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EXECUTIVE SUMMARY

Washington River Protection Solutions, LLC (WRPS) recently conducted a preliminary
literature survey of commercial technologies suitable for use in pipeline unplugging in the
Hanford Site waste transfer system.' The survey resulted in the down-selection of two pressure
pulse technologies, which are similar in concept, for further evaluation. This report addresses
the engineering feasibility for the two selected options: Hydrokinetics? technology by AIMM
Technologies, Inc., and Pipe-Pulse technology by Paradigm Flow Services, Ltd.

An overview of the Pipe-Pulse technology is provided. A strict nondisclosure agreement required
by Paradigm Flow Services prevented detailed discussion with staff regarding operation and
design details of the Pipe-Pulse technology. The limited evaluation of the Pipe-Pulse technology
focused on the Pipe-Pulse patent application filing and public domain literature. The Hydrokinetics
system has been used to successfully unplug pipes with pressure pulses of 2-30 cycles per minute
since 1996. The pulses from a high-pressure piston pump (20 gal/min) create a standing wave in
the nearly incompressible fluids that frees a plug from adherence to the pipe wall. The system
shock (0-20 gal/min) is well below the stress caused by a water hammer incident.

The theory of operation is that the standing wave introduced into a plugged line causes the plug
and pipe wall to resonate at different frequencies to break the bond between the waste plug and
pipe wall. The plug is moved by a combination of positive head pressure and pulse action.
Localized acoustic cavitation at the interface between the plug and pipe wall also serves to break
the plug free.

At Hanford, the maximum pressure allowed may vary, depending on the age and design pressure
for each pipe route and the weakest jumper components in the route. WRPS is currently
conducting water hammer stress analyses for the double-shell tank pipe routes. A similar stress
analysis can be used to determine maximum pressures when using a pressure pulse process for
pipeline unplugging.

The Hydrokinetics equipment can be deployed in permanent facilities as a modification to current
flushing system upgrades in the double-shell tank farm valve pits. Many of the flushing and
unplugging functions overlap, and these operations could be combined. The Hydrokinetics
technology can also be deployed at any valve pit as a portable trailer-mounted system. The
portable system functions are similar to the current hydrostatic pipeline pressure testing used in
the tank farms.

The ability to unplug key waste transfer routes is generally essential for successful tank farms
operations and specifically needed for the anticipated Tank AY-102 transfers and cross-site
transfers. The loss of a transfer route needed for waste feed delivery to the Waste Treatment and
Immobilization Plant impacts the cost and schedule of the Hanford cleanup mission. The
advantages of using a pressure pulse technology like Hydrokinetics warrant additional testing
and the development of a design approach suited for Hanford tank farms application.

The technology has demonstrated success in private industry, and the costs of implementing a
pressure pulse system are reasonable.

! RPP-RPT-52347, 2012, Pipeline Unplugging Assessment and Recommendations for Hanford Waste Transfer
Systems, Rev. 0, Washington River Protection Solutions, LLC, Richland, Washington.
? Hydrokinetics is a trademark of AIMM Technologies, Inc., Texas City, Texas.
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1.0 INTRODUCTION

The Hanford Site waste tank system consists of buried and encased (pipe-in-pipe) 2-in. and 3-in.
lines used for transfer of high-level waste (HL.W) slurries containing undissolved solids and 3-in.
lines for supernatant wastes containing dissolved salts. The transfer lines are used to move
wastes between tanks and for waste feed delivery to the Waste Treatment and Immobilization
Plant (W'TP). Waste transfer line plugging has occurred due to the following:

o Settled undissolved solids

+  Waste chemistry instability caused by cooling supernatant and solutes reaching saturation
point

*  Hydrodynamic instability and transition from turbulent to laminar

» Concentrations of phosphate-forming gels.

Procedural precautions taken to assess waste chemistry before transfers to avoid line plugging
include managing the waste concentrations and the transfer rate to keep solids in solution or in
suspension during the transfer (TFC-ENG-STD-26, Waste Transfer, Dilution, and Flushing
Requirements). However, the risk and consequences associated with a plugged transfer line
warrant having a viable strategy for recovery.

A 2012 transfer line reliability report (RPP-RPT-51921, The Phase 3.1 Hanford Waste Feed
Delivery Operations Research Model Bases and Assumptions) indicates that due to the line
lengths, the cross-site transfer lines have a higher risk of failure and a higher recovery
consequence for replacement in terms of cost and schedule. The cross-site transfer lines are
essential for transfers from the 200 West Area to 200 East Area and if not operating when
needed, will impact the overall WTP processing mission.

Line plugging is identified as a formal risk in TFC-PL.N-39, Risk and Opportunity Management
Plan, as TOC-12-012, “WFD/Transfer Line Plugging.” In addition, RPP-46506, Decision
Framework Key Decisions Required to Achieve the RPP Mission, lists Decision 2.3 as,
“Determine what enhancements and improved configurations are needed for the cross-site slurry
transfer system,” and includes “Development of plug removal technologies.”

The U.S. Department of Energy (DOE) has funded unplugging tests at Florida International
University (FIU) since 2000. The reviewed technologies have focused on a pulse technology
relevant to this evaluation.

Washington River Protection Solutions, LLC (WRPS) recently conducted a preliminary
literature survey of commercial technologies suitable for use in pipeline unplugging in the
Hanford Site waste transfer system (RPP-RPT-52347, Pipeline Unplugging Assessment and
Recommendations for Hanford Waste Transfer Systems). The survey resulted in the down-
selection of two pressure pulse technologies for further evaluation. This report addresses the two
selected options: Hydrokinetics® technology by AIMM Technologies, Inc., and Pipe-Pulse
technology by Paradigm Flow Services, Ltd.

? Hydrokinetics is a trademark of AIMM Technologies, Inc., Texas City, Texas.
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Both vendors offer an unplugging approach that applies pressure in the plugged line and pulses
the pressure at various frequencies and amplitude. Both have demonstrated experience
unplugging lines in the chemical and petroleum industries.

Hydrokinetics has been in operation since 1990. Paradigm Flow Services is newly founded
(2010), and the Pipe-Pulse technology has completed proof-of-principle demonstration in a pilot
umbilical flow line (Chesshyre 2011). This study evaluates the vendor patents, literature,
experience, and equipment, and identifies a means of deployment applicable to the Hanford Site
line plugging issue.
The following appendices provide supplemental information to this report:

+ Appendix A, Hydrokinetics Patent

+  Appendix B, AIMM Technologies” Hydrokinetic Process Technology Assessment

+  Appendix C, AIMM Article, “A Better Way to Clean”

+  Appendix D, Pipeline Unplugging Assessment and Recommendations for the Fernald
Environmental Management Project

+  Appendix E, Pipe-Pulse Patent
+ Appendix F, Diluent and Flush Building Costs
+  Appendix G, Hydrokinetics Correspondence.
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2.0 SCOPE

Due to the similar nature of the Hydrokinetics and Pipe-Pulse systems, this evaluation focuses on
a means for implementing a suitable pressure pulse technology for unplugging lines in the
Hanford Site double-shell tank (DST) waste transfer system. The following areas were
addressed in the course of this study.

+  Waste Transfer System Overview — A brief description is provided of the Hanford
waste transfer system, including component descriptions and key transfer lines.

* Line plugging background — The history of line plugging and the chemistry involved in
line plugging were reviewed.

»  FIU testing — The FIU test reports were reviewed and participants were interviewed to
better understand unplugging pressure requirements and the associated pulse frequency
and amplitude.

*  Vendor experience — Vendor literature was reviewed and the operating and engineering
personnel of the Hvdrokinetics technology were interviewed for theoretical, practical,
and empirical experience with pipeline unplugging. A strict nondisclosure agreement
required by Paradigm Flow Services for engagement in technical discussions on the Pipe-
Pulse technology limited the evaluation for that alternative.

»  Functional analysis — The functional requirements for implementing a pressure pulse
technology were compared to the current approach used for pipeline flushing and
hydrostatic pressure testing,

+ Implementation approach — The option to incorporate a permanent pressure pulsation
unplugging capability into the current flushing system was compared to a portable trailer-
mounted system deploved like a hydrostatic test module.

»  Stress analysis — Fitness-for-service requirements and a recently completed water
hammer stress analysis were reviewed for findings relevant to the pressure pulse
technology.

»  Operability — The design approach, line pressures, and sequence needed for successful
implementation were reviewed with tank farms engineering and operating personnel for
compliance with the existing design parameters and operating philosophy.

*  Cost and schedule — The pressure pulse equipment and system operations were scoped
at a preconceptual level to approximate the cost and schedule associated with
procurement, integration with existing facilities/utilities, and setup.

+ Safety and regulatory — Safety and regulatory risks and mitigating actions were
identified.

*  Alternatives comparison — The pressure pulse technology alternatives were compared
with regard to pressure, frequency amplitude, and field implementation in the tank farms
valve pits; a basis for selection is presented along with options for future work.

+  Path forward — Recommendations are made to facilitate further development of the
pressure pulse technology for use in the Hanford waste transfer system.
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3.0 EXISTING TRANSFER SYSTEM DESCRIPTION

The Hanford Site stores approximately 56 Mgal of Cold War-era radioactive and chemically
hazardous waste in 177 underground tanks. Of the 177 tanks, 28 are DSTs and 149 are single-
shell tanks (SST). The waste will be vitrified in new treatment facilities currently under
construction. About 10 percent of the tank waste will be treated as HLW, which will be disposed
of in a deep geological repository that is yet to be determined. Approximately 90 percent of the
tank waste will be treated as low-activity waste (LAW) that will be disposed at the Hanford Site
Integrated Disposal Facility (IDF). Waste is being retrieved from the SSTs and queued in the
DSTs for processing. Figure 3-1 depicts the 200 Area waste transfer system.

The DSTs are organized into six tank farms, with underground waste transfer lines connecting
the tank farms. Within each tank farm is another set of transfer lines that can be used to move
waste between tanks within the farm or to connect with the inter-farm transfer lines. Each tank
has one or two transfer lines that originate in a below-grade concrete structure called a pump pit
and end in a similar structure called a valve pit. At least one valve pit is centrally located in each
tank farm. Inside the valve and pump pits, the transfer lines and equipment are connected by
short sections of pipe, called jumpers, that provide flexibility and remote-maintenance capability
for the transfer line network. The jumpers, which may contain one or more valves each, can be
connected so that waste can be routed between any two tanks in the waste transfer system.

Some of the shorter, temporary routes are made with hose-in-hose aboveground transfer lines.
SST waste retrieval transfers are made through hose-in-hose transfer lines. If a plug occurs in
the hose-in-hose transfer lines, the aboveground hoses are replaced on these routes.

The Hanford waste transfer system consists of buried and encased (pipe-in-pipe) 2-in. and 3-in.
lines used for transfers of HLW slurries containing undissolved solids and 3-in. lines for
supernatant wastes containing dissolved salts. The transfer lines are used to move wastes
between tanks and for waste feed delivery to the WTP. The lines originate and terminate in
valve pits with a special plutonium-uranium extraction (PUREX) connector nozzle. All routes
are sloped a minimum of 3 in. per 100 ft to drain free liquids. Routes can be changed in the
valve pits with valve settings or by removing the cover blocks with a crane and remotely
loosening the PUREX connectors and changing the jumpers.

The transfer routes typically consist of several lines and jumper combinations. Transfer lines
between tanks are typically several hundred feet long. Transfer lines to the WTP are
3,000-5,000 ft long, and the cross-site lines connecting the SY Farm in the 200 West Area with
the AN Farm in 200 East Area are approximately 5 mi or 29,000 ft in length. Many of the older
lines are rated at 275 psig design pressure, while the newer lines are rated at 400 psig, 1,000 psig,
or 1,490 psig. The burst pressure for Type 3041 stainless pipe is over 9,000 psig (ASTM A312,
Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless
Steel Pipes). Maximum pressures are limited by the weakest portions of any route, which are
often the PUREX connectors (400 psig). The pressure limitations for unplugging the transfer
lines are therefore 275 or 400 psig, unless the weak links are not part of the unplugging effort.

The following subsections describe major components and key transfer lines of the Hanford
waste transfer system.
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3.1 COMPONENT DESCRIPTION

Valve Pits — There are eight interconnected valve pits in the six DST farms. Each of the

28 DSTs have a pump pit with a similar “pit” concept. The valve pits have concrete cover
blocks for shielding and include jumpers with valves to configure the desired transfer route.
There are approximately 220 DST and SST jumpers in the waste transfer system. In the pits,
jumpers are connected to the wall nozzles with PUREX connectors. Jumper lengths vary from
3-20 Lft of pipe. Waste transfer system jumpers include 2-in. Schedule 40 pipe for slurry
transfers and 3-in. Schedule 40 pipe for supernatant transfers. In many cases, jumpers contain at
least one valve to facilitate the redirection or isolation of flow through the jumper to the desired
waste transfer line.

There are approximately 215 waste transfer valves and actuators in the waste transfer system.
The valves are typically 2-in. and 3-in. full port, Ya-turn ball 2-way valves, and 2-in. and 3-in.
T-ported 3-way ball valves. The valves are manually operated with T-handles that extend
through the pit cover block to allow shielding for remote operation.

Unplugging waste transfer lines through the jumpers in the valve pits must address the maximum
pressure on the PUREX connector and on any valves in the jumper system. The seals in the
PUREX connectors, valve stems, and valve flanges are the weak points in the system. The
valves and PUREX connectors have 90-degree elbows that can collect solids and restrict the
unplugging potential.

Transfer Lines — There are currently 75 active transfer lines (typically 3-in. in 6-in. encasement
Schedule 40 supernatant/slurry lines, and 2-in. in 4-in. encasement Schedule 40 slurry lines)
ranging in age from 1 to 35 years. The primary pipes are either A53 Type S, Grade B carbon
steel (ASTM AS33, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless) or, since 1986, ASTM A312 Type 304L stainless steel. The 219-S
transfer lines and encasements are made of Bondstrand/Fibercast® filament-wound reinforced
thermosetting resin pipe (RTRP), with a resin corrosion barrier. These lines consist of a new
section of piping that ties into an old existing section of piping. The newer piping conforms to
ASTM D2996, Standard Specification for Filament-Wound “Fiberglass” (Glass-Fiber-
Reinforced Thermosetting-Resin) Pipe, Type 1, Grade 1, Class F. The older piping conforms to
ASTM D2997, Standard Specification for Centrifugally Cast “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe, Type 1L, Grade 1, Class C. The
encasements are either ASTM AS33, Type S, Grade B, or ASTM A106, Standard Specification
for Seamless Carbon Steel Pipe for High-Temperature Service, Grade B with various forms of
special protective coatings.

Standard expansion joints are built into the waste transfer lines to allow expansion and
contraction by thermocycling from ambient to 200°F and up to 340°F. Typically, the lines are
offset 10 ft for every 100 ft in length, with two long radius 90-degree elbows. The cross-site
transfer lines have U-shaped expansion joints every 600 ft that are offset 25 ft by 12 ft with
36-in. bend radius elbows.

4 Bondstrand is a registered trademark of NOV Fiber Glass Systems, San Antonio, Texas, and Fibercast is a
registered trademark of Varco /P, Inc., Houston, Texas.
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The waste transter lines are buried at nominal depths of 2.5 ft to 4 ft, with minimum depths as
shallow as 1.65 ft (RPP-18632, Buried Pipe Analysis for DST System Integrity Assessment). The
lines are sloped a minimum of 3 in. in 100 ft (0.25 percent) to facilitate complete draining of
liquids and to minimize the corrosion impacts over the life of the pipe. A summary of DST
transfer line properties is provided in Table 3-1. The design pressures and temperatures vary
depending on use. Slurry transfers require additional pump pressure to accomplish the transfer at
a minimum velocity of 6 ft/sec to prevent solids settling. The cross-site lines and WTP feed
route are longer and require additional pump pressure to travel the entire distance.

Table 3-1. Design Temperatures and Pressures for Transfer Primary Pipe

Design pressure (Ibfin” g) Design temperature
Tank farmikey routes I O T
275 340

241-AN 400

241-AP 400 400 340
241-AW 275 400 340
241-AY 400 400 200
241-A7 400 400 200
241-SY (pipe) 230 400 330
241-SY (hose) 425 425 180
Cross-Site SNL-3150, SLL-3160 1,490 1,490 200
WTP feed HLW SN-637, LAW SN-700, SN-701 1,000 1,000 200

Source: RPP-15137, 2011, System Design Description for the 200 East Area DST Waste Transfer
System (DSA-Based), Rev. 6, Washington River Protection Solutions, LI.C, Richland, Washington.
Note: Complete design specifications for each specific line are listed in Table B.1 of RPP-RPT-
52206, 2012, Tank Farms Waste Transfer System Fitness-for-Service Requirements and
Recommendations, Rev. 0, Washington River Protection Solutions, LLC, Richland, Washington.

HLW
LAW

high-level waste. WTP = Waste Treatment and Immobilization Plant.
low-activity waste.

Characteristic layouts are shown in Figure 3-2 through Figure 3-4. Figure 3-2 shows the typical
expansion joints and bends in the cross-site transfer lines. Figure 3-3 shows the expansion joints
in a plan view for a portion of the line. Figure 3-4 shows the 10-ft offset at approximately 100-ft
intervals for the remaining DST transfer lines.
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Figure 3-2. Details of Expansion Joints for Cross-Site Line
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Figure 3-3. Expansion Joint Layout for Cross-Site Lines (~600-ft intervals)
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Figure 3-4. Example of Pipeline Expansion Joints (100-ft intervals)

3.2 KEY TRANSFER LINES

As discussed in RPP-RPT-46112, Transfer Line Reliability for the Waste Feed Delivery
Operations Research Model Phase 2, the cross-site transfer lines have a higher risk of failure and
a higher consequence in terms of cost and schedule for replacement due to the line lengths.

These transfer lines are essential for transfers from the 200 West Area to 200 East Area and if
not operating when needed, will impact the overall WTP processing mission. More recently,
DOE and the regulatory agencies have entered into discussions to determine how best to handle a
leak in one of the DSTs from the primary containment into the secondary containment. One
scenario that may be evaluated for the Tank AY-102 leak into the DST annulus may require
pumping the tank and taking advantage of tank space in the SY Farm tanks located in the

200 West Area. This implies a potential transfer from the 200 East to 200 West Area in the near-
term. It alsoimplies additional HLW solids transfers in the 200 East Area.

Lines less than 1,000 ft in length can conceivably be replaced with hose-in-hose aboveground
transfer lines in the event of a plug or failure. The primary transfer lines from the WTP HLW
and LAW feed tanks are also essential to supply feed to the WTP. However, the regulatory
agencies recently informed DOE that they would not look favorably on any proposal to use hose-
in-hose transfer lines over very long distances.

10
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In RPP-RPT-51921, the current restoration time assumptions estimated are two years to replace a
primary transter line (<1,500 ft), three years to replace a longer-length transfer line (1,500 to
4,000 ft), and four years to replace a transfer line longer than 4,000 ft.

Note: The cross-site slurry line, SLL-3160, has not been approved for use. During the
upgrade of SLL-3160 (Project W-314, June 2005), an attempt was made to place a nitrogen
blanket in the encasement between the primary and secondary lines to prevent the formation
of condensation. It was determined that the encasement was incapable of holding pressure,
and a problem evaluation was written to document this anomaly. Successful pressure testing
of the encasement and readiness activities must be completed prior to using SLIL-3160
(RPP-15136, Svstem Design Description for the Replacement Cross-Site Transfer System
Between 200 West and 200 East Tank Farms). Table C-1 of RPP-RPT-47572, Cross-Site
Slurry Line Evaluation Report, documents a rough-order-of-magnitude estimate of $10M for a
list of readiness items related to the SLL-3160 cross-site line.

The following are key findings from RPP-RPT-46112 and RPP-RPT-51921.

S1.1.-3160 Restoration

The cross-site slurry line, SLL-3160, is configured differently than the cross-site supernatant line
SNI.-3150, as SLL-3160 requires a booster pump to transfer slurry. A slurry transfer requires a
higher flow rate in the line to maintain the critical velocity required to keep solids suspended
during the transfer. The Phase 3.1 waste feed delivery (WFD) operations research (OR) model
uses four years as the average restoration time for SLL-3160. Current contingency plans for a
failure of the cross-site supernatant line, SNL-3150, are to use the cross-site slurry line,
SLL-3160. The opposite is not true. There is no plan to retrofit the cross-site transfer system to
enable slurry transfers on the supernatant line.

Restoration of Plugged Transfer Lines

To estimate a restoration for plugged lines, two subject matter experts were asked to provide a
range of times based on their experience with such events. The subject matter experts estimated
that from four to six months would be required to unplug a primary line. A restoration time of
six months is used for conservatism in the Phase 3.1 WFD OR model for plugged lines.

Transfer Line Restoration Time Implications

The long restoration times that result from transfer line failures and plugging events are
significant in terms of the WFD OR model, because when a failed transfer line cannot be
bypassed, the model is unable to execute the waste transfer. The end result is that any transter
line failure that is unable to be bypassed greatly extends the mission life due to the long mean
time to restore (MTTR) (typically years for a failed line) required for line restoration.

11
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4.0 BACKGROUND

41 HISTORY OF PLUGGED LINES

Waste transfer pipelines have plugged during past transfers of Hanford supernatant and slurry
wastes. RPP-25113, Residual Waste Inventories in the Plugged and Abandoned Pipelines at the
Hanford Site, documents the review of plugged pipelines taken out of service, with estimates of
waste volumes remaining in those pipelines. The report provides a chronology of the plugging
incidents in the cross-site transfer lines between installation in 1952 and replacement in the
1990s, and the line plugging incidents in the 200 East and 200 West Areas. Tables 7 and 8 of
RPP-25113 summarize the pipeline failures and plausible plug types for the 1945 to 1972 time
period. Most of the plugs were believed to be formed by cooling supernatant wastes of saturated
or super-saturated solute solutions in buried pipelines, which initiated crystallization or
precipitation of solids at various kinetic rates during the transfer operations. Under those
transient conditions, the hydraulic characteristics of the increasingly viscous suspension with
non-Newtonian yield stresses inevitably became laminar and led to pipeline blockage.

The plugs typically formed during transfer of supernatants of sodium-phosphate-rich metal
wastes, aluminum-rich reduction-oxidation (REDOX) waste, and concentrated REDOX wastes
from self-boiling tanks or various waste evaporator campaigns. The plugs were reported as
hydrated minerals of carbonate and phosphate, such as the UO,CO;°2NaCQOs, and NazPO4"12H,0
(or Na;PO4*12H,0"1/4 NaOH), and aluminum precipitates from aluminum-rich REDOX wastes
forming aluminum hydroxides Al(OH);. The plugged REDOX waste lines were typically
cleared with high-pressure water at ambient or elevated temperatures. As described in
RPP-25113, further concentration of aged REDOX wastes in self-boiling tanks induced incidents
of plugging. Pipelines were also plugged in the Tank U-107 saltwell pumping campaign in 2001
and 2002. Water was used in saltwell pumping and it is believed that a decrease in the
supernatant hydroxide concentration, coupled with reduction in solution ionic strength, caused
Al(OH); precipitation.

4.2 NATURE OF PLUGS

Potential pipeline plugging mechanisms for various Hanford waste streams, and the specific
rheological and/or hydraulic problems associated with each plug, influence the performance of
the selected unplugging technologies described in this section. The plugging mechanisms
identified are based on the review of reports, memoranda, and other documents (listed in

Table 4-1).

A pipeline plug may occur in the 2-in. slurry waste transfer lines containing undissolved solids or
in the 3-in. supernatant/slurry transfer lines containing residual dissolved solids. The blockage
formation is attributed to three distinet causes:

+ Chemical instability (e.g., precipitation, crystallization)
+ Settling of solids
* Hydrodynamic instability.

12
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Table 4-1. Hanford Pipeline Plugging Literature Survey Summary.

75110-DLH-05-027 “Phosphate Solubility Under C Farm Retrieval Conditions™

(Herting 2005)

24590-WTP-GPG-M-0059  Design Guide: Avoiding Chemical Line Plugging Plant Design
Considerations

OR-78-88 Occurrence Report: Plugged Cross-Country Transfer Line

ORNL/TM-2002/298 Waste Preparation and Transport Chemistry: Results of the 'Y 2000
Studies

PNNL-11497 Cross-site Transfer System at Hanford: Long-term Strategy for Waste
Acceptance

RPP-10905 Recommended Responses to a Postulated HLW Feed Delivery Pipeline
Plug

RPP-17247 Dilution and Flushing Requirements to Avoid Solids Precipitation and

Deposition During Tank Waste Transfers
RPP-17247, Appendix A “Internal Letters Addressing Aluminum Solubility™
RPP-17247, Appendix B “Internal Letters Addressing Phosphate Solubility™
TFC-ENG-STD-26 Waste Transfer, Dilution, and Flushing Requirements

Note: The complete reference for each document is provided in Section 11.0.

Chemical instability during the waste transfer changes the liquid phase composition and
produces a solid phase. Phase transformations are induced by changes in the temperature-
solubility relationship between the solutes and solvent, variation in local concentration, or
mixing of reactive wastes to promote crystallization or precipitation of solids. As solids are
formed, the rheological and flow characteristic of the suspension changes, the flow in the
pipeline transitions from turbulent to laminar, and plugging occurs. An increase in the
suspended solids fraction promotes non-Newtonian characteristics and increases the apparent
viscosity of the suspension. When slurries are transported, solids may settle when the flow rate
is below the critical entrainment velocity and a sediment layer forms. Furthermore,
hydrodynamic instability is induced when a flow transitions from turbulent to laminar or when
changes in the flow pattern generate heterogeneous flow.

Chemical instability is the plugging mechanism associated with transferring supernatant waste.
This plugging is caused by a decrease in temperature of the waste or by a change in solution
electrolyte chemistry, which alters the solubility limits of certain constituents. Such instabilities
may initiate crystallization or precipitation of solids from the liquid carrier and result in
formation of an interlocking crystal network. This can develop a yield stress above the gelling
point, causing flows to become laminar and form a blockage. Suspensions with an increasingly
viscous character may also form and thereby increase the pressure drop as the suspended solids
loading increases to the point that the slurry in transit plugs the pipeline. This crystallization or
precipitation process occurs in phosphate- and aluminate-containing supernatant wastes.

13
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There are four plug-forming waste classifications that influence the transfer of supematant
wastes containing residual undissolved solids and slurry wastes, including:

* Phosphate-containing superatant

* Aluminate-containing supernatant

* Concentrated, dissolved sodium nitrate and nitrite supernatant
* Solids-containing slurry.

The supernatant wastes containing high
concentrations of phosphate are known
to form interlocking Na;PO,, high
aspect ratio needle-like crystals (shown
in Figure 4-1), which form gels and
impede the flow within the pipe as it
cools, if the starting supernatant is
inadequately diluted. Historically,
lines that were plugged were
abandoned because of phosphate
formation near the gelation point.
Useful information for assessing
phosphate solubility is documented in
RPP-17247, Dilution and Flushing
Reguirements to Avoid Solids
Precipitation and Deposition during
Tank Waste Transfers, Appendix B
(Herting 1980). The letter included in

the appendix of RPP-17247 provides — —

14 Source: RPP-17247, Dilution and Flushing Requirements lo Avoid Solids
SOlublhty data for phosphate wastes at Precipitation and Deposition during Tank Waste Transfers, Appendix B
temperatures of 40°C, 50°C, and 60°C  (Herting 1980).

and discusses data at 20°C at VARIOUS o0 4 1, Photomicrograph of NasPO, » 12 H,O

dilution factors. In general, the A
crystallization of phosphate-rich Grystaly at s Magnineion

supernatant wastes is inhibited at high temperatures, when the solution is sufficiently diluted
below the saturation limit of the operating pipeline transport temperature.

A phosphate plug can be removed if the pipeline unplugging technology provides adequate
shearing force or induces sufficient vibration in the pipeline above the plug vield Point.
Supernatant waste containing high concentrations of the aluminate ion [Al(OH), | and
polymerized forms of soluble aluminum found at high pH under high ionic strength condition
may reach saturation limits (24590-WTP-RPT-PT-02-005, Flowsheet Bases, Assumptions, and
Requirements). The saturation limits occur when these wastes are cooled in the pipeline or when
there is inadequate dilution with water. Aluminum solubility correlations as a function of
hydroxide concentration and solution temperature are presented in 24590-WTP-RPT-PT-02-005
below 1.2 m aluminum concentrations.

14
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In addition, aluminate ion solubility can be represented by the Barney Diagram on plots of AI*
verses OH (TFC-ENG-STD-26). Both conditions decrease solution temperature and hydroxide
ion concentrations and induce solid AI(OH)s” precipitate formation. The presence of these
precipitates increases the solids volume in the resulting suspension and thereby increases the
potential for a pressure drop in the transfer line. A transition of flow from turbulent to laminar
may arise as the suspended solids settle and plug the pipeline.

Solids formation may plug the lines if a post-transfer flush is not performed. The soluble salts in
the supernatant waste can precipitate from residual line waste by water evaporation and adhere to
the pipe surfaces. If there is significant salt precipitate, the possibility of a solids layer and
hydrated solids buildup on the pipeline wall may obstruct the next transfer.

A last source of plug formation is by solids settling in the waste slurry pipelines. Much of the
waste transfer analysis at Hanford has focused on this mechanism of pipeline plugging. The
undissolved solids in a slurry waste may settle when the flow velocity is insufficient to keep
them suspended, and a moving bed of particles begins to accumulate during a slurry transport
operation. Settling solids in a moving bed of particles form a stationary bed that eventually fills
the pipe and blocks flow, as transition from an unstable turbulent flow to a stable laminar regime
occurs.

* There are at least five different forms of AI(OH), that differ from each other in crystal form rather than in
chemical formula. These forms are gibbsite, nordstrandite, doyleite, bayerite, and amorphous aluminum hydroxide,
in order of increasing solubility. Two different crystal forms of dehydrated hydroxide, both with the formula
AlOOH, are also known, these are boehmite and diaspore. These crystal forms are produced by high temperatures.
The Boehmite formation occurs above 100°C.
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5.0 FUNCTIONS AND REQUIREMENTS

Interfaces and functions for line unplugging using the pressure pulse technology in permanent
and portable configurations are addressed in this section and summarized in Figure 5-1. Some of
the functions are redundant to the flushing functions required for waste transfers. A permanent
system has the potential to provide the functions required for both flushing and unplugging and
also meet the requirements of HNF-4163, Double-Shell Tank Diluent and Flush Subsystem
Specification. A portable system can be deployed and has similar functions and requirements as

a hydrostatic test.

l.q Unplugging

1.1 Valve Pit 5 1.3 DST Raw

1.4 DST Potable

20Luolue

1.5 Chemical

Interfaces

|

2.1 Queue Raw " 2.3 Heat Flush 2.4 Prevent

2.5 Flush

2.6 Drain Back

27 Safety

Existing Flush Functions

New Unplugging Functions

2.10 Pulse Cycle

2.11 Monitor & Control
Flushing (Existing)
Queue Tk LL
Flush Temp
Flush Pressure

Flush Flo

Figure 5-1. Line Unplugging Interfaces and Functions
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UNPLUGGING INTERFACES

Line unplugging at a valve pit involves the following functional interfaces with the tank farm
and local services.

Valve Pit and Nozzle (Interface 1.1). The waste transfer system piping originates in a
below-grade concrete valve pit with a piping nozzle designed for use with a PUREX
connector for remote operation with an overhead crane. The valve pit environment is
typically spray-washed but contaminated such that personnel access is avoided if
possible.

Electrical (Interface 1.2). The unplugging system interfaces with the DST electrical
power provided in the tank farms on an as-needed basis, including 480/277 VAC three-
phase power and 240/120 VAC and 208/120 VAC three-phase and single-phase power,
as required.

Basis: HNF-4163, Section3.1.2.1.1
Raw Water (Interface 1.3)

— The DST diluent and flush subsystem and unplugging system shall be capable of
receiving strained water at a continuous flow rate of at least 220 gal/min and a
minimum pressure of 80 Ibffin’ gauge.

— The DST diluent and flush subsystem and unplugging system shall be capable of
receiving raw water strained to the extent specified in HNF-4157, Double-Shell Tank
Utilities Subsystem Specification, Section 3.2.1.2.c.

Basis: HNF-4163, Section 3.1.2.1.2

Double-Shell Tank Potable Water (Interface 1.4). Potable water shall be provided for
an integrated safety shower for the permanent unplugging system. A portable safety
shower shall be provided for the portable unplugging system.

Chemical Receipt (Interface 1.5). Caustic and sodium nitrate will be received for use in
mhibited water for corrosion or to reduce the surface tension of the water for unplugging.
Provisions for the addition of other chemicals to facilitate dissolution of solids in the
piping at the flushing stage will also be considered.

5.2 UNPLUGGING FUNCTIONS

The following summarizes the basic unplugging functions for a pressure pulse system.

Queuing Raw Water in Tank (Function 2.1). A queuing tank shall be sized to provide
a buffer between the raw water supply and the unplugging process equipment. The tank
will be equipped with agitation and heating for manually adding chemicals for the
portable application.

17



RPP-RPT-53783, Rev. 0

*  Add Chemicals NO;, NaOH (Function 2.2).

— Unplugging Chemicals — Corrosion is not a high priority in an unplugging event.
However, addition of sodium nitrite to reduce surface tension in the raw water is
warranted to improve the chances of infiltrating a plug. The provision to add other
chemicals to assist in the dissolution of a plug may also be necessary depending on
the nature of the plug.

— Inhibited Water — It a flush is required, the following compositions should be used:

a. For carbon steel piping, flushes shall consist of inhibited water, which contains at
least 0.01 M hydroxide and 0.011 M nitrite.

b. For stainless steel piping, flushes shall consist of raw water, deionized water, or
ionic species that promote the formation of an oxide layer on the pipe surface
(e.g., nitrate, phosphate, aluminate). If an ionic solution is used, the species
should have a concentration of 0.1 M.

Basis: TFC-ENG-STD-26, Section 3.7.3 (2)

—  Receiving Chemicals — Chemical unloading equipment 1s expected to include
connections to a source of concentrated liquid sodium hydroxide and sodium nitrite,
transfer lines, mixing equipment, measurement instruments, and metering pumps to
permit addition of the chemicals to the diluent and flush solutions.

Basis: HNF-4163, Section 3.7.3

The subsystem components shall be designed to perform their intended functions in the
chemical environments defined in the following requirements.

a. The DST diluent and flush subsystem equipment shall be capable of receiving and
diluting concentrated sodium hydroxide solutions obtained from a supplier that
are up to 50 wt%.

b. The DST diluent and flush subsystem equipment shall be capable of receiving and
diluting concentrated sodium nitrite solutions obtained from a supplier that are up
to 40 wt%.

Basis: HNF-4163, Section 3.2.5.2.1

+ Heat Flush Water (Function 2.3). Raw water used to unplug or flush a cleared line
may be heated up to the transfer line design temperature (usually 200°F) to aid in
removing and dissolving the plug.

+  Prevent Backflow (Function 2.4). The piping system shall be designed to prevent
backflow that would contaminate the unplugging system equipment (e.g., pump, pulse
valves, queuing tank).

18
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*  Flush Cleared Pipe (Function 2.5)

—  Flushing Supernatant Lines — Flushing after an unplugging event mirrors the flush
protocol after a typical transfer summarized below.

a. Flushing shall be conducted with raw water or preferably with inhibited water. If
routinely available in the tank farm or via the water truck/skid, inhibited water is
used for flushing.

b. Since most components are more soluble at higher temperature, the use of hot
water for flushing is preferred.

Basis: TFC-ENG-STD-26, Section 3.7.1

—  Flushing Slurry Lines — A minimum flush velocity of 6 ft/sec is targeted, which
should be adequate to clear 80 p particles with a specific gravity of 3.0 from a 3-in.
line. Lower velocities may be used if critical velocity calculations, performed in
accordance with TFC-ENG-STD-26, Section 3.6, indicate a lower velocity is
adequate to resuspend the anticipated solids in the waste or if the transfer did not
contain solids and the flush is being used to remove soluble scale from the lines.

Basis: TFC-ENG-STD-26, Section 3.7.2

—  Flush Volume — The flush volume shall be equal to a minimum of 1.5 line volumes.
Unless a specific restriction or line plug is known or suspected, the total volume of
flush water used shall be minimized to preserve DST space.

Basis: TFC-ENG-STD-26, Section 3.7.2 (3)

*  Drainback Failed Attempt (Function 2.6). In the event the unplugging function fails,
the flush solution introduced into the line must be drained back. The jumper and valve
arrangement shall enable this drainback to be routed to the DST or pit drain.

+ Safety Shower (Function 2.7). Handling chemicals in manual or automated systems
implies a need for a safety shower and an eyewash station. A permanent facility would
have an integrated shower and eyewash station. A portable system would use an existing
safety shower and eyewash or provide a temporary unit if chemicals are involved.

* Locate Plug (Function 2.8). Transfers often require multiple lines with connections
through multiple valve pits. When a plug occurs, it may not be obvious where the plug is
or which line is plugged. Individual portions of the route would be flushed to determine
which specific line is plugged. For a portable system, the unplugging equipment would
be connected to the plugged portion, and pressure pulsing would be applied.

*  Pump to Plug (Function 2.9). A high-pressure pump shall provide the pressures needed
to clear a line. The pump shall be capable of pressures of at least 3000 psig. A means of
capping the maximum pressure shall be provided via a pressure relief system to recycle
water back to the queuing tank. The maximum pressure shall be variable depending on
the unplugging strategy used for a particular pipeline and plug combination. The pump is
provided by the unplugging vendor for the modular system. A flush pumping capability
shall also be provided to clear the line once the plug is broken free. This requirement
may involve a second pump.
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*  Pulse Cycle Pressure Valves (Function 2.10). A high-frequency pulsing valve shall be
used to manage the pulse wave amplitude and frequency. Solution drainback from the
valve pulsing shall be drained to the tank or retained in the system. Drainback from the
valve shall not be recycled to the queuing tank to avoid contaminating the unplugging
equipment.

*  Monitoring and Control (Function 2.11). The monitoring and control functions would
be fully integrated with the monitoring systems of a permanent facility. The portable
facility shall have local monitoring and control features.

+  Equipment Storage (Function 2.12). The pressure pulse equipment shall be stored to
achieve protection from weather damage. Routine maintenance and calibration of the
equipment shall be provided while it is not in use such that immediate activation for
unplugging is possible by Operations.

Table 5-1 summarizes the interfaces and functional requirements.
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Interface with the existing The unplugging system will interface with the existing pits and -

1.1

1.2

1.3

1.4

1.5

2.0

DST farm infrastructure

Valve pit and nozzle
interface

Connect to DST electrical
power

Connect to existing DST
raw water supply

Connect to existing
potable water for safety
shower

Provide means and
location for receiving
chemicals

Unplug DST pipelines

utility interfaces.

The valve pit cover blocks will be removed or pit access will be
provided through existing flush routes.

2- and 3-in. nozzles are normally accessed with PUREX
connectors, which have a working pressure of 400 psig and are
used up to 600 psig for pressure testing. Another fitting may be
required for higher pressures.

Electrical power is supplied in the tank farms for flushing lines
and can also be used for unplugging.

Raw water is supplied in the tank farms for flushing lines and
can also be used for unplugging.

A safety shower/eyewash station should be provided unless one
already exists in the proximity of the unplugging equipment
and chemical makeup.

The unplugging system will be designed for manual or
automated addition of chemicals. Caustic and sodium nitrite
will be received totes at commereial strength and diluted with
raw water to inhibited water concentrations.

An unplugging system will be permanently incorporated into
the diluent and flush system or provided as a portable system.

The cover block will be left in place for confinement or a
portable temporary confinement structure will be built over
the valve pit for the unplugging operation.

The fitting used to access the PUREX pipe nozzle shall
withstand the unplugging pressures deploved (the maximum
pressure allowed).

Electrical power shall be extended from existing sources
within the DST system to supply the unplugging system
clectrical requirements.

The unplugging system shall be designed to receive water
from the existing DST raw water supply. During operations
for pulsing, the raw water may need to be physically
disconnected for safety reasons.

Potable water shall be provided for an integrated safety
shower and eyewash station for the permanent system. A
portable safety shower and eyewash station shall be provided
for the portable unplugging system.

The unplugging system shall be capable of using
concentrated commercial-grade sodium hydroxide
(commonly referred to as caustic soda) at a concentration of
up to 50 wt% provided by the DST maintenance and recovery
subsystem.

The unplugging system shall be capable of using
concentrated commercial-grade 40 wt% sodium nitrite
provided by the DST maintenance and recovery subsystem.

An unplugging system will be permanently incorporated into
the diluent and flush system or provided as a portable system.
Initiation of the unplugging system shall be as soon after the
identification of the plugged condition as possible. The
plugged line will not be drained to avoid introduction of an
air pocket that insulates the plug from the liquid pulse head.

HNF-4163,* Section 3.1.2.1.1

The DST diluent and flush subsystem shall be capable of receiving

480/277 VAC three-phase power, 240/120 VAC and 208/120 VAC three-
phase and single-phase power, as required.

The DST diluent and flush subsystem shall be capable of performing its
functions, as specified herein, using the power allocated by the DST electrical
power system.

HNF-4161," Section 3.1.2.1.3

b. The DST transfer piping subsystem shall be designed to allow access to raw
water from the DST raw water sub-element for pipe unplugging, flushing, and
decontamination.

HNF-4163," Section 3.3.6.1

c. Safety shower and eyewash stations shall be provided at the diluent and
flush stations and shall comply with ANSI/ISEA Z358.1.°

HNF-4163," Section 3.2.1.5

¢. The DST diluent and flush subsystem shall be capable of using concentrated
commercial-grade sodium hydroxide (commonly referred to as caustic soda) at
a concentration of up to 50 wt% provided by the DST maintenance and
recovery subsystem.

The DST diluent and flush subsystem shall be capable of using concentrated
commercial-grade 40 wi% sodium nitrite provided by the DST maintenance
and recovery subsystem.

HNF-4163," Section 3.2.4.b.

A single replaceable component of the DST diluent and flush subsystem
should be designed to enable replacement within 8 hours. This time does not
melude logistics or administrative delay time.
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Queue raw water in tank A queuing tank will be provided to support the heating,

2.1

2.2

2.5

2.4

23

2.6

27

Add chemicals NO;,
NaOH

Heat flush water

Prevent backflow

Flush cleared pipe

Drainback failed
attempt/receive pulse
down

Provide safety shower

chemical addition, and logistics of matching line flush volumes
and rates with the raw water supply.

Caustic and sodium nitrite are added in dilute quantities for
corrosion protection of the piping. For unplugging, the primary
concern is to reduce the surface tension of the water to
penctrate the plug. Adding chemicals to clear a line after the
plug is dislodged is primarily a flushing function but it should
be integrated with unplugging.

An option to use heated water to unplug or flush the line will be
provided.

The pulse and flush systems are protected from backflow with
contaminated solution from the plugged pipe.

A centrifugal pump is provided to clear a plug that had been
moved by the high pressure pump.

Provisions will be made to drain the line for pulse down and in
the event of a failure to unplug the line. This drainback will not
contaminate the unplugging system.

