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DISCLAIMER

“This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States government nor any agency thereof, nor any of their employees,
makes any warranty, expressed or implied, or assumes any legd liability or responshility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
presents that its use would not infringe privately owned rights. Reference herein to any specific
commercia product, process, or service by trade name, trademark, manufacturer, or otherwise does
not necessarily condtitute or imply its endorsement, recommendation, or favoring by the United States
Government or agency thereof. The views and opinions of authors expressed herein do not necessarily
date or reflect those of the United States Government or any agency thereof.”
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ABSTRACT

This Summary Report summarizes the progress of Phases 3, 3A and 4 of awaste technology
Demondtration Project sponsored under a DOE Environmenta Management Research and
Development Program and administered by the U.S. Department of Energy National Energy
Technology Laboratory-Morgantown (DOE-NETL) for an “Innovetive Foss| Fud Fired Vitrification
Technology for Soil Remediation.” The Summary Reports for Phases 1 and 2 of the Program were
previoudy submitted to DOE. Thetota scope of Phase 3 was to have included the design, congtruction
and demondtration of Vortec' sintegrated waste pretreatment and vitrification process for the treatment
of low leved wagte (LLW), TSCA/LLW and mixed low-level waste (MLLW). Dueto funding
limitations and delays in the project resulting from alaw suit filed by an environmentd activist and the
extended time for DOE to complete an Environmental Assessment for the project, the scope of the
project was reduced to completing the design, construction and testing of the front end of the process
which consigts of the Materid Handling and Waste Conditioning (MH/C) Subsystem of the vitrification
plant.

Activities completed under Phases 3A and 4 addressed completion of the engineering, design and
documentation of the Materia Handling and Conditioning System such that find procurement of the
remaining process assemblies can be completed and congtruction of a Limited Demonstration Project
be initiated in the event DOE dects to proceed with the construction and demonstration testing of the
MH/C Subsystem.
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1.0 INTRODUCTION

The Department of Energy has been supporting technology developmentsto alow its god to clean up
its nuclear complex by the year 2019. Achievement of this god requires the development of innovative
technologies that can convert contaminated soils and other wastes containing hazardous and/or
radioactive materias into forms that can be safely and readily disposed in accordance with current
waste disposa methods.

Drummed wastes can be particularly problematic for trestment and/or disposa because they are
typicaly heterogeneous in nature and the trestment methods must accommodate handling and disposal

of the drum containers as well as trestment of the waste contained within the drum. Previous technology
development efforts have focused on trestment methods which process waste with minimal conditioning
or pre-treatment. However, the operational problems that have evolved as aresult of processing
heterogeneous wastes have produced some significant system failures and accidents. Significant cost
savings in terms of sampling, characterization, handling, transport and disposal can aso accrue to waste
that are pretreated prior to digposa, even if treatment is not specificaly required for disposal.

Vortec Corporation has been devel oping technologies for DOE applications that both condition waste
for efficient waste trestment as well as chemicdly stabilize the conditioned waste for find, safe, long-

term disposal.

This Summary Report summarizes the progress of Phases 3 and 4 of awaste technology Demonstration
Project sponsored under a DOE Environmental Management Research and Development Program and
administered by the U.S. Department of Energy Nationa Energy Technology Laboratory-Morgantown
(DOE-NETL) for an “Innovative Foss| Fue Fired Vitrification Technology for Soil Remediation.”
Summary Reports for Phases 1 and 2 of the Program were previoudy submitted to DOE. The tota
scope of Phase 3 was to have included the design, construction and demonstration of Vortec's
integrated waste pretreatment and vitrification process for the treatment of low level waste (LLW),
TSCA/LLW and mixed low-level waste (MLLW). Due to funding limitations and delaysin the project
resulting from alaw it filed by an environmenta activist and the extended time for DOE to complete
an Environmental Assessment for the project, the scope of the project was reduced to completing the
design, congruction and testing of the front end of the process which conssts of the Materid Handling
and Waste Conditioning (MH/C) Subsystem of the vitrification plant.

Activities under Phase 4 focused on completing the design and documentation of the MH/C Subsystem
such that final procurement of process assemblies can be completed in the event DOE el ects to proceed
with the congtruction and demongtration testing of the MH/C Subsystem. The current tasks for Phase 4
indude:

Task 4.1 — Ste Commitment Agreement
The contractor is responsible for establishing and documenting a Site commitment agreement for the
demondtration and long-term use of the technology.
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Task 4.2 — Test Plan Development
The contractor shdl develop atest plant that will detail the start-up and shakedown testing and
continuous operation testing segments of the soil preparation and conditioning subsystems.

Task 4.3 — Operationa Plan
The contractor shal update the design criteria for the soil preparation and conditioning subsystems and
document the information in the operationd plan in accordance with DOE Order 5480.19.

Task 4.4 — Find Subsystems Design
The contractor shal complete adetailed fina design of the coil preparation and conditioning subsystems
basaed on the preliminary design andyss.

Task 4.5 — Qudity Assurance Plan
The contractor shal be responsible for completing the quality assurance plan for the design,
procurement and ingtdlation of the soil preparation and conditioning subsystems.

Task 4.6 — Facility Digpogtion
The contractor shdl be respongible for maintaining the exigting equipment from the full-scale
demondtration located at the Paducah Gaseous Diffusion plant and at VVortec' s pilot plant facility.

Optiond tasks under the contract to complete the construction of the demongtration facility and to
perform limited demongtration testing may be performed in the future at the option of DOE. The limited
demongtration phase of the project is defined as*“Phase 4” of the project and islimited to the design,
condruction and testing of the Materia Handling and Conditioning portion of the integrated waste
pretrestment and vitrification plant. In designing the MH/C Systemn, maximum use was made, to the
extent practical, of equipment that had been previoudy purchased under Phase 3 of the project. The
detalled Phase 4 design for the limited demonstration project was developed for specific site conditions
at the DOE Gaseous Diffuson Plant located near Paducah, Kentucky. The process, however, is
transportable and can, with modifications for site-specific requirements, be used at other DOE fadilities.
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20 EXECUTIVE SUMMARY
2.1 OVERVIEW

To accomplish its waste remediation and management missions, the Department of Energy has been
evauating and supporting the development of various technologies. Vitrification and other therma
trestment technologies are being extensvely evauated because of their ability to process awide variety
of organic, heavy metal and radio-nuclide contaminated wastes. The Vortec Cyclone Mdting System
(CMS®) vitrification process has the advantage of being very robust with regard to the wastes that can
be effectively processed and the spectrum of fina glass compositions that can be produced.

Table 2.1-1 summarizes the waste generated annudly, stored, and buried at DOE stes that have the
potential of being processed using the Vortec CMS®O technology. These wastes are classified as
Low-level, Mixed low-level and TRU waste (TRU must be capable of being contact handle). These
waste streams can be processed by the Vortec CMS® at costs lower than the cost of the aternatives
being consdered by DOE (Report INEL-95/0129, “Integrated Thermd Treatment System Study”).
The principa reason for this reduced cogt is reated to the CMS®’s ahility to handle avariety of LLW
and MLLW waste streams smultaneoudy. At Paducah for ingtance, the LLW is the principle agent for
glass forming congtituents and combines the processing of LLW and MLLW into the same operation.

Table 2.1-1 Summary of Generated, Stored and Buried Wastes (meters®) at DOE Sites That
Have the Potential of Being Processed by the CM S® Technology?

Generated Annually Previously Stored Previously Buried
Low-leve 29,199 245,775 3,152,456
Mixed Low-level 7,959 34,259 3,011,459
TRU 1,288 73,537 140,997
Total 38,446 353,571 6,304,912

Reference 2: DOE/RW-0006, Rev 12, “ Integrated Data Base Report -1995”

Significant cogt savings can accrue the U.S. Government through the implementation of the pretrestment
and vitrification technologies under development. Based on andysis of the waste management tasks
currently practiced by DOE (i.e., waste supervison/maintenance, sampling, characterization, handling,
treatment, transport and disposd), it is estimated that implementation of these technologies could result
in DOE waste management savings in the range of hundreds of millions of dollars. The wastes at
Paducah aone include more than 50,000 drums of legacy waste and more than 250,000 cubic meters
of remediation wastes which need to be treated and/or disposed.

This report summarizes the progress being made in Phases 3 and 4 of the demondtration of awaste
pretreatment and vitrification plant usng Vortec's CMS®™ technology at the Paducah Gaseous
Diffuson Plant (PGDP). Successful implementation of the waste pretreatment

and/or CMS® technologieswill sgnificantly increase the rate a which LLW and MLLW waste can be
processed. Thisincreased rate will trandate into reduced clean-up coststo DOE. The Paducah
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Gaseous Diffuson Plant (PGDP) was sdlected for this demondtration because of its expressed interest in
the technol ogy, the impact the demongtration will have on the remediation effort at the Ste, and the Ste's
willingness to participate in the financid support of the project. This DOE vitrification demondiration
project has progressed through the detailed design and procurement of portions of the
pretreatment/vitrification plant.

Phase 1 consisted of pilot scale testing with surrogate wastes and the conceptua design of a process
plant for a generic DOE waste stream.

The objective of Phase 2 was to develop a process plant design for the treatment of wastes a a specific
DOE facility, namely, PGDP. During Phase 2, a Ste specific conceptua design was developed for the
processing of LLW soils and mud containing TSCA organics and RCRA meta contaminants.
Vitrification trials were conducted during Phase 2 at VVortec's pilot scale vitrification plant located at the
Universty of Fittsburgh Advanced Research Center in Harmarville, PA. The sampling of the effluent
and influent streams taken during the tests confirmed that virtudly al of the refractory radio-nuclides
were retained in the glass and would not leach to the environment - as confirmed by both Product
Congstency Tests (PCT) and Toxicity Characteristic Leaching Procedure (TCLP) testing. The organic
contaminant was destroyed during testing with a Destruction and Remova Efficiency (DRE) of at least
99.99%, and semi-volatile RCRA metd surrogates were captured by the Air Pollution Control (APC)
system. The data generated during these pilot tests relating to the partitioning of the contaminants
throughout the system hel ped established the Demongtration Plant’ s design criteria.

Phase 3 included the design of afull scae demongtration at the DOE Paducah Gaseous Diffuson Plant
and the procurement of portions of the equipment for thisfacility. During Phase 3, the bagic vitrification
process design was modified to meet the specific needs of the waste Streams available a Paducah. The
system design developed for Paducah significantly enhanced the processing capabilities of the Vortec
vitrification process. The overdl system design, after severd design iterations and component tests at
vendor sites, now includes the capability to shred entire drums and drum packs containing mud,
concrete, plastics and PCB's and has been modified for processing bulk waste materids. This
enhanced processing capability will subgtantialy expand the tota DOE waste remediation applications
of the technology.

Phase 4 includes the final design and documentation for the procurement ingtdlation of mgor eements
of the front end of the process that is designated as the Materid Handling and Conditioning System.
This phase of the project includes options to complete construction and limited demonstration testing of
the Materid Handling and Conditioning System. The design and documentation portion of Phase 4 is
scheduled to be completed in September 2001. With prompt execution of the options, the congtruction
and demondtration testing can be completed in FY 2002. Because the demondration is effectively full
scale, operationa implementation could also occur in late CY 2002 or early 2003.

2.2 PROJECT SUMMARY
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The original project was awarded in 1992. Phase 1 (feasibility study) and Phase 2 (pilot testing and
conceptua design) were successfully completed in 1995. Authorization to proceed with Phase 3 was
granted in 1996. During Phase 1, Vortec demonstrated the CM SO technology's ability to remediate a
generic soil contaminated with radio-nuclides, heavy metds, and organic materids. Vortec also
developed a preiminary design of a CMSO based pretrestment/vitrification plant for remediating soil
contaminated with heavy metals, radio-nuclides, and organic contaminants. During Phase 2, surrogate
soils were defined using data obtained from Hanford's 116-D- 1B, 116-F-4, and 300-FF-1 areas, and
these soils were vitrified a the Vortec pilot facility. In addition, the preliminary design completed during
Phase 1 was expanded and modified into afina design for aCM SO system capable of processing 25
TPD (See Summary Report for Phase 2, January 1, 1995.).

The Paducah' s Gaseous Diffusion Plant was selected as the Site for the Phase 3 demondiration portion
of the project. The principa objective of Phase 3 was to complete engineering, fabricate, ingal, and
operate, for aperiod of approximately 30 days, aCMSO system designed to vitrify actud oil
contaminated with heavy metals and/or low-level radioactivity. The capability to process PCB’s and
TCE swas dso included in the design, but was scheduled for a subsequent phase of the demonstration
due to the need for TSCA permit.

During 1996 through 1997, engineering continued to the point where Vortec was reedy to proceed into
congtruction. Site preparation work was completed, including excavation of unconsolidated fill
materids, placement of geo-textiles, and congtruction of concrete pads for the equipment. Because it
represented a research and development project limited in duration and scope (i.e., lessthan 2 years
and handling gpproximately 10% of Paducah’s legacy waste), DOE origindly determined that the
demondgration facility would be digible for acategorica excluson as atemporary pilot-scae waste
treatment facility under 10 CFR Part 1021, Subpart D. This gpproach was chalenged viaacitizen
lawsuit aleging that the trestment activities triggered certain requirements under the Nationa
Environmental Policy Act (NEPA). Under a consent agreement executed in 1997, DOE agreed to
prepare an Environmental Assessment (EA) for the Demonstration Project and further agreed to
discontinue site work during thistime.

During 1997 through early 2000, much of the planned work was postponed while DOE prepared the
EA for the Phase 3 demondration program in fulfillment of the terms of a 1997 consent agreement.
DOE issued the find gpproved EA and a Finding of No Significant Impact to the environment (FONSI)
on March 8, 2000. The issuance of the EA and FONSI fulfilled the requirements of the 1997 consent
agreement, which should have alowed DOE and Vortec to complete the Phase 3 Demondtration.
However, a second stakeholder lawsuit, chalenging the EA and the FONSI, was filed shortly thereafter
and this lawsuit caused continuance of thework delays. This lawsuit was settled in late 2000, with the
condition (among others) that no therma treatment system would be ingtalled at Paducah for one year

In a contract modification issued in April 2000, DOE directed Vortec to prepare a cost proposal for a
limited demondtration of Vortec’s soil preparation and conditioning subsystems, designated Phase 3A to
digtinguish it from the previous scope of work. The scope included congtruction, shakedown, startup
and demondtration testing, using surrogate materias, of Vortec's soil preparation and conditioning
subsystems at the DOE Paducah Gaseous Diffuson Plant (PGDP). In August 2000, Vortec was
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directed to continue with engineering in support of this Limited Demongtration. Contract definitization
was delayed pending settlement of the most recent lawsuit. This suit was settled in November 2000.

During the remainder of 2000 and the first two months of 2001, Vortec completed the mgority of
engineering and much of the procurement work for the Limited Demongtration. Proposa VC-00-10
with estimated cost for the limited demonstration project of approximately $5.7 million was submitted to
DOE on February 23, 2001. DOE subsequently instructed Vortec to complete the design for the
limited demondration facility and to complete this Summary Report and related design, test and
operational procedures under Phase 4 of the project. Phase 4 includes a scope of work change that
limits the demondtration to the Materid Handling and Conditioning portion of the plant.
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30 EXPERIMENTAL

No experimenta data was developed under Phases 3 and 4 of this project. For the experimental
portion of the project, the reader is referred to the Phase 2 Summary Report, dated January 1, 1995.
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40 RESULTSAND DISCUSSION
4.1 TECHNOLOGY DEVELOPMENT GOALSAND BENEFITS

The Department of Energy's god in pursuing the this technology development program isto develop an
innovative technology to convert soils contaminated by hazardous and/or radioactive wastes to forms
that can be readily disposed in accordance with current waste disposal methods. The Vortec
vitrification technology is able to accomplish this task with minimum public and occupationd hedlth risks,
with minimum environmenta risks, and in atimely and economicad manner. Additiondly, the vitrification
technology transforms the hazardous and/or radioactive waste into a form that has long-term chemica
gability to prevent migration of RCRA metas and radio-nuclides, and can thus be disposed in an
environmentaly safe manner; and which stisfies dl federd, state, and loca emissonsregulations. The
organic compounds in the waste are effectively destroyed with a DRE of 99.99% or greater.

The objective of the demondtration facility is to determine the Vortec technology’ s performance under
full scalefield conditions and to fully characterize its operationd, technicd, financia, and environmenta
performance for a potentia variety of different types of DOE legecy wastes. Origindly, testing wasto
be done with actud waste materids, however, because of permitting and other cost impacted issues, the
testing will be done with non-hazardous surrogate materias. The integrated operation of equipment,
control systems, and residuas will be evaluated with the specific wastes surrogates that are candidates
for future trestment. The details of the testing with surrogate materiasis discussed more fully in the
project Test Plan which is a separate deliverable.

4.1.1 Ben€fitsof Integrated Pretreatment/Vitrification Technology

The unique features of the proposed integrated pretrestment/vitrification technology should makeit a
particular that contain contaminated soils, sediments, dudges, and mill tailings, organic, metalic, and/or
radioactive contaminants.

Benefits for DOE include:
Immohbilization of heavy metds, toxic inorganics, and radionuclides over the long-term.

Destruction of toxic and/or hazardous organic compounds such as PCBs and TCEs.

Processing flexibility with regard to the types of solid wastes materias which can be processed
in drumsor in bulk to accommodate variations in feedstock composition and provison for a
broad range of hazardous materiad remediation applications in asingle unit.

