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1) Using the Graded Decision Framework, determine if the yellow powder found at the apartment (ES-1) can be linked with the metal sample found in the apartment (ES-2)?  
Please provide your analytical results, listing quantitative analyses or qualitative observations that support your decision.  Attach specific data sheets showing your work if necessary. An optional analytical results summary template has been provided in Optional form templates.xls, to track analyses carried out, an example is shown in attachment 3d.  Be sure to provide supporting evidence for your selection below. Responses to the table below without providing analytical data or evidence that supports your selection will be considered incomplete!   
 
	Not Assessed 
	Consistent  (p > 0.05) 
	Inconsistent with 
Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	 
	 
	 
	x



Further analysis (after 24 hours) of ES-1 and ES-2 resulted with the following data:
TGA and XRD (Figure 1 and Figure 2 respectively) done at WIS, points out that the powdered sample (ES-1), contained in a vial found at Lise's and Otto apartment, is a mixture of Uranium Oxide Hydroxide (~87% UO2.2(OH)1.6) and -UO3 (~12.9%). The two main TGA peaks presents a loss of molecules (hydroxides and oxygen) at 2270C and 3480C. That This is typical to the loss of molecules during the process of heating the sample composed composition as described above. 
[bookmark: _Ref87436619]
[bookmark: _Ref87617083]Figure 1: TGA - ES1
[image: ]
[bookmark: _Ref87436632]



[bookmark: _Ref87617120]Figure 2: XRD - ES1
[image: T:\CMX7\week\XRD\ES1-var-slits-HS5mm-BB-RS1-5mm-RS2-5mm.jpg]

ES-1 micro-Raman results are presented on in Figure 3. The three spectra represents different scanned areas on the ES-1 powder sample. The main peaks identified are:
228,339,484,767 [cm-1] – typical to -UO3
840 [cm-1] – typical to -UO2 (OH) 2
Thus, the micro-Raman results are in agreement with the XRD results, regarding the structure of ES-1. Micro-Raman analysis of sample ES- 2 did not yield any results due to its metallic nature.

[bookmark: _Ref87617157]Figure 3: micro-Raman – ES1840
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Sub-samples (10-50 mg) of the powder (ES-1, & ES-3) and metals (ES-2, & ES-4) were dissolved using HNO3 7.5M, and after dilution, analyzed by TQ-ICPMS at SNRC. The results are presented in Table 1 and Table 2.	Comment by Arnon Rubinshtein: המתכות הומסו עם תוספת של HCl 0.2M
[bookmark: _Ref87457456]Table 1: U content and Isotopic Composition ICPMS Analysis Results
	
	% U wt.
	235/238

	ES-1
	78.1
	0.30

	ES-3
	47.7
	0.29

	ES-2
	96.4
	0.20

	ES-4-I
	96.6
	0.30

	ES-4-II
	94.8
	0.30

	ES-4-III
	96.3
	0.30



The results of uranium content for ES-1 and ES-3, are in agreement with the XRD analysis of the samples: sample ES-1 is a mixture of Uranium Oxide Hydroxide (~87% UO2.2(OH)1.6) and -UO3 (~12.9%), while ES-3 is Uranyl Nitrate Hydrate (6 H2O molecules). All other samples (ES2, ES4 (1-3)) are uranium metal. It can be seen very clearly that all samples are composed of depleted uranium, however, sample ES-2 depletion is different from all the others. That finding suggests that ES-2 is not the origin metal for the powder (ES-1) found at the apartment. 
 
The metal sample (ES-2) found at Lise's and Otto apartment was swabbed on both sides (A,B), 3 separate swabs (33-35, 36-38) for each side. Table 2 presents the results of the isotopic composition obtained for the different swabs.