A safety shower/eyewash station should be provided unless one
already exists in the proximity of the unplugging equipment
and chemical makeup.

The unplugging shall provide a flushing capability at
10 fi/sec and a volume equivalent to twice the volume of the
transfer line.

Features to flush with inhibited waster shall be provided.

The provision to add other chemicals to assist in the
dissolution of a plug may also be necessary depending on the
nature of the plugging event.

Raw water used to unplug or flush a cleared line may be
heated up to the transfer line design temperature (usually
200°F) to aid in removing and dissolving the plug and
flushing the line.

The piping system shall be designed to prevent backflow that
would contaminate the unplugging system equipment
(e.g., pump, pulse valves, queuing tank).

A second pump shall be provided to flush the line after
unplugging at a flow rate corresponding to 10 ft/sec for two
line volumes.

Drainback from relief of a pressure pulse or to drain the line
shall be routed to the DST in combination with a means of
backflow prevention to avoid contaminating the unplugging
equipment.

Potable water shall be provided for an integrated safety
shower and eyewash station for the permanent system. A
portable safety shower and eyewash station shall be provided
for the portable unplugging system.

HNF-4163," Section 3.2.1.1.¢g

The DST diluent and flush subsystem shall be capable of flushing each waste
transfer line with a volume of flush solution that is twice the volume of the
transfer line.

HNF-4163,* Section 3.2.1.1.h

The DST diluent and flush subsystem shall be capable of providing a flow of
10 ft/sec to the DST transfer valving subsystem independent of the waste
transfer pump at a pressure no greater than the existing system design pressure.
This flow rate applies to slurry transfers (=3 wt% msoluble solids) for
resuspension of settled solids.

HNF-4163," Section 3.7.3

Chemical unloading equipment is expected to include connections to a source
of concentrated liquid sodium hydroxide and sodium nitrite, transfer lines,
mixing equipment, measurement instruments, and metering pumps to permit
addition of the chemicals to the diluent and flush solutions.

HNF-4163," Section 3.7.2

Diluent or flush solution is heated to reach a preset temperature if necessary
for a given application. The preset temperature is dependent on the specific
tank waste characteristics and the application of the diluent or flush solution.
Heating equipment includes the heater—whether it is electric, fossil fuel, or
steam—the tank or containment where the diluent or flush solution is to be
heated, valves, and measurement instruments.

HNF-4160." Section 3.2.1.8

The DST transfer valving subsystem shall be capable of preventing any
backflow of waste or contaminated flush or diluent from the transfer pump into
the raw water, flush water, or diluents supply piping.

a. The backflow prevention device shall comply with the requirements of
WAC 246-290.°

HNF-4163," Section 3.2.1.1.h

The DST diluent and flush subsystem shall be capable of providing a flow of
10 fi/sec to the DST transfer valving subsystem independent of the waste
transfer pump at a pressure no greater than the existing system design pressure.
This flow rate applies to slurry transfers (=3 wt% insoluble solids) for
resuspension of settled solids.

HNF-4161," Section 3.3.8.b

b. Primary piping and encasements shall be fully drainable.

HNF-4163, Section 3.3.6.1

A safety shower and eyewash stations shall be provided at the diluent and flush
stations and shall comply with ANSI/ISEA Z358.1.°
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2.8 Locate plug

Transfers often require multiple lines with connections through
multiple valve pits. When a plug occurs, it is not obvious
where the plug is or which line is plugged. Individual portions
of the route would be flushed to determine which specific line

Depending on the routing, when the plug occurs, a decision ~ TBD — Requirement is a candidate for addition to HNF-4163."
shall be made to attempt to clear the entire route or flush
individual segments of the route and focus the unplugging

operation on one single line.

is plugged. The unplugging equipment would be connected to
the plugged portion and pressure pulsing would be applied.

20 Pump to plug A high-pressure, low-flow pump is provided to unseat the plug
at the maximum design pressure of the pipe. The system
should provide flexibility in applying different pressures for

different applications.

A piston pump shall be provided with a pressure range of
200 to 5000 psig with a 20 gal/min flow rate.

Specifications from vendor experience.
HNF-4161,° Section 3.2.7
The design shall, to the maximum extent practicable, provide sufficient

flexibility to accommodate programmatic changes or operational
modifications.

2.10  Pulse cycle pressure
valves

A pulse valve system is provided to vary the static pressure by
up to 100 psig. The pressure and pulsing are varied from

200 to 1,500 psig in static pressure with pulses that vary up to
100 psig from the static pressure.

The pulse valve provides a pressure surge of up to 100 psig
with a drainback of contaminated solution mnto the DST.

Specifications from vendor experience.

2.11  Monitor and control Typical monitoring and control features will include: The monitoring and control functions shall be fully integrated HNF-4163," Section 3.7.5

with the DST monitoring systems for a permanent facility.

+ Queue tank liquid level, temperature A typical instrumentation and control system comprises four major

- Flush temperature, pressure, flow The portable facility shall have local monitoring and control  sybsystems:
» Pulse frequency, amplitude features. + Sensors, which provide electrical or mechanical analogs of operating
variables

+ Telemetry, which provides for the transfer of sensor information to a
central collection point

+ Central control, which provides for the mterrogation of sensors, the
recording and processing of sensor outputs, and the routing of processed
data to displays or storage

+ Displays, which present processed data in a convenient form.

Instrumentation is installed on the DST diluent and flush subsystem to provide
safe and reliable operation.

2.12  Equipment storage The pressure pulse equipment shall be stored to achieve Weather protection, routine maintenance, instrument Similar to principles covered in HNF-4159."

protection from weather damage. Routine maintenance and calibration, and operator training shall be provided such that
calibration of the equipment shall be provided while it is not in  unplugging can be conducted without delays.

use such that immediate activation for unplugging is possible

by Operations.

* HNF-4163, 2011, Double-Shell Tank Diluent and Flush Subsystem Specification, Rev. 6, Washington River Protection Solutions, LL.C, Richland, Richland, Washington.

® HNF-4161, 2011, Double-Sheil Tank Transfer Piping Subsystem Specification, Rev. 5, Washington River Protection Solutions, LLC, Richland, Washington.

¢ ANSIISEA Z358.1 ANSIISEA Z358.1, 2009, American National Standard for Emergency Eyewash and Shower Equipment, International Safety Equipment Association, Arlington, Virginia.
4 HNF-4160, 2011, Double-Shell Tank Transfer Valving Subsystem Specification, Rev. 5, Washington River Protection Solutions, LLC, Richland, Washington.

¢ WAC 246-290, “Public Water Supplies,” Washington Administrative Code, as amended.

T HNF-4159, 2005, Double-Shell Tank Maintenance and Recovery Subsystem Specification, Rev. 1, CH2M HILL Hanford Group, Inc., Richland, Washington.

DsT = double-shell tank.
PUREX plutonium-uranium extraction.
TBD to be determined.
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5.3 KEY FUNCTIONAL ISSUES

A technology that induces pressure pulses to unplug a pipeline also has a number of flushing
functions that are necessary for normal operation. Some of these functions include heating raw
water, conditioning it with dilute sodium hydroxide and sodium nitrite, and pumping the flush
water up to 400 psi (maximum allowed pressure rating). The flushing system can be used to
preheat the line before a transfer and flush it after the transter.

In the event of a plugged line, waste pumping is suspended and a pressurized flush is attempted
at the allowed line pressure to try to unplug the line. Although some cross-site transfer lines are
rated up to 1,490 psig, there are components in the system (e.g., PUREX connectors) rated at
400 psig that limit pressure. The pressure pulse technology essentially cycles two valves to
apply and relieve pressure from 0-180 cycles per second (according to the patents), thereby
creating adjustable pressure waves to the point of cavitation in the pipeline to dislodge the plug.
The Hydrokinetics field experience uses 2-30 cycles per minute with manual operation to
achieve consistent success in unplugging lines over short and long distances. The variables
include the flush solution pressure, magnitude of the pulse pressure, and frequency.

Application of the pressure pulse technology introduces a number of key issues, which are
summarized in the following paragraphs.

Air Pockets. The presence of an air pocket reduces the effectiveness of pressure pulsing. The
transfer lines slope up or down from the valve pits. Where the transfer lines slope up to a plug
location, an air pocket is formed when the transfer is suspended and the transfer line is drained.
The trapped air insulates the plug from contact with water and the vibration effects of the pulse
action. Pulling a vacuum on the pipe would reduce but not ¢liminate the air pocket. There are
three possible solutions for this issue:

1. A line plugging incident is not instantaneous. Plug incidents are generally preceded by a
gradual buildup of solids, and the flow rate/line pressure reflects the change over several
hours. Procedurally, the operational response is to add dilution water from the flush
system. If the line still plugs, there is a good chance that the line will be filled primarily
with flush water rather than supernatant or slurry that could settle more solids. This
scenario allows the pressurization and pulsing procedures to begin immediately without
draining the line. It requires the features to be built into the flushing system functions so
that a jumper change is not required.

2. Line plugs are not necessarily airtight. Over time, the air pocket may pass through the
plugged portion of the line, allowing flush solution to come in direct contact with the
plug.

3. For lines other than the cross-site transfer lines (SNL-3150 and SLL-3160), the slope is in
one direction between pits. The transfer line either does not drain from the upper end
(remains full after the transfer) or it is refilled slowly (channel flow) to displace the air
pocket. Ifthe cross-site transfer lines are drained before unplugging begins, the refilling
process entails exhausting the air pocket through the vent lines at the 624 V vent station
(Figure 5-2) hydraulic high point. The vent station is intended to vent air into the line;
using the pit in the present configuration requires special administrative controls or a
redesign to prevent contaminating the pit with exhaust air from the transfer lines.
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Study Premise: Both scenanos are
addressed (with and without an air Cument Design of 6241V [Fl...
POCth)_ Vent Station

Pressure Limitations. The pulse

technologies work at any pressure B S A ,

but performance can be improved at am  _To [ ([, ToAN-104
higher pressures (1,000 psi and o T o
above). The cross-site transfer line T
1s designed for 1,490 psig, but there

are weaker components (PUREX

connectors) in the system that limit

the pressure to 400 psig or less. Supematant from 6241-A

i . i SNL-3150 e T . ToAN-101
Design modifications may be DO - >0 ¢ .

possibleia:nencase themmaamum Figure 52. 6241-V Vent Station
pressure, but the pressure pulse
technology shows enough promise to proceed within the limitations of the current system.

Study Premise: Pulsing at pressures within the constraints of the limiting components in the
piping system will be considered (275-400 psig). Removing those components and using the
pipe design pressure will also be considered (1,000-1,490 psig).

Structural Damage. Introducing pressure pulses at varying frequencies runs the risk of setting
up astanding wave that matches a natural harmonic in the piping system and causing excessive
vibration to structural components and damage to the line. Alternatively, the expansion joints
may absorb the force of the standing wave in nearly incompressible fluids in the pipe.

Flow-Induced Vibration. Vibration is addressed as a topic for fitness-for-service. Consistent
with process and power industries practice, the waste transfer lines were not originally designed
for flow-induced vibration (FIV). FIV could result from pressure pulsing in the line or vortex
shedding and may be amplified by acoustic resonance. There have been no visual or
instrumented inspections specified for FIV of the jumpers; however, during camera inspections
for leak check of the jumpers, no evidence of vibration has been visible (RPP-RPT-52206, Tank
Farms Waste Transfer System Fitness-for-Service Requirements and Recommendations,

Section 6.1.1.5)

Two actions can be taken to address pressure pulse-generated structural damage:

1. Analysis — Some of the 200 East Area piping routes have been structurally analyzed to
address the potential for water hammer, a closely related phenomena. One or all of these
lines can be modeled through the range of frequencies to address both damage and
dampening.

2. Physical monitoring — During physical monitoring, the pressure, frequency, and
amplitude are gradually increased. It may also be possible to monitor the vibration in the
line directly with an accelerometer as a means to detect excessive vibration during
unplugging. Additionally, vendor field experience with similarly configured piping with
expansion joints may provide insight on the potential for structural damage.
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Study Premise. The study will address these options and recommend one or more.

Is the Pulsing System Portable or Permanent? A portable system could be deployed with
jumper modifications to avoid changing jumpers and draining the line. A permanent system has
the advantage of being built into the flushing functions specified in HNF-4163 for immediate
deployment after a line plug incident. However, permanent flush systems are costly. The first
permanent flush system is currently planned to cover the AY and AZ Farm tanks, and three
follow-on projects are planned for AW, AP, and SY Farm tanks. These projects could be
modified in scope to include the pressure pulsing function and cover the most important transfer
routes. The remaining routes would require a portable system and would encounter the delays
associated with deploying the system in a nuclear environment.

Study Premise. The study considers both options. A final decision is beyond the scope of the
current study.

Pulsing from One Side or Both Sides. FIU has conducted recent pressure pulse work from
both ends of a plugged pipe via “asynchronous pulsing.” Pressure pulses are created
asynchronously to break the mechanical bonds between the blockage and the pipe walls as a
result of the standing waves from each end. This approach has shown some success in testing at
FIU, but it has not been applied in the field by a vendor so there is no operational history. The
approach is also sensitive to air pockets attenuating the force of the pulse. Pulsing from both
ends of a plugged line implies twice the infrastructure and project costs.

Study Premise: The study will consider asynchronous pulsing as the same pulse technology, but
in a demonstration phase of development.
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6.0 ALTERNATIVE TECHNOLOGY EVALUATION

The following subsections provide a fundamental description of the Hydrokinetics and Pipe-
Pulse technologies to unplug pipelines. Deployment of the two technologies in the Hanford
waste transfer system is also evaluated.

Potential modifications and the support system required for operation of the Hydrokinetics
technology in the waste transfer system and the potential adverse impacts of deployment in the
context of fitness-for-service evaluation criteria and ALLARA (as low as reasonably achievable)
principles are discussed.

An overview of the Pipe-Pulse technology is also provided. It is important to note the scope of
the Pipe-Pulse evaluation and the analysis for use in the Hanford waste transfer system was
limited because of a strict nondisclosure agreement required by Paradigm Flow Services for
engagement in technical discussion on the Pipe-Pulse technology efficacy. Thus, evaluation
efforts are focused on the Pipe-Pulse patent application filing and public domain literature.

6.1 PULSATION FUNDAMENTALS

The principal of operation for the Hydrokinetics and Pipe-Pulse technologies to unplug pipelines
is based on applying pressurized fluid pulsation to remove blockage or, at a minimum, create an
aperture in the plug to restore flow in the pipeline. These fluctuations in pressure travel through
the pipeline as acoustic waves. Pulsation is achieved by pumping raw water from a storage
vessel using a regulated high-pressure pump and transferring it in the pipeline with a controllable
cycling valve system. At any point in the flowing fluid, a distinction exists between the
fluctuating parameters and the steady-state parameters. The steady-state parameters of a fluid
are flow rate and static pressure distribution along the pipe length. When pulsation occurs, the
fluctuating pressures and flows are superimposed on the steady-state values. In this case, the
pressure at a given point can be expressed as:

P(t) = Pss + Peyeric X sin(wt)  (Equation 1)

Where:
P(t) = pressure at a given point as a function of time
Pgg =  steady-state pressure
Peyelic =  fluctuating pressure or pulsation
w = angular frequency
t = time.

When a pipeline plugs, the fluid flowing at a steady-state flow rate decelerates to zero velocity
and the steady-state pressure is the static pressure in the pipeline. The focus of both the
Hydrokinetics and Pipe-Pulse technologies is on varying modes of the fluctuating pressure
parameter of Equation 1 to attempt unplugging the pipeline. This is explained further in the
following subsections.
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When pressure pulsations occur in the piping system, they propagate through the fluid as
acoustic waves (or longitudinal mechanical waves) and move in fluid as traveling waves. The
traveling waves have properties of frequency, amplitude, wavelength, and velocity. For any
given fluid at a given temperature and pressure, all disturbances travel at the speed of acoustic
velocity.®

The acoustic velocity determines the rate at which a pressure disturbance (pulsation) travels in
fluid. Water or sodium hydroxide solutions of varying molarity are the main fluids used in
pressurized pulsation in unplugging transfer lines at Hanford.” Caustic solution may be used
when the line blockage is from aluminum-containing precipitation. A typical acoustic velocity
for water (sea water at 25°C) is 5,023 ft/sec (CRC Handbook of Chemistry and Physics, p. E-47
[Weast 1974-1975]). The fluid acoustic velocity decreases as the fluid compressibility factor
changes in the system. Any flexibility in the pipe wall lowers the acoustic velocity, and the
presence of entrained gas induces additional compressibility that drastically reduces the fluid
acoustic velocity. For instance, introduction of approximately 0.1 percent by volume air can
decrease the fluid velocity by half.

An acoustic wave traveling in a pipe is reflected when changes in the flow area occurs. Physical
elements that generate reflections include closed ends, open ends, changes in the pipe diameter
such as expansion and contraction, branches, tees, and flow restrictions. It is assumed no change
in flow area from various physical elements occurs when pressure pulsation is used because the
slurry and supernatant wastes are transferred respectively in 2- or 3-in. diameter Schedule 40
stainless steel pipes in the Hanford waste transfer system. In this case, the incident wave from
the initiated pressure pulse as it reaches the pipeline blockage will be the dominant reflection.
The incident and reflected waves have the same frequency, and the superposition of these
traveling waves generates a standing wave containing antinodes and nodes.®

Besides the formation of a standing wave as the traveling wave reaches the blockage and is
reflected, an acoustic resonance can form when the wave frequency and the plug location within
the pipe length are such that the reflected wave arrives at the source at the same time as the new
incident wave is being generated. Under this acoustic resonance condition, the amplitude of the
standing wave can quickly grow to an extremely large value. The acoustic resonance has the
potential to become problematic when the frequency of pulsation matches one of the resonant
frequencies of the transfer line system and the pressure and displacement amplitude build up to a
destructive value. A piping system contains acoustic damping by losses within the piping from
pipe friction, bends, and restrictions that reduce acoustic resonances. A detailed pipeline stress
analysis can provide insight regarding the prominence of acoustic resonance as a pressure
pulsation technology is applied in the Hanford waste transfer system.

In general, the standing wave creates continuous pressurized fluid vibration at the interface
between the pipeline and blockage that transfers pulsation energy to the pipe wall and blockage.

® An acoustic wave is composed of a pressure wave and a velocity wave in 90-degree phase difference.
Pulsation can be described by either wave, however, there are more particles to focus on the pressure wave in the
context of pressure pulsation.

7 In industrial application of the Hydrokinetics and the Pipe-Pulse technologies, water is typically the main fluid
used. However, a number of chemicals and solvents are used to breakdown inorganic and organic blockage.

® In contrast to the traveling wave, the pulsation amplitude for all particles is not the same in a standing wave
and varies with particle location.
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The blockage and the pipe wall vibrate at different frequencies because of differences in inherent
characteristics, thereby breaking the bond between them that allows fluid to penetrate, forming
an aperture and dislodging the blockage from the pipe wall. The dislodged blockage is then
removed by restored turbulent flow and may re-dissolve or re-entrain solids in the transport line.
The induced vibration by the standing wave also provides a steady shear field in the yield shear
thinning (thixotropy) suspension. Such suspensions exhibit gelation behavior similar to the
interlocking crystalline network produced from the interaction between high-aspect ratio
phosphate containing crystals and the liquid phase (see Section 4.2). As the gel structures begin
to break down, a lower viscosity suspension is produced that is removed and ultimately dissolved
in the flowing liquid. A higher shear field from increased pulsation amplitude will cause more
gel structure to break down and decrease the viscosity of suspension.

In addition to pressure pulsation, a transient pulsation (water hammer) can cause undesirable
pipe stress. Water hammer is currently a concern for the Hanford waste transfer piping, but it is
not likely to occur from use of the pressure pulse technology. A stress analysis for selected pipe
routes is being performed by WRPS to assess the potential for water hammer. Water hammer is
caused by the sudden closure or opening of a valve that significantly changes the velocity of
fluid flow in the pipe and results in a “hammering” sound. When a valve in a flowing pipe is
suddenly closed, a large pressure spike occurs at the valve. Equation 2 is simplistic but
illustrates the maximum pressure differential, AP, due to an abrupt change from a flow rate of
6-10 ft/sec to zero. As an approximation to determine the magnitude of a pressure surge from
water hammer, a supernatant density of 1.3 g/em’ and acoustic velocity of seawater at 25°C,
5,023 fi/sec (as an equivalent to supernatant waste acoustic velocity) is used. The gravitation
acceleration in Equation 2 1s 32.2 ft/sec.

AP = paAv/144g (Equation 2)

Where:
AP = Pressure spike
p = density of the fluid (gfcm3)
a = Fluid acoustic velocity (ft/sec)
Av = Change in fluid velocity (ft/sec)
g = gravitational acceleration (ft/sec?).

Based on the above values, a water hammer pressure spike for a 2- or 3-in. diameter Schedule 40
stainless steel pipe is calculated and listed in Table 6-1. The results indicate a differential
pressure spike equivalent to approximately 530-880 psig (rounded) above a static pressure of
200-300 psig at normal flow rates will form by the effect of water hammer pressure spike. Based
on the calculated pressure spike and a static pressure at 300 psig, a total pressure surge of
approximately 830 to 1,180 psig results from a valve closure and the sudden flow interruption.
The Hydrokinetics pulsing would impact the velocity at about 1 ft/sec (static to a maximum of
20 gal/min); approximately an order of magnitude below a water hammer incident.
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Table 6-1. Water Hammer Pressure Surge.

2-in. Diameter Schedule 40 3-in. Diameter Schedule 40
Stainless Steel Pipe Stainless Steel Pipe
Velocity (ft/sec) 6 10 2 6 10 1

Flow rate (gal/min) 63 105 20 138 230 20
Pressure spike (psig) 527 879 176 527 879 88

6.2 TRANSPORT AND BLLOCKAGE REMOVAL APPROACH

Hanford waste transfer system operations focus on preventing plug formation, but pipelines may
plug and remediation approaches need to be adopted. Standard TFC-ENG-STD-26 describes the
nature of various pipeline plugs, prevention measures, and flushing methods to minimize plug or
scale formation. The perspective described in this section expands on the TFC-ENG-STD-26
standard. It considers integration of a pulsation technology as an essential component of typical
waste transfer system functions. Figure 6-1 is a schematic of the analysis, process decisions, and
operational options to consider as wastes of distinct characteristics are transferred in the Hanford
waste transfer system.

Start Flush with?

YES

+ Inhibited Water
« NaOH Solution

Waste Classification

Transfer
Shows Sign
of Plugging

+ Phosphate Bearing Supernatant

+ Aluminate Bearing Supematant

+ NaNO; / NaNO; Rich Supematant
+ Undissolved Solids Slumy

Complete
Pre-Transfer Phosphate: | VES
Healed Flush? Pre- Flush Pipeline Transfer -
with Heated Water

Pressure Pulsation?

Aluminate: + Set Operating Pressure
NaOH Dilution + Set Pressure Amplitude

< NaOH Solution
Dilution?
Instead of Water Set Pulse Frequency
Pulse Up-OR-Pulse Down{Bleed)

Normal Post Transfer Flush? v
¢ Inhibited Water
+ NaOH Solution YES

Line Clears?

Abandon Transfer Line NO

F 3

Figure 6-1. Transfer Operation and Pulsation Unplugging Logic
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As illustrated, plugs may be induced by mechanisms of chemical and/or hydrodynamic
instability and by settling of solids for the four waste classifications (detailed in Section 4.2) to
influence transfer of supernatant wastes or slurry wastes. The chemical composition of a waste
needs to be determined at the start of a waste transfer operation to predict foreseeable chemical
instabilities related to a waste type. Waste types can be classified as follows:

1. Phosphate-containing supernatant — A supernatant waste containing high
concentrations of phosphate with strong temperature dependence to form an interlocking
crystalline network and exhibit gelation behavior that plugs the pipeline as it cools down
and reaches saturation limits during the transfer.

2. Aluminate-containing supernatant — A supernatant waste containing high
concentrations of aluminate ion [Al(OH)4'1] may reach saturation limits and precipitate
when it is cooled in the pipeline, or when the free hydroxide ion concentration of the
solution is decreased by inadequate dilution with water. Precipitation of solids increases
the resulting suspension’s solids loading and induces hydrodynamic instability when the
flow rate reaches the deposition velocity limits and settled solids plug the pipeline.

3. High salt content supernatant — Residual supernatant waste rich in dissolved salts of
sodium nitrate and nitrite (NaNO; and NaNQO,) remaining in the pipeline may evaporate
and adhere to the pipe surfaces. A buildup of hardened solids and hydrated salts may
block the next pipeline transfer.

4. Solids containing slurry — The undissolved solids in a slurry waste may settle when the
flow velocity is insufficient to keep them suspended, and a moving bed of particles
begins to accumulate during a slurry transport operation.

After defining the waste classification, operational decisions need to consider the following:

*  Preheating the transfer line when dealing with a phosphate-containing waste to minimize
the temperature drop during the transfer

+ Diluting a phosphate-containing waste below the saturation limit at a plausible lower
temperature during the transfer

» Diluting an aluminate-containing waste with a sodium hydroxide solution instead of
water to maintain the supernatant waste hydroxide 1on concentration above Al(OH);
precipitation

+ Increasing the pipeline transport velocity to maintain turbulent flow in the slurry transfer
line.

A flushing operation is usually initiated when the transfer line shows signs of solids buildup by a
gradual change in the line pressure and flow rate. Once again, the options for selecting a
compatible flushing solution are considered. For instance, a supernatant rich in phosphate is
flushed with water, whereas an aluminate-containing supernatant is flushed with a sodium
hydroxide solution. If the line continues to plug, then pipeline pressurization and pulsation can
begin immediately without draining the line, which is advantageous in removing the plug. The
pulsation parameters of pressure amplitude and frequency, and the maximum and minimum
operating static pressure, are adjusted based on a plug characteristic.
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6.3 ALTERNATIVE 1: HYDROKINETICS

The Hydrokinetics technology is applied to piping, heat exchanger tubes, and process equipment
in plastics, chemical, refining, offshore, and subsea umbilical and flow lines to remove blockage
or at a minimum create an aperture in the plug to restore flow in the pipeline. A variety of
inorganic and organic foulant buildups (e.g., scale, asphalt, crude oil, cement, polycarbonate,
pulp, styrene) have been successfully removed by deploying the technology.

Discussions were held with AIMM Technologies representatives to understand and evaluate the
Hydrokinetics technology.® The patent application filings, published literature, and reports on
Hydrokinetics technology scoping tests conducted at FIU in 2009 were reviewed. Discussions
were held with Dr. Dwayne McDaniel from FIU." Section 6.3.1 describes the technology,
Section 6.3.2 provides examples of Hydrokinetics technology deployment in industry to remove
pipeline plugs, and Section 6.3.3 examines FIU testing.

6.3.1 Technology Description

The Hydrokinetics patent application, Method and Apparatus for Cleaning Columns by Induced
Vibration in Fouling Material and the Column, patent number US 5674323, published in
October 1997, and a second patent, Pump Valve Mechanism, patent number US 7421757,
published in September 2008, were reviewed. Both patents are included in Appendix A. Based
on the technology description and the operating principles described in Section 6.1, the
Hydrokinetics technology uses pressurized fluid pulsation to remove blockage in pipelines.
Pressure pulses are created by opening and closing valves. Fluctuations in pressure travel
through the pipeline as acoustic waves and form a standing wave in incompressible liquids.
Pulsation energy is transferred to the interface between the pipe wall and blockage, and because
of the difference in pipe wall and foulant material, they resonate at different frequencies and
break the bond between them by induced vibration. Operating pressures for Hydrokinetics
action range up to 20,000 psi, with a typical range about 250-3,000 psi (patent US 5674323). In
this system, the steady-state pressure serves to wash the foulant from the pipe once the bond
between the pipe wall and foulant is broken. The Hydrokinetics technology is not a pressure-
surge water hammer system common in the pressure-based annular pigging system.

Any source of fluid, including water, sodium hydroxide solution, or other chemical solutions can
be used. The system delivers fluid pressure pulses in a pipeline by regulating the pressure
differential to transmit positive pressure differentials in the form of positive pressure pulses in
the pipeline, or regulated to transmit negative pressure differentials in the form of negative
pressure pulses. Positive pressure differentials are transmitted by cyclically opening and closing
pneumatic-operated valves controlled manually. The negative pressure differential is managed
by removing fluid from the pipeline using a process bleed line or a bypass recycle loop with a
dump valve. The valve operation can be automated, but the Hydrokinetics system is operated
manually to control interaction between the foulant and the pipe wall by monitoring pressure.
Based on discussions with AIMM Technologies representatives, pressure pulses are generated at
multiple frequencies of a typical range of 2-30 cycles per minute and up to 1 Hz.

° Contacts: Brooks Bradford Jr., President, and Antone Belcher; website: www.aimmtechnologies.com.
1% Florida International University primary contact point: Dr. Dwayne McDaniel at FIU Applied Research
Center; website: www.arc.fiu.edu.
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Furthermore, by increasing the pulsation amplitude sufficiently, large oscillations are created
between the positive and negative pressure swings in pulse cycles. When liquid pressure falls
below its vapor pressure during a negative swing, gas bubbles form and grow. These bubbles are
known as acoustic cavitation bubbles. The bubbles are carried in traveling waves. As local
pressure reaches above the liquid vapor pressure (positive pressure swing), the bubbles implode
and produce a second high intensity and localized pressure wave that enhances pipeline blockage
removal. The formation rate, or bulk concentration, of cavitating bubbles depends on the
frequency of pulsation when the magnitude of a pulse amplitude reaches acoustic cavitation.

The Hydrokinetics technology is aimed at combining the pulsation energy with the resonance of
the foulant and the pipe wall at different frequencies, and aimed at adjustment in pulse amplitude
to operate above the cavitation threshold. Unplugging is enhanced by the implosion of cavitating
bubbles as compared to the pressure pulsation effect alone. Because of the changing nature of
pulsation during the Hydrokinetics operation, acoustic cavitation may occur in short time spans
with minimum risk of pipeline damage. A typical Hydrokinetics application may last less than

1 hour, and at the most several hours (described by AIMM Technologies representatives).

A schematic process and instrumentation diagram of the Hydrokinetics system is presented in
Figure 6-2. As shown, the Hydrokinetics equipment is built around a high-pressure piston pump
capable of 20 gal/min and up to 3,000 psig. A pressure relief valve allows solution to recycle at
a pressure selected to avoid overstressing the weakest component in the plugged system. The
pressure relief of 400-500 psig is for a typical Hanford system deployment, including jumpers.
Two air operated valves are used to “pulse” the system up or down through a high-pressure hose
with a Y2-in. to 34-in. internal diameter. The down cycle or bleed valve is used only if the plug 1s
firm, and the pressure 1s cycled up to a maximum several times to “bump” the plug.

| I

1 Pressure Alr V Reg. ==
Raw Water
| I |
Pressure
Regulator |
AOV AQV AQV

High Pressure Check valve
Piston Pump
20 gpm
Recycle
Tank
S W
Flush
Puuni Plugged
» Line
RPT-125-2012
250 gpm

Figure 6-2. IIydrokinetics Process IFlow Diagram
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The volume of bleed-back needed to get a pressure drop via the “pulse-down” valve is small
because the fluids are nearly incompressible when the line is full. In field operation, backflow is
not experienced. Higher pressures are helpful and sometimes necessary; however, the standing
wave generated by the valve pulse is the primary reason for the rate of success. To implement
the Hydrokinetics system at Hanford and avoid contaminating equipment, the bleed liquid is
isolated and routed to a DST or to the transfer line pit drain instead of recirculating within the
system. In such a modification, the recycle tank is likely eliminated. Further modification to the
Hydrokinetics system is explained in Section 7.0.

The operating strategy is not automated and is enhanced by an experienced operator who learns
to see the plug beginning to move by watching the pressure. A typical operating scenario for a
maximum operating pressure of 600 psig is listed below and indexed to Figure 6-3:

1. The unplugging effort begins with
the lines full, by filling the lines &0
with channel flow bleeding the air
out of the system, or by forcing air (
past the plug at pressure. The q
goal is to send a standing wave
through the water column in the
pipe.

2. The operator opens the “pulse-up”
valve until the pressure is into a
regime that might move the plug
(e.g., 400 psig). The valve is open
for 30 seconds to several minutes  Figure 6-3. Hydrokinetics Unplugging Approach
to establish the first pressure goal.

Initjate Flush | — — J»

GZnmn.

L — — — nnitiate[Flush

|
|
1
|
|
200 |
|
I

|— — — —M Initiate Flush

Time RPr-12a-2012

3. The pulse-up valve is closed and the pressure monitored. The pressure gradually
decreases (indicating plug movement or a leaking plug) or remains constant (indicating a
hard plug). The pressure normally tails off in a few seconds to a few minutes, and the
pulse-up valve is used to bring the pressure back to 400 psig. A few of these cycles (<10)
typically results in the pressure dropping off at a faster rate, indicating that the plug is
breaking or moving.

4. Tfthe pressure does not tail off, the operator uses the pulse-down valve to drop the
pressure and bump the plug by alternating up and down cycles about 10 times while
monitoring the pressure. If there is no progress, a higher pressure is considered. The
maximum pressure would be predefined with a stress analysis for the particular pipe and
components involved. After 100 cycles at the maximum pressure over an 8-hour period,
a decision is made to abandon the line.

5. Once a plug starts to move, the higher flow rate centrifugal pump is used to flush the plug
and line until the flushing rate of 6-10 fi/sec is established. In the event the plug shows
signs of reforming (erratic flow rates), the pulse-up action is repeated while the flush
water is on.

34



FPP-RPT-53783, Rev, 0

632 Exsting Fidd Deployment

The Hydrokinetics systern has been deploved in a variety of pipeline unplugging cases to remove
blockage, or at a minimurn, to create an aperture in the plug to restore fow in the pipeline. The
systemn has been applied to clean piping, tubes, and process equipment 1n plastics, chemical,
refirng, offshore, and subsea umbilical and fow lines stnce 1991, It 1s applied to remove
inorganic and organic plugs from process pipelines, heat exchanger tubes, andlong-distance flow
lines common in the offshore ol explorations.

Analogous to possihl e pipeline plugs in Hanford Site transfer pipelines, the Hydrokinetics
systemn has successfull v handled pip eline blockage or foulants that exhibit psendo non-creeping
and densely packed suspensions like those shown in the photos in Figure 6-4 and Figure 6-5.
These extruded plugs maintan varying degrees of structural plasticity. A qualitative view of the
theological character of extruded plugs in Figure 64 indicates that the Hydrokinetics system 15
ahle to dislodge concentrated inorganic and organic suspension such as a non-hydrated cement
mizture, asphalt, or wiscous paraffin that have high weld and tensile stress. This demonstrates an

extruded plug shape that 15 not deformed and maintains a non-creeping nature after being
extruded.

-nfﬁllll Technologhes, e and camot Be released mptﬁhlndﬂhhﬂlﬂnﬂmm

Figure6-4. High Shear Stressand Viscous Plugs
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This Photo is property of AIMM Technologies, Inc. and cannot be released or puliish
consent of AIMM Technologies, Inc

. SRIN

Figure-5. Pipdine Blockage or Foulants Handled by the Hydrokinetics Sy stem
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Analogous to a consolidated solid form plug
seen in past Hanford pipeline plugs, the
Hydrokineti ¢ system has been successfully
used to remove a hydrated cement, solidified
polyorgame buil dup, and heat exchanger tube
scale from process pipelines. An example of
these types of foulants is shown in Figure 6-6.
Additional photos of solidified pipeline plugs
removed by the Hydrokinetics system are
included in a 2004 Oak Ridge National
Laboratory (OENL) evaluation report,
FPipeline Unplugging Assessment and
Recommendations for Fernald Enviranmental
Management Project (Morns et al. 2004). The
ORNL report provides a list ofindustry clients
using the Hydrokinetics system. A copy of
Section 3.5 and Appendix I of the ORNL

. . . This Phote is property of AIMMNechnologics,

report is provided as Appendix D. Inc. and cannot be reledSed or published

without the express written consent of
AIMM Technologies, Inc.

6.33 Scoping Tests with Pipeline Plug
Simulants Figure 6-6. Consolidated Form Plug

In 2009, FIU conducted experiments using the Hydrokineti¢s system to remove pipeline plugs
made of a clay-based sludge and two crystallized salt simulants. The results are detailed ina
draft topical report (Unplugeing of High Level Waste Transfer Pipelines: AIMM Technolagies’
Hydrakinetic Pracess Technology Assessment [FIU 2009]), which is included in Appendix B of
this document. Excerpts were presented at the 2010 Waste Management Conference

(Gokaltun et al. 2010). Three different test pipelines (310, 646, and 1,822 ft) constructed from
3-in. diameter $chedule 10 carbon steel pipe, and 21-ft long segments joined by Victaulic!
couplings were used to examine the Hydrokinetics system performance in a range of pipeline
lengths and configurations with 90-degree elbows (shown in Figure 6-7). Pipeline orientation for
the three length settings is illustrated in black, and the location of plug is seen in red and circled
in green (see Figure 6-7). A pipeline plug, circled in green, is located before a 90-degree elbow
connected to a 21-ft discharge section. Each plug is placed downstream from an expansion joint
configuration thatis constructed of three 10-ft sections intended to simulate the cross-site lines
expansion joints (see Figure 3-2). The simulated expansion joint can be removed to examine the
Hydrokinetics performance in both configurations. Blockage lengths of 4 ft and 8 ft were used
in testing all three configurations.

Y victaulic is a registered trademark of Victaulic Company, Easton, Pennsylvania.
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Each pipeline configuration was
instrumented with dynamic and
static pressure transducers,
temperature thermocouples, a

300 psig pressure relief valve, and
two 34201 A type accelerometers
with +£2¢g range connected to a
data acquisition system. The
accelerometers were installed at
the pipeline inlet and on the
blockage section to determine the
pipe wall vibration profile
between the inlet and the blockage
in various configurations. The
dynamic pressure transducers
monitored pressure fluctuations
not recorded by static pressure
transducers.

As shown in Figure 6-7, simulated
plugs were placed before a final
90-degree elbow connected to a
discharge section. After
conducting introductory tests with
simulants to determine minimum
extrusion pressure for a blockage
type, a bentonite clay and water
sludge at 68 wt% bentonite clay, a
hard saltcake simulant of hydrated
potassium-magnesium sulfate
(K-Mag), and a crystallized
sodium aluminosilicate (Na-Al-S1
or NAS) were selected for testing.
The selection was based on using
simulants to exceed an extrusion
pressure of 150 psig at a 4-ft
blockage length. The extrusion
pressure limit originated from the
lower limit criterion of the
hydrokinetic system operating at
100 psig.
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Source: FIU, 2009, Unplugging of High Level Waste Transfer Pipelines: AIMM
Technologies” Hydrokinetic Process Technology Assessment, Florida
International University, Miami, Florida.

Figure 6-7. Illustrations of Test Pipeline Length
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Extrusion tests presented in Table 1 of FIU (2009) showed the following:
+  4-ft 68 wt% bentonite clay in water plug required approximately 100-170 psig pressure

+  4-ft K-Mag hard saltcake, at a composition of 90 wt% powder mixed with 10 wt% water,
required above 600 psig pressure

+  4-ft NAS crystallized salt plug required approximately 500 psig pressure.

To increase extrusion pressures, the length of plugs for the bentonite clay sludge (68 wt%-solids)
was increased to 8 ft to reach above a 190 psig extrusion pressure. Ultimately, in testing the
Hydrokinetics system, bentonite/water sludge plugs of 8- and 12-ft lengths were used. The
Hydrokinetics system tests are summarized in Table 9 of FIU (2009) and presented in Table 6-2.
Besides the results shown in Table 6-2, three tests with 2-ft length K-Mag plugs placed in a
310-ft length configuration were performed. The 2-ft K-Mag plugs were partially unplugged at
60 psi, 100 psi, and 280 psi maximum pressures. The results showed the Hydrokinetics system
was successful in removing bentonite clay simulant plugs and demonstrated limited success in
removing crystallized salt plugs. At times, the system showed an ability to create an aperture in
the plug to restore flow in the K-Mag simulant.

Table 6-2. Hydrokinetics System Unplugging Tests
at Florida International University.

Pipeline Unplugging Tests

Expansion | Distance to | Simulant | Plug length | Pressure | Unplugging | Duration
Test # jomt plug (ft) plug (ft) (psig) success (mln)

310 Bentonite® 2022
2 1 310 Bentonite® 12 286.3 Yes 30
3 1 310 K-Mag® 4 265.1 Partial 40
4 1 310 Na-Si-Al° 4 292.8 No 52
5 0 310 Na-Si-Al° 4 285 No 21
6 1 646 Bentonite® 8 2253 Yes 17
7 1 646 Bentonite 12 264.2 Yes 18
8 1 646 K-Mag® 4 287.1 No 54
9 1 646 Na-Si-Al° 4 278.3 No 41
10 1 1822 Bentonite® 8 291.7 No 115
11 1 1822 Bentonite® 12 214.2 Yes 73
12 1 1822 K-Mag® 4 318.7 No 40
13 1 1822 Na-Si-Al° 4 268.8 No 52

Source: FIU, 2009, Unplugging of High Level Waste Transfer Pipelines: AIMM Technologies’ Hydrokinetic
Process Technology Assessment, Florida International University, Miami, Florida.
* A bentonite clay and water mixture containing 68 wt% bentonite clay was used.

" A hydrated potassium-magnesium sulfate (K-Mag) saltcake from mixing grounded potassium-magnesium
sulfate granular crystal added to 10 wt% water was used.

¢ A modified formulation of sodium aluminosilicate (NAS) simulant originally described in PNNL-17758,
Preparation and Characterization of Chemical Plugs Based on selected Hanford Simulants, was used.

39



RPP-RPT-53783, Rev. 0

All tests were conducted when the pipelines were drained, as documented in FIU (2009) (see
Appendix B), and the Hydrokinetics system was operated without vacuuming or attempting to
remove air pockets from the pipeline. Limited attention to the presence of air in the pipeline
drastically reduced the effectiveness of pressure pulses traveling as a standing acoustic wave of
pressure pulse (discussed in Section 6.1). It was reported that the pressure pulses attenuated
significantly from the inlet to the blockage section during the unplugging process as a result of
the air presence. It is plausible that the presence of air pockets in the pipeline prevented
transmission of the pressure pulses to the plug face. Therefore, this evaluation concluded that
the FIU testing was a reasonable initial scoping attempt to investigate the Hydrokinetics system
capability at low operating pressures of up to 300 psig. However, the presence of the air pocket
and significance attenuation of pressure pulses will need to be factored in the conclusions about
the Hydrokinetics system’s limited ability to remove the crystallized salts of K-Mag and
Na-Al-Si, which complicates the assessment of the Hyvdrokinetics system for use in unplugging
pipelines at Hanford.

