Sart Power Series ¢
U t

Intrinsic Eff.
o
-

5 Fit Params

0

0 1000 2000 3000 |
Show FWHM points  Display Energy, Lower: 0.00 % Upper: 3000 $

Eff,oy.(x) = exp( -2.03303 - 0.6587"log(x) + 0.031629"log(x)? - 0.17536"log(x)* - 0.0741"log(x)* + 0.012217*log(x)° + 0.0014762"log(x)° )

You either need to determine your own detector response function (DRF) using
known check-sources, and the “Make Detector Response” tool

« See tutorial dated 20190619 on the InterSpec tutorial site for how to do this

Or you can use a DRF supplied with InterSpec, or by some-one else

« Usually this is for a detector of the same model - and is close enough |



As of version 1.0.10_rc3, InterSpec includes a
number of common detector response functions
« If InterSpec detects a file loaded from a
detector it has the DRF from, it will prompt you
if you would like to use the default DRF for that
model always

Or you can import DRFs in various CSV formats,
as a mathematical formula, from GADRAS
Detector.dat and Efficicency.csv files

You can also have InterSpec always use a specific
DRF for either a specific serial-numbered
detector, or for a given model

* luse the defaults on a per-model basis, so
rarely have to manually load DRFs

s« | Detector Response Functions - supplied by others

Detector Response Function Select X

Efficiency

06+

04+

02+

— Efficiency
FWHM

-3

-2.6

-2.2

-1.8

“14

1000
Energy (keV)

data/GenericGadrasDetectors

HPGe 40% v

2000

(@ cuncel [© Accert §

3000

() These are detector response functions imported from GADRAS-DRF. Currently only the
T alkde efficiencies, and FWHM resolutions are used.
Use as default DRF for SN 'DetectiveEX SN 17 (il
() Use as default DRF for model 'Detective’

é




Viewing Portal/Search-mode
data




ss | Portal/Search-mode data

|

1045 ~ Foreground (5952549 counts)
Live Time: 2931 s
Real Time: 2962 s
1e+d Neutrons: 13.85 cps |

: Counm per 2 Ehannels
8

T T T T J A T T \ 13 T T
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000
Energy (keV)

é 1

8

sojdwes § 10d SO LoANIN

=
=

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Gamma CPS per 4 Samples
o

Time of Measurement (seconds)

RPM Portal and search-mode systems often record data at regular short-intervals (e.g.,
one spectrum every 0.1 seconds)

When you load one of these files in InterSpec, a time-history chart will appear



7 | Portal/Search-mode data (cont)

I = @[

| | 1.0 [, M @

| 8243 h \“W"lr‘ lﬁr{{ll[r’ 'T:I\l ’,J [ g
n | =
-« I o
2104»3 ‘ 20 a
® : | ' 8

k % i ot o S AR

| g %

8 T R s 7 o0 o | 1sw | w0 | 200 | 20 | 20 | J zs0 . @

| Time of Measurement (seconds)

You can click-and-drag on the time chart to select which samples to sum to/make the

foreground
Holding shift and dragging will add additional samples

Holding “option” key and dragging will select background samples; optign-shift will add
background samples

Hitting escape while dragging will cancel current operation
Right mouse-button, or mouse-wheel will zoom-in-out

+ more action... but | don't even remember all these - so click on



Portal/Search-mode data (cont)

L

Interact | Filter

Interaction mode:
Zoom

Pan Select

Add Remove

Left mouse: select
no modifiers: foreground
Option-key: background
shift-key: add times
Ctrl-key: remove times
Right mouse: zoom in/out
Wheel: zoom and left/right

2e+3

1e+3

Gamma CPS per 8 Samples
sajdwesg g 1ad 4D uosnnaN

T | IR SN OV R |
250 500

o
o

L] T | T T T L] L] L] I L] L] L] L] L] 1
1000 1250 1500 1750 2000 2250 2500 2750
Time of Measurement (seconds)

In this “settings” panel, you can just select the operation you want to do. I

It also reminds you of the short-cuts if you are a power-user ,



89 I Portal/Search-mode data (cont)

[ Interact | Filter
- 40

= Lower energy limit:
wey £ 175

o .