Remediation of materids introduced asin durry form and the capability for mixing contaminated
or waste organic liquids with various types of hazardous solids, such as soils, soil wash process
sediments, and mill tailings. The CMSO has demonstrated the capability of processing soil-
water durry and water-soluble waste streams.
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Minimization of leakage of contaminated gases to the atmosphere via a sealed process, which
can be operated at negative pressure.

Safe remote/automated handling and sampling of the wadte..
Reduction in the decommissioning and digposal costs of the process, due to its small physicd sze.

4.1.2 Bendfitsof Pretreatment and Conditioning Technology

The pretreatment and conditioning technology has significant benefits by itsdf in that waste materials can
be prepared for further treatment by a variety of therma or non-thermal processes and/or directly
disposed with subgtantialy reduced sampling, characterization, handling, transport and disposa cods.

In modifying the scope to demongtrate the Soil Preparation and Conditioning Facilities, DOE gains
severd stand-aone benefits, including the utilization of its capital investment in the Phase 3 equipment.
The pretreatment facilities are anticipated to yield a substantial cost savings over storing, trangporting,
and disposing drums by:

(1) Reducing waste sampling cogts by dimingting intensve manud operations and usng
automated sampling techniques.

(2) Reducing characterization cogts by the homogenization of discrete waste streams and
repackaging the waste into bulk containers, thus providing more accurate characterization
with fewer samples.

(3) Lowering trangportation cogts by efficiently repackaging the waste in bulk containers, thus
reducing handling costs and dlowing greater volumes to be shipped on transport carriers.

(4) Reducing disposa cost by reduction of the waste volume and the number of containersto
be handled.

(5) Reducing disposal cost by removing free liquids from the waste, thus ensuring waste
acceptance criteria are satisfied.

(6) Fadilitating trestment (if required) by providing a sized, homogeneous waste form for fina
treatment.

(7) Reduction of long-term drum storage and oversight costs.

Other potentid benefitsinclude:

Reduced risk of exposure to workers and the public.

Control of fugitive emissons and mitigation of risk to human hedlth and the environment.
The basic process is designed to handle drummed and containerized waste; however,
the system can be readily modified to handle certain bulk wastes as needed.

It is estimated that the implementation of the waste pre-trestment and conditioning technology will save
more than $400 million across the DOE complex with additional substantid savings for FUSRAP and
DOD projects. The system, when constructed, will be available to solve problems where radioactive
and/or hazardous waste contained in drums or in certain bulk forms must be removed for treatment or

disposal.
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4.1.3 Technology Comparisons

The data presented in Table 4.1.3-1 isa quditative comparison of dternate remediation technologies,
for DOE applications. The comparisons presented are for landfill, incineration, stabilization and
vitrification aternatives. From the comparisons presented in Table 4.1.3-1, vitrification technology is
judged to be superior with regard to its ability to produce a vitrified product (find waste form) and has
the highest levd of chemica stability with the ability to contain inorganic and radioactive contaminates
for tens of thousands of years. In addition, vitrification processes d <o effectively destroy organic
compounds because of the high operating temperatures and residence times at these temperatures.

Table 4.1.3-2 presents a comparison of different classes of vitrification technologies. The dataindicates
that mgjor advantages of the CMS® technology are its low operating/mai ntenance cog, its high
throughput capacity and its operational robustness while being able to produce a product that meets or
exceeds dl of the applicable product quality control and leaching criteria. The CMS® has been
demongtrated not to be as sengtive to variations in the waste stream's chemica composition as other
vitrification processes.

Table4.1.3-1. Comparison with Alternate Technologies
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Alternatives Advantages Disadvantages
Landfilling Low initid capitd investment No waste volume reduction
Does not destroy organic compounds
Does not stabilize metals & radionuclides
Requireslong term monitoring
Has sgnificant potentia for ground water
contamination
Does not diminish generator long term liability
Low potential for resource recovery
Incineration  [Reduces waste volume Preferred application is high organic content wastes
Destroys organic compounds Generates substantial resduds
Residuds have leaching problems
Requires air pollution control
Hodlile regulatory environment
Vitrification  |Reduceswage volume Will require landfill of vitrified product only if
Destroys organic compounds radioactive (otherwise a vaue added product can be
Stahilizes inorganic contaminants generated)
Products consistently pass TCLP and PCT|Requires some waste separation or pretrestment
Long term product stability
Minimd long term generator lighility Requires air pollution control
Reduced life cycle cost
Stabilization  |Reduceslandfill ligbility Sgnificantly increases wagte volume

Low initid capitd cost

No guarantee of effectiveness

Requires landfill monitoring

No reduced long-term generator lighility
No sgnificant life cycle cost advantage
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Table4.1.3-2. Comparison with Other Vitrification Technologies

Alternatives Advantages Disadvantages
Joule Destroys organics Expensive (cost of eectrica power & maintenance)
Heating Sabilizesinorganics Low throughput capacity
Potentid volume increase
Effectiveness limited by meta's contamingtion, moisture,
and carbon/organic content
Phase separation is common
Accderated refractory wear
Requires air pollution control
Requires waste preparation
Organics may require post combustion
CMS® Very high throughput capacity Requires waste preparation
Technology |Destroys organics Requires ar pollution control
Stabilizes inorganic contaminants
Organics contribute to energy source
Effective treetment of solids, liquids & gases
Multi-fuel cgpability
Low operating and maintenance cost
Produces a homogeneous product without
phase separation
Low operating and maintenance cost
Molten Stabilizeswaste Vey expendve
Metal Provides volume reduction Very little operationd data avalable
Processes  |Can process organics and metas High maintenance and refractory wear
Phase separation inhomogeneous products
Requires air pollution control
Requires waste preparation
Requires post oxidation or after burning
High metds carryover
Plasma and |Provides volume reduction High operating and maintenance costs
Electric Arc |Can treat solids, liquids or gases Low throughput capacity
Processes Produces inhomogeneous products

Product leaching problems

Incomplete destruction of organics
Requires air pollution control

Requires post oxidation or after burning
Inefficient energy utilization

Limited gpplicability
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| |High volatilization of metals and inorganics

4.2 TASK SUMMARIES

The results and discussions for this subsection are broken down into three sections. Section 4.2.1
addresses the results relating to the design and congtruction of an integrated waste
pretrestment/vitrification plant (Phase 3). Section 4.2.2 summarizes the results and progress relating to
the find design, condruction and teting a demondration facility which islimited to the Materia Handling
and Conditioning portion of the integrated plant (Phase 3A). Section 4.2.3 describes the status of the
project relating to the finad design, congtruction and testing of the Materia Handling and Conditioning
System under Phase 4 of this project.

4.2.1 Phase3-Integrated Pretreatment/Vitrification System
Phase 3 included five mgor tasks to be completed. These included:

Task 3.1  Test Sysem Desgn Criteria Definition
Task 3.2  Component Design and Fabrication
Task 3.3  Integrated System Design

Task 3.4  Integrated System Facility Construction
Task 3.5  Integrated System Testing

4211 Task Summaries

The gtatus of work activities performed under Phase 3 are summarized in Table 4.2.1-1 below.
Additiona narrative descriptions of the Phase 3 task activities are provided in ensuing sections of this
report. The estimated level of completion for Phase 3 work as of the initiation of Phase 3A isalso
summarized inthistable. All work on the task items rlating to design and testing of the integrated
pretrestment/vitrification plant was suspended in May 2000 because contract modification (A040)
redirected work to activities related to Limited Demondtration tasks only.
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Table4.2.1.1-1 Phase 3 - Summary Status
Task Task Scope/Deliverable Status/Remarks

3.1 Test System Design Criteria | Update of Criteriafrom Phase2 | Completed
Operationa Plan 50% Complete
Operationa Hedlth and Safety Completed
Plan
Quadlity Assurance Plan Completed

3.2 Full Scale Component Equipment & Materid 75% Complete

Design and Fabrication Specifications & Drawings
Equipment Procurement 75% Complete

3.3 Full ScaleIntegrated System | Find Desgn & Documentation 75 % Complete
Design

3.4 Full Scalelntegrated Site Preparation Activities 90% Completed
Congtruction
Other Facility Congtruction Not initiated due to work
Activities stoppage
3.5 Full Scalelntegrated System | Test Plan Completed
Testing
Startup and Shakedown Not initiated due to work
stoppage
30 Day Test Not initiated due to work
stoppage

Note: Scopeitemsfor Phase 3 based on contract modification A018, dated June 1996.

Task 3.1 Test System Design Criteria Definition

Activitiesincluded under this task included the development of design criteriafor an integrated
pretrestment/vitrification plant, development of the operationa plan, preparation of an Operationad Hedlth and
Safety Plan and preparation of a Qudity Assurance Plan.

Design Criteria for Integrated Pretreatment/Vitrification Plant

The design criteriafor the integrated pretreatment/vitrification plant were completed. Primary criteriaincluded the
requirement to process drummed waste containing contaminated soils, mud, concrete rubble up to 1 foot length,
rebar upto 1inchin diameter. Sampling of the drum is done without the need for manuad removd of the drum
lids. The moisture content of the drummed waste was specified to by up to 30%, which for mud is the consstency
of peanut butter. The maximum size sted drum to be processed is 85 gallons. The drums are shredded, and the
waste dried to less than 5% moisture and homogenized o as to alow automatic sampling during ddivery to an ST-
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90 Box. The ST-90 Box provides an equivaent volume capacity of gpproximately 12 each 55 gdlon drums. Itis
the intent of the process to reduce the sampling and characterization costs by afactor of 10 relative to the sampling
and characterization of individual drums. For the demondration testing, the system will not be processing organic
or mercury containing materias, however the process will provide provisons for the addition of activated carbon
filter assemblies to dlow for the processing of these materids in the future.

Preparation of the Operational Plan

An Operational Plan was under development in accordance with DOE Order DOE 5480.19. This Plan
addresses operationa procedures including the following:

Organization of the plant personnd, including staffing plan and job descriptions
Definition of operationd practices

Activitiesin controlled aress

Communication sysems

Training procedures

Investigations of abnorma events

Notification procedures

Control of equipment and system status procedures
Lockout and tag out procedures

I ndependent verification procedures

Log keeping procedures

Preparation of the Operational Health and Safety Manual

A draft Operationd Hedth and Safety Plan (HASP) initidly developed by SMS (a DOE Paducah
subcontractor) was completed for Phase 3 of the project.

Quality Assurance Plan

The Qudity Assurance Planfor the project was issued to DOE for review in 1996 and revised in 1997
and 1998.

Task 3.2 Component Design and Fabrication

The primary activities under this task included development of an engineering quaity assurance plan,
detailed design and procurement of the primary process components and storage/maintenance of
equipment delivered to the Site.

Component Design/Procurement Tasks

Design and procurement of gpproximately 75% of the process subsystems and equipment was
completed, and materials were purchased and ddivered to the PGDP site as of September 1999.
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Equipment Table 6-1 provides alist of equipment that was procured and delivered to the site under
Phase 3 of this project.

Purchase orders were issued for the detailed design of belt conveyors and dust collection systems, and
enginearing activity continued toward findizing those designs prior to release for fabrication. Preliminary
specifications for the wastewater trestment system were completed and quotes were being eva uated
prior to order placement. Other in-process design efforts included dectricd, insrumentation and
contrals findization, front-end structurd sted design findization, and the completion of a specification
and procurement package for soliciting congtruction/ingtalation bids.

Ongoing Maintenance and Sorage Effort

Based on DOE’ s consent agreement, no assembly of equipment was to take place a the site until the EA
was completed and a FONSI issued. Since May 1, 1997, provisions have been made to protect and
maintain the equipment stored at the Site. Approximately $6 million worth of equipment are stored at
severd locationsin the Paducah Area. Heavy equipment; such assilos, sted for the CMSO tower, and the
dryer are stored at the Ste. Smaller equipment is stored in the clamshell shelter adjacent to the Ste and in
severd temporary containers on the site. Equipment that would be adversdly affected by extreme
temperatures or humidity, isbeing stored at a commercia warehousein Paducah

Vortec continues to conduct a maintenance program for the equipment. This equipment is ingpected
once amonth and, to the extent feasible, its condition is determined. Repairs, such as painting of rust
gpots and the maintaining of the temporary structures are made on an as-needed basis.

In late 2000, Vortec was instructed to place dl equipment not to be used during Phase 3A on asurplus
list for digpogtion. Asof the date of this report, only one item of equipment, the Wastewater Loading
Rack, has been transferred to another owner. All equipment is to be maintained until installed or
disposed.

Task 3.3 Integrated System Design

Vortec designed the mechanica interfaces between the feed preparation, batch and blend, vitrification,
product handling, air pollution and wastewater treatment systems. Purchase orders were issued for the
detailed design of belt conveyors and dust collection systems, and engineering activity continued toward
finalizing designs so those interface equipments could be released for fabrication. Structurd towers for
mounting shredders, dust collection, and conveyors were designed and ready for detailing upon
completion of shredder and dust collection designs.

Task 3.4 Integrated System Facility Construction

During the years 1996 and 1997, Vortec initiated construction. Site preparation work was completed
including excavation of unconsolidated fill materids, placement of geotextiles, and congruction of
concrete pads with anchor bolts for equipment mounting. Under the 1997, consent agreement DOE
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agreed to discontinue site work and not to commence facility congiruction while they prepared the
Environmental Assessment.

Task 3.5 Integrated System Testing

A draft Test Plan was developed and submitted for review. As part of the negotiations with the
Kentucky Department of Waste Management, a Demongtration Test Plan (DTP) in accordance with
EPA protocol was being prepared through an EPA subcontractor. The DTP was based on Vortec's
Test Plan and was required as part of the RD& D permit gpplication. The DTP included a sampling and
anaytical QAPP and the sampling protocol. A draft test plan was prepared in early 1998 and
distributed to the project team and the State for comments. As of early 2000, the EPA Site Program
hed partidly completed the find DTP document. EPA withdrew their support for the demondiration test
plan when DOE decided to discontinue the vitrification portion of the program.
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Table4.2.1.1-1 Phase 3 Purchased Equipment
Equipment Title Date Divrd Equipment Title Date Divrd Equipment Title Date Divrd
Gateway Computer 7/12/96 Cooling System Reservoir Pump 1/10/97 Finishing Screen Vibrating Side Clamp 2/24/97
Gateway Computer 7/12/96 Cooling Tower Spray Pump 1/10/97 Scalping Screen Motor Pulley 2/24/97
Gateway Computer 7/27/96 Cooling Tower Local Control Panel 1/10/97 Finishing Screen Main Frame Side Clamp 2/24/97
Printers 8/28/96 Cooling Water Pump 1/10/97 Scalping Screen Motor Base 2/24/97
Dry Air Receiver 10/16/96 Cooling Tower Skid 1/10/97 Scalping Screen 2/24/97
Product Weight Scale 10/21/96 Cooling Tower 1/10/97 Scalping Saeen V-Belt 2/24/97
Product Weight Scale 10/21/96 Cooling System Reservoir Tank 1/10/97 Finishing Screen Fine Outlet Flex. Connection 2/24/97
CMS™ Combustion Air Blower 12/10/96 Cooling Water Pump 1/10/97 Intermediate Screen Motor 2/24/97
Combustion Air Filter 12/10/96 Cooling Tower Fan 1/10/97 Finishing Screen Course Outlet Flex. Connection 2/24/97
Compressed Air Skid Washer 12/20/96 Cooling Tower Fan 1/10/97 Intermediate Screen Fines Outlet Flex. Conn. 2/24/97
Compressed Air Skid Bushing 12/20/96 Cooling Tower Fan 1/10/97 Finishing Screen Inlet Flexible Connection 2/24/97
Compressed Air Skid Washer 12/20/96 Cooling System Surge Tank 1/10/97 Finishing Screen Fines Outlet Flex. Connection 2/24/97
Compressed Air Skid Automatic Drain 12/20/96 Cooling System Surge Tank 1/10/97 Intermediate Screen Course Outlet Flex. Conn. 2/24/97
Compressed Air Skid Safety Vave 12/20/96 Process Offgas Heater Skid Temp. Controller 1/23/97 Hot Gas Piping (6" dia. x 43" OAL) 2/25/97
Compressed Air Skid 12/20/96 Process Off Gas Exhaust Stack Exp. Joint 1/23/97 Hot Gas Piping (10" dia. x 143.63" OAL) 2/25/97
Compressed Air Skid Locking Plate 12/20/96 FM-IRI Gas Controlle 1/23/97 Hot Gas Piping (10" dia. x 160.63" OAL) 2/25/97
Air Compressor Cooling Fan 12/20/96 Process Offgas Heater Skid Temp. Controller 1/23/97 Hot Gas Piping (16" Insulated Flange Cover 2/25/97
Compressed Air Skid Ball Vave 12/20/96 Process Offgas Heater Skid 1/23/97 Hot Gas Piping (6" dia x 20" OAL) 2/25/97
Compressed Air Skid Bushing 12/20/96 Process ID Blower Outlet Exp. Joint 1/23/97 Hot Gas Ppg (10UT -10LP-F7-.025 SS304x101" 2/25/97
Compressed Air System Control Panel 12/20/96 Process ID Blower Inlet Exp. Joint 1/23/97 Combustion Heat Exch. Outlet Expansion Joint 2/25/97
Compressed Air Skid Bolt 12/20/96 Process Off Gas Heater Outlet Duct Exp. Joint 1/23/97 Hot Gas Piping (Misc. Assy 36" OAL) 2/25/97
Compressed Air Skid Cap Screw 12/20/96 Process Off Gas Heater Inlet Duct Exp. Joint 1/23/97 Air Heater Skid's Loose Components 2/25/97
Compressed Air Skid Nut 12/20/96 Process Offgas HEPA 1/23/97 Air Heater Skid 2/25/97
Compressed Air Skid Parallel Key 12/20/96 Process Offgas HEPA 1/23/97 Combustion Heat Exch. Inlet Expansion Joint 2/25/97
Compressed Air Skid Parallel Key 12/20/96 Process Offgas Heater 1/23/97 Hot Gas Piping (16" Pipe Assy (95.57" OAL) 2/25/97
Compressed Air Skid Ball Vave 12/20/96 Process ID Blower 1/23/97 Hot Gas Piping (8" dia. x 111" OAL) 2/25/97
Compressed Air Skid Adapter 12/20/96 Crusher Crate Components 2/3/97 Hot Gas Piping 2/25/97
Compressed Air Skid 12/20/96 Crusher 2/3/97 Hot Gas Piping (10" Insulated Flange Cover 2/25/97
Compressed Air Skid Bushing 12/20/96 Scalping Screen Fines Outlet Flex. Connection 2/24/97 Hot Gas Ppg (16UT -15LP-F7-.025 SS304x108" 2/25/97
Air Dryer Particulate Filter 12/20/96 Scalping Screen Course Outlet Flex. Connection 2/24/97 Air Heater 2/25/97
Air Dryer 12/20/96 Scalping Screen Inlet Flexible Connection 2/24/97 Combustion Heat Exchanger 2/25/97
Air Compressor Oil Filter 12/20/96 Finishing Screen 2/24/97 Air Heater Stack 2/26/97
Air Compressor Oil Separator 12/20/96 Intermediate Screen Support Leg 2/24/97 Recuperator Thermocouples Type K 3/12/97
Air Compressor Moisture Separator 12/20/96 Intermediate Screen V-Belt 2/24/97 Recuperator Base Ring (Refractory Lined) 3/12/97
Air Dryer Coalescing Filter 12/20/96 Intermediate Screen Bushing 2/24/97 Recuperator Constant Load Hangers 3/12/97
Air Dryer Inlet Air Silencer 1 12/20/96 Intermediate Screen Motor Base 2/24/97 Recuperator 3/12/97
Compressed Air Skid Roller Bearing 12/20/96 Scalping Screen Motor 2/24/97 Liquid Propane Tank Interna Spring Relief Valve 3/19/97
Air Dryer Inlet Air Silencer 2 12/20/96 Intermediate Screen 2/24/97 Liquid Propane Tank Adapter Flange 3/19/97
Compressed Air Skid Drive Shaft 12/20/96 Scalping Screen Support Leg 2/24/97 Liquid Propane Tank Gas Pressure Regulator 3/19/97
Air Dryer Local Control Panel 12/20/96 Intermediate Screen Inlet Flex. Connection 2/24/97 Liquid Propane Tank XS Flow Valve 3/19/97
Compressed Air Skid 12/20/96 Scalping Screen Bushing 2/24/97 Liquid Propane Tank XS Flow Vave 3/19/97
Compressed Air Skid Roller Bearing 12/20/96 Intermediate Screen Motor Pulley 2/24/97 Liquid Propane Tank 3/19/97
Compressed Air Skid Seal Washer 12/20/96 Finishing Screen End Clamp 2/24/97 Liquid Propane Tank Rain Cap 3/19/97



