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Introduction 
 

The Applied Research Center (ARC) at Florida International University (FIU) executed work on 

five major projects that represent FIU-ARCôs continued support to the Department of Energyôs 

Office of Environmental Management (DOE-EM). The projects are important to EMôs mission 

of accelerated risk reduction and cleanup of the environmental legacy of the nationôs nuclear 

weapons program. The information in this document provides a summary of the FIU-ARCôs 

activities under the DOE Cooperative Agreement (Contract # DE-EM0000598) for the period of 

April  1 to June 30, 2014.  

 

The period of performance for FIU Year 4 under the Cooperative Agreement was September 17, 

2013 to May 17, 2014 and the period of performance for FIU Year 5 will be May 18, 2014 to 

May 17, 2015. Therefore, the activities and accomplishments described in this summary report 

are divided between the FIU Year 4 and FIU Year 5 periods of performance:  April 1 to May 17 

and May 18 to June 30, respectively. Highlights during this reporting period include: 

 

Program-wide:  

¶ During this reporting period, FIU completed development and uploaded a total of five (5) 

Year End Report (YER) documents covering the technical period of performance for FIU 

Year 4 (September 2013 ï May 2014) on June 30, 2014 (available on FIUôs DOE 

Research website: http://doeresearch.fiu.edu/SitePages/2014.aspx). FIU coordinated with 

DOE-EMôs Technical Monitor (Mr. John De Gregory) and DOE HQ technical leads for 

all five projects under this cooperative agreement.  

¶ In addition, FIU received consolidated comments from DOE HQ on the FIU Year 5 

Continuation Application (CA) on May 13, 2014. FIU incorporated the suggested 

revisions, developed resolutions to the comments, and sent the CA back to the DOE on 

June 12, 2014. The Continuation Application documents are submitted to the Department 

of Energyôs Office of Environmental Management (DOE-EM) on an annual basis as part 

of the DOE-FIU Cooperative Agreement (under Contract # DE-EM0000598). The 

proposed projects represent FIU-ARCôs technical support to DOE EM in the area of 

environmental remediation and workforce development. 

¶ FIU also developed detailed Project Technical Plans (PTPs) to guide the completion of 

the work scope during FIU Year 5 and sent these to DOE on June 17, 2014. 

Project 1:   

¶ A summary document associated with milestone 2013-P1-M2.1.1 was sent to EM-21 and 

site contacts on 4/18/14. This document details the engineering scale testing of the 

asynchronous pulsing system. A summary document associated with milestone 2013-P1-

M2.2.1 was also sent to EM-21 on 4/18/14. This document details the modeling of plugs 

in HLW pipelines and the effects pipeline geometry has on plug formation.  

¶ A summary document associated with Milestone 2013-P1-M19.1.1 was sent to EM-21 on 

4/18/14. This document provides a summary of the data analysis for the jumpers in the 

242-A Evaporator Pit and the AW-02E Feed Pit.  

http://doeresearch.fiu.edu/SitePages/2014.aspx
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¶ A draft experimental test plan for subtask 18.1.2 was sent to EM-21 on 4/25/14. The test 

plan provided information for the phase 2 testing of FIUôs SLIM to detect residual waste 

during pulse jet mixer (PJM) cycling.  

¶ A draft summary report associated with Subtask 2.2.1 was sent to EM-21 and site 

contacts on 5/2/14. This document details the computational fluid dynamics modeling of 

plug formation using the software package Comsol.  

¶ A draft summary report associated with Subtask 19.1.1 was sent to EM-21 on 5/2/14. 

This document details the analysis of the data analysis for jumpers in the 242-A 

Evaporator and the 241-AW-02E Pit.  

¶ A draft summary report associated with Subtask 18.2.2 was sent to EM-21 and site 

contacts on 6/9/14. This document details the development of a dynamic simulation 

model of the inspection tool for the AY-102 refractory pads.  

¶ A draft summary document associated with milestone 2013-P1-M17.1.2 was sent to EM-

21 and site contacts on 6/9/14. This document details the results on the non-Newtonian 

modeling of mixing multiphase flows.  

¶ Draft topical reports for the asynchronous pulsing system and the peristaltic crawler were 

sent to EM-21 and site contacts on 6/16/14.  

