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Abstract

DETOXM is a catalyzed wet oxidation process that destroys organic materials in an
acidic water solution of iron at 373 to 473 K. The solution can be used repeatedly to
destroy great amounts of organic materials. Since the process is conducted in a
contained vessel, air emissions from the process can be well controlled. The solution is
also capable of dissolving and concentrating many heavy and radioactive metals for
eventual stabilization and disposal.

The Phase III effort for this project is fabrication, assembly, and installation of the
DETOX®M demonstration unit, preparation of documentation and training to meet site
requirements for operation, followed by system run-in and shakedown testing of the
unit prior to demonstration testing.

The Title II design was completed and the unit was fabricated according to standards
set forth by OSHA, EPA, the American Petroleum Institute (i.e., chemical and
petroleum industry standards), and the ASME B-31.3 Piping Code requirements as
agreed to in preliminary design meetings with primary stakeholders. The unit was
assembled in three modules and two trailers and then shipped to the TNX facility at the
Savannah River Site in September and October of 1996. On-going site integration tasks
were addressed while delays in installation arose due to funding sources and costs. In
March of 1997, Delphi was authorized to proceed with the installation of the unit,
making electrical and mechanical connections necessary to operate the unit. All
installation tasks were completed in August of 1997.

Results of an Operational Readiness Review conducted in August 1997 verified that
Delphi’s procedures and documentation met the necessary requirements to operate the
unit at SRS. Completion of the final checklist of WSRC requirements was then
addressed including the Owner’s Independent Inspection Report, verifying all
components of the unit met B-31.3 standards. Final hydraulic and pneumatic tests were
completed in November to satisfy the B-31.3 requirement. During the month of
December, the control system and heating and cooling systems were then prepared to
initiate system startup and conduct the run-in tests. Shakedown tests were combined
with the Phase IV tasks due to DOE funding constraints, i.e., tests formerly planned to
be conducted with oil and solid materials were deferred to Phase IV and combined with
similar testing.

Once run-in testing has been completed, the primary objectives of Phase III will have
been achieved and the project will be ready to proceed to demonstration testing (Phase
IV). ' :
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Executive Summary

Background

Large volumes of hazardous, toxic, and/or radioactive wastes have been generated at
Department of Energy (DOE) operational sites and in many areas of the private sector.
These wastes may contain variable amounts of hazardous and/or toxic organic

compounds and hazardous and/or toxic inorganic materials, such as heavy metals, and
radioactive elements.

The problem of waste that is both hazardous and/or toxic, and radioactive (often
designated "mixed" waste) at Department of Energy sites is particularly acute, since
there are few, if any, non-incineration methods approved for its treatment and the
Federal Facilities Compliance Act (FFCA) mandates the development of effective
methods of dealing with mixed waste at government facilities.

The work reported herein has resulted from PRDA DE-RA21-92M(C28245, Research and
Development for Environmental Restoration and Waste Management Technologies,
Sub-Research Area 3.05-Innovative Chemical and Biological Reactor Systems.

The technology proposed for development to meet the Department of Energy's needs
was the DETOXM process, a patented chemical treatment that oxidizes organic
compounds to simple products. Figure 1 shows reactants and products in the process.
Treatment is performed in an acidic water solution using oxygen gas as the oxidant.

Due to the novel combination of catalysts used in the solution, the process can oxidize
most organic compounds at moderate pressure and temperature. The acidic water
solution is capable of dissolving great amounts of many toxic and radioactive metals.
Since treatment is performed in a water solution, the process is not especially sensitive
to the water content of the waste. The process will also accept a large range of particle
sizes and waste types, and is not especially sensitive to variations in waste content.



Figure 1; The DETOXSM Process

0 :
CH? —> | | —> co,+m0
CHCL —» ' ——y €CO,+HCL
Hg" —> .j** — g
U,Pu —» U*, Pu™
s,p —> HSO,, H;PO,

Although DETOX*M had shown promising results in testing on some organic and
infectious waste types, the process had never been applied to complex hazardous and
mixed wastes, which may contain a variety of organic compounds and metals.

The Phase I effort of this project determined the practical range of application for the
process in treatment of multi-component wastes and performed a conceptual
engineering study for the process in application to Department of Energy wastes.

In the Phase II effort, a survey of potential demonstration sites and development of a
Title I engineering design of the demonstration unit was completed.

Objectives

The objectives of the Phase I effort were to fabricate, assemble and install the
demonstration unit, to prepare documentation and complete training programs
necessary to meet site requirements, and to conduct system checks and functionality
testing sufficient to begin formal testing,




Project Description

Development of the DETOXSM process is planned to proceed in four phases. In Phase,
laboratory tests established the range of applications for the process and a conceptual
design (Title I) was performed. In Phase II, a site selection survey has been conducted
and the design of the demonstration unit completed through Title II level (sufficient for
costing, but not including detailed shop drawings). In Phase Il (initiated in March
1995), detailed design (Title IIT) and construction of the prototype has been performed.
The unit has been delivered, installed and tested to ensure proper functionality, as
specified. In Phase IV, the demonstration unit will be operated in the field to evaluate
its performance on surrogate wastes.

Phase II1 Task/Test Plan

Phase III of the project has been organized into a four-task effort consisting of (1.) preparation of
NEPA documentation for Phase IV, (2.) drafting of a Demonstration Test Plan, (3.) Fabrication
and Assembly of prototype unit, and (4.) Shakedown Testing.

Each task is shown along with any of its subtasks in the Work Breakdown Structure, Figure2.

Figure 2 Work Breakdown Structure
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Each of the tasks are delineated in Table 1 below as to their description, responsible party and
the deliverable or milestone characterizing the completion of the task.

Table 1: Tasks Outline

Task No Task Description Responsible Party | Objective
3.3. Fabrication and Delphi Unit delivered,
Assembly installed, permits issue,
safe operating plans and
studies complete
3.3.1 Permit Process Delphi Authorization to
operate issued by
SCDHEC
3.3.2 Fabrication and Delphi Unit delivered
Assemnbly
3.3.2.1 Manufacturing Jacobs Applied Title 1l Design Package
_ Engineering Technology, Inc.
3.3.2.2 Equipment Jacobs Applied Purchase of components
Procurement Technology and parts for total
system
3.3.2.3 Assembly Jacobs Applied Assembly of Modules
Technology 1,2,3, control trailer, and
MCC
3.32.4 Ship and Instail Jacobs Applied Transport and location
' Technology of unit in 673-T at SRS.
Connection of electrical
and mechanical
systems.
3.3.3 Safety and Operations Delphi Operating limits,
Analysis engineering model, safe
work plans and
procedures
3331 Operations Sensitivity Delphi To determine operating
Analysis limits and characterize
secondary waste
streams
3332 Dynamic System University of New Engineering Model
Simulation Mexico, Dept of
Chemical Engineering
3.3.3.3 System Safety Analysis | Sandia National Safe Operating Limits
Laboratories
3.3.3.4 Safe Work Plans Delphi Research, Inc. Site specific safety plans
and procedures
3.3.35 TASSA’s Delphi Research, Inc. Site specific safety plans
and procedures
34 Shakedown Testing Delphi Research, Inc. Defensible
demonstration test data
3.4.1 Site Integration Delphi Research, Inc. Readiness Review and

authorization to operate
by SRS




Table 1: Tasks Outline Cont’d

Task No Task Description Responsible Party | Objective
342 Training Delphi Research, Inc. Certified Operations
Staff
343 Run-in Delphi Research, Inc. Functionality Testing
344 Shakedown Testing Delphi Research, Inc. Verification of feed
systems and operational
conditions
345 Solids Feed Tests Delphi Research, Inc. Solid Feed System
verification
3.4.6 Inspection, Delphi Research, Inc. Verification that unit is
maintenance, and operationally sound for
modification Phase IV testing.
Results

Task 1 - Information required for the National Environmental Policy Act

Work performed under this task resulted in the issuance of a formal Notice of NEPA
Approval for Phase IV. The final NEPA documentation for the DETOX™
demonstration at SRS consisted of two parts: An Environmental Evaluation Checklist
(EEC) and a Specific and Supplemental Information package. The EEC is a detailed
checklist that seeks to ascertain the degree of potential impact to the environment posed
by the proposed project effort. The Specific and Supplemental Information package
provides detailed and specific information needed to fully support the answers given
on the EEC. Both of these documents were then evaluated to determine whether
further documentation and evaluation of environmental impact (i.e., Environmental
Assessment or Environmental Impact Statement) were warranted. The EEC and the
Specific and Supplemental Information package were reviewed by Westinghouse
Savannah River Company (WSRC) and the DOE-Savannah River Operations Office.
Their conclusion was that the DETOX™ demonstration project at SRS was covered as a
Research, Development, and Demonstration under a site-wide Categorical Exclusion
(CX), as set forth in the DOE NEPA implementation regulations. Therefore, no further
NEPA documentation would be required to proceed into Phase IV of the DETOX™

demonstration.

Task 2 - Drafting of the Demonstration Test Plan

Work performed under this task consisted of drafting a single document that described
the technology, demonstration objectives, regulatory compliance, health and safety
issues, and a management plan for the demonstration. The Demonstration Test Plan
was established to be fundamental to the project, since primary stakeholders (host sites,
the contractor and its fabricator, DOE Mixed Waste Focus Area (MWFA) and DOE-
FETC) are required to approve and sign the document before demonstration testing can
proceed. The Demonstration Test Plan is now in its final form.




Task 3 - Fabrication and Assembly of the Demonstration Unit

Design revisions were made to the Title II unit design generated in Phase II to
accommodate the HAZOP requirements and recommendations, to meet site specific
requirements, and to further enhance system performance and reduce costs. Major
components were fabricated and the unit assembled at Jacobs Applied Technology,
Inc.’s fabrication facility in Orangeburg, SC.

The unit was transported and delivered to the TNX facility for placement and
installation. Other activities included in this task were safe operating studies, dynamic
system simulation studies, and development of safe operating plans and procedures. In
addition, studies were undertaken to address metals solubility, physical characteristics
of the DETOX™ solution, filtration characteristics, and stabilization of the solid residue
containing heavy metals. Information obtained from these studies was used to specify
materials of construction and to develop chemical engineering models and
specifications for design of the demonstration unit.

Task 4 - Shakedown Testing

One of the chief subtasks in this effort was to perform site integration functions.
Identification and compliance with site requirements regarding training, safety,
operating requirements, and management issues related to site labor agreements were
all addressed under this task.

Installation and hook-up of the unit is recognized as one the most significant factors
which was not fully addressed in planning. Approximately six months of delay was
experienced due to resolution and funding of this issue. However, once agreed upon,
the installation was performed by Delphi and proceeded fairly smoothly.

A milestone in the shakedown testing phase was the Operational Readiness Review,
which was conducted by WSRC. Review of documentation and field interviews to
verify that all operational personnel were fully trained and prepared to safely operate
the system were performed by WSRC. Delphi was given authorization to proceed with
the startup of the unit, when it had been verified that all site requirements for operation
of the unit had been met.

System checks and start-up of the unit are in progress. Run-in tests are scheduled to
conclude in January of 1998. As a result of the meeting on December 3, 1997, subtasks
344 and 34.5t0 perform shakedown testing using oil and solid combustible materials,



respectively, have been consolidated with tests of surrogate materials to be conducted
in Phase IV. Therefore, Phase Il shakedown testing with organics has been combined
with Phase IV performance testing.

Completion of this task will conclude the Phase I effort.

The schedule showing the planned and actual completion of tasks is shown in
Appendix I.



Section 1

Introduction

1.1 Problem Statement

Complex multi-component hazardous and mixed wastes and remediates are a common
problem at Department of Energy (DOE) operational sites and in many areas of the
private sector. These materials can contain variable amounts of hazardous and /or toxic
organic compounds and hazardous and /or toxic inorganic materials such as heavy
metals, and radioactive metals. The hazardous, toxic, and /or radioactive materials may
be dispersed in other organic materials, sludges, soils, or water solutions.

The problem of mixed waste at Department of Energy sites is particularly acute, since
there are few if any methods for its treatment and the Federal Facilities Compliance Act
(FFCA) mandates the development of effective methods of dealing with mixed waste at
government facilities.

What is needed is a robust, fairly omnivorous process for destroying a wide variety of
organic waste components, while concentrating the inorganics and radioactive metals in
a matrix for ultimate recovery and/or disposal. The process should use conventional
technology to minimize development and application time, and it should minimize air
and water emissions, operate safely, and be cost effective.

1.2 Objective

The objective of this Project is to develop a catalytic wet oxidation process (DETOXSM),
which utilizes a concentrated, acidic solution of iron chloride and cocatalysts, for the
treatment of multi-component wastes and remediates. Successful development will
provide a versatile treatment method, which can destroy hazardous organics in a
variety of matrices while simultaneously concentrating many metals in the process
solution for recovery and/or disposal.

The overall objective for Phase I is to assemble and prepare the demonstration unit for
full scale testing and to certify personnel for safe operation of the unit during testing.
Necessary steps to achieve this objective involve the design, fabrication and assembly of
the demonstration unit, its transportation to, placement, and installation at SRS, and the
performance of functionality and run-in tests necessary to verify that the unit is capable
of performing testing on surrogate materials in Phase IV. Development of procedures,
plans, and training methodologies which qualify Delphi personnel to operate and



maintain the system through the demonstration period are secondary objectives that
must be met in order to meet the overall objectives of Phases IIl and IV.

While the process may not provide stand-alone treatment of all applicable waste types,
it holds promise of being able to provide significant volume reduction of mixed wastes
and remediates, and conversion of mixed waste types to radioactive-only wastes. Some
of the process residues from future hazardous and mixed waste treatment operations
would require additional treatment, such as immobilization, before ultimate disposal.
Other residues, such as excess water and neutralized condensate brine from the process,
should be non-hazardous, but under current law would require delisting before release.
In the demonstration testing at SRS, effluent condensate from the unit will be disposed
of via the TNX wastewater treatment facility. WSRC will dispose of all plant trash and
non-hazardous materials. WSRC will also dispose of all RCRA hazardous wastes and
will be reimbursed for all reasonable costs by Delphi as a direct cost under the FETC
contract.

1.3 Process Description

A patented process, DETOX*M is a combinatjon of iron ions and homogeneous
oxidation cocatalysts (typically platinum and/or ruthenium ions) in an acid solution.
Ferric iron in aqueous hydrochloric acidic solution oxidizes a wide range of organics to
simple products (i.e., CO,, H,O, HCI) at temperatures of 373 K to 523 K. Figure 3
illustrates the process chemistry.

The typical DETOX™ solution composition is about 60% by weight ferric chloride
(FeCl,) and 40% by weight HCI in water, with small amounts of dissolved platinum and
ruthenium cocatalysts. Ferric iron is responsible for the oxidation of the organic
compounds, and is reduced to ferrous iron in the reaction. The ferrous iron is returned
to the ferric state by reaction with oxygen. Thus, the iron ions act ultimately as a
catalyst, being cycled between the ferric and ferrous states.

Extensive previous testing performed by Delphi Research, Inc. both privately and under
contract to the U.S. Air Force, the New Mexico Research and Development Institute,
EG&G Rocky Flats/Kaiser-Hill, LLC, and Los Alamos National Laboratory has
established the ability of ferric iron to oxidize organic compounds, the effects of
temperature on the reaction rate, and the advantages of using the cocatalysts.




Figure 3: The DETOXM Chemistry
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Section 2

Information required for the National Environmental
Policy Act

Task 3.1

2.1 Objective

Environmental, health, and safety information for the demonstration must be
documented and approved before demonstration testing can proceed. The objective of
this task is to assimilate information regarding all applicable Federal, state, and local
regulations and requirements affecting the planned demonstration of the DETOX™
process, and to document how each category of applicable regulations and
requirements have been addressed to ensure regulatory compliance.

2.2  Procedure

The procedure used to accomplish this task has been a three step process: (1.) A series
of meetings and ongoing communication with WSRC NEPA coordinator and the DOE-
FETC Environmental Project Manager to acquire the necessary information that must be
addressed in the NEPA documentation, (2.) Review of all applicable standards and
regulations, (3.) Preparation of tables, calculations, and supporting documentation to
determine process characteristics, (4.) Preparation and submittal of an Environmental
Evaluation Checklist, (5.) Preparation of draft NEPA documentation for review and
comment, and (6.) Preparation of final NEPA documentation for review and approval.
Subsequent changes in environmental requirements at the SRS facility have resulted in
on-going modifications to the approved NEPA, which will likely continue into Phase IV
activities. As of the end of Phase I11, Revision 2 of the NEPA documentation is
approved to begin Phase IV testing; however, modifications reflecting minor changes in
composition and amounts of waste types to be tested are in preparation and anticipated
to be approved in sufficient time to maintain the project schedule.

2.3 Results

Initially Delphi acquired copies of all federal, state, and local standards and regulations
that were known to be applicable to the demonstration effort. As changes and /or
additions in applicable regulations were made, the list of inventoried documentation

11



was updated. A review of all standards and regulations was conducted and applicable
sections of these standards and requirements were noted. Preliminary work on NEPA
documentation provided some broad information regarding requirements at Savannah
River Site and Weldon Spring Site Remedial Action Project (WSSRAP).

SRS

At the beginning of Phase IIl, March 1995, representatives of Delphi met with WSRC
staff to further delineate site requirements for NEPA approval. Delphi was given an
Environmental Evaluation Checklist to complete and submit. A draft of the EEC was
submitted to SRS in June 1995. In early October 1995, a final version of the NEPA
documentation was submitted to SRS for approval, and a formal Notice of NEPA
Approval (NONA) was issued by SRS later that month. Concurrence by the FETC
Environmental Project Manager was issued in December 1995.

WSSRAP

Concurrent with the preparation of the NEPA documentation for SRS, was the effort to
verify that all environmental, health, and safety issues were being addressed at the
selected host site for low-level mixed waste (LLMW) applications. In September of
1995, confirmation was received from WSSRAP that the proposed DETOX™ project was
covered under the CERCLA Record of Decision and Remedial Investigation/Feasibility
Study documentation for WSSRAP. In October a determination was inade by DOE-
FETC that NEPA documentation for the transportation of the demonstration unit from
SRS to WSSRAP would not be required. In January of 1996, WSSRAP issued notice to
Delphi and DOE-FETC that they were withdrawing as a host site for the DETOX™
demonstration, since they had received authorization from the state of Tennessee to
ship DETOX™ candidate LLMW's to the Oak Ridge Reservation for incineration.

RFETS

With the withdrawal of WSSRAP, the host site for LLMW applications in Phase IV was
reevaluated and the secondary site chosen during the site selection process in Phase II,
Rocky Flats Environmental Technology Site or RFETS, was approved in late April 1996
as the replacement to WSSRAP. Since no prior history of NEPA evaluation had been
performed at RFETS, efforts were initiated to obtain information necessary to prepare
an Environmental Evaluation Checklist and NEPA documentation. Efforts to prepare
documentation continued until June of 1997 when RFETS issued its withdrawal to
support the demonstration due to lack of funding and scheduling of waste treatment.

The resulting NEPA documentation approvals are shown in Appendix A to this
document.

12




Section 3
Drafting of the Demonstration Test Plan

Task 3.2

3.1 Objective

A Demonstration Test Plan (DTP) was identified as a requirement to be added to the
project work plan in Phase II of the effort. The development of the plan has continued
throughout Phase . The plan is designed to provide an overview of the project,
including identification of stakeholders, experimental test program, site integration,
environmental compliance and monitoring, and project schedules. The primary
objective of the DTP is to provide defensible data for future application of the DETOX™
process. The DTP will also provide each participant a comprehensive report of the
demonstration project and methodologies to be used meeting all technical, regulatory,
and commercial objectives of the project. Approval by primary stakeholders (DOE-SR,
WSRC, DOE-FETC, Delphi Research, Inc., and Jacobs Applied Technology, Inc.) is
required before the demonstration is allowed to proceed to Phase IV.

3.2 Procedure

The Demonstration Test Plan reflects the contributions and concerns of all primary
stakeholders and the suggestions and recommendations of regulatory agencies,
potential customers, and other interested parties. This document was established to be
the responsibility of Delphi in terms of its preparation, but due to the required approval
process invoked by primary stakeholders including the sites, MWFA, and DOE-FETC,
the document is the collective input of all parties. The method used to revise and obtain
approval of this document consisted of a three step process: (1.) Whenever
modifications or improvements occurred in the project that were known to affect the
technical objectives, a revision effort was initiated to modify the document to maintain
its accuracy and reflect the current plan for demonstration. Delphi initiated the drafting
of all changes of this type and forwarded a draft copy of the new revision of the plan to
each of the primary stakeholders for review and comment. (2.) Comments received by
the stakeholders were then addressed and incorporated in a revised version of the DTP.
(3.) A final draft was submitted to stakeholders for approval and distribution.

13



3.3 Results

Revision 4 of the Demonstration Test Plan is the latest approved version of the plan.
Modifications to the plan have been accomplished to accommodate the change in sites
for LLMW applications and in recommended additions to the waste type to be tested in
Phase IV. Revision 4 of the DTP provides the basis for initiating testing in Phase IV and
in that respect, the objective of this task has been achieved.

Note: From this point is a description of work yet to be completed on
this task as of the date of this report.

In December of 1997 a meeting held with representatives of the Mixed Waste Focus
Area, DOE-FETC, DOE-SR, Delphi, and WSRC, where it was concluded that the test
program needed to be reduced and /or consolidated to the extent that the most
-meaningful information would be obtained from the test program for commercial
applications. However, the DTP will not have to be revised.

14



Section 4

Fabrication and Assembly of Prototype Unit
Task 3.3

4.1 Objective

This task defines the steps necessary to fabricate and assemble the DETOX™ unit, to
ensure that the unit is operated in a controlled and safe manner, and to obtain
regulatory authorization to operate the unit for the planned period of demonstration.

4.2 Procedure

~ This task was organized into three major subtasks:
Task 3.3.1 Permit Process

Task 3.3.2 Fabrication and Assembly,

Task 3.3.3 Safety and Operations Analysis.

Task 3.3.2, Fabrication and Assembly and Task 3.3.3 Safety and Operations Analysis
were further subdivided into sub-sub tasks. The tasks, subtasks, sub-subtasks, party
performing the work, and the item signifying completion of the task are shown in Table
1 of this report.

4.3 Results

Subtask 3.3.1. Permit Process

SRS

Contact with regulatory authorities was initiated through the WSRC Environmental
Protection Division, direct contact with South Carolina Department of Health and
Environmental Control (SCDHEC), and with EPA, regionally and nationally. Meetings
with WSRC staff resulted in a strategy to obtain authorization to operate under a
wastewater treatment unit exclusion, as opposed to a RCRA Research, Development, &
Demonstration (RD&D) permit. The facility at TNX was determined to be a non-RCRA
facility due to its proximity to the Savannah River and subsequent releases of effluent
water into the effluent water treatment system would require delisting, a proh1b1t1ve1y
expensive process. A request to operate the DETOX™ demonstration unit as a
wastewater treatment unit was submitted to SCDHEC in January 1996. Since
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completion of fabrication and installation of the unit at TNX was still a few months
away, Delphi requested at that time that SCDHEC not begin reviewing the application
until June 1996. Authorization to operate was granted in June 1996. The approval
period is 18 months from the date of “start-up”. Similarly, an Air Emissions Exemption
was granted in November 1995. Guidance documents were then prepared to ensure
that all effluents from the process remained in compliance with the conditions of these
approvals. It should be noted that even though the regulatory approvals are not
technically full permits, they are considered by SCDHEC to be permits, and are
enforced as such.

Modifications to the wastewater approval and air emissions exemption were made to
account for changes in the waste types, Title V air quality regulations for SRS, and
characteristics of the unit installation and operation. All modifications were approved
and are in place as required to begin Phase IV testing. Due to DOE funding constraints,
reduction in the scope of work for demonstration was required. These changes make it
necessary to modify these approvals again. and the application and approval process
may extend into Phase IV.

In addition to the authorization to operate, Delphi prepared a Best Management
Practices and Spill Prevention, Control, and Countermeasures (BMP-SPCC) Plan to
meet the site requirement for the handling and storage of liquid hazardous materials
(e.g., oils, solvents) during operation. A waste profile form for DETOX™ solution
residue disposal was developed by Delphi and submitted to WSRC to facilitate
documentation required for residue disposal at the culmination of testing in Phase IV.

Weldon Spring Site Remedial Action Project

Permitting activity at WSS5RAP was relegated to preparation of the information
necessary to meet CERCLA requirements using a RCRA Part B application format. This
was mandated by the Missouri Department of Natural Resources. Work on the permit
was suspended in January 1996 when WSSRAP withdrew from the demonstration.

Rocky Flats Environmental Technology Site

In June of 1996, it was determined that RFETS would require the DETOX™
demonstration to operate under a RCRA RD&D permit. Activity was initiated to
transfer the work performed at WSSRAP to the RFETS applications. A screening-level
air modeling study was performed using an EPA-approved computer code for single
stationary sources on simple terrain. Results of this testing were used to estimate
maximum lifetime cancer risk and acute and chronic non-cancer health risks. Results
showed those lifetime cancer risks to have a probability of occurrence of 1in 100,000,000
and the non-cancer health adverse health effects to be rated at 1.0. Delphi made contact
with the Colorado Department of Public Health and Environment (CDPHE) to verify
emission limits and regulatory requirements to ensure that all aspects of applicable law
were being addressed in the RD&D permit and air emissions exemption applications.
Permit application efforts were suspended in June of 1997 when RFETS withdrew its
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support from the demonstration due to lack of funds and incompatible scheduling of
the treatment of LLMW's,

Subtask 3.3.2 Fabrication and Assembly

Sub Task 3.3.21  Manufacturing Engineering

This task began with a review and update of the information gleaned from Phase I
engineering design work and advanced studies regarding overhead condenser
calculations. Initial work was begun to modify the system components to ensure that
all HAZOP recommendations were adopted and /or addressed.

Additional work was performed to further reduce secondary emissions from stack
gases in the form of incomplete products of oxidation. Based on studies conducted on
thin film apparatus for RFETS, a second stage reactor was added to the design to ensure
that emission levels were maintained well below lower limits of hydrocarbon emissions
established by the states of South Carolina and Missouri.

Laboratory tests were conducted to determine filtration efficiencies and appropriate
operating specification for the helical filter system to be installed on the unit.
Simulations on the overhead condenser system were performed to verify that the reflux
and overhead condensers had adequate capacity to remove the heat emitted from the
unit.