Equipment Title

Liquid Propane Tank Thermometer

Liquid Propane Tank Float Gage

Liquid Propane Tank Shut-Off & Outage Valve
Liquid Propane Tank NTP Pipeway Adapter
Liquid Propane Tank Rotary Liquid Level Gage
Liquid Propane Tank Pressure Gage

Off Gas Damper

Nuisance Dust Collector Screw Conveyor

Dryer Dust Collector Screw Conveyor
Nuisance Rotary Air Lock

4" Dryer Dust Collector Damper

Dryer D.C. Rotary Airlock

HEPA Filter (Nuisance)

Nuisance Dust Collector Skid

Hepa Filter Outlet Flex. Connection

Dryer Dust Collector

Nuisance Dust Collector

Hepa Filter Inlet Flex. Connection

Nuisance Dust Collector Outlet Flex. Connection
HPU Cooler Fan

Secondary Drum Shredder Hydraulic Pump
Primary Drum Shredder Hydraulic Pump
Primary Shredder RAM

Feed Preparation Control Panel

Secondary Drum Shredder Pump

Primary Drum Shredder Hyd. Pump Outlet Filter
Primary Shredder RAM Hydraulic Pump
Secondary Shredder Oil Filter

Secondary Drum Shredder Oil Return Line Filter
Secondary Drum Shredder Hyd. Pump Outlet
Primary Drum Shredder Hyd. Pump Return Filter
Hydraulic Reservoir Oil Return Filter

Secondary Drum Shredder

ME-154 Hydraulic Skid

Primary Drum Shredder

ME-101 Hydraulic Skid

Hydraulic Reservoir

Hydraulic Reservoir

Primary Drum Shredder Fan

Air Compressor

Date Dlvrd

3/19/97
3/19/97
3/19/97
3/19/97
3/19/97
3/19/97
3/24/97
3/24/97
3/24/97
3/24/97
3/24/97
3124197
3/24/97
3/24/97
3/25/97
3/25/97
3/25/97
3/25/97
3/25/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
3/31/97
4/18/97

Equipment Title

WESP Purge Blower Inlet Air Filter

WESP Purge Blower Flex. Connection

WESP Blowdown Pump Outlet Flex. Connection
WESP Blowdown Pump Inlet Flex. Connection
WESP Irrigation Chamber 18" FRP Saddle
Venturi Recycle Pump Outlet Flex. Connection
Venturi Recycle Pump Inlet Flex. Connection
Limestone Storage Silo

WESP Irrigation Chamber 21" FRP Saddle
Separator Vessel WESP Inlet Duct

WESP Inlet Duct Expansion Joint

WESP Outlet Duct Expansion Joint

Separator Vessel Outlet Duct

Soda Ash Storage Silo

Soda Ash Skid

Separator Outlet Duct Expansion Joint

WESP Irrigation Chamber

Limestone Storage Skid

Magnet Head Pulley

Tramp Iron Magnet

Metal Detector

Tramp Iron Magnet Rectifier

Waterbath Recirculation Path Pump

Propane Vaporizer Skid

Propane Tank Pump

Propane Vaporizer Skid Angle Globe Vave
Propane Pumping Skid Hydrostatic Relief Valve
Propane V aporizer

Propane Vaporizer Control Panel

Propane Pumping Skid Mounting Clips
Propane Truck Unloading Skid

Propane Vaporizer Skid Angle Globe Valve
Glass Quench Tank Skid

Glass Quench Heat Exchanger

Glass Quench Surge Tank

Glass Quench Tank 4" Gate Valves

Quench Water Circulation Pump

Cooling Water Rack Skid

Glass Quench Control Panel

Cooling Water Hydraulic Hose Tray

Date Dlvrd

4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
4/29/97
5/6/97
5/6/97
5/6/97
5/6/97
5/8/97
5/8/97
5/8/97
5/8/97
5/8/97
5/8/97
5/8/97
5/8/97
5/8/97
5/8/97
5/12/97
5/12/97
5/12/97
5/12/97
5/12/97
5/12/97
5/12/97
5/12/97
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VS| Mill Lube Pump

VSl Mill Lid Lifter Pump

Emergency Diesel Generator Tail Pipe
Emergency Diesel Generator Muffler
Emergency Diesel Generator Instruction Books
Emergency Diesel Generator Skid

Emergency Diesel Generator Battery Boxes
Emergency Diesel Generator Exhaust Gaskets
Emergency Diesel Generator Spring Type Vibs
Emergency Diesel Generator Exhaust Flex
Emergency Diesel Generator Muffler Mtg.
Emergency Diesel Generator Batteries
Emergency Diesel Generator

Emergency Diesel Generator Pad Type Vibs
WESP Trans/Rectifier Control Panel

WESP T/R Skid high volt. Pipe & Guard Adder
Wet Electrostatic Precipitator

WESP T/R Skid

WESP T/R Skid High Volt. Pipe & Guard
WESP T/R Skid High Volt. Pipe & Guard
Blending System Miscellaneous Parts

Batch Transporter Containment Pipe Bends Skid
Batch Transporter Containment Pipe Flex Conne
Batch Blending Bin

Containment Pipe Manual Ball Valve Skid
Feedstock Transporter

Feedstock Transporter Hardy Weigh Chassis
Batch Transporter Containment Pipe Skid

Air Receiver

Batch Dust Collector

Bottom Transporter

Top Transporter

Feedstock Transition Hopper

Limestone Dust Collector

Feedstock Dust Collector

Batch Volumetric Feeder

Limestone Feeder

Batch Transporter Containment Pipe Skid

Soil Feeder

Soda Ash Feeder
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DateDlvrd

5/13/97
5/13/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/20/97
5/28/97
5/28/97
5/28/97
5/28/97
5/28/97
5/28/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97
6/11/97



PL C Equipment
Separator
Irrigation Chamber Skid

Equipment Title

CRV Seismic Restraints

CRV Seismic Restraints

CMS™ Tower Steel Bracing

CMS™ Tower Steel

CMS™ Tower Steel Stair Treads

CMS™ Tower Steel Columns

CMS™ Tower Steel Beams

Dryer Discharge Airlock Gate B

Dryer Feed Airlock Gate A

Dryer Feed Airlock Gate B

Dryer Discharge Airlock Gate A

Cooling Tower Fan

Vapor Recovery Skid

Vapor Recovery Unit HX

Vapor Recovery Recirculating Pump

Vapor Recovery Condenser Pump

Vapor Recovery HX Skid

Vapor Recovery HX Skid Interconnecting
Vapor Recovery HX Skid Flex. Inlet Duct Pallet
Vapor Recovery HX Skid Piping & Spool Pieces
Vapor Recovery HX Skid (Cartons of Packing)
Vapor Recovery HX Skid (Crate of Instruments)
Vapor Recovery Condenser

Vapor Recovery Cooling Tower

CMS™ Refractory (fired Shapes)

Cyclone Melter Inlet End Spool

Cyclone Melter Expansion Controllers
Recuperator Base 2

Recuperator Base

Recuperator Base Inlet/Item M-2

Recuperator Base Inlet/Item M-3

Recuperator Base Blind Flange

Recuperator Base Plate Blind Flange

Cyclone Melter Outlet End Flange

Cyclone Melter Outlet End Spool

4/22/97
4/29/97
4/29/97

6/20/97
6/20/97
6/30/97
6/30/97
6/30/97
6/30/97
6/30/97
7/11/97
7/11/97
7/11/97
7/11/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
8/26/97
9/5/97
9/10/97
9/10/97
9/10/97
9/10/97
9/10/97
9/10/97
9/10/97
9/10/97
9/10/97
9/10/97

Glass Quench Tank Loose Parts
VSl Mill
VS| Mill Inlet Flex. Connection

Date Dlvrd

5/12/97
5/13/97
5/13/97

Equipment Title Date Dlvrd
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Soda Ash Dust Collector 6/11/97
Batch Blending Skid 6/11/97
Batch Transporter Skid 6/11/97

Equipment Title Date Dlvrd

CMS™ Recuperator Plenum MK Rnd. Blt.
CMS™ Single Tab Ceramic Pillow
CMS™ Recup. Base MK V-T Rect. Blt.
CMS™ Double Tab Ceramic Pillow
CMS™ Bundle Barg/Fasteners

CMS™ Single Tab Pillow

CMS™ Fabric Expansion Joints

Air Heater Fan

Air Heater Fan Inlet Vein Damper

Air Heater Fan Silencer Support

Air Heater Fan Silencer

WESP Skid Galvanized Pipe Sections
WESP Blowdown Pump

WESP Skid

WESP Skid Pollution Ground Sets Cartons
WESP Skid Katron RF Point Level Switch
WESP Skid Lapp Insulators
Quencher/Venturi Scrubber

WESP Skid Crated Piping

WESP Skid Venturi w/Lined Inlet

WESP Skid 1' 6" Dia. Expansion Joint
WESP Skid 1' 9" Dia. Expansion Joint
WESP Purge Blower

WESP Blowdown Tank

WESP Skid Magnetrol level detector
Venturi Scrubber Recycle Pump

CRV Heat Up Burner A

Heat Up Burner "B" Skid

CRV Flame Safety Panel

CRV Flame Safety Panel 2 Amp Fuses
CRV Flame Safety Panel Pipe Rack Junction Box
CRV Heat Up Burner B

CRV Flame Safety Panel 10 Amp Fuses
CRV Propane Control 3-Vave Manifold
CRV Propane Control Skid

9/25/97
9/25/97
9/25/97
9/25/97
9/25/97
9/25/97
9/25/97
10/29/97
10/29/97
10/29/97
10/29/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
11/13/97
1/13/98
1/13/98
1/13/98
1/13/98
1/13/98
1/13/98
1/13/98
1/13/98
1/13/98

RAS Diffusor Fan 45 deg. Elbow w/Straight Duct 5/20/98

RAS Drum Screen 5/20/98
RAS Diffusor Fan Straight duct (DQ-104) 5/20/98
RAS Diffusor Fan Transition (DQ-107) 5/20/98
RAS Cyclone Foot (DQ-122-1,2,3,4) 5/20/98
RAS Cyclone Tower (DQ-122) 5/20/98
RAS Cyclone 5/20/98
Air Knife, Fine Material 5/20/98
Air Knife, Coarse Material 5/20/98
RAS Cyclone Fan Horiz. Duct (DQ-110) 5/20/98
RAS Cyclone Fan Vert. Duct w/45 deg. Elbow 5/20/98
RAS Diffusor Fan 5/20/98
Coarse Air Knife Ducting (DQ-201) 5/20/98
Fine Air Knife Blower Ducting (DQ-301) 5/20/98
RAS Belt Feed 5/20/98
RAS Cyclone Fan 5/20/98
RAS Diffusor Fan Straight Duct (DQ-106) 5/20/98
Coarse Air Knife Blower 5/20/98
RAS Cyclone Fan Transition (DQ-109) 5/20/98
RAS Cyclone Fan Horiz. Duct w/90 deg. Elbow 5/20/98
Product Weight Scale Strain Gage Transmitter 8/27/98
Drum Scale 8/27/98
CMS™ O-Rings 9/1/98
CMS™ View Ports 9/22/98
CMS™ Spring Hanger Assy "H-6" 9/29/98
CMS™ Spring Hanger Assy "H-2" 9/29/98
CMS™ Spring Hanger Assy "H-10" 9/29/98
CMS™ Spring Hanger Assy "H-11" 9/29/98
CMS™ Spring Hanger Assy "H-12" 9/29/98
CMS™ Spring Hangers 9/29/98
CMS™ Spring Hanger Assy "H-13" 9/29/98
CMS™ Spring Hanger Assy "H-1" 9/29/98
CMS™ Spring Hanger Assy "H-3" 9/29/98
CMS™ Spring Hanger Assy "H-5" 9/29/98
CMS™ Spring Hanger Assy "H-7" 9/29/98



Cyclone Melter

CRV Combustor

Cyclone Melter Inlet End Flange
Dryer Dust Collector Fan

Nuisance Dust Collector Damper
Dryer Dust Collector Damper
Nuisance Dust Collector Fan
CMS™ Double Tab Ceramic Pillow

Equipment Title

CRV Combustor Inlet Section

CRV Seismic Restraint

CRV Combustor Top Cover

CRV Combustor UV Detector

CRV Combustor Pressure Transmitter

CRV Seismic Restraint

CRV Seismic Restraint

CRV Seismic Restraint

CRV Combustor RTD Temp. Sensor

CRV Combustor Batch Injector

CMS™ Refractory Insulation

W.W. Truck Loading Station Handrails
Waste Water Truck Loading Station

W.W. Truck Loading Station Stair Unit
W.W. Truck Loading Station TCG. In Crate
W.W. Truck Loading Station Safe-T Cage
W.W. Truck Loading Station Redi-Rack Hardwa
W.W. Truck Loading Station Cage Hardware
W.W. Truck Loading Station Loading Arm
W.W. Truck Loading Station Pedestal

W.W. Truck Loading Station Platform
Industrial Shop Vacuum Cleaner Wheel Floor
Industriad Shop Vacuum Cleaner Large
Industrial Shop Vacuum Cleaner Hose
Industrial Shop Vacuum Cleaner Bulk Nozzle
Industrial Shop Vacuum Cleaner Crevice Tool
Industrial Shop Vacuum Cleaner Floor Lance
Fabric Structure Spacers/Purlins

Fabric Structure Metal Doors

Fabric Structure Roll-up Doors w/ accessories
Fabric Structure Heaters

Fabric Structure Miscellaneous and Turbines
Fabric Structure Arch Sections

9/10/97
9/10/97
9/10/97
9/23/97
9/23/97
9/23/97
9/23/97
9/25/97

Date Divrd

10/7/98
10/7/98
10/7/98
10/7/98
10/7/98
10/7/98
10/7/98
10/7/98
10/7/98
10/7/98
10/14/98
11/4/98
11/4/98
11/4/98
11/4/98
11/4/98
11/4/98
11/4/98
11/4/98
11/4/98
11/4/98
11/5/98
11/5/98
11/5/98
11/5/98
11/5/98
11/5/98
11/24/98
11/24/98
11/24/98
11/24/98
11/24/98
11/24/98

CRV Flame Safety Panel 5 Amp Fuses
Heat Up Burner "A" Skid

Soil Storage Silo

Soil Storage Skid

High Airflow Rotary Dryer Drum
High Airflow Rotary Dryer

RAS Rotary Air Lock

Rotary Air Separator Skid

Equipment Title

Industrial Shop Vacuum Cleaner Floor Lance
Industrial Shop Vacuum Cleaner Hose
Industrial Shop Vacuum Cleaner Small
Glass Conveyor Discharge Gate

