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Challenge

► Geo‐repositories are currently being built for the long‐term 
storage of spent fuel casks. Safeguards methods are needed for 
effectively verifying the contents of spent fuel in casks as they are 
transferred into the repository and to provide assurance that the 
stored casks remain intact over time within the repository. 
Methods to determine U and Pu concentrations in spent fuel 
when transferred to a storage cask will be required.
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Innovation 3

►What is new in our formulation is the application of 
the Bodnarik1 method of acquiring gamma spectra 
in fixed time windows to more effectively determine 
the constituency of the materials, the mass of the 
materials, and the determination of the presence of 
SNM and HE. 

1 Bodnarik J., D.M. Burger, A. Burger. G. Evans, A.M. Parsons, J.S. Schweitzer, R.D. 
Starr, K.G. Stassun. “Time-Resolved Neutron/Gamma-Ray Data Acquisition for In Situ 
Subsurface Geochemistry,” Nucl. Inst. and Methods in Phys. Research A, v. 707, (2013), p. 
135-142; http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20140005993.pdf.

http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20140005993.pdf


Technical Approach

a) Placement of timing windows relative to each neutron pulse. 
b) Examples of different spectral shapes seen in different timing windows.
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Innovation
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Technical Approach 6

STL API-120 Campaign

Experimental setup with Aluminum target 
facing STNG tube, and CLYC detector.

Waterfall display showing energy on the y-axis, time on 
the x-axis.  Neutron events are blue, and gamma event 
are red.



Technical Approach 7

Falcon DPF Campaign

Experimental setup with CLYC 
detector facing DU target for DPF.

Waterfall display showing energy on the y-axis, time on 
the x-axis.  Neutron events are blue, and gamma event 
are red.



Technical Approach - MP320 Campaign 8

October 2019 Campaign
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Setting up the 2-detector electronics.

Technical Approach 9



Technical Approach – MP320 Campaign 10

MP320 Campaign

Research team setting up 
experiment at the A1 Source 
Range.  Shown are NRD 
Engineer Ron Guise and 
UNLV Professor Alex Barzilov.

Two-detector setup with 
new larger elpasolites 
detectors on the left and 
on the right of the 
neutron source in the far 
background.

April 2021 Campaign



CLLBC-644-1, ø2"×2"

09-15-2020
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09-15-2020

(1=4ns)
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Technical Approach 13

Embedded Processor
Embedded processor for data acquisition.Setting up the detector table.



Technical Approach

MCA Acquisition System Architecture.

usbBase: 
eMorpho 
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with USB & 
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List Mode Acquisition and Pulse Synchronization Diagram

PSD Factor Plot
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Technical Approach 

List Mode Energy-Time plots with External 10 kHz Triggers
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MCA Acquisition



Technical Approach

► 14.1 MeV neutrons from D-T fusion reaction
► Neutron yield: 1.08 × 108 neutrons/s
► Pulse rate: 250 Hz to 20 kHz continuous
► Duty factor: 5% to 100%
► Low power: less than 50 W
► Pulse rise and pulse fall time: Less than 1.5 μsec
► Minimum pulse width: 5 μsec
► Safety Features: key lock, remote and local 

emergency on/off buttons, pressure switch
► Software: open source text or GUI
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MP320 Neutron Generator – System Specifications



Technical Approach

Targets
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MP320 Campaign



Built MCNP Model

Technical Approach

Neutron generator
Housing Lead shield

D-T source

Polyethylene
Shield

Lead shield

Sample

Table CLYC detector
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Technical Approach 19
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Results 20

Model 1: DU
Fluence (spectral distribution) in 

the target cell 

Left Neutron Fluence - Model 1 – DU
Right Photon Fluence - Model 1 – DU

0-10 μs 

10-100 μs 

100-1000 μs 

1-10 ms 

Neutron Fluence Photon Fluence
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Model 1: DU
Neutron flux varies in time in the target



Lead
Sample

Lead
Sample Transparent view

VizEd views of the updated MCNP model of the neutron assay setup in the 
MSTS source range, with a DU sample positioned near the multi-mode 
detector at 45 degrees.

Views of the updated MCNP model of the neutron assay setup in the MSTS 
source range, with a lead sample positioned near the multi-mode detector.

Results  22



NaCl

Results  

Lead
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Water

Results  24



DU – one hour of Gamma Ray Energy Data
for t=1000 to t=3300 μs

DU Background for 10 minutes DU Plate – 9 kg, 172 mBq

MP320 Campaign Energy Spectra

25Results  



DU – one hour of Gamma Ray Energy Data for t=0 to t=1000 μs.

DU – one hour of Neutron Energy Data for t=0 to t=1000 μs.

MP320 Campaign

DU – one hour of  Gamma Time Distribution Spectrum for t=0 to t=1000 
μs. [100-μs Pulse Width].

DU – one hour of  Neutron Time Distribution Spectrum for t=0 to 
t=1000 μs. [100-μs Pulse Width].



DU – one hour of Gamma Ray Energy Data 
for t=1000 to t=3300 μs

DU – one hour of Gamma Ray Energy Data
for t=100 to t=200 μs

MP320 Campaign Energy Spectra

Gamma Ray Energy Data for no target 
for t=0 to t=100 μs [100-μs Pulse Width]

Neutron Energy Data for no target
for t=0 to t=100 μs [100-μs Pulse Width]

27Results  



Summary of Results, Path Forward
►Successfully launched research study

■UNLV, WKU subcontracts are in place
■Neutron generator from WKU at A1 Building
■Tested system with STL API-120
■Tested system with Falcon Mobile DPF at RNCTEC
■Tested system with MP320 at A1 Building
■Performed Monte Carlo modeling for study

►Set up the Neutron Generator. 
►Set up Neutron Generator 

authorization basis.
►Set up 4-detector system.
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Impact
► Task Order with UNLV Department of Mechanical Engineering.
► Supported a UNLV Graduate Student.
► Established tie with Western Kentucky University.
► Mark Adan UNLV paper “Dual-mode Interrogation System with 

Irradiation Markers”
► Leveraged on NA-22 DFEAT Program.
► Submitted Office of Science Proposal.

