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Topics

 Introduction to Defense Environmental Cleanup

 Office of Environmental Management

 Gaseous Diffusion Plant Decommissioning

 Challenge of Assaying Residues of Enriched Uranium

 Pipe Crawling Assay Measurement System

 Closing Remarks
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Defense Environmental Cleanup

Addressing the Nuclear Weapons Legacy
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Defense Environmental Cleanup

MISSION OF OFFICE OF ENVIRONMENTAL MANAGEMENT
Safe cleanup of the environmental legacy created by the
Manhattan Project, the ensuing Cold War nuclear arms
race, and the early years of federal government‐sponsored
nuclear science research and technology development
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Mission Areas

Liquid Radioactive 
Waste Processing & 

Disposition

Nuclear Facility 
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Mission Areas

Solid Radioactive 
Waste Treatment, 
Storage & Disposal

Nuclear Materials & 
Spent Nuclear Fuel 

Management
Science & Technology
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Initial Scope of Legacy Cleanup

30
States

130
Sites

>10K 
Units

$200 ‐
$350
billion

75
years
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30 Years of Legacy Cleanup

91
of 107 
sites

>$170
billion

30
years

what’s done?

risk
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Decommissioning Successes:
Hanford Site Production Reactors

of Hanford’s nine production reactors have been placed in interim, 
safe storage allowing radioactive decay before final demolition

more reactors will be 
placed in safe storage 
in the next few years2

reactor was configured for public access because of its historical 
significance (world’s first full‐scale plutonium production reactor)

6

1
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Decommissioning Successes:
Savannah River Site Production Reactors

of Savannah River Site’s five reactors are entombed

reactors are used for temporary storage of 
special nuclear materials and spent fuel

2

2 1 was 
converted

to a decontamination 
facility

Entombed P‐Reactor

Entombed R‐Reactor

Repurposed 
K‐Reactor

Repurposed C‐Reactor

Repurposed 
L‐Reactor
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Decommissioning Successes:
Test and Research Reactors

research reactors of various designs 
across the DOE complex are in 
various phases of decommissioning

>75
Chicago Pile 5

Experimental
Boiling Water 
Reactor

Brookhaven Graphite
Research Reactor

Heavy Water Components Test Reactor
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Decommissioning Successes:
Other Nuclear Facilities

>715
other nuclear and 
radioactive facilities 
have been 
decommissioned
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Remaining Legacy Cleanup

>50
years

>$250
billion

what’s left?
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Decommissioning
Portsmouth Gaseous Diffusion Plant

Innovative Solution to
Address Unique Challenges of
Uranium Enrichment Facilities
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Portsmouth Gaseous Diffusion Plant
Piketon, Ohio
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Over 15 miles of process piping to assay
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Pipe Crawling Activity Measurement System 
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PCAMS RadPiper Robot

42‐inch
piping

30‐inch
piping



www.energy.gov/EM 19

RadPiper During Mock‐Up Testing
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Exploded View of RadPiper



www.energy.gov/EM 21

Disc‐Collimated Detector Assembly

Canberra Model NAIS‐2x2
Sodium Iodide Scintillation Detector
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Gamma Counting Regions of View
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Visual Camera with LED Array
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Geometry Profiler (LiDAR Mapping)
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Localization (In‐Pipe Position)

Track (Rotary) Encoders

Single‐Point Laser 
Rangefinder 
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User Interface (NDA Technician):
Wireless Tablet
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Autonomous Operation

Idle QC Check

Forward

Approach

Backward

QC Check 2

Backward 
Error

 State machine

 Checks for 
errors
 Out of disk 

space
 Motor error
 Low battery
 High pitch
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Near Real‐Time Data

Localized U‐235
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Interpreting Data Flags


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User Graphical Interface & Display
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Automatically Generated and Archived
Quality NDA Reports
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Expected Benefits

 Quality Data (NDA‐1) for
 Nuclear Criticality Safety
 Waste Characterization and Disposal

 Enhanced Safety
 Construction
 Occupational
 Radiological  ALARA

 Schedule Acceleration
 Faster Assay (4 inches/minute vs 9.8 feet/minute)
 Automated quality data and reporting

 Cost Savings  $10 million to $50 million per facility
 Improved Data and Records Management
Work Easier
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Final Remarks
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Next Generation

 Designs are being investigated and/or developed
 3- to 24-inch piping

 Pipe bends, elbows

 Vertical piping

 Process components
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ROBOTICS

Micro‐
processors, 
Micro‐

electronics
3D Printing, 

New Materials

Wireless 
Comms ‐WiFi, 
Bluetooth

Wired Comms
‐ Fiber optics

Sensory 
Perception

Sensors

Localization, 
Mapping, 
SLAM

Artificial 
Intelligence

Machine 
Learning

Simulators, 
Virtual Mock‐

ups

Common 
Language ‐

ROS

Data 
Management, 
Cloud, Big 

Data

Virtual Reality, 
Augmented 

Reality, Hybrid 
Reality, Mixed 

Reality

Power 
Supplies, 
Batteries

Internet of 
Things

Technology Fusion

35
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Robotics Technology Thrust

High‐Hazard, High‐Consequence, High‐Risk Tasks
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Dangerous

Dirty

Difficult

Dull

Broad Relevance and Utility
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Worker‐in‐the‐Loop

 Complex tasking

 Complex configurations

 Unknown, unstructured and/or changing environment

 Varying nature and extent of CBRNE

 Decision‐making, reasoning

 Anticipation, prediction, reaction

Maintain positive control
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Rapid Technology Maturation

1
• Scientific research begins translation to applied 
R&D

2
• Practical applications can be invented

3
• Active R&D is initiated

4
• The basic technological components are 
integrated and tested in a simulated environment

5
• Component and/or breadboard validation in 
relevant environment

6
• Representative model or prototype system  is 
tested in a relevant environment

7
• Demonstration of an actual system prototype in 
an operational environment

8
• Actual technology completed and qualified 
through test and demonstration

9
• Technology proven through successful operations

1
• Basic principles observed and reported

2
• Technology concept and/or application 
formulated

3
• Analytical and experimental critical function 
and/or characteristic proof of concept

4
• Component and/or breadboard validation in 
laboratory environment

5
• Component and/or breadboard validation in 
relevant environment

6
• System/subsystem model or prototype demoed in 
a relevant environment (ground or space)

7
• System prototype demonstration in a space 
environment

8
• Actual system completed and “flight qualified” 
through test and demonstration (ground, space)

9
• Actual system “flight proven” through successful 
mission operations

1

2

3

4

5

6

7

8

9
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Rodrigo (Rod) V. Rimando, Jr.

rodrigo.rimando@em.doe.gov
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I’m sorry attendees.
I’m afraid this 
briefing has just 
been terminated.

2001: A Space Odyssey

HAL 9000 (Heuristically programmed ALgorithmic computer)