Drag Conveyor Sted Knee Braces

Gas Sed Chute

Drag Conveyor Miscellaneous Parts

Drag Conveyor Chain Guard

Drag Conveyor Steel Duct Reducers

Glass Quench Conveyor Skid

Gas Seal Chute Hand Chain Hoist

ST-90 Pneumatic Hood 3/8" x 4" Gasket Roll
Drag Conveyor Round Steel Chutes

Drag Conveyor Steel Legs

Drag Conveyor Chain

Drag Conveyor Flights

Drag Conveyor Motor & Gear Reducer
Drag Conveyor Tail & Trough Section
Glass Quench Drag Conveyor

Drag Conveyor Discharge Valve

ST-90 Pneumatic Hood Flex Hose

ST-90 Pneumatic Hood 2" Pipe U-Bolts
ST-90 Pneumatic Hood 1" Pipe U-Bolts
ST-90 Pneumatic Hood Adj. Hose Clamps
Drag Conveyor Steel "T" Top

ST-90 Pneumatic Hood Vinyl Cuff

ST-90 Pneumatic Hood 3/8" Pipe U-Bolts
Cyclone Screw Conv. (C-9) Speed Switch
Cyclone Screw Conveyor (C-9)

Inclined Screw Conv. (C8) Head Section
Cyclone Screw Conv. (C-9) Limit switch
Inclined Screw Conv. (C8) Head Section
Inclined Screw Conv. (C8) Speed Switch

1/13/98
1/13/98
2/12/98
2/12/98
4/8/98

4/8/98

5/20/98
5/20/98

Date Divrd

12/18/98

12/18/98

12/18/98
2/2/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
3/8/99
3/8/99
3/8/99
3/8/99
3/8/99
3/8/99
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CMS™ Spring Hanger Assy "H-8"
CMS™ Spring Hanger Assy "H-9"
CMS™ Spring Hanger Assy "H-4"
ST-90 Pneumatic Hood

CRV Combustor Cone Section
ST-90 Pneumatic Hood

CRV Combustor Top Section
CRV Combustor Middle Section

Equipment Title

Skip Hoist Bucket Assembly

Glass Channel Heated Drain Hole SCR
Glass Channel Heated Drain Hole (3/4")
Glass Channel Heated Drain Hole (1/2")
Glass Channel Propane Control Skid
Glass Channel Comb. Sys. Blower
Glass Channel Comb. Sys. Pipe Rack
Glass Channel Comb. Air. Filter

Glass Channel Comb. Sys. Burner
Glass Channel Comb. Sys. Burner
Glass Channel Comb. Sys. Burner
Glass Channel Comb. Sys. Burner
Glass Channel Comb. Sys. Burner
Glass Channel Flame Safety Panel
Glass Channel Comb. Sys. Burner
Pneumatic Product Air Lock
Pneumatic Product Air Lock

VS| Mill Pneumatic Airlock

VSl Mill Pneumatic Airlock
Pneumatic Conveyor Blower Acoustica
Pneumatic Blower Outlet Flex. Connection
Pneumatic Conveyor Blower

Finishing Rotary Airlock

Pneumatic Convey. Air Filter Receiver
Wastewater Flocculation Tank

CMS™ Refractory (balance)

Course Air Knife Blower Damper

Fine Air Knife Blower Damper

Rotary Dryer Drum Insulation

Rotary Dryer Discharge End Hood Assy
Separator Reservoir

Rotary Dryer Ladder and Walkway
Rotary Dryer Stairs
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9/29/98
9/29/98
9/29/98
10/7/98
10/7/98
10/7/98
10/7/98
10/7/98

Date Divrd

3/19/99
3/31/99
3/31/99
3/31/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/5/99
4/13/99
4/13/99
4/13/99
4/13/99
5/6/99
5/7/99
5/7/99
5/7/99
5/11/99
5/16/99
5/17/99
5/20/99
5/20/99
5/21/99
5/21/99
5/21/99
5/21/99
5/21/99



Fabric Structure Square Base Sections

Fabric Structure End Brace Sections

Fabric Structure Round Pull Bars

Fabric Structure Fabric Vinyl

Fabric Structure

High Airflow Rotary Dryer Frame

Fabric Structure Beams

Recuperator Plenum

Industrial Shop Vacuum Cleaner Wheel Floor
Industrial Shop Vacuum Cleaner Crevice Tool

Rotary Dryer Discharge End Sed Assy
Rotary Dryer Feed Sed Assembly
Rotary Dryer Expansion Folds

11/24/98
11/24/98
11/24/98
11/24/98
11/24/98
11/24/98
11/24/98
12/18/98
12/18/98
12/18/98

9/22/99
9/22/99
10/6/99

Inclined Screw Conv. (C8) Limit switch

Inclined Screw Conv. (C8) Gasket

Inclined Screw Conveyor (C8)

Skip Hoist Limit Switches

Skip Hoist Parts Skid

Skip Hoist Electrical Panels on Mounting Frame
Skip Hoist Winder Assembly

Skip Hoist Tower Guards

Skip Hoist Bucket Stop w/Oak Log

Skip Hoist

3/8/99

3/8/99

3/8/99

3/19/99
3/19/99
3/19/99
3/19/99
3/19/99
3/19/99
3/19/99

Rotary Dryer Feed Hood Assembly
Glass Channel

Manipulating Arm

Rotary Dryer Sprocket Chain

Rotary Dryer Radia Station Trunnion.
Rotary Dryer Thrust Station Trunnion.
Rotary Dryer Base Assembly

Rotary Dryer Feed End Dust Leg Chute
Rotary Dryer Sprocket Guard

Rotary Dryer Sprocket Segments
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5/21/99
5/21/99
6/2/99
7131/99
7/131/99
7/131/99
7/131/99
7/131/99
7131/99
7/131/99
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4.2.2 Phase3A —Limited Demonstration

The scope of Phase 3A refocused the project activities from efforts relating to the integrated
pretrestment/vitrification process to the design, construction and demonstration of the material handling
and conditioning system, plus the utilities required supporting that specific equipmen.

The materid handling and conditioning system consists of a portion of the feed preparation system for
the full-scale integrated pretrestment/vitrification plant; for this reason, this phase of work is referred to
asthe“Limited Demondration.” The system to be ingtaled and demongtrated under this scope of work
is as shown on the Process Flow Diagram in Figure 4.2.2.2-1 (see ensuing section). The materid
handling and conditioning system facility will consst of a drum weighing and loading assembly, shredding
assembly, drying process, ferrous meta's separation assembly, prepared waste ddlivery/loading
assembly, a comprehensive fugitive dust control system, the propane fud subsystem, the compressed air
system, and PL.C-based controls and power distribution. The limited demonstration plant is located
outside the security fence at Paducah and |located on gpproximately five acres of land provided by the
gte. Approximately athird of the land set aside for the vitrification plant will be used for soil preparation
and conditioning subsystem.

4221 Task Summaries

The work (accomplished and pending) is summarized in Table 4.2.2.1-1, and status for each task is
detailed in the subsequent subsections of thisreport. Estimated level of completion for Phase 3A work
under Modification A040 (May 2000) is shown. All work on Phase 3 task items was suspended after
May 2000 because DOE redirected work on Limited Demondtration tasks only. A cost proposal
covering Modification A040 was submitted in June 2000, but the scope of work was not definitized
pending settlement of acitizen lawsuit. In August 2000, incrementa funding was received to initiate
redesign of the front end process to accommodate the objectives of the limited demonstration program.
The status below reflects the progress of the Limited Demongtration Activities through May 2001.
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Table4.2.2.1-1 Phase 3A — Summary Status
Task Task Scope/Deliverable StatusRemarks
3.1 Test System Design Criteria | Update of Criteriafrom Phase3 | Completed
Operationd Plan Revisons 75% complete
Operationa Hedlth and Safety Revisons 80% complete
Plan
Quality Assurance Plan Revisons 80% complete
3.2 Full Scale Component Equipment & Materid Revisons 90% complete

Design and Fabrication

Specifications & Drawings

Equipment Procurement No new equipment
procurements
3.3 Full ScaleIntegrated System | Find Desgn & Documentation Revisons 85% complete
Design
3.4 Full Scalelntegrated Site Preparation Activities On hold

Construction

Other Fecility Congtruction

Not initiated due to work

Activities stoppage
3.5 Full Scalelntegrated System | Test Plan Dréft revison submitted to
Testing DOE
Startup and Shakedown Not initiated due to work
stoppage
30 Day Test Not initiated due to work

stoppage

Note: Scope items for Phase 3A based on contract modification A040, dated May 2000.

Task 3.1 Test System Design Criteria Definition

The design criteriafor the limited demonstration plant design was updated to reflect the objectives of the
limited demondtration program. The primary activities related to revisons of the Operationa Plan and
related documentation such as updates to operations and maintenance procedures and revisons to the

Operationd Hedth and Safety Plan.

Preparation of the Operational Plan
The O&M Manua includes an Operational Plan developed in accordance with DOE Order DOE
5480.19. This Plan addresses operationd procedures for the following items:

Organization of the plant personnd, including staffing plan and job descriptions
Definition of operationd practices
Activitiesin controlled areas

Communication sysems
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Training procedures

Investigations of abnorma events

Notification procedures

Control of equipment and system status procedures
Lockout and tag out procedures

Independent verification procedures

Log keeping procedures

Procedures for many of these items had been written during Phase 3 work. Updates of the Operationa Plan to
reflect the changes resulting from implementation of the Limited Demongtration were initiated. The Operationd
Plan will dso address qudity assurance for the operationd phase of the demondration project.

Findization of the operating and maintenance procedures that will be included in the Operationa Plan will to
require delivery of the remaining equipment to be purchased under this scope of work. The remaining equipment
to be purchased includes two belt conveyors. When the fabrication drawings and vendor O&M manudsfor this
equipment are delivered, the Operationd Plan can be findized.

Completion of Process Hazar ds Analysis Review

Vortec held a Process Hazards Andysis (PHA) review with IUOE representatives in December
2000. Thereaults of the PHA review were reviewed and incorporated into the design as
appropriate. The PHA review will also be used to prepare for the Readiness Review, and complete
the Operationa Hedlth and Safety Manudl.

Preparation of the Operational Health and Safety Plan

The second draft of the Operationd Hedth and Safety Plan (HASP) was completed. The O&M
Manua will be updated following conduct of the PHA review and completed for the scope of the
Materid Handling and Conditioning facility.

Quality Assurance Plan
This plan was previoudy developed and was reviewed for updates to conform to the Phase 3A
scope of work.

Task 3.2 Component Design and Fabrication

Complete Remaining Component Design/Procurement Tasks

Vortec' s engineering staff completed most of the design documents for Phase 3A. The process
cdculations, mogly involving revisions as listed below have been completed Most engineering
drawings have been completed, with afew exceptions. detailed dectrica and instrumentation and
some layout drawings need to be updated for internal consstency. There are anumber of drawings
requiring updating, but the changes are mogtly drafting in nature. Some design work continues to
determine anchor bolt modifications, due to relocating some of the Limited Demondration
equipment on the exigting pads. Procurement specifications are complete, except for alimited
number of items, which remain to be purchased. A detalled engineering package was sent out to
four qudified contractors for soliciting congtruction bids. Severd design documentsincluding a



Vortec Corporation

NETL Phase 3 Final Report
July 12, 2001

Page No. 26

Control Philosophy, Instrument List, Motor List and Construction Hedlth and Safety Plan have been
completed and issued to prospective bidders.

Ongoing Maintenance and Storage Effort

Since May 1997, provisions have been made to protect and maintain the equipment stored at the Site.
Approximately $6 million worth of equipment are stored a severa locations in the Paducah area
Heavy equipment such as silos, sted for the CMSOtower, and the dryer are stored at the site. Smaller
equipment is stored in the clamshell shelter adjacent to the Site and in severa temporary containers on
the ate. Equipment that would be adversdly affected by extreme temperatures or humidity, is being
stored at acommercia warehouse in Paducah.

Vortec continues to conduct a maintenance program for the equipment. This equipment is ingpected
once amonth and to the extent feasible, its condition is determined. Repairs, such as painting of rust
spots and the maintaining of the temporary structures are made on an as-needed basis. Much of the
equipment currently in storage will not be ingtalled under this scope of work. Vortec will continue
storage and maintenance of the equipment not installed under this scope of work.

Task 3.3 Integrated System Design

The integrated system design for the limited demongtration plant was nearly completed under Phase 3A.
The remaining engineering work involves findization of afew drawings, support for procurement (i.e.
vendor submittal review, technica issue resolution, and ingpection), and completion of the plans for the
testing portion of the project.

Some design rework was required to complete the Phase 3A scope. Thisincluded:

The ventilation requirements for al Phase 3A systems were revised to use the one dust collector
that was dready ddlivered to the Ste. This change involved relocating and resizing ductwork
and supports. (The Phase 3 design had two dust collection systems, north and south, and the
C3 and C4 conveyors vented to both systems.)

The recirculaing system for the dryer hot air system was changed to a once-through system
utilizing the existing dust collector and HEPA filter to minimize congtruction codts and improve
drying performance for the Limited Demonstration. Procurement of a new stack and
miscellaneous process ducting were required by this change.

The exiging Hardy pneumatic conveying system, origindly designed to pick up dust from the
dust collectors and convey it to the soil silo, was reused to convey the dust from Limited
Demongtration equipment to the soil loading station. This was done to control the dust
emissions from the dust collectors, rather than discharging the dust to a container, where fugitive
dust may escape. This change necessitated the modification of Hardy Pneumatic System dust
pick-up points.
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Due to changes of code since the propane system was purchased and reduced propane flow for
the Limited Demongtration, some controls were added to the scope.

Much of the PLC cabinet and MCC wiring had been done previoudy for the full-scae
vitrification plant. Some wiring was redesigned to accommodate the Limited Demongration

equipment only.

Task 3.4 Integrated System Facility Construction

A detailed engineering package was sent out to four qualified contractors for soliciting consiruction bids
in March 2001. The bid evaluations for the sdection of the Site generd subcontractor remain to be
completed. Two contractors submitted bids for construction that were within the range projected by
Vortec. Upon release of the funds to complete construction, Vortec will award the contract and
complete congtruction of the soil preparation and conditioning subsystems.

Task 3.5 Integrated System Testing

EPA had previoudy agreed to provide the test plans, sampling and andytica support for the vitrification
project demongtration test. Vortec had been working with EPA’s contractor to develop the test plans.
As previoudy stated, these test plans were not completed and EPA withdrew its support for this
project, based on the Limited Demonstration scope of work. A new test plan was developed, specific
to the Limited Demongtration and was submitted in February 2001. The Test Plan was till undergoing
review at DOE upon the completion of Phase 3A. Vortec will incorporate the DOE comments into the
Limited Demondgtration Test Plan prior to findizing the Plan.

4.2.3 Phase4 —Limited Demonstration

The primary objectives of Phase 4 of this program are to complete the find design, engineering and
fabrication of the waste handling and conditioning subsystems and to congtruct the subsystems at the
Paducah Gaseous Diffusion Plant.

4231 Task Summaries

Phase 4 consgts of seven primary tasks that include:
Task 4.1 — Site Commitment Agreement, Schedule and Cost
Task 4.2 — Test Plan Development
Task 4.3 — Operational Plan
Task 4.4 — Find Subsystems Design
Task 4.5 — Qudity Assurance Plan
Task 4.6 — Facility Dispostion
Task 4.7 — Congtruction Subsystems (Optiona Task).
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In addition to periodic reporting, the ddliverablesinclude:
Site Commitment Agreement — due within 90 days of award
Test Plan — due within 60 days of award
Operationa Plan — due 60 days of award
Find Design Drawings— due 90 days of award
Qudity Assurance Plan — due 90 days of award
Congtruction Schedule — due 30 days of construction authorization
Congtruction Completion — within 240 days of congruction authorization.

Phase 4 wasinitiated May 11, 2001 and completion of the firdt five tasks is scheduled for completion
by September 11, 2001. Table 4.2.3-1 summarizes the Satus of these activities as of the date of this

report.

Table4.2.3-1 Phase 4 — Summary Status

Task Task Scope/Deliverable StatusRemarks

4.1 Site Commitment Agreemert Commitment Letter, Schedule, In Progress
Cost

4.2 Test Plan Develoment Test Plan Submitted 7/10/01

4.3 Operational Plan Operationa Plan Submitted 7/10/01

44 Find Subsysems DAesign Desgn Review Completed June 14, 2001
Engineering Documentation In progress

45 Quality Assurance Plan Quadlity Assurance Plan In Progress
Equipment Procurement No new equipment

procurements

4.6 Facility Dispostion Property management reports In Progress

4.7 Subsystems Congtruction Congtruction Schedule Option not initiated
Congtruction Completion Option not initiated

Note: Scope items for Phase 4 based on contract modification A042, dated May 11, 2001.
A summary of the task activitiesis provided below.

Task 4.1 - Ste Commitment Agreement

Contacts with various stakeholders at DOE Paducah were made to assess the potentia of their
participation and/or support for the Limited Demongtration project. Stakeholders at DOE/Paducah
were initidly contacted because of their previous participation in the integrated waste
pretreatment/vitrification activities. Potentid participants from other DOE sitesincluding
DOE/Portsmouth and DOE/Oak Ridge were aso contacted to assess their potentia support of the
demongtration project.

Based on these contacts, it was determined that Vortec's efforts should focus on completing the
demondtration a Paducah. The primary reasons for making this selection included:
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DOE/Paducah’s previous support for the integrated pretrestment/vitrification demonstration.
DOE/Paducah’ s commitment to continue support for the Limited Demonstration.

A commitment from USEC for cost share participation contingent upon development of a
favorable path forward for securing the necessary permits and a waste management
contract which will utilize the waste handling and conditioning system.