¶ A draft topical report for task 17.1 was submitted on 6/19/14 to EM-21 and the site 

contacts.   

¶ A draft summary document associated with milestone 2013-P1-M2.1.2 was sent to EM-

21 and site contacts on 6/18/14.  

¶ Finally, FIU participated in the EM-21 program review teleconference on 6/17/14. 

Project 2:  

¶ For task 1, two deliverables titled ñProgress report on characterization of new samples 
prepared to minimize nitratine impactò and ñProgress report on atomic force microscopy 

(AFM) assessment of bacterial cells exposed to U(VI)ò were completed and sent to DOE 

contacts on 4/21/2014 and 4/30/2014, respectively. 

Project 3:  

¶ Project 3 re-scoping discussions were held during this reporting period with the Savannah 

River Site and DOE HQ (EM-12 and EM-13). Conference calls were held on April 15 

and 16, 2014 and new work scope which focuses on remediation and treatment 

technology at SRS and utilizes the capabilities developed under Project 3 was developed 

and submitted for approval.  

¶ A technical report deliverable on ñGeodatabase structure, customizations and scripting 

capabilitiesò for Task 3.4: Geodatabase Development for Hydrological Modeling Support 

was submitted to the DOE OR site and HQ contacts on 4/18/2014.   

¶ The final technical report for Task 4: Geodatabase Development for Hydrological 

Modeling Support, associated with the Project 3 FIU Year 4 Carryover Work Scope, was 

completed and submitted as an Appendix to the FIU Year 4 Year End Report (available 
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on FIUôs DOE Research website: http://doeresearch.fiu.edu/SitePages/2014.aspx) on 

6/30/14.  

Project 4:   

¶ FIU completed milestone 2013-P4-M3.5, deployment of popular content displays on 

D&D KM -IT, and sent the link to DOE for review/testing on 4/24/2014.  

¶ FIU completed milestone 2013-P4-M2.2, draft report on the aging infrastructure across 

the DOE complex and sent the report to DOE on 5/2/2014.  

¶ FIU also completed milestone 2013-P4-M3.6, D&D management through contributions 

in Wikipedia and sent a draft summary report to DOE on 5/9/2014.  

¶ Finally, FIU completed milestone 2013-P4-M5.1, the development and deployment of the 

environmental contamination and remediation model and sent the link to DOE for 

review/testing on 5/16/2014.  

Project 5:  

¶ A total of 9 DOE Fellows started their summer internship assignments in June and will 

spend their summer of 2014 working at DOE program offices or on environmental 

research projects under the guidance of their site mentors. Locations for the internships 

include DOE HQ (EM-12 and EM-13) in Washington, DC; Hanford, WA; Richland, 

WA; and Savannah River, SC. 

¶ Six new DOE Fellows were hired during the Spring 2014 recruitment process and began 

their DOE Fellowship on June 9, 2014. The new DOE Fellows, all undergraduates, are 

majoring in mechanical engineering (2), environmental engineering (2), electrical 

engineering (1), and biomedical engineering (1).  

 

FIU Year 4 Carryover Work Scope 

 

The activities described in the Continuation Application for FIU Year 4 were planned 

for a period of performance from September 17, 2013 to May 17, 2014. However, a 

portion of the funding from Year 4 was provided near the end of the year and scope 

associated with these carryover funds is being performed in addition to scope 

associated with FIU Year 5. To differentiate the work scope, the carryover scope 

activities from FIU Year 4 being performed during FIU Year 5 are highlighted in gray. 