 
Spectra for the neutron irradiation of DU. Top left: Gamma Energy Spectrum 0-4 MeV.  Top right: Neutron 
Energy Spectrum 0-4 MeV. Bottom: Combined Neutron (blue) and Gamma (red) Waterfall Energy Spectra. 

API-120
Data

DPF Data
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► The UNLV team assisted MSTS team in modeling of the multi-
modal, multi-energy approach for neutron interrogation of spent
fuel using the MCNP6 code. The Monte Carlo model of the
neutron assay experiment was created. The UNLV team assisted
and advised the MSTS. The SDRD project also funded the UNLV
graduate students Monia Kazemeini and Jean Chagas-Vaz,
whose degree research work is related to this SDRD project.

► Western Kentucky University has provided the Thermo Fisher
Scientific MP-320 Neutron Generator, a computer-controlled DT
neutron generator MP-320.

30Impact

UNLV produced the software
and MCNP input file for the
geometry for the project active
interrogation experiment.

WKU provided the Thermo
Fisher Scientific MP-320
Neutron Generator.



Backup Slides
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Technical Approach

A Thermo Fisher Scientific Model MP320 Neutron Generator was 
used in the D+T mode to produce 14 MeV neutrons via the 

following nuclear fusion reaction:

2D + 3T →  4He (3.5 MeV) + n0 (14.1 MeV)

32

MP320 Neutron Generator - Operations

https://www.thermofisher.com/order/catalog/product/1517021A#/1517021A


Technical Approach – MCA Acquisition 33

GPIO Header.
The wiring diagram for the GPIO 
header GPIO connectors on the 
Raspberry Pi for proper 
placement and termination 

External Trigger Circuit



Technical Approach – MCA Acquisition

List Mode Energy-Time plots with External 10 kHz Triggers
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Technical Approach – MP320 Campaign 37

June 2020 Campaign



Technical Approach – MP320 Campaign 38

MP320 Campaign

Left. Neutron Source control console.

Right.  Setup for the neutron active 
interrogation of aluminum.



Results to Date

Al – one hour of Gamma Ray Energy Data for t=0 to t=100 μs 
[100-μs Pulse Width].

Al – one hour of Neutron Energy Data for t=0 to t=100 μs 
[100-μs Pulse Width].

Al – one hour of Gamma Ray Energy Data for t=100 to t=3300 μs.

DU – one hour of Gamma Ray Energy Data for t=100 to t=200 μs.

MP320 Campaign Energy Spectra
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Technical Approach 40

MCNPX 
Model

H20



Technical Approach 41

MCNPX 
Model

DU

 

Neutron 
source 

CLLBC 
detector 

DU plate 

detector 
CLLBC 

3D view of the model with the DU plate between two detectors; 
2D view (XY) of a DU plate sample; 



Technical Approach 42

MCNPX 
Model

Pb



Technical Accomplishments

• Mark Adan completed his experimental development on the 2-detector system. 
Mark Adan prepared a manual on his data acquisition system.  The manual 
may serve as a core basis document for the publication.

• On April 28, at 10:30 AM, Mark Adan presented a seminar on his data 
acquisition system. Mark Adan prepared an equipment inventory for his 
engineering system supporting the project. 

• On April 30, Ed Bravo retrieved all project equipment in custody of Mark Adan.  
On April 30, Ed Bravo met with Mark Adan to pick up experimental equipment 
on which he worked.   

► On May 1, senior project engineer Mark Adan departed employment with 
MSTS.

• Exchanged drafts of SDRD FY21 Pre-Proposals with UNLV Professor Alex 
Barzilov. Completed and submitted the FY21 SDRD Pre-Proposal for year 3.

• Paul Guss presented the May 19 Science & Technology seminar. 

43

https://www.unlv.edu/
https://www.unlv.edu/people/alexander-barzilov
https://insite.nv.doe.gov/Pages/New-Science--Technology-seminars-to-highlight-cutting-edge-work.aspx


Technical Accomplishments

• Conducted the June 3-11 A1 Source Range Campaign.
• Paul Guss commissioned Daniel Lowe and Irene Garza to find the Pu puck 

source in the NNSS MC&A program.
• Leslie Esquibel conducted a Financial Review of the Project with Paul Guss on 

May 13.
• Responded to the SDRD Project Office on the May 13 – Midyear Review on 

Project Financials.
• Acquired new computer for the project work with IT assistance.
• Prepared a new operator’s manual covering the experimental development on 

the 2-detector system.  
• Reviewed the new operator’s manual covering the experimental development 

on the 2-detector system.  
• FY21 SDRD Proposal for year 3 was approved.
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Future Direction

►Set up the timing models.
►Set up the Neutron Generator for next campaign. 
►Assess data acquired in the 4 campaigns.
►Advance the acquisition system set up for 

multiple detectors to perform time correlated 
event detections.
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Challenge

		Geo‐repositories are currently being built for the long‐term storage of spent fuel casks. Safeguards methods are needed for effectively verifying the contents of spent fuel in casks as they are transferred into the repository and to provide assurance that the stored casks remain intact over time within the repository. Methods to determine U and Pu concentrations in spent fuel when transferred to a storage cask will be required.



*



Scope: Produce new non‐destructive assay approach capable of quantifying the fissile isotopic composition of spent nuclear fuel and of verifying the declared amounts of special nuclear materials, using the delayed gamma counting of fission product gamma rays, in combination with the data from the delayed neutron counting. The new method combines the measurement of prompt and delayed fission neutrons, induced by D‐D and/or D‐T generator.



Benefit:  Being able to distinguish between U and Pu in the same sample has safeguards significance. We will distinguish between individual fissile isotopes using delayed neutron counting, inferred from fitting to the decay curves of the fissile isotopes. 