A review of the Piping and Instrument Drawings (P&ID’s) and HAZOP of the effected
changes was conducted prior to initiating detailed drawings and procurement
activities. Representatives from WSSRAP, WSRC, Jacobs Applied Technology, and
Delphi participated in the initial HAZOP and approved the resulting HAZOP
document. Procurement of the long-lead items was initiated using subcontract
mechanisms pre-approved by DOE-FETC and in accordance with contract provisions.

Work continued to define layouts and material specifications for key components.
Quotations for major components were received in December of 1995 and indicated a
substantial escalation in price of the unit. An effort was immediately undertaken to
mitigate the cost escalations by reviewing and removing system features that were not
essential to process control or safety. Resulting changes were implemented and
resulted in savings of approximately $800,000. System layout and the resulting
isometric drawings were prepared. The task was completed in June of 1996 with the
receipt of the Title [Tl Design Package. Updates to P&ID’s and ISO’s continued to take
place throughout installation of the unit to reflect the unit design “as installed”.
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Subtask 3.3.2.2 Egquipment Procurement

Subsequent to the completion of the initial Title Il design and HAZOP, quotations for
equipment were obtained to verify engineering estimates. After review and
modification to reduce costs, a revised design was approved and procurement activity
was initiated to secure the long-lead items; e.g. reactor and filter assembly. Contact was
made with suitable vendors and Delphi participated in the negotiation process to
ensure that all applicable procurement regulations were met. Subcontracts with major
suppliers were prepared and submitted to DOE-FETC for approval prior to the
placement of the order.

Procurement of secondary items then proceeded to take place as specifications and JAT
defined materials of construction in consultation with Delphi’s Principal Investigator
and Project Engineer. Monitoring of the procurement activity was conducted via JAT's
own QC program, by Delphi’s Quality Consultant, and by an ASME certified Owner’s
Independent Inspector to ensure that all materials purchased satisfied applicable
specifications and in general met the ASME B-31.3 certification. Delphi generated an
internal Quality Assurance Report on the overall engineering, fabrication, and assembly
performance including procurement. An Owner’s Independent Inspection Report was
issued certifying that the unit meets ASME B-31.3 specifications (Appendix B).

Subtask 3.3.2.3 Assembly

Assembly of the unit was initiated in June of 1996 and culminated in Modules 1,2,3, the
MCC, and the control trailer being ready for loading and shipment the first weeks of
September and October 1996. The only notable exception to anticipated results in the
assembly process was the fact that the gas compressor and vent hood blower were off-
loaded from the unit due to congestion of equipment of level 3 of Module 1. The
resulting changes impacted the installation of piping and electrical connections as well
as overall system configuration previously submitted to SRS,

Subtask 3.3.2.4 Ship and Install

Module 3 was transported to SRS and off-loaded, but not placed at 673-T, on September
11, 1996. The control trailer was delivered during the latter part of September 1996 and
placed adjacent to 673-T. Modules land 2 were transported to SRS, off-loaded, and
placed in 673-T on October 10, 1996. The motor control center, the recycle compressor,
the vent hood blower, and the ship loose materials were delivered to the site on October
3,1996. Anthony Crane was used as a subcontractor service to install the unit by pick
and place, since WSRC had made no provision for installation even though the cost of
placement was clearly defined in the CRDA agreement. Authorization was received
from DOE-FETC to proceed with the placement, since the cost of the tractor-trailers
would continue to mount while the SRS procurement process was taking place.
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This task also includes the final installation of the demonstration unit by the
performance of the electrical terminations and piping installations. A site-approved
subcontractor hired by Delphi performed this. It involved several facets of the final
installation, including installation of the conduit cable tray, pulling of the electrical and
instrument cable, termination and testing of the electrical and instrument cable, and
verification of the reliability of the work for operations. The piping portion of the task
included the installation of the piping footers for the heating and cooling piping for the
unit, the installation of the piping for the heating and cooling system, the installation of
the piping for the recycle compressor and vent hood blower, installation of the footers
and piping for the nitrogen and oxygen feed systems, final flange to flange terminations
between modules 1 and 2, and verification of the work performed in the tasks meets
applicable site and construction requirements. The remaining tasks associated with
final installation of the unit included the installation of a scaffold system for access of
sections of module 1, movement of the control trailer to meet NFPA 101 requirements,
and the electrical grounding of the unit.

The completion of this final subtask 3.2.4 fulfills the requirements for completion of
Task 3, Fabrication and Assembly of the Prototype Unit.

Subtask 3.3.3 Safety and Operations Analysis
Subtask 3.3.3.1 Operations Sensitivity

Safe Operating Limits Study. One of the first tasks initiated at the beginning of Phase III
was a study to determine safe operating limits for the DETOX™ process. A contractual
agreement was arranged with Sandia National Laboratories to enlist the services of the
Explosive Projects and Diagnostics Department to define safe operating limits for
oxygen, steam, and organic vapors. A test fixture was fabricated and initial tests were
conducted to optimize mixing and ignition variables. A final series of tests was
conducted in duplicate, which provided meaningful results with some noted
aberrations. A considerable amount of effort was expended on the interpretation and
verification of the data relative to its significance and implementation into safe
operating limits of the demonstration unit. The final report (Appendix C) concludes
that the unit may be safely operated when oxygen levels less than 3 vol% are
maintained. Results of this study were implemented in the control system and safe
operating limit setpoints for system sensors and monitors.

Subtask 3.3.3.2 Dynamic Systems Simulation

The Principal Investigator and Project Engineer met with University of New Mexico
Chemical Engineering Department staff to define the parameters to be used in
establishing a Dynamic System Model for the DETOX™ demonstration unit. The scope
of the model was defined to include system start-up, shutdown, and steady state
conditions, as well as simulation of operating parameter excursions. Data from the
model were utilized in finalizing the Title III design, component specifications, and
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instrument boundary conditions. The model was completed and delivered in
September 1995.

Subtask 3.3.3.3 System Safety Analysis

Final Waste Form Studies. Evaluation of bench scale laboratory samples of DETOX™ i
solution solids were conducted by Argonne National Laboratory for the purpose of
determining the feasibility of using the chemically bonded phosphate ceramic as a |
means of stabilizing radionuclides and listed metals in a matrix suitable for land

disposal. After review and approval by DOE-FETC, tests were initiated to determine

formulations and loadings that would yield optimum mechanical and chemical stability

meeting EPA Toxicity Characteristic Leaching Procedure (TCLP) requirements.

Optimal loading of the DETOX™ residues for formulations found to meet TCLP and

mechanical test criteria was reported to be 36%. This loading figure was later

informally reported to be improved to 70% by Argonne personnel.

Samples of actual residues obtained from testing of heavy metal contaminated
surrogate wastes are planned to be forwarded to Argonne for advanced testing during
the Phase IV activity. Results of such testing are strategically important to the
commercial applications of the process, in that the process can be shown to produce a
final waste form that meets RCRA Land Disposal Restriction (LDR) requirements.

Filtration Studies. Filtration studies were conducted on DETOX™ residues anticipated
to be produced from proposed waste types to test in Phase IV. Laboratory tests were
conducted on various materials to determine filtration rates that were then used to
determine physical characteristics required of the full-scale filtration unit. The use of
filtering aides was also evaluated to improve the rate of filtration. Diatomaceous earth
(10% loading) was found to yield significant improvement in filtration rates.

Aduvanced Physical Characteristics Studies. Metals solubility data established in Phase I of
the effort was sufficient to obtain Title I design of the unit. However, as the final
design and fabrication phases of the project neared, a need was identified to establish
additional physical data to better estimate the properties of secondary waste streams. A
determination of metals solubility, specific gravity, viscosity, and surface tension
characteristics were made and test results are shown in the report entitled “Operations
Sensitivity Data for DETOX™ Solutions”, February, 1996 Monthly Report (Appendix
D).

Materials Oxidation Studies. A series of tests was conducted on candidate gasket
materials and candidate materials of construction for critical components to verify
manufacturers’ claims for safe use. Results of these tests were used to select gasket 5
materials and valve components critical to safe operation of the demonstration unit. -
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Subtask 3.3.3.4 Safe Work Plans

Preparation of test and work plans was initiated to meet site and regulatory
requirements. A description of the some of the more significant documents is as
follows:

¢ Administrative Control Procedure - Electrical

* Administrative Control Procedure - Instrument
¢ Best Management Practices Plan

* Delphi Environmental Health and Safety Plan
* Demonstration Safety Manual

* Incident Report Procedure

e Issue Management Plan

* Lockout Tagout Procedure

» Medical Surveillance Plan

* Emergency Operating Procedures

* Sampling and Analysis Plan

e Super Quality Plan

* Receiving, Handling, and Storage of Hazardous Materials

Documents prepared under this task were included in the Document Hierarchy
(Appendix E) presented in the Operational Readiness Review in August of 1997. All
safety documents have been prepared, approved and implemented, completing the
requirements of this subtask.

A Process Hazards Review (Appendix F), and Fire Hazards Analysis (Appendix G),
were prepared and approved by WSRC in preparation for system installation and start-
up verifying that the equipment, personnel, and procedures were in place to meet all
applicable regulations regarding the storage, handling, and use of hazardous materials.
All aspects of site requirements imposed on the demonstration by SRS were satisfied.

Subtask 3.3.3.5 TaSSAs

Task Specific Safety Assessments were to be prepared for the specific tasks to be
undertaken at WSSRAP. Preparation of a Safe Work Plan was initiated and attempts to
coordinate the Process Hazards review at SRS were underway when the WSSRAP
issued notice of their withdrawal from the demonstration project in January of 1996.

All subtasks 3.3.3.1 through 3.3.3.5 have been accomplished, thus completing the
requirements of subtask 3.3.3. Additionally, all subtasks related to Task 3.3 Fabrication
and Installation have been completed. '
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Section 5

Shakedown Testing
Task 3.4

5.1 Objective

Once the unit has been placed and the essential safety measures have been addressed,
the last step in this phase of the project is to complete installation and hookup of the
unit, complete all site requirements in preparation for startup and to ready the
demonstration unit for Phase IV testing, which consists of performing shakedown tests
to adequately test the proper functioning of system controls and procedures.

5.2 Procedure
This task was organized into 6 subtasks as follows:

Task 3.4.1  Site Integration

Task 342  Training

Task 3.43 Run-in

Task3.4.4  Shakedown

Task 3.4.5  Solids Feed

Task 3.4.6  Inspection, maintenance, and modification

All work performed under this task has been conducted in accordance with approved
Statement of Work, Demonstration Test Plan, Cooperative Research and Development
Agreement with Westinghouse Savannah River Co., and the approved NEPA
documentation on file with DOE-SR and DOE-FETC.

5.3 Results

Subtask 3.4.1 Site Integration

Determining the site requirements applicable to the DETOX™ demonstration has been
found to represent a major portion of the effort expended for this task. At the
beginning of Phase III a kick-off meeting was held to define roles and responsibilities
relative to the hookup and startup of the unit. Although roles and responsibilities
immediately began to emerge in the form of a Cooperative Research and Development
Agreement, issues regarding utility connections, waste water treatment requirements,
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safety features, and the authorization procedures to perform work were not addressed
in sufficient detail as to determine their true cost and schedule impact on the project.
Efforts primarily dealt with preparation of pads, floor coating evaluations for the
containment of Module 1. The Process Hazards Review was initiated in September of
1995 but was not actively pursued until June of 1996.

In April 1996 a preliminary meeting was held at SRS to address installation issues,
utilities requirements, and oxygen and nitrogen installation requirements. An
inspection and walk down of the proposed site for the modules to determine
information necessary to facilitate tie-ins to SRS utilities was made by a JAT engineer. In
May 1996, a meeting with SRS was held to further define details of installation and to
identify the information needed by SRS to prepare for installation later in the summer
or early fall.

In anticipation of the completion of fabrication and subsequent installation of the unit,
Delphi relocated its Project Engineer to Aiken, SC and established an Aiken office to
oversee operations during the remainder of the demonstration. Numerous meetings
were attended by the Project Engineer to discuss PHR, chemical inventories, safety
requirements affecting installation, such as safety shower, chemical splash protection,
steam venting, lightning suppression, equipment grounding, emergency lighting, and
details of rigging, electrical classification, inspection and maintenance issues regarding
erected structures. As time for delivery of modules approached, details regarding
installation of the effluent water treatment system were raised by WSRC and the need
for holding tanks (2) to collect process water was first made known to Delphi. Late in
September, WSRC revealed that there was insufficient time to prepare the procurement
of the crane services to place the unit upon delivery. After discussion with DOE-FETC,
it was agreed that Delphi would arrange for the placement of the unit upon delivery,
but that installation was clearly the responsibility of site. The unit was delivered to the
site on October 3,1996. Modules 1 and 2 were delivered to the site on October 10, 1996.
Module 3 was delivered to the site on September 11, 1996.The motor control center, the
recycle compressor, the vent hood blower, and ship loose materials were delivered to
the site on October 3, 1996.

The ensuing six months were spent addressing costs and schedule impacts related to
installation. The efforts by Delphi to resolve the issue of installation are well
documented in the monthly reports covering this period. During this time, the system
components were labeled, and preparation of the gas calibration systems, HCI addition
systems, GC/MS installation, effluent water system, and the vent stack system were all
defined by engineering calculations and /or drawings. Preparation of documentation
was also initiated during this period.

In March of 1997, Delphi was given authorization to proceed with installation of the
units. The services of a site-approved subcontractor were enlisted and after meeting all
site requirements for training and certification, work on installation finally commenced
in April of 1997. "The installation of electrical and mechanical systems continued until
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August of 1997, At that time an Operational Readiness Review (ORR) was conducted to
verify that the equipment, personnel and documentation met the requirements of SRS.
Subsequent to the ORR, a checklist of items was generated involving the modification of
specific documents, verification that the unit met ASME 31.3 standards, and that
training of personnel was completed. Work has continued to perform functionality and
run-in tests on subsystems and components, to verify that the system is fully functional,
and to verify that all alarms and controls are duly calibrated. The hot oil and chilled oil
systems were charged to the unit in December 1997.

Remaining work to be performed on this subtask is thé loading of DETOX™ to the unit,
which is scheduled to occur in March 1998. Once accomplished, work to be performed
under Task 3.3 will be completed.

Subtask 3.4.2  Training

Training of personnel to meet all site requirements has been completed including site,
electrical safety, hazardous energy control, fire hazard, and first aid. Key personnel
have received training in the Camile® computer process control system to ensure that
qualified personnel are available on each shift to maintain safe operating conditions
using the control system.

In preparation for development of a training program for chemical process technicians,
the Principal Investigator and Project Engineer attended a Process Safety Management
training program in March 1996 and a seminar on preparing Operating Procedures.

In May, 1996 an effort was initiated to develop a two week, performance-based,
integrated training program which includes compliance with OSHA’s Hazardous
Waste Operations and Emergency Response (HAZWOPER) standard, aspects of Process
Safety Management, site specific safety and training, fundamentals of the DETOX™
process, the demonstration unit, unit operation and control, process hazards and
responses, and emergency response. Performance testing was based on the Self-
Assessment Computer Analyzed Testing (SACAT) method, which reinforces the
learning of correct information and helps to identify and correct misinformation. The
training program has been administered three times to date and preliminary results
indicate the training is highly effective and meets all of the objectives of this task.

Subtask 3.4.3 Run-In and Operational Checks

A series of tests are presently being performed to verify that the system is fully
functional and ready for Phase IV testing. Electrical system checks have been
performed to ensure that all electrical equipment is properly installed and fully
operational as per manufacturer’s specifications. Instrumentation has been calibrated
and tested to verify proper functionality. Extensive work has been conducted on the
Camile® Control system to ensure that all system controls are functioning as designed
and as specified. Significant testing has been performed on the interlock system to
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ensure this meets the requirements of the HAZOP. Testing of the Solids feed system
indicated that the transition shroud on the shredder was not watertight and the
transition piece did not allow for the removal of the classifier screen. The assembly had
to be removed and reworked to ensure that would be leak tight. The transition piece
had to be retrofit with a flexible boot to allow for vertical movement of the classifier
screen when removal was needed for cleaning. Pressure testing of the solution cooler
revealed that a tell-tail connection installed by JAT was improperly routed and resulted
in the collapse of a tantalum liner. The heads on the solution cooler were shipped back
to the manufacturer for rework. The load cells on the primary reactor were found to be
in a bind, which causes them to measure loads incorrectly or not allow for repeatable
measurement. JAT was asked to provide flexible piping connections in several sections
of the feed piping to the reactor to alleviate the bind on the load cells. Other than these
major items, all other system corrections and /or repairs were minor and the run-in test
are ready to proceed with water checks.

Subtask 3.44  Shakedown Testing

Development of a Validation Plan was performed with Arthur D. Little after they were
selected in concert with approval from DOE-FETC. The Validation program was
formulated in a meeting at ADL April 18, 1997 with representatives of DOE-FETC,
DOE-MWFA, Energetics, and Delphi in attendance. Recommendations were made to
further enhance the plan and it was agreed that the validation program would provide
for a complete and defensible set of certifications and claims that would be admissible
to a broad range of customers and regulatory authorities. A copy of the Validation Plan
objective is shown in Appendix H.

Phase TII Shakedown testing using oil and paper and plastic solids was combined with
Phase IV performance testing. '

Validation of the performance of the DETOX™ process will be done in Phase IV by
comparing the measured destruction efficiencies with destruction efficiencies required
by the hazardous waste regulations.

Subtask 3.4.5 Solids Feed

The work defined under this task has been combined with Phase IV organics
destruction performance testing (See Note below),

Subtask 3.4.6 Inspection, Maintenance, and Modification

Work defined under this task to inspect the unit, perform maintenance and
modification has been combined with Phase IV performance testing (see Note below).




Note:

On December 3, 1997 a meeting with DOE-FETC, DOE-SR, DOE-
MWFA, WSRC, and Delphi Representatives was convened at SRS to
reevaluate the tasks required to finish Phase III and surrogate waste
types to be tested in Phase IV. It was agreed that to conserve the
schedule at SRS, shakedown testing with organics would be
consolidated with Phase IV organics destruction performance testing,
obviating the need for task 3.4.6. Work is anticipated to progress to
Phase IV testing immediately after the completion of task 3.4.3, Run-In
and Operational Checks.
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Appendix A — NEPA Documentation Approvals



Department of Energy
Morgantown Energy Technology Center
P.O. Box 880
3610 Collins Ferry Road
Morgantown, West Virginia 26507-0880

December 18, 1995

Dr. Donald T. Robertson
Delphi Research, Inc.

701 Haines Ave., NW.
Albuquerque, NM 87102

Dear Dr. Robertson:

I have enclosed a copy of the Morgantown Energy Technology Center's determination under
the National Envrionmental Policy Act for Phase IV of the wet oxidation process project.
This determination covers the entire phase, so no further action would be necessary unless
there are major changes to the project.

If you have any questions, please give me a call at (304) 285-4294.

Sincerely,

Hoone I B

Wennona A. Brown
Environmental Project Manager

Enclosure

cc:
W. J. Huber {(w/out enclosure)
NEPA file #226 (w/out enclosure)



Department of Energy
Morgantown Energy Technology Center
P.C. Box 880
3610 Collins Ferry Road
Morgantown, West Virginia 26507-0880

December 15, 1995

MEMORANDUM FOR NEPA FILE #226
CONTRACT NO: DE-AC21-92MC29107

SUBJECT: NEPA Determination

DOE proposes to continue the wet oxidation process contracted with Delphi Research, Inc,,
into Phase IV demonstration. The proposed demonstration would be conducted at two sites:
DOE's Savannah River Site, South Carolina, and Weldon Springs site, Missouri.

The Savannah River Site has determined that the demonstration at its site falls within a B3.10
categorical exclusion. The Argonne National Lab, who is responsible for the Weldon Springs
site, has determined that the demonstration at its site falls within its site-wide EIS and needs
no further documentation. Transportation of the equipment between the two sites will be in

accordance with all Department of Transportation regulations concerning transport of
hazardous materials.

The Morgantown Energy Technology Center accepts the NEPA determinations of the host
sites. Therefore, I have determined that the Phase IV demonstration of the wet oxidation
process under contract with the Morgantown Energy Technology Center is adequately covered

7}4 Y.

R Garfz Date
NEPA Compliance Officer




WESTINGHOUSE SA .NNAH RIVER COMPANY

INTER-OFFICE MEMORANDUM

September 9, 1996 SRT-AEC-96-C886

TO! Frank E. Lustig, SWER, 705-3C

%Y
FROM: Nancy L. Turner

773-A :
X

NOTICE OF NEPA APPROVAL (NONA)(U)

EEC No.. TC-T-95-034 Rev. No.: 1
Title: DETOX Wet Oxidation Waste Treaiment Technology Demonstration

It has been determined that no further National Environmental Policy Act (NEPA) documentation is required
for the scope of work identified in the subject Environmental Evaluation Checkiist (EEC}). The proposed action

is documented as being:

]  Covered under sitewide Categorical Exclusion (CX): B3.6

[0 Ceovered by DOE approved CX:
[0 Covered by previous NEPA documentation:
[ NEPA is notrequired as all prescreens are “NO"

The requirements of NEPA for the proposed activity have been satisfied and you are no longer restricted by
NEPA 1o proceed with this action. Please note, however, that this concurrence refates to NEPA only. _
All other applicable environmental, safety, and management activities must be met for activities related to this

action.

File this determination and the original Environmental Evaluation Checklist with the proposed project of

activity file.

If you determine that actions or modifications outside of the originally approved scope of work must be performed,

these changes must be submitted for evaluation to insure continued compliance with the National Environmental

Policy Act. ‘

Attached: Signed EEC

ce: AEC Files, 773-43A




e

Environr ntal Evaluation Check!*st (EEC)

NEPA/Environmental Permits EEC No. TC-T-55-034

Rev No. 1

Instructions

« Please print or type both sides of the checkiist.

« Submit one copy of the completed Checilist with supplemental informaticn to the Department NEPA Coordinator (ODNC) ars tre
department's Environmental Coordinator (EC). The DNC will distrtute to the Site NEPA Coordinator (i applicable) for NEPA level
determination and the EC will disinbute the completed checklist 10 the EPD Permits Cocrdinator for evaluation and apprev3 ard
send a copy 10 SWMD Waste Forecast Coordinator.

Actraity Title and Prcject No. (if any) Date  ;.7.5
DETOX Wet Oxidation Waste Treatment Technology Demonsteation Felra9
Checidist Preparer (Name, Organization, Location) Phone No. .3
Frank E. Lustig. SWER, 705-3C 7-6372 T

Approved By (Manzger) (Name, Organization, Lecation)
Mark A Fachada. SWER. 705-3C

Manager's Signature On File Date  g/27/96
Proposed Aclivity Proposed Activity Estimated Cost Activity Lecalon
Stant Date End Date
£/1/96 9/30/97 5668.000 ThX
Aclivity Description <{njs snoukt be 3 briel but thorough descrpton o the ¢ roposed aanaty. Be very scectic in explaining the purpose and gc2ton £

gevelopedinon-geveloped area, outsicainsice aciacent 1o exslng buiiding no.. €1c.}. Altach a copy o Funcional PerlcTarce
Requirernent, conceptual scope o work, maps, charls, or other equivalent infermabin.
Summary.
The DOE is sponscring a technology demonstration of Delphi Research, Inc’s patented DETOX wel oxidation waste treatment Drocess.
The process is being developed primarity o treat hazardous and mixed wastes within the DOE complex as an altemative o incireration. The
results ol this demonstration will be intensively studied and used 10 validate lhe technotogy. The demonstration will be located at 673-T.

Detailed Description: Attachments (FPR, CDR, System Description, etc)?  ® Yes ONo

The DETOX demonsiration unit consists of two transportable modules {one vertical, one norizontal) that are field connected by process
piping and structural connections. The vertical medule contains the reactor 1ank, solids feed assembly, the stack, filters, ana associated
equipment. The horizontal module contains the liquid feed assembly, pumps, and stoiage tanks. The size of the reactor is approximately
264 galions and the waste feed rate will be 25 kg/hr. The unit is designed 1o be operaled 24 hours a day. Operations will be penodically
interrupted to collect data, make adjustments, and remove 5olid residues.

The DETOX technology uses wet oxidation to transtorm complex organic compounds into carbon dioxide and water. Organics containing
chorine produce nydrogen chloride in addition ta the carbon dioxide and water. Organic compounds are destroyed and metailic elements afe
solubilized in the oxidation solution. Liquids, sludges, and solids may be introduced 1o the process via siphons or hoppers; dry solids must
be shredded or other wise rendered suilable for introduction into the system. The wet oxidation reaction takes place in a pressunzed vessel
{the primary reactor with stirrer) at a temperature of approximately 392 F and a pressure ot 110 psig. The oxidation of organics is performed
by ferric iron with platinum and ruthenium acting as co-catalysts. As the fernc iron oxidizes organis, it is reduced to ferrous iron. Oxygen
is used to oxidize the ferrous iron, thus regeneraticn ferric iron, to carry on the continuous oxidation cycle.