A favorable response from Bechtd Jacobs to pursue a project which would target the
processing of drummed legacy waste on a near-term basis.

The exigting infrastructure at Paduah (i.e., Ste preparation) to accommodate the limited
demondtration.

Expected favorable support from the Kentucky regulators for the project.

Resolution of the law suit between the principas of the SSAB and DOE to dlow the
Limited Demonstration to proceed.

Based on these development, it is anticipated the necessary Site agreements can be obtained to support
continuation of the Limited Demongtration to the congtruction phase and with eventuad commercid
implementation.

Task 4.2 — Test Plan Development

The test plan for the Limited Demondration has been completed and delivered to DOE on July 10,
2001. Comments from DOE/NETL and the Mixed Waste Focus Group have been integrated into the
objectives, gods, testing and analyses to be performed. A summary of the basic dements of the Test
Pan for the Limited Demongtration is presented in Section 4.2.4 of this report.

Task 4.3 —Operational Plan

The operationa plan has been completed and was ddivered to DOE on July 10, 2001. The operationa
Pan included the following eements:

CoNoUA~AWNE

Organization of the plant personnd, including gtaffing plan and job descriptions
Definition of operationd practices

Activitiesin controlled aress

Communication sysems

Training procedures

Investigations of abnorma events

Notification procedures

Control of equipment and system status procedures

Lockout and tag out procedures

10 I ndependent verification procedures
11. Log keeping procedures

12. Operations turnover procedures

13. Timely orders to operators procedures
14. Equipment labeling procedures

15. Operating and Maintenance Plan

Task 4.4 — Final Subsystems Design
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Final design of the subsystems for the limited demondiration is to be completed by August 9, 2001.
Déivery of the desgn documentation is expected to be on schedule.

Task 4.5 — Quality Assurance Plan
The Quality Assurance Plan for the limited demondtration is to be completed by August 9, 2001.
Déivery of the Quaity Assurance Plan is expected to be on schedule.

Task 4.6 — Facility Disposition
Vortec has been responsible for maintaining existing equipment purchased under Phase 3 of this project
aswedl as DOE owned equipment at the pilot plant facilities located at the Univerdity of Fittsburgh
Applied Research Center (U-PARC). The following property management reports have been provided
to DOE under this contract:

1. Report of Contractor’s Property Management System

2. Annua Report of Property in the Custody of Contractor

3. Report of Physicd Inventory of Capital Equipment

4, Report of Termination or Completion Inventory.

Task 4.7 — Subsystems Construction
Congtruction of the Subsystemsis to be initiated upon authorization by DOE. Authorization to proceed
with construction has not yet been received. Therefore, congruction activities have not been initiated.

4.3 PROCESSDESCRIPTIONS

This section is divided into two mgjor subsections. Section 4.3.1 provides a process description of an
Integrated Waste Pretrestment & Vitrification Plant as developed under Phase 3 of the project. Section
4.3.2 describes a Limited Demonstration Facility as developed under Phases 3A and 4 of the project.

4.3.1 ProcessDescription —Integrated Pretreatment & Vitrification Plant

An integrated system design for awaste pretreatment and vitrification plant was developed under Phase
3 of the project. The mgor process subsystems of the integrated plant design include:

Feed Preparation and Blending Subsystem
Cyclone Mdting System (CMS®)

Glass Product Handling Subsystem

Air Pallution Control Subsystem

Waste Water Treatment Subsystem

The rdationship of these subsystemsis shown in Figure 4.3.1- 1, and an artist rendering of the integrated
pretrestment/vitrification plant is shown in Figure 4.3.1-2.
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Figure4.2.1.2-1 Block Diagram of Integrated Waste Pretreatment/Vitrification Plant
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ortec
DOE Vitrfication Demonstration Plant, Paducah, Kenfucky

Figure4.2.1.2-2 Artist Rendering of Integrated Waste Pretreatment/Vitrification Plant
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The combination of the feed preparation and vitrification alows awider spectrum of waste typesto be
processed. The feed preparation system aso provided a more homogeneous product to the vitrification
plant, thus resulting in better qudity control on the glass product produced. It so improves operationa
religbility and safety of the vitrification syslem while reducing the maintenance requirements for the
vitrification system. Descriptions of the process assemblies that make up the integrated plant design are
presented below.

43.1.1 FeedPreparation Subsystem

The feed preparation subsystemn accepts drummed waste materid's and transforms them into adry bulk
powder that meets the size and moisture specifications required by the Vitrification sysem. The feed
preparation requirements include: shredding, drying, crushing, metal separation, plastic separation,
grinding, and screening.  The subsystems and assemblies that provide these functions are described
below.

The process begins with the soil being ddivered to the demongration plant in seled metd drums. The
drummed, contaminated soil is stockpiled outside, near the northeast entrance to the facility. The drums
are processed through a primary and secondary shredder, which reduces any rock or large materiasin
the drumsto nomindly 1 to 3 inchesin sze, and the drum metal and drum liner to Strips 2” wide by
varying lengths. The pair of shredders in series serves to minimize the number of very long strips of
metal resulting from shredding the drum. This Size reduction is used to prepare the waste materids and
the drum for input to an indirect heated homogenizer/homogenizer/dryer. A hood over the shredder
gtation is connected to a dust collector and induced draft fan, which provides a negative pressure and
dlows outsde air infiltration into the shredding assemblies. Thisflow of outsde air infiltration will
prevent the escape of any dust generated during the drum shredding operation.A belt conveyor
transports the shredded materid to the indirect heated homogenizer/homogenizer/dryer. The sail is
assumed to contain up to 30% water by weight, and arotary homogenizer/homogenizer/dryer has been
proven to dry the soil to afree floning condition. The dry free flowing soil condition is required both for
grinding and for proper operation of the pneumatic batch handling system located down stream of the
homogenizer/homogenizer/dryer. Indirectly hested, closed-circuit air is used as the homogenizer/dryer
medium in arotary homogenizer/dryer. The moisture absorbed in the air drying mediais passed through
a condenser, which reduces the temperature to 125° F (dew point at these conditionsis 189°) to
condense out the moisture removed from the waste material. The captive drying media (air) isthen
released to a heat exchanger and re-circulated back through the homogenizer/dryer. The condenser has
its own cooling tower, pump, and heat exchanger assemblies. The liquid removed by the condenser
assembly is pumped to the plant’ s wastewater trestment system.

The rotary homogenizer/dryer operates on propane and is provided with its own air and fuel controls.
The drying ar is heated indirectly, as required to maintain the exhaust temperature from the heater to a
maximum of 325° F. Theflue gas, which is not contaminated, is exhausted through astack. The drying
medium (air) is passed through a high efficiency pulse-jet bag house dust collector to capture any fine
particulates remaining in the drying circuit.
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The homogenizer/dryer is desgned to minimize any ar infiltration into the drying circuit. The
homogenizer/dryer feeding assembly and the discharge breachings are equipped with low-leakage sedls.
Double gate air locks provide the means for discharging the dried feed materids. The fine materias
collected in the drying circuit pass through arotary air lock to the mechanica conveying subsystem. Up
to 500 Ib./hr. of infiltrated air will be vented by a smdl fan and directed to the Vitrification process. This
maintains a negetive pressure in the drying circuit.

Materid leaving the homogenizer/dryer is discharged onto a belt conveyor and subsequently entersthe
crusher. The crusher reduces the waste material stream to a minus two inch (2”) product and is
discharged to the separator feed conveyor.

A rotating drum magnet at the front end of the separator feed conveyor is used to remove the drum
pieces and other ferrous metal strips. These metal scraps are deposited in a ST-90 box container for
remova to a storage area on the Site.

The materid stream then enters a scalping screen, where minus 2 inch materid is separated and
deposited on the ¥/4” screen conveyor. The plus 2 inch materid is passed through an air knife for plastic
separation. The segregated plastic stream is discharged into ST-90 containers for storage. A cyclone
dust collector and bag-house collect any fines carried in from the separation air sream. Theair used in
this system isrecycled.

The materid stream then enters a vibrating screen where minus %4 materid is separated and deposited
on the mill feed conveyor. Theminus2” plusthe ¥4’ materid isfed to the rotary air separator for plagtic
remova. The segregated plastic Stream is discharged into ST-90 containers for storage. A cyclone
dust collector and bag-house collects any fines carried in the separation air sream. Theair used in this
system isrecycled.

The waste materid remaining in the stream is discharged to the mill feed conveyor. An dectronic metd
detector isingdled on this conveyor. A pneumatically operated diverter gate at the discharge of the mill
feed conveyor will automatically direct unwanted nonferrous meta to an ST-90 container located at
grade.

The normd materid flow from the mill feed conveyor enters a 30 mesh screen to separate out the minus
30 mesh (595 microns) materia which then passes to the sized soil vacuum conveying system. The plus
30 mesh materid from the screen is discharged into a grinding mill, which reduces the particle sze.
Materid from the mill is returned to the 30 mesh screen. Air and fines from the mill pass through the mill
dust collector. The collected fines are sent through arotary air lock to the sized soil vacuum conveying
system. The minus 30 mesh product from the grinding mill is aso discharged to the sized soil vacuum
conveying system.

The szed s0il vacuum conveying system receives materid from three points: the grinding mill; the mill
dust collector, and the 30 mesh screen. The dried and sized soil is conveyed to the top of the soil silo.
The vacuum system is closed loop with a heat exchanger to reject excess heat and an in-linefilter
upstream of the blower.
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Nuisance dust collection points are provided to contain fugitive dust emissions during drum shredding
and throughout the feed preparation system. These materias are discharged to and collected in the mill
dust collector.

Because the grinding subsystem cannot accommodeate plastic materias, these materias are separated
prior to the grinding operation.

The shredders, homogenizer/dryer, crusher, vibratory screens, mill, and the belt conveyors are totdly
enclosed. The gases leaving the mill dust collector pass on to HEPA filters. The HEPA filtersare
aranged in pardlel so one st of filters can be serviced while the other setison line. The differentid
pressure causes an alarm to notify the operator that the filters have to be changed. The clean gases
leaving the HEPA filters are released to the atmosphere through the feed preparation blower.

4.3.1.2 Batch and Blend Assembly

The mgor components of the feedstock blending and storage assembly are: soil storage silo, two glass
additive storage sl os (limestone and soda ash), a weigh hopper, weighed materia transporter, a
feedstock blending tank, dua blended batch transporters, arotary air lock, and an air compressor. The
system is controlled by the main PLC. The weigh hopper receives materid from both the soil and glass
additiveslos. The weighed materid is conveyed to the batch blending tank via the weighed meaterid
trangporter. The batch isair blended in the blend tank. Dud transporters with inlet isolation valves and
an outlet rotary air lock connecting the second transporter tank to the feed line, permit the blended
batch to be pneumaticdly fed to the Vitrification system.

Batch feed rate is established by means of logging the weight and time of each batch mix into the weigh
hopper. During test operations, the Size of a given batch can be optimized to provide sufficiently
frequent data to accurately indicate batch feed to the CMSO:

4.3.1.3 Vitrification System

The process units of the melting (vitrification) sysem (CMSO) indude: air ddlivery, fud ddivery,
cyclone melting syslem (CMSO), and a recuperator.

The CMSO consists of three mgjor assamblies: a counter-rotating vortex (CRV) reactor, acyclone
reactor, and a separator reservoir.

The reaction air for the process comes from the air blower. Air enters the Recuperator whereit is
preheated by exchange with off-gases to approximately 1200° F. Preheated air from the Recuperator
entersthe CRV reactor inlet arms.

Propane can be delivered to either the CRV reactor inlet arams or the lid. Thetypica flame safety
controls are provided (e.g. automatic shutdown on loss of flame, low gas pressure limit, double block
and bleed valves, and a high gas pressure limit). A flow control valve sets the mass flow of propaneto



Vortec Corporation

NETL Phase 3 Final Report
July 12, 2001

Page No. 36

the CRV reactor. The air flow controller and the propane flow controller are interconnected by aratio
contraller to maintain the air to fud ratio and aso control the air lead/lag when changing firing rates.

During start-up, the temperature of the unit will beincreased at arate of 50° F/hr. in order to prevent
thermal shock to the refractory. Main gasto the CRV reactor cannot be turned on until the CRV
reactor has reached 1400° F, and at this temperature propane will auto ignite.

Likethe CRYV reactor, the cyclone mdter isarefractory lined, water cooled, carbon stedl vessd. The
high inlet velocity causes a cyclonic flow to occur within the melter. The centrifugd forces caused by the
gas dynamics throw the molten materid to the walls where glass forming reections initiated in the CRV
reactor are completed. The molten glass and the hot gases then pass on to the separator reservoir,

Between the cyclone meter and the separator reservoir are two thermocouples, which measure the
glass temperature as it leaves the cyclone mdter. These thermocouples are used during melting
operations to control the firing rate of the process and maintain a congtant glass temperature. Should
the glass temperature gart to fdl, the firing rate will be increased; likewise, should the temperature
increase, thefiring rate will drop.

The separator reservoir is arefractory lined and insulated carbon sted vessdl. Insde the separator
reservoir the gas velocities drop dramatically dlowing afind separation of glass and gas,
Thermocouplesingalled in the separator reservoir provide the operator with atemperature profile
during operation. A pressure transmitter monitors the pressure within the separator reservoir, which is
used as the balance point for the balanced draft operation. Should the separator reservoir pressure rise
above setpoint, the ID fan speed will be increased to reduce the pressure, Should the pressure decrease
below the setpoint, the ID fan speed will be decreased to increase the pressure.

The molten glass |eaves the separator reservoir and enters a glass channd. The gass channd has
propane fired burners to maintain glass temperature during operation and to bring the glass channel up
to operating temperature during heet up. Molten glass leaves the glass channd by flowing over aweir
and faling into the glass handling system. Hot gases exit the separator reservoir and flow upward
through the Recuperator where the waste hest is used to prehest the air. Flue gases leaving the
Recuperator pass on to the air pollution control system.

4.3.1.4 Glass Product Handling Subsystem

The glass product handling subsystem consists of awater quench tank and a drag conveyor.

Hot glass from the separator reservoir fdls into the glass quench tank. The quench tank rapidly cools
the glass to atemperature below 200°F. The drag conveyor pulls the glass from the quench tank and
dlowsit to de-water asit goes up the conveyor incline. The speed of the conveyor will be adjusted
with avariable speed drive to dlow resdud hest in the cullet to evaporate as much water as possible
from the cullet prior to being discharged into ST-90 containers.



Vortec Corporation

NETL Phase 3 Final Report
July 12, 2001

Page No. 37

Two ST-90 containers can be placed under the drag conveyor at the discharge end in parald.
Moatorized vaves will sequence the filling of the boxes dternately. The full ST-90 containers will be
removed and placed in the treated container storage areafor pick-up and disposal by DOE-Paducah.

Hot water from the quench tank will be circulated through a heat exchanger to be cooled by water from
the cooling tower. Water from the quench tank will flow over aweir into a surge tank, which hasa 5
minute resdence time. The welir is provided to keep particulate out of the circulating loop. The cooled
water is re-admitted to the quench tank as a spray to minimize the potentia for dust generation.

4.3.1.5 Pollution Control Subsystem

Theair pollution control subsystem has been designed for a maximum uncontrolled particulate carryover
rate of 5% of the batch feed rate. The off gas (flue gas) from the recuperator flows into the venturi
scrubber. For amaximum efficiency from the scrubber & varying flow rates, avariable throat venturi
was selected.

The off gas from the venturi scrubber passes on to a separator where particulate laden water is separated
from the off gas. Water is collected in asump at the base of the separator and is recycled back to the
venturi scrubber by the recycle pump.

The pH of the recirculating water will drop as acid gases are absorbed from the flue gas. Caudtic is
added to the recycle line as required to maintain the pH set point. Water is blown down to the
wastewater tank as required.

The off gas |eaves the separator and passes on to the wet eectrodtatic precipitator (WESP) irrigation
chamber. A WESP isvery eficient in collecting water droplets; if particulate passing through the WESP is
uniformly coated with weter, then the particle collection efficiency will be high. The irrigation chamber
contains afogging spray to assure that the particulate is coated with water prior to entering the WESP.
Any excess water with particulate flows out of theirrigation chamber and into the WESP blowdown tank.

The off gasleavestheirrigation chamber and enters the WESP (ME-501) through the top of the unit. As
the water droplets with the entrained particul ate pass through the dectrodtatic field, they will be attracted to
and collected by the collector plates. Asthe water rolls down the collector plates, it will effectively clean
the plates. If additional cleaning is required, spray nozzles located above the collectors can be turned on to
wash the plates with clean water. Water and particulate will pass out the bottom of the WESP into the
blowdown tank while the off gas passes out the side and on to the process off gas heater. The blowdown
pump is cycled on and off by level control.

The process off gas heater receives the off gas and raises the temperature to 250°F to elevate the dew
point prior to entering the high efficiency particulate air (HEPA) filters. At thistemperature, any water
left in the off gaswill bein the vapor phase and the gas dew point will be sufficiently high to prevent
moigture from condenging in the HEPA filters
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HEPA filters are provided for find particulate clean-up. Thefiltersarein paralldl so one set of filters
can be active while the other set is being replaced. Differentid pressure across the filters is monitored to
indicate when the filters should be changed ouit.

The gases are discharged from the Process Blower through the Process Exhaust Stack whereit is
vented to the atmosphere. The stack is equipped with a continuous emissions monitoring system, which
measures opacity, HCl, CO,, CO, O,, SO,, and NO,. The anadyzer Sgnds are sent to the PLC for
datarecording, and caculations.