  

Deliverables: We will develop a method to distinguish between U and Pu in the same sample and between individual fissile isotopes using delayed neutron counting.
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Innovation

*

		What is new in our formulation is the application of the Bodnarik 1 method of acquiring gamma spectra in fixed time windows to more effectively determine the constituency of the materials, the mass of the materials, and the determination of the presence of SNM and HE. 



1 Bodnarik J., D.M. Burger, A. Burger. G. Evans, A.M. Parsons, J.S. Schweitzer, R.D. Starr, K.G. Stassun. “Time-Resolved Neutron/Gamma-Ray Data Acquisition for In Situ Subsurface Geochemistry,” Nucl. Inst. and Methods in Phys. Research A, v. 707, (2013), p. 135-142; http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20140005993.pdf.



What is new in our formulation is the application of the Bodnarik method of acquiring gamma spectra in fixed time windows to more effectively determine the constituency of the materials, the mass of the materials, and the determination of the presence of SNM and HE. Associating different energy gammas, which specify the population distribution in the fission product curves, is novel. 

The change in fission rates with differing interrogating neutron energy provides a new technique to independently measure the SNM masses. 
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Technical Approach

a) Placement of timing windows relative to each neutron pulse. 

b) Examples of different spectral shapes seen in different timing windows.
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Timing Windows and Sample Spectra. (a) Placement of timing windows relative to each neutron pulse. (b) Examples of different spectral shapes seen in different timing windows.
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Innovation

*
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Acquiring time-tagged, event-by-event data from nuclear induced reactions provides raw data sets containing channel/energy, and event time for each gamma ray or neutron detected. The resulting data set can be plotted as a function of time or energy using optimized analysis windows after the data are acquired. Time windows can now be chosen to produce energy spectra that yield the most statistically signiﬁcant and accurate elemental composition results that can be derived from the complete data set. The advantages of post-processing gamma-ray time-tagged event-by-event data in experimental tests using our prototype instrument will be demonstrated.
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Technical Approach

*

STL API-120 Campaign





Experimental setup with Aluminum target facing STNG tube, and CLYC detector.

Waterfall display showing energy on the y-axis, time on the x-axis.  Neutron events are blue, and gamma event are red.



What is your technical approach? Describe background and your techniques.



We conducted SDRD experiments at STL on May 13-17, 2019 with the STL API-120 device to test acquisition equipment design and the 2-dimensional histogram arrays for MSTS elpasolite detectors, with time on one axis and energy on the other axis. The objective of this experimental campaign was to demonstrate the concept and viability of getting time vs energy vs particle identification active interrogation data.

 

The general idea was to irradiate a series of targets, and to collect energy spectra in specific time windows to better improve the signal to noise of capturing various nuclear interactions and signatures, thereby improving the ability to assay nuclear materials and containers.  The energy spectra were collected in the following time windows:

 

0—2 μs		Inelastic Scattering Energy Spectra

2—10 μs		Neutron Capture Energy Spectra

10—100 μs		Activation Energy Spectra

100—4000 μs	“Background” Energy Spectra

*









Technical Approach

*

Falcon DPF Campaign





Experimental setup with CLYC detector facing DU target for DPF.

Waterfall display showing energy on the y-axis, time on the x-axis.  Neutron events are blue, and gamma event are red.



What is your technical approach? Describe background and your techniques.



We conducted SDRD experiments at RNCTEC on June 3-7, 19, 2019 with the Falcon mobile DPF device to test acquisition equipment design and the 2-dimensional histogram arrays for MSTS elpasolite detectors, with time on one axis and energy on the other axis. The objective of this experimental campaign was to demonstrate proof of principle of the concept and viability of getting time vs energy vs particle identification active interrogation data, and to learn lessons or technical changes based on participation in the RNCTEC Brady Gall Campaign in June.
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Technical Approach - MP320 Campaign
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October 2019 Campaign



On October 14-21, 2019, the Project Team conducted the Neutron Interrogation Experiment at A1 Source Range.  



The first step was to install the neutron generator device GUI software (Figure 1) from Thermo Fisher Scientific Jim Simpson. Once installed, the Western Kentucky University (WKU) Thermo Fisher Scientific MP-320 neutron generator at the A1 Building was set up and using the GUI software interfaced to the Radiation Generating Device (RGD). Using the MP-320 neutron generator at the A1 Building Source Range, the team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O. The team copied the data onto analysis computers for further data analysis.  Data was acquired for 1 hours for each target.  The next step is to divide up the energy spectra for each target into time bins.
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Setting up the 2-detector electronics.

Technical Approach

*



While holography and coherent diffractive imaging can capture the spatiotemporal resolution needed at XFELs, they apertures and foci at the sample prevent these techniques from capturing a sufficiently large field of view for understanding statistic populations of nanoscale features. 



Diamond because dislocations are preferential along <1,1,1>. 



Application in astrophysics:

Understanding interstellar dust’s key role in planet formation through the influence of ionizing radiation. The harsh ionizing conditions of space activate sticking and growth to begin the early steps of planet formation, and understanding how this transform occurs will provide new constraints to planet formation models.



Prior work of others: There are experimental techniques to characterize properties/dynamics of point defects, but these cannot apply to defects extending across many unit cells (mesoscale defects) or those beneath the surface.



BFXM and DFXM are new techniques without robust analytical methods. Radiography and topography correspond to BFXM and DFXM, respectively, with detectors placed almost immediately behind the crystal, removing the need for lenses. Topography and radiography have been around for quite a while, but the lenses and bright X-ray sources add the resolution to resolve defect structures that have never been attainable before.
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Technical Approach – MP320 Campaign





*

MP320 Campaign

Research team setting up experiment at the A1 Source Range.  Shown are NRD Engineer Ron Guise and UNLV Professor Alex Barzilov.

Two-detector setup with new larger elpasolites detectors on the left and on the right of the neutron source in the far background.