Please see lhe anached document for additional supporting infermation.
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1
NATIONAL EN.iRONMENTAL POLIC\ ACT (NEPA)
CHECKLIST EEC No. TC-T-95-034
Rev No. 1
Pre-Screen Evaluation:
Will the proposed activity:
« Aesull in a change in emissions, generaticn rates. of New discharges ¢f hazardous, radicactive. petroleum
substance. or other pollutants from a facility or process to the envircnment (air, water. land, €tc.)? @yes Ono
« Be located outside of 3 previously developed area and have the potential for environmental imcact.? QOyes @no
= Inveive siting. construction, medification, of D&D ol faciines or processes which could potentally result in an Ovyes @ o
envronmental impact.? yes _
» Potentiatly atfect environmentally sensitive resources sucn as floocpian wetlands. sies of arcreclogical Oyes @ no
significance, threatened or endangered species and/er ther habiat, special sources of wate: (1e., aquler)? Ovyes @ no
« Pose some change in the level of health ancior salety risks (e.g., result in an Unreviewed Satety Question)? Y :f
« involve site characterization, environmental monitoring. o field research programs? Oyes @no
*Note:; - [t any unknown, call Depariment NEFA Coordinator (OHC) for cansuftation.
- i gl are “No™, no turther NEPA action needed. Consuit with DNC 1o verity; tile with project & complete PE AMITS CHECKLIST.
- H any are “Yes", complete rest of NEPA CHECKLIST & the PERMITS CHECKLIST.
Environmental !mpacts Evaluation: (Note: It any are “Yes". previde specifics’supplemental information. )
Air
- Will there be a new air emission or a change in the guantity or quality of an existing air emission? ®@yes Ono
Surdace Waler
« Wil there be a liguid release 1o streams. swamps, wetlands, seepage basins, sterm drains. process Sewers,
ponds, or lakes? Oyes ®no
« Will river or stream water be utilized? Oyes ®no
Groundwater
« Will there be a discharge to groundwater? Qyes ®@no
« Will groundwater be utilized? Oyes ®no
Salety
« Is there a potential exposure to hazardous substances (e.g.. radiologicalftoxic/chemical materials)? ®yes Qrno
« Is there a potential for explosion of criticality? ] @yes Ono
« Does action involve transportation of hazardous materials? @yes Ono
Natural/Cuitural Resources _
« Is there a potential for impacts on wetiands, swamps, streams, fiver beds. ponds, set aside areas? Oyes @no
« Is there a potential impact on fishiwildiife resources o habitats? Qyes @no
« Is there a potential impact on protected species {e.g.. sensiive, rare, threatened, endangered)? Qyes ©no
« |s there a potential for impacting archeclogical siles? . QOyes ®no
« Does this action require a site clearance/sile use permit {see WSRC Manual 1D, Procedure 3.02)? 1) yes- ® no
« i a site of five acres or more is required, contact Site Land Use Coordinator,
for Department NEPA Coordinator Use Only
« Are there potential cumnutative effects when combined with other actions? Oyes @ro
« Is the propesed activity a component of a largef line item proiect? Qyes ®no
{docurment ttlesnumber)
Depanment NEPA Coordinator (Name, Crganization, Location) Phone
Nancy L. Tumer SRTC & ThNX 773-A 5-5641
L ' _ NC Signatu Date
Pecision B Approved by DNC CX Agplied:  B3.6 ONC Signature 079195
O Nofuther NEPA is required as alt prescreens are "NQ" ’ ﬂ o & Taras—
{3 Forwarded 1o Site NEPA Coordinator
For Site NEPA Coordinator Use Only
{1 DOE Approved CX CX Applied: {0 CFR 1021 did.: 1996
[ Covered by previous NEPA Documentation? (CX, EA, ElS)
3 Additional NEPA Documentation Required Oea 0O €5 [ SA (document title/number)
Sile NEPA Coordinator SNC Signature Date
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EN..RONMENTAL PERM S eec no. 1C-T-95-0%4

CHECKLIST Rev No. 1

General:
Does this activity invoive any land disturbance which may potentially resull in erosicn of sedimentation?

(It *yes®, what s the approximate disturbance?) Oyes @no
{Jiess than 1/2 acre [J 1/2 acre 1o 2 acres [J2to5 acres {J Greaterthan S acres
Will the proposed activity install, modify, of remove an {including he-n 1o} Undergreund Storage Tank: Qyes ®no
Will the proposed activ:ty consist of a Renovalion or Demcitian 10 an ex:sing tulding structure?
(Please spealy): {J Renovation [J Bemolition Qyes ®nc
Is asbestos conta:mng material present? Qyes Qro o .
-t *no", inspector signalure and license number regquired _§
Inspector Signature: License Number: -
Will you import cr manufacture a new cremical sutsiarce? Oyes ®re
Will the proposed activity impact a Site Evaluation Area or RCRA CERCLA Ar¢a er an associaled 200 ft Bulfer Zone? Oyes ®nc
Will the proposed ac;tiv_ily invalve construction or modification, of to a faclity or process where the potential exisls Oyes @no
for a radioaclive emission? :
Air:
Will the proposed activity impact a non-radionuclide air emission source? (answer *yes" if any of the following are yes®) @yes Onc

- Will the project install or madity a piece of equipment which will emit, or have 1he potential to emit, an air emission?

- Will the project modify (including demolition) an existing permitted facifity or process, which emits an air emission?

- Will the project modify (including demolition) an ex:sing faciity ar process, rct already permitted by SCDHEC, which
emits, or has the potential to emit an air emission?

- Will the project be a demanstration {shon term of long term) of a new technology which will emit an air emission?

- Will the project install or modify a piece of equipment that is used 10 sample cr mondor air emissions?

Air emissions include regulated criteria poliutants {i.e.. particuiate matter, lead. nitrogen oxides, carbon monoxide, sulfur dioxide, volatle
erganic compounds (VOC's), ete.) and hazardous and toxic pollutants identfied in SCOHEC RB1-62.5 Standard 8 and Section 112{b) ol

the Clean Air Actl.

Examples of typical permitted equipment or process air emission sources include, but are not limited to the foltowing:

= coal or fuel oil fired boilers T « paint booths
= diesel generatlars « lead melters
- diese] powered equipment . - = ar sinppers, elc.
« process feed chemical storage tanks - degreasing operations
« fyel il storage tanks » HYAC and chiller equipment
» waste combustion incineralors
Groundwater:
Wil the proposed activity: {See "HOW™ Manual WSRC-IM-91-69 for permitting guidance}
Install a monitoring well or piezometer(s)? Oyes @nc
lnvolve subsurtace penetration for a hydrogeological investigation, of characienzation? Qyes @nc
{nvolve the injection of a flid, gas. or air mixture into the subsurtace? Oyes ®no
Involve the extraction of a fluid or air mixture from the subsurface? Oyes @no
Wastewaler:
Will the proposed activity install, construct, modity, or demolish: (See "HOW™ Manual WSRC-IM-91-69 for permitting guidance)
A sanitaryfindustrial process wastewater treatment system? ‘ @®yes Ono
A sanitaryfindustrial process wastewater coliection system? ®yes Ono
A pump station(s) to transfer sanitaryfindustrial waste? Oyes ®no
A septic tank/tile field system? Oyes ®ro
A stormwaler management system? Oyes @no
Domestic Wates:
Wil the proposed activity install, construct, modity, or demolish: . Oyes ®no
. - 2
A domestic water distributionftreatment system? Oyes @no

A domestic or process water well?

Page 3




EN..RONMENTAL PERM Seec o 101920

CHECKLIST (cont.) Aev No. 1
LI—

Wastes: -
Wili the proposed activity install, construct, modily. demalish, or otherwise imgpact a RCRA permitted taciity? Qyes ®no
wiil the proposed actaty generale a rmixed waste? QOyes @no
If yes: Does 3 wastestream wath simiar characlenstics currently exist at SAS? (Consult with Facity

£ nvironmental Coordinator if assistance \s needed) Oyes Ono
Will the proposed activity generate a hazardous waste? @ yes Ono
Will you be sendirg hazardousimixed wasle 1o other on-site TreatmenySterage/Disposal (TSD) tacilies? Qyes @no

ts the TSD perratied 10 accept this waste? Qyes Qno

(if “yes". provide the fellowing)
- name of receiving facility . source used 1o confum lacility can accept was'e

1s this activity lo take place atan existing TSD {including grouncwater uni, vadose Zone. Process sewer, >
Carolina Bay, secondary containment system. etc.)? QOyes @no
Would this activity impac! an existing 75D (including changing Gf #TPfOVG staemwater runot/runon crainage,
security, COMMuNICations, electrical, €1¢.)? : Qyes ®no
Does this activity involve Besearch and Development (R&D)? @yes QOno
(It “yes", answer the following)
- iti mi > ;

Does it invelve hazardous/mixed waste Byes Ono . Does it treat more than S00kg of soil. water.
. Does il treat more than 1.000 kg of hazardous waste? B yes Ono ot debris contaminated with acute hazardous
- Does it invoive polychlonnated biphenyls {PCBs)? Cyes Bro or 1kg of acute hazardous waste? [lyes Bno
. Will this activity continue tor more than 30 days? Byes no - Does it involve the placement of hazardous

- te on the land or open buming of
. Will more than 250kg of hazardous waste be was
g v Byes Ono hazardous waste? {lyes Bno

introduced into treatment in a single day?

Waste ldentification, Generation and Management:

Wil the proposed activity include the purchase of lead or lead cormpanents? (It “yes', complete OSR 23-6 for eachitemand @ yes O no
submit with Checklist)

Will the propcsed activity disturb soil, sludge or waier at ornear a RCRACERCLA Unit or Site Evaluation Area? Oyes ®no
Il “yes®, were any listed wastes disposed of at this facility? (Ccnsult with Facility EC if assistance is needed) Cyes Qno
1t “yes", please contacl EPD for guidance regarding the Investigation-Denved Waste Management Plan.

Does this activity result in a new liquid and/or sclid waste generation (one-lime of continuous), of a change in Ihe quantity of

the characteristic of an existing waste stream? If “yes® check all that apply: @yes Qno
Oy [ Hazardous O TSCA (PCB)

[ Mixed - Covered by LDR EFCA [® Suspect Hazardous [ Wastewater

O Low-Level {J Sanitary/industrial (3 Acute Hazardous
(O High-Level [ UsedWaste Qil [0 Other...tspecify)

Where will wasie be stored/disposeditreated? See attached documentalion

Is the tacility permitied to manage this waste? Qyes ®no
I*yes”, complete the {ollowing items and submit with the Checklist

53 Source utilized to confirm facility is permitted 1o accept the waste. See attached documentation - EPD
0 Description of generated waste.
& Dates generation is 10 begirvend.
B4 Estimale of waste generation rate for each category.
9 Description of activity/process generaling waste.
18] Description of waste reduction principles (reducing the volume, mass, of toxicity) for this activity.

Has the proposéd activity been evalvated for waste minimization/poliution prevention? Qyes @no

Additional Comments: :
This is a temporaty demonstration and is not a permanent facility and wil be penmitted as such. All hazardous materials will be removed by

Delphi after completion of testing. The anticipated test periad is 10 months.

Department EC Nancy L. Tumer Signature - 2T Date
Phone 53641 Address T773-A ‘I { 9/6/96
EPD Permit Coordinator Signature . [pate
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Specific and Supplemental Information for the
Environmental Evaluation Checklist,
Westinghouse Savannah River Company,
Savannah River Site

1.0 EEC Checklist

1.1  Activity Description
1.1.1  Activity Title, Dates, and Location
Title: DETOX®™ Wet Oxidation Waste Treatment Technology Demonstration

Prepared By: Donald T. Robertson
Delphi Research, Inc.
701 Haines Ave. NW
Albuquerque, NM §7102
Phone: 505-243-3111
FAX: 505-243-3188
E-mail: delphi@highfiber.com

Revision Number: 2

Date This Document Prepared: October 29, 1996

Proposed Activity Start Date: September, 1996

Proposed Treatmenf Start date: December, 1996

Proposed Activity End Date: September , 1997

Proposed Activity Location: Building 673-T, TNX Operations Area,

Savannah River Site
1.1.2 Summary Activity Description

The US Department of Energy - Morgantown Energy Technology Center is sponsoring a
technology demonstration of Delphi Research, Inc.’s patented DETOX®*M wet oxidation waste
treatment process. The process is being developed primarily to treat hazardous and mixed wastes
within the DOE complex as an alternative to incineration, but it has significant potential to treat
wastes in the commercial sector. The results of the demonstration will be intensively studied and
used to validate the technology. Based on the results of the validation efforts, the technology will




be commercialized and used widely for waste management, pollution prevention, and other
environmentally beneficial applications.

Components of the DETOX*™ demonstration unit are being fabricated by Jacobs Applied
Technology in Orangeburg, South Carolina. Delphi has had discussions with
WSRC/Environmental Protection Department representatives regarding the strategy for obtaining
operating approval for the demonstration unit. Delphi and WSRC have obtained a letter of
temporary approval from the South Carolina Department of Health and Environmental Control
(SCDHEC,) to operate the demonstration unit as a wastewater treatment unit. The demonstration
unit components will be shipped by truck beginning in September 1996 to the Savannah R.ver Site
(SRS) where they will be assembled into a full-scale demonstration unit in Building 673-T in the
TNX Operations Area. The location of Building 673-T within TNX is shown in Exhibit 1. The
demonstration unit will be entirely contained within the building and will include numerous spill
prevention measures and operational safety features, The system will be hydrotested after
fabrication and then initially operated (shakedown testing) using an influent stream of pure
chemical feedstocks (simulants). The DETOX*™ unit will then be operated using several
introduced substances either already available at SRS or procured as simulants. These include
liquid and solid organic hazardous materials, including wood and other oxidizable solids. Delphi
anticipates that only a minimal amount of engineering and construction activity will be needed to
interface the DETOX®™ demonstration unit with existing utilities in Building 673-T.

The duration of the demonstration will be approximately thirteen months and is set to begin in
September 1996. Waste simulant treatment, however, will not begin until December 1996. The
thirteen month schedule is broken into two phases. In the first phase, installation and shakedown
testing will occur in which pure product simulants will be introduced to establish the ability of the
unit to operate safely and reliably. The first phase is expected to last 7 months. In the second
phase, operational testing will be performed using characteristic hazardous wastes provided by
SRS. (If suitable hazardous wastes are not available, testing will continue with simulants.) The
second phase is expected to last 6 months. The demonstration unit will operate 24 hours a day, 5
days per week and will process materials at a maximum rate of 25. kg organic/hr. Once the
demonstration is complete, the unit will be dismantled and cleaned as necessary to allow
transportation to the Rocky Flats Environmental Technology Site near Golden, Colorado where it
will be reassembled and used for destruction and volume reduction of radioactively-contaminated
organic wastes,

1.1.3 Detailed Activity Description

The DETOX®™ demonstration unit consists of two transportable modules (one vertical, one
horizontal) that are field-connected by process piping and structural connections (see Exhibit 2).
The vertical module contains the reactor tanks, solids feed assembly, the stack, filters, and
associated equipment. The horizontal module contains the liquids feed assembly, pumps, and
storage tanks. After the modules are connected, the size of the assembled unit will be 24. ft. long
by 16. ft. wide by 32. ft. tall. The unit is designed to be operated 24 hours a day, 5 days a wecek.
Operations will be periodically interrupted to collect data, make adjustments, and remove solid
residues.
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Exhibit 2. DETOX Demonstration Unit.
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EXHIBIT 2. DETOX Demonstration Unit (cont’d)

Item Number Description

Solids Feed Shredder
Solids Feed Hopper
Helical Filter to remove Precipitates/Solid Residues
Relief Vent Knockout Tank
Granular Activated Carbon Bed
Primary Oxidation Reactor
Secondary Oxidation Reactor
Overhead Distillate Receiver Tank
Wastewater Collection and Neutralization Tank
Pumps

WO |~ [On ||| ftd]-—
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There are two reactor vessels in the demonstration unit, a primary tank and a secondary tank.
The size of the primary reactor is approximately 228. gallons and the maximum feed rate to this
vessel will be 25. kg organic/hr. The size of the secondary reactor is approximately 162. gallons
and is fed by offgas from the primary reactor. Liquid feeds are completely contained in process
lines until their introduction into the primary reactor. The solids feed assembly consists of a
shredder, a feed hopper, and a pump. The hopper is completely sealed to the atmosphere and is
connected directly to the shredder. The potential for gaseous and particulate fugitive emissions is
low, since the shredder is equipped with a vent hood. The exhaust from this hood is passed
through a carbon bed to remove volatile organic compounds (VOCs), then through a HEFPA filter
to remove any particulates before being released to the atmosphere. All vents to atmosphere will
pass through a single stack directly to the outdoors. Operations will be interrupted should the
emissions control devices fail.

The DETOX®™ technology uses catalyzed wet oxidation to transform complex organic
compounds into carbon dioxide (CO,) and water. Chlorinated organics produce hydrogen
chloride (HCI) in addition to CO; and water. Organic compounds are destroyed and metallic
elements are solubilized in the oxidation solution. Liquids, sludges, and solids may be introduced
to the process via siphons or hoppers; dry solids must be shredded and slurried or otherwise
rendered suitable for introduction into the systemn. The wet oxidation reaction takes place ina
stirred pressurized vessel (the primary reactor) at a temperature of approximately 473. K (392. F)
and a pressure of 760. kPa (110. psig). The oxidation of organics is performed by ferric iron with
platinum and ruthenium acting as co-catalysts. As the ferric iron oxidizes organics, it is reduced
to ferrous iron. Pure gaseous oxygen is used to oxidize the ferrous iron, thus regenerating ferric
iron, to carry on the continuous oxidation cycle. Exhibit 3 illustrates the process chemistry.

Offgases from the primary reactor are routed through a second oxidation reactor. The overhead
from this secondary reactor is condensed and captured for storage, neutralization, and batch
release to the wastewater treatment system. The secondary reactor will operate at very similar
conditions of temperature and pressure and provides treatment in a manner similar to the primary
reactor, except it will be sparged rather than stirred. Prior to discharge, the wastewater will be
neutralized with aqueous caustic (sodium hydroxide) and the pH tested to ensure that
neutralization is complete. Tailgas is vented to atmosphere after passage through a carbon bed
and a HEPA filter. Precipitated solid residues will be removed from the primary reactor by
filtration and stored in drums in a sheltered environment prior to testing and disposal. The
residues will be stored properly if they are hazardous.

The demonstration unit has been designed to minimize the likelihood and consequence of spills.
Spill prevention features include:

Unflanged vessel bottoms to reduce the likelihood of gravitational leakage;

Tantalum-lined vessels to resist corrosion and prevent leakage;

Tantalum- and TEFLON®-lined pipes to resist corrosion and prevent leakage;

Placement of the entire unit in an impermeable containment basin sized to accommodate the
total volume of all process vessels;

¢ Elevated pipes and vessels to facilitate leak detection;



Exhibit 3.
DETOX Process Description

Catalyst A
COAVE) G+ aFe™ +2H0 —— 3 €O, s aF*4 at* (1)

Catalyst B
aFe?*4 0,4 4HY ——— 3> aFe’*+2H,0(2)

Cat A

CO2+ H+




* Placement of liquids to be pumped into the primary vessel in the containment basin;

¢ Placement of the entire demonstration unit and containment basin in a building to prevent
rainfall from contacting and exacerbating a spill; and

* Placement of spill response kits, equipped specifically for potential DETOX®™ releases, at
strategic locations around the equipment.

Exhibit 4 is a simplified schematic of the DETOX®™ demonstration unit that highlights some of
the measures to prevent and control spills. As a precaution, Delphi has the capability of inerting
the reactor headspaces with nitrogen to prevent the formation of a flammable mixture in the event
of an upset. This is also shown in Exhibit 4,

The DETOX®™ process will be initially tested using pure feedstocks as simulants of the hazardous
substances mentioned previously. After the unit has been proven safe and reliable, actual wastes
will be introduced. All hazardous materials introduced during the demonstration at SRS, with the
possible exception of the pure feedstock simulants, will come from SRS.

However, the hazardous waste inventory at SRS is not predictable and Delphi cannot be sure that
a chosen waste stream will be available when needed for introduction into the DETOX*™
demonstration unit. Therefore, Delphi has prepared a list of anticipated feed materials based on
seven waste types 10 be introduced to the DETOX"™ unit as part of the demonstration. These
seven feed types are: hydrocarbon oils, chlorinated solvents, non-chlorinated solvents, organic
{oxidizable) solids, wastewaters, scintillation fluids, and chlorinated oils. The feeds list, including
estimated quantities, is presented in Exhibit 5. The anticipated feed materials are all simulants
except the railroad ties and organic-contaminated wastewater, which constitute actual SRS waste
streams. The oxidizable solids feed is a mixture of approximately 30. wt% poly(vinyl chloride)
sheeting, 40. wt% polyethylene sheeting, 5. wt% latex rubber, and 25. wt% paper. Even though
Delphi is preparing to process only simulants during the demonstration (except railroad ties and
wastewater), their desire is to demonstrate treatment of actual characteristic hazardous wastes
(listed hazardous wastes will not be used). All hazardous wastes provided by SRS for
demonstration testing will be transported to the unit and staged prior to introduction in
accordance with the requirements of the South Carolina Hazardous Waste Management
Regulations (SCHWMR).

There will be three classes of waste coming out of the DETOX®™ demonstration unit: wastewater
discharges, air emissions, and solid residues. Delphi estimates that approximately 3200. - 3250.
kg of solid residues will be produced during the thirteen months of demonstration operations at
SRS. These solid residues will consist of approximately 3000. kg of ferric phosphate and 200. -
250. kg of hydrated ferric oxide containing small amounts of various metals, primarily lead and
mercury added for test purposes. The ferric phosphate is a by-product of oxidizing tributyl
phosphate during the shakedown phase of the demonstration. Delphi anticipates that this residue
will be non-hazardous. The heavy metals-bearing hydrated ferric oxide will be the result of
precipitating the solid portion of the DETOX®™ oxidation solution afier operations involving
waste feeds are complete. The metals will have eriginated in the waste feeds to the reactor unit.
As much as 3.7 wt% each of lead and mercury (as their chloride salts) will be present in the ferric
oxide residue. The chloride salts of cerium and neodymium (as much as 1.8 wt% each) may also
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be present. The solid ferric oxide residue will be tested using EPA Method 1311 Toxicity
Characteristic Leaching Procedure and disposed of accordingly. Delphi intends to remove a small
amount (5 - 10 kg) of this solid waste and transport it to their Iaboratory facility in Albuguerque,
NM for the purpose of conducting a treatability study. The treatability study will investigate the
suitability of a chemically-bonded phosphate ceramic technique developed by Argonne National
Laboratory for permanently stabilizing the DETOX®™ solid residues for ultimate disposal.

Delphi plans to discharge wastewater to one of two temporary storage tanks about every 1 - 2
hours. The amount of wastewater discharged in each batch will range from about 32. kg to about
200. kg, depending on the material being processed and the discharge interval. Mass balance
calculations have shown that when mineral oil is being processed, about 32. kg/hr of wastewater
should be produced, and when tributyl phosphate is being processed, about 100. kg/hr of
wastewater should be produced. Since the demonstration unit will operate 24 hours per day, the
amount of wastewater discharged in a 24 hour period will range from about 200. gallons to about
630. gallons. Prior to discharge to the temporary holding tanks, the wastewater will be
neutralized with aqueous caustic (sodium hydroxide) and the pH tested to ensure that
neutralization is complete. As currently planned, wastewater will be discharged from the
DETOX® unit in batch fashion through the existing organics removal facility (ORF) to the TNX
effluent treatment plant (ETP). Discharge to the ORF from the temporary holding tanks will take
place every 2 - 3 days.

‘Delphi estimates that no metals will be released in the wastewater from the-demonstration unit
because of the low temperature nature of the process and the solubility of many heavy metals in
the oxidation solution. Bench-scale tests have confirmed this estimate for cerium and
neodymium. However, there is the very small probability that lead and mercury could make their
way into the wastewater. Therefore, as a precaution, the wastewater produced during processing
of feeds with added metals will be tested for those metals. If lead and mercury are present, the
wastewater will be passed through the TNX ion exchange resin facility to remove these metals
prior to being sent to the ORF for removal of organics.

During waste processing, CO,, smail amounts of oxygen and water vapor, HCl, and VOCs are
vented to atmosphere. Most of the HCl and water vapor are condensed out of the overhead gas
stream leaving the reaction section of the unit. Tailgas from the reaction section, including the
remaining HCl and moisture, is passed through a carbon bed to remove VOCs. The control
efficiency of the carbon bed was estimated to be 95% for each compound. The estimated
emission rate of HCI is low, about 154, Ib/month, hence Delphi does not plan to operate with a
lime bed or caustic scrubber to remove the HC! produced.

Delphi has identified four primary chemical compounds {other than water vapor, carbon dioxide,
and oxygen) that will be released in the air emissions from the DETOX*" demonstration unit.
These four are: HCl, methyl chloride, methylene chloride, and chloroform. Their estimated
emissions after the control equipment are listed in Exhibit 6.

The emissions listed in Exhibit 6 are a worst case estimation based on a specific configuration
using mineral oil feed with azeotropic composition of HCl/water leaving the reaction vessel.
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Exhibit 6, Estimated Air Emissions (After Control Equipment) from the DETOX*Y
Demonstration Unit

Parameter Estimated Value Units
HCl Emission Rate 0.027 gls
154. Ib / month
HCI Emission Concentration 1.4 g/m
Methyl Chloride Emission Rate 2.5x 107 g/s
0.14 Ib/ month
i Methvl Chloride Emission Concentration 1.3x 10° g/mw
Methylene Chloride Emission Rate 1.2x10° gls
‘ 0.069 Ib / month
Methylene Chloride Emission Concentration 6.4x10° g/m’
Chloroform Emission Rate 57x10° g/s
0.33 1b / month
Chloroform Emission Concentration 3.1x10° g/ m’

Mineral oil was one basecase used in designing the demonstration unit. The identity of the VOCs
exiting the unit is only partially dependent on the type of waste feed. Emissions from other feeds
will be very similar in both identity of the constituent and the emission rates.

Oxygen, water vapor, HC}, and CO; will not be removed from the vent gas stream, although these
gases will pass through the control equipment prior to atmospheric outfall. Delphi estimates the
emissions of oxygen, water vapor, and CO; at 4.3 kg/hr (6811. Ib/month; 63, g/m’), 0.2 kg/hr
(317. Ib/month; 2.9 g/m’), and 77.6 kg/hr (123,066. Ib/month; 1141. g/m®), respectively.

Acetone, though not a VOC, was estimated to be emitted at a rate of 0.21 g/hr (0.33 Ib/month;
0.0031 g/m’) after the control equipment. The exiting gas mixture is below the flammability limits
for the estimated organics concentrations (see Exhibit 6).

A Level [1 modeling analysis was performed using the estimated emissions listed in Exhibit 6. A
summary of this analysis is given in Exhibit 7. In all cases, the estimated maximum adjusted off-
site 24 hour average concentrations are below the maximum allowed by SCDHEC Air Pollution
Control Regulation 62.5 Standard No. 8. The results of the Level IT analysis indicate that the
DETOX®™ demonstration unit will be a negligible contributor to Site emissions.

Delphi is using commercial items specific for this demonstration application (such as valves, seals,
and flanges) and they do not anticipate any emissions. Therefore, Delphi has made no estimate of
fugitive emissions from these items.

Once demonstration operations are complete, the unit will be dismantled and cleaned as necessary
to allow transportation to the Rocky Flats Environmental Technology Site near Golden, Colorado
where it will be reassembled and used for destruction and volume reduction of radioactively-
contaminated organic materials. Dismantlement of the DETOX™ unit will be conducted with
precautions to prevent spills, Pipes and vessels will be air-purged using instrument air already
available in Building 673-T. The unit will be disassembled and cleaned entirely within the spill
containment berm in Building 673-T. Cleaning water, if necessary with a small amount of
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commercial detergent, will be used sparingly to minimize waste generation. Wastewater
generated during cleaning will be tested prior to introduction into the TNX wastewater treatment

facility.
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20 NEPA Checklist

2.1 Pre-Screen Evaluation
2.1.1 New Discharges to the Environment

There will be two types of discharges coming out of the DETOX*" demonstration unit,
wastewater discharges and air emissions.

The wastewater will contain several organic pollutants, some of which have aquatic and human
health water quality limits and safe drinking water criteria specified by South Carolina DHEC.
However, Delphi has estimated that the in-stream concentrations in the Savannah River (the
receiving stream) of the listed pollutants will be well below the criteria specified by SCDHEC.