 

 
The program-wide milestones and deliverables that apply to all projects (Projects 1 through 5) 

for FIU Year 4 are shown on the following table: 

Task 
Milestone/ 

Deliverable 
Description Due Date Status OSTI 

Program-wide 

(All Projects) 

Deliverable Draft Project Technical Plan 10/17/13 Complete  

Deliverable Quarterly Progress Reports  Quarterly Complete  

Deliverable Draft Year End Report 6/30/14 Complete OSTI 

 

http://doeresearch.fiu.edu/SitePages/2014.aspx
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The program-wide milestones and deliverables that apply to all projects (Projects 1 through 5) 

for FIU Year 5 are shown on the following table: 

Task 
Milestone/ 

Deliverable 
Description Due Date Status OSTI 

Program-wide 

(All Projects) 

Deliverable Draft Project Technical Plan 06/18/14 Complete  

Deliverable Monthly Progress Reports Monthly On Target  

Deliverable Quarterly Progress Reports  Quarterly On Target  

Deliverable Draft Year End Report 06/30/15 On Target OSTI 

Deliverable 

Presentation overview to DOE 

HQ/Site POCs of the project 

progress and accomplishments 

(Mid-Year Review) 

11/21/14* On Target  

Deliverable 

Presentation overview to DOE 

HQ/Site POCs of the project 

progress and accomplishments 

(Year End Review) 

06/30/15* On Target  

*Completion of this deliverable depends on availability of DOE-HQ official(s). 
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Project 1 

Chemical Process Alternatives for Radioactive Waste 

 

Project Manager: Dr. Dwayne McDaniel 

Project Description 

 

Florida International University has been conducting research on several promising alternative 

processes and technologies that can be applied to address several technology gaps in the current 

high-level waste processing retrieval and conditioning strategy. The implementation of advanced 

technologies to address challenges faced with baseline methods is of great interest to the Hanford 

Site and can be applied to other sites with similar challenges, such as the Savannah River Site. 

Specifically, FIU has been involved in: analysis and development of alternative pipeline 

unplugging technologies to address potential plugging events; modeling and analysis of 

multiphase flows pertaining to waste feed mixing processes, evaluation of alternative HLW 

instrumentation for in-tank applications and the development of technologies to assist in the 

inspection of tank bottoms at Hanford. The use of field or in situ technologies, as well as 

advanced computational methods, can improve several facets of the retrieval and transport 

processes of HLW. FIU has worked with site personnel to identify technology and process 

improvement needs that can benefit from FIUôs core expertise in HLW.  

 

The following tasks were included in FIU Year 4: 

¶ Task 2: Pipeline Unplugging and Plug Prevention 

o Subtask 2.1 ï Development of Alternative Unplugging Technologies 

o Subtask 2.2 ï Computational Simulation and Evolution of HLW Pipeline 

Plugs  

¶ Task 17: Advanced Topics for Mixing Processes 

o Subtask 17.1 ï Multiple-Relaxation-Time, Lattice Boltzmann Model for High-

Density Ratio, Multiphase Flows 

¶ Task 18: Technology Development and Instrumentation Evaluation 

o Subtask 18.1 ï Evaluation of FIUôs Solid-Liquid Interface Monitor for Rapid 

Measurement of HLW Solids on Tank Bottoms 

o Subtask 18.2 ï Development of Inspection Tools for DST Primary Tanks 

¶ Task 19: Pipeline Integrity and Analysis 

o Subtask 19.1 ï Pipeline Corrosion and Erosion Evaluation 

The following tasks are included in FIU Year 5: 

¶ Task 2: Pipeline Unplugging and Plug Prevention 

o Subtask 2.1.1 ï Support for Potential Deployment of the Asynchronous 

Pulsing System and the Peristaltic Crawler 

o Subtask 2.2.1 ï 2D Multi-Physics Model Development  

¶ Task 17: Advanced Topics for Mixing Processes 
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o Subtask 17.1.1 ï Computational Fluid Dynamics Modeling of Jet Penetration 

in non-Newtonian Fluids 

¶ Task 18: Technology Development and Instrumentation Evaluation 

o Subtask 18.1.1 ï Evaluation of SLIM for Rapid Measurement of HLW Solids 

on Hanford Mixing Tank Bottoms 

o Subtask 18.1.2 ï Testing of SLIM for Deployment in HLW Mixing Tanks at 

Hanford 

o Subtask 18.2.1 ï Development of First Prototype for DST Bottom and 

Refractory Pad Inspection 

o Subtask 18.2.2 ï Investigation of Using Peristaltic Crawler in Air Supply 

Lines Leading to the Tank Central Plenum 

¶ Task 19: Pipeline Integrity and Analysis 

o Subtask 19.1.1 ï Data Analysis of Waste Transfer Components 

o Subtask 19.2.1 ï Development of a Test Plan for the Evaluation of 

Nonmetallic Components 

o Subtask 19.2.2 ï Preliminary Experimental Testing of Nonmetallic 

Components 

 

