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What is SDRD?

► Internally funded Research and Development 
program

► Project durations from 1 to 3 years

► 40–60 projects in a given year

► Competitive process, projects are scored by a 
review committee

► Opportunity to be creative, try new things, take 
risks

► For many, SDRD offers the best opportunity for 
publication, conference attendance, etc.

► SDRD enables the mission execution of Science, 
Technology, and Engineering

Presenter Notes
Presentation Notes
SDRD is an internally directed research and development program.
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SDRD Alignment into Mission Focused Thrust Areas 
is a Focused, Long-Term Technical Investment
Objectives for the STTAs
► Strengthen technical capabilities in the near term
► Enhance readiness of our core competencies in

the long term
► Make us more agile and adaptable to new global threats

Strengthen existing and develop new technical 
capabilities throughout the NNSS in support of 
future NNSA-10/20/80 missions, as well as SPP/SIPP
► Align SDRD investments to better support NNSA missions
► Focus programmatic R&D efforts with a goal of enhancing or 

enabling new capabilities
► Deepen our scientific and engineering benches within these 

focused areas

SDRD Alignment to the STTAs
► Focus areas for Exploratory Projects​
► Strategic initiatives​

Strategic Response Toward NNSS 
Future Technology Preparedness

Presenter Notes
Presentation Notes
The STTA initiative is our strategic vision for Science and Technology at the NNSS. This is a long- term investment to prepare the NNSS Science and Technology to address current and future NNSA and SPP/SIPP missions and to enable our agility to respond to future global threats.

The S&T STTAs are listed below.
•	Accelerator Beam Science and Target Interactions
•	Radiographic Systems Imaging and Analysis
•	Neutron Technologies and Measurements
•	Enabling Technologies for Autonomous Systems and Sensing
•	User-Centered Remote Testing and Operations
•	Dynamic Experiment Diagnostics
•	Communications and Computing


https://nlv-ddsp1-ws.nts.ops/NNSS_SDRD/SDRD_Archive/Docs/COEs.pdf


FY24 SDRD DHS-Relevant Projects
PID Title PI STTA

23-016 Computational Fluid Dynamic Simulations for Critical Infrastructure (CFD-SCI) Breckling, Sean Communications and Computing 

23-002 Mass-Selective Photoionization Detector Manard, Manuel Enabling Technologies for Autonomous Systems and Sensing

23-009 Low SNR, High Clutter UAS Detection and Tracking McKenna, Ian Enabling Technologies for Autonomous Systems and Sensing

23-010 Multi-Modal Remote Vibrometer for Infrastructure Interrogation Koppenjan, Steven Enabling Technologies for Autonomous Systems and Sensing

23-014 Optical comb techniques for hyperfine spectroscopy Trainham,  Clifford Enabling Technologies for Autonomous Systems and Sensing

23-024 Measurements for combined gamma-ray and video modalities Burt, Christopher Enabling Technologies for Autonomous Systems and Sensing

23-034 Surface Gas Sampling Payload for Autonomous Underwater Vehicles Priest, Cameron Enabling Technologies for Autonomous Systems and Sensing

23-075 Microwave Detection Through Thin Films Tarvin, Hilary Enabling Technologies for Autonomous Systems and Sensing

23-081 AR/VR CBRN Solution for Emergency Responders Richardson, Brian Enabling Technologies for Autonomous Systems and Sensing

23-114 Spatially Aware Multi-modal Directional Radiation Detection Swarms Essex, James Enabling Technologies for Autonomous Systems and Sensing

24-117 Cloud-Based Meta-Analysis with Adaptive Learning for Massive Sensor Networks Schuetze,  Carson Enabling Technologies for Autonomous Systems and Sensing

23-019 Additive manufacturing of structural and pixelated/discriminating scintillators Staska, Matthew Neutron Technologies and Measurements

23-032 Novel photon-counting detector concept for high-resolution radiographic imaging. Miller,  Stuart Radiographic Systems Imaging and Analysis

23-007 Fundamental Experiments for Detonation Signature Modeling Kimblin, Clare User-Centered Remote Testing and Operations

23-062 Incorporation of Geologic Data into Centralized Database Smith,  Devon User-Centered Remote Testing and Operations

24-076 Optical Remote Sensing for Facility Monitoring: An Integrated Approach to Modeling, 
Simulation and Sensors. DiBenedetto,  John User-Centered Remote Testing and Operations

23-095 Spatial Spectral Observations from Near and Far Howard, Michael User-Centered Remote Testing and Operations

23-120 Feasibility of reoccupying historic testbeds for future experiments Bortins,  Ian User-Centered Remote Testing and Operations
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Enhancing Deep Cavity Detection Using Orthogonal Measurement 
Techniques (Completed FY23)

Project Scope
Characterize the foot print of an underground facility using 
thermal imaging techniques.