Delphi estimates that the wastewater will never exceed 0.04% of the stated water quality criteria
value for the compounds for which these criteria are listed by SCDHEC. Delphi has also
estirnated Total Organic Carbon (TOC) values of the wastewater just prior to discharge to the
Savannah River. The worst case estimated TOC value is 0.50 mg/L for 1:1:1
trichloroethylene: 1 ,4-dichlorobenzene:methylene chloride (see Exhibit § in section 1.1.3 for a list
of anticipated feeds). The NPDES discharge permit for discharges from the TNX effluent
treatment plant specifies a monthly average TOC value of 20 mg/L with a daily maximum value of
100 mg/L. A detailed discussion can be found in section 3.3.

The principal constituents of the air emissions from the DETOX* unit will be hydrogen chloride
(HCI) and volatile organic compounds (VOCs). The VOCs are methyl chloride, methylene
chloride, and chloroform. Some acetone will also be vented (although acetone is not listed as a
VOC). Delphi has estimated the emission rates for HC! and VOCs to be 0.027 g/s (154.
Ib/month) and 9.4 x 107 g/s (0.54 Ib/month), respectively. The results of a Level II modeling
analysis using these emission rates (see Exhibit 7 in section 1.1.3) indicate that the DETOX™
demonstration will be a negligible contributor to Site emissions. More detailed discussions are
given in sections 1.1.3 and 2.2.1.

2.2 Environmental Impacts Evaluation
2.2.1 Air

Installation and operation of the DETOX* demonstration unit will constitute a new air emission
source. Tailgas coming from the reaction section of the unit will include hydrogen chloride (HCY),
carbon dioxide (CO,), small amounts of oxygen and water vapor, and volatile organic compounds
(VOCs). The VOCs the unit will emit are methyl chloride, methylene chloride, and chloroform.
The three VOCs and HC! are all identified as toxic air poliutants in SCDHEC Air Pollution
Control Regulation 62.5 Standard No. 8. Their estimated emission rates after the control
equipment are listed in Exhibit 6 of section 1.1.3.
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During waste processing, most of the HC! and water vapor are condensed out of the overhead gas
stream leaving the reaction section of the unit. Tailgas from the reaction section, including the
remaining HCI and moisture, is passed through a carbon bed to remove VOCs. The estimated
emission rate of HCI is low, about 154. [b/month, hence Delphi does not plan to operate with a
lime bed or caustic scrubber to remove the HCl produced. The VOC control efficiency was
estimated at 95% for each compound. The identities of the VOCs exiting the unit are partially
dependent on the type of waste feed. Emissions from other feeds will be very similar in both
identity of the constituent and the emission rates. The emissions listed in Exhibit 6 are a worst
case estimation based on a specific configuration using mineral oil feed with azeotropic
composition of HCl/water leaving the reactor. Mineral oil was one basecase used in designing the
demonstration unit.

Acetone, though not a VOC, was estimated to be emitted at a rate of 0.21 g/hr (0.33 Ib/month;
0.0031 g/mj) after the control equipment. Oxygen, water vapor, HCl, and CO; will not be
removed from the vent gas stream, although these gases will pass through the control equipment
prior to atmospheric outfall. Delphi estimates the emissions of oxygen, water vapor, and CO; at
4.3 kg/hr (681 1. Ib/month; 63. g/m?), 0.2 kg/hr (317. Ib/month; 2.9 g/m’), and 77.6 kg/hr
(123,066. Ib/month; 1141. g/m’), respectively. The exiting gas mixture is below the flammability
lirnits for the estimated organics concentrations (see Exhibit 6).

A Level IT modeling analysis was performed using the estimated emissions listed in Exhibit 6. A
summary of this analysis is given in Exhibit 7. In all cases, the estimated maximum adjusted off-
site 24 hour average concentrations are below the maximum allowed by SCDHEC Air Pollution
Control Regulation 62.5 Standard No. 8. The results of the Level II analysis indicate that the
DETOX*™ demonstration unit will be a negligible contributor to Site emissions.

The potential for gaseous and particulate fugitive emissions from the solids feed assembly of the
unit is low, since the shredder is equipped with a vent hood. The exhaust from this hood is passed
through a carbon bed to remove volatile organic compounds (VOCs), then through a HEPA filter
to remove any particulates before being released to the atmosphere. Delphi is using commercial
items specific for this demonstration application (such as valves, seals, and flanges) and they do
not anticipate any emissions. Therefore, Delphi has made no estimate of fugitive emissions from
these items.

2.2.2 Safety

2.2.2.A Potential Exposure to Hazardous Substances

During the demonstration, there is a potential for accidental operator exposure 10 hazardous
substances. Hazardous substances are present in the DETOX* oxidation solution, solid residues
from the process, and in the waste feeds to the unit. In addition, the storage of liquid oxygen near

the process presents unique safety concerns.

The DETOX®™ oxidation solution has a pH of 0 and is highly corrosive. It is comprised of two
chemicals that themselves either are acidic (hydrochloric acid) or produce an acidic solution
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(ferric chloride} when introduced into water. Hydrochloric acid is corrosive; exposure to skin can
cause severe irritation, inflammation, and chemical burns. Ferric chloride is also corrosive with
skin exposures resulting in the same effects as with hydrochloric acid. Accidental exposure to the
oxidation solution and its components coutd occur by leaks from the unit (including seals, valves,
and flanges) and during solution preparation and handling.

At the conclusion of the demonstration at SRS, the DETOX™™ process will produce a hydrated
ferric oxide solid residue that will be contaminated with lead and mercury chlorides, and possibly
also cerium and neodymiutmn chlorides. The lead and mercury salts are toxic, and lead chloride is a
suspected human carcinogen. The potential for exposure comes in handling the hydrated ferric
oxide residue as it is deposited into its lined-drum receptacles, and in taking samples for a planned
treatability study, including preparing them for transportation.

In the shakedown phase of the demonstration, the DETOX*™ unit will be operated with pure
chemica! feedstocks as simulants of the hazardous substances Delphi wants to introduce later in
the operational phase of the demonstration. This approach is being taken to ensure the unit can
be operated safely and reliably. Once this is proven, actual wastes will be introduced. However,
since the waste management system at SRS rapidly moves wastes to an appropriate off-site
disposal facility, it is not possible to choose a particular waste stream for processing until shortly
before the beginning of the demonstration. Therefore, Delphi cannot make a determination of the
exact nature of the hazards posed by the waste feeds until the waste streams are identified. Itis
possible that no hazardous wastes (other than organic-contaminated wastewater) wiil be
processed at all. In this case, Delphi will continue testing with simulants. The simulants will
come from six classes of materials: hydrocarbon oils, chlorinated solvents, non-chlorinated
solvents, organic (oxidizable) solids, scintillation fluids, and chlorinated oils. Delphi will add
naphthalene, 1,2-dichlorobenzene, and chlorobenzene to the oxidizable solids feed as spikes to
help determine destruction efficiency (see Exhibit 5 of section 1.1.3). 1,2-Dichlorobenzene is
toxic and naphthalene is a suspected human carcinogen. Also, Delphi wiil blend mineral oil with
hazardous wastewater (provided by SRS) in one test to demonstrate the applicability of the
process in treating organic-contaminated wastewaters. The feed composition can be found in
Exhibit 5 of section 1.1.3. The wastewater contains trichloroethylene and tetrachloroethylene,
both of which are mutagens and suspected human carcinogens.

Delphi will mitigate accidental operator exposure to the oxidation solution using both
administrative and engineering controls. Administrative controls include rigorous training of
operator personnel in the hazards of the oxidation solution and its components, institution of safe
operating procedures for the handling of the solution and its components, implementation of
standard practices to detect leaks, and use of appropriate personal protective equipment.
Engineering controls include proper ventilation of the area the unit is located in, use of area HCl
monitors to wam of a leak or spill, unflanged vessel bottoms to minimize the potential for
gravitational leakage, tantalum-lined vessels, and tantalum- and TEFLON®-lined pipes, to resist
corrosion, and elevated pipes and vessels to facilitate leak detection.

Mitigation of exposure to the reactor residue, including treatability study samples, will be
accomplished by wearing appropriate personal protective equipment and keeping the residue
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stream contained during its entire journey from the filtration section of the unit to its lined-drum
receptacles. The drums will be managed according to SCHWMR provisions; the drums will be
properly sealed and labeled, and stored in a sheltered environment. The drum contents will be
tested using EPA Method 1311 Toxicity Characteristic Leaching Procedure and then disposed of
through WSRC Solid Waste Management; Delphi will pay for analysis, transportation, and
disposal. The treatability study samples will only be handled when proper personal protective
equipment is worn and the area is well ventilated. The samples will be handled in accordance with
SCHWMR and packaged and transported to New Mexico in accordance with provisions of the
Hazardous Materials Transportation Act (HMTA) and all other applicable USDQT, South
Carolina, and New Mexico regulations. Safe work practices will be instituted, including proper
ventilation, and appropriate personal protective equipment will be worn when handling both
simulant and actual hazardous waste feeds.

Gaseous oxygen is needed by the DETOX® process to regenerate the ferric iron oxidant.
Oxygen will be supplied to the process from a 6000. gallon liquid oxygen storage tank which will
be provided by an off-site vendor. Vaporizers will be used to vaporize the liquid oxygen to
gaseous oxygen, which will then be supplied to the process. '

The storage tank and vaporizers will remain the property of the vendor and will be serviced and
maintained by vendor personnel. Security for the tank installation will be provided in the form of
a chain-link fence to protect against physical damage; the gate will be kept locked when the tank
is not being serviced. The installation, including the concrete pad upon which the tank will be
placed, will conform to all applicable US Occupational Safety and Health Administration
(OSHA), National Fire Protection Association (NFPA), and Site requirements.

Hazards associated with handling liquid oxygen include the potential for tissue freezing and
accelerated combustion of flammable and combustible substances. Typically, there should be no
reason for operating personnel to access the liquid oxygen tank. However, should the need arise,
personnel will be required to wear insulated, impermeable gloves that are approved for use with
liquid oxygen (such as CRYO-GLOVES® from Lab Safety Supply, Inc. or thick welding gloves
with a high gauntlet), goggles or safety glasses, and face shields to protect against tissue freezing
due to contact with the cryogenic gas. Because of the potential for tissue freezing, gloves will be
large enough that they easily come off when the wearer throws his hands downward.
Impermeable aprons will also be wom to protect against splashes, if the potential for splashing is
deemed high. Trouser bottoms will be kept outside of footwear so that no liquid can accumulate
in them.

Oxygen is itself a non-flammable gas, but it is a powerful oxidizer. Oxygen will vigorously
accelerate a fire, significantly increasing its severity. Flammable and combustible materials will
not be stored near the storage tank. Smoking and open flames will be prohibited in the vicinity of
the tank. The installation will be placarded with the legend "OXYGEN - NO SMOKING - NO
OPEN FLAMES", or an equivalent waming. These precautions will guard against a fire starting
near - and subsequently involving - the storage tank installation.
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2.2.2.B. Potential for Fire or Explosion

The DETOX** demonstration unit is equipped with a continuous emission monitor for volatile
organic compounds (VOCs). The VOC monitor is a stand-alone flame ionization detector (FID)
that operates by buming VOCs sampled from the tailgas in a hydrogen-air flame. The potential
for fire lies in the use of gaseous hydrogen for the flame.

Delphi will use a hydrogen generator to supply hydrogen gas to the VOC monitor. This
eliminates the need for pressurized, bottled hydrogen. The use of the hydrogen generator virtually
eliminates the possibility of forming a flammable or explosive hydrogen-air mixture in the vicinity
of the monitor. The generator is designed to deliver hydrogen at low pressure (maximum
pressure approximately 65. psig) and automatically shut off the flow of hydrogen should a leak
occur in the system or in downstream tubing. Also, the maximum quantity that is ever contained
in the generator is approximately 150 mL., so a catastrophic leak would release no more than this
quantity of hydrogen to the atmosphere. This quantity should quickly disperse through diffusion,
virtually eliminating the chance to form a flammable or explosive mixture with air (the lower and
upper flammability limits of hydrogen in air at 298. K (77. °F) and 1 atm. are 4.0 vol% and 75.
vol%, respectively).

During demonstration operations, process control samples will be taken and analyzed inside the
unit control trailer by gas chromatography-mass spectrometry (GC-MS). The GC-MS instrument
requires hydrogen for proper operation. The hydrogen will be supplied by a second hydrogen
generator similar to the one used by the VOC monitor in the unit.

2.2.2.C Transportation of Hazardous Materials

It will be necessary to transport either pure chemicals or actual wastes both to and from the
demonstration unit (located in Building 673-T in TNX). In addition, liquid oxygen will be
brought into the TNX area about once per month by the vendor to refill the 6000. gallon storage
tank. Transportation of liguid oxygen will be in USDOT-approved equipment only.

Transportation of pure chemical feedstock simulants and components of the DETOX*™ oxidation
solution to the unit will be done in the original containers, whenever possible. If this is not
possible, properly labeled containers appropriate for the quantity being transported, and
compatible with the material, will be used. Hazardous pure chemicals to be transported to the
unit include hydrochloric acid and ferric chloride (corrosivity), toluene and acetone (flammability),
methylene chloride, methyl chloroform, trichloroethylene, naphthalene, and 1,2-dichlorobenzene
(flammability and toxicity), and lead and mercury oxides (toxicity).

1f Delphi is successful in securing actual hazardous wastes for processing in the demonstration
unit, then these will have to be transported on a daily basis (pending regulatory approval) from a
permitted storage area to the unit. Only the amount of waste that can be processed within a 24
hour period will be transported at any one time. All hazardous wastes provided by SRS will be
transported to the unit and staged prior to introduction in accordance with the requirements of the
South Carolina Hazardous Waste Management Regulations (SCHWMR).
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The solid ferric oxide residue produced during the DETOX®™ demonstration is a suspect
hazardous waste due to the presence of lead and mercury chioride salts. This residue will be
managed according to SCHWMR provisions; the residue will be placed in lined drums which will
be properly sealed and labeled, and stored in a sheltered environment. The contents will be tested
using EPA Method 1311 Toxicity Characteristic Leaching Procedure and then disposed of
through WSRC Solid Waste Management; Delphi will pay for analysis, transportation, and
disposal.

Treatability study samples, taken from the solid ferric oxide residue, will be handled in accordance
with SCHWMR and packaged and transported to New Mexico in accordance with provisions of
the Hazardous Materials Transportation Act (HMTA) and all other applicable US DOT, South
Carolina, and New Mexico regulations.
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3.0 Environmental Permits Checklist

3.1  General
3.1.1 Renovation or Demolition of an Existing Building/Structure

There will be minor additions to Building 673-T (TNX area) to interface the DETOX™
demonstration unit with existing utilities (e.g., electricity, instrument air, etc.), to connect the unit
to the organics removal facility adjacent to 673-T, to connect the unit to the TNX ion exchange
resin facility to allow discharge of wastewater, to pipe in oxygen and nitrogen gases, and tc
accommodate the vent stack so that tailgas from the unit can be vented to atmosphere. In
addition, a 6000. gallon liquid oxygen storage tank will be installed near Building 673-T to
provide oxygen to the DETOX*" process. This installation will include a concrete pad for the
storage tank.

32  Air

This project will install a short-term (approximately thirteen months) demonstration unit which
will release process emissions to the atmosphere. The compounds that will be emitted from the
unit are hydrogen chloride (HCl), methyl chloride, methylene chloride, and chloroform. All of
these compounds are identified as toxic air pollutants in SCDHEC Air Pollution Control
Regulation 62.5 Standard No. 8. Delphi estimates that the emission rates of these four pollutants
will be very low: the estimated emission rate being 154. Ib/month for HC}, and the estimated
combined emission rate for the VOCs being 0.54 Ib/month. For more detailed discussions, see
sections 1.1.3 and 2.2.1.

The potential for gaseous and particulate fugitive emissions from the solids feed assembly of the
unit is low, since the shredder is equipped with a vent hood. The exhaust from this hood is passed
through a carbon bed to remove volatile organic compounds (VOCs), then through a HEPA filter
to remove any particulates before being released to the atmosphere. Delphi is using commercial
items specific for this demonstration application (such as valves, seals, and flanges) and they do
not anticipate any emissions. Therefore, Delphi has made no estimate of fugitive emissions from
these items.

33 Wastewater

Installation of the DETOX*™ demonstration unit in Building 673-T will temporarily modify the
TNX process wastewater treatment system. Modification will entail running pipe to connect the
DETOX®* unit with the feed tank of the organics removal facility (ORF). This connection will
allow discharge of wastewater to the ORF feed tank. Wastewater produced in the DETOX*™
demonstration unit will be neutralized, then transferred to one of two temporary storage tanks.
Each tank will have a capacity of between 3000. gallons and 5000. gallons. The tanks will be
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placed inside the berm that provides secondary containment for the DETOX™™ unit.
Alternatively, if the tanks cannot be placed inside the berm, each tank will have a spill containment
pool (made, for example, from polyethylene or HYPALON®) placed under it.

Wastewater that has accumulated in one of the tanks will be sampled and analyzed for volatile and
semi-volatile organic compounds (VOCs and SVOCs, respectively) prior to discharge to the
ORF. Under normal circumstances, wastewater can be discharged to the ORF after analytical
results are received and evaluated. Under off-normal conditions, the treatability of the
wastewater by the TNX ETP will need to be assessed before the wastewater can be discharged
from the temporary holding tanks. Normal and off-normal discharge procedures are defined and
discussed in the Appendix. Two tanks will be used so that one can receive wastewater from the
DETOXM unit while the other is being tested for discharge. Wastewater will be discharged from
the temporary holding tanks to the ORF every 2 - 3 days.

In cases where metals are added to the feeds, the wastewater will be tested for the presence of
those metals. If metals, especially lead and mercury, are present, the wastewater will be
discharged to the TNX ion exchange resin facility to remove them prior to discharge to the ORF
for removal of organics. No other modification to the existing TNX wastewater facility is
anticipated. The facility will simply continue to operate normally with an additional effluent
stream that will come from the DETOX unit.

34  Wastes

3.4.1 Generation of Hazardous YWaste

The DETOX>™ waste treatment technology demonstration will generate potentially hazardous
solid waste. A solid residue of about 200. - 250. kg of hydrated ferric oxide containing various

heavy metals, including lead and mercury, will be produced at the end of the demonstration by
evaporating hydrochloric acid from the DETOX™ oxidation solution. As much as 3.7 wt% each

. of lead and mercury (as their chloride salts) will be present in the ferric oxide residue. The

chioride salts of cerium and neodymium (as much as 1.8 wit% each) may also be present. This
solid residue will be managed according to SCHWMR provisions; the residue will be placed in
lined drums which will be properly sealed and labeled, and stored in a sheltered environment. The
drum contents will be tested using EPA Method 1311 Toxicity Characteristic Leaching Procedure
and then disposed of through WSRC Solid Waste Management; Delphi will pay for analysis,
transportation, and disposal.

Delphi intends to remove a small amount (5 - 10 kg) of the ferric oxide residue solid waste and
transport it to their laboratory facility in Albuquerque, NM for the purpose of conducting a
treatability study. The treatability study will investigate the suitability of a chemically-bonded
phosphate ceramic technique developed by Argonne National Laboratory for permanently
stabilizing the DETOX®™ solid residues for ultimate disposal. The treatability study samples will
be handled in accordance with SCHWMR and packaged and transported to New Mexico in
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accordance with provisions of the Hazardous Materials Transportation Act (HMTA) and ali other
applicable US DOT, South Carolina, and New Mexico regulations.

3.4.2 Research and Development Activity

The DETOX*™ technology demonstration is a research and development (R&D) activity. This
activity is intended to validate the suitability of the technology in treating hazardous and mixed
wastes that are found throughout the US Department of Energy’s nationwide complex of
facilities. Therefore, it is Delphi’s intention to introduce characteristic hazardous waste, provided
by SRS, to the unit for processing.

The hazardous waste inventory at SRS is not predictable and Delphi cannot be sure that a chosen
waste stream will be available when needed for introduction into the DETOX*™ demonstration
unit. Therefore, Delphi has prepared a list of anticipated feed materials based on seven waste
types to be introduced to the DETOX®™ unit as part of the demonstration. These seven feed
types are: hydrocarbon oils, chlorinated solvents, non-chlorinated solvents, organic (oxidizable)
solids, wastewaters, scintillation fluids, and chlorinated oils. The feeds list, including estimated
quantities, is presented in Exhibit § in section 1.1.3. The anticipated feed materials are all
simulants except the railroad ties and organic-contaminated wastewater, which constitute actual
SRS waste streams. The oxidizable solids feed is a mixture of approximately 30. wt% poly(vinyl
chloride) sheeting, 40. wit% polyethylene sheeting, 5. wi% latex rubber, and 25. wt% paper.
These simulants will be used in the demonstration if no suitable hazardous wastes can be found
on-site. In most cases, more than 1000. kg of material will be processed for each waste type.
This will also be the case if suitable hazardous wastes are found; approximately 7300 kg each of
hazardous wastes from the hydrocarbon oils, chlorinated solvents, non-chlorinated solvents, and
oxidizable solids categories will be processed.

The demonstration is scheduled to begin in September 1996 and continue to the end of September
1997, a duration of approximately thirteen months. Waste simulant treatment is expected to begin

in December 1996. The unit will operate 24 hours a day, 5 days per week and treat wastes at
maximum rate of 25. kg organic/hr (600. kg organic/day).

3.5  Waste Identification, Generation, and Management
3.5.1 Purchase of Lead or Lead Components
A quantity of lead oxide may be purchased to add to simulant mineral oil feed for the

demonstration (see Exhibit 5 in section 1.1.3). Delphi requires enough lead oxide to reach a
concentration of 1000 mg/kg lead in the feed.
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3.5.2 New Liquid and/or Solid Waste Generation
3.52.A Suspect Hazardous Solid Waste

The DETOX™ waste treatment technology demonstration will generate potentially hazardous
solid waste. A solid residue of about 200. - 250. kg of hydrated ferric oxide containing various
heavy metals, primarily lead and mercury, will be produced at the end of the demonstration by
evaporating hydrochloric acid from the DETOX™ oxidation solution. As much as 3.7 wt% each
of lead and mercury (as their chloride salts) will be present in the ferric oxide residue. The
chloride salts of cerium and neodymium (as much as 1.8 wi% each) may also be present. This
solid residue will be managed according to SCHWMR provisions; the residue will be placed in
lined drums which will be properly sealed and labeled, and stored in a sheltered environment. The
drum contents will be tested using EPA Method 1311 Toxicity Characteristic Leaching Procedure
and then disposed of through WSRC Solid Waste Management; Delphi will pay for analysis,
transportation, and disposal.

Delphi intends to remove a small amount (5 - 10 kg) of the ferric oxide residue solid waste and
transport it to their laboratory facility in Albuquerque, NM for the purpose of conducting a
treatability study. The treatability study will investigate the suitability of a chemically-bonded
phosphate ceramic technique developed by Argonne National Laboratory for permanently
stabilizing the DETOX®™ solid residues for ultimate disposal. The treatability study samples will
be handled in accordance with SCHWMR and packaged and transported to New Mexico in
accordance with provisions of the Hazardous Materials Transportation Act (HMTA) and all other
applicable US DOT, South Carolina, and New Mexico regulations.

352B Wastewater

Delphi plans to discharge wastewater to two temporary storage tanks about every | - 2 hours.
The amount of wastewater discharged in each batch will range from about 32. kg to about 200.
kg, depending on the material being processed and the discharge interval. Mass balance
calculations have shown that when mineral oil is being processed, about 32. kg/hr of wastewater
should be produced, and when tributyl phosphate is being processed, about 100. kg/hr of
wastewater should be produced. Since the demonstration unit will operate around the clock, the
amount of wastewater discharged in a 24 hour period will range from about 200. gallons to about
630. gallons. Prior to discharge to the temporary holding tanks, the wastewater will be
neutralized with aqueous caustic (sodium hydroxide) and the pH tested to ensure that
neutralization is complete.

As currently planned, wastewater will be discharged from the DETOX*" unit in batch fashion
through the existing organics removal facility (ORF) to the TNX effluent treatment plant (ETP).
Discharge to the ORF from the temporary holding tanks will take place every 2 - 3 days.

The wastewater will contain several organic pollutants, some of which have aquatic and human
health water quality limits and safe drinking water criteria specified by South Carolina DHEC.
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However, Delphi has estimated that the in-stream concentrations in the Savannah River (the
receiving stream) of the listed pollutants will be well below the criteria specified by SCDHEC.
Delphi estimates that the wastewater will never exceed 0.04% of the stated water quality criteria
value for the compounds for which these criteria are listed by SCDHEC. Deiphi has also
estimated Total Organic Carbon (TOC) values of the wastewater just prior to discharge to the
Savannah River. The worst case estimated TOC value is 0.50 mg/L for 1:1:1
trichloroethylene:1,4-dichloroethylene:methylene chloride (see Exhibit 5 in section 1.1.3 for a list
of anticipated feeds). The NPDES discharge permit for discharges from the TNX effluent
treatment plant specifies a monthly average TOC value of 20 mg/L with a daily maximum value of
100 mg/L.. Therefore, Delphi concludes that wastewater discharged from the DETOX™
demonstration unit will not exceed either the SCDHEC water quality criteria for Savannah River
in-stream concentrations of organics, nor the TOC limitation.

Delphi estimates that no metals will be released in the wastewater from the demonstration unit
because of the low temperature nature of the process and the solubility of many heavy metals in
the oxidation solution. Bench-scale tests have confirmed this estimate for cerium and
neodymium. However, there is the very small probability that lead and mercury could make their
way into the wastewater. Therefore, as a precaution, the wastewater produced during processing
of feeds with added metals will be tested for those metals. If lead and mercury are present, the
metals~containing wastewater will be passed through the ion exchange resin facility to remove
lead and mercury prior to discharge to the ORF for removal of organics.

3.5.3 Treatment/Storage/Disposal of Newly Generated Waste

The suspected hazardous solid residue removed from the DETOX*™ demonstration unit will be
managed according to SCHWMR provisions; the residue will be placed in lined drums which will
be properly sealed and labeled, and stored in a sheltered environment. The drum contents will be
tested using EPA Method 1311 Toxicity Characteristic Leaching Procedure and then disposed of
through WSRC Solid Waste Management; Delphi will pay for analysis, transportation, and
disposal.