Task 2: Pipeline Unplugging and Plug Prevention 

 

Task 2 Overview 

 

Over the past few years, FIU has found that commercial technologies do not meet the needs of 

DOE sites in terms of their ability to unplug blocked HLW pipelines. FIU has since undertaken 

the task of developing alternative methods/technologies with the guidance from engineers at the 

national laboratories and site personnel. The new approaches that are being investigated include 

an asynchronous pulsing system (APS) and a peristaltic crawler system (PCS). Both technologies 

utilize lessons learned from previous experimental testing and offer advantages that other 

commercially available technologies lack. The objective of this task is to complete the 

experimental testing of the two novel pipeline unplugging technologies and position the 

technologies for future deployment at DOE sites. Another objective of this task is to develop 

computational models describing the build-up and plugging process of retrieval lines. In 

particular, the task will address plug formation in a pipeline, with a focus on the multi-physical 

(chemical, rheological, mechanical) processes that can influence the formation.  

Task 2 Quarterly Progress ï April 1 ï May 17, 2014 

Subtask 2.1: Development of Alternative Unplugging Technologies 

For the asynchronous pulsing subtask, efforts in April concentrated on completing unplugging 

tests. After analyzing the parametric testing results, it was decided to perform unplugging 

experiments using triangle, square, and sine waves at frequencies of 1, 2 and 3 Hz. A total of 

nine experiments were conducted and unplugging was achieved during each experiment. Table 

1-1 shows the results of each test, including the signal type, frequency, the average peak, trough 

and amplitude of both static and dynamic pressures, as well as the number of cycles and cycle 

time needed to unplug the pipeline.  
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Table 1-1. Unplugging Test Results 

 
 

An example of the pressure data obtained during the unplugging trials is provided in Figure 1-1. 

Prior to the unplugging occurring, the pressure profile on each side of the plug face has a sharp 

peak, while after unplugging, the profile amplitude is reduced and develops a flat peak. This 

change in the profile is due to water leaking past the blockage.  

 
Figure 1-1. Unplugging pressure profile for a triangle wave at 2 Hz.  

Additional efforts concentrated on completing the data analysis and reporting results. While 

analyzing the data, it was discovered that two unplugging trials had significantly shorter 

unplugging times than a majority of trials. Figure 1-2 shows pressure responses at each face of 

the plug for one of these trials. Since all plugs were manufactured using the same batch of kaolin 

and plaster of Paris,  it was concluded that the deviation was due to manufacturing variances 

which has been well documented in simulants made with kaolin clay. A second set of trials were 

Triangle 1 192.5 0 192.5 60.5 -6.75 67.25 1973 1973 33

Triangle 2 141.5 45 96.5 31.5 -3.4 34.9 2805 1403 23

Triangle 3 142.5 50 92.5 30 -6.5 36.5 15818 5273 88

Square 1 192.5 30 162.5 34 -31.5 65.5 2708 2708 45

Square 2 156 32.5 123.5 17 -35 52 4344 2172 36

Square 3 142 45 97 31.5 -15 46.5 9892 3297 55

Sine 1 197.5 17 180.5 58 -6 64 1816 1816 30

Sine 2 148 42 106 33 -5 38 5113 2557 43

Sine 3 137.5 55 82.5 9 -29 38 8162 2721 45

Signal 

Type

Frequency 

(Hz)

Static Pressure Transducer Dynamic Pressure Transducers
Cycle 

Count

Cycling 

Time 

(sec)

Cycling 

Time 

(min)

Average 

Peak (psi)

Average 

Trough 

Average 

Amplitud

Average 

Peak (psi)

Average 

Trough 

Average 

Amplitud
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repeated using plugs manufactured with the same material and procedure.  Operational 

parameters for the trials were repeated and the results were similar (in terms of unplugging 

times) with the general trends.  Figure 1-3 shows the results from a repeated trial. 

 
Figure 1-2. Pressure responses of an unplugging trial with significantly shorter unplugging time.  