4.3.1.6 Waste Water Treatment Subsystem

Wastewater streams from the venturi scrubber, the WESP, the vapor recovery condenser pump, the
filter pressfiltrate pump, and any recycle stream from the treated effluent pumps flow into the
wastewater flocculation tank. A sodium hydroxide solution (under pH control) and a polymer mixture
(under flow control) are added to the wastewater flocculation tank. The sodium hydroxide solution is
added to raise the pH of the liquid to a set point of 9.2 to form insoluble metal hydroxides, while
polymer is added to ad in flocculating the small meta hydroxide particles into settlesble solids.

The contents of the wastewater flocculation tank flow by gravity into the wastewater holding tank. The
wadtewater in the wastewater holding tank overflows from near the top of the tank into a clearwdl, from
which it is pumped to the following steps.

Wadtewater is pumped first through the wastewater heat exchanger (HX-600) to reduce its temperature
to 100°F. The cooled wastewater isthen introduced to reaction tank A. Sulfuric acid and sodium
metabisulfite solutions are added to this tank to keep the pH of the wastewater at 3.0 and to reduce any
hexavdent chromium to trivalent chromium. The reaction tank is congantly agitated and the pH and
oxidation-reduction potentid are measured. The pH measurement is used to control the addition of
sulfuric acid, and the ORP measurement is used to control the addition of sodium metabisulfite.

The wastewater then flows over awelr to reaction tank B. Sodium hydroxide solution isintroduced to
raise the pH of the wastewater to 7.5 to 8.0 to precipitate chromium hydroxide.

The contents of reaction tank B flow over awelr to the flocculation tank. Diluted polymer mixtureis
added to flocculate and settle solids in the clarifier. Sodium sulfide can dso be added to precipitate any
remaining dissolved metds as insoluble metd sulfides.

The wastewater overflows awelr into the clarifier. Solids sttle to the bottom of the clarifier and are
pumped continuoudy to the dudge holding tank skid. The darified wastewater overflows into the
clarifier clearwdl, which acts as a holding or surge tank for the clarified wastewater before it is pumped
to the polishing filter skid.

The chemicdly trested wastewater is then filtered to remove any remaining particulate materid thet is
suspended in the clarified wastewater and to keep such materid from plugging or fouling the operation
of theion exchangeresn.
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Thefiltering skid is composed of three equivaent multimediafilters. The polishing filter skid can operate
intwo modes. Thefirst mode, the filtering mode, is when dl threefilters are operating in pardld, and dl
of the filtered wastewater isinput to the ion exchange skid. The second mode, the backwash mode, is
when onefilter is backwashed and the other two filters, operating in pardld, are feeding thefilter in
backwash. All threefilters can be backwashed sequentidly. When the polishing filter skid isin
backwash mode, the backwash isinput to the filtrate tank skid. The differential pressure between the
inlet and outlet manifolds for the three filters is measured to control the initiation of the backwash mode.

The filtered wastewater is treated though ion exchange resin to remove specific radionuclides and heavy
metas that are ill in solution within the wastewater effluent.

A bank of three ion exchange cells accomplishes this purpose. The piping of the skid dlowsfor the
wadtewater to flow through the cellsin series or pardld. Treated water is pumped to the effluent tank
skid, whereit isheld for analyss prior to discharge to DOE' s Outfal No. 1.

Sudge generated from the wastewater holding tank and the clarifier is pumped to the dudge holding
tank. From thistank, the dudge is pumped to the plate and frame type filter press for dewatering.

During dudge dewatering, the filtrate from the filter pressis sent to afiltrate tank  When thefilter press
is opened, the dewatered filter cake is dropped into a live bottom hopper. The dudge screw conveyor
conveysfilter cake out of the hopper and transfersit to the inclined screw conveyor C8. The C8

conveyor transfers the filter cake elther to the rotary homogenizer/dryer for recycle or to ST-90 boxes

for disposal.

Thefiltrate from this process is returned to the wastewater flocculation tank for retrestment through the
sysem.

The treated wastewater is sent to the effluent tank skid, where it can be recycled as make-up water to
the venturi scrubber, the glass quench storage tank, and the wet ESP or discharged.

Treated effluent that is not recycled in the wastewater trestment system is sent to one of the three
effluent holding tanks. The effluent holding tanks each hold the treated effluent from one shift until an
andysisispeformed. After completing the andysis, the treated effluent is either sent to the wastewater
outfal, discharged into DOE tank trucks, or passed through the polishing filter and ion exchange skids.

Potentially contaminated rainwater is collected and treated through the wastewater trestment system.
4.3.1.7 Process Monitoring and Control Subsystem

The process monitoring and control subsystem congists of the sensors, dectronics, instrumentation,
operator's stations, computers, and programmable logic controllers (PLC) to control the Demonstration
Plant in red time, gather data for andysis on system and equipment performance, and monitor process
off gas. The human interface isincluded as well as hard copy information gathered by hand.

The sysem isfault tolerant and is cgpable of being shut down in emergenciesin a controlled manner
using structured logic. Interlocks control awide range of failures. Centra darmsin the control trailer
detect off nomina conditions and emergency darms are sounded in the plant area. An uninterruptible
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power supply assures computer power availability during power outages and is independent of the
emergency power generator. The system has been designed o that automated valvesfall in a safe
position.

Provenindudtria controls and eectronics are used. All indoor equipment isNEMA 12 and all outdoor
equipment iISNEMA 4 or 3R. Redundant programmeable logic controllers enhance rdiability. Multiple

monitors are capable of being switched to alow individud subsystem processes to be monitored in the
control trailer.

A data acquisition subsystem (datalogger) assures that key data for andysis of system and equipment
performance is obtained. The data acquisition function resides within the persond computers to assure
no loss of continuity in data. Sdlected data will be collected automaticaly after loss of power for 60
minutes. In addition to collecting and recording data for process and equipment evauation, and trend
andysis, the syslem incorporates a continuous emissions monitoring system for process emissons
survelllance. Record Sampling is used to document meeting emission standards.

The system conggts of the following:

. A main Operators Console with two operator stations and a printer, two historian file servers,
two log printers, two modems, and coax links

. A main Control Pandl, MCP-1 with necessary input/output and two redundant programmeable

logic controllers
. An uninterruptible power supply system
. Controlling software
. Instrumentation as defined in the P& 1D and specifications

The operator's console consists of two fully independent desk top operator stations located in the
control trailer. The operator's console houses the equipment and provides work space for the
operators. Since no components are shared, failure of one station will not affect operation of the other.

Each gation has the necessary software to configure dl system devices. A critica darm digplay unit
monitor provides split screen operation so that one section is devoted to atime ordered, darm review
scroll and the other sections dedicated to the darm status of 8 critical process darms.

The system will provide the following displays:

- Summary Display — overview of multiple groupsin asingle display

- Indicator/Controller Face Plates— 8 or more points on asingle display in the face plate
format

- Point summary display — Andog input and output Signal values and motor command and
datus vaues

- Process Graphic Displays— up to 100 custom graphic displays based on the P& 1D

- Higorica Trends— up to 250 historica trend points

- Diagnostic Displays— Network diagnostics with on screen help for troubleshooting network
falures
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- Alamhandiing — dl darms with archive capability

Control isexercised by a set of four PLCs. The control system is automated to the maximum possible
extent. Process control valves are operated remotely from the operator's console in the control trailer.
Controllers have the cgpability to be manudly operated so that the combustion air blower and cooling
water pumps can be operated in case of system failure. Loop controllers can be operated in a manual
mode for control of vaves, variable frequency drives and other selected equipment.

Communications among the system components is accomplished over redundant, high speed data
highways capable of providing 2 second updates for dl highway functions including displays, controller
changes, and darm reporting.

4.3.1.8 Utilities Subsystem

Power Distribution System

Primary electrical power is supplied by DOE-Paducah through a bank of transformersto the Vortec
sysem. Emergency power is supplied from a400 kvadiesd emergency generator through a400 amp
automatic transfer switch. The emergency generator supplies back-up power for: combustion air
blower, continuous emissions monitor, cooling water supply pumps, cooling tower fan, instrument air
compressor, and emergency lighting.

Skids are independently provided with power through a skid mounted disconnect. Each skid is pre-

wired and checked out before shipment to the Ste. Instrumentation isinstalled on Ste to prevent
damage during shipmertt.

Cooling Water

The cooling water system provides cooling water to remove excess heet from the cyclone meting
system (CMSO), wastewater cooling system, and the gass quench cooling system.  The cooling tower
is an induced draft, counter flow, closed |oop, evaporative cooler with three (3) 10 hp, TEFC, direct
drive propeller fans, complete with eectric water level control, temperature control, electric basin
heater, gdvanized sted coil, pressurized water digtribution, and PVC migt diminators. The cooling
water rack provides asingle location for operator monitoring and control of the cooling water supply
and return to the CMSO. The glass quench cooling system serves to remove hest from the glass
quench water, which overflows from the glass drag conveyor, and to pump the cooled quench water
back to the conveyor spray headers. The wastewater cooling system serves to reduce the wastewater
temperature to enable the use of plastic materids.

The cooling tower is designed for aflow rate of 568 gpm (40% propylene glycol & 60% water) with a
cooling water return temperature of 110°F. Thetota capacity of the system without the reservoir tank
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is 1200 gdlons. The reservoir tank has a capacity of 250 gallons. The required cooling water supply
temperature is 93 °F, total heat duty of 4,540,000 BTU/hr, design ambient wet bulb temperature of
78°F, and cooling water design pressure 100 psig. The cooling tower will remove heet from the cooling
water circulating in the coil by recirculating water over the outsde of the coil and blowing air up through
the wetted coil. The water that is recirculated over the outsde of the cail is stored in the pan section at
the bottom of the unit, and is pumped over the cail through spray nozzles by the spray pump mounted
on the end of the unit.

The make up water is supplied from the utility water syssem. An dectric immersion hester isturned on
automatically to prevent freezing of the reservoir when the tower is shut down. The thermostat isto be
set at 42°F.

Two cooling water pumps are provided for cooling water recirculation. Only one will operate a atime,
the other acts as a 100% spare.

The cooling water will enter the glass quench heet exchanger at a maximum rate of 280 gpm and a
temperature of 93°F before returning to the cooling tower. Heated water leaving the glass quench tank
at 135°F will overflow to the glass quench surge tank.

Fud Supply

Propane, which is used as fue for the rotary homogenizer/dryer, CMSO, and the off-gas air hester, is
trucked to the site and stored in the plant propane storage tank. The propane system consists of a
liquid propane tank propane pump and a vaporizer al supplied with the necessary instruments, valves,
and safety controls.

Plant Compressed Air

A plant compressed air system (ME-700) consisting of an inlet filter, air compressor, aftercooler, water
separator, and an air receiver is provided for plant utility air requirements. Utility air is dso passed
through a coaescing filter, regenerative homogenizer/dryer, and an after filter in order to provide plant
ar with a-40°F dew point for instrumentation.

4.3.19 Skids/Facility Foundations/Structures/Piping
ids

Each skid or assembly has been designed to be a modular unit that can be transported over the roads.
The envelope will meet Department of Trangportation requirements for height, length, width and weight.

Each skid has been pre-wired and pre-piped with the interface points for connections between skids
and other equipment being minimized. All skid internd wiring is routed to a centrd pand which in turn
will connect to an I/O panel. The I/O pand will receive inputs from outside the skid and will provide the
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interface with the process monitoring & control system. In addition, eectrica control pandswill be
provided on each skid to receive outside power. Interconnecting piping between the skids and other
process equipment is intended to be flexible hose where possible.

A cable tray/hose tray support has been routed down the center of the skid arrangement, which alows
take-off to each individua skid. Thistray arrangement will house both hose on the bottom layer and
electrica cables on thetop layer. Hose and cable leaving the tray will be laid on the ground between
the tray and the connecting points on the skids.

Each skid has been designed to operate outdoors. However, since there is no insulation or hest tracing
(to save cost) when ambient temperature reaches freezing, each skid will be drained and compressed air
blown through the piping to remove any water which potentialy could cause freezing problems.

Structures

The dtructurd design criteriawas tailored after the following standards or codes:

DOE 6430.1a(1989): United States Department of Energy General Design Criteria

UCRL-15910 (1990): Design and Evauation Guiddines for Department of Energy
Facilities Subjected to Natural Phenomena Hazards

SDC 4.1 (1993) : Hanford Plant Standards : Arch-Civil Desgn Criteria

ASCE 7-93 (1993): Minimum Design Loads For Buildings and Other Structures

1988 UBC: Uniform Building Code, 1988 Edition

Thefacility was classfied as aNon-nuclear, Generd Use, Safety Class 4, in Seismic Zone 2B. The
Non-nuclear classification was based on guidance in DOE 1027-92. In accordance with these
standards, the structurd design gravity loads and wind loads were established from ASCE 7-93 with
the following assumptions:

Gravity loads. CMSO Structure Elev. Platform 125 psf
Filter Press Platform 100 psf
CMSO Structure grade dab 250 psf

Wind loads based on: Basic Wind Speed 70 mph
Exposure C

The Saismic design loads were established from 1988 UBC in conjunction with SDC 4.1 and UCRL
15910 assuming the following parameters:

. Zone 2B
. Importance Factor 1
. Dampening Factor 5%

. CMSO Structure seismic factor 0.0412
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The CMSO structure was designed as an unenclosed, stedl braced, frame tower with a ground floor
and 3 devated floors braced with horizonta truss sysems. The filter press support platformisan x-
braced, sted structure with a horizontal truss braced floor system. Both structures were designed as
fidd bolted, portable structures. To smplify and fadilitate portability, the bracing in the CMSO
structure was designed as single member compression/tension diagona braces. The CMSO structure
was andyzed using the STAAD-I1I gtructural analysis software and checked for compliance to the
1989 ASD gructura sted specification. The foundation was analyzed as a mat foundation assuming an
alowable soil bearing pressure of 3000 psf. Concrete design was done in accordance to the 1983 ACI
318-89 ultimate strength design method.

4.3.2 Limited Demonstration Plant Process Description

The process for the limited plant demonsiration consst of primary process elements of the pretreatment
system described above and is herein referred to as the Materid Handling and Conditioning System.
The basic process design for the limited demongtration plant was developed under Phase 3A of the
project and refined under Phase 4.

4.3.2.1 Description of Material Handling and Conditioning System

The Materid Handling and Conditioning System conssts of a portion of the feed preparation system for
the full-scde integrated pretrestment/vitrification plant; for this reason, this phase of work is referred to
asthe “Limited Demongtration. The system to be ingtalled and demonstrated under this scope of work
is as shown on the Process Flow Diagram in Figure 4.3.2.1-1. The Materid Handling and Conditioning
facility will congs of adrum weighing and loading assembly, shredding assembly, homogenization/drying
process, ferrous metals separation assembly, prepared waste ddivery/loading assembly, a
comprehensive fugitive dust control system, the propane fud subsystem, the compressed air system, and
PLC-basad controls and power distribution. The limited demondiration plant is located outside the
security fence at Paducah and located on approximately five acres of land provided by the Site.
Approximately athird of the land set aside for the vitrification plant will be used for Materia Handling
and Conditioning Subsystem.

The Materid Handling and Conditioning Subsystem begins with clean soils drummed in sedled metdl
barrels, prepared by BJC and delivered to the Vortec facility for the limited demongtration project. The
drummed materias will be prepared in accordance with recipes defined in the Test Plan. The sedled
drummed soilswill be weighted and loaded into the Primary Shredder via the Manipulating Arm and
Skip Hoist. Materidswill pass from the Primary Shredder to the Secondary Shredder to complete the
drum shredding process. Shredding will yield metd strips no larger than 2° by 6” and break down
rocks, concrete and other objects for good metal separation and flow characteritics.

Upon leaving the secondary shredder, the metd strips and drummed contents are delivered to a belt
conveyor trangporting and el evating the shredded materids to the Rotary Drum
Homogeni zer/nomogeni zer/dryer where moisture content will be reduced by contact with heated air.
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Dried materids discharge from the Rotary Drum Homogenizer/Homogenizer/dryer onto a belt
conveyor, which transports them to the conditioned soil loading subsystem. At the head of the
conveyor, atramp iron magnet removes ferrous materias from the material stream. Separated metas
are - discharged to an ST-90 box for DOE disposal. The conditioned soil will discharge from the belt
conveyer to the waste ddivery/loading assembly into ST-90 boxes for DOE disposd.
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Figure4.3.2.1-1. Process Flow Diagram

Necessary process equipment ancillary to the soil preparation and conditioning facility include a
homogenizer/homogenizer/dryer air heater system, a trestment subsystem for the
homogenizer/homogenizer/dryer exhaust air stream, dust control subsystem, the propane subsystem, the
compressed air subsystem, power and controls.

The s0il is assumed to contain up to 30% water by weight, and a rotary homogeni zer/homogenizer/dryer
has been provided to dry soil to afree flowing condition. Drying air exhausted from the
homogenizer/homogenizer/dryer is passed through a bag house and HEPA filters for control of
particulate prior to discharge to the atmosphere.
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The rotary homogenizer/homogenizer/dryer air heater operates on propane and is provided with its own
ar and fud controls. Thedrying air is heated as required to maintain the exhaust temperature from the
hester to maximum of 600 F.

The homogenizer/homogenizer/dryer operates under a dight negative pressure and is designed to
minimize any air infiltration into the drying circuit. The homogenizer/homogenizer/dryer feeding assembly
and the discharge breaching are equipped with low-leakage sedls. Double gate airlocks provide the
means for charging and discharging materids to and from the Rotary Homogenizer/homogenizer/dryer.

