
 

STUDENT SUMMER INTERNSHIP TECHNICAL REPORT 
 

Comparative Evaluation of Robotic Systems 
for DOE EM Applications 

 

DOE-FIU SCIENCE & TECHNOLOGY  
WORKFORCE DEVELOPMENT PROGRAM 

 
 

Date submitted: 

September 5, 2025 

 
Principal Investigators:  

Carlos Perez de Alejo (DOE Fellow Student) 
Ravi Gudavalli, Ph.D. (Program Manager) 

Leonel Lagos, Ph.D., PMP® (Program Director) 
Florida International University 

 
Quincy Mason, Sr. Technology Program Manager (Mentor) 

Rodrigo Rimando, Director of Technology Development (Mentor) 
U.S. Department of Energy – Office of Environmental Management 

 
 
 

Submitted to: 

U.S. Department of Energy 
Office of Environmental Management 

Under Cooperative Agreement # DE-EM0005213



 

 

 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 

government. Neither the United States government nor any agency thereof, nor any of their 

employees, nor any of its contractors, subcontractors, nor their employees makes any warranty, 

express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, 

or usefulness of any information, apparatus, product, or process disclosed, or represents that its 

use would not infringe upon privately owned rights. Reference herein to any specific commercial 

product, process, or service by trade name, trademark, manufacturer, or otherwise does not 

necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 

government or any other agency thereof. The views and opinions of authors expressed herein do 

not necessarily state or reflect those of the United States government or any agency thereof. 

 



FIU-ARC-2024-800013920-04C-005             Comparative Evaluation of Robotic Systems  

 iii  

 

EXECUTIVE SUMMARY  

This research work has been supported by the DOE-FIU Science & Technology Workforce 

Development Initiative, an innovative program developed by the U.S. Department of Energy’s 

Office of Environmental Management (DOE-EM) and Florida International University’s Applied 

Research Center (FIU-ARC). During the summer of 2025, a DOE Fellow intern, Carlos Perez de 

Alejo, spent 10 weeks doing a summer internship at DOE Headquarters in Washington, D.C. under 

the supervision and guidance of Quincy Mason, Sr. Technology Program Manager and Rodrigo 

Rimando, Director of Technology Development. The intern’s project was initiated on June 2, 2025, 

and continued through August 8, 2025, with the objective of evaluating robotic commercial-off-

the-shelf systems in EM 3.2 with the intention of writing a final proposal evaluating compliance 

with federal executive orders necessitating a need for research development and proposing 

alternatives. 
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1. INTRODUCTION  

The U.S. Department of Energy’s Office of Environmental Management (DOE-EM) is responsible 

for addressing legacy nuclear waste challenges across multiple facilities, including the Hanford 

Site in Washington and the Transuranic Waste Processing Center (TWPC) in Oak Ridge, TN. Both 

sites present technical and operational difficulties due to aging infrastructure, deteriorated 

containment systems, and worker exposure to hazardous conditions. These challenges necessitate 

the development of advanced robotic platforms and wearable systems to reduce risk, increase 

efficiency, and ensure compliance with federal funding directives that prioritize innovation when 

commercial technologies are insufficient. 

The first area of investigation was the Robotic Platform Task Change Request (TCR) for the 

Hanford Site Cleanup. Hanford’s underground tanks and structures require precision repairs that 

involve weld bead removal, grinding in confined tanks, and valve repair on curved or vertical 

surfaces. Human entry into these environments is unsafe, and existing robotic systems are not 

designed to function under these conditions. The objective of this internship, therefore, was to 

evaluate Argonne National Laboratory’s (ANL’s) TCR proposal, determine whether current 

commercial off-the-shelf (COTS) systems could address these requirements, and assess whether 

DOE innovation funding is warranted. 

The second area of focus was the Mobile Robotic Hot Cell and Glovebox System at TWPC. Oak 

Ridge Reservation processes transuranic (TRU) waste, and current methods expose personnel to 

elevated radiation during overpacking operations. Low-level waste is handled through gloveboxes 

or personal protective equipment (PPE), while high-level waste requires remote manipulation 

within hot cells. These tasks demand robotic platforms with high payload capacity, dexterity, and 

radiation resistance. The objective was to compare DOE’s proposed mobile robotic system with 

existing COTS systems and assess compliance with executive orders that require efficient federal 

investment when market technologies fall short. 

The third project examined Wearable Robotics for Worker Safety across DOE-EM sites, including 

Los Alamos National Laboratory, Hanford Site, Oak Ridge Reservation, Savannah River Site, and 

the Waste Isolation Pilot Plant (WIPP). Workers are frequently tasked with physically demanding 

operations that result in musculoskeletal strain, even with protective equipment. Wearables, such 

as exosuits with self-contained breathing apparatus, have been introduced to mitigate strain during 

activities such as transport, manual excavation, and lead blanket lifting. At WIPP, neck-support 

exosuits are being deployed for frequent overhead bolt replacement in salt-lined uranium disposal 

chambers. The objective was to assess the utility of these wearables in DOE cleanup work, 

compare them with potential robotic replacements, and determine whether exosuits represent a 

viable long-term solution. 
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2. RESEARCH DESCRIPTION 

The research was based on a literature review and comparative analysis of commercially available 

robotic systems against DOE-proposed technologies. All evaluations were conducted with 

consideration of compliance with federal executive orders, which require justification for 

innovation funding when commercial systems cannot satisfy operational requirements. 

