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Research Projects

• Development of Alternative Unplugging 
Technologies: The Peristaltic Crawler

• Low Level and Mixed Low Level Waste 
Treatment Technology Identification

• Development of Inspection Tools for DST 
Primary Tanks



Background Information

• The first retrieval of radioactive material at the 
Hanford Site began in 1944. 

• High level waste at Hanford has many different 
chemical compositions and physical characteristics.

• The earliest tanks to hold the HLW were single-shell tanks (SSTs). These SSTs 
have outlived their useful life and it has resulted in leakage of  waste into the 
surrounding soil. 

• The later double-shell tanks (DSTs) consist of  a first tank surrounded by a 
secondary containment tank. The external shell of  the DST provides an 
additional barrier. 

• There is to be a complete transfer of  this HLW to secure 
double shell tanks by 2040. 

• This transfer is done via pipelines



To continue the transfer of waste through the 
pipelines, our goal is to create a peristaltic 
crawler as an unplugging tool/technology 

capable of pulling its own weight to accurately 
locate the blockages and remove plugs that exist 

in pipelines

Operate 
below      

300 psi

Maneuver 
through a 90º 

ELBOW with a 
4.25 inch turning 

radii

Survive in a 
RADIOACTIVE 

environment

Fit within 
7.62 cm inner
diameter pipes

Objective Design Metrics

• High level waste at Hanford has many different 
chemical compositions and physical characteristics.

• Some of  the pipelines have formed blockages due to 
particle settling, phase changes, or reactions 
accompanied by gel formation that occur during 
transport.



System Explanation

The peristaltic crawler is a pneumatic/hydraulic operated tool that propels itself  by 

a sequence of  pressurizations/depressurizations of  its inner tubes. It has three air 

cavities with front and rear rims for the inner and outer bellows. The bodies inflate 

and deflate in sequence. The changes in pressure result in a worm like motion of  

the vessel by peristaltic movements. The crawler includes a frontal attachment that 

has a hydraulically powered unplugging tool.



• Outer hydroformed bellow so that it can be 
pressurized and when pressurized extends forward for 
forward movement

• Edge welded inner bellow to decrease the stiffness of  
the assembly 

• Uses 316 stainless steel rims for HLW environment 
durability and stainless steel clamps on rubber

• All parts welded together eliminating potential leak 
points

Third Prototype



Improved Third Generation

• Inspection camera mounted at front of  crawler to 
provide visual feedback of  pipeline conditions

• New design of  front rim to improve packaging of  
features onto crawler

• Thinner walled outer hydroformed bellow to improve 
navigational maneuverability.

• Pneumatic valves are be located behind the crawler 
unit (not at the control station) to significantly reduce 
cycle time

• Improve automation of  sequence to avoid kickback
• Separate elbow navigation program



Components

Omron programmable logic controller (PLC) uses 
ladder programming and twin timers for 
automation of  locomotion

500 ft long tether-reel assembly system of  three 
pneumatic lines, one hydraulic line, and one multi-

conductor cable jacketed together. 

Water proof  Pneumatic valve container to 
protect pneumatic valves near the crawler



Results: Speed

3rd generation: 
• Bellows set to 50 psi and rims at 60 psi
• Straight line navigational speed: ≈ 19 ft/hr

Improved 3rd generation: 
• Bellows set to 10 psi and rims at 90 psi 
• Straight line navigational speed: ≈ 38 ft/hr



Results: Maneuverability

3rd generation: 
• Bellows set to 50 psi and rims at 60 psi
• The crawler successfully travelled through a 

4.25 inch radius elbow in ≈ 10 min

Improved 3rd generation: 
• Bellows set to 20 psi and rims at 90 psi
• The crawler successfully travelled through a 

4.25 inch radius elbow in ≈ 6 min 



Large Scale Testing 
and Unplugging



Research: The Peristaltic Crawler



Conferences

Waste Management Symposia 2013
• Location: Phoenix, AZ
• Outcome

• 1 Student Poster

15th ICEM 2013 Conference
• Location: Brussels, Belgium
• Outcome

• 1 Published Papers
• 1 Oral Presentations



2012 Poster 
Competition

2013 Research Day



Low Level and Mixed Low Level 
Waste Treatment Technology 

Identification

Summer Internship at DOE Headquarters with
Office of Waste Management (EM-31) 
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Background

• The U.S. DOE and U.K. Nuclear Decommissioning Authority (NDA) 
entered into a mutually beneficial Statement of Intent in 2007 to exchange 
information concerning the management of radioactive waste and the 
decommissioning and clean-up of nuclear installations.