Thermal Image Visible Image
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Heat flow model predicted optimum 
acquisition times to maximize 
thermal contrast of subsurface void

Knowledge of existence and location of 
subterranean targets is important to national 
security.  A technique was developed to improve the 
likelihood of detection and mapping of subsurface 
voids with thermal remote sensing supplemented by 
geophysically-derived density structure.

Presenter Notes
Presentation Notes
Scope:  Integrate the exploitation of orthogonal measurement techniques, airborne thermal imaging and seismic surveying, to improve the sensitivity of thermal inertia mapping of the surface above an underground facility (UGF).

Benefit:   Research has direct relevance to the NNSA office of Defense Nuclear Nonproliferation (DNN) mission as well as to the greater United States proliferation detection community. 

Deliverables:  Demonstration of the effectiveness of combining thermal and geophysical techniques to characterize the new testbed in terms of location, size, and shape of the subsurface structure.

Figure: Heat flow model; Thermal vs Visible Imaging; .LLNL Longwave infrared (LWIR) hyperspectral imaging (HSI) during pre-dawn on July 19, 2021 at Burro Schmidt Tunnel (BST), California.
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Computational Fluid Dynamic Simulations for 
Critical Infrastructure 

Project Scope
 Develop in-house capability to numerically simulate fluid flow 

physics in incompressible regimes common to HVAC systems
 Construct a proof of concept HVAC/internal flow model surrogate 

using Continuous Data Assimilation (CDA) + Reduced Order 
Models (ROM)
 Validate new capabilities against previous and future physical 

experiments
 Develop techniques to assimilate physical measurement data 

(e.g., chemical species concentration, temperature, pressure) 
into numerical simulations.

Presenter Notes
Presentation Notes
Scope: This project will use case studies to solve two relevant simulation challenges.  The approach will be iterative, using our computational skills and our ability to perform physical sensing experiments for validation in surrogate test beds.  Target research includes validating a mitigation technique for insufficient breathable air in occupied spaces found in public transportation (SPP focus), and simulating air flow in high hazard chemical production facilities whose air handling is coupled to the environment through intentionally drafty buildings (Nonproliferation focus). While these simulation/verification use cases will provide much needed understanding of both vulnerable environments and movement of nonproliferation materials into the environment, a more global result will be developing a core S&T capability for airflow simulation as it applies to our sensing needs.

Benefit:  The NNSS needs to develop coordinated and available skills in computational methods related to  planning sensing operations at NNSA (DNN) and SIPP test beds (sensor placement) and supporting SIPP characterization of remote structures and the effects of the surrounding environment on effluent release. 

Deliverables:  Solve several air flow challenges in a series of increasingly complex use cases. The Y1 result will be a validation simulation of the (HFLV) railcar gas threat mitigation technique (specific example for a confined space).  A model of the required minimum air flow, maximum velocity, and required modified HVAC components will be specified.  A solution suitable for a USG proposal will be an outcome.   The second and third simulation series will begin in late Y1 and simulate the passive and active HVAC flow properties of a small chemical plant (milling operation is likely). Sensitivity to environmental conditions will be assessed.   We will report out to USG sponsors the impact of the local environment on these structures.

Figure: Imagery and model of a Breda 650A passenger railcar. The proposed HF/LV plenum is shown in the bottom left panel. It has not been previously simulated.
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Mass-Selective Photoionization Detector

Project Scope
 Design, build, and test a proof-of-concept instrument that couples a 

photoionization (PI) lamp with an array of ion traps to provide mass 
spectra of chemical species in real time

Presenter Notes
Presentation Notes
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Low SNR, High Clutter UAS Detection and Tracking  

Project Scope
• Develop methods to detect and track small unmanned aircraft systems 

(UASs) in complex environments
• Leverages existing NNSS developed IP and algorithms
• Develop sensor model to assist in understanding scaling

• This work directly addresses the need to detect and characterize small 
UASs 

• Sensor agnostic algorithms may allow implementation with existing 
hardware

• Expands our knowledge and understanding of UAS detection 
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Presenter Notes
Presentation Notes
Scope: Develop novel techniques to detect and track small UASs using standard commercial imagers such as closed circuit television cameras.  The project will develop an imagery capture and processing module that can be integrated into existing camera systems to create target alerts that can be overlaid on context imagery of the scene.