 

 
Figure 1-3. Pressure results from a repeated unplugging trial. 

For the peristaltic crawler subtask, the experimental testing using the engineering-scale testbed 

was conducted. The hydraulic, pneumatic and electrical systems of the crawler were connected 

to the control station using the 500-ft tether. Prior to introducing the crawler at the inlet point, the 

pipeline was flooded and the ends were elevated to keep the water inside the pipeline. During the 

testing, the crawler navigated 41 ft before reaching the first elbow in 2 hours, 17 minutes 

(approximately 24 ft/hr). The time recorded to clear the first elbow was 16 min. After clearing 

the elbow, the crawler stopped navigating and it was necessary to uncouple the pipeline after the 

first elbow (Figure 1-4) to address any possible issues. Navigational tests of the crawler were 
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then continued from the crawlerôs last position in the pipeline. The longest distance recorded was 

60 ft with a total time elapsed of approximately 4 hours. 

 

Figure 1-4. Issues encountered after clearing the first elbow. 

During additional testing, the crawler navigated 41 ft in 2.25 hours and cleared the 1
st
 elbow in 

17 minutes. It was observed that higher pressures were required to continue crawling after the 

first elbow. Increasing the bellow pressure to 50 psi generated the necessary pulling force but 

required the sequence cycle to lengthen from 16 to 32 seconds to allow for deflation of the 

bellow. The longest navigational distance achieved after the 1
st
 elbow was 7 ft. 

For the experimental testing conducted to date, issues related to the durability of the crawler 

components were observed. These include premature damage of the pneumatic lines caused by 

cyclic pressurization and rupture of the front and back cavities. Although the unit was fatigue 

tested in prior testing, the unit was not fatigue tested under load (i.e. pulling the tether). The 

added axial load creates an increase of the stress concentrations on the rubber cavities at the 

clamp. Additionally, the increase in pressure and pressurization times of the pneumatic lines 

caused failures of the pneumatic connectors at the valves. Figure 1-5 shows the position achieved 

by the crawler after the first elbow and failure of the pneumatic lines. FIU determined that 

pneumatic lines rated to higher pressure were needed to prevent failure.  
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Figure 1-5. Largest distance achieved after elbow, failure of the pneumatic lines at the valves. 

Subtask 2.2:  Computational Simulation and Evolution of HLW Pipeline Plugs 

For the computational simulation of HLW pipeline plugs subtask, efforts were focused on 

developing a 2D numerical model that could simulate precipitation kinetics of solids growth in a 

pipeline. This required solving the three interfaces: 1) flow interface, 2) chemical reaction 

interface, and 3) mixture interface. The model geometry for the simulations consisted of a two 

dimensional (2D) horizontal pipe with a diameter of 0.078 meters and a length of 1.84 meters. 

The model inputs used for the three interfaces are shown in Figure 1-6. The flow output was used 

as input to the chemical interface to simulate an irreversible chemical reaction involving three 

species. The chemical reaction resulted in the formation of product species whose units were in 

terms of molar concentration. Since the mixture interface uses volume fraction as an input, the 

data output of the chemical interface was exported to a text file where the data was converted 

from molar concentration to volume fraction. Then, the text file with the conversion factor was 

imported back and used as an input condition to the mixture interface to simulate solids growth 

in a pipeline. 

 
Figure 1-6. Model inputs used for the numerical simulations. 

Flow 

Velocity: 0.01 m/s 

Chemical 

Reaction rate constant: 0.01 
mol/m3Ās 

Concentration of A: 6 mol/m3 

Concentration of B: 3 mol/m3 

Mixture 

Solids density: 2000 kg/m3 

Particle size: 100 µm 

Liquid density: 1000 kg/m3 

Liquid Viscosity: 0.001 Pa·s 

solids volume fraction: conversion 
factor*concentration of product C 
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The flow interface was solved first to compute the velocity fields within the model domain. The 

flow became fully developed once it passed the entrance region. The slice plot of flow velocity 

along the cross sections of the pipe is shown in Figure 1-7. The maximum velocity is shown by 

the red color. 

 

Figure 1-7. Velocity profile along the cross-sections of the pipe. 