• Sharing information on radioactive waste treatment technologies will 
support waste management and clean-up objectives for both countries.   

• The NDA commissioned a report that identifies opportunities to optimize 
the management of U.K. orphan waste, including identification of existing 
treatment capabilities.  

• These opportunities and capabilities may also be applicable to the U.S. 
DOE   



Purpose & Objective

• OBJECTIVE: 
Develop concise information describing current and historical United States 
(U.S.) commercial and federal low-level waste (LLW) and mixed low-level 
waste (MLLW) treatment capabilities and potential treatment technology 
needs for U.S. Department of Energy (DOE) waste streams

• PURPOSE:
The information will be shared with the United Kingdom (U.K.) Nuclear 
Decommissioning Authority (NDA) to support exchanges on U.S. and UK 
MLLW treatment capabilities, with a particular focus on technologies to 
address orphan (challenging) waste streams that lack a disposition path.



Past Companies/Technologies

• Look Back – What companies and technologies used to exist

• 1996 Report “Review of Private Sector and Department of Energy 
Treatment, Storage, and Disposal Capabilities for Low-Level and Mixed Low-
Level Waste”





Past Companies/Technologies 
Conclusion

• From the 42 companies that existed in 1996 to treat and dispose of either LLW 
or MLLW only 24 continue to exist today. 

• Of the 24 that exist today in 2013, only 11 continue to have treatment 
capabilities on site.

• Of the 11 identified with treatment capabilities, only 5 currently accept waste 
from DOE Sites.
– Energy Solutions
– Permafix
– Philotechnics
– Studsvik
– Waste Control Specialists



1) Waste Categories Table
2) U.S. M/LLW Technology 

Treatment Matrix 
3) Supporting Summary 

Description of Current 
U.S. Federal and 
Commercial MLLW 
Treatment Capabilities



Waste Groups & Their 
Descriptions

• Using the DOE Waste Treatability Group Guidance report, six 
broad waste categories were identified.

1. Liquids / Aqueous Liquids / Slurries / Organic Liquids
2. Solids / Homogeneous Solids
3. Soil / Gravel
4. Debris Waste
5. Lab Packs
6. Special Waste Forms

• Descriptions were completed to go into further detail of what 
specific waste would be included in each category. 

• Based on the interpretation of the descriptions provided by the U.K. 
of their waste categories, the table also lists the U.K. category titles 
that would fall into the broad U.S. categories.



U.S. Waste Groups & their 
Descriptions Table



1) Waste Categories 
Table

2) U.S. M/LLW 
Technology 
Treatment Matrix 

3) Supporting Summary 
Description of 
Current U.S. Federal 
and Commercial 
MLLW Treatment 
Capabilities. 



Data Collection

Surveys sent out to 
– Perma-Fix Environmental Services, Inc.

(Renee Echols, Senior Vice President)

– EnergySolutions
(Paul J. Larsen, Senior Vice President of Business Development)

– Studsvik, Inc. 
(Andy Avila, Sales Manager)

– Waste Control Specialists LLC
(Matt LaBarge, Technical Services Project Manager)





The 1st matrix 
correlates U.S. 

treatment 
technologies to 

U.S. waste 
streams. 



The 2nd matrix 
is for the 

purpose of 
collaboration 
with the U.K. 

Vendors 
identified 

which of their 
available 
treatment 

technologies 
would be 
capable of 
treating the 

waste. 