Evaluation of the Hydrokinetics system was further limited by the range of simulants selected to
emulate Hanford pipeline plugs. The testing used a bentonite clay and water sludge at 68 wt%
solids that undergoes osmotic swelling when exposed to water and exhibits highly elastic
characteristics following a Bingham-plastic behavior (PNNL-11103, Retrieval Process
Development and Enhancement Project Fiscal Year 1995 Simulant Development Technology
Task Progress Report). A bentonite clay sludge shear strength increases linearly with solids
loading (see Figure 2.9 of PNNL-11685, Refrieval Process Development and Enhancements
Waste Simulant Compositions and Defensibility) and tends to adhere less to surfaces when
compared to a kaolin clay sludge. A kaolin clay sludge rheology is dominated by viscous
characteristics, compared to a bentonite clay sludge at similar solids loading, and tends to adhere
to surfaces more readily. Based on these observations, a kaolin clay sludge at similar shear
strength represents a sludge plug of increased adhesion to the pipeline surface compared to a
bentonite clay sludge.

In contrast, a closer examination of the crystallized salt simulants used in the Hydrokinetics
system testing reveals an excessively conservative K-Mag crystallized salt simulant, and a NAS
simulant that crystallizes in time and exhibits changing characteristics. These simulant choices
may inadequately represent the Hydrokinetics system performance against the nature of plugs in
the Hanford waste transfer lines. As described in PNNL-11103 and PNNL-116835, and
referenced in the FIU testing for K-Mag selection, the original development of a granular
potassium-magnesium sulfate mixed with varying water concentration was intended to mimic
hydrated hard simulant monoliths of approximately 10-30 MPa (approximately 1,400-4,000 psi)
compressive strengths for high-pressure waterjet-based retrieval applications. At the time
(PNNL-11103 and PNNL-11685), the K-Mag saltcake simulants were designed to provide a
conservative challenge to examine the high-pressure waterjet systems used in retrieving hard
saltcake and hardpans from the bottom of storages tanks, with varying mechanical strengths and
porosities (see Figures 2.17 and 2.18 of PNNL-11685). The mechanical properties of tank
saltcakes or crystallized salts formed in the pipeline have not been measured, and using high
mechanical strength K-Mag simulants in the pipeline unplugging tests may overestimate the
actual characteristics of hardened hydrated salt plugs in pipelines induced by evaporation of
supernatants rich in sodium nitrate and nitrite solutes.
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In the FIU testing, the K-Mag formulation (at 90 wt% K-Mag) was altered by grinding the
starting granular potassium-magnesium sulfate into powder before mixing with water. The
change in K-Mag particle size distribution produced a K-Mag monolith of lower porosity and
elevated mechanical strength, and adversely increased conservatism in the simulant characteristics.

A review of the original NAS crystallized salt formulation was based on developing pipeline
chemical plugs to exhibit amorphous gelation characteristics (PNNL-17758, Preparation and
Characterization of Chemical Plugs Based on Selected Hanford Simulants). Reported analysis
of the sodium aluminosilicate (NAS) gel indicated the growth of sodium nitrate crystals as a
function of time, which altered the plug nature and produced a chemically unstable simulant
formulation. Extrusion test results showed the NAS simulant mechanical strength changes
within the length of the NAS specimen. The strength of plug segments extruded from the bottom
of the pipe was greater than the sections in the upper and middle part of the pipe (PNNL-17758).
It is plausible that the changing nature of NAS characteristics during the Hydrokinetics system
testing resulted in an undesirable variability that impacted the evaluation outcome.

Based on limitations in the FIU testing, a comprehensive test using improved simulants to better
emulate the four classes of plugs formed in the Hanford waste transfer system may provide
significant insight in evaluating the Hydrokinetics system.

6.3.4 Deployment Safety Aspects

The current classification of the Hanford waste transfer lines is Hazard Category 2 safety
significant (RPP-13033, Tank Farms Documented Safety Analysis). The documented safety
analysis (DSA) establishes the safety basis for the tank farms nuclear facilities and documents
the results of hazard and accident analyses for the tank farms facilities and their operation. The
DSA also describes the significant features and programs that prevent or mitigate the identified
nuclear hazards and establishes the envelope within which the facilities can continue to safely
operate. Hazards analyses are performed by procedure TFC-ENG-DESIGN-C-47, Process
Hazard Analysis.

The installation of either a portable or permanent pulse system poses similar risks compared to
current tank farms operations. The portable pressure pulse system is functionally similar to
current hydrostatic testing, and a permanent pressure pulse system is similar to the existing
flushing design concept planned for the AY/AZ Farm. Either approach requires that hazards be
addressed in the context of the DSA. Key areas typically monitored to assure safe operation for
an unplugging system are described below.

The primary waste transfer line is safety significant, and the pressure pulse system used for
pipeline unplugging is an interface with the primary transfer line. The boundary for defining
which components are safety significant is determined by safety reviews and hazards analysis, as
described in RPP-RPT-42297, Safety-Significant Waste Transfer Primary Piping Systems —
Functions and Requirements Evaluation Document. Safety-significant components are identified
as the details of the piping and instrumentation diagram (P&ID) are defined. The valves,
pressure relief devices, and control systems required to maintain a confinement boundary under
every potential process or accident scenario will be safety significant.
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In the event of a plug, the waste transfer pump would be administratively locked out such that
the pressure pulsing and flushing operations could not cause a waste transfer leak accident. The
pulsing/flushing equipment is an interfacing water system, and defense-in-depth features would
apply (see RPP-13033, Section 3.3.2.3.2). Under this scenario, the unplugging equipment may
not include safety-significant components.

Overpressure — A stress analysis is required for all transfers in the DST system (TFC-MD-085,
Design Conditions for Analyses of Process Piping). The final approach recommended for a
pressure pulse system will undergo the same rigor for stress analysis to verify the safety basis
limits are not exceeded. The analysis specifically addresses the dynamic effects of hydraulic
shock, including water hammer, surge, and column separation. The components of the pressure
pulse system are reviewed with a failure modes and effects analysis to determine if any failure
scenario exceeds the pipe stress ceilings defined in TFC-MD-085, which defines the safety basis.
The components of the design required to ensure compliance with the safety basis are designated
safety significant (e.g., pressure relief valves).

For analyses that determine the potential overpressure conditions resulting from
waste transfer pump operations or the dynamic effects of hyvdraulic shock cannot
exceed specified safety basis failure limits, pressure-relieving devices (if present)
shall not be credited with limiting pressure in piping, unless they are qualified as
safety-significant under the procedural controls governing tank farms administration,
engineering, and operations (TFC-MD-085, Section 3.2 (2.b)).

Spray leak — Components pressurized above 400 psig during pipeline unplugging activities that
use higher than normal operating pressures are at risk of leaking. PUREX connectors have
gaskets designed for 400 psig that could result in a spray leak. A pit cover block or portable
cover system would be used to contain a spray leak. However, the valve pits are not ventilated
with a filtered confinement system, so the potential exists for a contamination spread following a
spray leak.

Backflow — The cross-site transfer line slopes up to a mid-point such that drainback occurs if the
jumpers or valve are not properly configured. During an unplugging activity, the air volume
between the plug and the nozzle are compressed and provide a motive force for backflow.
Proper routings to drain the line and a means to protect against backflow to clean systems must
be provided.

Misrouting — Pits typically have multiple wall nozzles and multiple valves located in the
jumpers. Misrouting from the wrong wall connection or a wrong valve setting must be overcome
with administrative controls.

Pulse valve recycle — The Hydrokinetic pressure pulse valve configuration recycles solution
during the depressurization or pulse-down phase. For contaminated applications at Hanford,
only fresh raw water or inhibited water are introduced into the unplugging equipment. The
pulse-down phase is abandoned and the transfer line drained with a valve to the valve pit floor
drain or to another pipe route via a wall nozzle. The routing from the pressure pulse equipment
is protected with backflow prevention.
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6.3.5 Regulatory Impacts

Environmental regulations from applicable federal and Washington State sources will be
reviewed and adhered to. The Washington State Department of Ecology (Ecology) is in the
process of issuing a Final Status Permit for the DST system that will include conditions for the
operation of all transfer lines. The final version of the permit, when issued (anticipated by
Ecology to be spring of 2013), will need to be reviewed to see if changes to current procedures
will be affected.

6.3.53.1 National Environmental Policy Act

Overview — The National Environmental Policy Act of 1969 (NEPA) is the legal driver to
prepare an environmental impact statement (EIS). Federal law requires the completion of an EIS
“[for] major Federal actions significantly affecting the quality of the human environment.” An
EIS must address:

... (i) the environmental impact of the proposed action, (ii) any adverse environmental
effects which cannot be avoided should the proposal be implemented, (iii) alternatives
to the proposed action, (iv) the relationship between local shori-term uses of man's
environment and the maintenance and enhancement of long-term productivity,

(v) and any irreversible and irretrievable commitments of resources which would be
involved in the proposed action should it be implemented.

Transfer Lines NEPA coverage — The use of transfer lines within the DST system and to
provide waste feed to the WTP is addressed in existing NEPA documentation under
DOE/EIS-0189, Tank Waste Remediation System, Hanford Site, Richland, Washington, Final
Environmental Impact Statement. The information is further updated by the recently released
DOE/EIS-0391, Final Tank Closure and Waste Management Environmental Impact Statement
for the Hanford Site, Richland, Washington (TC & WM EIS). The implementation of a pipeline
unplugging technology at the Hanford tank farms will be reviewed for NEPA implications, but
will likely fall within the scope of these existing NEPA documents. A NEPA checklist will be
developed once a final technology is down-selected in accordance with WRPS procedures.

6.3.5.2 Washington State Requirements

The liquid and solid mixed waste (i.e., radioactive and hazardous) in the Hanford underground
storage tanks includes hazardous wastes that are subject to the Resource Conservation and
Recovery Act of 1976 (RCRA). RCRA regulates hazardous waste from the point of generation
through storage, treatment, and ultimate disposal. Many aspects of Hanford Site operations are
governed by various RCRA permits. The U.S. Environmental Protection Agency (EPA) RCRA
implementing regulations also include minimum technological requirements (e.g., secondary
containment) that apply to management of hazardous wastes. The state of Washington, via
Ecology, has been authorized by EPA to administer a state hazardous waste management
program to implement a federal hazardous waste management program, as set forth in the
Revised Code of Washington (RCW) 70.105, “Hazardous Waste Management Act of 1976,
through Washington Administrative Code (WAC) 173-303, “Dangerous Waste Regulations.”
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Unplugging Implications — The design and construction of the transfer lines was reviewed by
Ecology, who required submittal of a stamped report prepared by an independent qualified
registered profession engineer (IQRPE). Recovery from a waste transfer line plug may require a
review of the approach and verifying the fitness-for-service review, depending on the pressures
used to clear the line. A waste transfer line plug may be treated similar to a transfer line failure
and repair, and Ecology could require a review of fitness-for-service by an IQRPE in accordance
with the following Washington State code:

If the owner/operator has repaired a tank system in accordance with (e) of this
subsection, and the repair has been extensive (e.g., installation of an internal liner;
repair of a ruptured primary containment or secondary containment vessel), the tank
system must not be returned to service unless the owner/operator has obtained a
certification by an independent, qualified, registered, professional engineer in
accordance with WAC 173-303-810 (13)(a) that the repaired system is capable of
handling dangerous wastes without release for the intended life of the system.

This certification must be submiited to the department within seven days after returning
the tank system to use. (WAC 173-303-640 7(f), “Certification of major repairs™)

In addition, any contaminated equipment, debris, and materials resulting from the unplugging
exercise will need to be handled and disposed in a compliant manner, in accordance with the
requirements of the permit and WAC 173-303.

6.3.6 Risk Analyses

The following are examples of project and technical risks that must be addressed to implement a
pressure pulse system for unplugging waste transfer lines in the tank farms.

Overpressurization of piping — The standard pump provided by the vendor for waste transfer
line unplugging activities can exceed the maximum pressure rating for the piping. The issues
can be addressed administratively by controlling the pump pressure and passively with pressure
relief valves. It is also possible to automate pump shutdown and designated pressures via the
control system. This risk is mitigated with multiple layers of protection, both administrative and
passive. The exact approach will be optimized as a part of the detailed design and safety review
process.

Pipe stress from pressure pulse action — The potential exists during waste transfer line pulsing
to induce a standing wave that coincides with a natural harmonic in the piping that serves to
propagate or magnify the wave and create a water hammer affect. In discussions with vendors,
there has been no evidence of water hammer or vibration in the 2-30 cycles per minute frequency
range.

A stress analysis is required for all transfers in the DST system (TFC-MD-085). The final
approach recommended for a pressure pulse system will undergo the same rigor for stress
analysis to verify the safety basis limits are not exceeded. This assessment for compliance with
the safety basis is now a requirement for the justification for continued operation (discussed
further in Section 7.2.1).
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ALARA principles — The dose to workers is a function of the contamination levels in the valve
pits. If a PUREX connector or another remote connecting device is used, manual entry into the
valve pit can be avoided. However, if the pipe nozzle requires a manual or welded connection,
the pit will need to be decontaminated before personnel entry. Doses for pit entry are higher and
activities are monitored from an ALARA standpoint to minimize personnel exposure.

Valve pit entries are avoided if possible, but are occasionally necessary at Hanford and can be
done safely.

Project execution — The implementation of an unplugging strategy has important project
schedule implications for recovering a plugged waste transfer line. The likely scenario is a
portable pressure pulse system that is ready for use prior to a plugging event. The
implementation of a portable pressure pulse system resembles hydrostatic testing, and with
procedures in place, the equipment can be deployed and waste transfer line unplugging can begin
in a few days to a few weeks. If the procedures are not in place, a work package is developed
and one to three months are likely required before work can commence.

The means of connecting the pressure pulse system to the pit nozzle for pressures beyond
400 psig could be the critical path activity. A process for upgrading the present PUREX
connector or another connecting strategy should be pre-identified and developed for use to
mitigate the schedule impacts.

6.4 ALTERNATIVE 2: PIPE-PULSE

The Pipe-Pulse system is a pressure pulsation unplugging system provided by Paradigm Flow
Services. Paradigm Flow Services, established in 2010, focuses on technologies to remediate
subsea and topside blockage in pipelines and umbilical flow lines for the offshore oil and gas
industry. The company is located near Kintore in Aberdeenshire, United Kingdom. In addition
to the Pipe-Pulse system, the company uses Flexi-coil, an extended length plumber’s snake
coiled tubing, to remove blockage from subsea flow lines. The evaluation of the Pipe-Pulse
system is based on the patent application filing and publicly available literature. Direct technical
discussions and communication with company representatives were not possible due to the
Paradigm Flow Services requirement that a stringent nondisclosure agreement be signed.

6.4.1 Technology Description

In evaluating the Pipe-Pulse system, a March 2012 patent application (WO 2011/036502 Al,
Improved Blockage Removal Apparatus and Method)' was reviewed. This patent application is
included in Appendix E. Additional reviews included an article entitled “Pipe-Pulse technology
for Subsea Blockage Removal” (Bain 2012) and marketing brochures.

12 The initial Pipe-Pulse System patent application is filed with World Intellectual Property Organization (WO)
and can be searched using the European Patent Register at: www epo.org/searching/free/register html. A U.S. patent
application for the Pipe-Pulse system was filed in July 2012 with the U.S. patent and trademark office
(US 2012/0186661 Al, Blockage Removal Apparatus and Method).
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Similar to the Hydrokinetics system, the Pipe-Pulse system uses pressurized fluid pulsation,
referred to as a flow oscillation method in the Bain (2012) article, to remediate blockage in
pipelines. The technology is intended to remove blockage in subsea pipelines and umbilical flow
lines in the hydrocarbon exploration and production industry where the buildup of wax, paraffin,
scale, asphaltene, or viscous hydrocarbons restrict flow lines. The application of the system in
distances of 30 miles and pressures up to 10.000 psi is reported. In contrast to the Hanford waste
transfer line pressure ratings, the subsea flow lines are typically rated up to 15,000 psi pressures.

Based on the invention description in Patent Application WO 2011/036502 Al, the Pipe-Pulse
system delivers fluid pressure pulses with controlled pulsation magnitude by operating pulsation
below the cavitation threshold. The system uses cyclically opening and closing valves to deliver
a fluid pressure pulse in the pipeline. The pressure differential is regulated to transmit positive
pressure differentials in the form of pulses (pulse amplitude), or regulated to transmit negative
pressure differentials in the form of negative pressure pulses. The negative pressure differential
is managed by removing fluid from the pipeline using a process bleed line or a bypass recycle
loop with controllable valves. In this configuration, both positive and negative pressure pulses
are transmitted to the pipeline. For example, a series of positive pressure pulses in a pressure-up
cyele, followed by a series of negative pressure pulses during the pressure bleeding cycle, are
transmitted in the pipeline. The system uses oscillating valves to reach frequencies up to 10 Hz.

A schematic process and instrumentation diagram of the Pipe-Pulse taken from the pipe pulse
patent (see Appendix E, page E-22) is presented in Figure 6-8. As shown, the Pipe-Pulse system
apparatus (11) is connected to the fluid pipeline (32) with an isolation valve. The Pipe-Pulse
apparatus is also connected to a high-pressure pump (14) to transfer fluid from a liquid vessel
(12), and is regulated by an automated two-way pressure regulator interfaced with a computer to
control regulator output pressure. The pressurized fluid is transferred to a pressure accumulator
to provide a uniform pressure input to the first oscillating valve and thereby minimize the
variation in pulse amplitude output of the oscillating valve while pulsating. A one-way solenoid
actuated valve (26) capable of opening and closing at up to 10 Hz is used in the higher pressure
(positive differential pressure) line. Well-defined fluid pulses are transterred to the conduit, and
pulse occurrence is measured by a pressure sensor (82) interfaced with an external module (i.e.,
computer). A second one-way solenoid actuated valve (36) is placed in a fluid return line from
the conduit. The second valve actuates during the pressure bleed cycle (negative differential
pressure) to recycle fluid to the pressure regulator liquid vessel. A controllable dump valve (40)
is installed between the solenoid actuated valve (36) and the pressure regulator.
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11- Pipe-Puls= system apparatus 28-Process line 42- Return line

12- Liguid veszel 28- Pressure sensor 44. Pressure sensor

14- High pressure pump 30- [zolation walwe S0- PLC

16- Filter 32- Fluid conduit-pipeline 52- Extemal control panel
18- Two-way pressure regulstar 34- Return line E0- Pover distribution system
20- Check valve 36- One-sway zolenoid aduated valve G62- Power Supply

22- Pressure accum Wstar 37 -Pressure sensor 30- Extemal Module

23- Preszure sensor 38-Return line 52- Pressure sensar

24- Proceszline 40- Cortrollable dun p valve 54- Valve

26- One-way z=olenoid ad uated valvwe 42- Return line

Figure 5-83. Pipe-Pulse System Process and Instrumentation

& programmable logic controller (PLCY unit communicates with the two solenoid actuating
valves, the controllable dump valve, and pressure regulator. The PLOC unit 15 interfaced with an
external control panel (52 for user operation. The external control panel 13 set to control the
operating frequencies of the two oscillation valves, the pressure differential, and the mazimum
and minitnum pressure. The control panel is supplied with an onfoff switch and a pressure
regulator override function, and a wisual indicator For status of the various Pipe-Pulse system
components. Power 15 supplied by an external power supply and distributed to varous components
by a power distribution systemn (607 Pressure sensors measure the pressure output at varions
locations, as depicted in Figure 6-8, and provide pressure measurement signals to the PLC unit.

& typical operation of the Pipe-Pulse system iz described in Patent Application WO 2011/036502
A1 and starts with connecting the apparatus to the condmt and opening the 1zolation valve.

The two oscillating valves in the forward and return lines remain closed, the dump walve
remains i open position, and the regulator 1s fully opened. The parameters of frequency for
valve (26), pulse amplitide (maximum differential pressure), and the steady-state pressure
maxzimum and minimum range are selected and entered on the external control panel.

47



RPP-RPT-53783, Rev. 0

The pump is activated while valve 26 remains closed, and a baseline pressure is measured. The
controllable regulator pressure is increased to a selected value of steady-state pressure, Pgs, and
differential pressure for the pulse amplitude, Pyciic » (Pss + Peyciic )- Then the valve oscillation
is started based on a PLC command at preset oscillation frequency to transmit positive pressure
pulses in the conduit to remove the blockage. The two-way regulator is automatically adjusted
by the PLC to maintain (Pgg + P,y ) during pulsation. The oscillating valve (26)
automatically closes when measured pressure (P1 in Figure 6-8) exceeds the preset (Pss +
Peyeiic ) limits.

A PLC communicates with the two solenoid actuating valves, the controllable dump valve, and
pressure regulator. The PLC is interfaced with an external control panel (52) for user operation.
The external control panel controls operating frequencies of the two oscillation valves, the pressure
differential, and maximum/minimum pressure. The control panel is supplied by an on/off switch,
pressure regulator override, and visual indicator for status of the Pipe-Pulse system components.
Power is supplied by an external power supply and distributed to various components by a power
distribution system (60). Pressure sensors measure the pressure output at various system
locations, as depicted in Figure 6-8, and provide pressure measurement signals to the PLC unit.

The bleed cycle starts when the conduit reaches the maximum preset steady-state pressure. The
oscillating valve (26) remains in the open position. While the oscillating valve (36) remains
closed and the dump valve is in an open position, the pressure in the bleed line changes by the
two-way regulator adjustment to reach a preset (Psg — Py ) to activate oscillating valve (36),
which starts the pressure pulse cycle down. Negative pressure pulses are transmitted in the
conduit to decrease pressure in the pipe. During this phase, the two-way regulator is controlled
by the PLC to maintain the pressure in the bleed line to within the (Pgg — Py ) range. The
oscillating valve (26) closes, when the measured pressure at P4 falls outside the (Pgg — Prycyic )
range. The measured pressure at P1 then increases to reach within the (Psg + Peyyic ) Tange.
When P1 is within the range, valve 36 oscillation restarts and pressure pulse-down cycles
continue. As the pressure in the conduit reaches the minimum preset pressure, both oscillating
valves (26 and 36) and the dump valve are closed. The two-way regulator increases pressure Pl
until it 1s within the required range, and a new cycle of the positive pressure pulse transmitted in
the conduit is repeated.

6.4.2 Deployment Safety Aspects, Regulatory Impacts, and Risks Analysis

The deployment safety aspects, regulatory impacts, and risks analysis for the Pipe-Pulse system
are similar in concept to the Hydrokinetics system. This could not be confirmed due to limited
information exchange with Paradigm Flow Services.
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7.0 DEPLOYMENT

The existence of a plugged waste transfer line leads to general considerations for clearing the
line with or without the pressure pulse technology. This section addresses the range of options
for preparing and executing the efforts required to clear the line, as shown in Figure 7-1.

Flowrate Procure Portable

n tes

Drain Line Install Portable

Terminate Transfer | No

Yes v

\ 4

Pressurize Line
Activate Pulsing at

Proceed with Establish Fitness

h 4

1% Level
Stay within Operating Limits

Yes:

2™ Level
Stay within Pipe Design Limits

3" Level
Stay under Code Guidance

No

No

‘Abandon Line

\ 4

RPT-117-2012

1.0 Deploy Alternate Route
(if available)

—>

2.0 HIH Transfer Line
(if line length <1000')

v

3.0 Project for New Buried Line—9>

Figure 7-1. Unplugging Strategies
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7.1 DEPLOYMENT OPTIONS

The first decision in deploying a pressure pulse system is whether the system used to clear a
plugged waste transfer line should be permanently installed as part of the flushing infrastructure
or as a portable (modular) unit for application at any pit location.

7.1.1 Permanent System

Introducing inhibited water for a pressurized pipeline unplugging effort shares many of the
existing functions of the flushing system defined in the DST diluent and flushing specification
(HNF-4163), as shown in Figure 7-2. A new diluent and flush system has been designed for the
AY/AZ Farm tanks as part of Project T3W 12 to meet these specifications. It includes redundant
flush pumps, a 17,000-gal raw water queuing tank, metering pumps and tanks for caustic and
sodium nitrite, and a heating function to deliver 100°F inhibited water. This project scope could
be amended during the design phase to include the functions required for unplugging waste
transfer lines through pressure pulses and for future applications in AW, AP, AN, and SY Farm
tanks. At present, the project cost impact would be limited to a design change. Modifications to
the equipment list and building size are not likely to exceed a 20 percent cost impact. It is may
also be possible to upgrade the flushing/unplugging capability to 600 psig, consistent with
hydrostatic testing levels for 400 psig systems.

Unplug DST Piping
Existing Flushing Functions
Queue Raw Add Chemicals | Heat Flush Prevent Back Flush Cleared Drain Back
Water in Tank NOs, NaOH Water Flow Pipe Failed Attempt

Pulse Cycle Monitor Equipment
Locate Plug Pump to Plug Pressure Valves Hushiing (Existing) Storage
: Queue Tk LL :

Flush Temp
Flush Pressure
Flush Flow Rate
Unplugging (New)
Pulse Frequency
Pulse Amplltude

RPT-118-2012

Figure 7-2. Flushing Functions
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7.1.2 Modular System
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A portable or modular system shares many of the functions used in hydrostatic testing the waste
transfer lines. A portable system implies removal of the cover blocks, draining the plugged line,
and changing the jumpers. It is likely a temporary barrier would be installed over the pit rather
than modifying the cover block to accept the portable unplugging system.

A second option for the portable
system that avoids draining the line
is to pre-engineer the jumper
configuration with a blanked
nozzle to connect the pipeline
unplugging equipment. The

AW Farm valve pit has blanked
nozzle connections in two jumpers
that could be used for unplugging
at 400 or 600 psig, as shown in
Figure 7-3. Double-valve isolation
would be required to remove the
blank and install the pressure pulse
system. Another approach would
be to access the flush piping
outside the valve pit to reach the
transfer jumper. The design
pressure for the flush piping is a
limiting feature. Key points for

each approach are summarized in
Table 7-1.

Table 7-1.
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Figure 7-3. Jumper Configuration

Comparison of Permanent vs. Modular Unplugging Systems

Area of
comparison Permanent system Portable system

Overlapping  Diluents and flush system functions, but is
functions not available until project completion
Removal of  Built into jumper system; cover block

cover block

Drain plugged
line

removal and line drain not required

Does not require draining the line before
pressurizing for pipeline unplugging

Potentially exposes dozens of other lines via
the valve connections in the pits to damage
or fitness-for-service reviews

Hydrostatic testing functions.

Implies removal of cover block, line drained, and
removal of jumpers; requires temporary barrier.

Removal of the jumpers does imply draining the
plugged line and thereby introduces the potential for
an air pocket, which may interfere with the pulse
technology making contact with the plug.

Amenable to higher pressures typically deployed by
the vendor. Means of connecting to the PUREX
nozzle is unknown for pressures above 600 psig.
However, the cross-site transfer lines were tested at
2,235 psig during construction acceptance testing.

Pressure Well-suited for operating pressures; not
readily applicable for higher pressures
because of limiting components in jumpers
and raw line water design pressures

PUREX plutonium-uranium extraction.
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7.1.3 Configuration Summary

The portable system has the advantage of operating at higher pressures and improving the
chances of clearing a plugged line. It is also possible to implement pressure pulse capability in
both the permanent flush systems and the portable option for applications with no permanent
flush system. An advantageous configuration is one that: (1) does not require draining the
transfer line, and (2) can be implemented within hours after the plug occurrence.

A general schematic for the Hydrokinetics system is shown in Figure 7-4. One of the primary
modifications for tank farms use is routing the recycle stream for the pulse-down function. The
pulse-down would either be accomplished with a manual valve in the pit or by routing the
recycle stream from the air-operated pulse-down valve back to the pit drain, as shown in

Figure 7-4. This stream is small enough that backflow is not likely to reach the air-operated
valves, but safety considerations may require relocating the pulse-down valve or abandoning the
pulse-down function in the operating approach.

The pulse-up line 1s a '2-in. or %-in. hose with a maximum flow of 20 gal/min, the piston pump
rate. This configuration would likely remove the possibility of water hammer. Stress modeling
and field testing will be used to confirm this assertion addressed by calculation in Section 6.1.

Pressure Alr V Reg. —_ —_— —_——
Raw Water | | |
|

| I
W %
Pressure
Regulator |
AQV AOQV AQV

High Pressure Check valve
Piston Pump
20 gpm
Pulse up
¥%-%4" hose
4
Flush = B I - —
Pum ugge
p Check valve Line
h 4
4
250 gpm

RPT-122-2012

Valve Pit

Figure 7-4. Hydrokinetics Modified Process Diagram
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7.2 MAXIMUM PRESSURE SELECTION

Loss of a strategic piping route, such as one of the cross-site transfer lines, has significant cost
and schedule impacts to the processing mission if an existing alternate route is not available.
The option to have a viable waste transfer line unplugging capability warrants serious
consideration for pressures at or above 1,000 to 2,000 psig, similar to pressures used by the
Hydrokinetics system for successful pipeline clearing events in other industries. Use of pressure
pulse technologies at 275 to 400 psig operating pressures may prove successful depending on the
nature of the plug. However, an option to deploy higher pressures is a strategic advantage, even
if the use is never required. The 400 psig systems are pressure-tested with the PUREX
connectors at 600 psig, providing precedence for unplugging pressures up to 600 psig. The
Schedule 40 stainless 3-in. pipe used in the cross-site transfer lines has a design pressure of
1,490 psig, has been hydro-tested at 2,235 psig during acceptance testing (50 percent above
design), and has a burst rating of 9,000 psig. One-third of the burst pressure was used in

Figure 7-1 as an upper limit. The maximum pressure decision would not affect the vendor-
supplied equipment, which has been used up to 10,000 to 15,000 psig. The maximum pump
pressure can be specified at lower pressures to comply with safety/code requirements.

The design pressure for key waste transfer line routes is summarized in Table 3-1. Complete
design specifications for each specific transfer line are identified in RPP-RPT-52206, Table B.1.

Final selection of the maximum pressure used to unplug a waste transfer line involves weighing
the benefits of recovering the line against the risk of damage in the process. The maximum
pressure could also be different depending on the transfer line in question.

7.2.1 Stress Analysis

A stress analysis 1s required for all waste transfers in the DST system (TFC-MD-085). The
pressure pulse unplugging system would undergo the same rigor for stress analysis to verify the
safety basis limits are not exceeded. Stress analysis specifically addresses the dynamic effects of
hydraulic shock, including water hammer, surge, and column separation. Relevant issues dealt
with in TFC-MD-085 for stress analysis are summarized below.

Safety-significant pressure relief — The potential overpressure conditions resulting from waste
transfer pump operations or the dynamic effects of hydraulic shock cannot exceed specified
safety basis failure limits. Pressure relieving devices (if present) shall not be credited with
limiting pressure in piping, unless they are qualified as safety-significant under tank farms
procedural controls (TFC-MD-083, Section 3.2 (2.b)).

Corrosion — For austenitic stainless steel piping, the corrosion-erosion allowance used for
pressure design of listed piping components and determining longitudinal stresses in piping
systems shall be 1.2 mil per year for the expected service life of the system (TFC-MD-085,
Section 3.2 (5)).

Note: This value (1.2 mil per year) is conservative because there is no corrosion data to support
a more realistic value. The corrosion allowance is an important factor in stress calculations
because of the age of the waste transfer lines.
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Valve operating time — The operating duration of automatically actuated valves shall be
assumed to be the actual valve operating time observed for opening or closing during acceptance
or operational testing of the integrated waste transfer system. The disturbance time resulting
from operating automatically actuated valves shall be based on the assumed operating duration
and flow characteristics of the valve types selected (i.e., lincar, equal percentage, or quick
opening) (TFC-MD-085, Section 3.4 (5.¢)).

Stress criteria over pressure allowance — The maximum working pressure resulting from the
dynamic effects of hydraulic shock may exceed the design pressure to the extent and for the
duration allowed in ASME B31.3, Process Piping, paragraph 302.2.4(f)(2), provided the other
criteria in paragraph 302.2.4, subparagraphs (a) through (i) are shown to be met (TFC-MD-085,
Section 3.5 (1.¢)).

7.2.2  Stress Calculations

The water hammer analysis done to-date has shown the jumper valves and valve flanges both
have a 300 b rating, which is consistent with the 400 psig design pressure and 600 psig pressure
test for the system (jumpers, valves, PUREX connector, and piping). A single water hammer
event, with pressures spiking up to 800 psig, was deemed acceptable from a code standpoint
(RPP-RPT-52248, Evaluation of Fitness-for-Service for Over-Pressure Events). The limiting
features of the system are the valves and associated flanges. If jumpers are taken out of the
equation, the transfer line itself could go as high as one-third of vield (2,000-3,000 psig
depending on the derating taken for corrosion). The general code guidance is a margin of three
under the burst pressure for the pipe alone; approximately 9,000 psig would be derated to
approximately 3,000 psig. For example, the maximum allowable working pressure for the cross-
site transfer line is 1,490 psig (design pressure). A temporary excursion into a higher pressure of
twice the design pressure is allowable by code, approximately 3,000 psig. If the pressure pulse
system is connected directly to the wall nozzle of the plugged line (without jumper components),
the higher pressures would be attainable and stress fatigue and corrosion assumptions would
become the limiting factors for pressure, in combination with pulse amplitude and frequency. It
is likely that a pulsing system for the cross-site transfer line could meet code requirements at
pressures up to 1,000 psig for the transfer line alone, with reasonable assumptions for total cycles
and corrosion that would determine fatigue. A formal analysis is needed.

The valves in the 6241-A pump station and the 6241-V vent station are special class 900 and
have a minimum working pressure of 1,490 psig at 200°F (Section 3.3.3.1 of valve specification
W-058-P9, As Built Rev. 2 Procurement Specification Air Operated Ball Values). Like the
piping, a temporary excursion to pressure above the design rating is possible for the valves.

TFC-ENG-STD-22, Piping, Jumpers, and Valves, sets the design pressure for waste transfer
lines at 400 psig. The ASME B31.3 margin on burst pressure is a factor of 3. The current ASME
Boiler and Pressure Vessel Code (ASME Code 2010), Section III margin for Class 3 is a factor
of 3.5 (RPP-RPT-52248).
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7.2.3 Summary of Pressure Discussion

The maximum pressure used to unplug a particular waste transfer line is logically predicated on
the mechanical properties of the line, the jumper components involved, and the results of the
stress analysis assessment for compliance with the safety basis. The pipeline unplugging
equipment should be capable of pressures up to 3,000 psig to facilitate a range of choices suited
to the properties of individual transfer lines. The Hydrokinetics vendor recommendation for
pressure pulsing at Hanford is 1,000 to 1,500 psig, while keeping within the allowable pressure
range for the pipe (Bradford 2012). The safety and regulatory compliance issues for unplugging
are generally satisfied by piping code compliance.

7.3 CONSEQUENCES OF PLUG MOVEMENT

Prior to plugging, the soluble salts or insoluble slurries are transferred in solution or in
suspension at appropriate concentrations, temperatures, and flow rates to maintain transfer rates.
A plug begins with solids build up, a partial line restriction, and eventual pump shutoff. The
parameters that cause plugging are normally gradual over several hours, and partially restricted
flow is evidenced in the control room as reduced flow rate and elevated pump pressures and
amperage. The first operator response to eliminate the plug is to increase the dilution rate
(usually at the pump intake) or flush the line with heated water.

If a plug still occurs, the plug volume is typically small, relative to the line volume. The power
requirements to establish a large volume plug are not available. Head pressures on the pump
side of a plug exceed the pump capability or pressure limitations on the piping early in the phase
change from higher viscosities to plugging. Maintaining 6 ft/sec for slurry transfers exceeds the
400 psig design limit for longer transfer lines unless densities are kept under 1.3 (RPP-5346,
Waste Feed Delivery Transfer System Analysis). A line plug is likely to be a partial blockage
(not airtight) before the pump exceeds amperage or pressure limitations and shuts down
automatically.

The plug location is not normally known because the waste transfer lines are buried. Plugs
presumably form at a distant cool point where temperatures drop off enough to cause a
significant viscosity change.

It is possible (but not likely) to move an entire plug as an intact entity during pressure pulsing
and reform the plug in a restriction point. The pipelines have long radius elbows in the
expansion joints. Likely restriction points are the multiple 90-degree bends in the PUREX
connectors used for the jumpers in the receiving pit. In the event a plug is moved intact into a
jumper network, the solution is to open the pit and remove and flush the jumpers. Another
strategy is to simply remove the downstream jumpers so that the plug is flushed into the valve pit
and drained into the DST associated with the receiving pit. The process of finding the plug in
the transfer line may entail flushing individual portions of the route followed by removal of the
Jumpers prior to attempts at unplugging the line.

The likely scenario after a plug is broken by pressure pulsing is to redissolve or resuspend the
solids in the flush water. Once the plug is broken and flow is reestablished, the turbulence acts
to mix and thereby enhance breakup, entrainment, and dissolution of any solids.
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7.4 COST AND SCHEDULE

7.4.1 Permanent Facility Costs

The AY/AZ diluent and flush system
provided by Project T3W12 is fully
designed but construction may not be
completed to prioritize early LAW feed
delivery. The project estimate shown in
Table 7-2 provides a basis for
approximating a permanent facility. The
P&ID is shown in Figure 7-5, and the
facility is shown in Figure 7-6.

Adding a built-in pressure pulse capability
implies the need for a high-pressure
pump, an accumulator tank, pulse valves,
and additional instrumentation and
controls. For this study, an estimate for
the permanent pressure pulse system of an
additional 20 percent would put the total
project cost at $5 million.

RPP-RPT-53783, Rev. 0

Table 7-2. AY/AZ Farm Diluent and Flush

Facility Project T3W12

Estimated
Project Component Cost ($K)

Retaining wall/stairs/slab 474
Procure 17,500-gal tank 211
Procure/install mechanical, includes 1,457
caustic and nitrite tanks and metering

system

Procure/install electrical/instrumentation 576
Procure mn-line heaters 446
Fabricate/install building structure, roof 500
portion 1s $201K

Mechanical testing 159
Electrical testing 62
Total (fully burdened including WRPS 3,885
field support)

Source: Kraemer, K. E., 2012, “Diluent and Flush System
Building Costs,” (email to J. S. Garfield, October 19), BNL
Technical Services, LLC, Richland, Washington (attached as
Appendix F)

WRPS = Washington River Protection Solutions, LLC.
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AY/AZ Farm Piping Plan
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7.4.2 Portable Facility Costs

Cost estimates and specifications for a trailer-mounted, high-pressure piston pump. motor, and
valves similar to the Hydrokinetics system are yet to be estimated in detail. The entire package
(Hydrokinetic equipment, hydroblast pump, hoses, accessories, ete.) was sold once in the history
of the company for $512,000. The typical charge rate for non-nuclear, on-site service is $8,000
to 20,000 per shift, depending on the application (Bradford 2012, Appendix G).

The approach at Hanford would involve buying the equipment and having AIMM Technologies
provide the training or oversight of the unplugging operation. It is possible to allow the vendor-
owned equipment into the tank farms as a paid service, but for safety, operational and liability
issues, the equipment will be purchased, retained onsite, and operated by WRPS plant forces.

29



RPP-RPT-53783, Rev. 0

8.0 ALTERNATIVE COMPARISON

Comparison of the two vendor alternatives (Pipe-Pulse and Hydrokinetics) was not possible, or
necessary, as the engineering investigation progressed for several reasons:

+ Paradigm Flow Services, Ltd would not divulge any of the details of their Pipe-Pulse
technology without a rigorous nondisclosure agreement. A business decision was made,
with concurrence from WRPS, to not sign the agreement. As a result, the information on
the Pipe-Pulse technology is limited to what was publicly available in patents and
published reports.

+  AIMM Technologies, Inc. did share their operating approach for the Hydrokinetics
technology, but also requested a nondisclosure agreement before sharing the operational
approach summarized in Section 6.3.1.

+ Both technologies appear to be very close to the same approach.

Explanations of the operating principle behind the standing wave, frequency, amplitude, and
cavitation are not well substantiated with engineering evidence. It does appear that the
combination of pressure, the standing wave, and pulsing at 2-30 cycles per minute does work in
the field. The pulses to the static liquid head are well below the level of water hammer.
However, acoustic cavitation between the plug and pipe wall probably are a benefit of the
standing wave introduced by the pressure pulse system. The Pipe-Pulse process reportedly
operates below cavitation with an automated system using sophisticated algorithms in the public
literature. The Hydrokinetics process reportedly uses the positive benefits of acoustic cavitation
with a manual approach. The field experience with the Hydrokinetics technology does not point
to issues with pipe vibration. The Hvdrokinetics system is often used with above grade piping
systems and mechanical vibration is not seen from the pulsing. The pipeline plugs often show
separation at the wall interface, suggesting that cavitation is a factor.

Given the present level of detail on the technical approach, the two vendor technologies are
similar enough that they cannot be distinguished in terms of how they would be deployed in a
tank farms setting. Safety, regulatory issues, cost, and risk are also comparable. The use of
cavitation is an advantage for the Hydrokinetics technology, but neither vendor nor past testing
at FIU has shown conclusive evidence that cavitation is or is not a factor. Field operations using
Hydrokinetics have successfully unplugged lines with a high degree of success. Hydrokinetics
users are often repeat customers, and there is no particular business incentive to confirm the
theory of cavitation.

The Hydrokinetics technology was used in the engineering evaluation performed for this study.
The options for deployment (portable vs. permanent) and the maximum pressures used are the
primary variables for implementation at Hanford.
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9.0 CONCLUSIONS
The following conclusions were derived from this study.

Integration with Flushing — The waste transfer line unplugging strategy should be integrated
with the chemical waste type involved in each waste transfer and the flushing strategy. There are
four basic types of possible plugging issues. The basic chemistry of the plug influences both the
transfer line flushing and unplugging efforts. The response to a plug should be preplanned such
that the engineered solution and implementation approach are known and can be implemented
without delay (e.g.. waiting for approvals).

Technology Maturity — The pressure, frequency, and amplitude requirements of the pressure
pulse technology has not been optimized at this time for Hanford waste transfer line application.
In addition, different waste transfer lines have different thresholds for stress, depending on the
original design pressure and corrosion assumptions due to age. However, the pressure pulse
equipment can be easily configured for a range of pressures and pulse frequencies. This
approach allows development testing at FIU to progress and for transfer line-specific structural
analysis to be completed. Implementation of a pressure pulse technology would begin at lower
pressures and amplitude and work up to optimal unplugging process values, with maximums
defined by the structural analysis.

Portable vs. Permanent — A portable (modular) pressure pulse system should be developed for
use in any tank farms pit where a plug might occur. A permanent pressure pulse system can be
considered for high use locations where the flush system is being upgraded. In particular, the
cross-gite transfer lines originating in the SY Farm valve pits should be upgraded to a flush and
pulse system rated for the same pressures as the cross-site transter line (1,490 psig). A
permanent system would also integrate with an automatic flushing function in the event of a
pump failure during a waste transfer.

Air Pockets — A pressure pulse technology offers no benefit at the face of a plug, if an air pocket
is hydraulically above the pressure source. Every transfer line has a minimum 0.25 percent slope
in one direction between pits. The pressure pulse source must be applied at the high end pit. In
theory, the plug would prevent the waste transfer line from draining, while the pressure pulse
equipment is put in place. Inthe event the waste transfer line is not full, the ability to fill the line
slowly, to maintain channel flow to the plug face, and to bleed off excess air needs to be part of
the functional capability of the unplugging process.

