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Mission: The Radiological Engineering, Detection, and Dosimetry (RED²) Laboratory, led by Dr. Shaheen 
Dewji, conducts innovative, interdisciplinary research focusing on harnessing both computational capabilities in 
Monte Carlo radiation transport modeling and experimental measurements for applications in radiation detection, 
radiation protection and shielding, dosimetry, health physics, and nuclear materials accounting.
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RED2 Laboratory Status and Outlook
• Fall 2023 Research Group
• 10 Ph.D. students
• 3 M.S. students
• 5 undergraduate students
• 1 Post-doctoral Fellow and 1 Research 

Engineer

• Student Awards
• 2021-2022 2 Health Physics Society 

Graduate Fellowships
• 2022-2023 4 Health Physics Society 

Graduate Fellowships
• 2022-2023 American Nuclear Society  Everitt 

P. Blizard Memorial Graduate Scholarship
• 1 DOE NEUP Scholarship + 1 HPS 

Scholarship
• 1 Best Paper Award (2022 Annual Meeting 

of HPS)
• 2023-2024 2 Health Physics Society 

Graduate Fellowships
• 2023-2024 1 American Nuclear Society 

Graduate Fellowship

• Laboratory (Boggs 3-30)
• 6 Mirion NAIS 2x2 NaI detectors with digital base
• Male CIRS Atom Phantom
• Landauer microSTAR® ii Medical Dosimetry 

System
• Mirion SPIR-ACE LaBr3
• Sources (check, point, area)
• On Deck: ADVACAM AdvaPIX Timepix3 hybrid 

pixelated detector 
• PACE High Performance Computing 

• Teaching
• Fall 2021: MP6402 Radiation Dosimetry
• AY2023-2024 – New course – Internal Dose 

Assessment
• Professional

• National Academies of Science, Engineering, and 
Medicine (NRSB, LDR study)

• General Chair – 14th International Conference on 
Radiation Shielding/2022 American Nuclear 
Society Radiation Protection and Shielding Division 
(Sept. 2022)

• Board of Directors, American Nuclear Society
• Board of Directors, Health Physics Society
• 1 Podcast (NPR Outside/In)
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RED2 Laboratory – Active Research Collaborations
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RED2 Research Highlight 1: Enhancement of Biokinetics using 
Physiologically-Based Models for Internalized Radionuclides
• Challenge: Following mass population exposures from 

radiological or nuclear (RN) events, radionuclide biokinetic 
models can be used to determine the time-dependent activity 
concentrations of internalized radionuclides in tissues/organs

• Goal: Construct realistic biokinetic models representative of an 
exposed non-reference population or Warfighter 
• lack of consideration of basic physiological processes, from 

defining realistic source terms from RN events 
• translation to mechanistic parameters that define inhalation intake 

kinetics, uptake into blood, and excretion
• Employ CFPD to correlate realistic source-lung deposition behavior 

for public
• Impact: Proposed expansion in biokinetic modeling will for the 

first time allow in-vivo assay and prediction of the efficacy of 
novel decorporation agents in humans following an acute RN 
uptake for a representative population.

• First use of machine learning in this field (Bayesian neural 
networks, convolutional neural networks, Random forest, 
Hidden Markov Chain)

• Extended application: PBPK for radiopharmaceutical therapies

Funding is provided by NIH 1P01AI165380-01, Department of Defense - 
PRMRP W81XWH2110984.
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RED2 Research Highlight 2: High Energy Physics Radiation Protection 
and Shielding Design

• MEC-U facility at SLAC • FLASH Radiotherapy at SLAC
Use of metaheuristic genetic algorithms for 
shielding optimization (Nelder Mead Simplex)

Final 
Temperature [K]

%electron 
Fluence

Penumbra 
[cm]