Delphi intends to remove a small amount (5 - 10 kg) of the ferric oxide residue solid waste and
transport it to their laboratory facility in Albuquerque, NM for the purpose of conducting a
treatability study. The treatability study will investigate the suitability of a chemically-bonded
phosphate ceramic technique developed by Argonne National Laboratory for permanently
stabilizing the DETOX®™ solid residues for ultimate disposal. The treatability study samples will
be handled in accordance with SCHWMR and packaged and transported to New Mexico in
accordance with provisions of the Hazardous Materials Transportation Act (HMTA) and all other
applicable US DOT, South Carolina, and New Mexico regulations.

Organic pollutants in the wastewater discharged from the unit will receive treatment by granular
activated carbon (GAC) in the TNX organics removal facility (ORF) prior to release to the TNX
effluent treatment plant (ETP). The wastewater will then be discharged to the Savannah River.
Delphi estimates that no metals will be released in the wastewater from the demonstration unit
because of the low temperature nature of the process and the solubility of many heavy metals in
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the oxidation solution. Limited bench-scale tests have confirmed this estimate for cerium and
neodymium. However, there is the very small probability that lead and mercury could make their
way into the wastewater. Therefore, as a precaution, the wastewater produced during processing
of feeds with added metals will be passed through the TNX ion exchange resin facility prior to
being sent to the ORF and ETP.

3.5.4 Facility Permits to Manage Newly Generated Waste
3.54.A Suspect Hazardous Solid Waste

Delphi has consulted with Lynn C. Martin of WSRC/EPD (Bldg. 742-A, 803-725-1793)
concerning the acceptance criteria for wastes bearing lead and mercury chloride salts. A
description of the solid residue can be found in section 3.5.2.A. WSRC Solid Waste Management
will dispose of the hazardous solid wastes generated by the DETOX*™ demonstration through a
third party under contract to SRS; Delphi will pay for analysis, transportation, and disposal.

As currently planned, generation of solid waste will occur near the end of the DETOX™
technology demonstration. The generation will be a one-time event, occurring sometime between
May 1997 and September 1997.

3548 Wastewater

Delphi has consulted with William L. Payne of WSRC/EPD (Bldg. 742-A, 803-7235-3465) to
determine if the TNX wastewater treatment facility is permitted to accept DETOX™ wastewater.
A brief description of the wastewater can be found in section 3.5.2.B. It appears that the TNX
wastewater facility is permitted to accept DETOX™ wastewater, but regulatory approval to
discharge from the DETOX*™ unit must be obtained.
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Appendix

Compliance Guidance: DETOX™ Demonstration Operations at SRS
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COMPLIANCE GUIDANCE: DETOX®*" DEMONSTRATION OPERATIONS at SRS

Date This Document Prepared:
Revision Number:

September 12, 1996
0

Prepared By: Donald T. Robertson
Delphi Research, Inc.
Tel: 505-243-3111
FAX: 505-243-3188
E-mail: delphi@indirect.com
1.0 Introduction
1.1 Definitions
Acronym or Abbreviation Definition
DRI Delphi Research, Inc.
EPD Environmental Protection Department (WSRC)
ETP Effluent Treatment Plant (TNX)
X Ton Exchange (resin) Facility (TNX)
ORF Organics Removal Facility (TNX)
SCDHEC South Carolina Department of Health and Environmental Control
SVOA Semi-Volatile Organics Analysis
USDQE - US Department of Energy
USEPA US Environmental Protection Agency
TCLP Toxicity Characteristic Leaching Procedure
YOA Volatile Organics Analysis
WSRC Westinghouse Savannah River Company

1.2  Pumose of this Document

The Bureau of Water Pollution Control of the South Carolina Department of Health and
Environmental Control (SCDHEC) has granted permission to conduct the DETOX*™ waste
treatrent technology demonstration at the TNX Operations Area of the Savannah River Site.

This document provides guidance for complying with the conditions of this approval, and with the

environmental laws of the State of South Carolina. Four areas of environmental regulatory

compliance are discussed:

Anticipated feeds to the DETOX™ unit;

Recordkeeping and reporting,

Wastewater discharge from the DETOX®™ uni;
DETOX®™ solution solid residue characterization and disposal; and
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1.3 Background

Regulatory permission to conduct the demonstration was obtained from SCDHEC in June 1996 in
the form of a letter of temporary approval.' This approval was granted following review of an
application® that provided the following information:

* A brief description of the planned demonstration;
A bnef description of the technology, including best management practices and spxll
prevention measures;

* Alist of materials anticipated to be introduced into the DETOX*" unit, including estimated
quantities; and

s A detailed projection of chemical species and their concentrations in the DETOX™
wastewater.

This approval allows the DETOX™ facility to be operated as a wastewater treatment unit, and
allows wastewater from the unit to be discharged to the TNX wastewater treatment facilities.
Thus, the demonstration will be conducted under the joint regulatory framework provided by the
South Carolina Pollution Control Act’ and the National Pollutant Discharge Elimination System.*

2.0 Regulatory Requirements: Demonstration Approval Conditions

The approval period is for 18 momhs from the date of facility startup. The approval conditions
are listed in Reference 1.

3.0 Compliance Guidance

Note: Please call Don Robertson at 505-243-3111 if you have any questions regarding this
guidance.

3.1 Anticipated Feeds to the DETOX™ Unit

Only materials listed in Exhibit 5 in the application® can be processed. The demonstration is
limited to the quantities listed in Exhibit 5 (both simulant and contaminant) unless written
permission to increase them is obtained from SCDHEC. Listed and characteristic hazardous
wastes are not approved for treatment in the DETOX*" demonstration unit. Treatment of mixed
wastes is specifically prohibited.

3.2 DETOX* Demonstration Facility Startup

Facility startup commences when the first simulant (Exhibit 5 of Reference 2) is introduced into
the DETOX*™ unit. Installation and functionality testing do not constitute startup. For example,
running machinery (e.g., pumps) or boiling water to test sensors and confirm that no blockages
exist in the process lines are not considered to be part of facility startup. The demonstration,
including facility closure, must be completed within 18 months of facility startup.

29



3.3 Wastewater Discharge from the DETOX Unit

3.3.a. Pollutants Approved for Discharge

A detailed projection of the identities and concentrations of organics and metals to be found in the
wastewater of the DETOX™ demonstration unit is presented in Exhibit 6 of the application.?
Only those pollutants listed in Column 2 of Exhibit 6 (Constituent in Unit Effluent) are approved
for discharge. The maximum quantities of these pollutants approved for discharge are listed in
Column 4 of Exhibit 6 {Projected Concentration Exiting Unit).

3.3.b. Approved Method Of Wastewater Discharge

At present, the only approved method of discharging wastewater from the DETOX®™ facility is
through the TNX wastewater treatment facilities. If the wastewater contains no metals (e.g., lead
and/or mercury), it must be discharged to the ORF. The ORF provides treatment by removing
organics before the stream enters the ETP. Wastewater that is found to contain metals must first
be discharged to the IX for removal. The wastewater will automatically be transferred to the
OREF from the IX.

Wastewater can neither be discharged to another wastewater treatment facility, nor shipped off-
site, without prior approval from SCDHEC. WSRC/EPD will coordinate the approval.

3.3.c. Wastewater Discharge: Normal Procedure

The following procedure should be employed when discharging wastewater from the DETOX™™
demonstration unit in order to ensure compliance with the demonstration approval.

1. Transfer neutralized wastewater from the DETOX®™ demonstration unit to a temporary
storage tank.

2. Collect VOA and SVOA samples as directed by the Project Engineer or his designee. If
materials containing metals (e.g., lead and/or mercury) have been processed, collect a
metals sample as well.

3. After receiving the VOA and SVOA (and metals, where appropriate) analytical results, the
Project Engineer or the Principal Investigator should review the results.

4,  If there are no organics present that are different from the list of pollutants in Column 2 of
Exhibit 6 of the application,’ and their concentrations are below the levels listed in Column
4 of Exhibit 6 of the application, the wastewater may be discharged to the ORF.

5. If there are no organics present that are different from the list of pollutants in Column 2 of

Exhibit 6 of the application,? and their concentrations are below the levels listed in Column
4 of Exhibit 6 of the application, and if metals are present in any concentration, the
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wastewater must first be discharged to the X to remove them before the wastewater can be
released to the ORF.

3.3.d. Wastewater Discharge: Off-Normal Procedure

If poliutant concentrations are above the maximums, the blended concentrations in the Savannah
River will need to be estimated and compared to SCDHEC's Toxic Control Strategy document®
before wastewater can be discharged to either the ORF or IX. In the event that the
concentrations of pollutants are above levels that would compare favorably with the Toxic
Control Strategy, WSRC/EPD will have to obtain permission to discharge the wastewater in an
alternative manner. This alternative discharge method may entail transporting the wastewater to
another wastewater treatrnent facility on-site, or arranging to have the wastewater disposed of
off-site. WSRC/EPD will also have to be notified and must concur with any decision to release
the wastewater, even if calculations indicate it meets SCDHEC's Toxic Control Strategy,

If new pollutants are found in the wastewater, their treatability in the ORF (and the IX, if
appropriate) must be determined, then their blended concentrations in the Savannah River will
need to be estimated and compared to the Toxic Control Strategy. The results of these
evaluations will be presented to SCDHEC by WSRC/EPD as part of a request for permission to
discharge new pollutants from the DETOX®™ demonstration unit. New pollutants cannot be
discharged without prior approval from SCDHEC.

3.4 DETOX™ Solution Solid Residue Characterization and Disposal

The DETOX®™ demonstration will generate potentially hazardous solid waste. A solid residue of
about 200. - 250. kg of hydrated ferric oxide containing various heavy metals, including lead and
- mercury, will be produced at the end of the demonstration by evaporating hydrochloric acid from
the DETOX™ oxidation solution. As much as 3.7 wt% each of lead and mercury (as their
chloride salts) will be present in the ferric oxide residue. The chloride salts of cerium and
neodymium (as much as 1.8 wi% each) may also be present. This residue must be handled as
hazardous waste until physical and chemical characterization demenstrates that it is non-
hazardous.

3.4.a. Solid Residue Charactenzation

The DETOX*" ferric oxide solid residue will be placed in lined drums as it exits the DETOX™™
unit filter. Hazardous waste management begins with the first drop of solid residue being
generated (i.e., transferred from the filter to accumulation drums). The drums must be kept
closed unless they are being filled or samples of the solid residue are being collected.® Contact
Marie Berry, the TNX Environmental Coordinator, for establishing a satellite accumulation area 1
- 2 days before generating the solid residue,

The residue will need to be tested using USEPA Method 1311 Toxicity Characteristic Leaching

Procedure for leachable organics, mercury, and lead to determine if it is hazardous by toxicity
characteristic.”® If the residue is semi-solid (i.e., the consistency of wet sludge), USEPA Method

31



9095 Paint Filter Liquids Test, must also be performed. If the residue fails the Paint Filter Test,
its pH must be measured. The residue will be considered hazardous by corrosivity characteristic if
its pH is less than or equal to 2, or greater than or equal to 12.5. The residue will be managed as
hazardous waste, according to the provisions of the South Carolina Hazardous Waste
Management Regulations,” until analytical data prove that it is non-hazardous.

3.4.b. Solid Residue Disposal

If the DETOX™ solution solid residue is determined to be non-hazardous, it can be transferred to
WSRC for disposal as non-hazardous solid waste.

If the DETOX®™ solid residue is found to be hazardous (e.g., leachable organics, lead, and/or
mercury above TCLP limits®), WSRC will arrange for off-site disposal as hazardous waste (Delphi
will be responsible for cost of disposal and transportation). A letter from the disposal company
{or other entity) will be obtained in advance stating that it agrees to accept and dispose of the
DETOX®™ solution solid residue. Also, any or all of this residue can be shipped to Delphi’s
Albuquerque laboratory facility to be used in a treatability study.

3.5 Changes to Approved Operation

Any changes to the operation of the DETOX"M demonstration facility, as discussed above and in
the wastewater treatment unit application,” must be approved by SCDHEC before they can be
implemented. If any operational changes need to be made during the demonstration, notify Don
Robertson in Albuquerque so that the necessary documentation can be prepared for submission to
WSRC and SCDHEC. Note that a reasonable lead time must be allowed for both the preparation
of the documentation, and review and approval by WSRC and SCDHEC. Where possible, this
lead time should be 1 - 2 months.

3.6  Reporting and Recordkeeping

3.6.a. Reporting Procedure

The person responsible for resolving day-to-day environmental questions and problems is Marie
Berry, the TNX Environmental Coordinator. Marie can be reached by phone at 557-7681, or by
pager at 557-PAGE, enter # 6414. If Marie is not available, contact her alternate, Nancy Turner,
by phone at 725-5641, or by pager at 925-PAGE, enter 6417. Marie is the first person to be
contacted at WSRC when an environmental question or problem arises. Marie, in turn, will be
responsible for contacting WSRC/EPD (when needed).

If samples of the wastewater from the DETOX®™ unit show that pollutant concentrations are
above the maximums listed in Column 4 (Projected Concentration Exiting Unit) of Exhibit 6 of
the application,” or if the samples contain new pollutants that are not listed in Column 2
(Constituent in Unit Effluent) of Exhibit 6, Marie Berry or her designated alternate should be
notified as soon as possible. Also, Don Robertson in Albuquerque should be contacted so that
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treatability calculations can be performed and estimates of pollutant blended concentrations in the
Savannah River can be made. If Don can't be reached, contact Pat Dhooge in Albuquerque.

3.6.b. Records to be Kept in the Demonstration Unit

The following records must be maintained in the DETOX* facility as part of the operating record
and be made available for review by SCDHEC and USDOE.

1. Copies of the application’ and the associated letter of temporary approval.'

2. Copies of Material Safety Data Sheets (MSDSs) for all chemicals present in the DETOX®™
demonstration unit. Also, forward a copy of each MSDS to W. G. Wilson at TNX.

3. Records of all materials introduced into the DETOX™ unit.

4,  Records of the analytical methods used to analyze the wastewater from the unit prior to
discharge, and all analytical results.

5. Records of the analytical methods used to characterize the DETOX*™ solution solid residue
(USEPA Method 1311 and any other methods of waste characterization) and all analytical

results.

6.  Records of the method of DETOX® solution solid residue disposal (e.g., through a
commercial disposal company).

7. Aletter from the Cntit}-/ tha?agrées to accept DETOX*" solid residue for disposal.

8.  Shipping manifests and records of disposal if wastewater is disposed of off-site.

3.6.c. Records to be Sent to the TNX Environmental Coordinator

Copies of the following records must be sent to Marie Berry. Marie will be responsible for
sending any copies to WSRC/EPD. :

1. Environmental training records (e.g., training for satellite accumulation areas).
2.  Identities and quantities of all materials introduced into the DETOX*™ demonstration unit.

3. Wastewater analyses performed prior to discharge, including analytical methods and all
analytical results.

4.  Shipping manifests and records of disposal if wastewater is disposed of off-site. Marie
Berry will provide copies of these records to WSRC/EPD. :
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Finally, when the DETOX® ferric oxide solid residue is generated, Marie Berry must be notified:

a. 1 - 2 days prior to generating (i.e., drumming out) the DETOX™ solid

residue;

b. Of the date(s) of solid residue generation;

c. Of the amount(s) of solid residue generated;

d. Of the analytical methods used to characterize the solid residue as
hazardous or non-hazardous;

e. Of the analytical results of solid residue characterization; and

f. Of the method of solid residue disposal.
4.0 References
1. Letter from M. G. Vickers, SCDHEC, to W. L. Payne, WSRC/EPD, dated June 28, 1996.
2. DETOX*™ Wet Oxidation Waste Treatment Technology Demonstration in the TNX
Operations Area, Savannah River Site and cover letter from D. T. Robertson, DRI,
to W, L. Payne, WSRC/EPD, dated January 8, 1996.
3. 1976 South Carolina Code of Laws, Title 48, Chapter 1, Section 48-1-90(a).

4. a. 40 CFR 122; b. SCDHEC Regulation 61-9, NPDES Permits; c. See also Section
307(b) of the Clean Water Act (33 USC 1317).

5. a. SCDHEC Toxic Control Strategy for Wastewater Discharges, Oct. 1990; b. See also
SCDHEC Regulation 61-68, Water Quality Classifications and Standards.

6. 40 CFR 264.173(a)
7. 40 CFR 262.11.
8. 40 CFR 261 Subpart C.

9. 1976 South Carolina Code of Laws, Title 48, Section 48-1-100; ibid., Title 44,
Section 44-56-30.
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WESTINGHOUSE SAVANNAH RIVER COMPANY

INTER-OFFICE MEMORANDUM

10/11/85 SRT-AEC-95-1180

T0: Mark Fachads, SWER, 705-3C
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FROM: Nancy L Tumer

773-A

NOTICE OF MEPA APPROVAL (NONA}(U)
EECNo.: TC-T-95-034 Rev. No.: 0
Title: DETOX Wt Oxidation Waste Treatrnent Technology Demonstration
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Environmental Evaluation Checklist (EEC)

NEPA/Environmental Permits EEC No. TC-T-96.0M

Rav No. 0

tnstructions {Please print or type both sides of the checkilst)

. WmmdhmwﬁhwuhbmﬂmbhWNEPAMMU(DNC)NN
depariment's Environmental Coordinalor (EC). mDNCstMbNShNEPAM{IWO}thEPAM
“WMWNECW&MNmﬂﬂﬂﬂﬂbh@ﬁﬁmﬂl@mﬂmﬂhmmnmamﬂw
serxd 8 copy 10 SWMD Waste Forecast Coordinalor,

Activity Title and Projact No. (if any) Date
DETOX Wet Oxidation Wast Treatment Technology Demonstration ' Vet
Chackllst Preparer (Name, Onganization, Location) Phone No,
Mark Fachada, SWER, 705-3C 76323
Approved By (Manager} (Name, Organization, Location)
G L. Hohmamn, SWER, 705-3C
Manager's Signatixe Cate _
Tl . Cin § 0/02 /93
Proposad Activity Proposed Activity Estimated Cos! Activity Location
Surt Daw End Dame
516 N7 $868,000 TNX

e papose and location (o

Aclivity Description This shoukd be & brief bul thorough doscriion of the proposad . B yery soecA; in expiskiig
' : j : m,:r.i . Alech & topy of Funciional Pedormance

Govelopedon-devoloped mmmu
Summary: Wm!:;;dmrkm a::‘
The DOE is sponsoring a technology demonstration of Delphi Research, Inc.’s patenied DETOX wet axidation wastk treatment process, The

mubbokqdbwbpodprhwiybmmwmwmbcﬁmmmEmuMMMbm The
mawmmmmwwmmmamammmmw. The demonatration wilt be bcated at 673-T.

Detsfied Description:

mmoxmmwmwmmmqmm.om horizontal] that are fek! connectad by process piping
and structural connections. mmmmummmﬁmmwmmmww
squipment, mmmmmwhodmmuy.mmmmm The size of the reactor ks approxdmately 264

gadons and the wasis feed rate will be 25 kg/ty, The unit is designed b ba operated 24 hours a day, Operefions wil be periodically ntemupted
fo collect daty, make ackusiments, and remove sokd residues.

'ﬂnDEIDdernlogyusuwﬁo:ddaﬂmtohmfonnmplexomadcmpomhbw'bondoﬂdalndmbt. Organics contalning
mmwmmmnmmdudmmnw. Organic compoundis sre destroyed and metalic sloments ars

mm%mn-mdeMFwnpﬂmdnom The oxidation of organics Is parformed by
ferric Iron with plafirum and ruthenium acting as co-catalysts. As the ferric kon oxidfizes organics, it s reduced ® ferrous ron. Oxygen
u-dhoﬂdnhbnunimhnmmtbnhﬂickoubnnymhmnﬁmoﬂdﬂqum

Mmuwmumwwwu
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NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)

CHECKLIST EEC No. TC.T.96.034
Rev No. 0

Pre-Screen Evalvation:

WWill the proposed acivity: )
'#ﬁf&%unm"&'ﬁ&,’f‘w o bezirown, Tockoecive petroloun wbance. or cher pol e ®yes Ono
-hbﬂﬂmﬁﬁdnpﬁhﬂ&w&p&dnrﬂhwhpdmbmhm? Oyess o
owﬂqmnﬂuﬁmumbdlmwmmwpﬂwmhmwhwﬁ Oyes @no
g i s e et s o Pl vt e of whaokgal ugndicanon, Trotened o Oyes @ro
* Pross some change in the Jevel of health andior safery rska (9.9 resul In an Unreviewsd Safety Question)? Oyes O
* volve wle chacteriation, snvirormental manilloring, o fekd resorch programa? Oyes Oro

Hote: -t muamtmamm o7 consuhtston.
-l:lwm%'.nom'mlmm mmJﬁMbWMIMMMWm.
-lmrmﬂu‘.mbﬂmtoflﬂActﬁcn.Hrlmomnmaﬁ .

Envircnmental Impacts Evaluation: (Nots: Y any ame “Yes”, provide specifics/supplemental Information.)
Alr

-WllImbenmwdwmisdonoradwwgohiheqnnﬁtyorquaﬂyaﬂhuﬂsﬂmakws{on? AVoctrngard 2.3 .1 ®yes Omo

Surface Water i
-\Mllheroboaliqudrohasobsm&m.mmmmb&dm.mmwm.mm. -
ponds, or lakes? Oyes §no

+ Wi river o stream water be uilized? Oyes Omo

Groundwatar

* WR there be a decharge o groundwater? Oyss @m0

* Wil groundwaler be uiized? Oyes @m0

Safety

* 1 there a potental expasurs to hazardous substances (6.9., radiokgicaloxicichemical maleriaha)? AH. 2.2.2.4 ®yes Omo

+ Is there a potntal for explosion or criticality? Oys Onc

* Does aclion Irvoive rveportation of hazardous materdals? Aot scant z.1.2.% ®yes Omo

-hm-mwmhhmctmmuummmpasnams,mbed&pommuﬁm? QOyes Oro

+ Is therw a potentlal impact on fishvwiidile resources of habitate? Oyes @no :

* 18 thers a poterifal Impact on protected species (s.g., sensitive, rare, fweatened, endangsred)? Oyes 9o 5

* ks therw a potenital for impecting archeological shes? Qyess Oro
-Douﬁlwﬂonm-ldbdommpmn!(mWSRCMamlID.Procnms.lJZ)? Ores 9o

-u.mdhmambm.ms&muﬂm‘m
For Department NEPA Coordinstor Use Only

» Ars there potenilal cumulstive effects when combined with othar actions ? Oys @ro
-lshpwmqammmdahwhmw Oyss @m0
— - [doc penl Fe/nurber
: WNEPA%M&(M.WL&M) Prone
"1 Nancy L. Tumer SATC & TNX TT3-A 5-584t
Decision Wl Approved by ONG CX Appled: B3.10 DNC Signeture Date
e e—————
1 NEPA is not required as all prescreens are NGO~ ha'r'-u.- 92185
3 Forwerdad io S NEPA Coordinmior ,

For Site NEPA Coordinator Use Only

0 DOE Appoved CX CX Appiied;
0  Cowersd by pravious NEPA Documentation? (CX.EA, EIS)

O Addiional NEPA Documentation Required Oea g cs {documeni title/number)
5S¢ NEPA Coordicmior SNC Signature 7 E Datw
John A Sessions ' )ﬁ 2105
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ENVIRONMENTAL PERMITS e we. 1c.7.05-0m

CHECKLIST Rev No, 0

Genersl:
Does s activity Involve any land distrbance which may powntiaty result In erosion or sedimentation?

{¥ *yes*, what is the approximate disturbance?) Oyes @
QOlessthan 12acre [JV2acreto 2scres [ 2w 5 acres [ Groator than 5 acres
Wil the proposed activity instal, modify, or remove an (Including tis-in 10) Underground Storage Tank: Oyes Om
Wil the proposed actvity consist o a Rencvation or Demoltion 1 an exksting bulding/structure?
{Fease spacily): [l Renovation (] Demdition Oyes @0
i asbestos contalning matedal present? Oyes Omo
*If "no®, inspector sigrature and Kcense umber required
Inspector Signature: License Number;
VAT you import o mamtactiane a New Cliomical SUDSTNCe 7 Oyes @0
Wil the proposad sctivity Impect & Site Evaluaion Area or RCRA/CERCLA Area or an associated 200 # Bulter Zone? Oyes Orc
Wit the proposed activity involve construction or modification, of to a facility or process where the potental exists Oyes @m0
for a radicactve emission?
Atr: Ataciwrent .2
Wil the proposad activity impact a non-radionucide alr emlssion source? (ancwer “yes” i ary of B following are “yes”) @y Oro

- Will the project install or modily & plece of equipment which wifl emilt, or have the potenta! o emit, an air emission?

- Wl the project modity (Including demolition} an sxisting permitted taclity or process, which emits an alr smission?

- Wiil the project modfy (inchafing demolition) an existing facity or process, not akready permitied by SCOHEC, which
emity, or has the potential to emit an eir emission?

- Wil the project be 2 demonstration (shod term of fong ) of & new lechnology which wil emit an air emission?

- WIHl the project install or modify 8 pleca of equipment that Is used W sample &r mornitor &l embesions?

Air missions inckade reguinted critsria poliutants (l.e., particulate matter, lead, nftrogen oxides, carbon monoxide, sulfur dioxide,
volatile organic compounds (VOC's}, atc.) and hazardous and toxic polutants identfled in SCOHEC RE1-62.5 Standard 8 ardd

Sac¥on 112(b) of the Clean Air Act.

Exarngples of typlcal parmittad squipment or process alr emicsion sources Include, but are nol mlted To the followlng:

* coal or fuel of fired bollers « pakyd bootha

+ digsel generaiors * load melters

+» diesal powarad equipment » oir skippors, eie.

* process feed chamical storepge tanks * degreasing operaiions

» husl of siorege tanks * HVAC and chilier equipment
» wasle combusiion Indnerstons

Groundwater:
Will the proposed activity: {See "HOW™ Manual WSRC-IM-91-69 for pemilting guidence)
instal a monhtoring well or plezomeier(s)?
lervotve subsuriace penstration for a hydrogeaiogical investigation, or characterizafion?
Imvotve the iniection of a fuld, gas, or alr mixture Inb he subsurlace?
Ivolve the extraction of a Muld or air mixture from the subsuriace?