1) Waste Categories Table
2) U.S. M/LLW Technology Treatment Matrix 
3) Supporting Summary Description of Current U.S. Federal and 

Commercial MLLW Treatment Capabilities



Summary of Treatment 
Technologies

• Specific details of each available technology 
were researched
– Summary description
– Applicability
– Specific example of applicability
– Advantages/disadvantages
– Stage of development





Conclusion

• This information will be useful for future collaborations

• The U.S. has been able to learn from past challenges 
and improve the development of new technologies. 
Many countries can benefit from our lessons learned.

• The five companies surveyed are the main treatment 
options for the U.S. DOE waste streams.



2013 Poster Competition
Outcome: 2nd Place 



Conference

Waste Management Symposia 2014
• Location: Phoenix, AZ
• Outcome

• 1 Student Poster
• 1 Panel Presentation

• Others:
• 092 Panel: UK/USA Partnering Across the Pond - Accomplishments and

Lessons Learned
• 021 Emerging Treatment Technologies for LLW, ILW, and Mixed Waste

• Innovative Treatment of Problematic (Orphan) and Other Organic
Wastes: An Excellent Example of International Technology Transfer
between the US and the UK



Development of Inspection Tools for 
DST Primary Tanks

Ms. Gabriela Vazquez and Ms. Jennifer Arniella
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Background

• Tank waste was found in the annulus of tank AY-102.

• An inspection tool is required to isolate and pinpoint the source of 
the material entering Tank AY-102 annulus space

• There are three possible entry points:

1. Air Channels Under Tank

2. 6” Leak Detection Piping

3. 4” Air Supply Piping



Background

• Washington River Protection Solutions (WRPS) has contracted three companies to modify 
their existing inspection technologies to travel into the piping and/or refractory pad 
channels to provide visual feedback of the tank bottom.

• FIU has had discussions with engineers at Hanford 
and will propose alternative designs – specifically 
for traveling through the cooling channels.

• It is believed that the waste leaked from the tank 
bottom and flowed through the cooling channels of 
the refractory pad to the annulus. 

• FIU has begun developing technologies based on 
lessons learned from industry proposed designs



Development of Inspection Tools 
for DST Primary Tanks

Path 
• Channels arranged in 3 sections: (1) 17 feet of 1 ½“by 1 ½“  square slots (2) 12 

feet 1 ½“by 2” square slots  (3) 7 feet of 1 ½“by 3“ square slots

• Channels are of small size slots with sharp 90° turns connecting sections 

• 72 outer ring entry points



Development of Inspection Tools 
for DST Primary Tanks

Objective: To develop an inspection that navigates through the 
refractory pad air channels under the double shell tanks at Hanford

Design parameters 
• Device will be remote controlled

• Device will be inserted through a riser to the annulus floor

• Images would be videoed for future reference

• Device will need to be radiation hardened

• Device will withstand relatively high temperatures 

• Device must not subject the channel walls to pressures greater than 200 psi, 
the compression strength of the refractory material. 



Development of Inspection Tools 
for DST Primary Tanks

Potential Limitations and Risks
• Debris in channel may limit travel of inspection tool
• Damaged refractory channels could impact inspection
• Not able to inspect channels that have excessive dried salt
• 90° turns present a challenging design parameter
• Excessive corrosion on tank
• Equipment Failure
• Depending on conditions in channel, the tool could possible 

become stuck



Development of Inspection Tools 
for DST Primary Tanks

Sample of proposed technologies from companies



Development of Inspection Tools 
for DST Primary Tanks

Proposed Concept: 
• The body would consist of a camera with attached 

tether and motors connected to magnetized “tank 
tread” wheels. 

• To avoid building up debris while crawling through 
the channel on the refractory pad and potentially 
destroying the refractory pad, the proposed design has 
magnetized wheels so that it can run upside down 
along the bottom of the tank. The continuous track 
was favored over wheels so as to increase the surface 
area along the tank. 

• The “tank tread” and its wheels would also be sized 
larger than the body of the inspection tool so in case 
it falls from the top, the tool can continue to run on 
the refractory pad. 



Development of Inspection Tools 
for DST Primary Tanks

Path Forward 
• System Design
• Procurement of Components and Fabrication for Proof of Concept 

Prototype
• Functional Testing
• Modifications required as a result of testing
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