Difference from 
FWHM [cm]DR [GY/s]Tar_TBSTTBSRLT2TTR3R2RIUncObjFRun

22810.67%0.2140.009560.1110.850.175.410.030.110.090.220512179NMSS 
Final

23360.67%0.2180.01154.20.1110.850.175.410.030.110.090.2129122411

23680.64%0.2170.01554.30.1110.850.175.410.030.110.090.191301001227
22

24960.64%0.2180.00047.60.1110.850.175.410.030.110.080.21201101218
93

24230.64%0.2110.00450.00.1110.850.175.410.030.10.090.21291101215
44

22380.70%0.2270.02560.30.1110.850.175.49.520.110.090.2136124645

23910.63%0.2190.00052.40.1110.850.175.1310.030.110.090.21191001214
46

22530.66%0.2180.00853.90.1110.850.165.410.030.110.090.2124122147

24690.68%0.2170.00157.80.1110.30.175.410.030.110.090.21321001212
98

23740.75%0.2190.00559.30.110.850.175.410.030.110.090.21332001218
49

23600.64%0.2160.00953.40.1110.850.175.410.030.110.090.211181001220
010

23360.67%0.2180.01154.20.1110.850.175.410.030.110.090.21291224111

23360.67%0.2180.01154.20.1110.850.175.410.030.110.090.21291224112

24570.65%0.2130.00148.60.1110.850.175.410.530.110.090.21201101214
213

23220.67%0.2210.00155.50.1110.850.175.6710.030.110.090.21271217314

23360.67%0.2180.01154.20.1110.850.175.410.030.110.090.21291224115

22310.66%0.2180.00052.10.1111.390.175.410.030.110.090.21211213316

23360.67%0.2180.01154.20.1110.850.175.410.030.110.090.21291224117
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RED2 Research Highlight 3: Advanced Reactor Safeguards and 
Security

• (A) Risk-informed consequence-driven 
advanced reactor licensing from new 
regulatory language in 10CFR Part 53

• Lagrangian vs. Gaussian atmospheric 
dispersion for microreactor model using 
physical-security-informed source term

• Establishes areas outside EPZ cannot 
exceed 1 rem (0.01 Sv) threshold

• (B) Nuclear material accountancy and 
hold-up for molten salt reactor systems

SOARCA GPM SOARCA PIC INL HPR GPM

5 
 

While other modeling tools exist for thermal hydraulic solutions, reactivity core calculations, etc. of MSRs, 
the flexibility that TRANSFORM provides, coupled with recent improvements and validation of the code, 
make it a powerful tool to investigate chemical and physical phenomena on a system-wide MSR level. The 
object-oriented nature of the Modelica language allows for easy integration of new code packages and 
model elements. The TRANSFORM package already includes several different configurations of fuel-salt 
mixtures that act as a fluid flow medium, allowing fission products, actinides, and fuel salt isotopes (Li, 
etc.) to be tracked over any period of reactor operations. Time-dependent concentrations of any user defined 
traced substances can be recorded throughout simulations at any model location. Each system component 
is comprised of discretized volumetric nodes, and various measurement sensors can be defined either for a 
volumetric node or on a boundary between nodes. With the integration of surface chemistry packages and 
electrochemical models, the interactions between quantified trace substances can be simulated with the 
material properties of various system components. This research will apply new packages to the existing 
TRANSFORM build which will allow the simulation to demonstrate deposition phenomena as this is 
integral to modeling hold-up over the life-cycle of an MSR.  
 
Other types of boundary conditions can be defined to better model other transfer conditions. This data can 
be used to determine how fission product signatures vary with time and fissile content burnup, which is 
used to inform an MC&A plan about key measurement locations and detector and infrastructure 
requirements for fuel removal and disposal.  
 
4. Proposed Scope 
 
The overall goal of this project is to develop scalable 
evidence-based strategies for mass accountancy during 
disposal of fuel-salt-wetted MSR components. 

A combined experimental and modeling approach is 
proposed, outlined in Figure 3. To begin, a novel non-
destructive measurement and detection method will be 
tested on a static pipe containing fluoride salt with natural 
uranium bearing salt. Next, the measurement method will be 
used to identify the post-drainage location and amount of 
hold-up in a laboratory-scale flowing molten salt loop 
designed to emulate an MSR primary circuit. Finally, a 
computational model of hold-up in an MSR primary circuit 
will be constructed and validated using data collected in the 
loop experiment. 

 
5. Logical Path to Accomplishing Scope 
 
5.1 Task 1 – Measure fuel location in a drained static 

salt pipe 
As an initial test of the transmission densitometry method, a 
static testing system will be constructed in which a gamma 
source and detector are positioned on opposite sides of a 
static pipe section, as shown in Figure 3 (top). The pipe-
sections will be sized to match the pipes in the flowing experiment, and will be filled with LiF-BeF2 (FLiBe) 
salt with controlled additions of 0%, 2% and 6% molar UF4. The filled pipe sections will be thermally 
cycled (minimum 40 cycles) for 500 h between 500°C and 700°C in a standard laboratory tube furnace, 
then drained and cooled to mimic deposition during operation followed by drainage. The drained pipes will 
be used as “standards” for calibrating the densitometry technique. Transmission densitometry techniques, 
which have been conducted prior by the Co-PI for uranium-bearing flow material, will be used with selected 

Figure 3. Combined experimental and 
modeling approach for holdup MC&A in 
MSR components. [4,5]  
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Questions!

Contact:
sdewji@tamu.edu
https://red2.engr.tamu.edu
@TAMURED2

Contact:
shaheen.dewji@gatech.edu
red2@me.gatech.edu  
https://sites.gatech.edu/dewji/  
@DewjiRED2

Follow us on LinkedIn! 
(and Twitter/X)

RED2 
Laboratory 
Website

Contact Info (.vcf)

mailto:shaheen.dewji@gatech.edu
mailto:red2@me.gatech.edu
https://sites.gatech.edu/dewji/