3 Upper energy limit:

2. 19

20 & 199 J

B Clear Energies

o
Wl ¢ | (JDon' rebin

2 | (JHide neutrons
10 8

Rel. y-max:

You can also choose to filter the time chart to just be the sum of counts in a given energy range

And there are some display options

« “Don't rebin”: this is when there are more tiem-samples than pixels on your screen - instead of summing
time-samples for a pixel, it will plot the max counts during the time intervals of that pixel - useful for long
measurements with only short blips of signal

« “Hide neutrons”: sometimes the neutrons are just noise for your problem; you can hide them

* "Rel. y-max": poorly named, but a value <1 emphasizes neutrons on the chart, while values >1 emphasize
gammas. Keeps neutrons or gammas on the chart, but will lower the line you are not as interested in so the
measurement type you do want, pops out a bit more




Other calculations




91 | Flux Tool

Flux Tool X

Distance{ 100cm |

Energy (keV) Peak CPS “. Flux (y/cm2/s) y/4n/s

239.61 2.45 + 0.0468 0.121 + 0.0023 1.51E+04 + 289
242.36 0.294 + 0.0303 0.0146 + 0.0015 1.83E+03 £ 189
584.68 1.86 + 0.0351 0.181 £ 0.00342 2.27E+04 £ 430
728.00 0.399 £+ 0.0186 0.0461 + 0.00214 5.79E+03 £ 270
911.29 1.58 £ 0.0314 0.217 = 0.00431 2.73E+04 % 541
964.79 0.294 £ 0.0154 0.0421 = 0.0022 5.28E+03 £ 276
968.90 0.897 £ 0.0241 0.129 % 0.00346 1.62E+04 % 435

Copy To Clipboard
@ Wesv

O Simple @ Standard C© More

'

Converts your peaks count rate into gammas into 4 pi steradians
« Has a few different format tables to accommodate different use cases

* You can copy results to the clipboard, or download as a CSV file




Dose Calc x
o> | Dose Calc
Inputs Answer
Source:
®Gamma  Neutron units: [remr |
Activi -
Nuclide: A=30.08 y
Age:  NA 29.70 urem/hr
o
Stay Time
o 15 mrem 50.51 h
Sowen | 2%y
|____Typ. Yearly Background
5 rem 1921y
Annual Oce. Limit
Shielding:
D I 7]
Thickness
©,  Close |

Calculates the dose from gamma sources
* Accounts for scattering of gammas in shielding and air (i.e., full spectrum)
+ Always adds in shielding due to air
+ Provides a quick/handy reference table to put the dose rates in context

« Orifyou measured a dose, lets you easily go from that to source
strength/shielding/distance




| Nuclide Decay

Nuclide Decay Information
7 =y : . Decay Particle Energies X
) 1.00uCi - | Remove All
3 | ) ] » Particles from Th234
Activity Chart ] Decay Chain [ Calculator Particle | Energy (keV) | Intensity
Click nuclide for more information xray 11.37 0.0027
Double-click nuclide for punidos it ghlos off.
Click a diffe misouroench d .abwo xray 13.13 0.0046
xray 13.29 0.041
xray 14.95 0.00058
xray 15.35 0.00076
.g xray 16.01 0.0108
3 xray 16.10 0.0075
%’ xray 16.64 0.0022
:% xray 16.71 0.022
%’ Atomic Number: 90 xray 16.93 0.007
. g a:me M;is1 gr;a .04 xray 19.57 0.0052
0| 2| Suiic At aa kg ! xray | 19.89 0.003
{ Decays to Pa234m by Beta decay, BR 1.0 xray 20.10 0.0029
Decreasing Atomic Mass . :
xray 20.22 0.00111
0 ciose  Close |

We already used this tool a bit, but a few things to mention about the “Decay Chain”
* You can click on an nuclide to get further information about the nuclide

* You can double-click on a nuclide to get a list of decay products when it decays (only
includes products from that parent nuclide, not further prodigeny)

- The “Show Decays Through...” feature is also useful to find other potential parent nuclides
* Ex.Ifyou are seeing gammas from TI-208, you might want to check where the TI-208 is coming from




24« I Nuclide Decay - CSV export

Nuclide Decay Information

BT (2°Pu1.00 uCi - |
| Activity Chart | Decay Chain  Calculator

Time Span:20y | NumRows[€00 3]

N okide: Bact. [xrays @gammas [alphas [Ibetas

Time Span: 1e+05y | Y-Axis Type:| Activity v| :
| Display Units:)mCi  ~| (Log-Y Scale [)Grid Lines A, CsV... |

® Lcione )

If you want to plot a gamma intensity, progeny activity, ratio of activities, or other
quantities over time, there is a CSV download option on the “Activity Chart” tab



os 1 1/r2 Calculator

Use two measurement at different locations to find distance
to an unseen source. E.g. when the source is behind a wall.