[bookmark: _Ref87513031]Figure 4:  Swabbing Sample ES-2
[image: T:\CMX7\week\swabs ES2.jpg]

[bookmark: _Ref87454723]Table 2: Isotopic analysis of swabs from ES-2
	
	
	
	235
	238
	235/238
	234/238
	236/238

	
	
	#sample
	CPS
	CPS
	%
	ppm
	ppm

	Side A
	ES-2 - 1
	33
	341
	173589
	0.196
	4.3
	15.7

	
	ES-2 - 2
	34
	695
	357495
	0.194
	5.9
	17.9

	
	ES-2 - 3
	35
	318
	161469
	0.196
	8.4
	19.1

	Side B
	ES-2 - 4
	36
	497
	250814
	0.198
	6.9
	16.2

	
	ES-2 - 5
	37
	1354
	677081
	0.200
	6.0
	19.4

	
	ES-2 - 6
	38
	348
	174083
	0.199
	6.0
	19.2



[bookmark: _Ref87515527]Table 3: Isotopic analysis of swabs from ES-2 (cont.)
[image: ]

As presented in Table 3, traces of 232Th were found on one side of sample ES-2, however was not present in the solution of ES-1. That strengthens the conclusion of ES-1 not being correlated with sample ES-2. 
The reason for swabbing sample ES-2 thoroughly on both sides is shown on Figure 5. The X-Ray radiography of that sample reveals inhomogeneous structure (and density) along the sample. We assumed thatcouldn’t cancel the presence of another element which can be the reason for that inhomogeneity, and we decided to collect chemical traces, if exists, from the surface. 
[bookmark: _Ref87552654]Figure 5:  ES-2 X-Ray Radiography
[image: T:\CMX7\week\radiography\ES-2_7.JPEG]










2) Can either sample recovered from the apartment (ES-1 or ES-2) be associated with the material recovered from the chemistry laboratory office (ES-3)? 
Please provide your analytical results, listing quantitative analyses or qualitative observations that support your decision.  Attach specific data sheets showing your work if necessary. An optional analytical results summary template has been provided in Optional form templates.xls, to track analyses carried out, an example is shown in attachment 3d.  Be sure to provide supporting evidence for your selections below. Responses to the tables below without providing analytical data or evidence that supports your selection will be considered incomplete!   

ES-1 and ES-3: 
	Not Assessed 
	Consistent  (p > 0.05) 
	Inconsistent with 
Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	 
	x
	 
	 


 
Analysis of samples ES-1 and ES-3 resulted with the following data:
TGA and XRD (Figure 1 and Figure 2 respectively) done at Weizmann Institute of Science (WIS), points out that the powdered sample (ES-1), contained in a vial found at Lise's and Otto apartment, is a mixture of Uranium Oxide Hydroxide (~87% UO2.2(OH)1.6) and -UO3 (~12.9%). Two main TGA peaks presents a loss of molecules (hydroxides and oxygen) at 2270C and 3480C. That is typical to the loss of molecules during the process of heating the sample. More information regarding color differences between ES-1 and ES-3 can be seen on in Figure 5. Sample ES-3 presents coarser grains and more yellowish color, while sample ES-1 poses a finer grain size and is more orangey in color. These color observations are in agreement with the different structure of the samples identified by XRD. The XRD of sample ES-3 is presented on Figure 5, identifying the powder to be Uranyl Nitrate with 6H2O molecules ((UO2)(NO3)2(H2O)6). As written above, ES-1 was identified as a mixture of UO2.2(OH)1.6 (~87%) and -UO3 (~12.9%). Looking into these findings from the chemistry point of view, suggests that the powder found at the Erlenmeyer flask in the laboratory, is the result of dissolving a metal uranium sample with HNO3, followed by drying at room temperature (may be in a sand-bath). Further drying of uranyl nitrate powder while heating to higher temperature, for a sufficient period of time, will result in to UO3 powder. Hence, if sample ES-1 was taken from sample ES-3 for further treatment (drying by heating), aimed to achieve OU3 powder, it seems that the process did not come to an end, which might explain the chemical structure of sample ES-1 presenting a mixture of UO2.2(OH)1.6 and -UO3. However, positive determination that ES-1 originated from ES-3, demands more analysis of the two samples (ICP-OES/ICP-MS).            

