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Wide-angle optical camera combined with N
gamma-ray imaging spectrometer capture the =

nuclear environment quickly and accurately.
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Imaging Cs-137 (662 keV)
Results: Spectral and Image Alarming

Strength Spectral Image Detection
Detection (30)
(8 o)

Source: Cs-137

Distance: 25 m

Spectral detection: 1min (8 ¢)
Image detection: 14min (3 6)

Cs-137 1 mCi 28m 1.1 min 19.8 min

Ba-133 0.65 mCi 28 m 3.0 min 11.7 min

HEU 97 grams 28 m 15 min 39.3 min 108 fmage ot mads on
(98% enriched) =

Imaging HEU (186 keV) e
Imaging Ba-133

Source: 97 grams HEU (98%
enriched)

Distance: 28 m

Spectral detection: 15 min (8 o)
Image detection: 39 min (3 o)

Source: Ba-133
Distance: 28 m
Spectral detection: 3 min (8 )
Image detection: 11.7 min (3 o)

Note: Ra-226 has line (351.9 keV) that is close
to the Ba-133 line (356.02 keV)
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Image cut made on 186

1000f keV window
5 00 Image cut made on 276, 303, 356 and 384 keV
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Compton Imaging and Quantification

*  All ldentified gamma-ray peaks above 140 keV are Compton Imaged

*  Here only **’Cs and ®Co are selected and displayed

*  The source distance is input by the user just above the image display
*  Any intervening and/or self-attenuating source materials are entered lower left

* The estimates of quantities are output on the lower right

Seibersdorf, Austria Enriched Fuel Distributions

A\
vg‘lPHDS Pl mgtr st mathcnion %

WP o Ray imaing Detectors

In this example of Compton
output, we select and show
asingle 65.5uCi ¥Cs

source and two ®Co =

sources totaling 20.4 uCi. [Q
The distance is 2.5 meters

through 2.54 cm of Pb. [Q

¢ YPH

(NP Gamma Ray Imaging Detectors
The user draws boxes around the separate areas to create ROIs (here there are 3)
A representative background ROI can also be drawn (bottom region)
The list on the right side of the image shows an accounting of the quantities of 25U
* ROI1~32grams, ROI 2 ~ 20 grams, ROI 3 ~ 64 grams of 235U
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Itervening Materiats

Spectroscopy and Identification

* lIsotopes are color coded:
SNM - Special Nuclear Materials

*  MED - Medical Isotopes

*  Industrial/Laboratory — Reactor Products
* NORM — Naturally occurring background

10

R

Industrial/
Laboratory

Seibersdorf, Austria Enriched Fuel Distribution

a8y,
*  Automatically Identifies Isotopes at user defined No (number of standard dev. "Y ‘ PHDS

above background) OR looks for user-defined peak energies

AN - v rosr oo

Temp (K): 0.0

In this measurement the
GeGl was in Auto ID mode
with a setting of 4o

of the information shown al s from a single measurement. y \
All of the information shown above is frof gl nt. 'Y“PHDS

\NP Garma Ray imaging Detectors

Al of this information is available in a single PHDS Co .img file.
The .img file AND an ANSI42.42 standard file are produced by
clicking the RB (Reachback) button.

Austria Enriched Fuel -

Planar Scientific

Target 6 — 23°Pu Sources Demonstration

e
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Temp (K): 00

— Pinhole image reveals 2 triangular 23°Pu sources
— See following slide for quantitative analysis

ime: 3609
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Target 6 — 23°Pu Source (Zoom)
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Pinhole

— Zoomed view of 1 of the triangles, shown to be
comprised of 4 triangular chambers of 22°Pu

Target 6 — 23°Pu Sources Analysis

Time: 901 ~ SavedFie
(23] + 0
ft AN A cps: 0 6 uAM Temp (K): 00
= Threshaid Gistancaim! s
& Low (O vagh [¥65 036 " 110010 1o [E—

(1.2+03)g

rams 239Py |-

(1.6 £ 0.4) grams 2°Pu

— Select regions of interest in pinhole image for analysis
— Quantitative analysis indicates ~1.4 grams of 23°Pu each

Target 6 — 23°Pu Source Analysis
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Each compartment calculated
to have ~0.3-0.5 grams 2*°Pu
(slightly more in center)

— Analyze °Pu mass in each of the 4 compartments
— Total mass of (1.5 + 0.2) grams 2*°Pu



Target 1 — 55 Gallon Drum Target 1 — 55 Gallon Drum Analysi

PUT L ey e— T EET s E—
% 1 [ Compton i = £ ‘ ‘Switchto Tackcal View
N l | | B e Assume 23%Pu in
. 2l o center of drum
X8 @
= L
B | Qll
i, | lmI
i .
w --------- CRCE ¥ Assume 3mm | (1.4 +0.2) grams
\ -, thick steel drum [§ 239p,
Measurement 2: — Move GeGl around drum 90 degrees  Measurement 2: — Analyze 375 keV counts in image
(Compton Image) — *37Cs and 3°Pu detected and located! (Compton Image) — (1.4 +0.2) grams 23°Pu

Target 3 — U Enrichment Area

A

Al .

B Real-time HEU

X Indication

~e

e

H
Assume 186 keV (85 + 6) grams 23°U
from outer 1Imm s >

235 and 238U detected in spectrum — Real-time indication of HEU
235( localized to cabinet — GeGl calculates ~85 grams of 23°U

Target 4 — Criticality Safety Array

Target 4 — Criticality Safety Array Analysis
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Infinite thickness of
PuO, for 375 keV is

1.88cm
Wi @ .
e e (2.2+0.2) grams 23°Pu
“

#3%Pu and **’Cs detected (**’Cs from Target 1 drum) - Assume container is full of PuO, (conservative)
— 239py |ocated in upper left container



Target 5 — Vertical Piping
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Target 5 Vertical Piping Analysis
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— 239py and 137Cs detected (*37Cs from drum behind GeGl)

— 239py known to be taped to outside of piping
— 239py |ocated in leftmost pipe (2.5 meters away)

— No attenuation included in this calculation
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Figure 1. CBRNE team members analyze the radiological shustion upon entaring & muclear seepons
production site. The visual nuclear threat information from the imaging detector shows the dentitis, location:
and quantities of the radiological materials on an intultive vi isual isplay.

1. Compton Imaging 2. Pinhole Aperture Imaging
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Figure 4. Compton Imaging and Pinhole Aperture Imaging are both simultaneously accommodated by the
Germanium Gamma-ray Imaging Detector. Compton Imaging is well suited to high sensitivity search while
pinhole imaging makes highly detailed object images including shape and substructure information