April 2021 Campaign



On April 2021, the Project Team conducted the Neutron Interrogation Experiment at A1 Source Range.  



The first step was to install the neutron generator device GUI software from Thermo Fisher Scientific Jim Simpson. Once installed, the Western Kentucky University (WKU) Thermo Fisher Scientific MP-320 neutron generator at the A1 Building was set up and using the GUI software interfaced to the Radiation Generating Device (RGD). Using the MP-320 neutron generator at the A1 Building Source Range, the team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O. See Figure. The team copied the data onto analysis computers for further data analysis.  Data was acquired for 1 hours for each target.  The next step is to divide up the energy spectra for each target into time bins.
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09-15-2020

Technical Approach
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(1=4ns)
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Technical Approach

09-15-2020



Our PSD FOM was 3.9.
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Technical Approach

*

Embedded Processor



Embedded processor for data acquisition.

Setting up the detector table.



What have we learned so far? Results to date.



Three tasks that run on an embedded computer.  The first task of which, ‘ListDriver’, is a low-level driver that acquires List Mode data as fast as possible through the USB port (takes about 6ms).  The next task is ‘Pulser’.  Pulser receives an external interrupt and timestamps it (e.g. every 4ms).  The last task, ‘ListModeTask’, takes in data from ListDriver and Pulser, and then sends it to an Application running on a multi-purpose laptop.  This application can then take the incoming data and join them to create histograms, scatterplots, raw data files, etc.  The application can do various normal things w/ the MCA, such as, reading spectra, receiving/sending operational Settings and Modes (HV, digital gain, integration time, Trace Mode).



The embedded computer above is a Raspberry Pi 3 Model B that runs a variant of Linux. 



*









Technical Approach

MCA Acquisition



System Architecture.

List Mode Acquisition and Pulse Synchronization Diagram





*

usbBase: eMorpho MCA + HV with USB & GPIO
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Elapsed Time = T1 – T0
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Time stamp, PIT, IT



PSD Factor Plot



Firmware for the Raspberry Pi was developed using the C programming language. There are three modules used for control and data acquisition. A fourth module is used specifically by the kernel. Figure 5 is illustrates the architecture of the system. In the diagram, CMD TASK is the control module and LIST TASK and SYNC TASK are the two data acquisition modules. LIST TASK and SYNC TASK are executed on isolated CPU cores to minimize latency. The kernel module is represented by GLOBAL INTERRUPT.

The multi-channel analyzer is an eMorpho usbBase-8012-P10T purchased from Bridgeport Instruments, LLC. It has a 12-bit analog-to-digital converter (ADC) operating at 80MHZ and capable of recording 4096 channels by 32-bit energy histograms. Two 2730 event buffers are available to record event time stamps at a resolution of 0.8 microseconds. Partial and full energies are also computed for gamma and neutron PSD. The eMorpho interfaces with various computing platforms using high level commands through an application programmer’s interface (API).
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Technical Approach 



List Mode Energy-Time plots with External 10 kHz Triggers

*

MCA Acquisition



List mode data.
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Technical Approach

		14.1 MeV neutrons from D-T fusion reaction

		Neutron yield: 1.08  108 neutrons/s

		Pulse rate: 250 Hz to 20 kHz continuous

		Duty factor: 5% to 100%

		Low power: less than 50 W

		Pulse rise and pulse fall time: Less than 1.5 μsec

		Minimum pulse width: 5 μsec

		Safety Features: key lock, remote and local emergency on/off buttons, pressure switch

		Software: open source text or GUI



*

MP320 Neutron Generator – System Specifications



MP320
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Technical Approach





Targets
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MP320 Campaign



On October 14-21 the Project Team conducted the Neutron Interrogation Experiment at A1 Source Range.  



The first step was to install the neutron generator device GUI software from Thermo Fisher Scientific Jim Simpson. Once installed, the Western Kentucky University (WKU) Thermo Fisher Scientific MP-320 neutron generator at the A1 Building was set up and using the GUI software interfaced to the Radiation Generating Device (RGD). Using the MP-320 neutron generator at the A1 Building Source Range, the team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O. See Figure. The team copied the data onto analysis computers for further data analysis.  Data was acquired for 1 hours for each target.  The next step is to divide up the energy spectra for each target into time bins.
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Built MCNP Model





Technical Approach
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Neutron generator

Housing

Lead shield

D-T source

Polyethylene

Shield

Lead shield

Sample

Table

CLYC detector



While holography and coherent diffractive imaging can capture the spatiotemporal resolution needed at XFELs, they apertures and foci at the sample prevent these techniques from capturing a sufficiently large field of view for understanding statistic populations of nanoscale features. 



Diamond because dislocations are preferential along <1,1,1>. 



Application in astrophysics:

Understanding interstellar dust’s key role in planet formation through the influence of ionizing radiation. The harsh ionizing conditions of space activate sticking and growth to begin the early steps of planet formation, and understanding how this transform occurs will provide new constraints to planet formation models.



Prior work of others: There are experimental techniques to characterize properties/dynamics of point defects, but these cannot apply to defects extending across many unit cells (mesoscale defects) or those beneath the surface.



BFXM and DFXM are new techniques without robust analytical methods. Radiography and topography correspond to BFXM and DFXM, respectively, with detectors placed almost immediately behind the crystal, removing the need for lenses. Topography and radiography have been around for quite a while, but the lenses and bright X-ray sources add the resolution to resolve defect structures that have never been attainable before.
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Technical Approach 
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MCNPX 

Model

A1 Source Range









Neutron assay

system

Source

room



(a) The source cage room concrete structure and the tunnel, the system is assembled on the table in the center of the room; (b) 3D view of the model consisting of the d-T neutron generator, two CLLBC detectors, shielding, and a water sample on the aluminum table.
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Results

*

Model 1: DU

Fluence (spectral distribution) in the target cell 

Left Neutron Fluence - Model 1 – DU

Right Photon Fluence - Model 1 – DU

0-10 μs 

10-100 μs 

100-1000 μs 

1-10 ms 

Neutron Fluence 

Photon Fluence



What have we learned so far? Results to date.