Oyes O
Oyes @m0
Oyes Oro
Oyss 8

Wastewstar:

VWi the proposed actvlly install, construct, modfy, of demolish: {See "HOW" Manual WSRC-IM-01-80 for permifing guidance}

A sanitaryfndustial process wastewater beatment system? . 2% @yes Oro
A sunltary/industriaj process wastewntsr cobection system? @yes O
A pump staion(s) b transfer sanitary/inckestrial wasie? Oyes O
A seplic tank/tie fleld syctam? Oyes O
A sionmwaler management system? Oyes @rc
Domastic VWater;
Wil e proposed activity install, construct, modify, or demokish:
A domestic water distibutionftreatment systom? Oyes O
A domestc or procass water woll? QOyes §ro

Page 3




EEC No, TC-T-96-004

Revy No. O

Wastes:
Wi the proposed activity install, construct, modity, demailsl, o Gtherwise knpact & RCRA permitted faclity? Oyes Oro
Wl the proposed acthty pensraie & mbxed wasw? Oyss @
¥yes: Doss 8 washisirsam with simllar charsctedsics curenty exist al SRE7 (Consult with Facilty

Ervirorynental Coordinaior i assistance mnoeded) [Oyes Omo
WH #w proposed scivily gensraie & hazardous wasie? ARvactvners 3.4.1% ®yes Cmo
Wil you be sending hazardousimixed wasto to other on-site TreatmentSorage/Disposal (TSD) laciEles? Cyss @0
ts e TSD pormitied 1o acoept this waswe? QOyes Omo
(H *yes®, provide the following)
-~ name of receiving faclity

- soumce used 1o confirm lacilty can sccept wasis
fs this sctivity 1o toke place at an existing TSD {Including grounciwaler unil, vadose zone, process sewer,

Ceroling Bay, secondary confainment system, eic.)? Oyes @me
Woulkd this acthity impact an exdsting TSD (including changing o improving stonmwalor

funofiirunen drainage, secwxity, communications, elsclricsl, ek.)? Qyes O
Doss tis activily involve Research and Development (RAD)? AWoecieveat 3. 4.2 @®yss Oro
(¥ "yes®, answer the Jollowing)

- Does It lnvolve hazardousimized waste? Byos O b rou than 500kg of sol, water,

- Does it yeal more than 1,000 kg of hazardous waske? Eyes [no or debris contaminated with acute hazardous

- Does & Invoive polychiorineted biphemyls (PCBs)? Oyes @m0 or 1kg of acum hazardous wasts ? Oyes HMno

- Will this activity continue for more than 30 days? ®yss Qno -Mhmhmdr::um

- 25083 of hazardous wasle wasio on the land or open buming
im'xumﬂnhadnqhdny‘!b’ Hyes Omo harsrdous waste? CDyes Eno

Waste |dentificaton, Generation and Managemant:

Wil fw propoced aclvity inciude the purchase of lead of lsad components? (i yes”, complets OSH 29-8 kor sach item and Oyn Cro
submi with Checidist) ARoirwnesdt 351

Wil 1he proposed activity disturb soll, siudge or water & or near 8 RCRAMCERCLA Unit or Sits Evabasfion Area? Oyss 00
X “you', wots sry fivtod wastes dsposed of wt this taciity? {Consult with Facllty Emironmental Coordinator
¥ azsistance is needed) Qyes Ono

¥ *yes’, ploase contact EPD for guidiance regarding the lvestigation-Dechved Wasle Management Plan.
Does this activity resull n a new Euld andior sold waste genention (one-time or cordinuous), or & change in the

quaniity o the charscisdstio of an exising wasie stream? [ *yes” check ail thet apply: @ys O
(i 1] (] Hazardous [ TSCA {PCB)
O Mixed - Coversd by LDR FFCA [l Suspect Hazardous B Wastewater
D towlevl [ Sanitaryindusiial [ Acvie Hazardous .
] High-Level OUsedWeste O B Other._(soscity) ~Aiocteaet 353 A<
Whece wil waste be storedidsposedtrsaied? Boe attacted documentaBon  Awacieerd B.5-X Orys Oro

{s the lacilly permittad 1o manage this wasts?
IPyes”, compiets the loflowing Roms and submit with the Checkdist

I Source utilzed © confirm facBly ks permitted to accepl the waste, See sttached documentation - EPD
B Description of gersrated wasie. 2.5 [
[E Oales gecwration s 1o begiversd, AWackramet “ 8

N Descripion of sctvity/process generating wesle. '
1 Descripon of waste rediuction principles (reducing the volume, mass, or oxiclty) for this sctviy,

Has the propasad activity been svadusied lor waste minimizatorvpolution pravertion? QOyes @

Additlonal Comments: .
THis [s & temporary demonsirstion and I8 not & permanent iaclly and will be permited as such. All hazardous makedals will be removed by
Delphl aher completion of wstng. The snficipaited test perior ls 10 morthe.

Depantment Environmental Cootrdinetor  |Slgnature Phone Address
N.L. Turrar 1 LAy e 55641 TI3-A
EPD Permit Coordinator Signsture Dste

Pege 4




Appendix B — Owner’s Independent Inspection Report



From : LEw 6641914 Dec.@ ‘937 @3:11 PM

Industsial Inapeciorwn [ne.
523 Loveuville Road
New léeria, La, 70560
{318)365-3179
Repost # 6
Page 1 04 2

Date 12/1/97
PO No; 2905
Inspector; Robesmt [ppinett

CWI¥ 92070311
Vendor ID; IND 409

Company; Delphi Rescarch Ine. Falricator; Jacols Appléed
701 Haines Ave. NW : Technology
Auquerque, NM 87102 Qurangebedurg,SC

Condudwddoﬁ]acoMAppdcheohnologydocmwmﬁmbwpwﬁanoéDaoxum
80.0 {or Delphi Research, Ine. profect Lo veriby that piping was {adricated to
wmwwmmm.AmmwdommmmusmmmuDM
code for stauctune steed,

1) a. Review Delphi subcontract award DRI-95-02-0010 dated 4/12/95.
4. Review J.A.T. Quality Assurance Manuaf. _

2) Review Jacobs Applied Technology Weldding procedures and procedure
qualification records (o fotlowing;
a.WP's 3.4.1.1 Rev. 7 Par 2502a and Porla rev. 3 Materiad Pt to P1 GTAW.
6.WP's 3.4.8-1 Rev. 3 and Por 1007 2710 Material PB to P8 GTAW.
¢.WP's 3.4.52-1 and Par 2715 Material P52 to P52 GTAW.
TMGMGMRQWWMquuaWMﬁonMMmapM
as to section nine of ASME code.

3) Rewiew AWS prequalified welding procedure for welding requirements {or DI1.1
code for structune steed welding of unit. This procedure i approved §or wedding
the stucture of unit, '

1) Review the following welders quadification records and continuity records. GH-3,
lu-40, QW-53, BB-33, QX-20, IN-23, Ng-27. Ki-17, 40-16 and Ei-14.
Thea&ovewmowmappwuedﬁmweldingonpipinpmwcoda.

a. Review welders quatification records for diedd work. SC-17, SC-18, MU and
DE.
5) REview Dedphi piping seavice index dated May 28, 1996 Rew. 6.
6} Ruﬁewtotalwm&m%w%madehhm&a&wponpipw.
a. 249 made, 26 RT., 1 rejected.
é. Total inches made 1,787.14", 157.22" RT.
7) Review other NTD nepouts on stwctural steed.
a. VT sepord #13-0301 dated 1/11/97.-acceptable.,
é. VT repose #13-0304-001 dated 1/10/96.-acceptable.

8} Review other NTD acports on vesseds,

a. VT reponts 13-D300-001, 17-D308-001, 13-D303-001, 17-D303-001, 17-D311-
001, 17-D304-001, 17-D308-001, 17-D307-001, 16-d304-001, 17-D305-001, 17~
D309-001, 17-D310-001 and 17-D311-001. AUl acceptabie.

9) Review design calculations, drawing, MT's and z-ray readersheets for the
following ASME atamped vesseds.

4. T1-2 &y Astvo Metallungical Ine.

Pa2




From : LE4 6641914 Dec.a?— 7 B83:111 P Pa3

Repot #6
Page 2 of 2

4. T-402 &y Jacods. NB #3001
¢. V-203 4y Jacoés. NB #3297
d. V-501 4y Javoés. NB #3303
. V-002 &y Jacobs. NB #3300
. V=308 by Jacotr. NB #3799
g. V=301 &y Jacods, NB §329%
f. T-401 &y Jacoés. NB #3296
¢, V-601 Ly Jacobs. NB #3298,
TmueoadsmapmovedmwASMEcoda.
10) Rewview MTR's gg: P; material piping.-acceptable.
Review MTR's P8 material piping,-acceptable.
Review MTR'S and CMTR's {or materisl piping end wedding materiad {or P51
material. ~acceptadle. :
11) Rewview {ive nonconformance Aeports,
#3149, 3150, 3151, 3152 and 3153. These were coviected and accepled.
12) Rewiew Pressure Test Log. :
Pressure Test Log acceptable, j
13) Audit revesied the tollowing. . -
¢. Cardon steed piping manutactured to categoty "D and "Nowmed” seavice of :
B31.3 code. Manulactured by Jacobs. .
6. Teflon Line Pipe manufactured by PSI. o ASTM-1545-95 specitication.
Ceatificate of compliance supplied &y PSI.
¢. Tentalum Line Pipe manupactured by Cosmos Minerals Corporation and
received the following NTD, Dye penetrant test, leak test and pressure tesd,
according to documents supplied by Cosmos,
d.Titandum manufactured by Jacods to B31.3 code.
e.CPVC pipe fabricated by Jacots and receive a service test.
14) Field inspection,
Unéit {ooked good with good workmanship. |ines were leved and plumbing ) :
tnaudation very good. Pipe flanges and {itling that were visual meet requitments .
chodeotamping.NoMadaWyM{opipe. :

IGwemamMmquubma&omMaudap{woecau.

om

employer makes any wemanty, expressed or implied, conceaning the unit.
Furthermore, neithen the inspector nov hin employer shall be Hable in any manner
{,oapmonalmmpmwdam.geou{moﬁmykindMngMomMGommdwwh

o, R #6 -
O‘&j ; C
R Eppian
CWI 92070311
InduMaia}__IMpwcm. Ine.
T ;}": )
UL

< et 1 EPRIRETT
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Appendix C - Explosivity Test Report
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Mr. William J. Huber

U.S. Department of Energy
Federal Energy Technology Center
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3610 Collins Ferry Road
Morgantown, WV 26507-0880

Dear Mr. Huber:

We are pleased to submit to FETC the accompanying report, Experimental Determination of Safe
Operating Conditions When Mixing Oxygen and Organics in the DETOX™™ Catalytic Chemical
Oxidation Process, The report summarizes an experimental study conducted jointly by the
Explosive Projects and Diagnostics Department of Sandia National Laboratories and Delphi
Research, Inc. as part of the DETOX™ catalytic chemical oxidation waste treatment process
development program. Sandia was responsible for specifying and supplying the test equipment
and instrumentation (except the test chamber itself, which Delphi supplied), conducting the tests,
and gathering the data. Delphi was responsible for preparing the test mixtures and analyzing the
data. The conclusions drawn as a result of data analysis are Delphi's alone.

In Delphi's DETOX™™ process, organics are in contact with small amounts of oxygen inside the
oxidation reaction vessel. The potential exists to form a flammable organic-oxygen mixture in the
reaction vessel headspace, particularly if high concentrations of oxygen are attained. Delphi
recognizes that it is critical to have experimental data to validate that the oxygen levels anticipated
to be used under nominal operating conditions (typically 1.-2. vol% O,) are themselves safe.
Therefore, the objective of this brief study was to measure the minimum concentration of oxygen
that would sustain combustion under conditions similar to those expected during waste treatment.
The maximum tolerable oxygen concentration, then, lies below the minimum needed to sustain
combustion.

Three organic—oxygen—steam systems were studied. Within each system, several different
concentrations of organic and oxygen were tested for flammabitity at 200 °C and 90 psia steam
pressure. The three organics tested were acetone, toluene, and hexanes.

701 Haines Ave, SW . 1332 Silver Blutt Rd. Suse B2
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(503) 2433111 « FAX (509) 2433188 (803) 3020025 « FAN (S0 302X
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Delphi’s Conclusions:

We found that among the three temary systems, the minimum oxygen concentration that would
support combustion was 5. vol%. Therefore, we believe that oxygen concentrations in the
headspace of the DETOX®™ waste treatment reactor of 3. vol% or less will be continuously safe
for waste treatment processing. There are aspects of the data we have collected that we do not
understand, but we do not believe at this time that this detracts from our conclusion that we can
tolerate a maximum headspace oxygen concentration of 3. vol%.
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Donald T. Robertson K_ Vames E. Moslander
Delphi Research, Inc. Delphi Research, Inc.

fow: ) TOy %mév//{{% 08 Ve Gl
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Sandia National Laboratories Sandia National Laboratories ‘ Sandia National
Iaboratories
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Experimental Determination of Safe Operating Conditions
When Mixing Oxygen and Organics in the DETOX" Catalytic
| Chemical Oxidation Process

Donald T. Robertson and James E. Moslander
Delphi Research, Inc,
Albuguerque, NM 87102

Kevin J. Fleming, Richard V. Saxton, and William W. Tarbell
Explosive Projects and Diagnostics Department
Sandia National Laboratories
Albuquerque, NM 87185

March 26, 1997

Abstract

Delphi Research, Inc., Albuquerque, NM, has patented and developed the DETOX*™ catalytic
chemical oxidation process as an alternative to incineration for the treatment of wastes containing
hazardous organics. Oxygen is used to regenerate ferric iron, the primary oxidant, so that the
process can be operated continuously. The maximum concentration of oXygen in the treatment
reactor headspace gas must be known in order to avoid forming a flammable mixture during
processing. This brief study was conducted jointly by Delphi and the Explosive Projects and
Diagnostics Department of Sandia National Laboratories. Sandia was responsible for specifying
and supplying the test equipment and instrumentation (except the test chamber itself, which
Delphi supplied), conducting the tests, and gathering the data. Delphi was responsible for
preparing the test mixtures and analyzing the data. The conclusions drawn as a result of data
analysis are Delpht's alone. The objective was to measure the minimum concentration of oxygen
that would sustain combustion under conditions similar to those expected during waste treatment.
Three organic—oxygen—steam systems were studied. Within each system, several different
concentrations of organic and oxygen were tested for flammability at 200 °C and 90 psia steam
pressure. The three organics tested were acetone, toluene, and hexanes. Our results indicate that
of the mixtures tested in the three ternary systems, the minimum oxygen concentration that would
support combustion was 5 vol%. Therefore, we believe that oxygen concentrations in the
headspace of the DETOX™ waste treatment reactor of 3 vol% or less will be continuously safe
for waste treatment processing. There are aspects of the data we have collected that we do not
understand, but we do not believe at this time that this detracts from our conclusion that we can
tolerate a maximum headspace oxygen concentration of 3 vol%.
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INTRODUCTION

This report summarizes the results of an experimental study conducted jointly by the Explosive
Projects and Diagnostics Department of Sandia National Laboratories and Delphi Research, Inc.
as part of the DETOX™ catalytic chemical oxidation waste treatment process development
program at Delphi. Sandia was responsible for specifying and supplying the test equipment and
instrumentation (except the test chamber itself, which Delphi supplied), conducting the tests, and
gathering the data. Delphi was responsible for preparing the test mixtures and analyzing the data,
The conclusions drawn as a result of data analysis are Delphi's alone.

DETOX®" is a patented process using ferric iron to oxidize the organic constituents of hazardous
and mixed wastes to carbon dioxide and water at about 200 °C and about 115 psig total reaction
vessel pressure. In this process, organics are in contact with small amounts of oxygen inside the
oxidation vessel. The potential exists to forrn a flammable organic-oxygen mixture in the reaction
vessel headspace, particularly if high concentrations of oxygen are attained. The engineering
design for a full-scale continuous processing demonstration unit includes operating conditions,
controls, many safety features (such as flow limiters and redundant valves), and safety interfocks
to prevent the attainment of high concentrations of oxygen and organic in the reaction vessel.
However, Delphi recognizes that it is critical to have experimental data to validate that the oxygen
levels anticipated to be used under nominal operating conditions (typically 1-2 vol% O,) are
themselves safe.

In the worst case, a detonation would occur in the reaction vessel. In order to avoid the risk of

such an event and to assure continuous safety during operations, three types of information must
be determined:

+ Estimates of the maximum pressures which would be attained for different organic-oxygen
loadings if a detonation were to occur in the reaction vessel,

* An estimate of the response of the reaction vessel to the detonation pressure pulse, and

* Measurements of the flammability limits to be expected under operating conditions. These
measurements would define the safe operating limits for oxygen in the reaction vessel.

The first two types of information potentially affect the design of the DETOX*™ unit. The third
type of information directly affects the operation of the process.

A calculational study of detonability at operating conditions,' initiated in July 1994, was
conducted jointly by the Facilities Safety and Risk Analysis Department of Sandia National
Laboratories and Delphi Research, Inc. The three primary objectives of the study were to:

¢ Obtain information regarding maximum expected detonation pressures as functions of organic
and oxygen concentrations,
Estimate the response of the reaction vessel to a detonation pressure pulse, and

¢ Obtain an estimate of the maximum safe oxygen concentration in the reaction vessel
headspace.
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The results of the study made clear that a detonation could occur in the reaction vessel if the
oxygen concentration was high enough, and it would be prohibitively expensive to try to design a
reaction vessel that could contain the detonation overpressure. Also, the results strongly
indicated that safe oxygen levels should be attainable under operating conditions, and that actual
measurements of flammability limits under operating conditions were necessary to validate the
calculations and define as precisely as possible safe oxygen levels for the DETOX* process.

Delphi is preparing to conduct a demonstration of the DETOX™™ catalytic chemical oxidation
waste treatment process for the US Department of Energy—-Morgantown Energy Technology
Center. The demonstration unit is currently being fabricated. It is imperative that the extent of
the safe operating region for mixtures of organic, oxygen, and steam be defined before
demonstration operations begin. The safe operating region lies outside the flammability envelope
for a given organic-oxygen-steam composition. In order to ensure that the headspace
composition of organic-oxygen-steam will always be outside of the flammability envelope, the
minimum oxygen concentration that will sustain combustion must be determined. Ideally, this
means experimentally determining the "nose" region for each organic-oxygen-steam system that
might be encountered during waste treatment operations.

The "nose” region of a flammability curve is the area at low organic, low oxygen, and high steam
concentrations where the curve doubles back on itself forming the impression of a "nose”. The tip
of the nose is the mixture with the minimum concentration of oxygen and organic that sustains
combustion. Organic-oxygen-steam compositions with oxygen concentrations less than that at
the nose tip are continuously safe (i.e., non-flammable).

Funding for this study was limited, hence we did not explicitly measure upper and lower
flammability limits for mixtures of organic, oxygen, and steam. Consequently, the entire
flammability envelope for each mixture system was not determined. Instead, we focused on
attempting to mode! the conditions that might be encountered in the vapor space of the
DETOX®™ demonstration reaction vessel by trying to ignite various mixtures of organic and
oxygen at constant steam pressure. The objective was to define the safe operating region for the
process by determining the minimum oxygen concentration that would sustain combustion for
three different organic compounds. The maximum safe oxygen concentration would lie just
below this minimum. The three organics were chosen based on knowledge of the process
chemistry and the waste types most likely to be treated by the DETOX* process.

This report presents the results of our efforts to determine the nose regions for mixtures of
acetone-oxygen-steam, toluene-oxygen-steam, and hexanes-oxygen-steam at 200 °C and constant
steam pressure. Our results indicate that of the mixtures tested in the three ternary systems, the
minimum oxygen concentration that would support combustion was 5 voi%. Therefore, we
believe that oxygen concentrations in the headspace of the DETOX*™ demonstration reaction
vessel of 3 vol% or less will be continuously safe for waste treatment processing. There are
aspects of the data we have collected that we do not understand, but we do not believe at this
time that this detracts from our conclusion that we can tolerate a maximum headspace oxygen
concentration of 3 vol%.
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METHODOLOGY

Summary Experimental Description

The purpose of this series of experiments was to determine the minimum oxygen concentration
necessary to sustain the combustion of various mixtures of organic compounds, steam, and
oxygen at a temperature of 200 °C with static pressures greater than one atmosphere. In a typical
experiment, a steel test chamber (Figure 1) was preheated to 200 °C, then evacuated using a
vacuum pump to a pressure of less than one Torr. Evacuation of the chamber was done to ensure
that volatile contaminants and unwanted gases (e.g., air} were removed. The chamber was
pressurized with pure oxygen and the pressure measured by a static pressure transducer. Then, a
mixture of organics and steam contained in a heated sample cylinder (heat tape not shown in
Figure 1) was injected into the chamber. Since the sample cylinder was also heated to at least 200
°C, the organic-steam mixture was in a gaseous state’ and was at a pressure which was greater
than that of the chamber. The total chamber pressure was measured (by the static pressure
transducer), then the chamber was sealed to make it ready for gas mixture ignition.

The sample cylinder inlet port in the top of the test chamber was designed to generate turbulent
flow which would rapidly mix the organic, oxygen, and steam. As seen in Figure 1, the inlet for
the organic-steamn mixture is angled. This gas mixing injector forces the organic-steam mixture to
flow tangentially to the test chamber walls as it is injected, thus facilitating gas mixing.

A spark plug connected to a 50,000 volt power supply provided the ignition source for each gas
mixture. Dynamic pressure transducers were used to measure very rapid (transient} increases in
pressure due to ignition. Both high and medium pressure transducers measured the pressure
profile of the event. After ignition, the equilibrium chamber pressure was again measured using
the static transducer. The use of both types of transducers allowed us to measure initial and final
equilibrium chamber pressures (slow pressurization), as well as the much higher pressure pulses
associated with propagation of the combustion front (rapid pressurization). In succeeding tests,
the organic and oxygen concentrations were varied, at constant steam pressure, to determine
flammable and non-flammable compositions. After each test, the clean out bolt was removed
from the bottom of the chamber and the inside of the chamber was swept with pressurized air to
remove any loose soot deposits on the chamber walls. The detailed test procedure is given in the
Appendix.

Description of Organic-Oxygen-Steam Mixtures

In a typical sample cylinder charging procedure, a clean, dry sample cylinder with the pipe plug
removed and the valve open, was first thoroughly flushed with nitrogen. After flushing, the valve
was closed and the cylinder was immediately charged with liquid organic and liquid water. Then,
it was sealed by replacing the pipe plug. The liquids were introduced volumetrically using two
different, clean graduated pipets. This gave a mixture of water and organic that was essentially
blanketed with nitrogen at | atm pressure. No correction was made for the presumed small
amount of air that may have replaced some nitrogen during the charging procedure. Nitrogen
blanketing was performed for safety reasons and to prevent any autoxidation of the organic prior
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to injection into the test chamber. At this point, the sealed cylinder was ready to be wrapped with
heating tape and mounted on the chamber.

Three organic compounds were used in testing: acetone, toluene, and hexanes (a mixture of
structural isomers). Acetone was chosen because it has high volatility and flammability, and is a
by-product of the DETOX™ process (particularly when treating hydrocarbon oils). Thus,
acetone is almost always found in the reaction vessel vapor space during operation. Toluene was
chosen because it was intermediate in composition between benzene and xylenes. The US
Department of Energy (USDOE) complex has many waste streams that contain all three of these
aromatic hydrocarbons; toluene and xylene in particular are found in spent scintillation fluids., A
mixture of hexane isomers was chosen because hexane has a high heat of combustion, high
volatility, and is flammable at relatively low concentrations (1.2-7.4 voi% in air). As such, it was
considered to be a worst-case compound. Also, it is representative of many non-chlorinated spent
solvent waste streams in the USDOE complex, and DETOX* processing of hydrocarbon oils
liberates smaller alkanes, including hexane, which then undergo destruction themselves.

The amount of oxygen was measured by its static pressure in the test chamber. Since oxygen was
introduced at near ambient temperature, it was allowed to remain in the heated test chamber for a
few minutes to ensure that it was heated to the run temperature. Next, the heated mixture of
organic and steam was injected as quickly as possible to maximize the turbulent mixing of the
three gases in the chamber. The pressure of gases in the sample cylinder prior to injection was
never measured, but the cylinder temperature was constantly monitored. There was always a
period near 200 °C when the rate of sample cylinder heating increased. This behavior was
particularly pronounced for toluene. We interpreted this behavior as signaling that the liquid
contents had vaporized to the maximum extent possible and the demand for heat to accomplish
the phase change from liquid to gas had decreased.

We allowed the cylinder to remain idle at slightly above 200 °C (about 210 °C-215 °C) for a few
minutes before injecting its contents into the test chamber. We felt that since all of the organics
had boiling points below 200 °C, this would ensure that the organics were vaporized to the
maximum extent possible. The adapter that connected the sample cylinder to the test chamber
{i.e., the organic-steam injection fitting) was heated to above 100 °C to prevent condensation of
organic and steam during injection. The valve attached to the cylinder was heated to about 200°C
for the same reason. The concentrations of organic, oxygen, and steam for the acetone, toluene,
and hexanes systems can be found in Tables 1, 2, and 3, respectively.

Calculation of the Concentrations of Organic, Oxygen, and Steam

In formulating the strategy for adding gases to the test chamber, we felt that introducing oxygen
to the evacuated chamber before adding the organic-steam mixture was the best approach. This
would give the most accurate measure of oxygen concentration. We also felt that since the
organic-steam mixture would be injected rapidly into the chamber through a relatively small
opening, backmixing of oxygen into the sample cylinder would be negligible. Hence, oxygen
would be added to the evacuated chamber, then the organic-steam mixture would be injected until
the pressure in the chamber leveled off (as measured by the static pressure transducer connected
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to the chamber). At this point, the valve to the sample cylinder would be immediately closed.
This approach necessitated accounting for the residual organic-steam mixture that would be left in
the sample cylinder.

We wished to scale model the conditions that are expected in the headspace of the full-scale
DETOX®™ waste treatment reactor. In this environment, the steam pressure is constant at 90
psia. So, the calculation of the initial conditions of volume fraction of organic, oxygen, and steam
begins with forcing the steam pressure in the test chamber to be constant at 90 psia for each test.
This also forces the number of moles of steam in the chamber (and, hence, liquid water in the
cylinder) to be constant. Next, a composition was chosen, for example, 5 vol% organic, 10 voi%
oxygen, and 85 vol% steam. This fixes the ratio of organic to steam; in this case the ratio is
0.05:0.85 or 1:17. Multiplying the ratio of organic to steam by the number of moles of steam
(which is fixed) gives the number of moles of organic in the test chamber.

The calculation above gives the number of moles of organic and steam in the test chamber. The
extra amount of organic and steam (water) needed to account for the residual amounts that would
be left in the sample cylinder after injection were calculated and added to the amounts calculated
to be in the test chamber. For example, the total volume was found by adding the cylinder volume
and the chamber volume (i.e., 0.5 L + 2.78 L, respectively). The fractional volume due to the
cylinder is just (0.5 L/3.28 L). The amount of organic in the chamber was then divided by (1-
(0.5/3.28)) to give the total number of moles of organic that would have to be charged to the
sample cylinder to account for the amount needed in the chamber plus the residual amount that
would be left in the cylinder after injection of the organic-steam mixture into the test chamber.
Knowing the molecular weight and density of the organic gives the amount of liquid organic that
would have to be charged to the sample cylinder. The extra amount of water necessary was also
calculated.