The cross-site transfer lines slope up from both ends to a mid-point. After a successful transfer,
air is bled into the lines to facilitate draining. In a plug scenario, the waste transfer lines are
pulsed before draining or drained to remove the jumpers and refilled with water through the
6241-V vent station. Both options require design changes to the jumpers in the SY Farm valve
pits or the piping at the vent station. A third scenario is to pressurize the drained transfer line,
assuming air can be forced past the plug.
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10.0 RECOMMENDATIONS

Develop the unplugging strategy — Figure 10-1 summarizes the key decisions associated with
transfer line unplugging. Currently, there is no pre-planned strategy for a response to a line plug.
The first recommendation is to develop a logical and safe approach for unplugging that can be
implemented without the schedule delays required for defining the approach, gaining approvals,
and preparing procedures.

I

| .
| Pressure Decisions
| - Stress Analysis
I
I

Design Approach
- Integrate In Flush System
- Portable ~ Like Hydro Test

Implementation
- When

Pre-Plan?

- Jumper Components

Define, Develop
Design

-

Implementation,
Construction
[

RPT-127-2012

Figure 10-1. Transfer Line Unplugging Decisions

Pressure decisions — The second major decision is determining the maximum pressure that can
be used on a given transfer line. Stress analysis can be used to provide a basis for both the
maximum pressure and the effects of pressure pulsing.

WRPS has contracted Becht Engineering® to conduct a water hammer study that models selected
waste transfer line routes in the 200 East Area in three dimensions. Procedures are being put in
place to assess every waste transfer for the dynamic effects of hydraulic shock, including water
hammer, surge, and column separation. Investigating the structural impacts from pulsing the
transfer lines for unplugging will be required before implementation and will support the down-
selection of pressure pulse amplitude and frequency. The analysis will cost about $15-50K to
model a range of frequencies and amplitude for both structural damage and attenuation issues for
the 200 East Area waste transfer lines already modeled. Field experience could provide an
empirical data point for the stress issue associated with the pressure pulse technology. Water
hammer or vibration has not been observed in the field at any amplitude or frequency.

" The Becht Engineering contact is Jack Cole.
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Jumper components — The valves and PUREX connectors included in the jumpers must be
specified and included in the pressure assessment if the jumpers are left in place for unplugging.

The PUREX connector is currently rated at 400 psig. Although it is used at 600 psig in
hydrostatic testing, its rating should be improved or another connector designed for use in
unplugging the waste transfer lines. The design pressure should be 1,000-1,500 psig, and the
sharp 90-degree bend eliminated.

Design approach — Design and development of the pressure pulse technology for use at Hanford
to address waste transfer line plugging should continue based on vendor experience in the field
for non-nuclear applications and the results of piping stress analysis. The technology should be
implemented in two phases.

1. A portable pressure pulse system should be developed and procured for implementation
that is similar in principle to the hydrostatic testing process currently used at Hanford.
This system could be used at any tank farm location or valve pit. The trailer-mounted
equipment could also be configured to service both hydrostatic testing and unplugging
needs in the tank farms.

2. The current flushing system upgrades planned for AY/AZ and AW Farm tanks should be
reviewed to include a pressure pulse unplugging function at pressures allowed by the
stress analysis (approximately 1,000 psig). The combined functions would allow
immediate high-pressure unplugging attempts for strategic waste transfer lines needed to
support WTP waste feed delivery. A permanent flushing/unplugging capability should be
used in conjunction with the SY Farm valve pits for the cross-site transfer lines.

Implementation — The decision on when to implement the unplugging strategy and have the
equipment available for use is linked to the operational need:

*  Ongoing transfers support current retrieval and evaporator campaigns
*  Slurry transfers associated with Tank AY-102 retrieval
+  WTP feed queuing and transfers.

The cost for implementing a portable system is relatively inexpensive and provides insurance for
the risk of a transfer line plug. It is may also be reasonable to use the same trailer-mounted
equipment for hydrostatic testing in the near-term. It is recommended that the portable system
be designed and implemented to support near-term operations. Ongoing refinements to the
pulsing strategy can be accommodated within the control scheme for pulse amplitude and
frequency. The pulsing function is a not a cost driver.

An assessment of the transfer lines should be conducted to identify the lines most used for slurry
transfers that do not have a ready backup or alternative. OR modeling of the impacts to the
mission from the loss of these lines should be pursued.

A formal functions and requirements document should be developed to support further
equipment development and to guide the FIU work.
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FIU interface — DOE funded FIU to support transfer line unplugging efforts at all DOE sites.
Dr. Dwayne McDaniel (the FIU point of contact) was very receptive to addressing Hanford
needs within the platform of their existing funding and scope. WRPS should provide a formal
point-of-contact to represent Hanford needs. Some of the specific areas for consideration
include:

»  Testing pipe (2- and 3-in. Schedule 40 stainless and carbon steel) with the same
mechanical properties and configuration over greater distances.

+  Does cavitation occur as the operating principle to move plugs from the pressure wave
induced by the Hydrokinetics process?

+ Can the pressure pulse system remain effective for two to three miles? At what
pressures?

+ Do expansion joints or air pockets attenuate the unplugging properties of the pulse wave
at distance?

»  Are there harmonics that could structurally damage the pipe/expansion joints?

»  What are the optimal amplitude and frequency recommended for unplugging the waste
transfer lines?

+ Isthere a pulse echo technology that can be used to monitor the strength of the pulse
wave?
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METHOD AND APPARATUS FOR
CLEANING COLUMNS BY INDUCING
VIBRATIONS IN FOULING MATERIAL AND
THE COLUMN

This disclosure is a continuation in part of Ser. No.
08/016,855, filed Feb. 12, 1993, now U.S. Pat. No. 5,423,
917 issued on Jun. 13, 1995.

BACKGROUND OF THE DISCLOSURE

In virtually every conceivable industry involved in
manufacturing, production or processing, fluids or gases are
transported through piping, tubing, lines or other open-
ended columns. These columns are of an infinite range of
sizes (length and diameter) and made from a variety of
materials. They are frequently straight, but more often than
not they have corners, bends, U-turns, coils, spirals and
such. Often piping or tubing is in sets or bundles. Often
fluids or gases contact the exterior of the piping or tubing as
well as the interior to cool or heat the fluids or gases.
Sometimes the open ended column is exposed to the
elements, and if not properly insulated, the fluids or gases
which might be flowing within can be heated or cooled.
Transportation of fluids and gases within the column is
generally at a specified flow rate. Adverse results such as
faulty operations or changes in the flow rates derive from
faulty operations such as deposits collecting on the interior
walls of the column. These deposits may be referred to as
fouling material.

Occasionally, it is necessary to interrupt the process in
order to clean fouling material from the interior of the
column, to test the column or to perform routine mainte-
nance. In a plant or factory emvironment, such activity
generally takes place during annual or planned shutdown, a
costly loss of production added to the actual cost of main-
tenance. Additionally, cleaning, testing, maintenance, etc. of
the interior of the column may frequently be required when
a shutdown is not scheduled but when there are signs of a
need, such as when flow is impeded by an accumulation or
build up of fouling material. In cases where piping or tubing
is intended to cool or heat the interior or exterior fluids, the
build of fouling material can act as unwanted insulation and
degrade heat transfer. Columns also logically need to be
cleaned if a different medium is processed. Where a unit is
permanently dismantled, the column must be cleaned when
the debris within them poses any environmental concern.

Typically at maintenance time, piping and tmbing is dis-
mantled and removed from its structure, entailing costly
pipefitting, crane work etc. When piping or tubing with
corness, bends, flanges, valves, etc. is involved, additional
work is needed to remove them, leaving only straight
sections of piping or tubing, in order to ease maintenance
activities. Piping or tubing that might be bundled together
are commonly left bundled together, but still most bends and
such are generally removed.

Maintenance, cleaning or testing can be further compli-
cated by the fact that the piping or tubing may be long and
narrow, thus not permitting easy access. Typical cleaning
methods, though only somewhat successful, include brush-
ing with wire brushes on long rods and/or drilling into the
fouling material, but severe damage to the piping or tubing
may result, and such methods are very time consuming and
have limited effectiveness. Sometimes chemicals are circu-
lated through the interior in an attempt to remove the fouling
material, but this is only successful when flow of selected
cleaning fluids is possible and is not successful in cleaning
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blocked tubes or pipes. Probably the most commonly nused
method is cleaning by pumping high pressure water
(hydroblasting) into the piping or tubing. Hydroblasting is
also used for testing for leaks. These techniques impose
safety and environmental concerns and are only somewhat
effective.

One prior technique uses a single valve, pressure based
annular jetting system as described in U.S. Pat. No. 4,724,
007, which is based on pushing a pig through a tube under
high pressure. The patent states “It is now thought that the
initial breakdown is not necessarily due to sonic energy and
that what might have been sonic energy is more likely to be
some mechanical effect akin to the effect produced in water
hammer. Farthermore, at the temperatures over the time
scales used, the polymer breakdown discussed by Boundy
and Boyer is unlikely to occur.” Pressure based annular
jetting or pigging has failed at actually cleaning tubes either
in the field or in public demonstrations and therefore, like
brushing, drilling and hydroblasting, is also not a successful
alternative. The description of annular jetting in the patent
expresses many unknowns. The presence of many
unknowns contribute to a system which is difficult or impos-
sible to control.

The methodology described in the following disclosure,
referred to herein as hydrokinetics, has distinct differences
from the annular jetting system (cleaning by pigging using
water hammer shock waves), where one major difference is
that the annular jetting system is based on pushing or
hammering a pig through a tube while hydrokinetics induces
a sonic, subsonic or supersonic resonance (hereinafter called
“sonics”) in a tube or pipe for cleaning purposes. No pig is
used with hydrokinetics, but in instances where the pipe is
not completely blocked with fouling material, a blockage
may be inserted in the pipe. This blockage can be anything
of sufficient size and texture to close off the diameter of the
column, such as paper toweling, polyethylene sheets, foam,
rubber, etc. This blockage is helpful for the induction of
sorties and is not pushed through the pipe. In the event of a
solidly fouled pipe, no manually inserted blockage is nec-
essary since the fouling material serves as the blockage. The
blockage often is blown from the pipe before or with the
fouling material, untike the pig in annular jetting which is
blown along the robe behind the fouling material which the
pig is pushing. Further the blockage device is proportioned
to the size of the pump used. With a smaller pump, tighter
clearance around the blockage is used. The sonics apparently
acts on the downstream edge of the blockage where the fluid
stream flows around it. With annular pigging, the effect is on
the back of their pig where force is applied.

The pig used in annular jetting is relatively incompress-
ible to be-able to push the fouling material. The blockage
device used in hydrokinetics may be incompressible or not.
Compressible paper toweling or wadded plastic may be used
so long as it provides a blockage. No pig launcher is needed.
No pig catcher is needed.

Another primary difference is that annular pigging is
comprised of applying a very rapid pressure increase as one
end of a pig whereas hydrokinetics (as hereafter described)
is based on slow filling of the pipe, and then release of high
velocity fluid into the relatively static fluid in the pipe.
Because annular pigging involves very rapid pressure build
up, the method is limited to pressures below the tensile yield
of the pipe or the pipe will burst. Hydrokinetics does not
have this limitation. It is believed that the pipe is not subject
to the actual pressure, only the created resonance.

Another primary difference is that annular pigging
requires maintaining pressure on the pig for a sufficient time
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to force the pig completely through the tube. This hydroki-
netics process is based on rapid release of fluid for only long
enough to create the sonics surge into the aforementioned
static fluid with no regard for forcing any projectile along the
pipe.

One similarity is that both methods use a cylinder multi
positive displacement pump. However with hydrokinetics it
is desirable that a positive displacement pump include an
odd number of cylinders. With a pulsating device down-
stream from the pump or fluid pressure source, any type of
pump capable of producing the needed pressure can be used.

One significant difference is that annular pigging requires
only a single valve to cut the fluid stream off and on.
Hydrokinetics is a more involved method which uses at least
two valves in addition to an unloader valve to induce
resonance into the water in the pipe. This cannot be done
with only a single valve.

Pigging primarily forces the pig violently into contact
with the fouling material. Pig blockage devices in this
hydrokinetics method does not by violent contact the fouling
material. Pigging movement is so violent that water hammer
and shock may occur. However, hydrokinetics induces son-
ics in the water of the system upstream of such blockage, at
the very beginning at the pump or pulse generator operation
and is enhanced by all the accelerators.

Sometimes shock from the violent contact of the pig and
the fouling material in the annular pigging process may alter
the contaminant material or its bond to the tube wall causing
the material to change particulate or granular form. Hydro-
kinetics acts on contaminant material bond on the tube and
the material is not changed from its particulate or granular
form; rather the form is not altered. Fouling material
expelled generally is large sections and has the same form
prior to cleaning.

With annular pigging, successively repeating the process
is desirable as layers of deposits are removed, using pigs of
successively larger diameter, evidencing that the bond of the
fouling material to the tube wall is not fully broken. Hydro-
kinetics breaks the cohesion or bond between the pipe wall
and the fouling material, thus removing the entire mass of
fouling material. Obviously the fluid stream may wash loose
or easily removed fouling material out of the pipe.

In annular pigging, minor leakage around the is desirable.
With hydrokinetics, leakage is avoided because it disrupts
the laminar flow as hereinafter described.

With hydrokinetics, pigging does not take place while a
blockage is manually inserted when the fouling material
does not totally block the tube. This blockage device is not
a scrapper. With annular pigging, the pig emerges from far
end of the tube normally undamaged. With hydrokinetics,
the blockage device is often distorted, probably due to the
sonics and high velocities. Groves are formed along the side
of the blockage devices, apparently made by scrapping the
pipe wall. On close examination, it appears that the groves
are back to front, negating scrapping. It is believed that these
groves are the byproducts of cavitation around the blockage
device.

This - disclosure sets out a methodology and associated
apparatus for the induction of a sonic, subsonic or super-
sonic resonance in the interior diameters of columns, pipes,
tubes, lines, ducts, conduits, hoses, catheters, funnels and
similar structures whether cylindrical or not, including stock
which is square, star-shaped, round or triangular in cross
section (such tubing or pipe hereinafter referred to as
“pipes™). The present methodology system is a valved multi
velocity based sonic system, whereby sonic frequency is
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induced along the water filled column. This sonic shock may
be used to break the cohesion between fouling material and

_the pipe wall so the fouling material is washed away in the

liquid in the pipe. This is in contrast to annular jetting
systems which remove successive layers of fouling
materials, usually layer after layer. The disclosed hydroki-
netic system, when used for cleaning, generally removes
100% of the fouling material even where it has several
layers. Unlike annular pigging systems, the system is effec-
tive on any type of fouling material which will respond to
the induced sonics, not just large polymeric molecules of
repeating monomers or co-polymeric (involving two or
more monomers) fouling material exemplified in U.S. Pat.
No. 4,724,007. For instance, in a dairy, hydrokinetics can
remove butterfat buildup in lines, or in a plant using sea
water, hydrokinetics can remove clams clinging to the
interior of the lines. This is not a pressure surge water
hammer system common in the pressure based annular
pigging system.

To induce a sonic wave into a pipe via this hydrokinetics
process, a pump or other high pressure fluid source, an
unloader valve, fluid accelerator(s), two valves and a ram
and nozzle assembly are used. A lance is not a required part
of hydrokinetics. The fluid source may be smooth or
pulsating, for example an odd numbered, multi cylinder
positive displacement pump such as a triplex pump. The
fluid source can connect to a pulsation source downstream to
add pulsations to the fluid flow. In the series of valves, one
must be a normally closed bypass valve plumbed into the
system to facilitate it valve opening during bypass mode.
The pipe is often entirely blocked with fouling material at
some point along the length of the pipe. I the fouling
material does not block the flow, a plug is placed in the pipe
to emulate such a blockage.

In brief, hydrokinetics entails the delivery of a fluid
stream from the pump or other fluid source into columns,
piping, tubing, lines, ducts, conduits, hoses, reeds, catheters,
funnels, and/or other open-ended columns (again, hereinaf-
ter referred to as “pipes”) via apparatus which creates sound
waves in the fluid system and which are transferred to the
bond of the fouling material. Being of different materials, the
wall of the pipe and the fouling material resonant at different
rates, breaking the bond between the two. Once the bond is
broken, the fouling material washes out in the finid stream.
Since the system is not dependent upon erosion or scrapping
of the fouling material, it is likely that 100% of the fouling
material will be removed.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features,
advantages and objects of the present invention are attained
and can be understood in detail, more particular description
of the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in
the appended drawings.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodi-
ments.

FIG. 1is a schematic flow diagram of the system forming
a shock wave as set forth in the present disclosure and shows
in a combined schematic the fluid flow of air and water in the
system,;

FIG. 2 is a side view of a lance mounting mechanism
showing a lance which extends to seat against a tube to
enable tube cleaning;
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FIG. 3 is a sectional view along the line 3—3 of FIG. 2
and shows details to construction of the mechanism which
aligns the lance with a particular tube for cleaning; and

FIG. 4 is a sectional view along the line 4—4 of FIG. 2
showing details of construction of the lance insertion mecha-
pism.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

According to the article, “The Chemical Effects of
Ultrasound”, Scientific American, February 1989, large
bubbles or cavities, imploded by water pressure are a source
of vibrations. The process will be herein referred to as
“cavitation”. Intense ultrasound waves generate large alter-
nating stresses within a liquid by creating regions of positive
pressure and negative pressure; a cavity can form and grow
during the episodes of negative pressure but when the cavity
attains a critical size, the cavity implodes, generating intense
heat and tremendous pressure. More specifically, the article
suggests that vibrations are due to the tremendous
turbulence, heat and pressure of the imploding cavities,
providing a unique environment for high energy reactions.
Cavitation can be induced by generating intense sound
waves in a liquid. Such waves create alternating regions of
compression and expansion that can form bubbles subject to
implosion. Of course, compression cycles exert a pressure
on the liquid molecules forcing them together. Conversely,
expansion cycles exert a negative pressure which pulls the
molecules away from one another. According to the article,
“During the expansion cycle a sound wave of sufficient
intensity can generate cavities.”

A liquid is held together by attractive forces, which
determine surface tension of a liquid. For a cavity to form,
a large negative pressure associated with the expansion
cycle of the sound wave overcomes the liquid tensile
strength. The article explains that less pure liquids have
weaker tensile strengths. Thus the induction of soda or a
metalliferous medium, as described hereafter, enhances the
formation of cavities, Further, the adhesive nature of a liquid
is cut when the liquid is gas cut, or gas is dissolved in the
liquid. “When a gas-filled crevice is exposed to a negative-
pressure cycles from a sound wave, the reduced pressure
makes the gas in the crevice expand until a bubble is
released into solution. Most liquids, such as tap water, are
sufficiently contaminated by small particles to initiate cavi-
tation.” :

According to the article, bubbles in liquid are inherently
unstable (large ones tend to float to the surface and small
ones tend to redissolve into the liquid), but bubbles absorb
energy with the compression and expansion cycles of sonic
waves. “The growing cavity can eventually reach a critical
size where it will most efficiently absorb energy from the
ultrasound. The critical size depends on the frequency of the
ultrasound wave. Once a cavity can no longer absorb energy
efficiently from the sound waves, it can no longer sustain
itself and the liquid rushes in and the cavity implodes.”

During implosion, the gases and vapors inside the cavity
are compressed, generating intense heat that raises the
temperature of the surrounding liquid, creating a very small
Jocal hot spot which dissipates quickly. However, at any
given time, the temperature of the bulk of the liquid remains
unaffected.

Further according to “The Chemical Effects of
Ultrasound”, Scientific American, February 1989, if the
cavity forms near an extended solid surface, such as the
surface of the fouling material or pipe wall, the implosion
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will be asymmetric, expelling a jet of liquid at roughly 400
kilometers per hour directed at the surface, as the jet
develops opposite the solid surface and moves toward it. The
jet, as well as the waves from the cavity implosion, erode
solid surfaces, remove non-reactive coating and fragment
brittle powders. Reactions are further facilitated by high
temperatures and pressure associated with cavity implosion
near the surface. Thus it is believed that in the hydrokinetic
system (as described in detail in the following paragraphs),
in conjunction with the resonance of the fouling material and
pipe wall at different frequencies, degradation of the fouling
material and deep cleaning of the pipe wall surface is further
impacted by the bombardment of high-speed jets of heat and
energy for the imploding cavities. Hydrokinetics is effective
at clearing fouling material from pits in the pipe wall, an
effect very important during pipe testing.

FIG. 1 of the drawings illustrates the schematic of the
system having a pump 11 which is driven by a suitable motor
12. It is provided with a feed line 13 from a water sump 14.

The pump 11 has a pump output 15 which is provided to
a control valve 16. The valve 16 is a two position valve. In
the illustrated position, water under pressure is delivered
from the pump through an adjustable orifice 18. The valve
16 also connects with a line 17 which provides a return to the
sump. The orifice 18 provides an input to a control cabinet
20 represented in dotted line for operator control.

The control cabinet has an air pressure manifold 21. There
is a supply of pressurized air on a line 22 which is input to
a regulator valve 23. That provides a regulated air pressure
output through several control valves at 24. The several
regulators are input to water control valves in the cabinet 20.
The first valve 25 is connected with a line 26 which provides
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delivers the output flow through a control valve 27. It
connects with a flow line 28 for purposes to be described. In
addition, flow is delivered to a valve 29 which provides an
output flow that is switched when the valve 29 is operated.
This output is on a line 30. The cabinet 20 has appropriate
fittings on it to enable connection of a lance feed line 32. The
line 32 extends some distance, typically from 10 to 50 feet.

The lance 36 is coaxial with an elongate cylinder 37
which encloses a piston 38. The piston 38 enables positive
insertion and retraction of the lance. The hydraulic system
thus utilizes air from a suitable air pressure source delivered
through a control valve 39 which connects to an air pressure
regulator 40. An air motor 41 operates a hydraulic pump 42.
There is an inlet line 43 connected to hydraulic oil sump 44.
Hydraulic oil is delivered to a control valve 45 to control the
movement of the lance. The return line 46 returns the low
pressure oil to the sump. The lance has an elongate rod
portion which terminates at a tip 48. An air inlet line 51
connects with the lanced tip 48 to introduce air along with
the liquid.

The lance 48 is moved with respect to a set of tubes in a
fashion shown in FIGS. 2, 3 and 4. FIG. 2 shows the lance
36 which is supported and aligned by cylinder 37. It is
mounted so that it travels on a pair of parallel rails 52 and
53 shown in FIG. 3 of the drawings for movement in the X
direction. A bracket is comprised of left and right frame
members 54 and 55. They move as a unit. They enable
vertical movement of the cylinder 37. The frame members
54 and 55 define a gap where the lance extends through the
gap. The cylinder 37 is anchored to the spaced plates 56 and
57 which capture the cylinder. The guide surfaces are
formed along the edges of the frame members 54 and 55 and
thus define the channel 58 shown in FIG. 4 for movement.
Rollers 60 are located in this channel.
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The cylinder 37 is ,guided by the rollers 60 which clamp
on the outside of the parallel frame members 54 and 55. In
cleaning the tubes, the device 66 is first placed in a tube and
the lance is moved in an X and Y coordinate system until it
is aligned with the particular tube.

To initiate this process, any source of fluid to be fed into
the system can be used so long as it is sufficient to supply the
quantifies needed. Such source might be municipal fire
water, plant or factory water or a portable tank containing a
liquid chemical appropriate for the need. Such fluid may be
pumped continuously or as needed into the holding tank for
the pump, which is a pump of any type that delivers the fluid
in pulsations, such as a positive displacement pump, rather
than flow in a steady stream, such as a centrifugal pump. The
pump is sized as close as possible to the maximum flow rate
allowed for a given pipe, generally measured in gallons per
minute (gpm). With the addition of a pulsating device
downstream from the pump or fluid source, any type of
pump capable of producing the needed pressure range can be
used or, if the fluid source itself is capable of producing the
needed pressure range, no pump at all is needed.

Operating pressures for hydrokinetic action range up to
20,000 psi with the typical range being about 250 to 3000
psi. This system is not a pressure intensive system. Rather
the pressure serves key purposes (1) to move the resonating
fluid system, (2) to wash the fouling material from the pipe
once the cohesion between the pipe wall and the fouling
material has been broken, or (3) to test pipe.

The fluid stream travels from the pump or pulse generator
to an unloader valve, which is a very precise, adjustable, fast
acting pressure relief device. When a defined pressure is
exceeded at this valve, it dumps enough fluid to drop the
pressure of the stream down to a targeted pressure. This
unloader valve 16 is constantly regulating the pressure in a
rapidly pulsing fashion to maintain this given pressure
profile. The unloader valve increases the pulses produced by
the pulsation type pump or device. This increase in pulsa-
tions can be calculated for precise control of the system but
calculations are not required for effectiveness.

From the unloader valve the fiuid stream is routed to a
fluid accelerator, which is usually the first of two or more
fluid accelerators, and then routed to the next accelerators
are appropriate for the project, on to more accelerator(s). It
is possible that only one high quality accelerator will
achieve the velocity needed for sonic cleaning, but more
than one is usually needed to reach the necessary velocity.
One simple accelerator is the orifice 18 to increase the flow
velocity. The purpose of the accelerator(s) is to increase the
velocity of the fluid stream beyond the velocity normally
generated by the pump or fluid source.

The fluid flows through hoses or piping to a safety control
cabinet containing two or more valves. Unlike annular
jetting systems which rely on one valve to simply cut the
fluid stream off and on, this hydrokinetics process uses this
multi valve set up to create the resonance into the “unit” (a
“gnit” is one pipe, a set of pipes or an entire bundles or
network of pipes). These valves are (1) the bypass valve, (2)
the line-out valve for activity involving one unit and (3) any
number of additional line-out valves for activity involving
multiple units. When open, the bypass valve, which is
normally closed, routes the fluid stream to a drain or holding
tank, or when a pump is used, will re-route the fluid back to
the holding tank as the pump. It is recommended for safety
but not necessary for functionality that all valves be spring
loaded and configured in such a way as to always go into
bypass mode in the event that air pressure is lost or if
operator intervention is lost.
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The safety control cabinet is best as one enclosure which
contains the bypass valve and line-out valves as well as the
necessary gauges and controls, or can mean an enclosure for
the valving with a separate enclosures for the ganges and/or
controls. The enclosure or walls of the safety control cabinet
can be 316 stainless steel or other appropriate material
designed and constructed in such a manner as to form a safe,
preferably explosion-proof enclosure that will contain and
disperse the pressures generated in the valve oscillator in the
event of failure, disconnected couplings, etc. This enclosure
can also serve as a NEMA (electrically safe) enclosure if it
is preferred that the components of the system be controlled
by electric power. Enclosure weight is reduced by omitting
the frame, and the walls of the enclosure form its own frame,
thus allowing mounting the components to the cabinet.

The suggested monitoring panel of the safety control
cabinet has a high pressure output gauge, a hydraulic pres-
sure gauge, an air pressure gauge and other appropriate
instrumentation. These in some instances are also enhanced
by LED signals showing the position of the pilot valves
(defined hereafter).

The operation of the hydraulic systems in the safety
control cabinet is controlled by a set of two-way pneumatic
pilot valves. The pilot valves 24 are energized by high
pressure air from a source of at least about 100 psi. In the
event 100 psi air is not available at a given location, an
additional component of the system, known as an air-to-air
intensifier, is utilized to bring air pressure to a selected level.
In the event that air pressure exceeds 140 psi, a regulator is
utilized to bring the air pressure down to the specified air
pressure.

Control levers on the safety control cabinet actuate the
pilot valves. The pilot valves actuate the bypass and line-out
valves. The inlet sides of the pilot valves are connected,
usually by high pressure hoses and fittings, to an air mani-
fold attached to the regulator, if required, which is attached
to the safety control cabinet which is attached to the air
source. The outlet sides of the pilot valves are connected to
a diaphragm actuator which activates the bypass and line-out
valves. When energized, air is directed from the air source
to the top of the diaphragm, which pushes down upon a
plunger, which activates the bypass valve and the line-out
valve. When in the de-energized position, air that was used
to push against the diaphragm is allowed to flow back
through the connecting hose and is exhausted via a port in
the pilot valve to an exhaust outlet located in the side of the
safety control cabinet.

Within the safety control cabinet, there is a high pressure
fluid oscillator block and valves. The oscillator block is
constructed of a material such as carpenter grade high tensile
stainless steel or high alloy steels (for use with highly
chlorinated water as a fluid stream). This oscillator might be
cylindrical in cross section and should have a wall thickness
sufficient to handle triple the maximum pressure from the
pump or fluid source. This oscillator block is mounted to the
cabinet to allow it to vibrate freely.

The bypass valve and the line-out valves are poppet
valves. They are actuated by the pneumatic actuators
described above. The inlet side of the oscillator is connected
to the system via hoses or pipes. The outlet side of the
oscillator is two phase. In the bypass mode, when the
line-out valve is closed and the bypass valve is open, the
bypass valve allows fluid to circulate through the oscillator
at low pressure and back to the holding tank or drain. A
heavy wall high pressure pipe can be attached to the bypass
outlet so that additional vibrations or harmonics can be
induced in the system by adjusting the length of this pipe.
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Staging mode is the mode of the procedure that prepares
or stages the system for resonance into the fouled pipe or
pipe to be tested The line-out valve and the bypass valve are
both open, allowing low pressure fluid to fill the pipe up to
the point where the pipe is blocked with fouling material. In
the event the fouling material only partially blocks the flow
of fluid, a blockage device is added in the pipe. This
blockage may simply be a wad of paper, plastic, foam or
other such object, and it is often a plastic or brass plug,
which appears at first glance to be a pig as used in the
annular jetting method. However, its purpose is to act as a
plug, not to be driven through the pipe as the cleaning
device. There is not a rapid inflow of fluid as in the annular
jetting system, but simply a filling of the pipe. The blockage
of fouling material collects debris which washes out in the
fluid stream under the pressure inherent to the system,
leaving only a partial blockage, or plug which must be
placed in the pipe.

Operational mode is the mode of the procedure in which
the pulsations are transferred via the fluid stream (which has
already filled the pipe) via a nozzle (the nozzle is described
hereafter) to the pipe. In this mode the bypass valve is
closed. Because this valve is closed and because the pipe is
blocked either by fouling material or a plug, and thus no
fluid is allowed to escape anywhere in the system, pressure
builds throughout the entire system, from the fluid source
forward all the way to the blockage. The line-out valve is
still open in the operational mode. As pressure builds in the
oscillator (as described above) of the cabinet, the oscillator
and the fluid within will begin to vibrate. This mode may
only last a fraction of a second, after which the bypass valve
is reopened.

There is of course a frequency at which the pipe, depen-
dent upon its composition, will begin to vibrate and a
frequency at which the fouling material, dependent upon its
composition, will begin to vibrate. Composition for these
purposes is as size, thickness, density, support structure and
other criteria which control the frequency at which an item
will vibrate. Because the pipe and the fouling material are of
different compositions, they will almost always vibrate at
different frequencies, except in the rare instance where both
the pipe and the fouling material vibrate at the same fre-
quency. When the frequency at which each will vibrate is
met in the fluid stream by the build up of pressure in the
pulsations, from the pump or pulse generator, this frequency
will result in the vibration of the pipe and separately in the
vibration of the fouling material. This separate vibration
results in a breaking of the bond between the pipe wall and
the fouling material. Once this cohesion is broken, the
blockage which inhibited the flow of the fluid stream will
wash forward under the pressure inherent to the system and
the blockage and other fouling material will wash out of the
pipe. Then, it is extremely easy to remove fouling material,
debris is washed out with a simple garden hose, or which is
washed under the pressure inherent to the system.

This system cleans when the necessary frequency range
does not exceed an augmented frequency range, such as the
frequency range arrived at from the 120 degree pulsation of
a triplex pump when the pump rotating at approximately 450
rpm and modulated through the unloader system at a pres-
sure low enough to avoid structural damage to the fouled
pipe. In the event that the frequency range needed to induce
a resonance in the pipe exceeds the normal operating capa-
bilities of the hydrokinetic system, the frequencies can be
raised further via manipulation of the bypass and line-out
valves, in the following manner.

The line-out valve is closed after the pipe is filled with
fluid. Bypass valve is closed. Pressure is allowed to build in
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the oscillator block. This pressure is modulated into the
already filled tube via manipulation (rapid off and on) of the
line-out valve. Much higher pressures and higher frequency
ranges can be achieved and transferred to the pipe wall
without causing structural damages via sympathetic vibra-
tion. In the event that still higher modulation might be
required, this is achieved in some instances by the insertion
of a vibrating reed into a holder affixed at the inlet side of
the high pressure oscillator and/or the aforementioned
vibrating reed is attached to the outlet side of the bypass
valve. Fluid moving at a high velocity across the top of the
reeds causes the reeds to vibrate. The thickness and length
of the reeds determines their vibrational frequencies.
Another method of achieving the same effect is the utiliza-
tion of an eccentric cam rotated by a motor.

Additionally, sound frequencies can be fed into a static
stream via.a tone generator or oscillator. This oscillator can
also be automated. A computer program can instruct the tone
generator to give out a modulating frequency with a preset
low frequency and high frequency range. The high and low
frequencies are determined by attributes of the pipe (such as
the material of construction, length, diameter, and wall
thickness) and attributes of the fouling material. As the tone
generator sweeps between the preset low and high
frequencies, a standard frequency analyzer mounted on the
back of the pipe will pick up and lock onto the actual
frequency at which the pipe will resonant. The information
can be fed back to the computer and the computer can lock
the tone generator onto this frequency, allowing resonance
of the pipe without regard to the pressure generated by the
pump or fluid source.

When the system is in the Operational mode, the fluid
stream travels, as described above, through the line-out
valve to the pipe via tubing or hoses. At the face of the pipe,
to inject the fluid stream into the pipe, a ram and nozzle
assembly is used. The ram is mounted at the face of the pipe
or set or bundle of pipes to allow hydraulic, electronic or
manual movement of the nozzle in and out of each tube. It
is recommended for safety but not required for functionality
that a check valve be plumbed in the hydraulic line, so that
once the ram is energized with the nozzle against the face of
the pipe, if hydraulic pressure is lost, the ram and nozzle
assembly will not come away from the pipe face until such
check value is manually tripped. The ram is coaxial (moves
forward and backward) with an elongate cylinder which
enclosed a piston. It is unique in that it has a tapered bore and
the fluid runs through the piston rod, eliminating the need for
additional pipe firings. The taper of the bore is such that the
orifice at the outlet of the ram is approximately 15 to 20%
smaller than the orifice at the inlet of the ram. As a safety
mechanism, at the inlet side of the ram, a machined bell
nipple connects to a coupling on the hose to the ram. In the
event of any type of failure of this coupling, this bell shape
acts as a diffuser to remove the energy from the fiuid stream
to protect personnel.

The nozzle is tapered with the outlet end, usually smaller
than the inlet end of the pipe. In cases where pipes are
“rolled” into pipe or tube face sheets, the taper on the nozzle
preferably is the same as the taper used on the rolling tool
which rolled the end of the pipe onto the face sheet; thus the
nozzle will reinforce this roll rather than doing damage to it.
When the nozzle is inserted into the pipe and hydraulic
pressure is applied via the ram, a tight metal-to-metal seal is
formed between the nozzle and the pipe. This is in contrast
to the desired leak needed in an annular jetting system.

Between the ram and nozzle, a nozzle adapter can be
inserted. The nozzle adapter is a measured orifice machined
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to avoid protrusions into the fluid stream where it attaches to
the ram and to the nozzle, so that the flow is laminar. The
bore in the nozzle adapter is the same diameter as the bore
at the outlet end of the ram, thus not increasing or decreasing
the velocity of the fluid stream. Onto this nozzle adapter, a
heavy duty, thickwalled, highpressure pipe can be attached.
The purpose of this pipe is to add length in order to induce
more harmonics into the fluid stream. If the pipe is longer,
the vibration is greater.

To support the ram, nozzle adapter and nozzle, against a
bundle of pipes, an X-Y alignment system can be used. This
is a device such as used in laser burning, machining, cutting,
etc. The X-Y axis can be freestanding or mounted to the face
of the pipe bundle. The ram and nozzle assembly are moved
along the X or Y axis manually or a computer automatically
moves the ram and nozzle assembly along the X or Y axis
upon command. This requires programming on mechanisms
such as those used to move lathes, mills, drill presses, etc.
This would facilitate the use of Hydrokinetics in environ-
ments where manual movement would be difficult or
prohibitive, such as in nuclear waste processes.

It is an important, but not necessarily an essential part of
the hydrokinetic system, that the flow of fluid, from the
pump or fluid source to the upstream side of the nozzle, be
as streamlined as possible. Protrusions into the fluid system,
such as a bolt protruding through the line into the fluid
stream, or by high friction internal linings of the pipes are
avoided. The flow of the fluid stream is as “laminar” as
possible. This is opposed to a “boundary layer flow” in
which the outer portion of the radius of the stream is slowed
by frictional drag and flows at a slower velocity that the
inner portion of the stream, or turbulent flow.

The fluid stream changes from laminar flow to boundary
layer flow at the outlet nozzle tip. In the pipe to be cleaned,
filled with static fluid from the nozzle tip, a pulsating fluid
stream pumped into the center of the pipe, sets up a reflected
shock wave and resultant standing wave in the column of
water. The standing wave frequency will pass through the
resonance frequencies of the fouling material. The fluid is
thought to collapse bubbles during the low pressure pulse
resulting in cavitation. In addition to the breaking of the
cohesion between the pipe wall and the fouling material,
loose or easily removed fouling material simply washes out
in the fluid stream while the cavitation breaks the fouling
material bond which becomes loose and washes free.

To enhance the boundary layer flow at the outlet of the
nozzle tip, a high pressure air manifold connected to the
nozzle adds measured pulses of gas to the fluid stream,
enhancing the cavitating effect.

In some situations, it may be faster and provide a higher-

degree of cleanliness or polishing, to add soft abrasives,
such as sodium bicarbonate or polymers, to the fluid stream.
Soft abrasives and other mediums can be added wet or dry.
Dry materials, such as various bicarbonates, are injected at
the nozzle into the static fiuid used to fill the pipe during the
Staging .mode or into the resonating fluid stream during
Operational mode. Upstream of the first accelerator, part of
the fluid stream from the pump or fluid source can be mixed
with the medium to be injected. The abrasive material is
blended with part of the fluid stream and the solution is
added into the main fluid stream downstream. The controls
needed for dry or liquid medium injection are pneumatic
metering valves. A liquid surfactant or cleansing agent can
be added.

According to the article, “The Chemical Effects of
Ulirasound”, solid particles, such as soda or the metallic
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elements in a metalliferous medium, are heavily impacted
by the effect of waves caused by cavitation of bubbles when
sonics are induced in a liquid. (discussed in more detail
hereafter). Apparently, the pressure waves drive small par-
ticles into one another at high speeds with collisions so
intense that the metal powders are melted at the point of
impact. This melting can remove metallic-oxide coatings,
which protect the metals. Concluding, the article says
“Ultrasound can increase the reactivity of metal powders by
more than 100,000 time”, which appears to cause metal
particles to bond. Thus the addition of soda or chemicals of
a metallic nature can enhance the cleaning.

The intensity of cavity implosion can easily be altered by
changing frequency, acoustic intensity, temperature, static
pressure, choice of liquid and choice of gas. In the article,
implosion proceeds more slowly as ambient temperature
increases so the fluid stream can be cooled to enhance
cleaning. The fluid stream can be warmed to reduce clean-
ing.

Tests have shown hydrokinetics to be particularly effec-
tive for removing hydrocarbon based deposits. According to
the article, organic compounds are highly degraded in this
environment, and inorganic compounds can be oxidized or
reduced. :

While the foregoing is directed to the preferred
embodiment, the scope thereof is determined by the claims
which follow:

‘What is claimed is:

1. A method for cleaning a fouled pipe comprising the
steps of:

(a) filling the pipe with an incompressible liquid;

(b) releaseably connecting to the pipe a pressure source;

(c) by means of cooperating valves, pulsating the pressure

source to form a standing wave in the liquid in the pipe;

(d) by means of said valves, adjusting said pulsations so

that cavitation occurs in the liquid during pressure
fluctuations within the standing wave; and

(e) by means of said valves, adjusting the pressure of the

pulsations such that said cavitation creates vibrations of
differing frequencies transmitted through the liquid to
the fouling material and to the pipe, wherein the fouling
material and the pipe vibrate at different frequencies to
break the fouling material free of the pipe.

2. The method of claim 1 wherein the pipe is constructed
with an inlet end and an outlet end, and the pressure
pulsations are delivered into the pipe at the inlet end.

3. The method of claim 2 wherein the outlet end of the
pipe is plugged by a blocking device, and wherein the
blocking device is temporarily fixed to the pipe and retains
the liquid within the pipe.

4. The method of claim 3 wherein the blocking device
temporarily holds against specified pressure levels thereby
allowing the standing wave to be formed, and is expelled
from .the pipe on increase above the specified pressure
levels.

5. The method of claim 4 wherein the blocking device is
a sacrificial insert initially positioned in the pipe and is
blown from the pipe on increase of pressure after cleaning
to thereby enable the pipe to be cleared of the liquid which
flows out of the pipe and carries dislodged fouling material
with the liquid.

6. The method of claim 5 wherein the inlet end is provided
with the pressure pulsations by fitting a nozzle at the inlet
end.

7.The method of claim 6 wherein the inlet end is provided
with two inlet lines, and one of the imlet lines delivers
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flowing gas admitted to the pipe, and the other of the inlet
lines delivers the incompressible Liquid.

8. The method of claim 5 including the step of forming
bubbles in the liquid subject to imploding during pressure
fluctuations.

9. The method of claim 8 wherein bubbles are collapsed
and reformed.

10. A method of cleaning an interior of a fouled pipe
comprising the steps of:

(a) in a region of the pipe where the fouling occurs,
isolating a portion of the pipe between an inlet end and
an outlet end;

(b) filling the pipe between the inlet end and outlet end
with an incompressible liquid; and

(c¢) forming microscopic bubbles within the liquid by
generating standing waves in the liquid;

(d) applying pressure variations to the liquid so that the
bubbles in the liquid are momentarily compressed and
released therefrom to thereby initiate collapse of the
bubbles to generate vibrations in the liquid for breaking
the bond holding the fouling material to the pipe,
wherein
(i) the vibrations are generated at multiple frequencies,
(ii) the frequencies of the vibrations are controlled by

the magnitude of the pressure variations, and
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(iii) the bond is broken by vibrating the fouling material
and the pipe at different frequencies.

11. The method of claim 10 including the step of mixing
a cleaning abrasive in the liquid prior to applying the
pressure variations to the liquid, wherein the interior of the
pipe is further cleaned by the cleaning abrasive after the
fouling material bond has been broken and fouling material
has been removed.

12. The method of claim 10 including the step of mixing
a compressible gas with the liquid.

13. The method of claim 10 including the step of con-
trolling temperature of the liquid to thereby control an extent
of cleaning in the pipe.

14. The method of claim 10 including the step of blocking
the outlet end of the pipe with a pressure controlled blocking
device and the blocking device is left fixed in the pipe during
cleaning so that liquid and the blocking device are forced by
increase of pressure from the pipe at conclusion of the
cleaning.