We modeled how neutron/gamma flux varies in time in the target. 

1000 Time bins from 0.01 MeV to 14.2 MeV

Time windows [0-0.01 MeV], [0.01-0.1 MeV], [0.1-2.0 MeV], [2.0-13.5 MeV], [13.5-14.2 MeV]
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Results

*

Model 1: DU

Neutron flux varies in time in the target



What have we learned so far? Results to date.



We modeled how neutron flux varies in time in the target. 

1000 Time bins from 0.01 MeV to 14.2 MeV

Time windows [0-0.01 MeV], [0.01-0.1 MeV], [0.1-2.0 MeV], [2.0-13.5 MeV], [13.5-14.2 MeV]

Different Targets
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VizEd views of the updated MCNP model of the neutron assay setup in the MSTS source range, with a DU sample positioned near the multi-mode detector at 45 degrees.

Views of the updated MCNP model of the neutron assay setup in the MSTS source range, with a lead sample positioned near the multi-mode detector.

Results  
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Lead

Sample

Lead

Sample

Transparent view



While holography and coherent diffractive imaging can capture the spatiotemporal resolution needed at XFELs, they apertures and foci at the sample prevent these techniques from capturing a sufficiently large field of view for understanding statistic populations of nanoscale features. 



Diamond because dislocations are preferential along <1,1,1>. 



Application in astrophysics:

Understanding interstellar dust’s key role in planet formation through the influence of ionizing radiation. The harsh ionizing conditions of space activate sticking and growth to begin the early steps of planet formation, and understanding how this transform occurs will provide new constraints to planet formation models.



Prior work of others: There are experimental techniques to characterize properties/dynamics of point defects, but these cannot apply to defects extending across many unit cells (mesoscale defects) or those beneath the surface.



BFXM and DFXM are new techniques without robust analytical methods. Radiography and topography correspond to BFXM and DFXM, respectively, with detectors placed almost immediately behind the crystal, removing the need for lenses. Topography and radiography have been around for quite a while, but the lenses and bright X-ray sources add the resolution to resolve defect structures that have never been attainable before.
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NaCl





Results  

Lead

*



While holography and coherent diffractive imaging can capture the spatiotemporal resolution needed at XFELs, they apertures and foci at the sample prevent these techniques from capturing a sufficiently large field of view for understanding statistic populations of nanoscale features. 



Diamond because dislocations are preferential along <1,1,1>. 



Application in astrophysics:

Understanding interstellar dust’s key role in planet formation through the influence of ionizing radiation. The harsh ionizing conditions of space activate sticking and growth to begin the early steps of planet formation, and understanding how this transform occurs will provide new constraints to planet formation models.



Prior work of others: There are experimental techniques to characterize properties/dynamics of point defects, but these cannot apply to defects extending across many unit cells (mesoscale defects) or those beneath the surface.



BFXM and DFXM are new techniques without robust analytical methods. Radiography and topography correspond to BFXM and DFXM, respectively, with detectors placed almost immediately behind the crystal, removing the need for lenses. Topography and radiography have been around for quite a while, but the lenses and bright X-ray sources add the resolution to resolve defect structures that have never been attainable before.
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Water





Results  

*



While holography and coherent diffractive imaging can capture the spatiotemporal resolution needed at XFELs, they apertures and foci at the sample prevent these techniques from capturing a sufficiently large field of view for understanding statistic populations of nanoscale features. 



Diamond because dislocations are preferential along <1,1,1>. 



Application in astrophysics:

Understanding interstellar dust’s key role in planet formation through the influence of ionizing radiation. The harsh ionizing conditions of space activate sticking and growth to begin the early steps of planet formation, and understanding how this transform occurs will provide new constraints to planet formation models.



Prior work of others: There are experimental techniques to characterize properties/dynamics of point defects, but these cannot apply to defects extending across many unit cells (mesoscale defects) or those beneath the surface.



BFXM and DFXM are new techniques without robust analytical methods. Radiography and topography correspond to BFXM and DFXM, respectively, with detectors placed almost immediately behind the crystal, removing the need for lenses. Topography and radiography have been around for quite a while, but the lenses and bright X-ray sources add the resolution to resolve defect structures that have never been attainable before.
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DU – one hour of Gamma Ray Energy Data

for t=1000 to t=3300 μs

DU Background for 10 minutes





DU Plate – 9 kg, 172 mBq

MP320 Campaign Energy Spectra

*

Results  



We are measuring different gamma energy spectra in the different time windows.

*













DU – one hour of Gamma Ray Energy Data for t=0 to t=1000 μs.

DU – one hour of Neutron Energy Data for t=0 to t=1000 μs.





MP320 Campaign









DU – one hour of  Gamma Time Distribution Spectrum for t=0 to t=1000 μs. [100-μs Pulse Width].

DU – one hour of  Neutron Time Distribution Spectrum for t=0 to t=1000 μs. [100-μs Pulse Width].



We need to subtract out a background component.
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DU – one hour of Gamma Ray Energy Data 

for t=1000 to t=3300 μs

DU – one hour of Gamma Ray Energy Data

for t=100 to t=200 μs





MP320 Campaign Energy Spectra









Gamma Ray Energy Data for no target 

for t=0 to t=100 μs [100-μs Pulse Width]

Neutron Energy Data for no target

for t=0 to t=100 μs [100-μs Pulse Width]

*

Results  



There are different features in different time windows. We need to subtract out a background component.
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Summary of Results, Path Forward

		Successfully launched research study



UNLV, WKU subcontracts are in place

Neutron generator from WKU at A1 Building

Tested system with STL API-120

Tested system with Falcon Mobile DPF at RNCTEC

Tested system with MP320 at A1 Building

Performed Monte Carlo modeling for study

		Set up the Neutron Generator. 