[bookmark: _Ref87453287]Figure 6: XRD – ES-3
[image: T:\CMX7\week\XRD\ES3-var-slits-HS5mm-BB-RS1-5mm-RS2-5mm.jpg]
[bookmark: _Ref87548025][bookmark: _Ref87453235]

[bookmark: _Ref87617273]Figure 7: ES-3 TGA


The TGA spectrum (Figure 6) is in full agreement with the XRD spectrum (Figure 5) for sample ES-3. The different peaks on Figure 6 represents the loss of H2O (50-170oC), N2O, NO2, H2O and oxygen (286oC), and O2 at 331 and 589oC. 
Figure 8: ES-1 (left) & ES-3 (right) on XRD holder
[image: T:\CMX7\week\XRD\IMG-20211109-WA0004.jpg][image: T:\CMX7\week\XRD\IMG-20211109-WA0003.jpg]
[bookmark: _Ref87546149]

[bookmark: _Ref87617308]Figure 9: micro-Raman – ES-3
ES-3 micro-Raman results are presented on Figure 8. The two spectra represents different scanned areas on the ES-3 powder sample. The main peaks identified are:
868 [cm-1] – typical to U-O
1038, 1050 [cm-1] – typical to NO3-
1545 [cm-1] – typical to H2O
Since the ES-3 powder seemed not to be fully dried (left wet in the Erlenmeyer flask), the resulted micro-Raman spectrum is slightly different from the common spectra found in the literature. However are in agreement with the XRD results, regarding the structure of ES-3.
The uranium Uranium isotopic ratio (235U/(235U+238U)) in samples ES-1 and ES-3 is identical (0.3%), which strengths the correlation between these samples. ES-2 however, as written before, presents a different degree of uranium depletion - 0.2%, as can be seen in Table 1. We conclude that sample ES-2 is not related to sample ES-3, as concluded earlier regarding ES-2 relation to sample ES-1. Moreover, analysis of 234U and 236U content (ES-1 & ES-3 bulk analysis, ES-2 & ES-4 surface analysis), implies for similarity between ES-1, ES-3, ES-4, but difference for sample ES-2. The data is presented in Table 4.   
[bookmark: _Ref87522264]Table 4: 234U and 236U content
	
	234 [ppm]
	236 [ppm]

	ES-1
	16
	104

	ES-2
	7
	18

	ES-3
	16
	106

	ES-4
	16
	109



Sub-samples (10-50 mg) from the different samples were dissolved using HNO3 7.5M, and, after dilution, analyzed by TQ-ICPMS at SNRC. The results are presented in Table 5. That This table is also available as an excel sheet with the mandatory report forms.  
[bookmark: _Ref87522593]Table 5: Summary of ICP-MS Elemental Bulk Analysis of ES-1, ES-2, ES-3 and ES-4. Full list of elements that were below detection limit is presented in the elemental analysis in the forms. Uncertainty is approximately 10% for all samples.
	
	ES1
	ES2
	ES3
	SE4-I
	ES4-II
	ES4-III

	Ti	Comment by Arnon Rubinshtein: להוסיף יחידות
	
	3
	
	
	
	

	Cr
	
	28
	
	
	
	

	Mn
	
	6
	
	2
	2
	3

	Ni
	
	264
	BD
	5
	5
	5

	Cu
	
	55*
	BD
	4
	3
	4

	Zn
	9
	17*
	11*
	4
	2
	5

	Se
	7
	3
	2
	
	
	

	Sr
	0.5
	
	
	
	
	

	Zr
	4
	
	2
	6
	6
	6

	Mo
	6
	0.5
	4
	8
	8
	8

	Ag
	0.03
	0.08
	0.02
	0.02
	0.02
	0.02

	Sn
	0.3
	0.2
	0.3
	0.6
	0.6
	0.6

	Ba
	
	
	1
	
	
	

	W
	
	0.1
	
	0.04
	0.04
	0.04

	Au
	0.2
	
	0.1
	
	
	

	Pb
	0.4
	
	9.7
	0.5
	0.5
	0.5




Analyzing the TQICPMS reported results, do not reveal any clear linking between the different samples. However, one conclusion is that sample ES-2 contains some traces of the tool which was used for cutting it (Ni, Cu). The second conclusion points for a difference between the surface and bulk analysis of sample ES-2. Th which was identified on one side of the sample, is not present in the bulk of ES-2. Moreover, W which was identified on the surface of that sample, and is typical for cutting tools, is not present in the bulk. 
       