Benefit:  Potential applications include facility perimeter defense, counter-UAS system cuing, and force protection. 

Deliverables:  Method to detect and track small UASs in cluttered environments using low cost visible cameras and small single board computers.

Figure: Still image (L) from 30Hz frame series showing CRJ-700 jet passing through region of interest (ROI), trace (R) shows calculated ROI variance as function of time, inset highlights movement of a sub-resolution target through the ROI detected in both the variance trace and the enhanced image.
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Multi-Modal Remote Vibrometer for Infrastructure Interrogation

Project Scope
 Develop a next generation detection system to 

improve methods of remotely characterizing 
facilities of interest and increase standoff from 
hundreds of meters to multi-kilometer ranges
 Plan to extract unique signatures versus 

machinery operation levels; correlate to 
Patterns-of-Life.
 Combine temporal data analysis for more 

effective characterization of weak signals
 The Multi-Modal Remote Vibrometer for 

Infrastructure Interrogation combines active dual 
comb laser techniques, turbulence mitigation 
and micro-doppler radar
 This effort will move lab bench scale Dual Comb 

Spectroscopy techniques to the field and is 
directly related to the NNSA mission and treaty 
verification

Presenter Notes
Presentation Notes
Scope: Develop a next generation detection system to improve methods of remotely characterizing facilities of interest and increase standoff from hundreds of meters to multi-kilometer ranges.

Benefit:  This work is directly related to the NNSA mission and treaty verification.

Deliverables:  Multi-modal system for facility monitoring including interior machinery, fans, generators and pumps and to correlate to remote sensing observables relevant to Patterns of Life. .

Figure: Frequency Difference Detector.
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Optical Comb Techniques for Hyperfine Spectroscopy

Project Scope
 Measurement of atmospheric noble gases for radioactive isotopes, 

(radio-Xenon in particular) is an important tool in the detection of nuclear 
proliferation activities
 Measure isotopic abundances of Xenon samples by means of optical 

hyperfine spectroscopy
 The apparatus utilizes a Ti:sapphire laser that is large, complex, and 

expensive
 Comb techniques offer simplification of laser scanning, with an eye on 

portability for field deployment (in a van or aircraft).

Presenter Notes
Presentation Notes
Scope:  Procure medical 133Xe to measure its hyperfine structure in the fast beam experiment in the TAMU laboratory. The results of the natural and medical isotopes should allow us to confidently model the responses of the other radioactive species..

Benefit:  Laser spectroscopy of atomic hyperfine structure can be used to quantitatively measure isotope and isomer concentrations of radioactive noble gases, and it is potentially several orders of magnitude more sensitive than nuclear detection techniques currently in use.

Deliverables:  A field deployable unit.

Figure: At TAMU we are already using an optical comb as a frequency fiducial on the discharge cell experiment.​.Below is visual of dual comb modulation.










12

Measurements for Combined Gamma-Ray and Video Modalities 

Project Scope
 Combine contextual video classification and weather information 

data with Nevada National Security Site (NNSS) in-house gamma 
identification algorithms to aid in convolution neural network source 
identification
 Provide rich stationary and mobile datasets for gamma identification 

algorithm training
 Extend applicability space of NNSS’s Northern Virginia Radiation 

Sensor Array (NoVArray) from dataset generation to information 
generation
 Refurbish old nodes with current comms and edge compute 

hardware
 Contextual video classification and weather information to aid in 

convolutional neural network (CNN) source ID

Presenter Notes
Presentation Notes

Scope:  Perform hardware upgrades and develop real‐time data collection and analysis workflows for persistent gamma sensors.

Benefit:  NA‐22 has demonstrated interest in these sort of multimodal platforms (MINION, EMU), and we anticipate future attention from state and local governments, including our current collaborators in Northern Virginia and Los Angeles.