		Set up Neutron Generator 

authorization basis.

		Set up 4-detector system.



*



Summary. You may present any combination of:

		Executive Summary

		Conclusions

		Recommendations for future direction

		The future direction for this project



You may summarize the results of this study and what it shows.  You may review key points of this work.  You may present final conclusions or a final recommendation

*









Impact

		Task Order with UNLV Department of Mechanical Engineering.

		Supported a UNLV Graduate Student.

		Established tie with Western Kentucky University.

		Mark Adan UNLV paper “Dual-mode Interrogation System with Irradiation Markers”

		Leveraged on NA-22 DFEAT Program.

		Submitted Office of Science Proposal.



API-120

Data

DPF Data

*



Summary. You may present any combination of:

		Executive Summary

		Conclusions

		Recommendations for future direction

		The future direction for this project



You may summarize the results of this study and what it shows.  You may review key points of this work.  You may present final conclusions or a final recommendation
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		The UNLV team assisted MSTS team in modeling of the multi-modal, multi-energy approach for neutron interrogation of spent fuel using the MCNP6 code. The Monte Carlo model of the neutron assay experiment was created. The UNLV team assisted and advised the MSTS. The SDRD project also funded the UNLV graduate students Monia Kazemeini and Jean Chagas-Vaz, whose degree research work is related to this SDRD project.

		Western Kentucky University has provided the Thermo Fisher Scientific MP-320 Neutron Generator, a computer-controlled DT neutron generator MP-320.  





*

Impact

UNLV produced the software and MCNP input file for the geometry for the project active interrogation experiment.

WKU provided the Thermo Fisher Scientific MP-320 Neutron Generator.







Backup Slides

*



Backup Slides

*













Technical Approach





A Thermo Fisher Scientific Model MP320 Neutron Generator was used in the D+T mode to produce 14 MeV neutrons via the following nuclear fusion reaction:



2D + 3T →  4He (3.5 MeV) + n0 (14.1 MeV)

*

MP320 Neutron Generator - Operations



MP320 GUI

*









Technical Approach – MCA Acquisition

*









GPIO Header.

The wiring diagram for the GPIO header GPIO connectors on the Raspberry Pi for proper placement and termination 

External Trigger Circuit



On October 14-21 the Project Team conducted the Neutron Interrogation Experiment at A1 Source Range.  



The first step was to install the neutron generator device GUI software (Figure 1) from Thermo Fisher Scientific Jim Simpson. Once installed, the Western Kentucky University (WKU) Thermo Fisher Scientific MP-320 neutron generator at the A1 Building was set up and using the GUI software interfaced to the Radiation Generating Device (RGD). Using the MP-320 neutron generator at the A1 Building Source Range, the team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O. See Figure. The team copied the data onto analysis computers for further data analysis.  Data was acquired for 1 hours for each target.  The next step is to divide up the energy spectra for each target into time bins.
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CLLBC-642-1, ø2"×2"



09-14-2020

Technical Accomplishments
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09-14-2020

(1=4ns)

Technical Accomplishments
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Technical Approach – MCA Acquisition



List Mode Energy-Time plots with External 10 kHz Triggers

*



eMorpho MCA Acquisition



In the figure, find an outline of the data acquisition flow of the eMorpho and the Linux machine.  We still only are able to get a meager count rate and we emailed Bridgeport to see if they can give any of the timing specifications for list mode acquisition.  We were able to isolate one of the CPU cores on the Raspberry Pi and get the Morpho Data Server running on it.  This means that the Linux Kernel should not interrupt any task running on the isolated core, adding more latency.  In addition, we looked into adding a real-time scheduler to Linux for the 250Hz synchronization pulse.  Right now we are able to record timing info between pulses and it looks steady with times varying by just a few microseconds.  For stricter timing purposes, adding the real-time scheduler would reduce added latency that would come to reacting to these 4ms pulses.



Some of the remaining tasks:

-Investigate methods to get higher throughput w/ List Mode Acquisition

-Finish List Mode Acquisition

-Set-up a real-time clock to be used for data time-stamping

-Develop I/O Process to offload list-mode data to a User App for processing

-Develop User App, script, macro, etc. for data processing
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Technical Approach – MP320 Campaign



*

June 2020 Campaign







On October 14-21 the Project Team conducted the Neutron Interrogation Experiment at A1 Source Range.  



The first step was to install the neutron generator device GUI software (Figure 1) from Thermo Fisher Scientific Jim Simpson. Once installed, the Western Kentucky University (WKU) Thermo Fisher Scientific MP-320 neutron generator at the A1 Building was set up and using the GUI software interfaced to the Radiation Generating Device (RGD). Using the MP-320 neutron generator at the A1 Building Source Range, the team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O. The team copied the data onto analysis computers for further data analysis.  Data was acquired for 1 hours for each target.  The next step is to divide up the energy spectra for each target into time bins.
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Technical Approach – MP320 Campaign

*

MP320 Campaign





Left. Neutron Source control console.

Right.  Setup for the neutron active interrogation of aluminum.



On October 14-21 the Project Team conducted the Neutron Interrogation Experiment at A1 Source Range.  



The first step was to install the neutron generator device GUI software (Figure 1) from Thermo Fisher Scientific Jim Simpson. Once installed, the Western Kentucky University (WKU) Thermo Fisher Scientific MP-320 neutron generator at the A1 Building was set up and using the GUI software interfaced to the Radiation Generating Device (RGD). Using the MP-320 neutron generator at the A1 Building Source Range, the team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O. The team copied the data onto analysis computers for further data analysis.  Data was acquired for 1 hours for each target.  The next step is to divide up the energy spectra for each target into time bins.
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Results to Date





Al – one hour of Gamma Ray Energy Data for t=0 to t=100 μs [100-μs Pulse Width].

Al – one hour of Neutron Energy Data for t=0 to t=100 μs [100-μs Pulse Width].