The calculated velocity field from the flow interface was next used as an input to the chemical 

reaction interface to study the evolution of chemical species transported by diffusion and 

convection mechanisms. An irreversible, isothermal chemical reaction with three species 

(A+BŸC) was simulated within the pipe. Here, species A and B were the reactants and species 

C was the product that was formed. A reaction rate constant was applied that governed the 

reaction kinetics between the species.  The concentration of species A decreased from 6 mol/m
3
 

to about 4.5 mol/m
3
 as it became consumed as shown in Figure 1-8. 

 

Figure 1-8. Concentration snapshot of species A as it undergoes a chemical reaction. 
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The concentration of species C at the same time increased from 0 mol/m
3
 to about 1.8 mol/m

3
 as 

it was produced in the pipeline as shown in Figure 1-9. 

 

Figure 1-9. Concentration snapshot of species C as it was produced. 

The growth profile of product species C was next used to simulate solids growth in a pipeline. 

The idea was to model the precipitation kinetics which involves a gradual increase in solids 

concentration as they react. This translates into an increase in the volume fraction of solids in a 

pipeline. Since the concentration output of the chemical reaction interface is in molar 

concentration, the data was exported into Excel and converted to the volume fraction units. This 

required taking into consideration the molarity and solids density values. After the data 

conversion was completed, the data file was imported back into the model to simulate the growth 

of solids in a pipeline. The mixture interface consisted of two phases: a continuous phase which 

was water and a dispersed phase which was solids. The sum of the two phases was equal to 1. 

Initially the pipe had zero volume fractions of the solids (i.e., it was 100% filled with water). 

Hence, the volume fraction of the continuous phase was 1 at the start of the simulation. The 

volume fraction of the continuous phase decreased from 1 to 0.983 as the solids grew in the 

pipeline as shown in Figure 1-10. 
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Figure 1-10. Volume fraction of continuous phase along the pipe length. 

At the same time, the volume fraction of the solids increased from 0 to 0.017 as they were 

formed along the pipe length as shown in Figure 1-11. 

 

Figure 1-11. Volume fraction of dispersed phase along the pipe length. 
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In the past, the flow and chemistry modules in COMSOL were one-way coupled. The species 

modeled were diluted and their density was assumed to be that of water. The mixture interface 

that models the settling dynamics could not be coupled to the chemistry interface since the 

species did not have density as an input model parameter. Hence, a new model was created that 

could simulate two way interactions between flow and chemistry physics and aid in developing 

the precipitation model. The interfaces that seemed to suffice the model development approach 

include using the following two interfaces and coupling them: 

¶ Laminar flow with compressible formulation. This formulation allows for changes in 

density, which is needed because of the volumetric change caused by the dissociation 

reaction. 

¶ Transport of concentrated species. This handles the species transport in systems with 

high concentrations, where Fickôs law is not valid. 

The modeling efforts were focused on simulating coupled flow-gas interactions. The successful 

implementation of the coupling will next be extended to model flow-solid reactions.  

The implementation of two-way coupling required investigating the set-up process needed to 

couple the interactions. The COMSOL documentation guide and tutorials were reviewed to 

increase the knowledge base. After finalizing the two interfaces, the model geometry consisting 

of horizontal pipe was created and the mesh to partition the model domain was researched. It was 

determined that the use of a mapped mesh, which is structured, to discretize a long and thin 

geometry, typical for tubular pipes, was the optimal choice. 

Task 2 Quarterly Progress ï May 18 ï June 30, 2014 

FIU Year 4 Carryover Work Scope 

Subtask 2.1: Development of Alternative Unplugging Technologies 

Following the repeating of the unplugging trials for the asynchronous pulsing system, data 

analysis resumed, comparing pressure differentials, dynamic responses and cycle counts. During 

the analysis, it was observed that even though the plugs were unplugging, the system was not 

delivering the optimal pressure pulses to the plug. As can be seen in Figures 1-12 and 1-13, 

pressure transducer 4 recorded a higher reading than transducer 3. Since both transducers were 

calibrated before installation, the difference in pressure can be explained by small amounts of 

residual air trapped within the pipeline on the transducer 3 side.  
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Figure 1-12. Square wave pulse at 1 Hz. 