SEM/EDS analysis (Figure 10) presents a distinguishable difference between ES-2, having Th presented on its surface, and the other samples. That is in agreement with the ICPMS analysis. 
[bookmark: _Ref87523448]
[bookmark: _Ref87617337]Figure 10: SEM/ EDS analysis of the sample
[image: ][image: ]ES-3
ES-1
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ES-2 and ES-3: 
	Not Assessed 
	Consistent  (p > 0.05) 
	Inconsistent with 
Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	 
	 
	
	x


 
The data presented, and discussed above, suggests that sample ES-2 is not correlated to sample ES-3. 














3) Are any of the material outside of regulatory control (ES-1, ES-2 or ES-3) consistent with the sample provided by the cyclotron centre (ES-4)? 
Please provide your analytical results, listing quantitative analyses or qualitative observations that support your decision.  Attach specific data sheets showing your work if necessary. An optional analytical results summary template has been provided in Optional form templates.xls, to track analyses carried out, an example is shown in attachment 3d.  Be sure to provide supporting evidence for your selections below. Responses to the tables below without providing analytical data or evidence that supports your selection will be considered incomplete!   

ES-1 and ES-4: 
	Not Assessed 
	Consistent  (p > 0.05) 
	Inconsistent with 
Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	 
	x
	 
	 


 
The data presented, and discussed while answering questions 1 to 3, suggests that sample ES-1 might be correlated to sample ES-4. 
 
ES-2 and ES-4: 
	Not Assessed 
	Consistent  (p > 0.05) 
	Inconsistent with 
Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	 
	 
	
	x



The data presented, and discussed while answering questions 1 to 3, suggests that sample ES-2 is not correlated to sample ES-4. 

ES-3 and ES-4: 
	Not Assessed 
	Consistent  (p > 0.05) 
	Inconsistent with 
Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	 
	x
	 
	 


 
The data presented, and discussed while answering questions 1 to 3, suggests that sample ES-3 might be correlated to sample ES-4. 


4) Attempt to identify the chemical composition/phase of ES-1, ES-2, ES-3 and ES-4 detailing all analyses on your analytical plan and report any changes to the plan in your report. 
Please provide your analytical results, listing quantitative analyses or qualitative observations that support your decision.  Attach specific data sheets showing your work if necessary. An optional analytical results summary template has been provided in Optional form templates.xls, to track analyses carried out, an example is shown in attachment 3d.  

The following analyses provide information that is relevant to the chemical/phase of ES-1 powder, identifying it as ~87% UO2.2(OH)1.6 and  ~12.9%  -UO3:
1. Color (visual inspection/optical microscopy) – the color of the powder is yellow with orange hue.
2. XRD (Figure 2) – the XRD analysis showed that ES-1 is a mixture of Uranium Oxide Hydroxide (~87% UO2.2(OH)1.6) and -UO3 (~12.9%).
3. microRaman microscopy (Figure 3) – the Raman microscopy identified α-UO2(OH)2 and γ-UO3 on two different powder grains as well as water residue.
4. TGA (Figure 1) - The loss of weight in ES-1 is typical decomposition of a mixture of UO1.6(OH)2.2 and γ-UO3.
5. SEM/EDS (Figure 10) – identified U,O and C (from carbon tape) on the surface.

The following analyses provide information that is relevant to the chemical/phase of ES-2 identifying it as U metal slab with some uranium oxides on the surface:
1. Color (visual inspection/optical microscopy) – the slab has a shine surface, suggesting it is metallic.
2. While sampling ES-2 inside mixed atmosphere (air/argon) a small spark was created.
3. microRaman microscopy has not provided any spectrum, suggesting it is metal without presence of any additional functional groups or significant oxides.
4. SEM/EDS (Figure 10)– identified U,O and C (from carbon tape) on the surface. 