Al – one hour of Gamma Ray Energy Data for t=100 to t=3300 μs.

DU – one hour of Gamma Ray Energy Data for t=100 to t=200 μs.

MP320 Campaign Energy Spectra

*



To better access the capabilities of the system, we need to perform a thorough analysis of the background activities and comparison and/or difference analyses between the different time windows for each isotope, and differences between isotopes. The team acquired 1-detector neutron and gamma energy and time spectra for the following targets:  DU, Si, NaCl, Al, Fe, Pb, and H2O.



Spectrum 1:  Inelastic Scattering Gammas only during Neutron Pulse from t=0 to t=100 μs [300-μs Pulse Width]

Spectrum 2:  Thermal Neutron Capture Gamma Spectrum from t=100 μs to t=200 μs [After 300-μs Pulse]

Spectrum 3:  Delayed Activation Gamma Spectrum for next 800 μs, i.e. from t=200 μs to t=1ms

Spectrum 4:  Background, NORM, and Natural Radioactivity for next 2.3 ms, i.e. from t=1 ms to t=3.3 ms

Spectrum 5:  Integrated Spectrum from t=0 to t=3.3 ms

 

*









Technical Approach 



*

MCNPX 

Model

H20



2D views of the model with two CLLBC detectors and a water sample: (a) XY cross section through the axis of both detectors; (b) XZ cross section through the axis of both detectors and the sample; (c) YZ cross section through one of the CLLBC detectors (to illustrate the shielding bricks).
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Technical Approach 



*

MCNPX 

Model

DU

3D view of the model with the DU plate between two detectors; 2D view (XY) of a DU plate sample; 



. (a) 3D view (XY) of a DU plate sample; (b) 2D view of the model with the DU plate. between two detectors.
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Technical Approach 
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MCNPX 

Model

Pb



3D view of the model with the lead sample between two CLLBC detectors

*









Technical Accomplishments

Mark Adan completed his experimental development on the 2-detector system. Mark Adan prepared a manual on his data acquisition system.  The manual may serve as a core basis document for the publication.

On April 28, at 10:30 AM, Mark Adan presented a seminar on his data acquisition system. Mark Adan prepared an equipment inventory for his engineering system supporting the project. 

On April 30, Ed Bravo retrieved all project equipment in custody of Mark Adan.  On April 30, Ed Bravo met with Mark Adan to pick up experimental equipment on which he worked.   

		On May 1, senior project engineer Mark Adan departed employment with MSTS.



Exchanged drafts of SDRD FY21 Pre-Proposals with UNLV Professor Alex Barzilov. Completed and submitted the FY21 SDRD Pre-Proposal for year 3.

Paul Guss presented the May 19 Science & Technology seminar. 

*



Mark Adan completed his experimental development on the 2-detector system. Mark Adan prepared a manual on his data acquisition system.  The manual may serve as a core basis document for the publication.

On April 28, at 10:30 AM, Mark Adan presented a seminar on his data acquisition system. Mark Adan prepared an equipment inventory for his engineering system supporting the project. 

On April 30, Ed Bravo retrieved all project equipment in custody of Mark Adan.  On April 30, Ed Bravo met with Mark Adan to pick up experimental equipment on which he worked.   

On May 1, senior project engineer Mark Adan departed employment with MSTS.

Exchanged drafts of SDRD FY21 Pre-Proposals with UNLV Professor Alex Barzilov.

Paul Guss presented the May 19 Science & Technology seminar. 
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Technical Accomplishments

Conducted the June 3-11 A1 Source Range Campaign.

Paul Guss commissioned Daniel Lowe and Irene Garza to find the Pu puck source in the NNSS MC&A program.

Leslie Esquibel conducted a Financial Review of the Project with Paul Guss on May 13.

Responded to the SDRD Project Office on the May 13 – Midyear Review on Project Financials.

Acquired new computer for the project work with IT assistance.

Prepared a new operator’s manual covering the experimental development on the 2-detector system.  

Reviewed the new operator’s manual covering the experimental development on the 2-detector system.  

FY21 SDRD Proposal for year 3 was approved.

*



On December 5, 2018, Amber Guckes walked down Room 5510 in Building A-14 (NLV) with the MSTS RGD SME, Gladys Arias-Tapar, to evaluate the feasibility of using it to perform measurements with the portable neutron generator. Room 5510 is 705.2 ft2 and is equipped with optical tables and warning lights. Gladys and Amber Guckes discussed that, pending RadCon surveys with the neutron generator in operation, the area around Room 5510 would most likely need to be roped off to prevent entry during operation of the neutron generator and that we would need to set-up our laptops outside of the room. Gladys and Amber Guckes also discussed the use of the Source Range Laboratory (SRL) in the basement of Building A-01 (NLV) for performing measurements with the portable neutron generator. There are three rooms in the SRL that could be used: Source Range (SR)-1 (548 ft2), SR-2 (446.6 ft2), and SR-3 (495.4 ft2). Each of these rooms contain a large sealed Co-60 source, lead shielding, and moveable table on tracks. Access to the SRL is controlled and an RCT must be present if any of the rooms are to be opened. 



On December 10, 2018, Amber Guckes followed-up with the responsible managers (Kristen Crawford for the SRL and Mark Hansen for Room 5510) for each of the above locations to determine their availability. Both locations can be used and activities can be de-conflicted to enable the measurements with the portable neutron generator. However, the current work packages for the SRL do not allow for the operation of a portable neutron generator. The current work package for Room 5510 does allow the operation of a portable neutron generator. 



On December 11, 2018, Amber Guckes contacted Joe Huerta, the Work Planner for the Room 5510 work package (WP No. AA60-SAL-SAL-0833 Rev. 01) to confirm whether or not our operation of the portable neutron generator would be covered by this work package. Joe confirmed that WP No. AA60-SAL-SAL-0833, Rev. 01, could be used to perform measurements with the portable neutron generator. The work package would need a new coversheet specific for our operations. Joe has initiated a discussion with T&E work planning to determine what else would be needed in order for us to use the work package.