 
Figure 1-13. Triangle wave pulse at 1 Hz. 

Efforts next concentrated on developing several test strategies to systematically determine the 

systemôs limitations when air is entrapped in the engineering scale pipeline system. We have 

performed similar trials in the past with smaller pipe loops and used this data to estimate the 

effects and mitigation techniques for the larger pipeline. The following tests will serve as a 

validation and will include a variable that wasnôt present previously; namely the inclusion of a 
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sample test plug during the air mitigation process. The main concern is that applying the 

mitigation techniques would pre-fatigue the test plug before being able to accurately perform the 

unplugging testing. Currently, our test process includes a resting time to allow the air to 

agglomerate and travel, followed by applying a minor vacuum combined with several pulses to 

vibrate the water column. The vacuum serves to expand air pockets that may be trapped in 

crevices while the column vibration aids the air to travel towards the venting points. This 

mitigation process was performed in the past without a sample plug since this was conducted as 

part of performing parametric and baseline testing. We are considering the implementation of 

these removal processes to allow us to obtain data on the maximum amount of air within the 

pipeline where the system can still unplug. However, we must first determine if our mitigation 

techniques will pre-fatigue the sample and yield non-representative results. For this reason, plug 

fatigue tests are being developed to determine plug performance after exposure to air mitigation 

techniques within the pipeline. 

In addition, a topical report describing the evolution and testing of the asynchronous pulsing 

system was submitted to EM-21 and site contacts on 6/16/14 for review. 

For the peristaltic crawler subtask, the experimental testing using the engineering-scale testbed 

continued. The pneumatic lines were upgraded to handle higher pressures. During different trials 

of the navigational tests, failures in the front and back cavity were observed. Previous bench-

scale tests showed a life-time for the cavities of over 15,000 cycles. However, due to the 

deflection of the cavities caused by pulling the tether, stress risers along the circumference of the 

clamp resulted in a shorter life of the cavities. Figure 1-14 shows a failure of the rear cavity. 

Tests were continued by replacing the cavities each time they failed and re-starting the 

navigational from the last point along the pipeline. The largest distance recorded was 60 ft from 

the inlet point. After several attempts, a loss of vacuum was observed. It was concluded that 

atmospheric moisture accumulated in the vacuum pumpôs oil, preventing it from working 

properly. Figure 1-14 also shows the vacuum pumpôs oil saturated with moisture. 

 

Figure 1-14. Failure of the rear cavity, moisture accumulated in the vacuum pump. 

Efforts on the peristaltic crawler system next focused on repairs for the vacuum pump due to 

moisture accumulation. After replacing the oil, it was determined that the vanes needed 

lubrication for proper functioning. Once repaired, the pump was tested and connected to the 

crawlerôs vacuum port. Additionally, the design of a testbed to evaluate the PCS in a schedule 40 

pipeline was completed and the space requirements were approved. Figure 1-15 shows the layout 
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of the testbed. It includes two 21 ft and one 12 ft straight sections coupled together with two 90° 

elbows. In order to use the available resources, the two 21-ft threaded-end sections will be 

coupled to threaded-Victaulic fittings and the 12-ft section will be grooved in-house. 

 

Figure 1-15. Testbed for evaluating schedule 40 pipes. 

Additionally, a topical report detailing all the research to date for this task was provided to EM-

21 and site contacts on 6/16/14. A Year End Report corresponding to the work conducted in FIU 

Year 4 (FY13) and a summary document for the milestone corresponding to 2013-P1-M2.1.2 

was also submitted. 

 

FIU Year 4 Carryover Work Scope 

Subtask 2.2:  Computational Simulation and Evolution of HLW Pipeline Plugs 

A computational model was created, investigating the two-way coupling of flow and chemical 

interfaces. In the numerical approach implemented, species A reacts to form B as shown in the 

Figure 1-16. The conversion and reaction distribution was modeled as an isothermal tubular 

reactor under steady-state conditions.  
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Figure 1-16. Dissociation reaction in a pipe. 