For the Hanford robotic platform TCR, the analysis demonstrated that multiple repair tasks 

demand stable contact forces, compensation for surface irregularities, and the ability to overcome 

unexpected resistance without manual recalibration. Commercial solutions such as Remote 

Orbitals Engineering’s axial crawler were reviewed. While this system provides effective surface 

blasting and pipelining capabilities, it is optimized for linear axial operations and lacks the full 

degrees of freedom necessary for Hanford’s repair environment. Wearable robotic approaches 

were also considered, but cost and payload limitations rendered them infeasible. The conclusion 

was that ANL’s proposed crawler is justified, as no COTS system integrates the required features 

of high-payload manipulation, radiation shielding, AI-assisted control, and digital twin simulation. 

For the TWPC mobile robotic hot cell system, the evaluation emphasized the need to minimize 

worker exposure during TRU waste processing. Current glovebox and hot cell methods cannot 

accommodate the payload, dexterity, and shielding requirements of high-level radioactive waste. 

No commercial system offers the combination of features necessary to manage this environment. 

As a result, DOE-led innovation represents the most efficient and compliant approach for 

developing a mobile robotic platform suited to TWPC’s needs. 

For wearable robotics, analysis revealed that musculoskeletal strain remains a common hazard at 

DOE-EM sites. While commercial exosuits have demonstrated utility in manufacturing and 

warehouse settings, their application in nuclear cleanup is limited due to variability in working 

environments and the unpredictable nature of field operations. Exosuits have been deployed for 

tasks such as shoveling and bolt tightening, but their design is not optimized for DOE conditions. 

Alternative strategies, such as hybrid systems that pair exosuits with robotic assistance or fully 

robotic replacements for repetitive tasks, may provide superior long-term solutions. 

 

Figure 1. Wearable robotics roadmap. 
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3. RESULTS AND ANALYSIS 

The comparison between COTS systems and DOE-proposed platforms demonstrated that the 

capabilities of commercial technologies are not sufficient for DOE-EM operational demands. At 

Hanford, side-by-side evaluation showed the contrast between the Remote Orbitals Engineering 

crawler and the ANL-proposed Hanford robotic platform. 

Table 1. Comparison of Crawler and Proposed Hanford Bot 

Capability Crawler Hanford Bot 

Task 
Pipeline blasting and 

lining 
Multi-modal repair (grinding, welding, cutting) 

Force 

Control 

Optimized for axial 

thrust 
Precision 3D contact manipulation 

Environment Large diameter pipes 
Confined tank interior, vertical access shafts, complex 

3D void spaces 

The analysis indicates that the crawler is highly effective in axial and repetitive industrial tasks but 

cannot adapt to the precision requirements of Hanford’s repair environment. In contrast, the 

proposed Hanford platform emphasizes force stability in three dimensions, enabling complex 

contact tasks across irregular surfaces and confined geometries. 

For wearable robotics, an evaluation was performed across multiple task categories to determine 

the suitability of COTS exosuits and robotic systems for DOE field applications. 

Table 2. Comparison of COTS Systems and their Feasibility within DOE Projects 

Task Tech Option Advantages DOE Application Notes 

Overhead Bolt 

Replacement 

IX Shoulder Air with 

neck support 

Reduced 

shoulder and 

neck strain 

Suitable for extended overhead 

inspection tasks requiring neck 

stabilization 

Overhead Bolt 

Replacement 

EKSO EVO or Hilti 

EXO-01/S 

Spring-assisted 

arm support 

Best fit for static vertical tasks such 

as overhead bolting or ceiling wiring 

Bolt Tightening 

HYTORC or ITH 

hydraulic torque 

wrenches 

Repeatable 

ergonomic torque 

Appropriate for repetitive torque 

applications with minimal operator 

strain 

Bolt Tightening 
MIRAI AI-assisted 

control 

Automated 

torque repetition 

Potential high-value application 

inside shielded cells 

Drum Lifting 

and Handling 

X Back Air or 

Guardian XO 

powered exoskeleton 

Reduces lower 

back stress 

Powered units most suitable for 

laboratory or repetitive vertical 

lifting tasks 

Grip Tasks 
MR Hand 

Exoskeleton 

Reduces hand 

fatigue and 

injuries 

Similar to Ironhand evaluated at 

Savannah River National 
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Task Tech Option Advantages DOE Application Notes 

Laboratory; applicable for glovebox 

manipulation 

The analysis revealed that while wearables reduce strain for specific tasks, they remain limited by 

durability in harsh cleanup environments. Devices such as torque-assisted tools and powered 

exosuits are beneficial in controlled settings, but in DOE field applications their effectiveness is 

constrained. This highlights the potential benefit of transitioning toward robotic replacements for 

repetitive or hazardous operations. 

For the TWPC hot cell system, results confirmed that no COTS system integrates high payload 

manipulation with radiation shielding and fine dexterity. DOE’s proposed system offers the first 

configuration capable of addressing this set of requirements, justifying further investment. 
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4. CONCLUSION 

The evaluation concluded that DOE-proposed systems are justified across all three areas of 

investigation. For Hanford, COTS systems lack the ability to meet the complex requirements of 

confined, high-risk repair tasks, supporting the necessity of ANL’s TCR proposal. For TWPC, 

market technologies do not provide sufficient payload, dexterity, or shielding to handle high-level 

radioactive waste, justifying investment in a DOE-developed mobile robotic hot cell system. For 

wearable robotics, while exosuits provide short-term ergonomic benefits, they are limited in 

application under DOE-EM conditions. Hybrid or fully robotic systems represent a more effective 

long-term approach to reducing worker strain and ensuring safety. 

These findings demonstrate alignment with federal directives that prioritize innovation when 

commercial solutions are inadequate and confirm the necessity of DOE-led development to 

advance nuclear site cleanup and worker protection. 
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