The amount of oxygen needed in the chamber was found by taking the ratio of oxygen to organic,
0.10/0.05 in the example, and multiplying it by the number of moles of organic in the test
chamber. Then, using the Ideal Gas Law the number of moles of oxygen gave the pressure that
had to be introduced to the test chamber. The oxygen pressure inside the chamber was measured
using the static pressure transducer connected to the chamber.

Since we assumed ideality and the chamber volume remained constant, the mole fraction of each
component is also its volume fraction.

Example Calculation

An example calculation is given below for an example composition of 5 vol% organic, 10 vol%
oxygen, and 85 vol% steam. Constants used throughout are the Gas Constant, R (0.08205 L
atm/mol K), the test chamber volume (2.78 L), the sample cylinder volume (0.5 L), and the run
temperature (200 °C).

The number of moles of steam in the test chamber only is fixed at 0.4385 mols (i.e., 90 psia). The
number of moles of organic is given by:
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(5/85)(0.4385 mol steam) = 0.0258 mol organic in test chamber only.

The number of moles of organic necessary to account for the residual amount that would be left in
the sample cylinder after injection is given by:

(0.0258 mol organic) / (1 - (0.5/3.28)) = 0.0304 mol organic total.

If we assume that this organic is toluene with 2 molecular weight of 92.14 g/mol and a density of
0.865 g/mL, the amount needed to be charged to the sample cylinder is:

(0.0304 mol toluene)(92.14 g/mol)(1/0.865 g/mL) = 3.2 mL of toluepe.

In order to account for the amount of steam left in the sample cylinder after injection, the number
of moles of steam in the test chamber only must be increased:

(0.4385 mol steam) / (1-(0.5/3.28)) = 0.5174 mol steam.

Therefore, the total amount of liquid water (density = 1 g/mL) that must be charged to the sample
cylinder is:

(0.5174 mol steam)(18.02 g/mol water)(1/1 g/mL) =9.3 mL water.
The number of moles of oxygen in the test chamber is given by:
(10/5)(0.0258 mol organic in chamber) = 0.0516 mol oxygen in test chamber.

The pressure expected in the chamber at run temperature is given by the Ideal Gas Equation
(PV =aRT): '

[(0.0516 mol oxygen)(R)(473.2 K)]/2.78 L = 0,72 atm, and

(0.72 atm)(14.7 psia/atm) = 11 psia oxygen in the test chamber.

The total number of moles of all compenents in the test chamber is their sum: 0.5159 mol. The
mole fractions are then calculated as for organic:

(0.0258 mol organic) / (0.5159 mol total) = 0.05 mol fraction organic.
Since we have assumed gas mixture ideality (i.e., I mol of gas =22.4 L of gas) and the chamber
volume remainied constant, the mole fraction is also the volume fraction, from which the volume

percentage is found:

(0.05 mol fraction organic) = (0.05 volume fraction of organic) = 5 vol% organic.
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Instrumentation and Test System Description

The test chamber was designed for a maximum allowable working pressure of 900 psig (i.e., 900
psig flange configuration®) and fabricated from ASTM Grade A-36 carbon steel. The test
chamber, shown in Figure 1, was a right-regular cylinder with a 6. in. internal diameter, a 15 in.
outer diameter, and a 6 in. internal height, giving a wall thickness of 4.5 in. The flanges were 2.25
in. thick A-36 carbon steel and were sealed with Lamons 6 900 API 601 stainless steel high
pressure gaskets. These gaskets have a chevron pattern that bows outward in response to an
increase in pressure. Thus, the overall sealing surface area increases as pressure inside the test
chamber increases. The volume of the test chamber was 2.78 L. All inside surfaces of the
chamber were polished to a smooth finish to make cleaning easier and to remove surface
irregularities that could potentially capture soot deposits from testing. The geometry of the test
chamber was intended as a scale model of the headspace geometry of the DETOXM
demonstration reaction vessel. Hence, the floor of the test chamber represents the surface of the
DETOX* oxidation solution.

Each sample cylinder was a Whitey Company Type 304L stainless steel DOT-3E 1800 double-
ended sample cylinder having an internal volume of 0.5 L and a pressure rating of 1800. psi. Each
cylinder was sealed at one end with a pipe plug and at the other with a High Pressure Equipment
Company Type 316 stainless steel two-way straight high pressure valve rated to 30,000 psi. Each
valve stem was packed with GRAFOIL® graphite packing for this high temperature application.
Prior to beginning the testing program, each sample cylinder, with valve and plug installed, was
checked for leak-free integrity by pressurizing to 500 psig with nitrogen. Each cylinder was found
to be Jeak-free under these conditions. This was the only time that the cylinders and valves were
tested to determine if they would hold pressure.

The test chamber was heated with three Fast Heat Model BM3036 electric band style heaters
controlled by two Omega Model 4001-KC controllers. The top two heaters were connected in
parallel to one controller and the remaining heater to the other controller, providing a total heat
capacity of about 1500 Watts at 115 VAC, This was sufficient to raise the insulated test chamber
to the 200 °C operating temperature in about 5 hours. The chamber was maintained at the
operating temperature during each experimental sequence to minimize both the heating cycle time
per sample and any leakage due to repeated expansion and contraction of the vessel. The vessel
was evacuated using a Welch Model 1402 vacuum pump.

Data instrumentation consisted of two dynamic pressure transducers, two charge amplifiers, and
two digitizing oscilloscopes. The transducers were used to record the dynamic pressure rise
within the test chamber. One transducer was a Kistler Model 7005 coupled to a Kistler model
5004 charge amplifier. This transducer had a maximum rating of 8,700 psi. The second
transducer was a Kistler Model 607L rated at 30,000 psi, which was also connected to a Kistler
Model 5004 charge amplifier, providing a duplicate measurement of pressure. Both data channels
were fed to a Tekironix Model 544A Digital Storage Oscilloscope (DSO). Each signal was
sampled at 20.0 ps (50 kHz) per sample for one second. A separate digitizer recorded the firing
set voltage to ensure that it was operating correctly. After several reactions were noted with no
trace data, the vertical sensitivity of the DSOs was increased, which resuited in pressure profiles
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in the range of 150-300 psi. It must be noted that these pressures were well below the 10%
minimum rating of the transducers and should not be used as precision pressure profiles.
However, they did show dynamic pressure changes within the test chamber.

The static pressure in the test chamber was measured with an Omega Model PX605 diaphragm
type transducer with a scale of 0-500 psi and an accuracy of 0.5%. This gage was used to
measure both pre-test and post-test equilibrium chamber pressures. It was protected during
ignition by closing a solenoid valve which isolated the gage from the test chamber. This gage was
also used to measure the oxygen pressure in the test chamber prior to injection of the organic-

~ steam mixture.

Type K thermocouples were used to measure the temperature of the test chamber, sample
cylinder, and organic-steam injection fitting. The organic-steam injection fitting was maintained at
greater than 100 °C to avoid any condensation of the sample during its injection into the chamber.
Each sample cylinder was wrapped with a Bamnstead Thermolyne Brisk Heat model BIH101060
120 V, 620 W electric heat tape prior to being installed on the chamber. Once the test was
started, power was provided to the heat tape via a rheostat. The rheostat was used to control the
sample cylinder temperature. After mounting to the injection fitting, the sample cylinder was
covered with a phenolic tube for insulation. The cylinder temperature was monitored using a data
acquisition program (WorkBenchPC™ by Strawberry Tree, Inc.) which dlsplayed the temperature
in chart format on a computer screen.

In order to enhance safety during each experiment, the test chamber was isolated and all
operations were performed remotely after sample cylinder heating started. Except for the sample
cylinder valve, which was opened and closed manually using a long rod and clamp that extended
through a protective wall, all pressurization and evacuation operations were controlled by remote
controi electric valves (solenoid valves). Solenoid valves need to be kept cool in order to operate
effectively. We learned early that the valve on the sample cylinder needed to be heated to about
200°C, so use of a solenoid valve at this location was impossible.

As an ignition source, a 50 kV firing set was custom built (Model FH-GMI-1; see diagram in
Figure 2) to feed an AC-DELCO 45TS non-resistive spark plug that had a spark gap of 0.030 in.
A differential voltage signal was generated by wrapping a one inch wide piece of copper tape
around the output spark plug wire (Moroso BLUE MAX™ stainless steel) and feeding the signal
to a 10X voltage probe on a DSO. This provided a means of monitoring the performance of the
firing circuit as well as recording the spark signal.
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EXPERIMENTAL RESULTS

Sixteen compositions containing acetone. oxygen, and steam; fifteen compositions containing
toluene, oxygen, and steam; and thirteen compositions containing hexanes (a mixture of structural
isomers), oxygen, and steam were investigated in this study. In all three ternary systems. each
composition was tested in duplicate. The ultimate goal of this study was to define the maximum
safe concentration of oxygen in the headspace of the DETOX™M demonstration reaction vessel
while conducting continuous waste treatment operations. We did this by defining experimentaily
the "nose" region of each ternary system. The "nose” of a flammability curve is the region at low
organic, low oxygen, and high steam concentrations where the curve doubles back on itself
forming the impression of a "nose”. The tip of the nose is the mixture with the minimum
concentration of oxygen and organic that sustains combustion. Organic-oxygen-steam
compositions with oxygen concentrations less than that at the nose tip are continuously safe (i.e.,
non-flammable).

Extrapolating the curve back to the organic axis delineates the flammability envelope, or curve,
for the system. Flammable compositions lie within the curve and non-flammable compositions lie
outside the curve. A conceptual flammability curve that is typical of those obtained for mixtures
of organic, air or oxygen, and inert gas (e.g., carbon dioxide, nitrogen, or stéam) is presented in
Figure 3. An excellent discussion of flammability curves is given by Zabetakis.*

Acetone-Oxygen-Steam

Figure 4 is a plot of acetone concentration as a function of steam concentration for the acetone-
oxygen-steam gas mixture system. The concentration of oxygen for each composition can be
found by subtracting both the acetone and steam concentrations from 100 %. This style of data
presentation is common in the literature and we follow this style here. Flammable compositions
are shown with squares, and non-flammable points are shown with dots. The flammable points
are connected to form the impression of a "nose”.

Table 1 lists the results of all of the gas mixture ignition experiments performed with acetone as
the organic constituent. It can be seen that four compositions were flammable. The composition
with the least amount of oxygen that was still flammable was 5 vol% acetone-5 vol% oxygen-90
vol% steam. Unfortunately, three of the four compositions were not found to be reproducible.
The only reproducible composition was 10 vol% acetone-15 vol% oxygen-75 vol% steam.

We found several reproducible non-flammable compositions within the region of the flammability
curve where we expected to find flammable mixtures. This is illustrated in Figure 4. This
behavior is puzzling and common to all three systems studied.

Table 1 shows that for each non-flammable mixture, the final pressure was less than the initial

pressure by an average of 4 %. One of the flammable compositions (experiment number 895235)
also had a final pressure less than the initial pressure (decrease of 0.8 %).

11
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Figure 3. Conceptual Flammability Curve
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Table 1. Gas Mixture Ignition Results for the Acetone-Oxygen-Steam System

Experiment | Calculated | Calculated | Calculated Initial Final Run
ldentification Acetone Oxygen Steam Pressure | Pressure | Temperature | lgnition?

Number vol% vol% vol% {psia) {psia) (*C)

8952238 3 7 80 84 79 201 N
895239 3 7 90 84 78 198 N
Bo5162 5 S 90 92 90 201 N
B95160 5 5 90 93 2A) 202 N
895150 5 5 90 80 91 201 Y
895153 5 5 90 93 90 199 N
895145 5 10 85 94 90 199 N
895156 5 10 85 98 96 200 N
895235 5 30 65 119 118 200 Y
8956234 5 30 65 120 113 198 N
8085154 10 15 75 110 121 201 Y
885149 10 15 75 106 116 199 Y
895151 10 20 70 120 118 21 N
895148 10 20 70 120 116 199 N
895146 10 30 &0 170 163 202 N
895152 10 30 60 146 142 201 N
855241 10 40 50 155 145 200 N
895240 i0 40 50 160 150 201 N
825245 10 50 40 188 181 200 N
895246 10 50 40 192 179 200 N
885173 15 10 75 101 98 202 N
885174 15 10 75 100 93 203 N
805168 15 15 70 116 111 202 N
895163 15 15 70 116 113 203 N
895158 15 20 65 126 123 202 N
895157 15 20 65 124 121 202 N
895167 15 20 65 126 193 202 Y
895170 15 20 65 118 114 202 N
Bg95171 20 20 60 130 124 202 N
895172 20 20 60 127 123 200 N
895147 20 25 55 149 145 201 N
895155 20 25 55 146 141 201 N
895165 20 30 50 166 161 200 N
8895169 20 30 50 155 149 200 N
895159 25 35 40 199 195 201 N
895161 25 35 40 196 192 201 N
895166 25 35 40 200 195 198 N

14




Subject to the Restrictions on the Title Page

Toluene-Oxygen-Steam

Figure 5 is a plot of toluene concentration as a function of steam concentration for the toluene-
oxygen-steam system. The concentration of oxygen for each composition can be found by
subtracting both the toluene and steam concentrations from 100 %. Flammable compositions are
shown with squares, and non-flammable points are shown with dots. Table 2 lists the results of all
the experiments performed with toluene.

As with acetone, the flammable composition with the least amount of oxygen is 5 vol% toluene-5
vol% oxygen-90 vol% steam. In all, we found four flammable compositions. All were
reproducible except for 5 voi% toluene-5 vol% oxygen-90 vol% steam. As with acetone, we
observed reproducible non-flammable points within a region of the flammability curve that should
have given flammable mixtures (Figure 5).

The final pressures for all non-flammable mixtures were less than the initial pressures by an
average of 5 % (Table 2). A few of the flammable compositions either increased in pressure only
slightly, or not at all. One flammable mixture (experiment number 895197) actually decreased in
pressure by about 1 %.

Hexanes-Oxygen-Steam

Figure 6 is a plot of the concentration of a mixture of hexane structural isomers as a function of
steam concentration for the hexanes-oxygen-steam gas mixture system. The concentration of
oxygen for each composition can be found by subtracting both the hexanes and steam
concentrations from 100 %. Flammable compositions are shown with squares, and non-
flammable compositions are shown with dots. Table 3 lists the results of the hexanes experiments.

The composition with the least amount of oxygen that was still flammable was 5 vol% hexanes-10
vol% oxygen-85 vol% steam. In all, we found three flammable compositions. All of the
flammable mixtures in Table 3 were reproducible except for 5 vol% hexanes-10 vol% oxygen-85
vol% steam. Again, we found mixtures of hexanes-oxygen-steam that were reproducibly non-
flammable within a region of the flammability curve that should have given rise to flammable
mixtures {Figure 6),

It can be seen in Table 3 that all of the non-flammable mixtures experienced decreases in pressure

during testing. The average decrease was 7 %. Two flammable mixtures also had final pressures
that were less than the initial pressures by an average of 2 %.

15
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Table 2. Gas Mixture Ignition Results for the Toluene-Oxygen-Steam System

Experiment | Calculated | Calculated | Calculated | [initial Final Run
ldentification | Toluene Oxygen Steam Pressure | Pressure | Temperature | Ignition?

Number vol% vol% vol% {psia) {psia) {°C}
895202 3 7 g0 91 86 201 N
885201 3 7 90 89 85. 204 N
895203 3 27 70 114 107 201 N
895200 3 27 70 117 111 201 N
895183 5 5 90 83 80 204 N
895184 5 5 90 84 96 203 Y
895182 5 10 B5 90 98 202 Y
895181 5 10 85 89 93 202 Y
895176 5 20 75 101 101 20 Y
895175 5 20 75 101 102 201 Y
855197 5 20 75 104 103 202 Y
895195 5 35 &0 132 124 199 N
895192 5 35 &0 135 128 202 N
895189 10 5 85 82 88 203 N
855196 10 5 85 93 89 204 N
895180 10 15 75 102 137 : 203 Y
895179 10 15 75 102 142 2 Y i
895198 10 30 60 129 123 2N N
895199 10 30 60 132 125 203 N
895249 10 50 40 170 160 200 N
895250 10 50 40 183 169 199 N
895178 15 15 70 108 103 21 N
895177 15 15 70 108 104 20 N
895191 15 20 65 120 118 202 N
895190 15 20 65 121 116 202 N
895194 15 30 55 136 130 200 N

- 895193 18 30 55 141 134 202 N
895188 20 20 60 128 123 202 N
895187 20 20 80 127 124 202 N
895186 20 25 55 147 140 202 N
895185 20 25 55 142 137 201 N

17
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Table 3. Gas Mixture Ignition Results for the Hexanes-Oxygen-Steam System

Experiment | Calculated | Calculated ; Calculated Initial Final Run
Identification | Hexanes Oxygen Steam Pressure | Pressure | Temperature | Ignition?

Number vol% vol% vol% {psia) {psia) {*C)

895223 3 12 85 89 83 200 N
895229 3 12 85 88 84 20 N
895231 3 27 70 109 103 200 N
895226 3 27 70 109 102 202 N
B95219 5 5 90 85 80 199 N
895220 5 5 90 87 83 200 N
895221 5 10 85 93 98 20 Y
895216 5 10 85 93 B4 200 N
895215 5 20 75 104 103 2 Y
895214 5 20 75 108 105 2 Y
895227 5 30 65 118 110 202 N
895228 5 30 65 117 110 200 N
895237 5 45 50 154 142 188 N
895236 5 45 50 153 144 200 N
895230 10 10 80 95 88 198 N
895222 10 10 80 92 86 20 N
895217 10 15 75 107 152 201 Y
895218 10 15 75 106 143 201 Y
895243 10 40 50 152 139 201 N
895242 10 40 50 151 140 201 N
885247 10 50 40 188 172 199 N
895248 10 50 40 187 170 201 N
895233 15 15 70 108 100 197 N
895232 15 15 70 109 102 199 N
896225 15 30 56 140 130 201 N
895224 15 30 55 143 133 200 N

19
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DISCUSSION OF EXPERIMENTAL RESULTS
Maximum Safe Oxygen Concentration

In this series of experiments, our aim was to determine experimentally the minimum concentration
of oxygen that would sustain combustion for the three systems of organic-oxygen-steam. We
tried to model both the geometry of the headspace of the DETOX*™ catalytic chemical oxidation
reaction vessel by using a right-regular cylindrical test chamber, and possible gaseous
environments in the reaction vessel headspace by varying the concentration of organic, type of
organic, and amount of oxygen while keeping the amount of steam constant. Furthermore, the
temperature at which we conducted our experiments was the same as will be used in the
demonstration reaction vessel. Our attempts to model both the physical environment of the gas
mixtures and the conditions under which these gas mixtures could ignite were motivated by the
knowledge that the flammability of a given gas mixture is affected by test chamber geometry and
size (particularly with respect to wall quenching effects), gas mixture composition, pressure,
temperature, direction of flame propagation, source of ignition, and degree of gas mixture
homogeneity.*

Based on the design of the demonstration unit and our knowledge of the physical and chemical
aspects of the DETOX®™ process, we believe that we have modeled the vapor space of the
reaction vessel relatively accurately. The two aspects we could not model were the flow of gases
out of the chamber and the source of ignition. Ignoring the flow of gases out of the chamber
should not affect the validity of the model since under steady state operating conditions, the
relative concentrations of organic, oxygen, and steam should remain constant regardless of
whether the mixture is static, as in the test chamber, or flowing, as will be the case in the
demonstration reaction vessel.® As for the source of ignition, as long as sufficient energy is
present to ignite a mixture, the source of ignition should not matter. Therefore, concentrations of
oxygen below the measured minimum necessary to sustain combustion should be safe for waste
treatment processing on a continuous basis in the DETOX*™ catalytic chemical oxidation process.

For both the acetone and toluene systems, the flammable compositions with the least amount of
oxygen were 5 vol% organic-5 vol% oxygen-90 vol% steam. The flammable composition with
the minimum amount of oxygen in the hexanes system was 5 vol% organic-10 vol% oxygen-85
vol% steam. These compositions all proved to be non-reproducible. We believe the primary
reason these compositions did not ignite reproducibly is because they lie on or near the line that
separates flammable mixtures from non-flammable mixtures. We expect that these compositions
would be very sensitive to reaction conditions. The limit of flammability is a borderline
composition and a slight change in composition or environment can cause it to lie on either the
flammable or non-flammable side of the border.” Small variations from experiment to experiment
in the ratios of reactants, total pre-ignition pressure, the presence of soot deposits on the test
chamber walls, and especially, small variations in gas mixture homogeneity could cause the
mixtures to be alternately on the flammable side or the non-flammable side of the flammability
curve. Therefore, we believe that these three compositions represent the "nose" tip compositions
of their respective systems. The other non-reproducible flammable mixtures in the acetone system
(Table 1} are also, we believe, borderline compositions.
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Lower organic concentrations, i.e., 3 vol%, were tested for each system. In every case we found
reproducible non-flammable behavior (see Tables 1, 2, and 3) even though higher oxygen amounts
were always present. It has long been known that very low concentrations of organic are non-
flammable regardless of the amount of oxidant present because below the threshold value of fuel
(organic), not enough thermal energy is liberated in any given reacting layer to ignite the adjacent
layer and propagate the combustion front.” Similarly, oxidant {oxygen) concentrations below a
threshold value are insufficient to sustain fuel oxidation and thereby propagate the combustion
front.” It is reasonable, then, to conclude that if the oxygen content of the headspace gases of the
DETOX™ demonstration reaction vessel are kept at or below 3 vol%, the process can be
operated safely on a continuous basis.” Fortunately, the design operating conditions of the
demonstration unit are predicated on a headspace oxygen concentration of 1-2 vol%. We feel
confident that the DETOX>™ demonstration unit will prove to be continuously safe if operated
under these conditions.

Pressure Behavior Upon Ignition

In each expeniment, initial and final equilibrium chamber pressures, and any rapid increases in
pressure due to ignition, were recorded. A rise in equilibrium pressure is a comparatively slow
event, while a rapid rise in pressure upon ignition is a transient, pulsed event. The peak pressure
ratio can be calculated from the ratio of the maximum in the transient pressure measured by the
dynamic gages to the initial equilibrium chamber pressure measured by the static gage. The
magnitude of this ratio gives an indication of the type of flammable behavior: deflagration versus
detonation. The rise in equilibrium chamber pressure is given by the difference in initial and final
pressures measured by the static gage. These quantities were calculated for each flammable event
of each organic-oxygen-steam system and the results are listed in Table 4.

Initially, the rise in equilibrium pressure was of the most interest to us. We used the definition of
propagation of flames as set forth in ASTM Standard E 918-83 to decide if the tested mixture
was flammable.® This definition stated that if the equilibrium pressure rose by 7 % or more above
the starting pressure (as measured by the static gage), the mixture must be taken as flammable
(i.e., [final pressure/initial pressure] = 1.07). Table 4 shows that, in over half the cases, the
equilibrium pressure rise was greater than 7 %. There is no question that these compositions
produced flammable mixtures. However, in a few cases, the equilibrium pressure rise was less
than 7 %. In fact, in six cases there was a rise in equilibrium chamber pressure of | % or less
(four of these six cases actually had slight decreases in pressure). According to the definition
given by ASTM Standard E 918-83 these were not flammable events, yet we definitely recorded
transient pressure pulses due to ignition. Thus, these six cases constitute what we are designating
(for purposes of this study) as pressure-neutrai flammable events.

In some combustion systems, such as hydrogen-air-steam, slight decreases in post-combustion

pressures are typical. Equilibrium combustion chemistry calculations were performed in order to
determine if the organic-oxygen-steam systems studied here should exhibit post-combustion
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pressures less than the pre-combustion pressures. We used the relationship for stoichiometric
combustion provided by Zabetakis:*

m;Z)H20+zHX.

CHO X, + (n + m_—i—ﬂ) 0: = nCOs 4+ (

For all three systems, z = 0 (i.e., no halogens, X, were present). In performing the calculations,
we made two assumptions:

e All gas mixtures could be treated as ideal (i.e., the Ideal Gas Law applied), and
¢ Each mixture burned to the maximum extent allowed by the amount of oxygen present.

Thus, in estimating pressures after combustion, we accounted for leftover organic (if any), excess
oxygen (if any), carbon dioxide produced, and steam produced. In the case of steam, the presstre
resulting from combustion was added to the initial pressure of steam (i.e., 90 psia). However,
these calculations could not account for heat evolution.

Using the Ideal Gas LLaw and the stoichiometric combustion relationship, we found that in all
three systems, for every organic and every composition, the pressure should have risen if the
mixture had burned. Thus, we would not expect the post-combustion pressure to ever be less
than the pre-combustion pressure. The most likely explanation for these pressure-neutral events is
that they resulted from leaks in the test chamber (although other flammable events showed
pressure increases).

On the other hand, it is possible that in each pressure-neutral event, the combined partial pressures
of the residual starting gases and the product gases (carbon monoxide, carbon dioxide, and steam)
were essentially equal to the combined partial pressures of the reactant gases at the start of each
experiment.

Inspection of Tables 1, 2, and 3 shows that when the organic concentration is less than 5 vol%,
flammable mixtures do not form. In addition, in all three gas mixture systems, the flammable
compositions that gave the highest increases in equilibrium pressure had volumetric ratios of
oxygen:organic of 1.3:1 to 1.5:1 (see Table 4). Thus, the compositions most likely to give large
increases in equilibrium pressure following ignition have relatively significant amounts of organic
present, whereas those that gave small or no increases in equilibrium pressure have relatively low
concentrations of organic present (oxygen:organic volumetric ratios of 2.0:1 to 4.0:1). These
findings have significance for the long-term safety of the DETOX™ process, for they suggest that
there are two methods to prevent the formation of flammable mixtures in the headspace of a
DETOX® reaction vessel. The most effective, and the most easily instituted, is to control the
amount of oxidant (oxygen) entering the system. If this is not possible, or not practical in certain
circumstances, then the amount of organic entering the system can be restricted. This study was
not explicitly directed toward answering the question of what is the threshold level of organic
necessary to sustain combustion, but our results demonstrate that at 3. vol% organic or less,
flammable mixtures do not form.
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Increases in equilibrium chamber pressure resulting from combustion ranged from 0 to 53 % (see
the last column in Table 4). Each flammable mixture displayed one of the following
characteristics: 1) greater than 7 % rise in equilibrium pressure accompanied by a pressure pulse;
2) greater than 7 % rise in equilibrium pressure with no pressure pulse; 3) less than 7 % rise in
equilibrium pressure accompanied by a pressure pulse; and 4) no increase in equilibrium pressure
accompanied by a pressure pulse. These observations forced us to expand our definition of
flammability. We decided that a flammable mixture had to exhibit either:

¢ Anrise in equilibrium pressure greater than 7 %, even without an accompanying pressure pulse
(the ASTM definition of flammability), or

* Transient pressurization, due to a pressure pulse, greater than 7 % of the initial pressure, with
or without an accompanying increase in equilibrium pressure.