All of the soil processing equipment (shredders and conveyors) has been designed to be enclosed and
discharge to adust control subsystem to minimize and possibly diminate fugitive dust emissons. The
dust control subsystem provides the capability to withdraw air from dl of the soil processing equipment
and filter it through a dust collector and High Efficiency Particulate Air (HEPA) Filter prior to discharge
to the atmosphere. The dust control subsystem consists of the ductwork, Nuisance Dust
Collector/HEPA filter, blower, and stack. The Homogenizer/homogenizer/dryer exhaust gasis smilarly
vented through a dust collector and HEPA filter. Both Dust Collectors (Nuisance and
Homogenizer/homogeni zer/dryer) and the Homogenizer/homogenizer/dryer HEPA filter are equipped
with autometically controlled air pulse subsystems to clean the filer media. In each unit, the dust
removed from the filter media dropsto alive bottom hopper where it is discharged to a pneumatic
conveying system for delivery to the prepared soil loading facility. In this manner, al potentid dust
sources during operation of the system are effectively controlled and fugitive losses are minimized or
eiminated.

The propane subsystem congists of the Liquid Propane Tank and ancillary equipment. The propane
subsystemn is designed for 21 MMBTU/hr of propane, while the homogenizer/fhomogenizer/dryer heater
requires amaximum of 7 MMBTU/hr.

The compressed air subsystem provides both instrument air and utility air to the plant. It condstsof a
sngle stage rotary screw type compressor with air-cooled aftercooler, a heatless, regenerative,
desiccant type air homogenizer/homogenizer/dryer and air receiver. The subsystem is designed to
provide 800 scfm of compressed air at 125 psig with a—40°F dewpoint. The compressor and
homogenizer/homogeni zer/dryer operate with manufacturer provided loca control panels.

To provide trangportability and ease ingalation, most equipment is skid mounted, meets Department of
Transportation regulations, and uses flanged and/or hose connections. The systems are designed for
operation outdoors at temperatures below freezing.

4.3.2.2 Process Effluents

Air Emissons Points

Therewill be two air emissons points, the stack venting from the Nuisance Dugt Collection subsystem
and the stack venting exhaust gases from the Homogenizer/homogenizer/dryer. Information for these
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two point sourcesisshown in Table 4.3.2.2-1. Theleve of emissons from these two sources under the
limited demondration scenario islow enough to congtitute a minor source requiring no air permit. No
hazardous air pollutants or radionuclides will be discharged and the emissons of criteria pollutants will

be well below the minor source limits of 25 tons per year.

Table4.3.2.2-1. Point Sourcelnformation *

Source Nuisance Dugt Collection | Homogenizer/homogeniz
er/dryer System

Flow rate, acfm 19,000 10,000
Pollutant rate, total pounds?

Particulate 145x 103 2.64

Carbon Monoxide -- 18.68

Oxides of Nitrogen -- 74.8

Sulfur Dioxide -- 8.44 x 107

Volatile Organic Compounds -- 1.56

Notes: 1. Sources of datafor thistable are Air Permit Application, Kenvirons, January 1998 and calcul ations by DOE.
2. Thetotal pound emission rates were cal culated based on processing 1000 drums of material through the soil
preparations and conditioning subsystems as described in this proposal at a maximum rate of 2.25 tons per hour.

Liguid Effluents

No liquid effluents are expected from the system, other than uncontaminated ssormwater runoff.

Solids Dischar ge Points

Therewill be two solids discharge points. Solids at each point will be collected in an ST-90 box for
disposa by DOE. The two points are: the ferrous metas at the tramp iron metal separator, and the
prepared and conditioned soil discharge point.
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4.4 DEMONSTRATION TEST PLAN

The demongtration testing to be performed is congtrained to the testing of the Material Pre-Treatment
and Conditioning System using non-hazardous surrogate materids. The Limited Demondration Test will
include a shakedown and commissioning time prior to commencing the test. The badis of the test planis
that the limited demonstration will continue for a 30-day period, using drummed clean soil and other
materials to form awaste surrogate, prepared by the Bechtel Jacobs Corporation (BJC) under contract
to DOE. It isanticipated that gpproximately 500- 1000 drums of materidswill be processed during the
limited demongtration. Sampling and andlytica work for the limited demondiration criteriawill be limited
to those for the equipment to be demondtrated. The demondtration criteriawill include measures of the
effectiveness of sealed drum feeding, shredding, drying, homogenization, ferrous meta separation,
fugitive dust control, and process control.

The approach to demongtrating the Materia Pre- Trestment and Conditioning System isto perform a
seriesof trids. Inthesetrids, drums containing surrogate materias representative of materid that could
be encountered a DOE facilities would be processed. The triaswill demongtrate the versatility and
effectiveness of the system on arange of maerids including soils containing 15% to 30% moisture
content, and combinations of soils and debris such as concrete chunks and steel reinforcement bars.
The soils used in the demongtration will be representative of the soils local to the Paducah facility.

The demondtration contains five experiments, which will consist of process-related tests to confirm that
each component of the system is functioning properly and is ready to accept materias. The
demondtration period is planned to include 30 days of testing. During the demongtration period, the
system will operate on one shift, weekdays only. The primary decison to be made from the test
program isif the materid pre-trestment and conditioning system can yield a more homogeneous
feedstock appropriate for direct disposal or further treatment.

441 Test Objectives

To support thefina decison of the suitability of this technology for conditioning and treating the materia
present at the Paducah Site, the system will be operated with the test objectives summarized in Table
4.4.1-1.

The mgjor objective isto demondrate that using suitable surrogates of waste present on the Paducah
gte, the Vortec Materid Preparation and Conditioning Systems can produce a homogeneous and dry
feedstock appropriate for direct disposal or further treetment. Data collected will include materid
physica characterigics. Equipment data regarding metas removd, utilities consumption, and
homogenizer operations will aso be collected.

The data required during the trids includes performance and regulatory data. The performance dataiis
required to complete the understanding of the operation of the system while the regulatory data ensures
that the operation of the facility isin compliance with al gpplicable regulations and provides data for any
future permitting activities.
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Table4.4.1-1. Summary of Test Objectives
No. | Test Objective Title Test Objective Statement Objective Type
Determine the homogenizer efficiency and the
Homogenizer Drying | percent water in the conditioned material as a .
1 Performance function of feed material characteristics and Operating Data
material feed rate.
Determine magnetic metal removal efficiency
2 ;;ra:cﬂp Iron Magnet and the amount of magnetic metalsremaining in | Operating Data
ormance " :
conditioned materid.
Particle Size Determine the reduction in particle size that .
3 Reduction Efficiency | occurs during shredding and drying. Operating Data
Homogenization Determine the amount of blending that occursin .
4 Effectiveness the system. Operating Data
. . Verify the system capacity to process both 55- .
> Drum Size Capacity gdlon drums and 85-gallon overpacks. Operating Data
System Maximum Determine the maximum system processing rate .
6 Processing Rate and the rate limiting subsystem. Operating Data
s . Determine the eectricity and fuel required for .
7 Utilities Consumption processing material on a per unit basis, Operating Data
Efficiency of Dust Determine the particulate emissions from the
8 Emissions Control nuisance dust collection vent and the Regulatory
System homogenizer exhaust vert.
Fugitive Dust Identify potential of areas which could lead to
9 | Emission fugitive dust emission Regulatory

4.4.2 Performance Data

The demondration test criteriawill include measures of the efficiency of drying, metals separation, and
particulate remova in the dust control system; the effectiveness of homogenization, fugitive dust emisson
control, and product handling system; the effectiveness of the back- up eectrical generation system to
maintain the sysem at a dight negetive pressure in response to aloss in the primary dectrica power
source; and the maximum continuous processing rate. The performance data to be collected during the
tridsand a brief description of the methods used to collect these data are given in Table 4.4.2-1.
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Table 4.4.2-1 Performance Data for Demonstration Trials
Data Required Collection Method
-Measure amount of water added to surrogate materials during
Moisture content of feed preparation.

-Loss on drying analysis performed on grab samples from drums.
Moisture content of conditioned | Loss on drying analysis performed on grab samples of material to
il ST-90 boxes.

-Vendor Info or sieve analysis of materia used to prepare

Particulate size distribution of ,
feed surrogate materials
-Sieve analysis of grab samples collected from drums.

Particle size distribution of Sieve analysis performed grab samples of material to ST-90
conditioned materia boxes.

. -Weigh empty drum plus added metal
Magnetic metal content of feed “Weigh full drum

: -Weigh grab sample
Magnetic metal content of ) ,
conditioned material :q%egg)r(ﬁ and weigh metal from grab samples of material to ST-

-Concentration of tracer material in feed
-Concentration of tracer materia in grab samples of material to
ST-90 boxes.

EPA Method 5 sampling and analysis.

Homogenization during shredding
and drying of materia

Particulate dust emissions from

process vents
" . Visud inspection and recording in logbook of the presence,
Fugitive dust emissions development and implement method ondite to prevent emission.
Utilities consumption Electric meter and propane meter readings.
Maximum feed rate Increase system feed rate until subsystem can no longer operate
correctly.
Capacity to process 85 galon Feed 85-gallon overpacks to system and monitor system for
overpacks mechanical failures.
Homogenizer Inlet Gas Temperature transducer in inlet duct
Temperature
Homogenizer Outlet Ges Temperature transducer in outlet duct
Temperature

Pressure transmitter in nuisance dust and homogenizer exhaust

Dust Collector Inlet Pressure o
filter inlets

443 Regulatory Data

In addition to the performance data, facility compliance data regarding the discharge of materias will be
collected. These discharge pointsinclude air emissions and solids discharge. Since the surrogete
wastes are non-hazardous and will be prepared to specific recipe formulations, the processed solids will
not be sampled to gather regulatory data. However, the feedstock and pretreated solids will be
sampled and andyzed for performance data, as stated above.
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There are two potentidly regulated air emissons points, the Nuisance Dugt Collection System vent and
the Homogenizer Exhaust vent. Theleve of emissons under the limited demondration scenario islow
enough to congtitute a minor source requiring no ar permit. No hazardous air pollutants or
radionuclides will be discharged and the emissons of criteria pollutants will be well below the minor
source limits of 25 tons per year.

444 Summary of Test Runs

The demongtration of the Vortec Materials Pre-Treatment and Conditioning System can be divided into
6 discrete modes of operation, the first being a pretest and common activities and then a series of 5 test
runs that are summarized in Table 4.4.4-1. The details of these activities and test runs are given in the
following.

Table4.4.4-1 Test Objectivesand Supporting Experiments

TestRun4 | TestRun5
TestRunl | TestRun2 Large 85 Gallon
Average High Test Run3 | Particulate | Overpack
No. Test Objective Moisture Moisture | High Metals Sze Capacity
1 Drying Performance X X X X
2 Tramp Iron Magnet
Performance X X X
3 Particle Size Reduction X
Efficiency
4 Homogenization X X
Effectiveness
5 Drum Size Capeacity X X
6 System Maximum
Processing Rate X X X X X
7 Utilities Consumption X X X X X
8 Efficiency of Dust Emissions X
Control System
9 Fugitive Dust Emisson X X X X X
10 | System Responseto Primary X
Electrical Power Failure

Pre-Test and Common Activities

In this experimenta design, it is assumed that each individua piece of equipment will have been checked
out during pre-gartup activities. Any system deficiencies will have been corrected during this
shakedown period. Also, utility connections and the control systems will be tested for functiondity prior
to initiating the Experiment Sequence.

The Nuisance Dust Collector system (blower, filters) will be operated during each test. The particulate
emissonswill be directly measured at the Nuisance Dust Collector vent.
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Test Run 1 — Average M oisture Content Feed Testing

During Test Run 1, the performance of the system will be eva uated with the average moisture content
waste, averaging 15% moisture, the nomina design point of the homogenizer. The feed materid for this
test will be dean, damp soil in pladtic lined drums. The moisture content of the drummed materia will
be adjusted as closdy as possble to 15% by weight. Every fifth drum will be sampled to determine the
average and range of moisture contentsin the feed materia. Each drum will be placed into the skip
hoist by the manipulating arm, fed into the primary shredder, and treated through the remainder of the
system. Grab samples of the shredded and dried materias will be collected from the conditioned soil
stream prior to the materid entering the ST-90 box for disposal. These grab samples will be used to
assess the moisture content in the conditioned soil, and the degree of metals separation. The duration of
thistest is5 days. The feed rates will be 25%, 50%, 75%, and 100% of the maximum processing rate
based on mechanica limitations.

The amount of homogenization that occurs during drying will dso be evduated during Test Run 1.
Drums containing atracer will be fed into the system and grab samples of the conditioned soil will be
taken for tracer concentration analyss.

Additiondly, during Test Run 1 the ahility of the system to meet particulate emission criteriawill be
evauated. One hour of flue gas sampling in accordance with EPA Methods 1 through 5 will be
performed at the maximum feed rate,

The ability of the back-up dectrica power generation subsystem to respond in time to prevent fugitive
dust emissions from the system in the event of aprimary eectrica power failure will aso be evduated
during Test Run 1. A some point during the performance of Test Run 1, the main circuit bresker on the
electrical power supply to the system will be turned off. The pressures at the inlet to the nuisance dust
collector and the homogenizer exhaust dust collector will be measured and recorded at one second
intervals during the response period of the back-up generation subsystem. The pressures will be
recorded until steedy state conditions are achieved in the dust collection subsystems. After Seady State
conditions are achieved, the main circuit bresker will be turned back on. During the period of time
when the main circuit breeker is off, the system will be aso visudly monitored for fugitive dust
emissons

Test Run 2 — High Moisture Content Feed Testing

The objective of Test Run 2 isto test the ability of the system to handle a high moisture content waste,
30% moisture, the maximum design vaue of the homogenizer. The protocol for Test Run 1 will be
repested. The feed materid for this test will be clean, damp soil in plagtic lined 55-gdlon stedl drums.
The moisture content of the drummed materia will be adjusted as closely as possible to 30% by weight.
Grab samples of every fifth drum will be taken for moisture andlysis prior to feeding the materids. Each
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drum will be placed into the skip hoist by the manipulating arm, fed into the primary shredder, and
treated through the remainder of the system. Grab samples of the shredded and dried materias will be
taken prior to the materid entering ST-90 storage box and analyzed for moisture content. In addition,
an assessment of the degree of meta's separation will be made. The duration of thistest is5 days. The
feed rates will be 25%, 50%, 75%, and 100% of the maximum processing rate based on mechanica
limitations.

The amount of homogenization that occurs during drying will dso be evduated during Test Run 1.
Drums containing atracer will be fed into the system and grab samples of the conditioned soil will be
taken for tracer concentration analyss.

Test Run 3 - High M etals Content Feedstock Testing

The objective of Test Run 3isto check the effectiveness of metal removd at the ferrous metal

separator. The feed materid for thistest will be clean, damp soil in plagtic lined drums fed to the
primary shredder. The drums will have additiond scrap metd, rebar and other metalic materids added
to the contents. The protocol for Test Runs 1 and 2 will be repested. Grab samples of every fifth drum
will be taken for moisture analysis prior to feeding the materids. Each drum will be placed into the skip
hoist by the manipulating arm, fed into the primary shredder, and treated through the remainder of the
system. Grab samples of the shredded and dried materias will be collected from the conditioned sail
stream prior to the materia entering the ST-90 box for disposal. These grab samples will be used to
assess the moigture content and metal's concentration in the conditioned soil. The duration of thistest is
5days. The feed rateswill be 25%, 50%, 75%, and 100% of the maximum processing rate based on
mechanicd limitations

Test Run 4 —High Particle Size Testing

The objective of Test Run 4 isto determine the ability of the system to reduce the size of waste particles
to amore homogeneous size digribution. The feed materid for this test will be clean, damp soil in
plagtic lined drums fed to the primary shredder. The drums will have additiond large particle size
materias, such as concrete chunks, added to the contents. At least one drum will befilled with asngle
cast of concrete. The protocol for Test Runs 1 and 2 will be repeated. Grab samples of every fifth
drum will be taken for moisture analysis prior to feeding the materids. Each drum will be placed into the
skip hoist by the manipulating arm, fed into the primary shredder, and treated through the remainder of
the systlem. Grab samples of the shredded and dried materials will be collected from the conditioned
soil stream prior to the materia entering the ST-90 box for disposal. These grab sample will be used to
assess the moisture content in the conditioned soil and the degree of particle sze reduction. The
duration of thistest is5 days. The feed rateswill be 25%, 50%, 75%, and 100% of the maximum
processing rate based on mechanicd limitations

Test Run 5—85 Gallon Over packs
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The objective of Test Run 5 isto confirm the capability of the system to handle 85-gallon overpack
containers. During the test, specid attention will be given to the operation of the drum manipuator arm,
the skip hoist, and the shredders to note any operating irregularities or problems.

The feed to the system during this test will consst of 85-gallon overpack containers filled with clean soil
and other debris. The moisture content of the soil in the drumswill be set to 30 percent by weight. The
system will be brought up to a steady state operating condition and samples collected. Each drum will
be placed into the Skip Hoist by the Manipulating Arm, fed into the primary shredder, and tregted
through the remainder of the systlem. The duration of thistest is 3 days, and the feed rates will be 50%
and 100% of the maximum processing rate based on mechanicd limitations.

445 Performance Goalsand Test Reports
The performance gods listed in Table 4.4.5-1 will be vadidated via the test data plots summarized in
Table 4.4.5-2 and test data reports summarized in Table 4.4.5-3.

Table4.45-1 Performance Goals

Homogenizer Drying Moisture content of £ 5% when moisture content

Performance conditioned materid of feed is£ 30%

Tramp Iron Magnet Ferrous meta content of £1%

Performance conditioned materia

Waste Size Reduction Size of conditioned materia Non-metdlic patides£ 2"

Performance Metdlic particles£ 2" x 6"

Drum Size Capacity Drum Size, Availahility Process 55 gd. stedl drums
and 85 gal. stedl overpacks

System Processing Rate Drums processed 3 6 drums per hour at 90%
availability

Particulate Removd Efficiency | Particulate concentration Meet Federd, State, and

before and after dust collector | Local Standards

Dust Control Effectiveness Fugitive dust emissons None

Back-up Electrical Power System pressure Maintain negetive sysem

Generation Effectiveness pressure for dust control
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Plot (dependent vs.