15. The method of claim 14 including the step of pumping
added liquid into the pipe after filling with pressure fluc-
tuations. '

16. The method of claim 15 further including the step of
pumping the added liquid with time dependent pressure
fluctuations.
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1
PUMP VALVE MECHANISM

FIELD OF THE INVENTION

The present invention relates generally to the field of
devices for cleaning clogged heat exchanger tubes and, more
particularly to a system for cleaning tubes within a vessel
using a pump valve mechanism for mechanically applying
variable pressure to material clogging the tubes.

BACKGROUND OF THE INVENTION

A heat exchanger is normally formed of a plurality of tubes
oriented generally parallel to one another. In normal opera-
tion, a fluid to be heated or cooled is delivered through the
inside of the tubes of such a heat exchanger. The outside
surface of the tubes are contacted with a fluid which adds heat
or removes heat as required. The plurality of generally paral-
lel tubes forms a bundle. A set of end plates, known as heads,
commonly support the bundle of tubes at each end.

Heat exchangers usually operate in a continuous fashion,
often for months at a time. However, such continuous opera-
tion may be periodically interrupted to clean the tubes. The
cleaning process is necessary to remove residue which col-
lects on the inside surface of the tubes which reduces their
heat transfer capability. The tubes are normally formed of
metal which has a relatively high thermal conductivity. The
material which may coat the interior of the tubes, however,
has a much lower thermal efficiency for heat transfer. There-

fore, the coating formed on the interior of the tubes is detri- :

mental to the efficiency of the operation of the heat exchanger.
As residue builds up on the inside surface of a heat
exchanger tube, the tube becomes less and less efficient. One
way to counteract this effect is to raise the temperature dif-
ferential across the tube. However, there are limits to this
solution. For instance, the metal used in the tubes of the heat
exchanger has a limited capacity for heat as a result of met-
allurgical considerations. Exceeding the design temperature
differential across through the tubes increases fatigue and
therefore reduces the useful lifetime of the heat exchanger.
In a well known U-tube design, the bundle of tubes takes a
180° bend or elbow at more or less the mid-point of the
respective tubes. Fluid enters an inlet box which is separated
by a divider plate from an outlet box. The fluid then flows
through the head, through the tubes in first one direction then
the reverse direction, back through the head and finally into
the outlet box on the other side of the divider plate. Cleaning
the tubes involves removing the accumulated coating mate-
rial on the inside of the tubes and the difficulty of cleaning the

inside surfaces of the tubes is exacerbated by the bend in the :

tubes. Also, as exchanger designs have improved, the effec-
tive length of the tubes has increased. This makes the task of
cleaning the tubes more difficult because the long and rela-
tively narrow tubes do not permit easy access to the tubes.

One way that the tubes can be cleaned is by pumping water
or perhaps chemically active solvents into the tubes. That is
successful but it has limitations. Moreover, since a typical
heat exchanger includes a large number of tubes, it is neces-
sary to undertake the cleaning in a repetitive fashion so that a
large number of tubes can be cleaned.

In my U.S. Pat. No. 5,423,917, I described a system and a
method for cleaning heat exchanger tubes. The system
described therein has proven very successful. However, the
systemn includes a control panel with a ganged set of valves to
set up a shock wave to be injected into a tube. For particularly
stubborn and tenacious fowling, especially involving hun-
dreds of tubes, this manual alignment of the control panel

—

S

20

25

55

60

2

valves can become tiresome and tedious. Therefore, there
remains a need for a system like that described in the *917
patent but that mechanizes the shock wave generation pro-
cess. The present invention is directed to solving this need in
the art.

SUMMARY OF THE INVENTION

The present invention solves this need in the art by provid-
ing a pump/valve mechanism for directing a shock wave to a
tube that is to be cleaned. A pump takes a suction from a sump
and the pump discharges to an output and then through a valve
which is switched to deliver water under pressure through a
controllable orifice. The orifice delivers the water under pres-
sure to the pump/valve mechanism which alternately directs
pressurized water to the tube and to an overflow discharge.

In a preferred embodiment, the pump/valve mechanism is
actuated pneumatically by regulated air pressure. However,
any convenient and appropriate actuation means may be used.

In the rest of the tube cleaning system, a lance is provided
to deliver pressurized water and the shock wave to the tubes.
The lance is positioned by a ram, which cooperates with the
lance to align the lance with individual tubes. The lance is
directed inan X andY pattern by a control mechanism to align
with selected tubes. The lance is able to travel forwardly in the
Z direction. It is constructed on a piston and cylinder mecha-
nism which enables hydraulic control of lance insertion and
retraction.

When the lance is inserted, the tip of the lance is placed in
the particular tube to be cleaned. Hydraulic control enables
rapid indexing of the lance to the left and right to align with
the proper tube and to insert into that tube once alignment has
been accomplished. The tip of the lance is profiled so that it
forms a fairly quick seal with the end of the tube. The lance is

“ hollow to deliver liquid through the end of the lance into the

tube. A pressurized air supply provides air to the pump/valve
mechanism to purge the tube to be cleaned to set the tube up
for a water hammer action when the lance is pressurized with
water or cleaning solution.

A pressure surge is set up by timed operation of the pump
in cooperation with the orifice. Moreover, this delivers a flow
of water into the tube. By appropriate shock wave creation
with amix ofair and water injected violently into the tube, the
corrosion materials collected on the inside of the tube are
fractured and break away. There is a rapid flow of multiphase
fluid through the tube. This rapid flow agitates the corrosion
residue with sufficient shock tremors that the corrosion resi-
due is broken and will flake off the wall. The loosened mate-
rial is then flushed out of the tube by the continued flow of
fluid from the lance.

These and other features of the present invention will be
readily apparent to those skilled in the art from a review ofthe
following description with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features,
advantages and objects of the present invention are attained
and can be understood in detail, more particular description of
the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in
the appended drawings.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.
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FIG. 1 is a schematic flow diagram of the system wherein
the pump valve mechanism of the present invention finds
application;

FIG. 2 is a section view of the pump/valve mechanism of
this invention;

FIG. 3 is a side view of a lance mounting mechanism
showing a lance which extends to seat against a tube to enable
tube cleaning;

FIG. 4 is a sectional view along the line 3-3 of FIG. 3 and
shows details of construction of the mechanism which aligns
the lance with a particular tube for cleaning; and

FIG. 5 is a sectional view along the line 4-4 of FIG. 3
showing details of construction of the lance insertion mecha-
nism.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Attention is now directed to FIG. 1 of the drawings which

illustrates a schematic of a system 10 for cleaning tubes and »

the like. The system includes a pump 11 driven by a suitable
motor 12 of substantial power. The pump 11 takes a suction
through a feed line 13 from a water sump or reservoir 14.
Water level is maintained in the sump by occasional replen-

ishment. Moreover, the water is typically pure but it can be »

used with additives. For instance, certain types of acids or
bases can be added to accomplish chemical attack on the
material to be removed.

The pump 11 has a pump output 15 which is provided to a

control valve 16. The control valve 16 is a two position valve.

In the illustrated position, water under pressure is delivered
from the pump through an adjustable orifice 18. Alternatively,
the valve 16 connects with a line 17 which provides a return
to the sump. The orifice 18 provides a control signal to mani-
fold 20 of a pump valve mechanism represented in phantom
in FIG. 1 and described in greater detail below.

The manifold operates in conjunction with an air pressure
manifold 21. Pressurized air is provided on an air line 22 into
a regulator valve 23 in the air pressure manifold. The regula-
tor valve 23 provides a regulated air pressure output through
a pair of control valves 24. The control valves 24 are each of
the same construction and connect in parallel at the output of
the regulator 23. The manifold 21 may be replaced with other
actuation means, including a hydraulic actuator, an oscillat-
ing electric switch, a gas pilot valve, or other means to control
a pump/valve mechanism in the manifold 20.

The control valves 24 in the manifold are input to the
manifold 10 which includes the pump/valve mechanism. Spe-
cifically, the control valves 24 provide air inlet lines 25 and

25", respectively, to either side of an actuator 26. FIG. 2 3

provides greater detail of the pump/valve mechanism. As
previously stated, the pump valve mechanism may be oper-
ated by any appropriate and convenient actuation means, but
the pneumatic actuator is the preferred means and is illus-
trated.

As shown in FIG. 2, the air inlet lines 25 and 25' provide air
pressure into the actuator 26. In the preferred embodiment,
the actuator comprises a piston 70 within a cylinder 72. Air
pressure ported to the air inlet line 25 moves the piston to the
right as seen in FIG. 2, and air pressure ported to the air inlet
line 25' moves the piston to the left. The piston 72 is coupled
to a piston rod 74 which terminates at a linkage 76. The
linkage 76 pivots about a fulcrum 78 and links to a valve rod
80. The valve rod 80 is mounted for movement within a
pump/valve block 82. Together, the actuator 26, the block 82
and the parts associated therewith form the pump/valve
mechanism of the invention.
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A packing 84 seals around the valve rod 80 where it then
enters a manifold 86. The valve rod 80 terminates in a valve
disc 88 which is configured to seat against a valve seat 90.
When the disc 88 is off the seat 90, fluid under pressure from
the manifold 86 is free to flow out an outlet fitting 92.

Referring againto FIG. 1, the pump 11 provides fluid under
pressure through the orifice 18 to the block 82 where it pres-
surizes the manifold 86. Depending on the position of the
valve rod 80, fluid flows from the block 82 to the outlet fitting
92 or a waste discharge 94.

The pump/valve mechanism has appropriate fittings on it to
enable connection of a lance feed line 32. The line 32 extends
some distance, typically from 10 to 50 feet. Preferably the
length of the line is kept relatively short so that pressure
surges are not damped in the flow line.

The line 32 feeds fluid, including shock waves, to a lance
36. The lance 36 is coaxial with an elongate cylinder 37 which
encloses a piston 38. The piston 38 is moved under hydraulic
pressureinadouble acting construction. This enables positive
insertion and retraction of the lance. The hydraulic system
preferably uses air from a suitable air pressure source deliv-
ered through a control valve 39 which connects to an air
pressure regulator 40. The air pressure is regulated and pro-
vided to an air motor 41. The motor in turn is driven by the air
to operate a hydraulic pump 42.

Aninlet line 43 connects to hydraulic oil sump 44. Hydrau-
lic oil is delivered to a control valve 45 to control the move-
ment of the lance.

Specifically, the lance is extended when the valve is in the
illustrated position. The lance is retracted when the valve
moves to the opposite position. A return line 46 returns the
low pressure oil to the sump. The valve is connected so that
power is applied for extension of the lance and for retraction
ofthe lance on operation of the valve. There is also additional

5 equipment for positioning of the cylinder 37 as described

below.

As shown in FIG. 1, the lance has an elongate rod portion
which terminates at a tip 48. The lance tip is sized to nest in the
end of a tube 50. A seal is made when the tube and tip make
contact. The seal enables fluid to be introduced under pres-
sure into the tube 50.

An air inlet line 51 introduces pressurized air into the block
82 and into the manifold 86. This permits the system to blow
air through a tube to be cleaned prior the introduction of a
shock wave of fluid from the system, thereby providing a
water hammer to enhance the clearing effect of particularly
stubborn blockages in tubes.

The lance 50 is moved with respect to a set of tubes in a
fashion shown in FIGS. 3, 4, and 5. FIG. 3 shows the lance 36
which is supported and aligned by cylinder 37. It is mounted
so that it travels on a pair of parallel rails 52 and 53 shown in
FIG. 4 of the drawings. These permit movement in the X
direction. The rails are parallel steel beams supported on
rollers. A bracket is comprised of left and right frame mem-
bers 54 and 55 which move as a unit. They enable vertical
movement of the cylinder 37.

More specifically, the frame members 54 and 55 define a
gap where the lance extends through the gap. The cylinder 37
is anchored to the spaced plates 56 and 57 which capture the
cylinder. The cylinder extends into a pair of guide surfaces
and is supported against these guide services for controlled
movement. The guide surfaces are formed along the edges of
the frame members 54 and 55 and thus define the channel 58
shown in FIG. 5 of the drawings. Rollers at 60 are located in
this channel. There are typically four rollers, two at each
corner as shown in FIG. §, and a corresponding duplicate pair
on the opposite side.
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The several rollers guide the cylinder 37 for movement as
illustrated. When it moves up or down, it is guided by the
rollers 60 which clamp on the outside of the parallel frame
members 54 and 55. As previously mentioned, the frame
members are able to move as a unit to the left or right as
viewed in FIG. 4. While this provides one dimension of
movement, the movement in the vertical direction in FIG. 41s
the second dimension of movement. When the cylinder 37 is
extended, the lance is moved in the 7 direction toward the
tubes 50.

Attention is now directed to FIG. 3 of the drawings where
it shows the nozzle 48 at a particular tube 50. The tube 50 is
one of many. In fact, hundreds of tubes can be constructed in
the heat exchanger. The heat exchanger is defined by a head
64 better shown in FIG. 4 of the drawings. The extendible
lance is forced against one of the tubes. The heat exchanger
tube 50 is temporarily plugged by a plug 66 shown in FIG. 1
to perform the method of this invention.

In the practice of this method, the first step is to temporarily 2

plug the tube 50 with the plug. The plug can leak somewhat.
It is not important that it maintain a perfect seal; in fact, it is
desirable that it provides some leakage so that the plug
restricts flow but does not totally block fluid flow. The plug
serves as a liquid flow barrier. Preferably it has a length equal
to the diameter of the tube plus a friction of an inch greater
length. If it were longer, it would work equally well, but it
would also cause more frictional drag while the plug moves
along the tube 50. In cleaning the tubes, the plug 66 is first

placed in a tube and the lance is moved in an X and Y -

coordinate system until it is aligned with that particular tube.
Then, the lance is extended and seats against the tube that has
been plugged and the lance seats against the tube with a
water-tight seal. As previously described, the tube is then
blown free with pressurized air using air from the line 51.

The next step is to fill the tube with water. This is accom-
plished by pressurizing the manifold 86 from the pump 11 and
holding the disc 88 off the seat 90. Fluid then flows through
the lance to fill up the selected tube 50. At this point, the
system is set up to deliver a series of repeated shock waves
from oscillating action of the pump/valve mechanism. Move-
ment of the actuator piston 70 back and forth moves the valve
rod back and forth at the same rate. In the action, the disk and
rod act as a pump, forcing flid under pressure with a pressure
surge out through the lance. This has the form of a fluid shock
which is administered through the solid column of water.
When that occurs, there is a tube impact which jars the coating
materials on the inside of the tube.

—

S

6

When this shock loading is formed in the tube, the plug 66
may leak or may be forced downstream. No particular prob-
lem arises from that because water is always being added
through the pump output. The incorporation of the orifice 18
coupled with the standing column of water downstream
assures that the system transmits into the dirty tube the clean-
ing shock wave. The shock wave has the form of a change in
pressure propagated through the standing column of water.
This forms a shock wave which is experienced in the tube but
it is not a pressure wave which is built up behind the plug 66.
Infact, it is not normal to use a plug to hold against high pump
pressure. The plug is only a sufficient retardant to prevent
complete escape of the water. The plug 66 will chatter and
skid, moving finally to the far end of the tube 50. The system
utilizes a positive displacement pump 11 which enables the
system to provide a relatively constant fluid output. As the
pressure buildup is formed and is switched by the pumping
action of the pump/valve mechanism, the water in the tube
serves to break up the coating of material on the inside of the
tube.

As a generalization, a representative pressure at the dis-
charge of the pump 11 may exceed 10,000 psi. The pressure at
the tip of the lance 48 is preferably also in that range.

The principles, preferred embodiment, and mode of opera-

5 tion of the present invention have been described in the fore-

going specification. This invention is not to be construed as
limited to the particular forms disclosed, since these are
regarded as illustrative rather than restrictive. Moreover,
variations and changes may be made by those skilled in the art
without departing from the spirit of the invention.

I claim:

1. A system for cleaning a tube comprising:

(a) a source of fluid under pressure;

(b) a lance adapted to seal against the tube;

(c) a pump/valve mechanism to mechanically provide an
oscillating pressure wave from the source to the lance,
wherein the pump/valve mechanism comprises:

(i) an actuator; and
(ii) a pump/valve block having a valve in the block, the
valve coupled to the actuator with a linkage.

2. The system of claim 1, wherein the block defines a
manifold and the valve controls the flow of fluid from the
source of fluid under pressure to the lance.

3. The system of claim 2, further comprising a source of
pressurized air into the manifold.

4. The system of claim 1, wherein the actuator is operated
pneumatically.
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UNPLUGGING OF WASTE TRANSFER PIPELINES

EXECUTIVE SUMMARY

Pipeline plugging has occurred in the past at DOE sites during high level waste (HLW) transfers,
resulting in schedule delays and increased costs. In order to ensure smooth operation of the waste
transfers and to ensure tank farm cleanup milestones are met, a pipeline unplugging
tool/technology is crucial. Through an industry call various unplugging technologies were tested
and evaluated at Florida International University (FIU). Two technologies were identified to
have the capability to withstand the rigors of operation in a radioactive environment and with the
ability to handle sharp 90° elbows; NuVision Engineering’s Fluidic Wave-action Technology
and AIMM Technologies” Hydrokinetics Method. A second phase of testing has been conducted
for both technologies with the objective to qualify at least one technology for subsequent
deployment at a DOE facility. In this report, the analysis of data collected during the
experimental investigation of AIMM Technologies” Hydrokinetics method and conclusions
drawn will be presented.

The current phase of testing was comprised of a 3-inch diameter full-scale pipeline instrumented
with sensors facilitating data acquisition for performance evaluation and understanding of
technology operation, as it applies to three types of plugs typical of DOE HLW. A clay-based
plug was created with a Bentonite water mixture, which is typically used in emulating slurry
mixes. The other two plugs were crystallized salt plug stimulants: sodium-aluminum-silicate
(Na-Al-Si1) and potassium-magnesium-sulfate (Kmag). The recipe for manufacturing the Na-Al-
Si plug was provided by engineers at PNNL. Three different test bed lengths (310, 646, and 1822
ft) were utilized to determine the effectiveness of the Hydrokinetics method with respect to pipe
length. Unplugging times were determined for each plug type and at each test bed length in cases
where unplugging was achieved.

During the testing trials, AIMM Technologies was more successful removing the Bentonite
plugs than the salt-based plugs. In general, the pressure pulses attenuated significantly from the
inlet to the blockage section during the unplugging process. The vibrations were also attenuated
significantly from the inlet to the blockage during the unplugging process. This suggests that the
remaining air within the pipeline and the low operating pressure (below 300 psi for HLW lines)
inhibited the ability for AIMM’s Hvdrokinetics process to operate at its optimum capability.

The significant attenuation of the pressure pulses and vibration suggests that the mechanism for
removing the blockages on the successful trials was a combination of the static pressure and the
small residual pressure pulses propagated to the blockage. Imposing a vacuum on the pipeline
prior to filling would significantly decrease the attenuation rate and improve performance.

Detailed information resulting from the testing will provide the DOE end-user with sufficient
data and understanding of the technology, and its limitations so that management decisions can
be made whether the technology has a reasonable chance to successfully unplug a pipeline, such
as a cross-site transfer line or process transfer pipeline at the Waste Treatment and
Immobilization Plant (WTP).

ARC-2004-T042-301-30_1 1
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INTRODUCTION

As Hanford moves into a more active retrieval and disposal program, the site engineers will be
encountering increasing cross-site pipeline transfers with a corresponding increase in the
probability of a pipeline getting plugged. In the past, some of the pipelines have plugged during
waste transfers, resulting in schedule delays and increased costs. Furthermore, pipeline plugging
has been cited as one of the major issues that can result in unplanned outages at the Hanford
WTP, causing inconsistent operation. As such, the availability of a pipeline unplugging
tool/technology is crucial to ensure smooth operation of the waste transfers and to ensure
Hanford tank farm cleanup milestones are met. Previous studies at Florida International
University (FIU) included the testing and evaluation of unplugging technologies through an
industry call. Two technologies were identified based upon the testing that could withstand the
rigors of operation in a radioactive environment and with the ability to handle sharp 90° elbows.
The proposed testing and evaluation of these two technologies extends the technology validation
performed earlier and will attempt to qualify one of the pipeline unplugging technologies for
deployment at the Hanford site as per the site criteria.

HYDROKINETICS’ UNPLUGGING PRINCIPLES

Based on the pipeline unplugging technology demonstrations conducted at FIU in FY99 to
FYO02, AIMM Technologies” Hydrokinetics method was one of the two most promising
technologies selected for qualification testing for the Hanford site. The operating principles of
these technologies are outlined in the following.

The Hydrokinetics method is a patented technology that has been used to clean pipes clogged
with fouling materials. It was reported that the mechanical bonds between the plug and the pipe
wall are broken by first filling the pipeline with liquid up to the plug and then creating
cavitations in the fluid filled pipe by applying pressure pulsations at the inlet (Garcia 1997). The
cavitations collapse due to the applied pressure cycles that vibrates the blockage and the pipe
wall. The difference in vibration frequencies of the blockage and the pipe wall breaks the
mechanical bond between them and the blockage is pushed out by the fluid pressure.

The Hydrokinetics system consists of a water/solvent tank, a plunger type pump, a portable air
compressor and a control unit. First, the connections between the air compressor, water pump
and pipeline with the control unit are established using high pressure hoses. The water pump is
turned on and switched to the desired RPM value. The pressure level in the control unit is
adjusted using the pressure regulating valve at the control unit. There are two switches on the
control unit that allow the water collected in the control unit to be directed into the pipeline.
Using the switches on the control unit, the pipeline is filled at the flow rate value of the pump
until the pressure in the pipeline has reached the pressure set at the control unit.

The Hydrokinetics process does not require that a vacuum be created in the pipeline prior to the
pipeline being filled. Since the air is not evacuated from the pipe, a two-component fluid system
is formed inside the pipeline. Using the switches on the control unit, pressure fluctuations are

ARC-2004-T042-301-30_1 2
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created in the pipeline in a randomized manner. This process is repeated until the blockage is
removed.

The frequency and duration of pulsations are set by the AIMM operator, while the pressure of
pulsations is set to the maximum pressure permitted.

Benefits of AIMM’s Hydrokinetics technology include:

. Short mobilization and demobilization time.

. Can be used to deliver chemical solvent to the blockage where a solvent may be of
assistance in loosening a blockage.

. System does not cause pressure amplifications.

. Technology can negotiate many elbows.

. Technology can be operated remotely.

. Unplugging times are short compared to other technologies.

Limitations of AIMM’s Hydrokinetics technology include:
. Time to fill the pipeline is long.

. Pulsations are manually controlled and are not automated.

EXPERIMENTAL TESTING

Process variables important to this study include unplugging rates, pipeline pressure distributions
(maximum pipe pressure), and the variability of the distributions with respect to the equipment
control parameters. The equipment control parameters, which are provided later in this report,
are the parameters AIMM must select to operate their equipment. The effect of these parameters
on the pipeline pressure and erosion rates needs to be well understood. In addition, to qualify
AIMM’s technology, maximum pressures will need to be determined and compared with site
safety requirements. Due to the lack of information on exactly how the AIMM’s technology
scales to longer pipes, we have adopted a parametric approach to evaluate the technology
functionality and how it is expected to affect the process variables.

The following data was collected to provide understanding of the technology, its capability,
limitations and safety:

. Pressure profile along the test bed, time dependent pressure measurements at several
pressure taps along the test bed.

. Temperature of the water in the test bed pipeline.

. Operation time.

. Plug weight — before and after technology operation.

. Unplugging efficiency.

. Control unit pressure and pump RPM.

ARC-2004-T042-301-30_1 3
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Other data from the test bed that was used in the analysis include:

. Distance to the plug, distance from the test bed entry point to the plug.
. Plug length.

. Nature of the plug, composition of the material used to create the plug.
. Number of elbows in the test bed from entry point to the plug.

. Distances between pressure transducers.

TEST BED DETAILS

Experiments were conducted using three test bed lengths at 310 ft, 646 ft and 1822 ft. Using a
non-linear regression analysis, the measurements taken at these three lengths can be used to
forecast the performance of the technology to pipeline lengths up to 19,000 ft.

The instrumented test bed for technology qualification was designed and constructed with the
capability to evaluate the impact of a number of parameters on the technology effectiveness,
including: the distance to the plug, pipe layout (e.g., bends, expansions, reducers, etc.).

Schematic diagrams of the test beds are shown in Figure 1 to Figure 3. The three pipelines are
connected to each other using two-way ball valves. This allows switching from one pipeline to
another with minimum down time. In Figure 1 to Figure 3, the lines in grey demonstrate the
pipes that are not used for that length and the black lines show the pipes that are in use. The test
beds were constructed from 3-inch diameter, 21-foot long, Schedule 10, carbon steel pipe
sections joined by Victaulic couplings. The pipes were clamped to 4x4’s that were fixed to the
ground with rebars.

oh : Ball valve m . 4ft blockage section
o : Relief valve (300psi) [fy: Tee section

57211t=105 ft

R
I3 R3] P

A
v

442110+ 2111=56 ft

Figure 1. Schematics of 310 It test bed (Dimensions not to scale).
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ok : Ball valve m : 4ft blockage section
o : Relief valve (300psi) . Tee section

13 2NM=273 ft

A
v

57211t=105ft

k
v

4+21+10+211t=56 ft

Figure 2. Schematic of 646 ft test bed (Dimensions not to scale).

25°2151=525 ft

ok : Ball valve m . 4ft blockage section
o : Relief valve (300psi) gy : Tee section
;
% 13 21Fe= 27310
' P 5+ 24ft= 105 ft -
t
10t z g
Xit E 5
211t 221ft=42 1t E 5 i 3*21“:63? i
@ T1 S 21ft=1681t ;
CIChN@ i
s : :
A+ 21410+ 21Ft=56ft -+ >

GF21ft=189 1t

Figure 3. Schematic of the 1822 ft test bed (Dimensions not to scale).

The test bed is designed such that the inlet and exit sections remain in the same location for each
of the three test beds. To simulate the connection to the transfer lines in a pit, a 3 ft long inlet
section is connected vertically to the long horizontal section via a sharp 90° elbow (Figure 4). A
300 psi pressure relief valve was placed at the bottom of the inlet section (Figure 5). The relief
valve was sized according to the maximum pressure limit in the DOE waste transfer lines. The

ARC-2004-T042-301-30_1 5



RPP-RPT-53783, Rev. 0

test bed entry point is equipped with a 17 tee section. In Figure 4 it is shown that a 3-way ball
valve was used at the inlet. This ball valve enabled for the connection of the water tank to the
pipeline during flooding of the pipes and to AIMM’s pump during the unplugging operation.

In Figure 1 to Figure 3, it is shown that pressure transducers were located throughout the test
bed. P2 and P3 were placed around a 90° turn to evaluate the effect of turns on pressure
propagation. Similarly P4 and P5 were placed to determine the effect of an expansion joint on
the unplugging process. One dynamic and one static pressure transducer were used at each
pressure point on the pipeline. The static pressure sensors were Omega PX319-1KGI type with
0-1000 psig range and had less than 1 ms of response time. Dynamic pressure sensors were of
Omega DPX101-1K type with 0-1000 psig range and 0.0083 response time. The dynamic
sensors provided any fluctuation in nominal pressure that static pressure sensors could not detect.
In Figure 1 to Figure 3, T1 and T2 represent the locations where water temperature was recorded.
Two K-type thermocouples with 1 sec of response time were used for temperature measurements
(Figure 6). Two 34201A type accelerometers with +2¢g range were used during the tests in order
to capture acceleration in three degrees of freedom of the pipes at the inlet and blockage sections
(Figure 7). The sensors were connected to a data acquisition (DAQ) system from National
Instruments with FPGA capability that allowed recording high speed data (Figure 8) and
LabView software was used to observe real-time variation of collected data (Figure 9).

i~.'!~h
e
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: A T eentrol
= ==

"From . unit

water

Figure 4. 3 ft long vertical inlet section. Figure 5. Pressure relief valve at inlet (300 psi).
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Dynamic
Pressure
Transducer

wStatic ./
‘Pressufe :

Thermocouple

Figure 6. Installation of pressure and temperature sensors on Figure 7. Installatio.n Of: accelerometer on
the pipeline. the pipeline.

Figure 8. DAQ system. Figure 9. LabView interface on laptop.

For the unplugging experiments, the blockage section was also made out of 3-inch diameter, 4-
foot long, Schedule 10, grooved-end carbon steel pipes. The blockage sections were connected to
the rest of the pipeline using same Victaulic 77 type elastic couplings. In cases where 8 ft or 12 fi
blockages were required, multiple 4 {t blockage sections were coupled together to make a longer
blockage section (Figure 10).

ARC-2004-T042-301-30_1 7
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Figure 10. 12 t long Bentonite based blockage sectlon

Also shown in the test bed drawings (Figure 1 - Figure 3), was a removable expansion joint
located just upstream of blockage section. This joint, containing three 10-ft sections, emulates
the expansion joints typical of the cross-site lines at Hanford (Figure 12). The expansion joint
can be removed in order to evaluate the effectiveness of the technology with and without the
joint by using the two-way ball valves shown in Figure 11. :

Figure 11.. Two-way ball valves. : Fi_ghre 12. Expansion joint before the exit section.

For one test at 310 ft a constricted section in the pipeline is created by placing a pair of 3 to 2-
inch reducers to evaluate its effects on the technologies performance The reducer was installed
on the 310-ft test bed during parametric testing with no blockage, upstream of the expansion
joint.

The various lengths of the test beds were used to evaluate how the effectiveness of the

unplugging technology was impacted by the distance to the blockages as well as pipe layout
(e.g., bends, expansions, reducers, and elevation changes before and after the plug).

BLOCKAGE MATERIALS

For the AIMM Technologies unplugging evaluation, three different blockage materials were
utilized to simulate various plugging scenarios at DOE sites. The criterion in choosing blockage
materials for AIMM Technologies was related to their mechanical strength characteristics. Prior
to the testing, AIMM Technologies engineers informed FIU that the minimum pressure level
they could operate their systems was at 100 psi. In order to evaluate the effectiveness of the

ARC-2004-T042-301-30_1 8
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Hydrokinetics technology. the blockage materials had to be selected such that they would sustain
at least pressures of 150 psi. In order to prepare for this criterion, various plugs were
manufactured and tested on a small extrusion test bed (Figure 13). The extrusion test bed
consisted of a hand pump that is rated to 700 psi, two pressure gauges, a pressure relief valve and
an air release valve.

* | Hand pump

Figure 13. Extrusion test bed with Bentonite plug.

P -
Figure 14. Kmag plug falling off during extrusion test. Figure 15. 4ft Kaolin 66% after extrusion test.

- N
Figure 16. Na-Al-Si plug during extrusion test. Figure 17. Phosphate plug during extrusion test.

The procedure of the extrusion test is straightforward. The air release valve is opened and the
water 1s turned on. Once the air is removed from the pipe, the release valve is closed and
pressure builds up in the system. The pressure is further increased by using the hand pump until

ARC-2004-T042-301-30_1 9
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the plug starts moving. The maximum pressure attained is noted. In case the plug does not come
out, the pressure 1s applied for 15-20 minutes and then the procedure is halted. The summary of
blockage materials tested for extrusion pressures are listed in Table 1.

In Powell et al. (1997) it was reported that shear strength, cohesiveness and water-absorption rate
were among key sludge properties that determined the performance of unplugging methods. In
previous unplugging tests, Kaolin clay water mixture was used because it was recommended as a
sludge simulant by Golcar et al. (1997) and Powell (1996) since it’s shear strength, cohesiveness,
particle size distribution, and density (at 66-67 wt% kaolin in water) were similar to those of tank
sludge. The shear strength of 66% Kaolin water mixture 1s 3.5 kPa, which can be multiplied with
the surface area to estimate the dynamic friction force applied by the pipe walls on the plug.

When a 4 ft plug of 66% Kaolin is used, the normal pressure required to unplug it must be at
least 12.8 psi, which is significantly low for the AIMMSs testing. Bentonite clay, however, was a
better choice for testing with AIMM Technologies since it had a higher shear strength value
(~19.2 kPa at 66%) at same compositions (Powell et al. 1997). For a 4 ft 68% Bentonite plug, the
static water pressure required to unplug it is found to be at least 190 psi (Table 1).

The bentonite-water mixture was prepared in a large bucket and mixed using a dnll attachment
until uniformity was achieved (Figure 18 and Figure 19). Four-foot steel pipes that are closed on
one side were then completely filled with the muixture by dropping small pieces in and
compressing with a long plunger rod. In order to remove air gaps that can get entrapped inside
the blockage during filling, the blockages were compressed using a torque wrench.

Plug extrusion tests were also conducted for 8 ft Bentonite plugs. The extrusion pressure for the
4 ft plug, although better than the Kaolin plug, was still low for the testing purposes. The 8 ft
Bentonite plugs had extrusion pressures of approximately 300 psi.

The Na-Al-Si and Kmag plugs had significantly higher extrusion pressures. The 4 ft Na-Al-Si
plug had an extrusien pressure of 500 psi and the 2 ft Kmag plug had water leakage at 450 psi. It
should be noted that Kmag 1s water soluble and its extrusion pressure may be time dependent.

.ﬂ\"-‘C’a ; e ;‘ﬁ_‘; N
Figure 18. Close up of a Bentonite plug. Figure 19. 4 ft Bentonite plug.
ARC-2004-T042-301-30_1 10

B-16



Zl-d

Table 1. Summary of Extrusion Tests with Various Types of Blockages

Date Plug Type Plug length |Max pressure attained Shear Vane Reading Penetrometer reading Video |Notes
10/24/2008] Al-Gel 4 ft 5 psi Top 0.1 rev, bottom 0.1 rev | Top 0, bottom 0 Yes  |Plug was too soft for characterization.
10/24/2008|Bentonite30%Kaolin3 0% 4ft 45 psi Top 1.95, 1.95 Bottom 0.9 and|Top 0.5, 0.5 and 0.5 Bottom |Yes |Volclay BH40
0.95 rev 0.2, 0.2 and 0.2
10/27/2008|K-Mag 90% Non-pulverized 4ft 200 psi N/A N/A Yes  |Shear vane and penetrometer can't penetrate the material. No leaks for 2.5
minutes with max pressure at 200psi. Pressure dropped to 50 psi once water
started leaking. Most of the plug stayed in although some kmag was dissolved
at the tip and was removed {
10/28/2008]K-Mag 80% Non-pulverized 14t 55 psi N/A N/A Yes  |Leaks under 55 psi even before pumping is started.
10/28/2008|Phosphate 4 ft 30 psi Top .6 rev Bottom .5 rev Top 0.25, .5 and .5 Bottom .25,|Yes
.5 and .75
10/29/2008|K-Mag 90% Pulverized 11t 300 psi N/A N/A Yes  |Held 300 pei max for 3+ mins then water penetrated thru the sides of the plug
and 10% was removed from the exit.
10/29/2008|Bentonite60% 4 ft 150 psi .96 rev 0:25, 0.3 and 0.3 Yes |Volclay BH-40. No leaks until plug starts moving. 99% unplugged as one
chunk.
10/30/2008|Bentonite65% 4 ft 190 psi 1.9 rev .5,.6,.6 Yes |Volclay BH-40. No leaks until plug starts moving. 3" of blockage moved out
and the rest stayed in.
11/3/2008|K-Mag 90% Pulverized 41t 300 psi N/A N/A No Greens Grade. Relief valve leaked above 290 psi. No leaks for 20 mins. 0%
unplugged
11/3/2008|Bentonite 60% non-powderized 4 ft 100 psi [No WyoBend 20. Mixed without pulverizing. No leaks until plug moves. 99%
unplugged after 2 mins.
11/5/2008|Bentonite 60% non-powderized 4ft 150 psi
0.2 0.1'0.2 (w/out 1" adapter)
1.15rev, 2 : 0.95rev 3.75 3.75 (w/ 1" adapter) Wyobend 20. Plug started getting out at 150 psi
11/5/2008|Benonite 63% 4 ft 185 psi 1.4 rev, 2: 1.4 rev 4.5, 4.5 (w/1adapter) Wyobend-20 bentonite plug started moving at 185 psi
11/5/2008| Al Gel 15 psi Top: 0.24 rev, 0.14 rev Top: 08 ,0.73 w/1" Bottom: Blew out at 15 psi
Bottom: 0.34 rev, 0.2 rev 1.5,1:23,1.75
11/7/2008|Bentonite 60% 8t 230 psi Pressure dropped to 170 psiatter applying 230 psi
11/10/2008|Bentonite 68% 8t 300 psi The plug moved 1.75" after 3 min but it did not come out completely
11/10/2008]|Bentonite 68% 4 ft 100 psi Pressure dropped to 50 psi and the plug came out in 30 sec
11/13/2008|Bentonite 68% 84t 300 psi Pressure dropped at 300 psi and the plug moved
11/13/2008|Bentonite 68% 4ft 130 psi Tt leaked at 52 psi
11/16/2008]|Bentonite 68% 4 ft 170 psi The entire plug came out.
11/18/2008|Kmag 4 ft 650 psi Held steady. No leaks
11/18/2008|Kmag 4 ft 600 psi Held 500 psi for 5 min, then 600 psi for an additional 10 min
11/26/2008]Kmag Pt 450 psi Started dripping and bulging at 300 psi. About 5" of plug purtrude
12/4/2008|WTP 500 psi Plug prepared on 11/25/08. Plug started coming out and pressure droped.
12/8/2008|Kmag 4 ft 300 psi First used on blow-out test and then ATIMMS. Pipe was not unplugged. 285

loop used
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Chemical Mass (g)
AI(NO;3)3 9H,0 28136.27
NaOH 6000
Na;Si03 2287.5
Na;SO4 133.1
NalF 15
NaH;PO, 7.5

RPP-RPT-53783, Rev. 0

Table 2. Chemicals Used to Manufacture 4 ft Na-Al-Si Plug

Phosphate and aluminum based plugs, which were used in previous unplugging experiments
were also not qualified for testing with AIMM technologies because of low extrusion pressures
(30 and 5 psi respectively). A potassium-magnesium sulfate (Kmag) plug was selected to
represent a crystallized salt plug, and a Na-Al-Si plug was selected to emulate a crystallized
chemical plug. The recipe for the Na-Al-Si plug was provided from engincers at Pacific
Northwest National Laboratory (PNNL). An extrusion test conducted by the engineers showed
that the pressure needed to extrude the plug from a 4 ft 37 steel pipe was 150 psi. The chemicals
used for a Na-Al-Si plug are given in Table 2. The procedure to prepare a 4 ft Na-Al-Si plug is
given as:

1)
2)

3)

4)

3)

6)

7

Take a clean plastic bucket.

Add the required quantities of Sodium sulphate, sodium silicate, sodium fluoride and
sodium phosphate in order. Mix the chemicals by manually shaking the bucket for 30
seconds.

Add sodium hydroxide to the above mixture. Make sure that the NaOH is weighed just
before addition, so that the amount of water it gains from the atmosphere is minimal.
Also all the chemical must be covered with air tight lids.

Once again manually shake the bucket so that NaOH gets mixed thoroughly and coated
with other chemicals.

Add Na-Al-Si to the mix. Use an automatic drill with a long mixer extension to mix
aluminum nitrate with the earlier chemicals mixture. Keep on stirring the entire mixture
for about 2 minutes until you see the white fumes coming out. At this point you will not
be able to see the bottom of the bucket clearly due to the fumes. Also the mixture should
have turned into a gel like solution. It is recommended that this step is done in a walk-in
fume hood.

Let the white fumes clear. This should take about 15-20 seconds. Once cleared, you can
resume stirring for about 1 minute. The gel like mixture turns into liquid. You also see
the white fumes coming out again.

Stop mixing and let the white fumes clear out. Keep the bucket still for 1 minute. The
solution is very hot, so make sure you have the rubber gloves on top of the latex gloves.

ARC-2004-T042-301-30_1 12
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8) Tilt the bucket sideways and scoop the gel like mixture into the pipes and leave the
solution in the pipe overnight to solidify.

Since the extrusion pressure of the plug is low, engineers from PNNL suggested an alternative
procedure for developing a plug that has stronger mechanical properties and is more likely to
occur. The alternative approach is to keep mixing at the point (in line 7) where the recipe
indicates to stop. This creates a semi-solid precipitate, and the liquid mixture and the solid can be
removed and placed into the 4 ft pipe. After a short period of time the semi-solid precipitate
settles and forms a hard crystallized material and the remaining liquid is decanted off. Figure 20
shows a crystallized sample of the Na-Al-Si prepared in a bucket.

The Kmag plug was selected due to its high mechanical strength. The product comes in a
granular form and had to be pulverized using a grinding machine before mixing with water. For a
4 ft plug containing 90% of Kmag and 10% water mixture,1.5 liters of water was mixed with
13.5 kg of Kmag in a bucket using a drill mixer for about 30 minutes. The mixture was then
poured into a 4 ft steel pipe that was closed on one side using a Victaulic cap and a Victaulic 77
coupling. The material is packed using a plunger during filling. When the pipe was full the open
end is sealed using parafilm and the pipe is left to cure overnight. The final product is shown in
Figure 21.

All of the plugs were created in 4-foot pipe lengths except Kmag plug which was manufactured
in 2-ft and 4-ft pipes. They were weighed before and after each unplugging test to determine the
weight of removed plug material and effective unplugging rates.

¥
0

ta

Figure 20. Na-Al-Si plug prepared in bucket. Figure 21. 4-ft Kmag plug.

AIMM TECHNOLOGIES EQUIPMENT

The Hydrokinetics system comprises of a water tank, plunger pump, air compressor and a control
unit. Water was stored in a 2500-gallon storage system (Figure 22) and was fed to the plunger
pump shown in Figure 23 during the unplugging operation. An air compressor, shown in Figure
24, provides compressed air at 75 psi. The compressed air is connected to the control unit (Figure
25) in order to operate the pneumatic valves that control the flow in and out of the control unit.
The gauge on the left hand side in Figure 25 is used to track the water pressure in the control unit
and the regulating valve at the top is used to adjust the pressure in the pipeline. The switches on

ARC-2004-T042-301-30_1 13
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the left and right side are used to let water in and out the control unit and create pulses. The
frequencies of pulsations are determined manually by the operator.

Figure 22. 1000-gallon and 1500-gallon water tanks. Figure 23. Aquablasters plunger pump.

E2 #0 de

Figure 24. Mobile air compressor. Figure 25. Hydrokinetics control unit.

TEST PLAN

A total of 26 different unplugging trials have been completed with AIMM’s unplugging
technology. During 12 of these cases, trials were run for commission purposes with partial data
collected (Table 3). The remaining 15 cases correspond to the final test plan where data was
collected (Table 4). Cases with data include seven from the 310 fi pipeline, five from the 646 fi
pipeline and five from the 1822 ft pipeline. For the cases with no data, only the unplugging
times, unplugging efficiencies and maximum pressures were recorded.

Three different blockages were used on each of the three pipelines. The blockages were placed
into 4-fi carbon steel sections which were combined together using couplings for the Bentonite 8
ft and 12 ft cases. A 21 ft discharge section was placed after the blockage section which was
connected using a 90° Victaulic elbow. The blockage had to make its way around the elbow
before getting unplugged.