Near Measurement Intensity:

Far Measurement Intensity: 10 4
Background Intensity (optional): E
Distance between measurements:
Power

e High Scatter Dose Rate, 1/r*1.65 vy

Dist. near measurement to source: 2.712

Use the same units for near, background, and far
measurements. Results are in same units used for distance
between measurements.

) =

Fairly standard 1/r? calculator, but does give you the option of high, medium, or low
scatter

« If you can use a peak area, this is best - and would be using the “Low” scatter option




% | Terminal and Units Converter

L]
; Spectrum Files Peak Manager Reference Photopeaks Energy Calibration  Nuclide Search | Terminal |

Convert between radiation related units. >>> setRange( 2500, 2700 )
Ex: 5 MBg, 2 nCi, 1.2rad, 15E-3gy, 0.2mrem, 8feet, 9mili- Now setting energy range with lower bound (2500) and upper bound (2700).
et _ >>> peakArea(2614)
input: (5 MBq | 672.055
Output: 135.1 uCi >>> x = 672.055 !
Assigned variable x to value(672.055)
>>> x / liveTimeOf (foreground)
R &= 0.133726
: v [Enter your command/expression here. ]m
1\
There is a radiation-analysis related units converter tool.
« Useful for going between Bqg and Ci, or meters and feet, etc
There is also a “Math/Command Terminal” tool that lets you programmatically access
some quantities, as well as lets you do some simple algebra and math
« | find this easier than using the Windows/macOS calculator a lot of times
« Afew users have reported using this as a “macro” type language and have requested I

additional functionality



97 | Spectrum Manager

Spectrum Manager x
Load spectrum from: £ Previous...

File “. N-Sam...". LiveTime (s) . RealTime (s)" Gam.Count . Neut.Count . TimeT
IPC30_ND_2022_... 1 1800.42 1815.24 422501 187 24/03/2.
bal33_source_64... 1 5025.62 5119.28 2621142 17/04/11
background_201... 1 4779.93 4799.57 467199 17/04/11

@ o-HPRDS_7812_ .. 2 169121.92 169310.16 3261797 1400 01/08/1-

# m-Refined_cambr... 1780 1779.79 1780.0 7640228 20/04/1-

@ search_mode.n42 2962 2931.27 2962.0 5952549 41028 21/01/1!

MPIOIL - o e e | > Sum Specira | & Unioad
R -orogrouna | Backgrom

The “Spectrum Manager” can be used to more-fine-grained control which spectra are
currently displayed

Also can be used to sum spectra, or combine multiple spectra in a new file (e.g., put separate
CHN foreground and background files into a single N4ZE

l
!
i



s | Backup slides




Case study: Chernobyl measurements

Do same steps as previous examples, but: & Detector: ChernobylHpgeEfficiency S

« fit peaks for Eu154, Cs137, Co60, and Cs134 Distance: [3 m ]
« Use a end-on cylindrical, or rectangular geometry, Geometry: | Cylindrical: end-on v

with sufficiently large dimensions Add Shielding:

« Add a trace source for each of the four nuclides—~————__

« Select “per mA2 exp” activity type - this will cause a M N
“Relaxation Distance” enter form to appear p=1.6 gicm", AN~10.4 @
Enter “3 cm” for relaxation distance Radius  [200.00m | OFit

: If-Length 12.00 m | OFit

Total

Chernobyl - Point 1 Nuclide

N Activi ‘ Activity 6.1408 kBYC: \/ per m"2 exp )
w

Eu154 6.24 + 0.15 kBg/m? u & Fit activity . _.__

Cs137 1.43 £ 0.01 MBg/m? Relaxation Distance 3.0 cm |

Co60 206.9 + 14.2 Bg/m? This exponentially distributed in-situ surface

contamination is usually used for soil
Cs134 368.78 + 38.7 kBa/m? contamination. The relaxation distance is the

depth from the surface at which ~63% of the
contamination is above, with the