Test Objectives

Data Serieson Plot

Comparison/Conclusions

independent variable) Supported

Conditioned materia 1. Homogenizer 1. High moisture feed 1. Effects of materia characteristics
moisture content versus Drying 2. Average moisture feed on the moisture content in the
feed rate for various feed | Performance 3. High metals feed conditioned soil.

conditions 4. Large particlesin feed 2. Effects of feed rate on the

moisture content in the conditioned
s0il.

Water removal efficiency

1. Homogenizer

1. High moisture feed

1. Effects of material characteristics

versus feed rate Drying 2. Average moisture feed on the moisture removal efficiency of
Performance 3. High metals feed homogenizer.
4. Lage particlesin feed 2. Effects of feed rate on moisture
removal efficiency of homogenizer.
Meta Content of Tramp Iron 1. High moisture feed 1. Effects of feed moisture content
conditioned material vs. Magnet 2. Average moisture feed on metas content in conditioned
feed rate of material and | Performance 3. High metals feed material.
metal removal efficiency 2. Effects of feed rate on metals
content of conditioned materidl.
3. Impact of large metd piecesin
feed on metals content of the
conditioned material.
% passing asievesizeof | 2. Particle Size 1. Feed materia Effect of feed rate on particle size on
Vs, particle/sevesize Reduction 2. 25% maximum feed rate | large pieces passing through system.
Efficiency 3. 50% maximum feed rate
4. 75% maximum feed rate
5. 100% maximum feed
rate
50% less than particle 2. Particle Size 1. Datafrom Experiment 4 | Determine the impact of feed rate on
sizevs. feed rate. Reduction particle size reduction efficiency.
Efficiency
Tracer concentration in 3. Homogenization | Two plots, high and average | Illustrate blending effect of system.
conditioned material vs. Effectiveness moisture feeds each
sampling time containing:

1. 25% maximum feed rate
2. 50% maximum feed rate
3. 75% maximum feed rate
4. 100% maximum feed
rate
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Homogenization 3. Homogenization | 1. High moisture feed Effect of feed rate on
Effectiveness vs. feed 2. Average moisture feed Homogenization Effectiveness of
rate system.
Dust collector inlet 10. System 1. Dugt Collector inlet Determine maximum pressure during
pressure vs. time Response to pressure back-up power generation subsystem
Primary Electrica response time.
Power Failure
Table4.4.5-3 Test Data Reports
Data Reported in Test Objectives Other details provide Conclusions
Table Supported
Number of drums 5. Drum Size Capacity | Description of failure A sufficient number of
processed at each drum events. drums were processed to
feed, number of failure demonstrate a 90%
events for Experiments system availability for both
drum sizes.
Number of drums 6. System Maximum Description of failure A sufficient number of
processed at each drum | Processing Rate events. drums were processed to
feed, number of failure demonstrate a 90%
events for Experiments system availability for
each feed rate.
Summary of tota utilities | 7. Utilities Consumption | Calculation of the total The resulting utilities
consumed, amount of amount of materia consumption rate per unit
material processed, processed. of material processed.
hours of operation.
Location, time, estimate | 9.Fugitive Dust Emisson | Details of the corrective | List of potentid fugitive
emission rate, and action dust emission points
corrective action.
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4.5 PLANT LOCATION

The Vortec demongtration facility will be located on the western edge of the PGDP on the Paducah
Ste. The Paducah Siteisin McCracken County, Kentucky, approximately 24 km (15 mi) west of
the city of Paducah and about 5.6 km (3.5 mi) south of the Ohio River. The Paducah Siteisa DOE
reservation congsting of a 582-ha (1,437-acre) DOE-managed site and an 804-ha (1,986-acre)
wildlife management arealeased to the Commonwealth of Kentucky. The Paducah Site hasincluded
an active uranium enrichment facility snce 1951. PGDP occupies a 303-ha (748-acre) complex at
the center of the Paducah Site and is surrounded by a security fence. United States Enrichment
Corporation (USEC), a private corporation, operates the uranium enrichment facilities at PGDP.
Figure 4.5-1 depicts the location of the demongtration test facility relative to the gaseous diffuson
plant.

Figure4.5-1 Location of Demonstration Facility Relative to Gaseous Diffusion Plant
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4.6 REGULATORY AND PERMITTING STATUS
4.6.1 Vitrification Plant- RD& D and Air Permits

DOE, with Vortec's assistance, had prepared a draft gpplication for a Research Development and
Demondration (RD& D) permit in order to demondtrate the vitrification plant. This permit was required
prior to congruction of the vitrification plant and would cover operations of the demondtration. The
RD&D permit was ddayed pending findization of the EA. Asof early 2000, the RD&D permit wasin
the final stages of revision to conform to agency comments on adraft gpplication. Thefind, formd
gpplication package to be submitted was to consist of three sections, Permit Application, Demonstration
Test Plan, and Risk Assessment Protocol. As of early 2000, the application document was complete,
DOE had completed the Risk Assessment Protocol and the EPA SITE Program was preparing the
Demondtration Test Plan. EPA withdrew their support for the Demonstration Test Plan when DOE
decided to discontinue the vitrification portion of the project.

An air permit for the demondtration of the vitrification plant had been issued in 1996. This permit was
required before the Site preparation work performed in 1997-1998 could proceed.

4.6.2 Limited Demonstration Plant Permit Requirements

The permitting Situation has changed with the change of scope from demondtration of the innovative
vitrification plant to the limited demongration. An RD&D permit is not required for the current effort
snce no hazardous materials will be processed. However, DOE-Paducah had planned to continue with
the RD&D permitting effort in order to preserve the future ability to process RCRA waste through the
Soil Preparation and Conditioning facilities. Following the request of the Kentucky Department of Waste
Management to ether finalize the gpplication or withdraw it, DOE-Paducah has decided to withdraw the
RD& D permit goplication.

Generaly, the State may require a separate air permit prior to congtruction, regardless of the hazardous
nature of materials processed. However, preliminary caculations by DOE- Paducah indicate that an air
permit is not required for congtruction and demonstration of the soil preparation and feed handling
fadlities. The basisfor this concluson isthat no hazardous air pollutants or radionuclides would be
discharged and the emissions of criteria pollutants would be well below the minor source limits. The
Kentucky Department for Environmenta Protection Division of Air Quality issued an ar permit for the
Phase 3 Demondration in May 1996. Among the permit conditions was a requirement that the air permit
would expire if congtruction was commenced and then stopped for 18 months. Based on this permit
condition, upon the request of the Division for Air Quaity, DOE-Paducah has decided to withdraw the
exiging ar permit.

Both aRCRA program permit (anaogous to the RD& D permit) and an air permit will be required
before the Soil Preparations and Conditioning Facilities can be used to process low level waste,
mixed waste or hazardous waste.



5.0

Vortec Corporation

NETL Phase 3 Final Report
July 12, 2001

Page No. 59

CONCLUSIONS

5.1 CONCLUSIONSFROM ENVIRONMENTAL ASSESSMENT

The Environmental Assessment concluded that demongtrating the Vortec pretreatment/vitrification
process would cause no ggnificant impact to the surrounding community or the environment. The
impacts of constructing and operating the Vortec CM SO demonstration facility at the Paducah Site are
summarized as follows.

Emissons of criteriaar pollutants would not exceed standards or incrementd levels. Emissons
of hazardous air pollutants (HAPs) would be at aleve less than that requiring classfication of
the facility asamgor source of HAPs. Emission levels would be very low and not pose risks of
adverse effects to workers or the public.

Noise levels experienced by the nearest resident would not be distinguishable from background-
leved noise.

Release of occasona small quantities of wastewater to the PGDP outfall would have negligible
impacts on surface water, even under accident conditions.

Off-dterecregtiond activity a the nearby West Kentucky Wildlife Management Areawould
not be disturbed by construction or operation of the Vortec facility.

Condtruction of the Vortec CM SO facility would result in minor impacts to biota both on and
off thegte. Very few polychlorinated biphenyls (PCBs) would be released during norma
operations or accidents; levels would be too low to affect human water supplies or to
measurably increase the bioaccumulation aready present in Ohio River from upsiream sources.

Radiologica doses to involved workers, noninvolved workers, and members of the public from
Vortec facility operations and from accidents would be very low and well below applicable
limits and guiddines.

If afire and propane tank explosion were to occur, heat and overpressure effects might kill or

injure aworker but would not harm the nearest member of the public.

A highly unlikely, but possible, accidenta release of waste drum contents might have aletha
effect on aworker but would not be life-threatening to the public.

Standard accident rates for construction and manufacturing indicate that the chance of aworker
fatality during congtruction and operation islessthan 1 in 100. In aworkforce of up to 50
individuas, the number of injuries involving lost workdays is expected to be 1 to 2.
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The landfill at the Paducah Site has adequate storage capacity, should the Vortec CMSO
product meet applicable waste acceptance criteria.

The congtruction and operation of the VVortec CMSO would not result in any adverse impact to
minority or low-income communities.

The cumulative impacts of criteriaar emissons from the Vortec facility, neerby facilities, and the
ambient background would not exceed standards or increment levels. PCBs, if handled at the
Vortec facility, would result in amaximum ground level concentration that would be 700 times
less than the concentration believed to cause a cancer risk of onein 1 million. When potentid
radiological doses from Vortec CMSO emissions are added to other regiona emissions, the
caculated probability of a cancer fatdity for the region exposed to al sources would be onein 1
million.

5.2 |IMPLEMENTATION BARRIERS

The primary barriers to implementing new technology for DOE waste management applications are
generdly technicd, cogt, regulatory or politica in nature.

Technica barriers can generdly be overcome by good engineering and design practices. The capitd
and operating costs of the technology, however, must be traded off againgt the system performance
requirements to meet environmenta statutes and regulations. Politica factors, such as waste cleantup
priorities and the method by which waste clean-up contracts are administered will also impact the
overdl probability of successful technology implementation.

This project represents a good example where the regulatory and politica factors have played a
dominant role in delaying the implementation of a sound, cost-effective technology. In this regard,
Table 5.2-1 isasummary of the history of the project sarting from the time it was decided to proceed
with the Limited Demongtration at the PGDP.

In reviewing the history events, it is evidert that project delays were caused by compliance with
regulatory requirements precipitated by politica factors. The politica factors, in this case, were caused
by intervention of a single environmenta activigs into the project. The vehicle by which this occurred
was through membership on the Specific Advisory Board (SSAB). The procedure by which the
project was interrupted was the filing of alaw suit on the basis that DOE was not following its own
NEPA procedures.

The Vortec vitrification process has been classified by the U.S. EPA as a Subcategory X treatment
process. Oppoasition to the vitrification technology by the environmenta activists was based on the fact
that it isathermd technology, and therefore, meant it was “incineration.” 1dentification of athermd
technology asincineration is problematic in this country because of the irrationd hysteriathat has
developed over the past severd years.
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Table 2-1. Vortec Vitrification Project History

January 1996 - Contract modified to include scope of Phase |1l Demonstration Project.

February 1997- Citizen files complaint in federd court against DOE under National Environmental
Protection Act. DOE agrees to perform an Environmental Assessment for the RD&D project.
February 1997- KDWM issues RD&D permit.

March 1997- KDWM rescinds its issuance of RD&D permit which returns permit to draft status.
June 1997- DOE and citizen agree to a settlement. DOE agrees to prepare an Environmental
Assessment for the project pursuant to DOE’s NEPA policy and to stop certain work on the project.
1998 - Vortec completes site work

1997 — 1998 - Equipment valued at approximately $6 million is purchased and delivered to the Site.
October 18, 1999- KDWM provides a second preliminary draft permit for comment

December 1999- EA preparation complete. The EA recommended a finding of no significant impact
(FONSI) to the environment for the Vortec Demonstration project.

February 16, 2000- Draft revison to RD&D RCRA Permit Application issued for interna review prior
to submittal to KDWM.

March 2000 — FONSI approved and issued by DOE.

March 2000 — Citizen again files suit, aleging the EA and FONS are flawed and requesting a Site-
wide Environmental Impact Statement (EIS).

April 2000 — DOE made decision to perform a limited demonstration to make use of its investment in
equipment.

May 2000 — DOE issues a draft change of scope to the Limited Demonstration and instructs Vortec
to prepare a proposa for alimited demonstration.

June 2000 - Limited Demonstration cost and technical proposals submitted.

August 2000 — Contract is modified to include funds to complete a Limited Demonstration.  Scope of
work is not definitized pending settlement of the citizen’s suit.

November 2000 — Second citizen lawsuit is settled allowing Limited Demonstration to proceed.

May 2001 — DOE commits to completing engineering for Limited Demonstration Project.

Even though thermd destruction is perhaps the safest and most effective means of treating organic
containing wastes, the Vortec vitrification technology as well as other promising thermd trestment
processes are not being used by DOE because DOE has been unsuccessful in defending the use of
these technologies againg environmentd activists who chalenge DOE' s environmentd procedures.

Asareault of these politica and regulatory failures, DOE has now implemented technology research
into “non-therma” treatment processes that are likely to be not as effective or safe as thermal
treatment’ s processes. Re-direction of Vortec demongtration program to just the front end of the
process (i.e., the Materia Handling and Conditioning System) is areflection of the implementation
challenges that have faced DOE with thermal technologies.
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5.3 |IMPLEMENTATION OF THEM ATERIAL HANDLING AND CONDITIONING SYSTEM

Vortec has decided to focus its technology demondtration efforts on the Paducah Gaseous Diffusion
Pant. Successful operational implementation of the Materid Handling and Conditioning System is
likely to occur for the following reasons:

Vortec has decided to focus on implementation of the limited demongtration at Paduca. The primary
reasons for making this sdection included:

8. DOE/Paducah’s previous support for the integrated pretrestment/vitrification demonstration.

9. DOE/Paducah’s commitment to continue support for the Limited Demongtration.

10. A commitment from the United States Enrichment Corporation (USEC) for cost share
participation contingent upon development of a favorable path forward for securing the
necessary permits and a waste manegement contract which will utilize the waste handling
and conditioning system.

11. A favorable response from Bechtel Jacobs Corporation to pursue a project which would
target the processing of drummed legacy waste on a near-term basis.

12. The exiging infragtructure at Paduah (i.e., Site preparation) to accommodate the limited
demongtration.

13. Expected favorable support from the Kentucky regulators for the project.

14. Resolution of the law suit between the principas of the SSAB and DOE to dlow the
Limited Demondration to proceed.

The bottom line conclusion from cost benefit analyses performed by Vortec and othersisthat the
Materid Handling and Conditioning System will provide a safer, quicker and chegper method of
preparing and packaging waste for find treatment (if required) and disposal.

With adequate funding provided by DOE, the proposed demonstration project can be completed in FY
2002.

54 RECOMMENDATIONS

The following recommendations are provided with regard to demongtration of the Materid
Handling and Conditioning System:

1. The Paducah Gaseous Diffusion Plant should be used as the test facility for the Limited
Demondtration Test Program.

2. Adequate funding should be provided to alow completion of the demondration in FY
2002.
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8.0 LIST OF ACRONYMSAND ABBREVIATIONS

ACI
APC
ASCE
BJC
BTU
CFR
CMS®
CRV
CY
DOD
DOE
DRE
DTP

EPA
FONSI
FUSRAP
FY
HASP
HEPA
INEL
IUOE
LLW
MCC
MH/C
MLLW
MMBTU
NEMA
NEPA
NETL
O&M
ORP

PCT
PGDP
PHA

American Concrete Ingtitute

Air Pollution Control

American Society of Civil Engineers
Bechtel Jacobs Corporation
British Thermd Unit

Code of Federal Regulation
Cyclone Mdting Sysem
Counter-Rotating Vortex
Caendar Year

Department of Defense
Department of Energy

Dedruction & Removd Efficiency
Demondiration Test Plan
Environmental Assessment
Environmenta Protection Agency
Finding of No Significant Impact
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Formaly Utilized Sites Remedid Action Program

Fiscd Year

Hedth and Safety Plan

High Efficency Particulate Assembly
Idaho National Engineering Laboratory
Internationa Union of Operating Engineers
Low Leve Wadte

Motor Control Center

Materid Handling & Conditioning

Mixed Low Level Waste

Million BTU

Nationa Electrical Manufacturer Association
Nationd Environmenta Policy Act
Nationd Energy Technology Laboratory
Operating & Maintenance
Oxidation-Reduction Potential
Polychlorinated Biphenols

Product Consistency Test

Paducah Gaseous Diffuson Plant

Process Hazards Andysis
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PLC Process Logic Control
QAPP Quality Assuredness Preparedness Plan
RCRA Resource Conservation and Recovery Act
RD&D Research, Development & Demondtration
SDC Structurd Design Criteria
SMS Paducah DOE Support Contractor
STAAD Computer Program Applied by STAAD Corporation
STC Society for Technicd Communication
TCE Trichloroethylene
TCLP Toxicity Characteristic Leaching Procedure
TEFC Totaly Enclosed Fan Cooled
TRU Transuranic
TSCA Toxic Substance Control Act
UBC Uniform Building Code
UCRL University of California Research Laboratory
U-PARC Univeraty of Pittsburgh Applied Research Center
USEC United States Enrichment Corporation

WESP Wet Electrostatic Precipitator
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9.0 APPENDICES

No agppendices are included with this report.