The final test plan also shows that an expansion joint was used in the baseline test bed for all
plug types and all pipe lengths. (The number 1 in the test plan indicates that it was used in the
trial and the number 0 indicates that it was not used in the trial.) For the 310 ft test bed, one trial
was conducted without the expansion joint using a Na-Al-Si blockage to determine the effects of
the expansion joint. For the 310-ft test bed, a constriction was inserted using two 3” to 27
reducers just upstream of the expansion joint to see what effects 1t may have on the pipeline
pressures during testing with the capped pipeline. Capped pipeline testing (no plug) was

ARC-2004-T042-301-30_1 14
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conducted in which the control unit pressures and pulsation frequencies were varied to analyze
their effects on the pulsation mechanics and resulting pressures. Table 5 through Table 8 show
the variation in control variables for the parametric testing at each of the three pipeline test bed

lengths.

Table 3. Initial Commissioning Test Cases

Tl e Dion  Blodas  Bhkas: Disimes o
I 0 1 Kmag 2 ft 310 ft
2 0 1 Kmag 2 ft 310 ft
3 0 1 Kmag 21t 310 ft
4 0 1 Kmag 4 ft 310 ft
5 0 1 Bentonite 4 ft 310 ft
6 0 1 Bentonite 4 fi 310 ft
7 0 1 Bentonite 4 fi 646 ft
8 0 1 Bentonite 8ft 646 ft
9 0 1 Bentonite 8ft 646 ft
10 0 1 Na-Al-Si 4 ft 646 ft
11 0 1 Kmag 2 ft 646 ft
12 0 1 Bentonite 8 ft 1822 ft

Table 4. Final Test Plan

il edur | PN, Blylogs  Blodags  Disnee'
1 0 1 Bentonite 81t 310 ft
2 0 1 Bentonite 12 ft 310 ft
3 0 1 Kmag 4 fi 310 ft
4 0 1 Na-Al-Si 411 310 ft
5 0 0 Na-Al-Si 41t 310 fi
6 0 1 Capped N/A 310 ft
7 L 1 Capped N/A 310 ft
8 0 1 Bentonite 8t 646 ft
8 0 1 Bentonite 12 ft 646 ft
10 0 1 Kmag 4 ft 646 ft
] 0 1 Na-Al-Si 41t 646 ft
12 0 1 Capped N/A 646 ft
ARC-2004-T042-301-30_1 15
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13 0 1 Bentonite 81t 1822 ft
14 0 1 Bentonite 12 ft 1822 ft
15 0 1 Kmag 4 fi 1822 ft
16 0 1 Na-Al-Si 4 ft 1822 ft
17 0 1 Capped N/A 1822 ft
18 0 0 Capped N/A 1822 ft

Table 5. Parametric Test Plan at 310 ft with Reducer not Connected

Trial #  Pipeline Length  Pressure  Pump RPM  Expansion Joint

i 310 ft 250 psi 1350 1

2 310 ft 250 psi 1410 1

3 310 ft 250 psi 1450 1

4 310t 200 psi 1350 1

5 310 ft 200 psi 1410 1

6 310 ft 200 psi 1450 1

7 310 ft 150 psi 1350 1

] 310 ft 150 psi 1410 1

9 310 ft 150 psi 1450 1

Table 6. Parametric Test Plan at 310 ft with Reducer Connected
Trial # Pipeline Length  Pressure  Pump RPM  Expansion Joint

1 310 ft 200 psi 1350 1

2 310 ft 200 psi 1410 1

3 310 ft 250 psi 1450 1

ARC-2004-T042-301-30_1
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Table 7. Parametric Test Plan at 646 ft

Trial # Pipeline Length  Pressure  Pump RPM  Expansion Joint
1 646 ft 250 psi 1350 1
) 646 tt 250 psi 1410 1
3 646 ft 250 psi 1450 1
4 646 ft 200 psi 1350 1
5 646 ft 200 psi 1410 1
5 646 ft 200 psi 1450 1
7 646 ft 150 psi 1350 1
] 646 ft 150 psi 1410 1
9 646 ft 150 psi 1450 1

Table 8. Parametric Test Plan at 1822 ft

Trial # Pipeline Length =~ Pressure  Pump RPM_ Expansion Joint
L 1822 ft 250 psi 1350 1
2 1822 ft 250 psi  1402-1416 1
5 1822 ft 250 psi 1450 1
4 1822 ft 200 psi 1350 1
5 1822 1 200 psi 1407-1412 1
G 1822 ft 200 psi 1450 1
7 1822 ft 150 psi 1350 1
Q 1822 ft 150 psi 1410 1
9 1822 ft 150 psi 1450 1
10 1822 ft 250 psi 1350 0
11 1822 ft 250 psi 1407-1410 0
12 1822 ft 250 psi 1450 0
13 1822 11 200 psi 1350 0
14 1822 ft 200 psi 1410 0
15 1822 ft 200 psi 1450 0
16 1822 ft 150 psi 1350 0
17 1822 ft 150 psi 1413 0
18 1822 ft 150 psi 1450 0

ARC-2004-T042-301-30_1
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The summary of unplugging cases tested with AIMM Technologies is shown in Table 9. AIMM
Technologies was able to unplug 6 out of 13 cases tested at three different pipeline lengths. The
shortest unplugging time was 16 min, while the longest unplugging time was 73 min. In all of the
cases, the technology was kept from pressurizing the pipeline above 300 psi.

Table 9. Summary of Unplugging Cases in the Final Test Plan

Distance
Trial | Expansion to Blockage | Blockage | Maximum
# Joint Blockage Type length Pressure | Success Time
1 1 310 ft | Bentonite 8 ft 272.2 psi Yes 16 min
2 1 310 ft | Bentonite 12 ft 286.3 psi Yes 30 min
3 1 310 ft Kmag 4 ft 265.1 psi | Partial | 40 min
4 1 310 ft | Na-Al-Si 4 f 292.8 psi No 52 min
5 0 310 ft | Na-Al-S1 4 ft 285 psi No 21 min
6 1 646 ft | Bentonite 8 ft 225.3 psi Yes 17 min
7 1 646 ft | Bentonite 12 ft 264.2 psi Yes 18 min
8 1 646 ft Kmag 4 ft 287. 1.psi No 54 min
9 1 646 fi Na-Al-Si 4 ft 278.3 psi No 41 min
10 1 1822 ft | Bentonite 8 ft 291.7 psi No 115 min
11 1 1822 ft | Bentonite 12 f 214.2 psi Yes 73 min
12 1 1822 ft Kmag 4 ft 318.7 psi No 40 min
13 1 1822 ft | Na-Al-Si 4 ft 286.8 psi No 52 min
80 -
/0~ —~—Bentonite 8 ft -
60 — . >
T 50 —"F Bentonite 12 ft _ i
g 40 | -7
= 30 = - = -
20 = ~r
10 :
0
0 500 1000 1500 2000
Distance to the plug (ft)
Figure 26. Total time required to unplug Bentonite plugs.
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Figure 26 shows that the time required to unplug Bentonite plugs generally demonstrated an
increasing trend for both 8 fi and 12 fi plugs as the distance to the plug is increased from 310 ft
to 1822 fi. The increase in time is primarily associated to the time it takes to fill the pipeline in
order to build the pressure inside the pipeline to the desired level.

310 FT PIPELINE TRIALS

During the commussioning trials at the 310 fi pipeline, two 4 {t Bentonite plugs were successfully
removed without requiring pulsations at 80 and 150 psi maximum pressures, respectively.
Therefore, during the final test plan only 8 ft and 12 fi Bentonite plugs were used. Three 2 ft
Kmag plugs were partially unplugged at 60 psi, 100 psi and 280 psi maximum pressures. In one
of the cases with 2 ft Kmag plugs. 6 inches of plug was pushed out of the pipeline (Figure 29)
while in the other Kmag cases, large gaps were created at the plugs through which water was
able to flow (Figure 30). However there has been one case during the commissioning trials where
the technology was unsuccessful in unplugging a 4 ft Kmag plug while maintaining pulsations at
305 psi for 1 hour and 15 minutes. Since two of the 2ft Kmag plugs were removed at low
pressures, only 4 ft Kmag plugs were utilized for the final test plan trials.

During the final test plan trials for the 310 fi pipeline, AIMM Technologies was successful in
unplugging an 8 ft Bentonite plug at 272.2 psi maximum pressure (Figure 27), a 12 fi Bentonite
plug at 286.3 psi (Figure 28) during the trials for final test plan. AIMM Technologies was able to
partially unplug a 4 ft Kmag plug at 265.1 psi. AIMM Technologics was also not able to unplug
two 4 ft Na-Al-Si plugs using pulsations at 300 psi and 285 psi maximum pressures.

- ¥ —lra. —— =
VIR 3 s —_— - : LS A=
. ; = . N i = — =
- : - ey e 2y

Figure 27. Unplugged 8 ft Bentonite plug at ;.. 28 Unplugged 12 ft Bentonite plug (310
310 ft pipeline (top). Unplugged blockage ft pipeline)

section (bottom).
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Figure 29. 6 in of Kmag unplugged from 2 ft Figure 30. Flow achieved through 2 ft Kmag
blockage section. plug.

646 FT PIPELINE TRIALS

During the commissioning trials at the 646 ft pipeline, AIMM Technologies was able to unplug a
4 ft Bentonite plug at 200 psi, an 8 ft Bentonite plug at 160 psi, one 2 ft Kimag plug at 285 psi
and one 4 ft Na-Al-Si by doing pulsations at 295 psi respectively. There was one case where an 8
ft Bentonite plug was not unplugged after pulsating at 260 psi. The plug material in the pipe was
observed to be compressed 2.8 cm. .

During the trials in the final test plan at 646 ft pipeline, one 8 ft Bentonite plug at 225.3 psi and
one 12 ft Bentonite plug at 264.2 psi pressure were unplugged. AIMM Technologies was not
successful in unplugging a 4 ft Kmag plug and one 4 ft Na-Al-Si by using Hydrokinetics
pulsations at 280 psi for 55 min and 285 psi for 40 min, respectively.

Figure 31. 4 ft Kmag plug after unplugging trials
with AIMM. Front side (left) and back side (right).

Figure 32. 4 ft Na-Al-Si plug after unplugging trials
with ATMM. Front side (left) and back side (right).
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Figure 33, Unplugged 12 ft Bentonite plug Figure 34. 4 ft Na-Al-Si plug (left) and Kmag plug (right)
after trials with AIMM at 1822 ft pipeline. after unplugging trials with AIMM.

1822 FT PIPELINE TRIALS

During the commissioning trials at the 1822 ft pipeline, only one 8 ft Bentonite plug was tested
and ATMM Technologies was unsuccesstul after pulsing at 285 psi for 80 minutes.

During the final test plan trials, one 12 {t Bentonite plug was unplugged (Figure 32) at a pressure
of 214.2 psi. However, one 8 {t Bentonite plug was not unplugged at 291.7 psi pulsing pressure
for 2 hours. In addition, one 4 ft Kmag plug and one 4 ft Na-Al-Si were not unplugged by
conducting pulsations, which peeked the maximum pressure at 318.7 psi for 40 min and at 286.8
psi for 52 min, respectively (Figure 33).

DATA ANALYSIS

In order to analyze the data that is collected during the unplugging trials with AIMM
Technologies, a LabView Virtual Interface (VI) has been developed. The Labview VI enabled
observation of changes in pressure, temperature and acceleration profiles simultaneously with the
operation of the Hydrokinetics method. The VI was used to store the changes in pressure and
pipeline wall aceeleration during the unplugging process. The collected data was used to
investigate the effect of pipeline length and changes in geometry on the propagation of pressure
from the inlet point to the plug location.

All successtul trials share a common trend on the pressure vs. time plot regardless of the length
of the test bed used. Figure 36 shows such a trend for pressure variations in the 310 fi pipeline
where an 8 ft Bentonite plug was used. The red signal in Figure 36 refers to the pressure values
recorded at the inlet (P1) and the green signal refers to the pressure values recorded at the second
pressure transducer (P2) (Figure 1). In the temporal variations of pressure, two separate zones
can be identified: a flooding zone and target pressure zone. The flooding zone includes the
pressurization of the pipeline from atmospheric pressure to the target pressure.

The target pressure zone refers to the region where the pressure in the pipeline has equaled the
pressure in the AIMM control box. AIMM operators start creating pulsations usually after
achieving the target pressure but on some trials, pressure pulses were generated during the
flooding. The time it takes to reach the target pressure zone depends on the volume of the
pipeline to be filled and increases with the total distance to the plug (Figure 26).

ARC-2004-T042-301-30_1 21
B-27



RPP-RPT-53783, Rev. 0

300 . . : |
—— Transducer 1
250 Transducer 2 : |
]
D | F 4 !
g 2001, FloodingZone W4 : ’ 1
E 150+ :( fg? >I | ]
@ | 'Pl"—”'; I
S 100} U g al : |
= Ul i |
50 L1 e 3 ! | |
I et Target Pressure < >!.|
_1____‘.-#"‘"’—" Zone | : : :
956 200 250 300
Time (sec)

Figure 35. Typical pressure curve of a successful unplugging trial

The analysis of the data collected during the experiments with AIMM Technologies aims to
1dentify the following:

1) Effects of pipeline length and geometry on pipeline pressure distribution and vibration at
the plug section.

a. Effect of distance to the plug
b. Effect of elbows
¢. Effect of expansion joint
d. Effect of reducer
2) Major frequencies in the pipeline caused by the pulsations at the inlet.

The analysis of the items listed above has been conducted for both the flooding zone and the
target pressure zone. However, due to the difference in the nature of the data collected in these
two regions, the method used in the analysis has been varied for the different zones. The details
of the methods used for each zone is explained below.

As discussed above, AIMM Technologies start creating pulsations at the control unit once the
pressure in the pipeline has reached the target pressure zone. The target pressure zone limit was
usually set to 250 — 280 psi. Once this pressure level was achieved in the system then the
frequent pulsations were started and they resulted in very rapid fluctuations around the target
pressure value in the pipeline, which helped in breaking the bonds holding the blockage in the
pipes. These fluctuations were difficult to detect, therefore a more general calculation using the
average values was preferred for the analysis in the target pressure zone. Additionally, for some
cases unplugging occurred before the target zone was reached. In these cases, a short region
before unplugging occurs was approximated as the target pressure zone.

However, there were cases where AIMM Technologies also randomly created pressure pulses in
the flooding zone as shown in Figure 35. These pulsations were less frequent compared to the
pulsations in the target pressure zone; therefore it was possible to isolate the effect of each
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pulsation in the pipeline. In the flooding zone the effects of individual pulsations were detected
and analyzed separately. The start and end of each pulse or “region of disturbance” was
determined by calculating the deviation of pressure from the moving average at the inlet (P1).
The criterion to identify the starting point of a disturbance in the flooding zone is given below:

|P—EB,...| = Sensitivity + Scale X B

TELAAN

Sensitivity (0.5 — 0.7) and scale (0.1 - 0.5) factors were adjusted in order to capture the
disturbances accurately. Using this criterion, the disturbances created by each pulsation during
the flooding zone was extracted.

EFFECT OF PIPELINE LENGTH AND GEOMETRY ON PRESSURE

Analysis in the flooding zone

To determine the pressure amplification or attenuation effects of the pressure pulses along the
pipeline, maximum pressure values at each transducer are compared. For each pulse, the
maximum amplitudes registered by the pressure transducers located along the pipeline were
recorded and their ratio with the maximum inlet pressure was determined. The maximum
amplitude of a signal was defined by the two data points having the largest deviation from the
moving average of the corresponding signal. One point corresponds to the largest deviation
above the moving average (upper deviation) and the other to the largest deviation below the
moving average (lower deviation). Once all the ratios were calculated for each pulse, the average
pressure amplification/attenuation was determined. Figure 36 shows an example of the maximum
deviation pressures for a single pulse on P1 and P2.
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Figure 36. Pressure data analysis for 8 ft Bentonite plug on the 310 ft test bed.
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Table 10. Calculation of Upper and Lower Deviation from Moving Average
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Table 10 shows an example of the caleulation of the maximum deviations from the moving
average for 6 consecutive pulses in the unsteady region at P1 and P2. This data corresponds to
testing trials for the 8 ft Bentonite plugs on 310 fi test bed.

Analysis in the target pressure zone

As shown in Figure 36, after the pipeline was filled, the average pressure levels off and the
resulting disturbances from individual pressures pulses were difficult to discern with respect to
the nominal pressure values. Therefore, a different approach was taken for data analysis in this
region. The maximum pressure values and their corresponding time indexes were extracted for
each signal. Similar to the approach used in the flooding zone, the maximum amplitude of a
signal was defined by the two data points having the largest deviations from the moving average
of the corresponding signal. Figure 37 shows an example of the how the maximum deviations
were determined during the target pressure zone. One value corresponds to the largest deviation
above the moving average and another to the largest deviation below the moving average. These
two values provide a band within which all points for each of the signals should fall inside.

In order to provide a more detailed relationship between the pressure readings during
unplugging, the ratios of the running moving averages were calculated at cach time index.
Maximum values for these ratios were then extracted for comparison.
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Figure 37. Pressure data for 8 {t Bentonite plug using the 310 ft test bed showing analysis.

As shown in Table 5 through Table 8, parametric tests were conducted to determine how the
control parameters used with the Hydrokinetics process affect the pipeline. In contrast to the
pressure signature observed in the flooding zone for the unplugging experiments, the parameter
testing data did not present well defined pressure disturbances (as with the target pressure zones).
However, the vibration data showed areas of disturbances that appear at the same frequency as
the known input frequency of the pulses generated from the AIMM’s console. Based on the
vibration areas of disturbances, the pressure data was divided into pulses as shown in Figure 38.

For each pulse, the maximum amplitudes registered by the pressure transducers are compared by
creating pressure ratios. The maximum amplitude of a signal 1s defined by the two data points
having the largest deviation from the moving average of the corresponding signal. One value
corresponds to the largest deviation above the moving average (upper deviation) and another to

the largest deviation below the moving average (lower deviation). Once all the ratios are
calculated, their average is computed.
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Signal in Time Domain - Pulse Detection
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Figure 38. Paramefric data for the 310 It test bed with a target pressure of 150 psi.

Effect of Distance to the Plug on Pressure in Pipeline

Understanding the attenuation/amplification of the propagation of pressure waves generated by
the Hydrokinetic process 1s key to evaluating this technology. In this section, pressure ratios at

three pipeline lengths are calculated and presented.

For the unplugging trials, two pressure ratios were obtained using two methods in the target
pressure zone: 1) moving average pressures, 2) maximum deviation in pressure from the moving
average. For the flooding zone, only the maximum deviation in pressure from the moving
average was considered. Table 11 shows pressure ratios obtained for the moving average in the
target pressure zone, where P2/P1, P4/P3 and P6/P1 represent the effects of different lengths and
number of elbows. For each ratio calculated, a mean value for the pressure ratios (shown within a
range, eg. 0.987 — 1.003) and the positive and negative deviations from the mean value
(indicated by the + and - signs) are shown in Table 11.

The mean pressure ratios found to depart the farthest from the value of 1 were the maximum
amplification or attenuation of the mean pressures along the pipeline. Results from the moving

average pressure ratios indicated that the differences were generally not significant enough to
detect trends for the pipe lengths. This was not the case for the maximum deviation in pressure

calculations.
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Bentonite (8 ft)
P2/P1 P4/P3 P6/P1
0.987 0.993
3f1t0 — | +0.449/-0.934 01'909091' +0.394/-0229 | - | +0.078/-0.096
1.003 ' 1.009
0.989 0.992
6;6 ~ | +0.487-0.654 01'908161' +0.237/-0.199 | — | +0.053/-0.053
1.001 : 1.009
0.985 0.965
o | ™ 4006062 | 078" | 4042410458 | - | <0.015-0.015
1.022 : 1.041
Bentonite (12 ft)
P2/P1 P4/P3 P6/P1
0.985 0.994
3;0 B 4 617/-.998 Oigggli +.240/-.168 — +.102/-.1055
1.000 ' 1.008
0.994 0.995
6;6 ~ +.581/-1.088 0i93 30* +.177/-.124 . +.031/-.046
1.000 : 1.005
0.992 0.986
18ﬂ22 i +112/-120 0i9g;’6— +.595/- 800 il +.048/-.047
1.003 : 1.016
Kmag (4 1)
P2/P1 P4/P3 P6/P1
0.999 1.001
1.001 ' 1.009
0.999
6165000098 |, o 0.999 _ 096/~ 110 _ +.024/-.017
ft | -.999 1.004
1.004
0.983 1.023
18ﬁ22 ~ +.111/-125 Oiggf:{ 1+.245/-248 - +.374/-.489
1.021 : 1211
Na-Al-Si (4 ft)
P2/P1 P4/P3 P6/Pl
0.995 0.999
3f1t0 2  49/-388 liO(())i)l— +.272/-393 — +.103/-.088
1.001 ' 1.013
0.929 0.933
6;1t6 2 +97/-319 0i909;4_ +.309/-.222 _ +.039/-.049
1.012 : 1.024
0.994 0.999
15;22 B +138/-1729 0i909§9_ +306/-263 - +.019/-.018
1.026 ' 1.077
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In Table 11, P6/P1 is the pressure ratio from inlet to outlet which demonstrated a significant
attenuation in the pressure from the inlet to the exit. This is likely due to the remaining air in the
pipeline after filling. For increasing pipe length it is also clear that the pressure ratio decreases
for the 8 ft Bentonite and Na-Al-Si plugs. For the other plugs, the 646 ft pipe length has slightly
unexpected results. This is likely attributed to the various amounts of air in the pipeline for each
of the trials. It should be noted that the distance between P1 and P2 and between P3 and P4 are
different for each of the pipe lengths.

In Figure 39 the change in the deviation in pressure with respect to the distance between sensors
during the target zone is given for each test bed. It was observed that as the distance between the
pressure transducers increase the fluctuations around the nominal pressure in the target zone
shrink more except at the 1822 ft case. In the 1822 ft test bed, the deviation from the nominal
pressure showed a change in the trend for the ratio P4/P3 at all of the unplugging trials. The plots
for 310 ft and 646 ft pipelines showed that as the distance between sensors increased the final
pressure observed close to the plug approached the mean average value. meaning that the
fluctuations die out as the distance to the plug location is approached.

Table 12 shows the ratios of the maximum deviation in pressure from the mean during the
flooding zone for the unplugging trials. The deviations presented here were calculated for each
disturbance region that was captured during the flooding zone. The values shown in Table 12 are
the final average values of the total number of ratios calculated for each flooding zone.

In Figure 40 the corresponding plots show that a similar trend in pressure ratio is observed for
increasing distance in the pipeline. The fluctuations in the pressures reduced significantly
compared to the inlet pressure. For almost every single pulsation created at the AIMM control
box, the resulting disturbance in the pipeline pressure distribution reduced by 98.6% over the
first straight pipe section of 42 ft in length. This value goes up to 99.8 % from the third
transducer to the fourth which 1s 189 ft apart from each other, connected with one 90° elbow.
There is still an ambiguous amplification of the pressure fluctuations in the 1822 ft pipeline for
cases with 8 ft Bentonite and 4 ft Kmag plugs.
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Table 12. Effect of Pipe Length on Maximum Deviation in Pressure from the Mean During Flooding
Zone

Bentonite (8 ft)

P2/P1 P4/P3 P6/P1
Upper Lower Upper Lower Upper Lower
310 ft 0.579 0.576 0.198 0.194 0.067 0.087
646 ft 0.291 0.429 0.711 0.700 0.119 0.193
1822 ft 0.073 0.069 0.765 0.759 0.037 0.039
Bentonite (12 ft)

P2/P1 P4/P3 P6/P1
Upper Tower Upper TLower Upper Tower
310 ft 0.409 0.494 0.312 0.339 0.065 0.086
646 ft 0.403 0.520 0.674 0.685 0.117 0.176
1822 ft 0.196 0.183 0.921 0.863 0.094 0.095

Kmag (41t)
P2/P1 P4/P3 P6/P1
Upper Lower Upper Lower Upper TLower
310 ft N/A N/A N/A N/A N/A N/A

646 ft 0.257 0.267 0.676 0.619 0.116 0.123
1822 ft 0.054 0.064 0.505 0.469 0.016 0.019
Na-Al-Si (4 ft)
P2/P1 P4/P3 P6/P1

Upper ILower Upper Lower Upper Lower
310 ft N/A N/A N/A N/A N/A N/A

646 ft 0.345 0.382 0.429 0.406 0.060 0.054
1822 ft 0.193 0.164 0.770 0.785 0.092 0.094
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Figure 39. Pressure deviation with respect to distance between sensors at three different pipelines during the target zone.
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Figure 40. Pressure deviation with respect to distance between sensors at three different pipelines during the flooding zone.
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Effects of Elbows on Pressure Propagation

The waste transter pipelines usually have numerous elbows and sweeps. Any kind of turn in the
pipeline can create a challenge for any unplugging technology to perform effectively over long
distances. The capability to operate in a pipeline with many elbows was found to be one of the
primary criteria that can qualify an unplugging technology for deployment at a DOE site.

To evaluate the effect of elbows on the pressure propagation, the pressure ratio P3/P2 was
obtained using two methods in the target pressure zone: 1) moving average pressures, 2)
maximum deviation in pressure from the moving average. For the flooding zone, only the
maximum deviation in pressure from the moving average was utilized. The ratios found to depart
the farthest and closest from 1 are the maximum amplification or attenuation of the pressure
across an elbow. Table 13 through Table 15 show the results for P3/P2 for the unplugging trials.

Table 13. Effect of Elbows on Mean Pressures during Target Pressure Zone

Bentonite (8 ft) | Bentonite (12 ft) Kmag (4ft) Na-Al-Si (4 ft)

Range Range Range Range
310t | 0.997 1.001 0.995 (0.998 (.999 1.000 | 0.998 1.001
646 ft | 0.999 1.001 0.998 | 0.999 1.000 1.002 | 0.997 1.001
1822 1t | 0.996 1.003 0.996 | 0.999 0.995 1.003 (0.994 1.002

Table 14. Effect of Elbows on Pressure Deviations from the Mean during Target Pressure Zone

Bentonite (8 ft) | Bentonite (12 ft) Kmag (4ft) Na-Al-Si (4 ft)
Upper | Lower | Upper | Lower | Upper | Lower | Upper [ Lower
310 fi 1.082 1.151 1.109 1.079 0.983 0.917 | 0.985 1.038
646 ft 1.151 0.988 1.110 1.158 1.117 1.090 1.188 1.157
1822 ft | 1.350 1.231 1.431 1.270 1.290 1.208 1.183 1.464

Table 15. Effect of Elbows on Pressure Deviations from the Mean during Flooding

Bentonite (8 ft) | Bentonite (12 ft) Kmag (4ft) Na-Al-Si (4 ft)

Upper | Lower | Upper | Lower | Upper | Lower | Upper [ Lower
310t | 1.326 1.307 1.434 1.300 N/A N/A N/A N/A
646 fi 1.138 1.113 1.324 1.388 1.226 1.318 1.277 1.150
1822 ft | 1.314 1.386 1.110 1.206 1.373 1.355 1.212 1.229

For the calculations in the target pressure zone, Table 14 shows that generally the pressure
fluctuations are amplified after the elbow when compared to the fluctuations in pressure before
the elbow. Since the mean average values of the pressures are very close to 1, it would be
sufficient to consider the ratios of the deviations from the mean in order to obtain conclusions
from this analysis.
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It should be mentioned that the pressure ratios presented in Table 13 through Table 15 only
represent the effect of the elbow and not the pipeline length since the sensors were placed right
on the inlet and exit of the elbow. Another important point to mention is that the elbows used in
the current work were not perfect 90° sweeping elbows, rather three way ball valves with one
end closed creating a T shape with two orthogonal ends open. The amplifications seen in the
fluctuations after the elbow can be a result of the pressure waves hitting the closed end of the ball
valve and being reflected into the exit of the elbow.

Table 14 shows that generally the amplification increases with increasing pipeline length during
the target pressure zone. However this does not hold for the flooding zone.

Effect of Expansion Joint on Pressure Propagation

Expansion joints can also be present in transfer lines where they create a major deviation in the
direction of flow in the pipeline (Figure 12). The expansion joint used in this study was made up
of three 10-ft pipe sections and two 90° sweeping elbows and two three-way ball valves. The
expansion joint study was conducted during a parametric test where the pipeline was capped at
the end, replacing the blockage. For cases where the expansion joint was not installed, a straight
pipe section was used to by-pass the expansion joint by adjusting the three-way ball valve.

Using the maximum and minimum ratio of P35 to P4 that were placed right before and after the
expansion joint, the moving average at each pulse and the average of the ratios for the
disturbances were calculated.

Table 16. Effect of Expansion Joint (EJ) on Mean Pressures at 1822 ft Test Bed

150 PSI
EJ ON EJ OFF
RPM Range Range
1350 (.995 0.995 0.996 0.996
~ 1413 | 0.995 0.996 0.995 0.996
1450 {).995 0.995 0.995 0.995
200 PSI
EJ ON EJ OFF
RPM Range Range
1350 0.999 0.999 0.999 1.000
~ 1413 | 0.999 1.000 1.000 1.000
1450 0.999 1.000 0.999 0.999
250 PSI
EJ ON EJ OFF
RPM Range Range
1350 1.002 1.002 1.000 1.000
~ 1413 | 1.000 1.001 1.000 1.000
1450 1.001 1.001 1.000 1.001
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Table 16 summarizes the findings from the parametric test with the expansion joint connected
and disconnected from the pipeline. Although the values in Table 16 were found to be very close
to 1 and therefore difficult to assess trends, it should be noted that as the inlet pressure is
increased the mean pressures after the expansion joint increase slightly.

Using the maximum values of the positive and negative deviations in P5/P4 at each pulse, the
average of the ratios for the disturbances was also calculated as shown below (Table 17).

As expected the pressure ratios (P5/P4) with the expansion joint removed were greater than with
the expansion joint connected. Especially for lower pump RPMs, the expansion joint reduced the
fluctuations around the mean pressure at the plug location, which was observed for all three
different inlet pressures. However an increase in the RPM value did not result in a particular
trend in the effect of expansion joint.

Table 17. Effect of Expansion Joint (EJ) on Pressure Deviations from the Mean at 1822 ft Test Bed

150 PSI
EJ ON EJ OFF
RPM Upper | Lower | Upper | Lower
1350 0.469 0.457 0.548 0.540
~ 1413 | 0.510 0.490 0.530 0.519
1450 0.501 0.488 0.547 0.535
200 PSI
EJ ON EJ OFF
RPM | Upper | Lower | Upper | Lower
1350 0.459 0.461 0.487 0.488
~1413 | 0.450 0.477 0.501 0.487
1450 0.484 0.466 0.488 (0.487
250 PSI
EJ ON EJ OFF
RPM Upper | Lower | Upper | Lower
1350 0.456 0.455 0.515 0.480
~1413 | 0.437 | 0.450 0.489 0.476
1450 0.424 0.421 0.491 0.496

Effect of Reducer on Pressure Propagation

A similar analysis as compared to the above was conducted for the effect of reducers or arca
changes in the pipeline. The analysis with the reducer was conducted during a parametric trial at
310 ft pipeline at 200 psi. Using the maximum and minimum ratios between the moving
averages of P4 and P3 at each pulse, the average of the ratios for the disturbances was calculated
(Table 18).

ARC-2004-T042-301-30_1 M
B-40



RPP-RPT-53783, Rev. 0

Table 18. Effect of Reducer on Mean Pressure at 310 ft Test Bed at 200 psi

200 PSI

Reducer ON Reducer OF'F
RPM Range Range

1350 1.000 1.001 0.996 0.997
~ 1413 | 0.997 | 0.999 0.996 0.998
1450 0.996 0.999 0.996 0.998

Using the maximum deviation from the mean P4 and P3 for cach pulsation, the ratio of P4/P3
was calculated and the final average value for all of the disturbances was shown below (Table
19). It can be observed that when the reducer was placed on the pipeline, the mean pressure
slightly increased after the reducer while the fluctuations around those mean pressures were
found to be generally amplified as well. The increase in pump frequency adversely affects the
amplification of the pressure fluctuations and the mean pressures around the reducer.

Table 19. Effect of Reducer on Pressure Deviations from the Mean at 310 ft Test Bed at 200 psi

200 PSI
Reducer ON Reducer OFF
RPM | Upper | Lower | Upper | Lower
1350 0.353 0.338 0.365 0.344
~1413 | 0.312 | 0.292 0.278 | 0.285
1450 0.252 0.237 | 0.230 | 0.229

EFFECT OF PIPELINE LENGTH AND GEOMETRY ON VIBRATION

In this section, the pipe wall acceleration data in two axes is used to investigate the effects of
pipeline length and geometry on changes of pipe wall vibration characteristics from the inlet
point to the plug section. The axes of acceleration measured during the unplugging process are
shown in Figure 41. In the current analysis only Axis 1 and Axis 2 are reported since the
vibration along Axis 3 had virtually no response. This is likely due to the boundary conditions
imposed by the pipe clamps. The propagation of vibration was measured by comparing the
maximum magnitude of the disturbance produced by AIMM Technologies at the inlet and the
plug section.
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Axis3

(a) Inlet section {(b) Plug section

Figure 41. Orientation of accelerometers at the inlet section and plug sections.

In contrast to the pressure data, the vibration data does demonstrate zones associated with
flooding the pipeline and attaining the target pressure. Therefore, the time indices for the pulses
during the flooding zone, for the vibration analysis, are the same as those found in the pressure
analysis. Additionally, the vibration analysis for the target pressure zone uses the same principles
for finding the maximum deviations as found in the pressure analysis. The ratios for the mean
averages are not included m the vibration analysis because both accelerometers provided
readings that vield moving averages very close to zero.

The vibration analysis for the parametric data was again divided into pulses, and the maximum
amplitude registered by the accelerometers (located at inlet and located at blockage) 1s compared
by calculating their ratios as shown in Figure 42. The maximum amplitude of a signal 1s defined
by the two data points having the largest deviation from the moving average of the
corresponding signal. One point corresponds to the largest deviation above the moving average
(upper deviation) and the other to the largest deviation below the moving average (lower
deviation). After the vibration ratios are calculated for all the pulses, both upper deviation and
lower deviation averages are determined.
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Figure 42. Parametric vibration data using the 310 ft test bed with a target pressure of 150 psi.

Effect of Distance to the Plug on Pipe Vibration

In order to analyze the effects of distance to the plug on the translation of vibration through the

pipeline, a region representing the general trend of the vibration characteristics was selected for
each unplugging trial.

The maximum positive and negative deviation from the mean vibration was calculated within the
region of interest at the inlet and the plug location. Since the mean values of vibration were zero

only deviations were used in the analysis as shown in Table 20 for the target zone and Table 21
for the flooding zone.

Significant degradation in vibration at the plug location was observed for all of the unplugging

cases, particularly at the longer pipe lengths. The reduction in vibration characteristics of the
pipes at the plug location was observed to be between 61% and 97.9%.

Table 20. Effect of Pipe Length on Vibration during Target Pressure Zone

Bentonite (8 fi)

Bentonite (12 ft)

Accel 4/Accel 1 | Accel 5/Accel 2 | Accel 4/Accel 1 | Accel 5/Accel 2

Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower

310 ft 0.240 0.235 0.169 0.188 0.361 0.393 0.262 0.160

646 ft 0.056 0.090 0.072 0.058 0.081 0.075 0.112 0.092

1822 ft 0.028 0.030 0.028 0.042 0.064 0.069 0.045 0.035
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Kmag (411) Na-Al-Si (4 f1)
Accel 4/Accel 1 | Accel 5/Accel 2 | Accel 4/Accel 1 | Accel 5/Accel 2
Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
310 ft 0.160 0.184 N/A N/A 0.157 0.101 0.049 0.067
646 ft 0.045 0.054 0.055 0.044 0.099 0.098 0.049 0.053
1822 ft (0.022 0.021 0.037 0.037 0.036 0.023 0.052 0.053

For the target pressure zone, as the distance to the plug location was increased for the same plug
type, the vibration observed at the plug was reduced. However during the flooding zone, a
similar trend was not discernible. In the flooding zone, the reduction in vibration at the plug
section was found to be between 62.4% and 97.7%.

Table 21. Effect of Pipe Length on Vibration during Flooding Zone

Bentonite (8 ft) Bentonite (12 {)
Accel 4/Accel 1 | Accel 5/Accel 2 | Accel 4/Accel 1 | Aceel 5/Accel 2
Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
310 ft 0.087 | 0.091 0.198 0.126 0.218 0.131 (.346 0.376
646 ft 0.091 0.076 0.091 0.093 0.171 0.130 0.103 0.121
18221t | 0.057 | 0.076 0.052 0.065 0.162 0.120 0.123 0.090
Kmag (4 ft) Na-Al-Si (4 ft)
Accel 4/Accel 1 | Accel 5/Accel 2 | Accel 4/Accel 1 | Accel 5/Accel 2
Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
310 ft 0.226 0.190 N/A N/A 0.161 0.160 0.137 | 0.156
646 ft 0.071 0.068 0.109 0.091 0.154 | 0.126 0.102 0.100
1822 1t | 0.023 0.025 0.122 0.062 0.042 0.036 0.047 | 0.055

Effect of Expansion Joint on Pipe Vibration

In this section, the effects of the expansion joint are evaluated by utilizing parametric testing
data. Maximum vibration data at the inlet and blockage are obtained, as before with upper and
lower deviations accelerations ratios determined. Table 22 shows the vibration ratios for Axis 1
with the expansion joint on and off for various operating pressures and plunger pump speeds. It
should be noted that the vibration ratios were small, which — means that very little vibration was
transmitted to the blockage area. As expected, the trials with the expansion joint off have better
attenuation rates than the trials with the expansion joint on. There did not appear to be a
significant trend varying the pump RPM or the operating pressure. The vibration ratios for Axis
2 are shown in Table 23. For the 150 psi trials, the cases with the expansion joint off had slightly
higher vibration ratios than the trials with the expansion joint on. This was not the case, however,
for the other operating pressures. This change was possibly due to the nature of the imposed
boundary conditions of the pipe clamps.
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Table 22. Effect of Expansion Joint (EJ) on Vibration - 1822 ft Test bed, Axis 1 (Outlet/Inlet)

ARC-2004-T042-301-30_1

Accel 4/Accel 1

150 PSI
EJ ON EJ OFF
RPM Upper Lower | Upper | Lower
1350 0.0175 0.0162 | 0.0260 | 0.0277
~ 1413 0.0172 0.0158 | 0.0236 | 0.0252
1450 0.0171 0.0156 | 0.0248 | 0.0254
Accel 4/Accel 1
200 PSI
EJON EJ OFF
RPM Upper Lower | Upper | Tower
1350 0.0152 0.0149 | 0.0165 | 0.0158
~ 1413 0.0150 0.0144 | 0.0162 | 0.0157
1450 0.0145 0.0149 | 0.0149 | 0.0157
Accel 4/Accel 1
250 PSI
EJ ON EJ OFF
RPM Upper Lower | Upper | Lower
1350 0.0202 0.0193 | 0.0230 | 0.0217
~ 1413 0.0161 0.0166 | 0.0182 | 0.0166
1450 0.0166 0.0154 | 0.0166 | 0.0166
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Table 23. Effect of Expansion Joint on Vibration - 1822 ft Test bed, Axis 2 (Outlet/Inlet)

150 PSI
EJ ON EJ OFF
RPM Upper Lower | Upper | Lower
1350 0.048 0.055 0.061 0.064
~ 1413 0.051 0.051 0.062 0.062
1450 0.051 0.053 0.068 0.077
Accel 5/Accel 2
200 PSI
EJON EJ OFF
RPM Upper Lower | Upper | Lower
1350 0.046 0.050 0.048 0.049
~ 1413 0.053 0.051 0.043 0.044
1450 0.053 0.057 0.049 0.050
Accel 5/Accel 2
250 PSI
EJON EJ OFF
RPM Upper Lower | Upper | Lower
1350 0.058 0.058 0.054 0.058
~ 1413 0.057 0.055 0.049 0.048
1450 0.058 0.056 0.051 0.053

Table 24 provides the total vibration ratios where the total vibration is determined as follows:

For the 250 psi trials, cases with the expansion joint off have only slightly higher vibration ratios
than trials with the expansion joint on. In general, the ratios are very similar for all trials,
indicating there is no trend with respect to the engine RPM or operating pressure.

Table 24. Effect of Expansion Joint on Total Vibration - 1822 ft Test bed

Total Vibration at Outlet/Total Vibration at Inlet
150 PSI 200 PSI 250 PSI
RPM | EJON | EJOFF | EJON | EJ OFF | EJ ON | EJ OFF
1350 | 0.018 | 0.015 | 0.019 | 0.018 | 0.015 | 0.019
~ 1413 ] 0.017 | 0.015 | 0.016 | 0.017 | 0.015 | 0.016
1450 | 0.016 | 0.015 | 0.016 | 0.016 | 0.015 | 0.016
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Effect of Reducer on Pipe Vibration

In this section, the effects of a set of two 3-to-2 inch reducers are investigated on the 310 ft test
bed for the parametric testing. As mentioned previously, the reducer was placed just upstream of
the expansion joint. Table 25 shows the vibration ratios for each of the accelerometers and for
the total vibrations for the 200 psi operating pressure. The trials with the reducer removed have
a slightly lower vibration ratio than the ones with the reducer installed. This suggests that the
restriction induced by the reducer caused additional vibrations near the blockage. For this set of
data, as the pump RPM is increased, the vibration ratios also increased.

Table 25. Effect of Reducer on Vibration - 310 ft Test bed, 200 psi
Axis 1 (Accel 4/Accel 1)

Reducer ON Reducer OFF
RPM Upper Lower | Upper | Lower
1350 0.084 0.090 0.078 0.078
~ 1413 0.121 0.124 | 0.093 0.092
1450 0.170 0.158 0.105 0.104

Axis 2 (Accel 5/Accel 2)

Reducer ON Reducer OFF
RPM Upper Lower | Upper | Lower
1350 0.077 0.075 0.069 0.067
~1413 0.073 0.066 0.070 0.071
1450 0.072 0.067 | 0.069 0.062

Total Vibration (Total Vibration at
Outlet/Total Vibration at Inlet)

Reducer ON Reducer OFF
RPM Magnitude Magnitude
1350 0.073 0.060
~ 1413 0.102 0.073
1450 0.135 0.086

FREQUENCY ANALYSIS

In this section the pressure and acceleration data recorded during the trials were used to analyze
the signals in frequency domain. The purpose of this analysis is to determine the range of
frequencies in which AIMMS’s Hydrokinetics Techonolgies operates. Similar to the analysis
presented regarding pressure and vibration atenuation, this study was divided into three sections:
flooding zone, target zone and parameteric trials (similar in nature to the target zone). For each
section, the procedure of analysis required transfering the data from the time domain to the
frequency domain using Fast Fourier Transform (FFT).

Figure 43 shows a typical result from the testing trials which provides pressure at the inlet of the
pipeline in time domain together with its corresponding FFT. From the frequency domain, it is
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possible to depict the dominating frequiencies by identifying the peaks that show the larger
amplitudes. In this study a dominating frequency is considered to have a value exceeding five
times the signal’s mean amplitude in the frequency domain.