*









Future Direction

		Set up the timing models.

		Set up the Neutron Generator for next campaign. 

		Assess data acquired in the 4 campaigns.

		Advance the acquisition system set up for multiple detectors to perform time correlated event detections.



*



Future direction: 



Set-up the timing models.

Set-up the Neutron Generator. 

Set up Neutron Generator authorization basis.

Analyze data acquired using STL API-120 pulsed neutron source in May.

Analyze data acquired at the June RNCTEC Campaign.



*











NEVADA NATIONAL

NNSS

SECURITY SITE

Managed and operated by
Mission Support and Test Services




















 


Reviewed for Classification   Paul P. Guss, MSTS, 1302   September 6, 2021  


NEVADA NATIONAL

NNSS

SECURITY SITE

Managed and operated by
Mission Support and Test Services








Rover

Neutron y-ray
Detectors Detector

Y-ray from

y-ray from  delayed
inelastic neutron
scattering  activation

y-ray from
neutron capture
y-ray from

radioactive decay




Seataig P—gm“-»{ :
P!
H
; .
|
}

Caplure

Delayed
Activation

Natural
Radioactvty

Inelastic Scatts

ing

Energy 10MeV

900 psecs

Thermal Neutron Capture

Energy 10MeV

Delayed Activation

Energy 10MeV

Natural Radioactivity

Energy 10MeV








Gamma Events * Neutron Events|




047 Run Time

Energy




| Co Run Time
Total Counts:

Energy








Total Counts: 3176  Integration Time:

Energy




Total Counts: 932 Integration Time

Energy




2
5
3





















Intensity Counts/Sec

8.0

72

6.4

v
E

»
B3

»
s

w
o

2.4

16

0.8

0.0

PMT:R6233SBA-1; HV:-650V; pream:LG; Amp 2026X-2 gain:10X1.0; Time:300s

CLLBC:Ce o
#644-1 a0
--- 8us|
AE=3.3%
607 | AE=3/1%
Cs-137 spectra 682
‘ AE=3.1%)
777
] 100 200 300 400 500 600 700 800 900 1000
MCA channel

Intensity Counts/Sec

120

1.08

0.96

0.84

072

°
S
g

0.48

036

024

012

0.00

PMT:R6233SBA-1; HV:-650V; pream:LG; Amp 2026X-2 gain:5X1.0; Time:600s

CLLBC:Ce GEE~3.041MeV|
#644-1 - 2ug

--- 4us|
--- 8us|

AmBe spectra

NE=4.3%
2909 AE=4.2%

500 1000 1500 2000 2500

MCA channel

3000 3500

4000




Window1/Window2

Intensity(Counts)

0.90

0.85

0.80

075

0.70

0.65

Dem: 0.750, FOM cut:[100,200] Event#:327368

FOM plot

0.90
FOM|= 3.
0.85
0.80 t —
0.75
t ey
0.70
0.65
0.60
50 100 150 200 250 300 ] 1000 2000 3000 4000 5000 6000 7000 8000
Log scale base 2 Intensity(Counts)
Gamma . L .
Neutron Pulse Shape Discrimination
ota
Crystal ID: CLLBC-644-1
Container: permanent Al can
Size: @2"x2"
Digitizer: CAEN C1231
Window: [0,300][300,1000][0,1000]
PMT: R6233SBA-1
HV: -1000V
Source: AmBe
Collection Time: 1800s
Date: 09-15-2020 16:56
50 100 150 200 250 300

Full integral












FoM =

AS
FWHM,,+FWHM,









]
















i
[

st dobslirs





























i i==ao

air

Watar

curcs












Air

Polyethylene

p
@ Neutron "\
¥ generator |

















Flux (particles/cm 2)

Photon fluence (spectral distr) in the target cell at 0 -

10u

2 4 6 8
Energy (MeV)




Flux (particles/cm 2)

2

Photon fluence (spectral distr) in the target cell at 10 - 100u

2

1 2 3
Energy (MeV)





Flux (particles/cm 2)

1000u

Photon fluence (spectral distr) in the target cell at 100 -

1 2 3 4
Energy (MeV)





Flux (particles/cm 2)

Photon fluence (spectral distr) in the target cell at 1000 - 10000u

L
3

4
Energy (MeV)





Flux (particles/cm 2)

10*

Neutron fluence (spectral distr) in the target cell at time 0 - 10u

Energy (MeV)




Flux (particles/cm 2)

107

., Neutron fluence (spectral distr) in the target cell at time 10 - 100u

Energy (MeV)




_, Neutron fluence (spectral distr) in the target cell at time 100 - 1000u
10

Flux (particles/cm 2)

Energy (MeV)




Flux (particles/cm 2)

, Neutron fluence (spectral distr) in the target cell at time 1000 - 10000u

10

),

Energy (MeV)




Flux (particles/cm 2)

How neutron flux varies in time in the target at 13.5 MeV with Different Targets

10 10° 10
Time (Shakes)












Total Counts:

Energy












File Device Acquire Mode Settings Analysis
=

= &

5 Gamma

Total Counts: 20018 Run Time: 183.77 [ —

g
e g
H 3
& g
i
Energy Time [s]
=] Neutron o B
Total Cournts: 13248 Run Time: 18277 Neution Arival Time Distibuton
g
2 g
s 3
38 g
i

Energy Time [s]




Total Counts: 4814720 Run Tim

Energy




| Co Run Time
Total Counts:

Energy




| Co 6978 Run Time
Total Counts:

Energy




Total Counts: 530764 Run Time

Energy
















  Spectra for the neutron irradiation of DU. Top  left : Gamma Energy Spectrum 0 - 4 MeV.  Top  right : Neutron  Energy Spectrum 0 - 4 MeV.  Bottom: Combined Neutron (blue) and Gamma (red) Waterfall Energy Spectra.  
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