The following analyses provide information that is relevant to the chemical/phase of ES-3 powder, identifying it as Uranyl nitrate hexahydrate UO2(NO3)2*6H2O:
1. Color (visual inspection/optical microscopy) – the color of the powder is yellow with green hue.
2. XRD (Figure 3) – ES-3 was identified as a pure phase of Uranyl nitrate hexahydrate UO2(NO3)2*6H2O
3. microRaman microscopy (Figure 9) – the Raman microscopy identified Uranyl nitrate.
4. TGA (Figure 7) - The loss of weight in ES-3 typical decomposition of  a pure  phase of Uranyl nitrate hexahydrate UO2(NO3)2*6H2O
5. SEM/EDS (Figure 10)– identified U,O and C (from carbon tape) on the surface.	Comment by Arnon Rubinshtein: גם ריכוז (אחוז) האורניום בטבלה 1, תומך כי דוגמה שלול היא התערובת המדוברת ודוגמה 3 היא אורניל-ניטרט בעוד ייתר הדוגמאות הן מתכות. 

The following analyses provide information that is relevant to the chemical/phase of ES-4 (I, II and II) identifying it as U metal slab with uranium oxides on the surface:
1. Color (visual inspection/optical microscopy) – the slab has a shine suggesting it is metallic.
2. While sampling ES-4 (I, II, and III) inside mixed atmosphere (air/argon) a significant spark was created.
3. microRaman microscopy - representative spots on the surface were analyzed, showing typical UO bonds (UO2) (as well as amorphous carbon and unidentified two peaks at 1350 and 1570 cm-1).
4. SEM/EDS – identified U,O and C (from carbon tape) on the surface.



5) Are there any additional characteristics (traditional or nuclear) associated with ES-1, ES-2, ES-3 or ES-4 that may link the samples? 
Please provide your analytical results, listing quantitative analyses or qualitative observations that support your decision.  Attach specific data sheets showing your work if necessary. An optional analytical results summary template has been provided in Optional form templates.xls, to track analyses carried out, an example is shown in attachment 3d.  Be sure to provide supporting evidence for your selections below. Responses to the tables below without providing analytical data or evidence that supports your selection will be considered incomplete!   
 
	Not Assessed 
	Consistent (p > 0.05) 
	Inconsistent with Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	
	x
	 
	 



The classical forensics investigation conducted in parallel, by the IP-DIFS, yielded various findings, supporting and strengthening the nuclear forensics investigation. We will hereby list the relevant findings regarding establishment connections between the samples interdicted at the different scenes. The figures below presents the different scenes and the various findings at each one. 



Figure 11: Niels’ room in Lise’s and Otto’s apartment
[image: ]
Figure 12: Niels’ laboratory
[image: ]
Figure 13: Cyclotron Building
[image: ]



Item number 10, black tape from Niels's laboratory in the chemistry building, was linked to ES-1 and ES-2, found in the apartment. That was done by comparing the 2 pieces of black tape wrapped around ES-1 and ES-2, to the black tape found at Niels's laboratory. That is presented on Figure 11Figure 14. Moreover, it was concluded that ES-2 was wrapped first, following by wrapping of ES-1. Sub samples (black and white tapes) were sent to the DNA laboratories for further analysis. No fingerprints were found on the black, or white tapes, ES-1 vial, ES-2 vial, ES-3 Erlenmeyer flask and ES4 vial. Other findings from Niels's apartment, showed Lise's fingerprint on the empty vial (Item 6). Another unidentified fingerprint was found on the same vial (Item 6).  

[bookmark: _Ref87535805]Figure 14: Black tape from Neil's laboratory
[image: T:\CMX7\week\police_pics\DSC_2640.JPG]ES - 2
ES - 1
Item 10

















 
6) Is there any other (traditional or nuclear) forensic evidence linking the material outside of regulatory control or the crime scene to the POIs (resident or owners of the apartment)?  Be sure to provide supporting evidence for your selection below. Responses to the table below without providing analytical data or evidence that supports your selection will be considered incomplete! 