Pressure Transducer 1 (Flooding Zone) in Time Domain
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Figure 43. Signal from pressure transducer 1 in time and frequency domain.

After converting each of the six signals (one for each pressure transducer) to the frequency
domain, the dominating frequencies were extracted for comparison. Table 26 shows the
dominating frequencies found for the flooding zone during unplugging trials with an 8§ ft
Bentonite plug on the 310 fi test bed. As shown in Table 26, the frequencies observed at the plug
location were common to all the frequency sets that were detected at the other locations. These
frequencies arc expected to play a major role in unplugging the blockages.

Using the data obtained from ecach trial, it was possible to characterize the frequency response of
the system for the flooding and target pressure zones and the parametric trials. Figure 44 shows
all the common frequencies registered by the pressure transducers for each trial during the
flooding zone. Each vertical band represents one trial with its corresponding frequencies on the
vertical axis.

During the flooding zone, it is clear that the dominating frequencies for all tests remained below
10 Hz. This region is characterized by a steep mcrease in pressure with no movement of the
blockage. The position of the valve from the AIMM’s console was open in order to allow water
to flow into the pipeline. By having the valve open, it also allowed any frequencies resulting
from external sources (i.e. the rotary pump) to be registered. In some trials pulses were applied
during the flooding zone. The applied pulses were random and of extremely low frequency (<
0.01 Hz). This suggests that the frequencies registered during the flooding zone are not
associated with pulsing generated from the AIMM’s operator.
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Figure 45 shows the frequencies present during the target pressure zone testing. Again, each
vertical band corresponds to a trial having its corresponding frequencies on the vertical axis. In
contrast to results for the flooding zone, it is clear that the driving frequencies show an increase
in frequency range to approximately 35 Hz. The position of the AIMM’s control valve during
this region was opened and closed randomly, depending on the operator input. This mode of
operation of the system is reflected by the dissimilarity of frequency values recorded at each

trial.
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P1 P2 P3 P4 Ps P6 Fi‘;‘ﬁ;‘]‘l‘(’;s
1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz
2 Hz 2 Hz 2 Hz 2 Hz 2 Hz 2 Hz 2 Hz
3 Hz 3 Hz 3 Hz 3 Hz 3 Hz 3 Hz 3 Hz
4 Hz 4 Hz 4 Hz 4 Hz 4 Hz 4 Hz 4 Hz
5 Hz 5 Hz 5Hz 5 Hz 5 Hz 5 Hz 5 Hz
6 Hz 6 Hz 6 Hz 6 Hz 6 Hz 6 Hz 6 Hz
7 Hz 7 Hz 7 Hz 7 Hz 7 Hz 7 Hz 7 Hz
8 Hz 8 Hz 8 Hz 8 Hz 8 Hz 8 Hz 8 Hz
9 Hz 9 Hz 9 Hz 9 Hz 9 Hz 9 Hz 9 Hz
10 Hz 10 Hz 10 Hz 17 Hz 17 Hz 31 Hz
11 Hz 11 Hz 11 Hz 31 Hz 31 Hz
12 Hz 12 Hz 12 Hz 60 Hz 60 Hz
13 Hz 13 Hz 13 Hz
14 Hz 14 Hz 14 Hz
15 Hz 15 Hz 15Hz

16 Hz 16 Hz 16 Hz

17 Hz 17 Hz 17 Hz

19 Hz 23 Hz 23 Hz
23 Hz 34 Hz 29 Hz
29 Hz 31 Hz
31 Hz 34 Hz
34 Hz

51 Hz
125 Hz
142 Hz
176 Hz
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Flooding Zone Frequencies
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Figure 44. Frequencies present during the flooding zone.
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Figure 45. Frequencies present on the target zone.

Figure 46, Figure 47, and Figure 48 show the frequencies registered on the parametric trials for
the 310, 646, 1822 ft test beds, respectively. During these trials, the operator was instructed to
perform the opening and closing of the valve at a frequency of 80 beats per minute (1.33 Hz) by
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following a metronome. However, since this frequency value lies within the range of external
sources 1t did not register as an independent frequency.

In the flooding and target pressure zones, the parametric trials show dominating frequencies at or
below 35 Hz. A difference on the pipeline length shows differences in the frequencies captured.
Note that as the pipeline length increases, frequencies below 10 Hz decrease in number. It was
observed that an increase in pipeline length reduced the number of frequencies translated from
the inlet to the plug section that assist in the unplugging process.

Parametric Testing Frequencies
from Pressure Data
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Figure 46. Frequencies present on the 310 ft pipeline.
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Figure 47. Frequencies present on the 646 ft pipeline.
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Parametric Testing
Frequencies
from Pressure Data
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Figure 48. Frequencies present on the 1822 ft pipeline.
CONCLUSIONS

AIMM Technologies Hydrokinetics process was evaluated using an instrumented test bed at
three pipeline lengths with three types of blockages. Tests trials were conducted to provide an
understanding of the underlying principles of how the unblocking technology functioned.
Pressure pulses were created at the inlet of the pipeline by opening and closing valves on a
pressurized manifold in AIMM s ¢ontrol box. The pipeline was not vacated of air prior to filling,
so the pipeline consisted of both air and water. The amount of air in the pipeline line was not
monitored. In addition, the testing trials were conducted with a restricted pressure limit in the
pipelingof 300 psi. This limit is a safety requirement for HLW cross site lines at the DOE.

During the testing trials, AIMM Technologies was more successful removing the Bentonite
plugs than the salt-based plugs. During the final test trials, AIMMs was able to remove 5 of the
6 Bentonite plugs. AIMMs did successfully unplug one Na-Al-Si plug during the commission
trials but could not unplug three others during the final trials. They were able to partially get
flow through a 4 ft Kmag plug at the 310 ft test bed, but could not remove the Kmag at the other
pipeline lengths. It should be noted that the Bentonite plugs required lower extrusion pressures
than the salt-based plugs.

In general, the data from the unplugging and parametric trials showed that the pressure pulses
attenuated significantly from the inlet to the blockage section during the unplugging process. The
vibrations were also attenuated significantly from the inlet to the blockage during the unplugging
process. This suggests that the remaining air within the pipeline and the low operating pressure
inhibited the ability of AIMM’s Hydrokinetics process to operate at its optimum capability. The
variability of the remaining air in the pipeline at different lengths affected the data analysis
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adversely in that trends for pressure and vibration propagation were difficult to identify in some
trials.

The significant attenuation of the pressure pulses and vibration suggest that the mechanism for
removing the blockages on the successful trials was a combination of the static pressure and the
small residual pressure pulses propagated to the blockage. Imposing a vacuum on the pipeline
prior to filling would significantly decrease the attenuation rate and improve performance.

ARC-2004-T042-301-30_1 47
B-53



RPP-RPT-53783, Rev. 0

REFERENCES

Garcia, P. M., (1997). U.S. Patent No. 5,674.323. Washington, DC: U.S. Patent and Trademark
Office.

Golcar, G. R., J. R. Bontha, J. G. Darab, M. R. Powell, P. A. Smith, and J. Zhang., “Retrieval
Process Development and Enhancements™, Project Fiscal Year 1995 Simulant
Development Technology Task Progress Report, PNNIL-11103, Pacific Northwest
National Laboratory, Richland, Washington (1997).

Powell, M.R., Golcar, G.R., Geeting, J.G.H., “Retrieval Process Development and
Enhancements Waste Simulant Compositions and Defensibility”, PNNL-11685, Pacific
Northwest National Laboratory, Richland, Washington (1997).

Powell, M.R., “Initial ACTR Retrieval Technology FEvaluation Test Material
Recommendations™, PNNL-11021, Pacific Northwest National Laboratory, Richland,
Washington (1996).

ARC-2004-T042-301-30_1 48
B-54



RPP-RPFT-53783, Rev. 0

Appendix C

AIMM ARTICLE, “A BETTER WAY TO CLEAN”
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A Better Way to Clean

A patented tube cleaning process called Hydrolaonetics has helped
AIMM Technologpes build a business domestically and oversess

By Garol Brzozowski= Gardner

ydmblzsting and  chamical

cleaning ame the dominant

reethods o industizal clesn-

ing. But &IMM Technoksies, 2
service company in LaMamue, Texas,
has used a pakented ukmEsonicbased
cleaning process o make headway in
the Unied Sabes rmadet 2z well 2= inter
nzt ionally.

AIMM manukctumsthe Hed mkinet ic
equipment o ks own use. The pooes
Uz=s =onie msonance wih waker o
clemn pipes and wbes, Most clients ae
in the petochemical fizld; the baknes
e in goEmment sensces and ood
PR ng.

Bmots Bmdfomd, AIMM president,
bEought the company fve yems =20 fom
Faph and Pat Gamiz, who szked & in
1231 and patented the Hydmkinetic
piocess (Ralph was the imentad . Since

Bmooks ook oeer, the company has
eipanded the process, eeened asecond
prbent, mnd hes @ othimd peeent pending.
Company menues has brpled, and
AIMM has gone shobal. Besides ops &ing
offices  in Teszs, Lousiana  and
Monberey, Mexioo Gehere Miguel Monet
i counby manzedy, MM padne = wikh
companies in Morwey the  United
Fingdom and Jaudi Asbia.

Ancther part ne, T he Aknt e Goup,
proecides senvice bo the LS, Maey which
added Hydmkinetics o it wechnical
renel this yea, gpening the doors for
= nvicing Mene vese s woddwide.

“The Hydmkingtics pmocess &
impEsne om 22l vieypoints, bt
the thing that impessed me inkially was
ks ey Books smys. "IPs inhe ently
=k, and in the industral ckaning indus-
by, smBty & paanount. Them & no

*The Hydrokinetica process Fa Impressirs Trom several viewr-
points, bt the thing thet impressed me infially wes is safety
R % inherently safe. and i the indousirial clesmning indusiny,
aataly ra paramount. There fa no process we know of that
comen close &a far as being safe for the operstor and for

the environment.”

Ex ool = By adford

Iép;ger hioto, heat exchanger tubss
re Hydrokinetic cleaning; koweer
phizb, & ntry bo o b after Hydrokinetic
claning.

pircess e koo of thak oomes close &=
B asbeing =k forthe opemorand for
Ehe emeimon e nt.™

Shaking it looze

In Hyd ki netics, the tube o pipe bo
be clemned i first filled with 2n cecil Rting
water stean based on maonant fiequency,
Once fow s achieved, 3 bullx s
intmduced in the tube o mainin the
yeber oolumn. The tbe = then efillkd
with wabter, The wabar {or sonic) resc
nance i tEnskeemd thoush the waber
column.

The Euling and the tubs m=onate at
difieent frequencies, bresking the bond
Eatwwean themn, allowing the fouling o be
ez b e e led out of the oppcesibe end of
the tube. The Buling & espelled in 2
snakelke Eshion mherthan in mRiticks.
Fddrionzlly the waterdal comes out the
end oppoehe the ope Eor,

The equipment consits of a
hd mulic monitoing deviee in a sealked
cabin et Wikh the 2milzhilty ofa comen-
tionzal plunger pump (000 EEioat W0
o and B0 psi service ain tech nician
and unkcan perkormn clean ing any whe e,

Hydnokin

Laflarque, Texas.

A e ployres A rico Almeids ope rates 3 Hydrokdnetic ram asse mbhy
ic= s anew tube cleaning technokgy developed by AIMM, bazed in

EMPLOVEEE: 20
WEE =ITE:

AINMM Technologies, LaMarque, Texas

Ind ustnal clea ning of pipes and tubes, using &
patented method called Hydmokinetcs
Prnmanly the petrochemical field, with some
chents m government and foodsenvice

FO UNDED: 19491

FRESIDEMT: Emoks Eradiond
ZERWICES:

LIEMTELE:

wnanara immitechnolog Bs.com

Biookis, who o ned & ekl company
pireiding e fige = ion sanvices be o he
acquired AIMM, bought the claning
conpanyy because he was impressed wikh
the Hedmkineties method and ite dow
ko of employess b0 income. He alao
litees the Fact that the method poduces

-1

immediae esuks, Despie k= emphasis
on Hedmokinetics, AIMM =il does tadi
tional cleaning. The company ofiers
hyd mbl=sting up bo 36,000 p=i o ind s
brizel cbemning oS e prepE e on.
Whik =ity =3 pime concem in
any industrg & & D mom 20 in



"t peio them back inte produciion faster and that®s where
they make thelr money. Thease planta work on several hundred
thowsand doflsra ar hour and i your can bring them back into
produection 5 to 70 hours faster then you've done & good foh

forihem.”

Ralph Garcia

che el planks, w hee AIMM dozs much
of it wok, AIMM counts on
Hid ok ingtics b0 be ==k buat ako has
developed a safdy pog@m that =
sppieed b all client=sand is adheed o
dai by, == Gary Dunn, heakh, =Ety and

& i e nk (HEED nransser,

Mo bet-tie accidant:

In 2IMM's 10 wars, the company has
never had & loet tie accident. Clienks”
industrial plant =afety engineers and
SUpEViEors  appreciabe  that oo,
Fonzald Cothon, &IMM opemtions supsen
=0, attribube s the =ity meod b the Bt
that Hydmkinetics dioes nok e gpoee the
opsEbor ko high4pessy e vake r or yaste
materals In addiion w ke AIMM
vicepresident Raph Carcia f@os
Hyd ok inetic= o

* Time zan‘ngz The method is 4

to B0 pement Rster than otheis,
meducing the hous neaded for
pipefiting and =2ing on dovwen-
ime fore lients, "t zets them back
into poduction fastern, and that's
where they make their moneay™
Falph points ow. "“These plnts
wonk on severml hundred  thow-
sand dolke=s an hour, z2nd if you
can bring them back into pic-
duction & to 1 howrs fGster, then
woudse done a good job focthemn ™
Water zavinga Hyd ohinetics
uzes A pament k= waber than
comsentionzl industizal ekaning
ek hiods.

Ecobogical advantagez The
method zenemtes 7% pement
less wastewsber than badional
et hiods,

S0 wha's the down side of
Hud s inet i Sonne
question whether Hy-
dmkinetics  sresses
tubes and piping. The
company  =ays  the
Mz fegue ney
of 11250 vibmations
per minuke = Rr
Bl the numbser of
cycles  that  would
cau: Eigue in even
the softes meals.

For some com-
panigs, cost may
B2 a Rctor Anbone
Balcher, opsrations
manager, concades
that Hwdrokinetics

Upp=r photo, Brooks Bradiord, president of AWM Techpobogies, shows the equip-
ment usedfor the company's patented Hydrokinetics EI‘CI:'ES Lowver photo, tach ni-

cians Domingo Blanco [Eft‘{an-:l Mark Guidry display

ubant rermoved from tubes,
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costs o than tadional methods.,
“Eut it's pmobably ks espenshe when
wou consider the entie oo™ he adds.
" zet them back inbo senvice Ester
And we clean much clanar 3o tha the
tube will st=y cleanar konger and al o
Ehen ko mnain in pod wetion fora longer
pericd. When you consider all thoss
th ings, we'e pobably chespe ™

O pamcent Succacs

Company oficak =y Hydrdiinetics
claning is sueczzful in ormome than 20
pement of applictions. k oken works
bt whem cthe rtad tional methods &il,
such == in Lshaped piping o tubing,
confined wokismmoes, and lines that ame
completely blocked.

“hnybaody who smes they®e 100 pes
cent on any job might b= hedging a ke
b, == Books, "We'e not 00 pe ek
| don’t know that anvone = Bk wih
thinzs that zive uz a pmoblem, they's

Going Global

At left, a heat
exc:hanger koadad
wi ith Hydrokinetics
bulket plugs. Below,
= & | aHydokneticz
noezhe about toe nter
Tl atube. Bathom
|| photo, pieesof scalke
| | removed fom tubes.

impossblke forcther prople.™
Az Brocks bo cie his company’s

There ane cu b ral coreide ratiore whe na compang takes 2 gbba | prese noe,
Cit of respectfor the bocaleu lines ove rseas, Al M TBchrologes educ ates s
enn plosezs on the kocal o ustoms throwg hin-bouss or outson nceed 1 ning.

‘Ther's a wast dife rence bewwesngoing o0 Ergland or Monwsy versies going
o Saudi Arabia," =aes Brooks Bradiond, Al Y president. The amount of
irstruction e mployess receive de pends on wwhe re they are qoing and boww kg

they will stay.

For example, Arione Bz kkher operations manager, recenthy com pleted 2 fie-
rionth propct in Central Africa inan anea with few ioads, whene mosttravelwas
e air orwater, "R & result, youfve got o learnio b patie rta nd me ke doowith
whatwou have!" ba 22wz "You karn toworkwiththe local population not
aqainst it Theirworkdses and their attiudes are diffensnt '

“You have to bacanefu] whowou zend ona project like that, 2= oowhether
they can st nd the type of pessy e that comes about both daiky and after theytve
b2tz re for S0 daves, I they e off inthe jungles, canthey handle that Eolation?®

Mot mary prople cando it

Frioductiv by ks a rosedive after a bout three wes ks, Corgeque nihy, nanagers
rodgte em plowess in and out of internationa | projects ona thiee or ouewes K
birsic. While Brooks tries oemphey kcal people, be sends an Al sups reisor
every job. i the job reauires mone LS. enplosees, befllz2rd them. But his
qoal is to have his alliancs partre rs act irde perda nthy with lite inpot from the

LIS Al M officee
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Top photo, fowlant esgits 3 pipe durin
Hydrokinetics ckaning. Bottom _u__._n.m_n__

foulant comes outin asnakelile
fa=shion.

rrcest o iffic uk job and, ke most company
piesidents, he Bughs and systhey’ s all
difficult. But in fact, RIMMs filks buke
with examples of chalknzing projects.
For instance, BIMM uzed Hydmokinetics

o clean 4 heat
exchanger=  in &
Houston-area petbro-
chemical phnt with a
botzl of 000 tybes
that wem sserely
ouked wih pobimes
— and ddd it in one-
fikh the tinpe td i on-
al clezning had tahen,
In znother case, the
company =sad a
Houston syngas plnt
hzlf a millicn
dolkrs in potential capizl imsest et by
claning nicke| and sulphite fom an
Ed)+tube epchangar the plnt was pln-
ning to sorap Whik only 35 tubes in the
Eundle had been open aker sand jetting,
the AIMM Tech cew opened up 65
pe me nk oft he tbes,

Precztigious clientela

The company’s clients inelude such
pesieious firms as Dow Chevmon,
Exwon Mcobil, Fina, Bmyer, and Union
Cabide. Boolis i nok inkent on anmassing
a kee number of clients — he peRE
daing quality woukk for his present bese of
kol custames. RIMM focuses an kb
and pips cleaning.

“Brenthing elm= we leze o cthar
companies” Books adds, “Asa msuk,
v ko nooe v hat we're doing W 22t in and
do tin 2=k, B, pofirble manner.

And we' e constant b tiving bobe in front
of the custome i tiying bodebe mnine what
his needs ae, wha his poble e ae, and
helping himn o sobe thos ™

AIMM &= now consderdng lioznse
ama e nts O joint wentue ofies o
Br=zil, Hollend and Indiz and egects
these o be in place by 200G,

Falph == he's hapesy wih the cone
pany’®s gmykh — each wear, mvenues

RPP-RFPT-537583, Rev. O

peote nkial bo Benommee & supensor, R e
nik bocking for kborers,™ he e, "W =
booking o people who can lead and
mepesent the company in the manner
Ehzk wee want &bobe shovn ™

Brodis sttibubes his company’s suc-
cess bo raking the vight hies. He ofiers
emphaess incanthas auch == 3 pe et
e of piofts from ajob, heakh banefis,
and a newly introduced 40k pros@m.

“e're not oo king for laborers. WWe're foolidng for people who
can lead and represert the compamy in the manner thet we

war & to be shown.

Eo Davenport

hase mushmomed by 30 perent, A o
of that goes back bo & oonnbin=ion of the
pocessandthe ind kidimbkEwe hae soing
ok and representing the compan.”!

Employess key to succass
AIMM hz= EZ0employess, Ankone s

that wwhen he kboks oran emploee, he
locki= for somecone who & a oot sbove
the mst, We tneto find somecone who has
some brmal education. We don® neces
sari by ook o espeianoe . We hase them
trained in our piooess & her than epes-
ing some mistEies they may hae made
somewhae elke ™

Bo Dmenpoit, shop manager, =ays
he ako lboks o hie =omeone wih

A0, J0LE Publis hireg Ine:.
Fepriried with pemiission fiom Cleener Decamber 2002
C1LE Publishing Inc P, Boes 240, Thiee Lakss, Wil B4ER Y
SO0 ZET-T 222 Prmami lanencom
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Sorre Cfthese thing s 2k wany & e nEe
o sl oompang” he concedes, “But
in coder bo atmct the deht people, thos
who v would liee to hae camy this conre
pany o the ned kvel those e the
things that we will hase oofier™

Hiring 2nd mtzining wih such a ocus
i essantial. Books sys e years from
nion, his company ey be akthe poink of
going public. 5o hes been dene loping the
rrecnzse e nk in-house toens et he con
pany’s continued sucoess long aker his
N ki Enent ]
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Appendix D

PIPELINE UNPLUGGING ASSESSMENT AND RECOMMENDATIONS FOR THE
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT
(SECTION 3.5 AND APPENDIX I)
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Pipeline Unplugging Assessment and Recommendations
for the Fernald Environmental Management Project

M. I. Morris
J. L. Ladd-Lively
B. E Lewis
Nuclear Science and Technology Division
Oak Ridge National Laboratory

June 18, 2004
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3.5 Hydrokinetics™

The Hydrokinetic™ process is based on the induction of sonic resonance within a
cleaning water stream. This sonic resonance travels through the water stream and
transfers vibrations to both the pipe and the blockage, as diagramed in Fig. 7. A pig may
also be used in conjunction with this technology and is shown in part 3 of Fig. 7 as an
optional step in certain applications. The use of pig is not envisioned for the Fernald
application. Because of the different compositions of the pipe wall and the blockage
material, the blockage and the pipe wall vibrate at different frequencies, thus breaking the
cohesive bond between them and allowing the blockage to be expelled from the pipe. By
amplifying the pulsation with a high-pressure plunger pump, the water stream accelerates
to achieve a velocity of 2,100 ft/s. The generation of the sonic vibration takes a few
milliseconds to complete, and the tube or pipe being cleared is exposed to the sonic wave
for only a fraction of the process time. A maximum frequency of 11,250 vibrations per
minute can be achieved, far below the number of cycles per second needed to cause metal
fatigue in even soft metals such as copper-nickel alloys or copper.

11
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Fig. 7. Diagram of the application of hydrokinetic technology. Source: AT
Technologies web site at hitp/rww aimmtechnologies comy

This process 15 unaffected by piping configuration or distance from plug. It can be
operated retnotely with minimal exposure. Process line fluid does not cotne in contact
with equipment. It typically requires no system modification; hook up to single access
point connection. Operating equiptment 15 minimal, consisting of a pump skid and walve
operating console, Operation 1z simple and mobilizatonfdemotilization 15 quick and
easy. Unplugging time i3 effected by distance from entry port but not length of plug.
However, some plugs may require pressures up to 10,000 pst. Expected pressuresin the
Fernald application arein the range of 500 to 2,500 pst. This patented technology 1s
presently avalable from only two vendors and has prnimarily been applied in the
chemical, petrochemical, and public works industnes.

The following vendors provide Hydrokinetics™ service:

AIMM Technologies
111 35™ Street South
Texas City, TH 77590
Fhone 409-945-5414
Faz: 409-945-6022

Email: www ammtech@wt net

Website: wowrw atmmtechnologies com
Contact(s): Brooks Bradford and Ralph Gatcia

ATMM was visited and 15 discussed in detal later in the report.

Tube Cleaning Technologies
1480 East Highway 6

Alvin TX 97511

Fhone 231-842-1904

Faz: 251-842-1905
Contact: Danny Blackwell
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Appendix |: Completed Pipeline Unplugging Vendor
Survey Forms for Recommended Technologies

Pipeline Unplugging Vendor Survey Form for Hydrokinetics™ Technology
Provider AIMM Technologies

Company Contact Information

AIMM Technologies

111 35" Street South

Texas City, TX 77590

Phone: 409-945-5414

Fax: 409-945-6022

Email: aimmtech@wt.net

Website: www.aimmtechnologies.com
Contact(s): Brooks Bradford, and Ralph Garcia

Process name: HY DROKINETICS ™

Process description: The Hydrokinetic™ process is based on the induction of sonic
resonance within a cleaning water stream. This sonic resonance travels through the water
stream and transfers vibration to both the pipe and the blockage. Because of the different
compositions of the pipe wall and the blockage material, the blockage and the pipe wall
vibrate at different frequencies, thus breaking the cohesive bond between them and
allowing the blockage to be expelled from the pipe. By amplifying the pulsation with a
high-pressure plunger pump, the water stream accelerates to achieve a velocity of

2,100 ft/s. The generation of the sonic vibration takes a few milliseconds to complete,
and the tube or pipe being cleared is exposed to the sonic wave for only a fraction of the
process time. A maximum frequency of 11,250 vibrations per minute can be achieved,
far below the number of cvcles per second needed to cause metal fatigue in even soft
metals such as copper-nickel alloys or copper.

Advantages:
1. Unaffected by piping configuration or distance from plug.
2. Can be operated remotely, minimal exposure.
3. Non-intrusive, process line fluid does not come in contact with equipment
4. Typically requires no system modification; hook up to single access point
connection.
Operating equipment minimal consisting of pump skid and valve operating
console.
Operation simple
Quick and easy mobilization and demobilization.
Unplugging time effected by distance from entry port but not length of plug.
Manual or automated system.

h

hel i
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10. Commercially available.
Disadvantages:
1. For some plugs may require pressures up to 10,000 psi. Expected pressures in
this application up to 2,500 psi.

2. Patented process only one other company found that may be able to supply this
technology.

Company safety record: Zero recorded accidents for the company and the process.
Worker’s compensation Experience Modification Rate (EMR): 0.77 FY03

Failure rate and reasons for failures: Low pressure and/or small diameter piping
where unplugging equipment could not operate at the needed pressure. Acrylic material

type plugging also can cause problems

Company size (employees, sales): 30 employees (average), which fluctuates depending
on work load. ~$3 Million (FY-03)

Number of years in business: 15

Insurance: Zurich North America

Industries served: Chemical, petrochemical and public works
List of clients and references: At end of report

Comparison with competing technologies: Hydroblasting, chemical cleaning,
mechanical cleaning

Current projects: Ongoing services to the chemical and petrochemical industry
Experience working with DOE? Sites and Projects: FIU demonstration only.
Radioactive environment experience: None

Experience with various lengths, diameters, and materials of piping: Have processed
the whole gambit of piping. Low pressure rated lines could hinder process.

Experience with plugs of various materials (i.e. CaCOj3): Many different kinds
Maximum size of plugs cleared and time required: Up to 36-in. diam, and 100+ ft

long plug. Time relative to the distance from the plug. A few minutes up to worst case
of several days.

17
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Experience with closed systems and/or remote operations: System is especially
effective in this environment — See advantages.

Contracting services:
Rent or lease: ~$9-15K/month depending on length of lease.
Service on as needed basis: $20-50K
Purchase: Probably not. Available
Demonstration Cost: AIMM would perform at no cost (Provided if
demonstration was successful AIMM would be awarded a lease agreement)

System connections needed (size and type): Single flange — Vanable size and type.
Number of people required to operate. 2-3

Amount of training required: Cne week for this single application. Training is
dependant on the type of application. There is some “art or technique™ involved.

References: Checked two references (Bayer and Eastman) both said that AIMM has been
able to handle all their plugging problems effectively and efficiently. FIU pipe plugging
study project manager, Marshall Allen felt the hydrokinetic technology had the best
chance of success for the silo application.

Other: Mike Morris and Jennifer Ladd- Lively visited AIMM on June 16, 2004. They
observed a demonstration of the process cleaning a heat exchanger. General comment
from the demonstration; “The equipment and operation of it are quite simple but very
effective.”

Photographs:
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e

goed lin

Fig. 11. Solidified line plug removed using Hydrokinetics™.
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Fig. 13. Trailer mounted high pressure pump.

20
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Fig. 14. Control system for Hydrokinetics™ sy stem.

PARTIAL CLIENT LISTING — REFERENCE LIST

The Atlantic Group
5426 Robin Hood Rd.
Norfolk, Virginia USA 23513
Attn: John McLaughlin
Marine Operations
Phone: 800-446-8131
E-mail: jmclaughli

atlanticerp.com

Numerous exchangers aboard ships and
Power Plant Condensers. Fouling material
ranged from totally blocked tubes to those
with marine life and algae.

A qua Drill International
1300 FM 646 East

Dickinson, TX 77539
Attn: Chris Geppert
President

Ph: 281-337-0900

Email: Thomas@gguadﬁ]]imemalional.com

Various exchangers, pipes, and tank
cleaning applications. Pipe sixes ranged
from Y- to 8—in. diam with multiple “90°s”
and “T’s".

21



RPP-RPT-53783, Rev. 0

Baver Chemical

8500 West Bay Road

Baytown, Texas USA 77520

Attn: Roger Burwell

Maintenance Manager

Phone: 281-421-0364

E-mail: roger.burwell.b@bayer.com

Numerous pipe and exchangers plugged
with various types of plastics; HDPE,
LDPE, Makrolon, BPA, ¢tc. Fouling ranges
from very hard to film.

Chevron Phillips Chemical Puerto Rico

Core Inc.

Road 710, Bo. fl.as Mareas
Guayama, P.R. 00784

Attn: Carlos E. Pales

Ph: 787-864-1515 x 2293
Email: palescei@cpchem.com

Crude furnace — 8 Pass — 2 %2 in.-diam
tubes. All passes were 100% blocked.

Chevron Phillips Chemical Puerto Rico

Core Inc.

Road 710, Bo. fl.as Mareas
Guayama, P.R. 00784

Attn: Hector Marin

Ph: 787-864-1515 x 2293
Email: marinha@cpchem.com

Multiple pipes.

Chevron Phillips
Bartlesville, Oklahoma USA

Attn: Nathan Stacy

Senior Research Engineer
Phone: 918-661-9596
E-mail: nestacv@ppco.com

Pipe cleaning of 1.5 mile 8-in. diam. line
blocked with Styrene.

ConocoPhillips Alaska, Inc.
Kuparuk Ficld Planners Office
P.O.Box 196105

Anchorage, AK 99519-6105

Attn: Cal Davison / Brett Alexandra
CPF-1 & CPF-2 Field Planner
Phone: 907-659-7321

E-mail: n1063@conocophillips.com

Production crude heaters and coolers.
Crude -water — sand — fouling material.

22
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ConocoPhillips Alaska, Inc.
Kuparuk CPF-1 Unit

P.O. Box 196105

Anchorage, AK 99519-6105

Attn: Mark Jerling / Tom Austin
Facility Engineer

Phone: 907-659-7332

FE-mail: N1066@conocophillips.com

3—in. OD Pipe 1600 ft long — oily waste
line.

ConocoPhillips Alaska, Inc.
Alpine Operations

P.O. 196860

Anchorage, AK 99519-6860

Attn: David Earl

Senior Facility Engineer

Phone: 907-670-4039

FE-mail: alpl1201@conocophillips.com

Production crude coolers (2000 tubes) and
various short sections of pipes from crude
production.

DOW Chemical USA

2301 North Brazoport Blvd.

Freeport, Texas USA 77541

Attn: Jack Russell

Process Cleaning Subject Matter Expert
Maintenance Technical Services
Phone: 979-238-2382

Expert on cleaning process.

DOW Chemical USA

2301 North Brazoport Blvd.
Freeport, Texas USA 77541
Attn: Johnny Sweatt
Maintenance Planner/Scheduler
Phone: 979-238-9906

E-mail: jrsweati@dow.com

Perform various heat exchanger and pipe
cleaning jobs in 3 different units — blocks at
Dow. Large diameter heater — tube 12-in.
diam and 200 ft long

DOW Chemical USA

P.O. Box 150, Bldg. 807

Plaquemine, Louisiana 70765

Attn: Ray LeJeune

Process Technologist / Polyethylene A
Phone: 225-353-4005

FE-mail: rtlejeune@dow.com

Various pipe (2- to 10-in. diam) plugged
with polyethylene.

23
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DOW Chemical

PO Box 50

Hahnville, LA 77005

Attn: Brad Hatfield
Maintenance Engincer
Phone: 985-783-3897
E-mail: bahatfieldi@dow.com

Removed approximately 40-ft long plug of
polymer from process piping. Cleaned 3—
in. diam line from tank farm to reactor
approximately 1500 ft.

DuPont

DuPont Packing and Industrial Polymers
Sabine River Works

FM 1006

P.O. Box 1089

Orange, Texas USA 77630

Attn: Dan Lynd

Contract Admin

Phone: 409-886-6106

Wax structure coolers, hypersuction coolers,
suction coolers, and recycle discharge
coolers, assorted piping, and reactor tails
line.

DuPont

DuPont Packing and Industrial Polymers
Sabine River Works

FM 1006

P.O. Box 1089

Orange, Texas USA 77630

Attn: Natalic Hayes

Division Engineer

Email: natalic.g.haves@usa.dupont.com

Equate Petrochemicals

Ahmadi (Kuwait City), Kuwait
Attn: Qassem Deshti

Maintenance — Reliability Engineer
PO Box 9717

Ahmadi 61008, Kuwait

Tel: 965-326-0326

Email: gassemdi@shb.equate.com

Cleaning of Cycle Gas Cooler

EquiStar Chemical
Channelview, Texas USA
Attn: John Swanson
OP1 Unit Superintendent
Phone: 281-452-8888

2.3 Miles of 4-in. diam line.

24
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EXXONMobil Plastics
P.O. Box 1607

Baton Rouge, Louisiana USA
Attn: Richard Bowman
Maintenance Superintendent
Phone: 225-977-6255

Various high and low pressure piping of
1.0- to 6-in.diam and Serpentine coolers.

EXXONMobil Chemical

P.O. Box 241

Baton Rouge, Louisiana USA 70821-0241
Attn: Kent Allain

Mechanical Supervisor

Phone: 225-977-8357

Exchanger plugged with cobalt plated
catalyst.

EXXONMobil

3700 West 190™ Street

Torrance, California 90509-2929

Attn: John Turner

Maintenance Special Projects Planner
Phone: 310-212-2897

Email: John.w.turneri@exxonmibil.com

EXXONMobil

3700 West 190™ Street

Torrance, California 90509-2929

Attn: W.G. (Bill) Blashford

Turnaround Planner

Phone: 310-212-4422

Email: William.g.blashford@exxonmobil.com

EXXONMobil

3700 190™ Street, 102 Hinze Building
Torrance, CA 90509

Attn: Evan Hyde

Advanced Engineer

Phone: 310-212-1905

Email: Evan.p.hyde@exxonmobil.com

Kellogg Brown & Root

8500 West Bay Road

Baytown, Texas USA 77520

Attn: Roy Weesner

Maintenance Superintended
Phone: 281-383-6448

E-mail: rov.weesner.b@baver.com

Exchangers and piping fouled with
polypropylene and misc. plastics.
Exchangers ¥4-in. diam, reboilers, Fin-Fans,
and piping 1- to 8-in diam.
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Methanex Limited Chile
Cape Horn Facility

P.O. Box 64D

Punta Arenas, Chile

Attn: Pedro Salas

Chief Maintenance Engineer
Phone: 56-61-202230

Email: psalasi@methanex.com

Multiple re-boiler cleaning projects.

Noltex

12220 Strange Road
LaPorte, Texas USA 77572
Attn: Randy Boeding
Plant Manager

Phone: 281-842-5057

E-mail: randy.boeding@nolicx.com

Assorted piping ¥5- thru 8—in. diam
throughout the entire plant.

North Atlantic Refining Limited
P.O. Box 40

Come By Chance, Newfoundland Canada AOB
1NO

Attn: Nola Chaytor

Facility Engineer

Phone: 709-463-3484

E-mail: nolachavtor@na-refining.nf.ca

18 Banks of fin-fans and reboilers.

Shell Chemical Company (Bassell)
473 Hwy 3142

Taft, Louisiana USA 70057

Attn: Chad Weidert

Make Change Coordinator

Phone: 504-465-5232

E-mail: CW315867@msxscc.shell.com

180-ft U-bundle plugged with tar like
substance.

Shell Chemicals America
P.O. Box 100

Deer Park, Texas USA 77536
Attn: Christy Duncan

Plant Engineer

Phone: 713-246-4351

FE-mail: cbduncani@shellus.com

4-in. diam crude furnace.
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Shell Gabon

B.P. 146

Port Gentil Republique Gabonaise
Attn: Edwin Blom

Head of Maintenance OMS/4
Phone: 241-55-8502

Production crude heat exchangers plugged
tubes from oil productions; crude, water,
sand, wax.

E-mail: edwin.c.blom@shellgb.shell.com

Shell Global Solutions International B.V.
Fluid Flow and Flow Assurance

Badhuisweg 3 1031 CM

PO Box 38000 1030 BN

Amsterdam, The Netherlands

Attn: Jeroen LMM Oomen

Tel: +31 (0) 20 630 2117 - Mobil: +31 (0) 65 512
3394

Email: jercen.comeni@shell.com

Process cleaning experts.

Solvay Polviners

P.O. Box 1000

Deer Park, Texas 77536-1000

Attn: John MacDonald

Maintenance Planner

Phone: 713-307-3907

FE-mail: john.macdonaldi@solvay.com

Perform various heat exchanger and pipe
cleaning.

Texas Eastman

P.O. Box 7444

Longview, Texas USA 75607
Attn: Steve Lewis

Phone: 903-237-5757

Various lines including double piped
serpentine cooler, various exchangers.

Sterling Chemicals, Inc.

PO Box 1311

Texas City, TX 77592-1311

Attn: Lloyd H. Johnson
Maintenance Team Leader — Styrene
Phone: 409-942-3346

E-mail: ljohnson@sterlingchemicals.com

80 Banks of Fin-fans and assorted 2- thru 4—
in. diam piping.
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Sterling Chemicals, Inc. Various piping to remove sea water fouling
PO Box 1311 and misc. styrene lines.

Texas City, TX 77592-1311
Attn: Tommy Baker
Maintenance Planner
Phone: 409-942-3346

E-mail: tlbaker@sterlingchemicals.com
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Completed Pipeline Unplugging Vendor Survey Form for Fluidic Wave Action
Technology Provider AEA Technologies

Company Contact Information
AEA Technologies

184 B Rolling Hill Rd
Mooresville, North Carolina 28117
Phone: 704-799-2707

Fax: 704-799-6426

Email: paul.murravi@aeatech.com
Contact: Paul Murray

Process name: Fluidic Wave Action

Process description: AEA Technologies” unplugging process is based on a fluid wave-
action principle that operates much like ocean wave-action on beach erosion coupled with
positive and negative pressure pulses that tend to loosen the blockage. The cleaning
process can be aided by use of a solvent in lieu of water. It can operate on a long pipeline
that has drained down below a blockage. The system consists of a water/solvent tank,
pressurized/vacuum vessel, portable air compressor, jet pump pairs and valve manifold,
fluidic control unit, vacuum finishing pump, system controller, and system module. A
vacuum pump is used to evacuate any air that may be present in the pipeline below the
blockage in elevation. Once a vacuum has been established, a ball valve is opened, and
water or other solvent is allowed to back-fill the pipeline. The fluidic control system is
then used to provide pressure and vacuum to the fluid in a cyclic manner. During the
drive cycle, fluid impacts the blockage as a wave flowing under the air bubble at the high
point of the blockage, and during the suction cycle, water retreats away from the
blockage. These cycles are repeated many times until the blockage is eroded away. The
frequency and duration, as well as the pressure, of each cycle can be controlled via the
fluidic control unit. This, coupled with the dissolving action of a selected solvent (if
needed) and the physical action of the vacuum and pressure cycles, works to both erode
and loosen the blockage.
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Pressure Yessel

Fipe Access

Fig. 15. Equipment and control module used in the FIU dem onstration of the AEA
Technology Fluidic Wave Action process. Source: M A Ebadian, Plugging Frevention
and Unplugoing of Waste Transfer Fipelines, Fart I- Bguipment Tests aof Blockage
Locating, Detecting, and Unplugoing Technologies on e Full-Size Test Beds, HCET -
1995 100400104, Hemispherical Center for Enwironmental Technology, Florida
Internaticnal Thiversity, 2002,

Advantages:
1. TTnaffected by piping configuration or distance from plug.
2. Can be operated remotel ¥, minim al exposure.
3. Typically requires no system modification; hook up to single access point
connection.
4. Operating equipment minimal consishng of vacuum pump, air injection and water
injection system.
5, Operation simple
Quick and easy mobilization and demobilizaton.
7. Low pressure.

w

Disadvantages:
1. Process line fluid does come in contact with equipment.
2. Technology has been demonstrated (FIT) for line unplugging but has not been
usedin an actual application.
3. Mot alot of data available to predict duration for vanous types of plugging
materials.

Company safety record: 100000+ hours of operation at 54 locations. Process for line
unplugging has no safety record However this same processis also used for tank
cleanout and has operated at many DOE sites including ORENL, Mound, LANL and
INEL.

Failure rate and reasons for failures: Mo record for pipe unplugging.

Company size (employees, sales): 40 000 employvees” world wide with ~30 employees
in IS4
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Industries served: Nuclear

Comparison with competing technologies: Hydrokinetics, hydroblasting, chemical
cleaning, mechanical cleaning

Current projects: Ongoing services to the nuclear industry and DOE.
Experience working with DOE? Sites and Projects: Many sites including Fernald.
Radioactive environment experience: Yes

Experience with various lengths, diameters, and materials of piping: Based on the
FIU testing ~1,700 linear feet and various diameters. .

Experience with plugs of various materials (i.e. CaCQO;): minimal

Maximum size of plugs cleared and time required: Sc¢e above.

Experience with closed systems and/or remote operations: System is effective in this
environment. However the process fluid does come in contact with the unplugging
equipment.

Contracting services: Purchase only. There is a system at Mound that could be
refurbished for ~$100K. New equipment would cost $250-300K Training and consulting
cost ~$1,500/day.

System connections needed (size and type): Single flange — Variable size and type.
Number of people required to operate: 2

Amount of training required: 1-2 days

Other: Mike Morris and Jennifer Ladd-Lively meet with Paul Murray and T. J.

Abraham of AEAT. AEAT has a project at ORNL for tank cleanout and we will be
visiting the site on Monday.
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Improved blockage removal apparatus and method

The present invention relates to an apparatus and method for cleaning of fluid conduits or
vessels. The invention has particular application to the removal of blockages from fluid
conduits used in the hydrocarbon exploration and production industry, for example fluid
conduits contained within umbilicals. The invention also relates to a method and

apparatus for generating a pulse in a fluid conduit or vessel.