Deliverables:  New NOVArray will collect, curate and analyze a large multimodal dataset of weather, video, and radiation data.

Figure: Embedded Systems Box Solidworks Model​
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Surface Gas Sampling Payload for Autonomous Underwater 
Vehicles

Project Scope
 Develop a gas sampling payload for an autonomous 

underwater vehicle (AUV)​
 Focus on the method of sampling – not sample analysis, not 

host platform​
 Challenge is to autonomously control this system at the 

sea/air interface in real-world open water conditions – must 
ensure we collect clean samples

Autonomous 
Underwater 
Vehicle (AUV)​

Presenter Notes
Presentation Notes
Scope:  Develop a low-SWaP air sampling payload.

Benefit:  The sampling of high-interest gases by small AUVs provides a new tool to the United States, allowing for autonomous collection on a global scale. This capability will enable sponsors to autonomously execute missions. Furthermore, the development of a subsea payload will extend the NNSS’ abilities to a new frontier, bringing further interest and funding from sponsors to the NNSS..

Deliverables:  Air sampling payload on a commercial-off-the-shelf (COTS) AUV.

Figure: Autonomous Underwater Vehicle (AUV)​ and air sampler.​
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Microwave Detection through Thin Films

Project Scope
 Exposure to microwaves in certain power/frequency regimes can 

cause harmful health effects
 Electronic microwave detectors require calibration and are cost 

prohibitive for issuance to a large workforce or in device limited 
areas
 We hope to leverage a microwave catalyzed reaction that results 

in thin film deposition with an associated physical color change 
to create a TLD-like badge for microwave exposures

Presenter Notes
Presentation Notes
Scope:  Create a low tech, low cost, material based microwave detector that produced a visual indication of exposure to low power and time durations and began to design, and test a wearable prototype.

Benefit:   used by the DOE that can be used by personnel who risk microwave exposure as part of their work environment, such as radar technicians, personnel who work on radio and communication towers and equipment, or personnel who work in RF testing environments.

Deliverables:  A low tech, low cost, visually indicating microwave detector that can be used as PPE for personnel who risk microwave exposure as part of their work environments.
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AR/VR CBRN Solution for Emergency Responders

Project Scope
 Use Android smart device sensors and systems to create low-

cost, external probes used by First Responders to more 
accurately and completely simulate chemical, biological, 
radiological, nuclear, and high explosive detection in virtual and 
augmented reality training programs

Presenter Notes
Presentation Notes
Scope:  Additional technology includes a GPS engine, that improves location accuracy by 80%, accelerometers the improve location accuracy of the probe and distance accuracy of the range to target. .

Benefit:   R&D on this existing suite of powerful software will allow safer training at home, office, or public venues, while creating authentic, plausible situations: chemical or biological releases, simulated high levels of hazardous materials including radioactive fallout, and nuclear materials. Integration of new GPS III technology, indoor beacon ranging, radio / audio ranging, and triangulation will enable interior location and proximity simulated contamination. 

Deliverables:  improve stability and accuracy of the calculated distance from responder to source using GPS advances, and as-yet untested ranging techniques. Indoor location accuracy issues will be overcome.

Figure: The innovation is the use of Android smart device sensors and systems, for the purpose of improving a DTRA tool that emulates First Responders CBRNE detectors in all their functionality, as well as in their detection capability. 
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Spatially Aware Multi-Modal Directional Radiation Detection

Project Scope
 Explore spatially aware platforms that combine multiple inputs to 

estimate detector measurement locations and protocols for data 
exchange between sensors to develop methods to optimize 
detection and localization of radiation sources
 Improve anomaly detection and 2D radiation-source localization 

for both gamma and neutron radiation sources
 GPS-denied environments are most relevant, but tracking 

solutions that are adequately sophisticated will redefine the state 
of the art.

Presenter Notes
Presentation Notes
Scope:  Developing a  solution to mapping radiation measurements in GPS denied environments. 

Benefit:   Existing radiation detection systems utilize alarming algorithms that are temporal, and the localization of a potential threat currently requires manual methods and operator skill. If alerted using existing systems, the operator can rotate using body shielding to affect count rate or use a finder mode with tones that increase as the count rate increases. 

Deliverables:  Develop algorithms for determining optimal data for inclusion into existing localization algorithms. 