	Not Assessed 
	Consistent (p > 0.05) 
	Inconsistent with Medium Confidence  
(0.001 < p ≤ 0.05) 
	Inconsistent with High Confidence  
(p ≤ 0.001) 

	
	x
	 
	 


 
The classical forensics investigation was crucial to establish linkage of the POI's to the evidences found in the different scenes. The set of notepads and paper sheets found, showed the following findings:
1. Exemplar I (notepad), from Lise's office at the cyclotron, showed her fingerprint, which was also discovered on the empty vial (Item 6) at the apartment. The note found in the apartment, with the sentence "Please feed the cat", was taken from Lise's notepad (see figure Figure 12Figure 15), and contained her fingerprint (Figure 13Figure 16), as well. The upper part of the paper sheet fitted the leftover sheet on Lise's notepad. Moreover, the sentence "please feed the cat" appeared also on other paper sheets (below that sheet that was torn apart) from Lise's notepad.	Comment by Arnon Rubinshtein: לבדוק שנית את ההפניה	Comment by Arnon Rubinshtein: לבדוק שנית את ההפניה
[bookmark: _Ref87539782]Figure 15: Lise's notepad + note (Item 2)
[image: T:\CMX7\week\police_pics\DSC_2562.JPG][image: T:\CMX7\week\police_pics\DSC_2581.JPG]

[bookmark: _Ref87540296]Figure 16: Lise's developed fingerprint on Item 2
[image: T:\CMX7\week\police_pics\DSC_2636.JPG]

2. Exemplar J (notepad), from Otto's office at the cyclotron, was connected to the note (item 1) found in the apartment with the sentence "call me about more Th". That was concluded due to the following findings:
· The upper part of the paper sheet fitted the leftovers in the notepad.
· Pressure writing marks "call me about more Th" were found on an empty paper sheet in Otto's notepad.
· A partial fingerprint discovered on item 1, was found to be identical to Otto's fingerprint taken in the scene.

Figure 17: Otto's fingerprint on Item1
[image: T:\CMX7\week\police_pics\DSC_2579.JPG]

3. ITEM 4 – Notepad from the apartment. Two paper sheets were missing from that notepad. One was found in the apartment (item 3) with a chemical formula written on it: 
UO2(NO3)2              UO3 ?
The police removed four consecutive (4.1-4.4) paper sheets from the notepad. Otto's fingerprint was found on paper sheet 4.1 and 4.2. Moreover, on paper sheet 4.1 two pressure writing sentences were found (Figure 15Figure 19):
· UO2(NO3)2              UO3 ? (upper part of paper sheet)

· "Owe Otto 7 bit coin"         (lower part of paper sheet)

We concluded that the sentence about owing Otto 7 bit coins was written on the second paper sheet, torn from that notepad. Additional finding that was discovered inside the notepad from the apartment (item 4), was a red string (Figure 15). The red string was send sent to the police laboratories for further investigation.
[bookmark: _Ref87543527]Figure 18: Red string from Item 4
[image: T:\CMX7\week\police_pics\DSC_2571.JPG]
[bookmark: _Ref87543355]
Figure 19: Item 4
[image: T:\CMX7\week\police_pics\DSC_2586.JPG][image: T:\CMX7\week\police_pics\DSC_2644.JPG]
 

4. Empty soda bottle found in the apartment showed a fingerprint belonging to Niels. The evident was sent to further DNA analysis.


Figure 20: Niels fingerprint on the soda bottle
[image: T:\CMX7\week\police_pics\DSC_2624.JPG]
5. Thumb-drive (item 9) – No visible evidence was found on the thumb-drive. Samples were taken for further analysis in the police laboratories. The content of that drive was downloaded after proper precautions taken by SNRC cyber security team. The only content found was a PDF file, presenting showing a google map of Vemork (the famous hydroelectric plant at Norway), plus some information of nearby hotels. We assume that someone connected with the illicit activity that was discovered, was interesting in visiting Vemork. The exact reason is still not clear, however might be related to nuclear materials or knowledge.
Figure 21: The file that was found inside the hard drive
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Comment: ES­3 5 oC/min up to 750oC, under Air


DSC­TGA File: D:\Maor Assulin\ES­3.001
Operator: Eynav
Run Date: 10­Nov­2021 15:56
Instrument: SDT Q600 V8.3 Build 101
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