Background to the Invention

During hydrocarbon exploration and production processes, it is common for the interiors of
fluid conduits, including pipelines, wellbores, risers and umbilicals to become fouled. The
fouling often leads to the formation of a blockage within the fluid conduit, which may be as
a result of a gradual build-up of material on the inside surface of the conduit or the
formation of a plug as an unwanted by-product of a (possibly unanticipated) chemical
reaction. The blockage prevents further use of the fluid conduit and must be removed

before the process can continue.
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A range of techniques have been developed for removing blockages from fluid conduits.
These range from lance or nozzle jet systems, which are inherently limited in their range,
and ultrasonic systems which apply acouslic energy to the fluid to attempt to induce

cavitation in the fluid.

It has also been proposed to use pulses of pressurised fluid in order to remove material
from internal surfaces of fluid conduits and vessels. US 5,183,513 describes a system in
which a high pressure pump is coupled to a fluid vessel via a pressure regulator. A
controllable valve is located in the fluid line between the vessel and the pressure regulator,
and is connected to the vessel via a controllable valve. The valve is cyclically opened and
closed to allow pressure pulses to pass into the vessel. The operation of the valve is
controlled such that the pulses are formed at frequencies, pressures and temperatures
that induce cavitation within the fluid which is said to remove material from the internal

surfaces of the vessel.

Cavitation is undesirable in many applications because the implosion of bubbles can pit or
damage the internal surfaces of a fluid system.

Pressure pulse systems such as those described in US 5,183,518 are deficient in
controlling the magnitude of the pulses. This presents a particular difficulty when the fluid
conduit or vessel is sensitive to pressure, as may be the case in many hydrocarbon
production and transportation installations. There is a concern amongst operators of such
installations that uncontrolled pulses which are allowed to pass into a fluid system will

cause damage resulting in reduced integrity and a shortened operating lifetime.

There is therefore a need for a method and apparatus for cleaning pipeline systems which
is improved with respect to the previously proposed systems.

It is amongst the aims and objects of the invention to provide a method and apparatus for
cleaning of fluid conduits or vessels which allows the delivery of fluid pressure pulses with

controlled pressure pulses.

Further aims and objects will become apparent from reading the following description.
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Summary of the Invention

According to a first aspect of the invention there is provided a method for removing a
blockage from a fluid conduit, the method comprising:

providing an apparatus comprising a first portion containing a fluid volume separated from
the fluid conduit via a controllable valve;

cyclically opening and closing the controllable valve such that a pressure differential
between the first portion and the fluid conduit causes a series of pressure pulses in the
fluid conduit;

regulating the pressure differential to control the amplitude of the pressure pulses of the

series.

The method may comprise regulating the pressure of the fluid volume in the first portion so
that it is greater than the pressure in the fluid conduit (referred to as a positive pressure
differential); and

transmitting positive pressure pulses to the conduit.

Alternatively the method may comprise regulating the pressure of the fluid volume in the
first portion so that it is less than the pressure in the fluid conduit (referred to as a negative
pressure differential); and transmitting negative pressure pulses to the conduit.

The method may comprise transmitting both positive and negative pressure pulses into the
fluid conduit. For example, the method may comprise transmitting a series of positive
pressure pulses into the system (during a pressuring up cycle) followed by a series of

negative pressure pulses (during a pressure bleeding cycle) or vice versa.

In the prior art systems, allowing pressure pulses to be transmitted to a fluid conduit
changes the fluid pressure in the conduit. Where positive pressure pulses are transmitted
the fluid pressure in the conduit is increased with every pulse, thereby reducing the
differential pressure and the magnitude of subsequent pulses. Where negative pressure
pulses are transmitted, a gradual equalisation of pressure may occur (in a closed system)
which reduces the magnitude of subsequent pulses. Alternatively, for a system in which
the first portion is held at low pressure, the magnitude of the negative pulses transmitted

may be undesirably large.
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The method allows the pressure regulator to compensate for pressure changes in the
system to maintain the pressure differential within an acceptable and preferred range.
This allows control of the amplitude of the pressure pulses generated in the fluid conduit.
The method may therefore comprise a feedback mechanism which monitors a change to
the pressure conditions due to the transmission of a pulse and adjusts or regulates a

pressure differential in response.

Preferably the method includes measuring (a second) fluid pressure in the fluid conduit.
The method may include measuring an average pressure in the fluid conduit, for example
over a period of at least one pulse cycle.

The method may include the step of measuring a first fluid pressure in the first portion.
The pressure differential may then be calculated from the first and second fluid pressures.
Alternatively the first fluid pressure may be determined indirectly from parameters and/or

calibration of a pressure regulator used to regulate the pressure in the first portion.

Preferably the first and/or second fluid pressure measurements are communicated to a
control module, which may be in the form of a programmable logic controller (PLC).
Preferably the control module controllably operates the valve.

Where there is a pressure bleed cycle from the fluid conduit, the method may comprise the
step of directing fluid through a second controllable valve by cyclically opening and closing

the valve. The second controllable valve is preferably located on a fluid return line.

By providing a fluid return line, pressure may be bled from the conduit along a separate
flow path. This facilitates the use of an advantageous class of valve as will be described

below.

According to a second aspect of the invention there is provided an apparatus for removing
a blockage from a fluid conduit or vessel, the apparatus comprising:

a first portion containing a fluid volume;

a connector for coupling the first portion to the fluid conduit or vessel;

a controllable valve disposed between the first portion and the connector;

at least one pressure sensor for measuring a pressure in the fluid conduit or vessel;

a control module for opening and closing the valve;
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and a fluid pressure regulator configured to control the fluid pressure in the first portion in
response to a signal from the pressure sensor.

Preferably the apparatus is configured to cyclically open and close the valve to transmit
pressure pulses into a fluid conduit to remove a blockage. Preferably the apparatus is
configured to measure a differential pressure, which may be a differential pressure across
the valve.

Preferably the apparatus is arranged to be coupled to a high pressure pump. Alternatively
a high pressure pump may form a part of the apparatus.

Preferably the pressure regulator comprises a pressure relief valve, which may be a
proportional pressure relief valve. The pressure regulator may therefore be capable of
balancing a reduction in the pressure differential across the controllable valve by bleeding

pressure from the low pressure side of the controllable valve.

The pressure regulator may be a two-way pressure regulator, and more preferably is
electronically controllable. The apparatus may comprise a control module for configuring
operational parameters of the apparatus. The operational parameters may be one or more
selected from the group consisting of: operating frequency; pulse width; maximum
differential pressure (dP); maximum pressure; and minimum pressure.

The apparatus may comprise a fluid return line from the fluid conduit to the first portion.
The fluid return line may comprise a second valve. Preferably the second valve is
configured for controllable transmission of fluid pressure pulses, e.g. during a bleed-down

cycle.

At least one of the valve and/or the second valve is preferably an oscillating valve, and
more preferably is a fast-acting oscillating valve. At least one is may be electronically
operable, and in one embodiment is a solenoid-actuated oscillating valve. At least one of
the valves may have an orifice in the range of 10mm to 20mm, preferably about 15mm.

At least one of the valves may have a flow rate in the range of 300 to 500 litres per minute,

preferably about 400 litres per minute.
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At least one of the valve and/or the second valve may be a hydraulically actuated valve.
The apparatus may comprise a hydraulic control system for the hydraulically actuated

valve.

Preferred or optional embodiments of the second aspect of the invention may comprise

preferred or optional features of the first aspect of the invention or vice versa.

According to a third aspect of the invention there is provided a hydrocarbon production or
transportation system comprising a fluid conduit and an apparatus for removing a blockage
from the fluid conduit coupled to the conduit, the system comprising a first portion
containing a first fluid volume;

a controllable valve disposed between the first portion and the fluid conduit;

a pressure source for providing pressurised fluid to the first portion;

a control module configured for opening and closing the valve to allow pressure pulses into
the fluid conduit;

pressure sensing means for determining a pressure differential across the controllable
valve;

and a fluid pressure regulator configured to control the fluid pressure in the first portion in
response to a signal from the pressure sensing means.

The system may comprise a dynamic pressure regulator, for example using a closed fluid
system using a two-way regulator, or may comprise a static pressure regulator, for

example using pressure relief valves.

Preferred or optional embodiments of the third aspect of the invention may comprise

preferred or optional features of the first or second aspects of the invention or vice versa.

According to a fourth aspect of the invention there is provided an apparatus for removing a
blockage from a fluid conduit or vessel, the apparatus comprising:

a first portion containing a fluid volume;

a connector for coupling the first portion to the fluid conduit or vessel;

a first controllable valve disposed between the first portion and the connector configured to
transmit positive pressure pulses in a direction from the first portion to the connector;

a fluid return line;
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a second controllable valve disposed between the first portion and the connector
configured to bleed pressure pulses in a direction from the connector to the first portion;
and a control module for opening and closing the first and second valves.

Preferred or optional embodiments of the fourth aspect of the invention may comprise

preferred or optional features of the first to third aspects of the invention or vice versa.

The invention also extends to the cleaning of the interior surfaces of pipelines, conduits, or
vessels and therefore according to further aspects of the invention there are provided a
method and apparatus of cleaning the interior surface of fluid systems comprising the

features of the first and second aspects of the invention.

According to a fifth aspect of the invention there is provided an apparatus for generating a
pressure pulse in a fluid conduit or vessel, the apparatus comprising:

a first portion containing a fluid volume;

a connector for coupling the first portion to the fluid conduit or vessel;

a controllable valve disposed between the first portion and the connector;

at least one pressure sensor for measuring a pressure in the fluid conduit or vessel;

a control module for opening and closing the valve;

and a fluid pressure regulator configured to control the fluid pressure in the first portion in
response to a signal from the pressure sensor.

Preferred or optional embodiments of the fifth aspect of the invention may comprise

preferred or optional features of the first to fourth aspects of the invention or vice versa.

According to a sixth aspect of the invention there is provided an apparatus for generating a
pressure pulse in a fluid conduit or vessel, the apparatus comprising:

a first portion containing a fluid volume;

a connector for coupling the first portion to the fluid conduit or vessel,

a first controllable valve disposed between the first portion and the connector configured to
transmit positive pressure pulses in a direction from the first portion to the connector;

a fluid return line;

a second controllable valve disposed between the first portion and the connector
configured to bleed pressure pulses in a direction from the connector to the first portion;
and a control module for opening and closing the first and second valves.

E-8



<O 0 N O O AN =

W W W W WwWwNNDN N N DN DN NN D =22 =2 a a2
A W N =, O W 0N, W N =, O W N O AN -~ O

RPP-RPT-53783, Rev. 0

WO 2011/036502 PCT/GB2010/051623

Preferred or optional embodiments of the sixth aspect of the invention may comprise
preferred or optional features of the first to fifth aspects of the invention or vice versa.

Brief Description of the Drawings

There will now be described, by way of example only, an embodiment of the invention with

reference to the drawings, of which:

Figure 1 is a process and instrumentation diagram of a system according to a first

embodiment of invention; and

Figure 2 is a process and instrumentation diagram of a system according to a first

embodiment of invention.

Detailed Description

Referring firstly to Figure 1, there is shown generally depicted at 10 a fluid system
comprising an apparatus 11 and a fluid conduit 32, which in this case is an umbilical. The
fluid conduit 32 is coupled to the apparatus 11 via a suitable interface (not shown) and an
isolation valve 30. The apparatus 11 is also connected to a fluid source 12 via a high
pressure pump 14. A particulate filter 16 is located between the pump 14 and a two-way
pressure regulator 18. The two-way pressure regulator 18 of this embodiment is a
standard pressure regulator modified so that pressure output can be controlled by a
computer or another electronic device. Suitable commercially-available examples include
the Automated Pressure Regulators sold by Advanced Pressure Products of Ithaca, New
York, United States.

A pressure accumulator 22 is connected to the pressure regulator 18 via a check valve 20.
The accumulator 22 prevents loss of amplitude during the transmission of pulses as will be
described below. Line 24 connects the accumulator 22 to a first oscillating valve 26, which
separates a first portion of the apparatus from a line 28 in fluid communication with the
conduit 32.
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The oscillating valve 26 is in this embodiment a solenoid-actuated stem valve which is
capable of rapid actuation and opening and closing at high frequencies (for example, up to
10 cycles per second). A suitable valve will have a valve orifice of around 15mm and a
flow of around 400 litres per minute. It has been found that this class of valve has
particular benefits in many blockage removal applications due to its rapid actuation and

high flow rate characteristics.

In addition, the fast actuation of the solenocid-actuated valves allows generation of well-
defined, repeatable pulses which may be useful in blockage location systems which use
transit time to estimate the location of a blockage. A pressure sensor 82 measures the
occurrence of a pressure pulse in the conduit, and transmits the measurement data to an
external module 80. Transit time between the initial pulse and the pulse reflected from the

blockage in the conduit allows calculation of the distance to the blockage.

However, one limitation of some solenocid-actuated valves is that they may not rapidly
open and close when exposed to pressure differentials in two directions. For example,
valve 26 is only capable of rapidly opening and closing when the pressure differential is in
the direction of the arrow; i.e. when the higher pressure is in the line 24. The present
embodiment therefore comprises a fluid return line 34 which joins the line 28 between the
valve 26 and the fluid conduit 32. Located in the fluid return line is a second oscillating
valve 36, of the same type as valve 26, which separates line 38 from line 34 and the
connected conduit 32. The valve 36 is arranged for fast actuation when the higher
pressure is in the line 34. This arrangement allows the benefits of the invention to be
exploited during both the pressure-up cycle and the pressure-bleed cycle (as described

below).

Located between the oscillating valve 36 and the line 42 to the pressure regulator 18 is a
controllable dump valve 40.

The apparatus 11 also includes a control unit 50 in the form of a programmable logic
controller (PLC) 50. The PLC 50 communicates with the valves 26, 36 and 40, controlling
their operation. The PLC 50 also controls the operation of the pressure regulator 18. An
external control panel 52 allows the user operation of the PLC 50. The control panel has
controls for the operating frequencies of the valve oscillators 26 and 36, the maximum
differential pressure (dP), the maximum pressure and the minimum pressure. The control
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panel also has an on/off switch, a pressure regulator override function and visual
indicators for the status of the various components of the apparatus 11.

A power distribution system 60 is provided in the apparatus 11 to receive power from an
external power supply 62 and distribute power to the pressure regulator 18, the valves 26,
36 and 40, and the PLC 50.

Pressure sensor 23 measures the pressure P1 in the first portion of the apparatus
between the accumulator 22 and the valve 26. Similarly, pressure sensor 29 measures
the pressure P2 in the line between the valve 26 and the fluid conduit (i.e. the fluid conduit
pressure), and pressure sensor 44 measures the pressure P4 in the line in the return line
42. Each pressure sensor provides a measurement signal to the PLC 50. Optionally an
additional pressure sensor 37 is provided to measure the pressure in between the valve 36

and the dump valve 40 and provide a signal to the PLC 50.

Operation of the system 10 will now be described. In an initial configuration the valve
oscillators 26 and 36 will normally be closed. The two-way regulator 18 is fully open. The
operator enters the settings via the control panel 52, which include the operating
frequencies of the valve oscillators 26 and 36, the maximum differential pressure (dP), the
maximum pressure and the minimum pressure.

To begin unblocking the conduit 32, the pump 14 is activated to pump fluid from the fluid
tank 12 through the apparatus 11. The oscillator valve 26 remains closed, and pressure
sensor P2 takes a pressure measurement in line 28 (which is open to the conduit 32). The
PLC 50 reads the pressure signal and adjusts the two way regulator 18 to increase the
pressure at P1 in line 24 to a value within a pre-determined range (for example plus or
minus 5%) of the preset value of P2 + dP. When the value of P1 is reached, the PLC 50
commands the oscillator valve 26 to cyclically open and close at its preset frequency.
Positive pressure pulses are therefore transmitted into the conduit 32 to begin to remove
the blockage. Transmission of pressure pulses increases the pressure P2,

During the transmission of pulses, the two-way regulator is automatically adjusted by the
PLC 80 to maintain the pressure P1 in the line 24 within the required range of P2 + dP. If
P1 falls outside of a predetermined range (for example by 10%) of P2 + dP during this
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operation then valve oscillator 26 is automatically closed. When the pressure P1 comes
back within the required range of P2 + dP the oscillator valve 26 recommences cycling.

When the pressure P2 in the fluid conduit reaches the preset maximum, the bleed-down
cycle commences. Valve oscillator 26 is held in the open position so that pressure is not
trapped in the accumulator 22 and the whole system 10 can be bled down. Valve
oscillator 36 is closed, dump valve 40 is opened, and pressure P4 in line 42 is built up by
the pressure regulator 18 Optional pressure sensor 37 may read the pressure P3
throughout the pressure build up operation to ensure there has been no bypass.

When pressure P4 in line 42 is adjusted by the pressure regulator 18 to a value within a
preset range (for example 10% below the set value) of P2 — dP, the valve oscillator 36 is
activated to allow pressure to be bled from the fluid conduit 32 in a controlled manner.
Negative pressure pulses are therefore transmitted into the conduit 32, which increases
the pressure P4 and decreases the pressure P2. During the transmission of pulses, the
two-way regulator 18 is automatically adjusted by the PLC 50 to maintain the pressure P4
in line 42 within the required range of P2 - dP.

If P4 falls outside of a predetermined range (for example 10% below the set value) of P2 -
dP during this operation then valve oscillator 26 is automatically closed. When the
pressure P1 comes back within the required range of P2 + dP the oscillator valve 36

recommences cycling.

When the minimum pressure is reached in the fluid conduit 32, the oscillator valves 26, 36
and the dump valve 40 are closed. The two-way regulator 18 increases pressure P1 until

it is in within the required range of P2 + dP and the process is repeated.

The described embodiment allows the generation of pressure pulses of known amplitude
throughout the pressure-up and bleed-down cycles, in contrast to the prior art proposals
which do not adequately address the issues of compensating for pressure changes which
result from the transmission of pulses. Providing amplitude control allows the parameters
of the system to be set closer to the acceptable limits of the fluid conduit, with a higher
level of confidence that the conduit 32 will not be damaged. Ultimately this provides a

greater range of operating parameters than those available in the prior art.
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The use of solenoid-actuated valves provides the advantages of quick actuation and
automated operation. This facilitates operation at high frequencies without reliance on
human operators to manually open and close the valves. The choice of valves has the
additional benefit of producing well-defined, repeatable pulses which may be detected in or

near the fluid conduit to locate the blockage.

In certain applications, it may be desirable to use an alternative system configuration with
different valve, actuation, and/or pressure regulation components. Figure 2 is an example
of a system which is particularly suited for use with larger bore pipeline systems (for
example inner diameters in the range of around 4 to 10 inches (about 100 to 2560mm)),
and represents a preferred embodiment of the invention. The system, generally shown at
100, is similar to the system 10 and will be understood from Figure 1 and the
accompanying text. However, the system 100 differs in its configuration and selection of

valve and pressure regulation components as will be described below.

The system 100 comprises an apparatus 111 coupled to a fluid conduit 132 via a suitable
interface (not shown) and an isolation valve (not shown). A control system 150 in the form
of a programmable logic controller (PLC) communicates with the apparatus 111 to set the
parameters of operation and to control actuation of the valves of the apparatus. An
external control panel (not shown) provides a user interface for the control system 150,
and has controls for operating the frequencies of the valve oscillations, the maximum
pressure differential in the system, as well as the maximum pressure and the minimum
pressure in the system. The control panel also have an on/off switch, a pressure regulator
override function, and visual indicators for the status of the various components of the

system 100.

A fluid inlet 102 is connected to a fluid source (such as a tank) via a high pressure pump
(not shown) and delivers fluid into the apparatus 111 via a particulate filter 104. An inlet
pressure regulator 106 controls the pressure fluid delivered to the accumulator 108 via
check valve 107, with excess fluid (over a predetermined pressure) diverted to a return line
110 via conduit 112. Therefore the inlet pressure regulator 106 delivers fluid to the

accumulator 108 at a predetermined rate, set via the control system 150.

The pressure accumulator 108 prevents loss of amplitude during the transmission of
pulses, as is described in relation to the embodiment of Figure 1. Pressure within the
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accumulator is controlled by a pressure relief valve 114 disposed between the accumulator
108 and the return line 110. The pressure relief valve is an oil hydraulically operated
proportional pressure relief valve, designed to be capable of operating at a pressure of 500
bar (50 MPa), and a flow area diameter of up to 40 millimetres. An example of a suitable

valve is the DN40 PN500 pressure relief valve available from HL Hydraulik GmbH.

The apparatus 111 is also provided with an emergency pressure relief line 116 which
bypasses the pressure relief valve 114 and includes an emergency stop actuation which

bleeds all pressure in the accumulator to the return line 110.

The apparatus 111 comprises a first oscillating valve 120 which is hydraulically actuated
from the control system 150. The oscillating valve 130 is a pilot operated check valve
designed to be capable of operating at a pressure of 500 bar (50 MPa) and a flow rate of
500 litres per minute. An example of a suitable valve is the pilot operated check valve
DN40 PN500 available from HL Hydraulik GmbH. Actuation of the valve 130 allows a
controlled pulse or series of pulses to be input into fluid conduit 132 in a similar manner to
the system 10 of Figure 1.

The apparatus also includes a second oscillating valve 140 which is actuated by the
control system 150. The valve 140 is a two-way hydraulic directional valve which can be
piloted to open or close from an external oil hydraulic line. An example of a suitable valve
is the two-way hydraulic directional valve DN40 PN500 available from HL Hydraulik
GmbH. In the pressure up cycle, the valve 140 is preferably in an open position, but it
functions to operate cyclically in a pressure bleed cycle of the apparatus (analogous to the
valves 26 and 36 of the system 10). The valve 140 is disposed between the fluid conduit
132 and the return line 110, to allow return flow of fluid to the line 110 via a controllable
pressure relief valve 142.

Pressure sensor 123 measures the pressure P1 in the apparatus between the accumulator
106 and the valve 130 and provides a signal to the control system 150. Similarly, pressure
sensor 129 measures the pressure P2 in the line between the valve 130 and the fluid
conduit 132 (i.e. the fluid conduit pressure), and pressure sensor 137 measures the
pressure P3 between the valve 140 and the pressure relief valve 142, both providing

signals to the control system 150.
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The control system 150 actuates the valves 130, 140, 114, 142 via oil filled hydraulic lines
113 (only some of which are shown for clarity). In this embodiment, the pilot medium in
the lines 113 has an operating pressure sufficiently high to allow rapid actuation of the
valves. In particular, preferred embodiments of the invention are configured to operate the
oscillating valves 130, 140 at pulse frequencies of greater than 1Hz. To facilitate this, the
pilot medium pressure in lines 113 is greater than 20 MPa (and typically around 30 MPa)
in this embodiment of the invention. With the valve components selected, pulse
frequencies of 1 to 10Hz are contemplated by the invention.

Operation of the system 100 is similar to operation of the system 10. In an initial
configuration the valve oscillator 130 will normally be closed, and valve 140 will be in its
open position. The operator enters the settings in the control system 150, which include
the operating frequencies of the valve oscillators 130 and 140, the maximum differential
pressure (dP), the maximum pressure and the minimum pressure. |t should be noted that
the maximum pressure in the line can be controlled by the pressure relief valve 142, which
is exposed to fluid conduit 132. To begin unblocking the conduit 132, the pump (not
shown) is activated to pump fluid from a fluid tank through the inlet regulator 106 and the
check valve 107 of the accumulator 108. The oscillator valve 130 remains closed, and
pressure sensor P2 takes a pressure measurement in the conduit 132). The control
system 150 reads the pressure signal and adjusts the pressure relief valve 114 to control
the pressure at P1 to a value within a pre-determined range (for example plus or minus
5%) of a preset value of P2 + dP. When the desired value of P1 is reached, the control
system 150 commands the oscillator valve 130 to cyclically open and close at its preset
frequency (for example 3 Hz). Positive pressure pulses are therefore transmitted into the
conduit 132 to begin to remove the blockage. Transmission of pressure pulses increases
the pressure P2, and therefore during the transmission of pulses, the valve 114 is
automatically adjusted by the control system 150 to maintain the pressure P1 within the
required range of P2 + dP.

When the pressure P2 in the fluid conduit reaches a preset maximum, the bleed-down
cycle commences. Valve 130 is closed and optionally pressure is bled from the
accumulator to return line 110. Pressure at P3 is initially equalised to the pressure P2 in
the fluid conduit, before the valve 140 is closed. The pressure relief valve 142 bleeds
pressure from P3 until the differential pressure across valve 140 (i.e. P2 — P3) is at the
desired level. The valve 140 can then be actuated to open and close at its desired
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frequency (for example 3 Hz), which generates negative pressure pulses in the fluid
conduit 132 as pressure is bled from the conduit 132. This has the effect of increasing the
pressure P3 and decreasing the pressure P2. During the transmission of pulses, the
pressure relief valve 142 is automatically adjusted by the control system 150 to maintain
the pressure P3 within the required range of P2 - dP. When the minimum pressure is

reached in the fluid conduit 132, the process can be repeated.

The use of proportional pressure relief valves to control the pressure regulation
advantageously allows a mode of operation in which the pressure differential is regulated
during a pulse series. For example, the increase in pressure P3 during a pressure down
cycle may be balanced by the proportional pressure relief valve, which is open sufficiently
to bleed pressure to maintain the pressure differential within a desired range.
Alternatively, the pressure relief valve can be operated after one pulses or a series of

pulses to reset the pressure differential before the next pulse or pulses are generated.

The system 100 provides similar advantages as the system 10, principally by allowing the
generation of pressure pulses of known amplitude throughout the pressure-up and bleed-
down cycles. Providing amplitude control allows the parameters of the system to be set
closer to the acceptable limits of the fluid conduit, with a higher level of confidence that the
conduit 132 will not be damaged. The valve components and pressure regulation
components of are particularly suited to conduits with inner diameters of around 2 to 12
inches (about 50 to 300 mm) and find particular commercial application in conduits of 2 to
12 inches (about 100 to 250 mm). The use of hydraulically-actuated valves with pilot
medium pressures of greater than 20 MPa (and preferably around 30Mpa) provides the
advantages of quick actuation and automated operation. This facilitates operation at high
frequencies without reliance on human operators to manually open and close the valves.
The choice of valves has the additional benefit of producing well-defined, repeatable
pulses which may be detected in or near the fluid conduit to locate the blockage using
known transit time techniques.

The invention provides a method and apparatus for removing a blockage from a fluid
conduit. An apparatus comprises a first portion containing a fluid volume separated from
the fluid conduit via a controllable valve. The valve is cyclically opened and closed such

that a pressure differential between the first portion and the fluid conduit causes a series of
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pressure pulses in the fluid conduit. The pressure differential is regulated to control the
amplitude of the pressure pulses of the series.

Variations to the described embodiments may be made within the scope of the invention.
In particular, it will be appreciated that components of the systems 10 and 100 may be
interchanged with one another in alternative embodiments of the invention, and that
combinations of features other than those expressly claimed are within the scope of the

invention.
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Claims

A method for removing a blockage from a fluid conduit, the method comprising:
providing an apparatus comprising a first portion containing a fluid volume separated
from the fluid conduit via a controllable valve;

cyclically opening and closing the controllable valve such that a pressure differential
between the first portion and the fluid conduit causes a series of pressure pulses in
the fluid conduit;

regulating the pressure differential to control the amplitude of the pressure pulses of
the series.

The method as claimed in claim 1 comprising regulating the pressure of the fluid
volume in the first portion so that it is greater than the pressure in the fluid conduit;

and transmitting positive pressure pulses to the fluid conduit.

The method as claimed in claim 1 or claim 2 comprising regulating the pressure of
the fluid volume in the first portion so that it is less than the pressure in the fluid
conduit; and transmitting negative pressure pulses to the conduit.

The method as claimed in claim 3 comprising transmitting a series of positive
pressure pulses into the system during a pressuring up cycle and transmitting a
series of negative pressure pulses during a pressure bleeding cycle.

The method as claimed in any preceding claim comprising maintaining the pressure

differential within preferred predetermined range.

The method as claimed in any preceding claim comprising measuring fluid pressure
in the fluid conduit.

The method as claimed in claim 6 comprising measuring an average pressure in the

fluid conduit over a period of at least one pulse cycle.
The method as claimed in claim 6 or claim 7 comprising measuring a first fluid

pressure in the first portion, and calculating the pressure differential from the first

fluid pressure and the fluid pressure in the fluid conduit.
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The method as claimed in any of claims 6 to 8 wherein the first and/or second fluid

pressure measurements are communicated to a control module.

The method as claimed in any preceding claim comprising controllably operating the

valve by a control module.

The method as claimed in any preceding claim comprising directing fluid through a
second controllable valve by cyclically opening and closing the second controllable

valve.

The method as claimed in claim 11 wherein the second controllable valve is located
on a fluid return line.

Apparatus for removing a blockage from a fluid conduit or vessel, the apparatus
comprising: a first portion containing a fluid volume; a connector for coupling the first
portion to the fluid conduit or vessel; a controllable valve disposed between the first
portion and the connector;

at least one pressure sensor for measuring a pressure in the fluid conduit or vessel;
a control module for opening and closing the valve;

and a fluid pressure regulator configured to control the fluid pressure in the first

portion in response to a signal from the pressure sensor.

The apparatus as claimed in claim 13 configured to cyclically open and close the
valve to transmit pressure pulses into a fluid conduit to remove a blockage.

The apparatus as claimed in claim 13 or claim 14 configured to measure a
differential pressure, which may be a differential pressure across the valve.

The apparatus as claimed in any of claims 13 to 15, wherein the pressure regulator

comprises a pressure relief valve.

The apparatus as claimed in any of claims 13 to 16, wherein the pressure regulator

comprises a two-way pressure regulator.
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The apparatus as claimed in any of claims 13 to 17, wherein the pressure regulator
is electronically controllable.

The apparatus as claimed in any of claims 13 to 18, comprising a control module for
configuring operational parameters of the apparatus selected from the group
consisting of: operating frequency; pulse width; maximum differential pressure (dP);

maximum pressure; and minimum pressure.

The apparatus as claimed in any of claims 13 to 19, comprising a fluid return line
from the fluid conduit.

The apparatus as claimed in claim 20, comprising a second valve disposed between
the fluid conduit and the fluid return line.

The apparatus as claimed in claim 21, wherein the second valve is configured for

controllable transmission of fluid pressure pulses.

The apparatus as claimed in claim 21 or claim 22, comprising means for regulating a

pressure differential across the second valve.

The apparatus as claimed in any of claims 13 to 23, wherein at least one of the valve
and/or the second valve is an oscillating valve.

The apparatus as claimed in claim 24, wherein at least one of the valve and/or the

second valve is hydraulically operable.

The apparatus as claimed in claim 25, wherein the hydraulically operable valve is
actuable by a hydraulic line at a pressure in excess of 20 Mpa.

The apparatus as claimed in any of claims 24 to 26, wherein least one of the valve

and/or the second valve is electronically operable.

A hydrocarbon production or transportation system comprising a fluid conduit and an
apparatus for removing a blockage from the fluid conduit coupled to the conduit, the
system comprising a first portion containing a first fluid volume;
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a controllable valve disposed between the first portion and the fluid conduit;

a pressure source for providing pressurised fluid to the first portion;

a control module configured for opening and closing the valve to allow pressure
pulses into the fluid conduit;

pressure sensing means for determining a pressure differential across the
controllable valve;

and a fluid pressure regulator configured to control the fluid pressure in the first

portion in response to a signal from the pressure sensing means.
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From: Kraemer, Kyle E

Sent: Friday, October 19, 2012 2:51 PM

To: Garfield, John S

Cc: Whitcomb, Jeremy ]

Subject: RE: Diluent and Flush Building Costs

John,

The following are the baseline values we have for the AY/AZ Diluent Flush Building (NOTE: All are fully
burdened cost and include WRPS field labor support):
- Retaining Wall/Stairs/Slab (5474K)
- Procure 17,500 gal tank ($211K)
- Procure/Install Mechanical ($1,457K)
- Procure/Install Electrical/Instrumentation ($576K)
- Procure In-Line Heaters ($446K)
- Fabricate/Install Building Structure (5201K) NOTE: The current design/estimate is only for a
roof structure, not a full building.
- Mechanical Testing ($159K)
- Electrical Testing (562K)
TOTAL ($3,586K)

Let me know if you need anything else.

Thanks.

Kyle Kraemer
Project Controls

Tank Farm Projects
BNL Tech
Subcontractor to WRPS
Contractor to US DOE
373-4845

2752E/D109
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From: Brooks Bradford, Jr. [mailto:Brooks@aimmtechnologies.com]
Sent: Friday, December 14, 2012 11:38 AM

To: John Garfield

Subject: RE: Follow up Questions about the Hydrokinetics System

Ok thanks.

From: John Garfield [mailto:jgarfield@aemconsultinglic.com]
Sent: Friday, December 14, 2012 1:37 PM

To: Brooks Bradford, Jr.
Subject: RE: Follow up Questions about the Hydrokinetics System

The document will be distributed internally within our own company, to the Richland office of DOE, and possible to
Dwayne McDaneil at FIU.
As a publically released document anyone can request it through freedom of information.

John S. Garfield

AEM Consulting, LLC

1201 Jadwin Ave., Ste. 203

Richland, WA 99352

Office: 509.946.3685

Cell: 509.308.6873

Email: jgarfield@aemconsultingllc.com

From: Brooks Bradford, Jr. [mailto:Brooks@aimmtechnologies.com]
Sent: Friday, December 14, 2012 11:28 AM

To: John Garfield
Subject: RE: Follow up Questions about the Hydrokinetics System

Yes | approve.

Who is this document being sent to?
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"From: John Garfield [mailto:jgarfield@ ingllc.
Sent: Friday, December 14, 2012 1:27 PM

To: Brooks Bradford, Ir.
Subject: RE: Follow up Questions about the Hydrokinetics System

Hi Brooks,
Thanks for your response. Can | assume that our use of the picture and narrative description in the document
has your approval from an NDA standpoint?

Please let me know.
Thanks,

John S. Garfield

AEM Consulting, LLC

1201 Jadwin Ave., Ste. 203

Richland, WA 99352

Office: 509.946.3685

Cell: 509.308.6873

Email: jgarfield@aemconsultingllc.com

From: Brooks Bradford, Jr. [mailto:Brooks@aimmtechnologies.com]
Sent: Wednesday, December 12, 2012 9:34 AM

To: John Garfield

Subject: RE: Follow up Questions about the Hydrokinetics System

Sorry for the delay — year end is always fun.
Just reviewed the document — everything looks good.

Brooks Bradford, Jr.

From: John Garfield [mailto:jgarfield @aemconsultinallc.com]
Sent: Wednesday, December 12, 2012 11:29 AM

To: Brooks Bradford, r.

Subject: RE: Follow up Questions about the Hydrokinetics System

Hi Brooks,
We trying to issue our document for public release and | need your agreement that there is no violation of our
NDA regarding the pictures Anton sent us and the narrative of the operating approach attached.

An email granting that permission is probably sufficient.
Thanks 509-308-6873

John S, Garfield

AEM Consulting, LLC

1201 Jadwin Ave., Ste. 203

Richland, WA 99352

Office: 509.946.3685

Cell: 509.308.6873

Email: jgarfield@aemconsultinglic.com
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From: Brooks Bradford, Ir. [mailto:Brooks@aimmtechnologies.com]
Sent: Friday, November 16, 2012 9:18 AM

To: John Garfield

Subject: RE: Follow up Questions about the Hydrokinetics System

John -
Here are the answers top your questions.

Thanks,
Brooks

1. Can we receive a process flow diagram, and equipment list for the hydrokinetics system?

a. Attached

2. As mentioned before there are expansion joints every 600 ft (see attached illustrations) within
the cross site transfer pipelines in our application, and these lines can reach 29000 ft
long. Would the pressures pulsation be attenuated by expansion joints? Would the expansion
joint cause undesirable line vibration and/or harmonic oscillation that would damage the pipeline?
(Similar to a water hammer phenomena) How do you manage these issues?

a. I did not see the illustrations, but we have never had any issues with expansion joints, nor
have we seen any pressure spikes at these locations.

3. What is the standard offering and cost? Need a basis to understand the modifications for our
application. Also, what is the cost to purchase the system since the system may be radioactively
contaminated?

B Typically we charge by the shift - between $8,000 and $20,000 depending on the
application. We have only sold our equipment once in the history of the company and that was
an exception for a client we had a very long relationship with. We sold the entire package
(Hydrokinetic equipment, hydroblast pump, hoses, accessories, etc) for $512,000.

4. How is the air removed from the line to get the pressure pulse in contact with the plug after the
line is drained.?

a. This is on a case by case basis. The best method for us is when the line is full of liquid. If
it has been previously drained, we can place a vacuum on the line, or strategically full the
line to reduce the amount of air in the line.
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5. What is a typical length of operation to successfully remove a blockage? For example a blockage
caused by A) a viscous material such as a clay paste, B) a hardened material such as cement, C)
settled denser particles, or D) crystallized salts.

a. Length that we can clean is determined by a few factors (overall length of the line,
diameter, material type, and length of the plug). The easiest material for us to remove is
any type of plastic polymer / compound: while the hardest is something like fully packed
sand. Between those we typically can get communication 90%+ of the time. On more dense
materials, we must increase our pumping power, and in long blockage applications we will
need to make sure we have volume and pressure to move the material - all while keeping
within the pressure range of the pipe.

6. With the pressure limitations in our application, can the system reach above the cavitation
threshold at either 275 psi or 400 psi? How about reaching above cavitation at approximately
1500 psi: the pipe rating for the longest route is schedule 40 stainless steel at 200F?

a. What is the OD / ID of the line? 400 PSI is at the bottom end of the pressures we work
with - 1500 PSI would be ideal.

7. How do you determine the cavitation threshold? Do you monitor the acoustics (Pulse echo),
monitor the line vibration, or by calculation?

a. Typically we just used the pressure readings. We have in the past attached different
type of recording devices to the process for monitoring, but it is a rare occurrence for
us. We can discuss what you would like to see.

8. How do you base the pulse amplitude and the overall Hydrokinetics operating pressure for both
fluid and pulse pressure (Psuig*DPpuise). Would an increase in pulse amplitude within the limits of
the operating pressure (275-400) help removing the blockage?

a. Anincrease is amplitude would help at lower pressures, but we have never experimented
with this to make it effective on a routine basis.

9. It seems in testing at FIU, the frequency of pulsation was manually determined by an operator
pushing on the switches on the control panel. Can the frequency of pulsation be automated?

a. Yes - we have had an automated unit, but was much slower so we set that unit aside.

What is the desired frequency range?
® T will need to look into that.
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It was stated in a report by Oak Ridge National Lab (attached the PDF file) that pulse
frequencies as high as 11,250 vibrations per minute (~190 Hz) could be achieved. Were these
high frequencies reached using automated actuating valves?

B This was before my time when the inventor of the process (Ralph Garcia) was doing R and D
work. Let me look up that report on how that was achieved.

What are your thoughts about using pressure pulsation at both ends of plugged line to create
asynchronous pulsing? The FIU has done some recent work in pulsing from both ends of a plugged pipe
where Pressure pulses are created asynchronously in order to break the mechanical bonds between the
blockage and the pipe walls as a result of the two-way wave action.
B We have never attempted this, so | cannot speak to how well it would work. Typically we want the opposite
end open, so the blockage and release down the line.

As | have stated before, our core business is in petrochemical and refining application. These applications do not require
the scientific research and backing; therefore we have not performed / documented controlled experiments and

testing. The main bulk of our testing happened about 10 years ago and was managed by Ralph Garcia, who has since
passed away.

Please let me know if you have any additional questions.

Brooks Bradford, Jr.

From: John Garfield [mailto:joarfield@aemconsultingllc.com]
Sent: Thursday, November 08, 2012 12:43 PM

To: Brooks Bradford, Jr.; Antone Belcher
Cc: 'Gita Golcar'; Gary Dunford
Subject: RE: Follow up Questions about the Hydrokinetics System

Hi Brooks,

Attached is the signed non-disclosure agreement. We would like you to review the document for any
sensitivities at the draft and final stages.
I've included the original list of questions below... some of which Antone has already addressed. We are primarily
interested in the additional pictures for the report, flow diagram or P&ID for your standard setup (pumps, valves, tanks,
control system, etc.), equipment list, specs on some of the key equipment items and an estimate to procure the

equipment, cover the cost of a typical unplugging event by your staff, and perhaps a number for training our staff to use
the equipment.

A phone conversation would be a great starting point. Please suggest a time that is good on your end.

Thanks,

1. Can we receive a process flow diagram, and equipment list for the hydrokinetics system?

G-5
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. As mentioned before there are expansion joints every 600 ft (see attached illustrations) within
the cross site transfer pipelines in our application, and these lines can reach 29000 ft

long. Would the pressures pulsation be attenuated by expansion joints? Would the expansion
joint cause undesirable line vibration and/or harmonic oscillation that would damage the pipeline?
(Similar to a water hammer phenomena) How do you manage these issues?

. What is the standard offering and cost? Need a basis to understand the modifications for our
application. Also, what is the cost to purchase the system since the system may be radicactively
contaminated?

. How is the air removed from the line to get the pressure pulse in contact with the plug after the
line is drained.?

. What is a typical length of operation to successfully remove a blockage? For example a blockage
caused by A) a viscous material such as a clay paste, B) a hardened material such as cement, C)
settled denser particles, or D) crystallized salts.

. With the pressure limitations in our application, can the system reach above the cavitation
threshold at either 275 psi or 400 psi? How about reaching above cavitation at approximately
1500 psi: the pipe rating for the longest route is schedule 40 stainless steel at 200F?

. How do you determine the cavitation threshold? Do you monitor the acoustics (Pulse echo),
monitor the line vibration, or by calculation?

How do you base the pulse amplitude and the overall Hydrokinetics operating pressure for both
fluid and pulse pressure (Psuig*DPpuse). Would an increase in pulse amplitude within the limits of
the operating pressure (275-400) help removing the blockage?

. It seems in testing at FIU, the frequency of pulsation was manually determined by an operator
pushing on the switches on the control panel. Can the frequency of pulsation be automated? What
is the desired frequency range? It was stated in a report by Oak Ridge National Lab (attached
the PDF file) that pulse frequencies as high as 11,250 vibrations per minute (~190 Hz) could be
achieved. Were these high frequencies reached using automated actuating valves?
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What are your thoughts about using pressure pulsation at both ends of plugged line to create
asynchronous pulsing? The FIU has done some recent work in pulsing from both ends of a plugged pipe
where Pressure pulses are created asynchronously in order to break the mechanical bonds between the
blockage and the pipe walls as a result of the two-way wave action.

John S. Garfield

AEM Consulting, LLC

1201 Jadwin Ave., Ste. 203

Richland, WA 99352

Office: 509.946.3685

Cell: 509.308.6873

Email: jgarfield@aemconsultinglic.com

From: Antone Belcher [mailto:belcher@aimmtechnologies.com]
Sent: Thursday, November 01, 2012 9:10 AM

To: Gita Golcar; John Garfield'

Cc: Brooks Bradford, Ir.

Subject: RE: Follow up Questions about the Hydrokinetics System

Gita and John,

Please read the attached Non-Disclosure/Non-Compete Agreement - if in agreement, please
print — sign and return back to AIMM.

1 will be available to discuss our cleaning method today on or around 4pm (CST) - 2pm your
time.

Good Day,

Antone Belcher

AIMM Technologies, Inc.
409-945-5414 Phone
409-945-6022 Fax

WWW.ai chnologie
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