Figure: Hardware/Software Architecture​. Spatial Awareness:​ Ultra-wideband (UWB)​; Inertial Measurement Unit (IMU)​; RGB-Depth Camera​; Lidar​. Sensor Filtering and Fusion. Swarm Data Exchange. Share Results​. Optimize Data for Inclusion. Solve Localization and Spatial ​Anomaly Detection. 
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Cloud-Based Meta-Analysis with Adaptive Learning for Massive 
Sensor Networks

Project Scope
 Search sensor data aggregation and performance 

optimization by integrating historical data, fusing data and 
results from existing detection algorithms, and statistical 
analysis.​

 Use meta-analysis and machine learning to quickly identify 
equipment abnormalities, optimize model parameters, 
autonomously adjudicate and prioritize anomalies... thus 
increasing threat detection probability and analyst sensor 
throughput.​

 Migrate sensor analytics from the edge to the cloud.  We will 
not be focusing on cloud computing yet... Focusing first on 
optimization.​ Figure depicts frequency of use and sensor data archive volume over 

last decade for the NNSS‐managed Microsoft Azure cloud environment 
utilized for the NNSA's federal nuclear emergency response teams. 
Currently no analytics utilize any of this data, and instead anomaly 
detection assessments are made on time series snippet from a single 
sensor. This system is ripe for the application of meta‐analysis and 
adaptive learning.

Presenter Notes
Presentation Notes
Scope:  Migration of sensor analytics from the edge to the cloud and subsequent meta‐analysis and adaptive learning will be used to spark a renaissance for the nuclear search mission. Unification of the sensor data enables a host of cross‐cutting techniques not currently possible with the edge‐based analytics employed by
all commercial systems.

Benefit:   Global analytics, autonomous adjudication, and subsequent anomaly prioritization for the analysts.

Deliverables:  Improved detectability, 30%, reduced false alarm rate, 3x, autonomous adjudication of alarms, 10x, and a dramatic increase in monitored sensor throughput per analyst, 15x. 

Figure: Figure depicts frequency of use and sensor data archive volume over last decade. 
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Additive manufacturing of structural and 
pixelated/discriminating scintillators

Project Scope
 To develop a capability at the NNSS that can AM plastic 

scintillators for prototyping and quick turnaround mission 
requirements​

 To prove reliability of AM scintillator designs that could be used in 
imaging and radiation detection systems​ AM Scintillator in Source 

Range Testing in NLV​

Resin and dopant mixing Resins were then loaded into the 3D printer

Presenter Notes
Presentation Notes
Scope:   Develop a capability at the NNSS that can additive manufacture plastic scintillators for prototyping and quick turnaround mission requirements.

Benefit:   Allow NNSS to rapidly prototype novel composite scintillators, leverage on-going work in materials at STL and LLNL. It will allow us to pursue routes toward doped plastic and composite materials that are a single structure; from a doping region through a collimation region to a detector coupler. 

Deliverables:  Produce 3D printed scintillators that compare to commercially available cast plastic scintillators. 

Figure: AM Process.












19

Novel photon-counting detector concept for high-
resolution radiographic imaging

Project Scope
 Demonstrate The Concept​
 GEANT4 simulations:  gammas, neutrons (thermal/fast)​
 Laboratory with EMCCD cameras and Xcitex software​
 Image construction methods

Neutron imaging is important to 
DNN, NA-22, and Global Security 
applications​

Presenter Notes
Presentation Notes
Scope:   Develop a new imaging detector that will improve on both detection efficiency and spatial resolution. 

Benefit:   Neutron imaging can provide enhanced contrast in material ID and feature recognition when combined with (or independently from) the relatively mature X-ray imaging. 

Deliverables:   Demonstration of the concept by imaging individual scintillation events within a scintillator crystal.. 

Figure: Schematic diagram of the concept shown from the side.
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Fundamental Experiments for Detonation Signature Modeling

LHS: Proof of concept testing of prompt detonation particle charge with 
detonation chamber (using RP30-detonator) and Channeltron, in STL 
acrylic boom box. RHS: Dispersion model output showing material 
dependent relative permittivity and conductivity as a function of photon 
energy (O'Neill). Output from Bolsig+ showing sparks predicted by MAUI 
and Bolsig+ (Chris Kueny, LLNL). .