Each mole of the reactant, A, reacted to form two moles of the product, B. As the dissociation 

reaction proceeds, the composition of the mixture changes from pure A at the inlet to a mixture 

of A and B. The dissociation led to a volumetric expansion of the gas mixture as the reaction 

proceeded. The fluidôs change in density influenced the gas velocity in the reactor, causing 

acceleration as the reaction proceeded. 

Under isothermal conditions, the Laminar Flow and Transport of Concentrated Species user 

interfaces in COMSOL Multiphysics were applied to solve the coupled model of the 

compressible Navier-Stokes equations and the Maxwell-Stefan convection and conduction 

equations. Figure 1-17 shows the velocity magnitude for the isothermal case at different cross-

sections of pipe. The velocity increases along the axis direction (z) because of the volume 

expansion of gas mixture during the proceeding of reaction. The maximum of velocity was found 

at the center of the tube due to the no-slip on the side surface 
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Figure 1-17. Velocity magnitude at different cross sections of pipe. 

Figure 1-18 shows the mass fraction of species B for the isothermal case at different cross-

sections of pipe. The closer to the side surface, the lower is the convective flow velocity, which 

gives rise to the higher mass fraction of species B towards the tube surface. The average mass 

fraction of species B at the outlet is 68.7%. 

 

Figure 1-18. Mass fraction of species B at different cross sections of pipe. 
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During this performance period, a baseline computational model was created that models the 

flow in a 90° pipe elbow. Successful convergence of the numerical model will then be extended 

to include two phase mixture flow to simulate settling dynamics in a bended pipe. The model 

simulated the pipe flow using the k-ɤ turbulence model. The results will be compared to 

experimental correlation in order to determine the numerical accuracy. The numerical model will 

then be extended to include two phase mixture flow to simulate settling dynamics in a bended 

pipe. 

The model geometry is shown in Figure 1-19. It includes a 90° pipe elbow of constant diameter, 

D, equal to 35.5 mm, and coil radius, Rc, equal to 50 mm. The straight inlet and outlet pipe 

sections are both 200 mm long. Only half the pipe is modeled because the xy-plane is a 

symmetry plane. The working fluid is water at temperature T=90°C and the absolute outlet 

pressure is 20 bar. The density, ɟ, is 965.35 kg/m
3
 and the dynamic viscosity, ɛ, is 3.145Ŀ10ī4 

Pa·s. The water was approximated as incompressible. The flow at the inlet is a fully developed 

turbulent flow with an average inlet velocity of 5 m/s. 

 

Figure 1-19. Pipe elbow geometry. 

The high Reynolds number, ReD=5.45·10
5
 based on the pipe diameter, calls for a turbulence 

model with wall functions. Here the k-ɤ model is selected over the k-Ů model. The reason for 

this is that the k-Ů model shows separation after the bend
1
 and the k-Ů model has a tendency to 
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  DΦCΦ IƻƳƛŎȊΣ ά/ƻƳǇǳǘŀǘƛƻƴŀƭ CƭǳƛŘ 5ȅƴŀƳƛŎ {ƛƳǳƭŀǘƛƻƴǎ ƻŦ tƛǇŜ 9ƭōƻǿ CƭƻǿΣέ {!b5 w9thw¢Σ {!b5нллп-3467, 

2004. 
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perform poorly for flows involving strong pressure gradients, separation and strong streamline 

curvature
2
. 

The mesh used was structured with the exception that the mesh in the bend itself was 

unstructured as shown in Figure 1-20. 

 

Figure 1-20. Mesh used for the pipe elbow geometry. 

The inlet conditions were obtained from a 2D axisymmetry model where the inlet profiles in turn 

were plug flow profiles. The entrance length for this Reynolds number was approximated to 35 

pipe diameters, but to ensure that the flow really became fully developed, the 2D pipe was 100 

diameters long. The outlet results from the 2D pipe were mapped onto the inlet boundary of the 

3D geometry by using coupling variables. 

The resulting streamline pattern is shown in Figure 1-21. There is a separation zone observed 

after the bend which was consistent with the results observed by Homicz
3
. Further downstream, 

two counter-rotating vortices were formed, caused by the centripetal force.
4
 Only one of the 

vortices was visible in Figure 1-21 since the other was located on the other side of the symmetry 

plane. 
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