Project Scope
 Particulate shock tube studies​
 Multi-material studies to include metals, metal 

oxides, semiconductors to explore impacts of 
fundamental material characteristics, such as 
permittivity, conductivity and breakability, on 
discharge production and optical reflectance 
and extinction​
 Develop MSTS supersonic gas modeling 

capabilities ​
 High Explosive Mass Spectrometry (HE-MS)​
 Pairing detonation chamber (DC) with mass 

spectrometer (ToF) to permit direct 
measurement of detonation particle (DP) mass-
to-charge ratios (m/z) milliseconds post-
detonation

Presenter Notes
Presentation Notes
Scope: Measure carbonaceous particle mass-to-charge ratios (m/z) milliseconds post-detonation. If deemed feasible we will pair a detonation chamber (DC) with an ion mobility mass spectrometer (IMMS) to also obtain particle mobility. Charge measurement will support improved explosive particle evolution models leading to better forensic evaluation of post-detonation materials & an improved understanding of prompt signatures. 

Benefit: The DNN WDD portfolio seeks to characterize weapons development activities using both prompt electromagnetic signatures associated with charged particles, & by forensic analysis of particles post-detonation.

Deliverable: Measured m/z on high explosive (HE) post-detonation particles (DPs) roughly 3 ms following detonation.

Figure: Testing with Detonation Chamber.
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Incorporation of Geologic Data into Centralized Database

Geologic data is a key parameter for 
advanced nuclear treaty monitoring​

Project Scope
 compile the data into a centralized database, preserving the 

data and making it accessible to our scientists and stakeholders​
 Establish SQL Importer for Geophysical Logs​
 Migrate the Data​
 Digitize and Import Paper Logs​
 Migrate Access Data​
 Modify our database​

Database software 3D geologic model

Presenter Notes
Presentation Notes
Scope:   Locating, organizing, digitizing, and importing historic and legacy data into a centralized relational database.  

Benefit: Propagation of seismic energy and migration of explosion gases are greatly influenced by the geologic medium in which they are produced. Geologic and geophysical data are the core parameters to advanced nuclear treaty monitoring. Digitizing and securing our geologic data ensure we have information preserved and readily available to meet the needs of the NNSA.

Deliverable: Incorporate all NNSS borehole geological and geophysical data into a central location hosted on an NNSS server.

Figure: Geologic software, model, and database.
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Optical Remote Sensing for Facility Monitoring: An Integrated 
Approach to Modeling, Simulation and Sensors
Project Scope
 Create an integrated remote sensing capability for facility and test bed 

characterization.  ​
 Develop an integrated approach that combines simulation and modeling of 

facilities with our airborne and ground-based sensing capabilities to predict 
activities at surrogate NP sites.  ​
 Integrate two GOTS HSI sensors into airborne and ground-based configurations.​
 Create a optical radiometric spatial/spectral simulation of an NNSS Test Bed. 
 Multi-sensor data collection at NNSS: Goal = enhanced quantification.​ 

Characterize activities and NNSS sites as NP surrogates.

Completed initial BG8 bench test setup.​
In process of cabling and verify 
connections with undocumented 
hardware.

Figure (left) shows a simplified model of activities at a 
production facility.  Aperture releases are heat and 
effluents fugitive releases.  Effluent releases are from 
stacks.  Heat generated in processes and interior 
turbulence impact what is observed externally just as 
exterior forces impact internal air flow. Figure 1 (right) 
shows the relationships between two existing and two 
proposed FY24 projects regarding facility monitoring. 

Presenter Notes
Presentation Notes
Scope:   Ground‐based and airborne hyperspectral sensors will be reconfigured as primary data sources in Year 1. From interior facility CFD simulations in SDRD 23‐016 Year 2, and limited exterior CFD simulations in this work, DIRSIG plume models will be created to simulate sensor performance in Year 2. A combined airborne and ground‐based data collection will occur at an NNSS test bed. 

Benefit: This integrated ground‐based/airborne simulation/acquisition capability will be essential for our remote observation of NNSS test beds, the development of new remote sensing algorithms ﴾material ID and thermal﴿, and pattern‐of‐life analysis
techniques for facility characterization.

Deliverable: A combined airborne and ground‐based data collection will occur at an NNSS test bed. 

Figure: Simplified model of activities at a production facility.
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Spatial Spectral Observations from Near and Far
Project Scope
 Identify spatial and spectral signatures of surface materials that 

characterize the experimental design and proliferation intention of 
underground weapons testing in vertical emplacement shafts.

 Collect coordinated airborne imaging and ground-based spectral 
measurements of emplacement shaft construction site during 
construction, testing, and shutdown to identify spatial-spectral 
characteristics.

 Using the high spectral resolution test data, simulate satellite- based and 
high-altitude aircraft-based surveillance optical imaging systems to 
gauge their utility in remote detection and assessment of underground 
weapons testing construction. Hyperspectral 

image 
analysis of 
RVDC 
testbed

Presenter Notes
Presentation Notes
Scope:   Identify spatial and spectral signatures of surface materials that characterize the experimental design and proliferation intention of underground weapons testing in vertical emplacement shafts.  

Benefit: Early detection and characterization of an underground weapons testing program is critical intelligence for the formation of national nuclear proliferation policy. 

Deliverable: A remote sensing solution will be developed to detect and characterize vertical underground testing activity from start to end and its applicability to satellite-based systems for monitoring in denied territories will be defined. 

Figure: Rock Valley Direct Comparison (RVDC) Testbed and data.
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Feasibility of reoccupying historic testbeds for future 
experiments

Project Scope
 Deployable capability for ground truthing remote sensing systems in 

areas where open air gas plume releases are not allowed.​
 NNSS remote sensing testbed asset.​
 Develop an optical target with controllable variables (temperature 

differential, concentration) for improved sensor calibration.

Presenter Notes
Presentation Notes
Scope:   The enhanced GETBAGS system will provide a deployable capability for ground truthing airborne and ground-based remote sensing systems as part of our historic NNSS testbeds which contribute nuclear proliferation detection missions.  The features of GETBAGS allow for sensor characterization can be done with minimal personnel in shuttered test locations, and in areas where gas plume releases are impractical or not allowed. .  

Benefit: Test bed development has become a significant focus for DNN and the NAS Consensus Study Report specifically calls out growth in these efforts. 

Deliverable: Improve the state-of-the-art in calibrated gas targets and fully integrate the technology into a first-in-class, NNSS Test Bed capability for use by the USG
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Questions?



Backup Slides – NNSS Capabilities



NNSS Capabilities by Location
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Location Missions

► North Las Vegas Facility: Provides management, administration and mission 
support services (including the Machine Shop) for the Site and related facilities.

► Remote Sensing Laboratory – Nellis: Provides support for a number of 
National Nuclear Security Administration missions, including radiological 
emergency response, securing nuclear materials domestically and abroad from 
terrorists and criminals, preventing nuclear proliferation to rogue states and 
terrorist organizations, and making radiological sensing systems more easily 
deployable to real-world events.

► Remote Sensing Laboratory – Andrews: Provides the same support mission 
on the East Coast as RSL-Nellis provides on the West Coast, but with additional 
emphasis on activities protecting the nation’s capital.

► The Site: Supports the stewardship of the 
nation’s nuclear deterrent, provides 
emergency response capability and training, 
contributes to key nonproliferation and arms 
control missions, supports national security 
customers through strategic partnership 
programs and addresses the environmental 
legacy of the Cold War though 
environmental management programs.
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Location Missions
► New Mexico Operations (Los Alamos & Sandia offices): Provides on-

site support for Los Alamos National Laboratory and Sandia National 
Laboratories, primarily involving stockpile stewardship experimentation and 
related activities to be conducted at the NNSS and on lab platforms. 

► Livermore Operations: Provides on-site support for Lawrence Livermore 
National Laboratory, primarily involving stockpile stewardship and related 
activities to be conducted at the NNSS and on lab platforms.

► Special Technologies Laboratory: 
Provides support for national security 
missions, particularly involving the 
intelligence community.

► Counterterrorism Operations 
Support – New York: New York-
based staff provide nuclear and 
radiological incident response training 
to first responders throughout the 
country. Special Technologies Laboratory
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Capabilities at The Site: Big Explosives Experiment 
Facility (BEEF)

BEEF is a site at which NNSA can conduct high explosives 
experiments without using special nuclear materials

–Up to 50,000 lbs TNT-equivalent
–Stockpile stewardship
–Counter terrorism
–More than 200 high-explosive tests since the 1992 moratorium
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Capabilities at The Site: Baker Site

The NNSS Baker Site is a facility that 
supports high explosives (HE) 
activities. This site ensures the 
availability and capability to safely and 
securely receive HE shipments, store 
HE, and assemble units that are used in 
experiments at the NNSS. It is 
composed of a series of bays, bunkers, 
office areas, and a machine shop. Baker 
Site can be used as a DOE facility for 
warhead maintenance, storage, and 
dismantlement. Baker Site would permit 
testing technologies in a 
bunker/assembly bay environment.
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Capabilities at The Site: JASPER

JASPER gas gun

BreachSecondary and primary 
containment chamber

Joint Actinide Shock Physics Experimental Research facility

JASPER control 
team and gunners

“The data are crazy good.”
– Pat Ambrose, LLNL Principal Investigator
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Remote Sensing Laboratories (RSL) - Nellis Air Force Base and 
Joint Base Andrews

24/7/365 Nuclear Incident Response Assets

On-Call Teams for Radiological Emergencies

Deployable Field Teams / Home Team 
Reachback

Aircraft – Unique Aerial Detection Capabilities   
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Training and Exercises
• Interoperability – WINGS, etc.
• National Level Exercises
• Monthly proficiency exercises
• Regular exercises with interagency partners
• Advanced training for RAP

Nuclear Response Division (NRD) Support to National 
Security

National Special Security Events (NSSE) 
and high-SEAR events
• Presidential Inaugurations
• Annual State of the Union
• Political Conventions
• Super Bowl
• Boston Marathon

Real World Events 
• Lost or Stolen Sources
• Nuclear Power Plant accident – Fukushima Japan Response
• Disasters – Hurricane Katrina, Cerro Grande Fire, Woolsey Fire

International Outreach
• Training events
• Technical exchanges
• CONUS or OCONUS locations
• Over 800,000 miles traveled in a typical year
• Interaction with 20+ countries per year
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STL 5520 HQ (TS)
• Mission Support
• Engineering Development
• Electronics Manufacturing
• SCIF
• Secure Communications

STL 5540
• Science Laboratories
• Software Engineering
• Mission Support

Building 226 Complex
Test & Evaluation Facility
• Laser Range
• Shielded Radiation Facility
• Explosives Facility
• Chemistry Labs
• Shipping & Receiving

Chemistry, Optics, Metrology Labs

Boombox 
Bunker

Gas & Powder 
gun Bldg.Laser Range

Febetron Lab
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Special Technologies Laboratory (STL)
Santa Barbara Campus

Presenter Notes
Presentation Notes
Metrology – Support boom box experiments, 2D photometric maps of metal samples – holographic look
Gas Gun – 2000 psi

Laser range - support TTL development & testing
Febetraon – 1 Mev

Zoned “industrial”
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Capabilities at STL

o Remote sensing technology
o Optical systems R&D
o Explosion signatures research
o Enabling materials
o Advanced analytics
o Treaty verification research
o Chemical trace detection
o Simulation and modeling
o Ground truth and source term 

measurement

o Prompt diagnostics 
development

o Spectroscopic and optical 
techniques

o Experimental physics
o Stockpile experimentation
Modeling
Mechanical design
Fabrication and metrology
Execution
Analysis

o Software and cyber
o Supply chain assurance
o Operational technology
o Consequence driven 

assessments
o Physical system security

o RF & communications systems
o System development and 

integration
o Custom packaging
o Electronic and mechanical 

prototyping
o Reverse engineering
o Low-power embedded electronics
o AI/ML at the low-power edge
o Assembly and fabrication

Forging Solutions for National Security 
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Capabilities of Los Alamos, Livermore, 
and Sandia Operations

► High-speed electro-optical instrumentation
► Optics and fiber-optic systems
► Modeling and data analysis
► Photonics and electronic imaging
► Data Analysis

► National Institute of Standards and Technology accredited x-ray, optical, 
and high energy laser calibration labs supporting High Energy Density 
(HED) diagnostics

► Sole U.S. capability for custom photomultiplier tube fabrication
► Calibration source development
► Modeling and data analysis

► Radiographic source development
► Mechanical design for Z containment
► Shock physics diagnostic development 
► Velocity Interferometer System for Any Reflector (VISAR) and radial 

Photonic Doppler Velocimetry (PDV) development and fielding

Los Alamos Office
Los Alamos, NM

Livermore Operations
Livermore, CA

Sandia Office
Albuquerque, NM
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