With respect to the first definition, we noted that in two cases (experiment numbers 895150 and
895184, Table 4) a rise in test chamber equilibrium pressure of greater than 7 % was recorded,
but the dynamic gages failed to register a pressure pulse. We believe that in these two cases, the
combustion fronts traveled too slowly for the dynamic gages to recognize them as transient
pressure pulses.

Peak pressure ratios were calculated for all of the flammable compositions that registered a
pressure pulse (Table 4), In all cases, the ratios were less than 3. These results, when considered
along with the absolute peak pressures given in Table 4, indicate that the flammable events were
all deflagrations rather than detonations. A deflagration is the subsonic propagation of a reacting
flame front. Typically, deflagrations have peak pressure ratios of 8:1 or less, whereas in a
detonation, the supersonic propagation of a reacting front, peak pressure ratios of 40:1 or more
are typically observed.® The peak pressure ratios observed in these experiments averaged 2.4:1
for acetone, 2.1:1 for toluene, and 2.3:1 for hexanes. This suggests that the combustion front
velocities in these three systems were comparatively slow.

The spatial relationship between the ignition source (spark plug) and the dynamic pressure
transducers in the test chamber (see Figure 1) was such that when ignition occurred, the initial
front of expanding gases would have grazed the surface of the transducers and no pressure
increase would have registered. As the combustion front expanded in a roughly hemispherical
front, it would have been reflected off the chamber walls and floor back toward the transducers.
The pressure pulse experienced by the transducers, then, would have been the result of
constructive interference among these reflected waves. The distance traveled by the combustion
front would be roughly twice the vertical height of the chamber, or 12 in. (1 ft.). The time it
would take the front to travel the 12 in. can be read from the pressure traces as the maximum in
the rise time of the dynamic gages following ignition. Dividing the distance traveled by the rise
time, then, gives us a rough estimate of the combustion front velocity. Obviously, we have
ignored a lot of parameters in estimating this velocity, such as the thermal diffusivity, the chemical
reaction rate, the heat of combustion, presence of turbulence, etc., but this velocity gives us a j
rough order of magnitude estimate of the speed of propagation and, hence, allows us to roughly L
distinguish between deflagration and detonation. Combustion front velocities were estimated for
the flammable experiments listed in Table 4. These estimates are presented in Table 5.
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Table 5. Estimates of Combustion Front Velocities for Flammable Compositions

Dynamic Estimated
Organie Experiment | Calculated | Calculated | Calculated Gage Combustion Front
Identification Organic Oxygen Steam Rise Time Velocity
Number vol% vol% vol% {(ms) (ft/s)
Acetone 895150 5 5 90 ! !
Acetone 895154 10 15 75 75 13
Acetone 895149 10 15 75 ' 65 15
Acetone . 895167 15 20 65 125 8.0
Acetone 895235 5 30 65 70 14
Toluene 895184 5 5 90 | '
Toluene 895182 5 10 85 180 5.6
Toluene 895181 5 10 85 135 7.4
Toluene 895180 10 15 75 320 3aa
Toluene 895179 10 15 75 335 3.0
Toluene 895176 5 20 75 40 25
Toluene 895175 5 20 75 25 40
Toluene 895197 5 20 75 35 29
Hexanes 895221 5 10 85 125 8.0
Hexanes 895217 10 15 75 260 3.8 .
Hexanes 895218 10 15 75 190 5.3 i
Hexanes 895215 5 20 75 80 13
Hexanes 895214 5 20 75 45 22

* No transient pressure pulse registered by dynamic pressure transducers,

It can be seen in Table 5 that the speed of propagation of the combustion front for all cases is
quite slow, far below what could reasonably be expected to be the speed of sound in the unburned
gases in the chamber (the speed of sound in air at 1 atm is 1116.5 fu/s; see Reference 9).
(Deflagrations have burn speeds below the speed of sound in the unburned gases.) Since our
estimated velocities are only about 1% (on average) of the speed of sound in air at 1 atm, we
believe that the flammable events in the three systems of organic-oxygen-steam were
comparatively slow deflagration events. This is important for the long-term safety of the
DETOX™ process because if a flammable event wete to occur in the reaction vessel, the
probability of that event resulting in a deflagration to detonation transition is very low.'°

The pressure pulses for the different systems generally ranged from about 150 psia to 300 psia
with a2 maximum of 310 psia (Table 4). These are not particularly excessive pressures and, in any
event, they are transient in nature. In an earlier calculational study,’ it was found that detonation
pressure pulses could have magnitudes of about 30,000 psia and resuit in equilibrium vessel
pressures of about 4200 psia, corresponding to an increase in vessel equilibrium pressure of 1767
%. We observed in this study a maximum rise in equilibrium vessel pressure of 53 %.

The peak pressures, equilibrivm pressures, and pulse widths recorded during the flammable events =
in this study are important for assessing the likelihood of a flammable event in the demonstration
unit resulting in rupture of the reaction vessel. The impulse imparted to the vessel by the pressure
pulse is the integral of pressure over time.' The more narrow the pulse width, the less time the
vessel has to respond to the pulse. Very narrow pulses do not exert pressure on a vessel for a
sufficient time for the vessel to respond by deforming and thus compromising its structural
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integrity. Hence, even fairly large magnitude pressure pulses don’t represent a concern for vessel
rupture as long as the pulse duration is short (< 50-100 ps). We can surmise, then, that relatively
wide pressure pulses also pose no threat to the integrity of the reaction vessel so long as the pulse
magnitude is small. It is this latter situation that we believe is operative for our three gas mixture
systems. Pulse widths were measured (full width at half-maximum peak height) from the dynamic
pressure gage recordings. These measurements are presented in Table 6. The pulse widths are
comparatively large, ranging from 30 ms to 300 ms. Fortunately, the peak pressures are small,
We conclude that the impulses experienced by the test chamber in these experiments were small
and their potential for damage is also small.

We recognize that extrapolating these results obtained in a small chamber under controlled
laboratory conditions to a large vessel under field operating conditions can lead to large errors.
Nevertheless, if we assume that the percentage rise in pressure remains fairly constant with the
volumetric ratios of organic to oxygen to steam, then the final equilibrium pressure inside the
DETOX*™ demonstration reaction vessel following a flammable event can be estimated. The
nominal operating pressure of the reaction vessel will be about 115 psig. The worst case rise in
equilibrium pressure after combustion was measured as 53 % (Table 4). We estimate, then, that
the demonstration reaction vessel would experience a final equilibrium pressure of about 170 to
200 psig if a flammable event similar to those studied here were to occur inside the vessel.
Furthermore, it is our judgment that the peak pressure of such a flammable event would be less
than 1000 psig and the pulse width would be large, on the order of several hundred milliseconds.
This pulse is wide enough to impart a relatively significant impulse to the reaction vessel. But,

Table 6. Pressure Pulse Widths for Flammable Compositions

Experiment | Calculated | Calculated | Calculated Dynamic Gage

Organic Identification Organic Oxygen Steam Peak Pressure Pulse Width'

Number vol% vol% vol% {psia) {ms)
Acetone 895150 5 5 90 ‘ “
Acetone 895154 10 i5 75 230 B6
Acetone 895149 10 15 75 260 60
Acetone 895167 15 20 65 310 70
Acetone 895235 5 30 65 270 95
Toluene 895184 5 5 90 c °
Toluene 895182 5 10 85 140 200
Toluene 895181 5 10 85 150 120
Toluene 895180 10 15 75 : 165 300
Toluene 895179 10 15 75 260 85
Toluene 895176 5 20 75 240 40
Toluene 895175 5 20 75 250 30
Toluene 895197 5 20 75 220 40
Hexanes 895221 5 10 85 190 140
Hexanes 895217 10 15 75 280 200
Hexanes 895218 10 15 75 260 150
Hexanes 895215 5 20 75 220 75
Hexanes 885214 5 20 75 240 35

; Full width at half maximum peak height.
No transient pressure pulse registered by dynamic pressure transducers.
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since the reaction vessel shell will be constructed of commercially pure titanium with a yield
strength of about 18,000 psi at 316 °C (Reference 11), we believe that the vessel walls will
maintain their structural integrity in response to the pressure puise.'

As the pressure pulse dissipates, the equilibrium vessel pressure will rise. There are three
pathways by which the reaction vessel can relieve pressure: burst disk rupture, seal failure, and
controlled venting. The vessel design pressure is 300 psig, while the rupture disk is set to relieve
at 225 psig. We note also that the rupture disk is contained inside a housing that is slightly offset
from the head of the vessel (typical for chemical process vessels). A pressure pulse due to a
flammable event would have to travel through a tube before it reached the disk. In this situation,
it is unlikely that the rupture disk would blow due to the pressure pulse. Instead, it is much more
likely to relieve only in response to a significant rise in equilibrium pressure.

Recognizing that our estimate of final equilibrium pressure in the vessel is only approximate, a
flammable event inside the DETOXM reaction vessel could result in blowing the rupture disk.
Thus, if a flammable event were to occur, our results suggest that the structural integrity of the
reaction vessel would not be compromised due 1o the pressure pulse (i.e., the vessel walls would
not be breached), and the rise in equilibrium pressure could be sufficient to blow the rupture disk.
The vessel seals should not fail, though, because the rupture disk should relieve before the vessel
design pressure was reached. If, on the other hand, the final equilibrium pressure were less than
225 psig, there should be enough time for the operator to initiate controlled release of the excess
pressure. In any case, in our judgment, it is unlikely that a flammable event would result in
catastrophic failure of the reaction vessel.

Non-Flammable Behavior of Interior Points

If we extrapolate the lines that define the "nose” regions in Figures 4, 5, and 6 back to the organic
axes, we find that there are numerous tested compositions that lie within what should be
flammable regions for these three systems. But, all of these points are reproducibly non-
flammable. We do not understand this behavior. Without performing additional experiments and,
most likely, redesigning the experimental protocol, we do not wish to speculate in depth on the
possible causes of this behavior. However, we have identified five experimental variables that
could have contributed to this behavior, either singly or in combination. These five variables are:

The spark energy requirements of each system, which would likely vary with composition,
The power density,

e Appropriateness of the ignition source (spark versus fuse wire) for the compositions we
tested,
Variation in initial gas mixture pressure, and

¢ ~ Gas mixture homogeneity.

Ignition (spark) energy is a particularly important parameter since even flammable mixtures will
fail to ignite if the energy of the initiation source is insufficient to be within the ignitibility limits of
the composition under study, The maximum electrostatic spark energy, Eqpux, is given by the
formula for electrostatic discharge:"
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l 2
Es = e CV
Pk 3

where C is the capacitance (4 pF, see Figure 2) and V is the input voltage (300 VDC, see Figure
2). Using the above relationship, we estimated the maxxmum spark energy of our ignition source
to be 180 mJ. This is a relatively small energy content.” In reality, there are energy losses due to
internal resistances, the majority of which probably occur at the car coil in the fireset. Therefore,
it is more likely that the actual spark energy was about 125-150 mJ (losses of 30-15%).

Many flammable rruxtures can be ignited with just such a small amount of energy if the power
density is relatively large.* We estimated the power density of our spark source from the
measured lifetime of the spark, the measured spark gap of 0.030 in., and an estimated electrode
dlameter of 0 150 in. The spark gap and electrode diameter gave us an estimated spark volume of
8.7 x 10” cm’. Using this value and the maximum spark energy, we estimated a maximum spark
energy density of 20.7 J/em’. The average lifetime of a spark (measured from the spark signal
recordings) was about 31. s, thus the power density probably ranged from about 0.5 MW/cm?® to
a maximum of about 0.7 MW/cm’. ThIS is a significant power density; greater than 1 MW/cm? is
often taken as a large power density.* Furthermore, the spark was essentially a commpact point
source,'? so most of its energy was usable for i ignition (as opposed to 1gmt10n by a diffuse
electrostatic discharge which typically has a much higher energy requirement®). Therefore, we
believe that there was sufficient energy for ignition of the various organic-oxygen-stecam
compositions,

Another issue is that of the appropriateness of the ignition source, It is not uncommon to observe
inconsistent performance and gas mixture ignition failures when highly conductive or very high
ignition energy materials are being tested using a spark ignition source.” It may be necessary in
future testing to employ a fusible wire ignition source.'* It is difficult to say whether the
compositions we tested were high ignition energy materials, but generally, halogenated organics,
such as methylene chloride and 1,1,1-trichioroethane, are considered to be high ignition energy
materials.*

Another variable that may have contributed to the non-flammable behavior is variation in initial
pressure. We designed this study to have a constant amount of steam in the test chamber. This
was done to mimic the steam content of the DETOX*™ demonstration reaction vessel. The
DETOX®™ oxidation solution has a vapor pressure of 90 psia at 200 °C and the vapor consists
primarily of steam. The test compositions with higher organic and oxygen concentrations tended
to have higher initial pressures; that is, the initial pressures varied with composition. It is known
that flammability limits vary with temperature and pressure and that these variables need to be
held constant.** We held the temperature constant (2011 °C), but by design we allowed the
pressure to vary depending on the composition of the mixture being tested. It is possible that
allowing the initial pressure to vary caused the interior points of Figures 4, 5, and 6 to become :
non-flammable by decreasing (narrowing) the flammability limits. The effect of increasing -
pressure is dependent upon the individual gas mixture—the limits can either widen or narrow.’ °
We do not know which effect was operative in our systems. However, we tend to discount the
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concept that varying the initial pressure caused the interior points to become non-flammable
because those interior points lie across a broad range of compositions, many of which have high

oxygen concentrations. Increased oxygen concentration almost always increases the limits of
ﬂ abmw.4.5.12

Gas mixture homogeneity was probably not a problem at low organic and oxygen concentrations
since we included a feature in the test chamber that should have ensured good gas mixing, and we
obtained reproducible behavior for many of the flammable compositions using the same test
procedure. Under these conditions, mixing of small amounts of organic and oxygen to give a
dilute solution of these components in steam should have been relatively facile. However, as the
organic and oxygen concentrations increased, mixing may have become more difficult compared
to the dilute system. Among the reasons for increased mixing difficulty are:

¢ The concentration gradient of any one component relative to another is different,
¢ The mass transport properties of the system are different, and
* The viscosity of the system is different.

Each of these variables would be expected to change the kinetics of mixing by increasing the
amount of time necessary to achieve complete homogeneity. Hence, we conclude that in the

mixtures with large amounts of organic and oxygen, complete homogeneity may not have been
attained.

Determining the reasons behind the non-flammable behavior of the compositions in the interiors of
Figures 4, 5, and 6 will require a careful examination of the combustion and detonation physics
literature, so that a redesigned experimental system can be developed. We believe that such an
effort would certainly be worthwhile, not only so that we could investigate the reasons for these
gas mixture ignition failures, but also to contribute understanding to an area of combustion and
chemical process safety research that has not been well investigated. There is little data in the
open literature conceming the combustion behavior of organic-oxidant (air or oxygen)-inert gas
mixture systems at elevated temperature and pressure, probably because performing experiments
under these conditions is very difficult. Such an investigation would be relevant to increasing
operating safety in many sectors of the chemical processing, oil and petroleum, and hazardous
waste treatment and environmental remediation industries.

Nonetheless, we believe that having interior points in Figures 4, 5, and 6 that are non-flammable
does not affect our conclusion about the maximum safe level of oxygen in the DETOX*™ catalytic
chemical oxidation demonstration reaction vessel. Moreover, our objective was to determine the
maximum safe oxygen concentration by measuring the minimum concentration of oxygen
necessary to sustain combustion. We believe that we have achieved this objective. In all three
systems, we found flammable compositions that describe nose regions and we demonstrated that
non-flammable compositions lie outside of these regions. This behavior is consistent with a large
body of data in the combustion literature.*>'* We believe that in the three organic-oxygen-steam
systems, the behavior of the interior points is not coupled to the behavior of the nose points and
that our determination of these nose points is valid. Therefore, it is our belief that the
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demonstration reaction vessel can be safely operated continuously as long as the oxygen level is
kept at or below 3 vol%,
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

* Non-flammable organic-oxygen-steam gas mixture compositions are produced when either the
OXygen concentration or the organic concentration is no more than 3 vol%. Thus, the
maximum safe oxygen concentration in the DETOX®™ catalytic chemical oxjdation process is
3 vol%.

¢ The largest increases in equilibrium vessel pressure upon ignition of Organic-oxygen-steam gas
mixtures are associated with higher concentrations of organic.

 Deflagrations in the organic-oxygen-steam systems studied here were comparatively slow,
Thus, the probability of a flammable event transitioning from a deflagration to a detonation is
low,

o If a deflagration were to occur in the DETOX™ demonstration reaction vessel, the pressure
pulse is anticipated to be small enough that the vessel walls would not rupture. The resulting
rise in equilibrium pressure, though, could blow the rupture disk. If the rupture disk hoids,
then there should be enough time for the operator to relieve excess pressure in a controlled
manner. In any case, it is unlikely that a flammable event would result in catastrophic failure
of the reaction vessel.

Recommendations

» The DETOX® process must always be operated so that the oxygen concentration in the
reaction vessel headspace gases is kept at or below 3 vol%.

* Provisions should be included in the DETOX*" unit operating procedures to restrict the flow
of organic feed into the reaction vessel, since gas mixtures with organic concentrations at or
below 3 vol% are also non-flammable. This would be a backup position in cases where
restricting the oxygen content is not possible or practical.

* It would be valuable to perform a redesigned, expanded combustion study to define the
flammability curves for a larger number of gas mixture systems, including determining the area
of the explosive region. These gas mixture systems should be based on organics likely to be
found in the greatest abundance in US Department of Energy waste streams. Also, a
comprehensive review of the literature should be performed to determine the most likely
causes of gas mixture ignition failures and inconsistent performance so that the experimental
variables that affect these problems can be controlled.

31




Subject to the Restrictions on the Title Page

REFERENCES AND NOTES

'Robertson, D. T. Summary of DETOX™ Process Safety Study: Detonability at Operating
Conditions, Summary Report, Delphi Research, Inc.: Albuquerque, NM, December 2, 1994,

*We can be reasonably sure that at least a majority of the contents of the sample cylinder were in
their gaseous state because the measured pressure of the test chamber after introduction of the

organic-steam mixture always agreed to within 10 - 15 % of that calculated using the Ideal Gas
Law.

*See for example, Megyesy, E. F. Pressure Vessel Handbook, 4" Ed.; Pressure Vessel Handbook
Company: Tulsa, OK, 1977.

“Zabetakis, M. G. Flammability Characteristics of Combustible Gases and Vapors; U. S. Bureau
of Mines Bulletin No. 627, US Department of the Interior: Washington, D. C., 1965,

*Coward, F.; Jones, G. W. Limits of Flammability of Gases and Vapors; U. S. Bureau of Mines
Bulletin No. 503, US Department of the Interior: Washington, D. C., 1952.

®Gas flow out of the reaction vessel could slightly affect the flammability limits of a given gas
mixture by inducing turbulence. Judging from the literature, rurbulence would tend to make
ignition more difficult by slightly raising the lower flammability limit (i.e., increasing the minimum
amount of organic necessary to sustain combustion).” Thus, the static conditions in our model
should approach worst-case conditions. Furthermore, if gas flow out of the DETOX*™ reaction
vessel was interrupted, the vapor space environment would approach our static conditions
(particularly as the time of interruption becomes long and turbulence is allowed to dissipate).

"This is a statement of our belief that the flammability limits of these organic-oxygen-steam -
mixtures will not widen appreciably as the volume of the vessel increases from that of the test
chamber (2.78 L) to that of the DETOX™ demonstration reaction vessel (806 L), hence it is
reasonable to extrapolate these results to the larger vessel and conclude that continuously safe
processing can be performed at oxygen (and organic) concentrations of 3 vol% or less. Wall
quenching effects are of concern when flammability determinations are made in small vessels since
they tend to narrow the measured flammability limits for a given gas mixture.** In larger vessels,
wall quenching effects are weak, the flammability limits can expand to their maximum extent, and
a truer measure of flamnmability can be made. Coward and Jones indicate that wall quenching
effects are minimal in cylindrical test vessels with diameters greater than approximately 2 inches.”
Thus, we infer that the volume of our test chamber was sufficiently large to preclude the
introduction of any significant wall quenching effects into our flammability determinations, and
that the flammability limits will widen only slightly (< 0.5 %), or not at all, in the DETOX*™
reaction vessel.

¥Standard Practice for Determining Limits of Flammability of Chemicals at Elevated —

Temperature and Pressure; ASTM Standard E 918-83 (Reapproved 1988), American Society for
Testing and Materials: Philadelphia, PA, 1988.
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’CRC Handbook of Chemisiry and Physics. 60" Ed.; Weast, C.; Astle, M. I., Eds.: CRC Press,
Inc.: Boca Raton, FL, 1980; F-127.

**The potential for detonation will always be an issue of concern when mixtures of organic and

oxygen ignite within an enclosed vessel. First of all, it is possible for a deflagration to transition
to a detonation as a result of the reacting layer heating and compressing gases in an adjacent
layer.* The resulting detonation can be especially devastating. Secondly, the detonable region of |
a gas mixture lies within the flammable region (see Figure 3) and the distance between the
flammable curve and the edge of the explosive envelope is mixture-dependent. Thus, for some
mixtures there is a narrow window of flammability and it is easy to move into the detonable
region. We attempted to find a composition within the explosive envelope for toluene with little
success. We did experience an explosive event with toluene (approximate composition: 10 vol%
toluene-50 vol% oxygen-40 vol% steam) under conditions that were poorly defined. We
recorded a minimum peak pressure of 10,600 psig with a pulse width of about 8 ys. We also
determined that the fiber-type gaskets we had installed in the test chamber failed at about 950
psig, allowing the vessel contents to vent to atmosphere (we replaced them with the stee)
gaskets). Unfortunately, we failed to reproduce this explosive event under well-defined conditions
of environment and gas mixture composition. Interestingly, the very narrow pulse width is
consistent with results obtained in the earlier calculational study.'

"Titanium Basic Design Guide; RMI Titanium Company: Niles, OH, not dated.

“Kuchta, J. M. Investigation of Fire and Explosion Accidents in the Chemical, Mining, and
Fuel-related Industries - A Manual; U. S. Bureau of Mines Bulletin No. 680, US Department of
the Interior: Washington, D. C., 1985.

UStandard Test Method for Concentrarion Limits of Flammability of Chemicals; ASTM
Standard E 681-85 (Reapproved 1991), American Society for Testing and Materials: Philadelphia.
PA, 1991.

"“An argument against employing a fusible wire ignition source in any future testing is that it is
highly unlikely that wires or wire bundles will be found inside a chemical reactor operating in the
field, hence, it is highly unlikely that gas mixture ignition inside such a vessel would occur by a
mechanism similar to that of a fusible wire source. It is much more likely that ignition would
occur by an electrostatic discharge, as would be found with a spark source. Furthermore, a
fusible wire source emits volatilized metal which would eventually deposit on the walls of the test
chamber. These foreign metal deposits could then catalyze unwanted side reactions of the organic
compounds being tested and affect the identification of valid flammable compositions.
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Appendix

Headspace Gas Flammability Test Procedure
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Headspace Gas Flammability Test Procedure

Donald T. Robertson
Delphi Research, Inc.
243-3111

June 27, 1995

All steps in this procedure will conform to Building 907 SOP No. SP 472093

1. Pre-Testing Notes.

Before beginning testing, make sure that the test chamber temperature is at the desired run
temperature. If it is not, turn on heating bands and allow the chamber to come to run
temperature; equilibrium is assumed if the test chamber temperature remains constant for 30 min.
Next, place a thermocouple at the center of sample cylinder and secure it with KAPTON™ tape.
Wrap cylinder with heating tape. Insulate the cylinder with a phenolic tube. Also, make sure the
thermocouple on the injection stem is secured with KAPTON™ tape. Remember, the solenoid
valves get hot quickly and fail closed, so don’t leave the valves open any longer than necessary.
Finally, it might be necessary to pressure the test chamber with oxygen in order to accurately set
the oxygen regulator to deliver the desired oxygen charge. Do this at the time the test chamber is
being purged following the previous run. It would be a good idea, even necessary, to clean the

chamber every couple of runs by firing a 5 % toluene-20 % oxygen-75 % steam mixture to burn
off any carbonaceous deposits.

2. Begin building firing sequence.

3. Secure wrapped and insulated sample cylinder to the injection port tee on top of chamber.
4. Set oxygen pre'ssure regulator on oxygen cylinder according to composition on run sheet.
5. Check to ensure that all valves to the test chamber are closed.

6. Turn on vacuum pump.

7. Open valve to vacuum pump.

8. Begin evacuating the test chamber.

9. Cleaf pad, account for all personnel, secure the door.

10.  Record the test chamber temperature on the run sheet.
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Begin heating sample cylinder to run temperature.

Go to building firing sequence.

13.

14.

13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Check that sample cylinder is at run temperature and that the contents have vaporized.
Record the temperature on the run sheet.

Verify that the injection port tee temperature is > 100°C.,
Assume test chamber is < | Torr if foreline pressure is stable at <100 mTorr for 5 min.
Shut valve to vacuum pump. Open valve to the static gage.

Inject oxygen into test chamber to the pressure specified on run sheet for the given
organic-steam-oxygen composition (provided by Delphi).

Close valve to oxygen cylinder. Record the measured oXygen pressure on the run sheet.
Allow the oxygen to heat for § min. (oxygen has a fairly low thermal conductivity).
Open the manual valve to the sample cylinder by turning the rod until it stops.

Allow pressure to equilibrate,

Close the manual valve to the sample cylinder.

Turn off sample cylinder heating tape.

Record the equilibrium pressure in the test chamber on the.run sheet.

Close valve to static pressure gage.

Go to building firing sequence and perform test.

27.

28.

29.

30.

Afier test, record equilibrium chamber pressure on run sheet.
Vent the test chamber to atmospheric pressure.
Vent the sample cylinder to atmospheric pressure by turning rod to open manual valve.

Shut vent valve.
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Evacuate the test chamber and sample cylinder for 5 min.

Close valve to vacuum pump.

Allow test chamber and sample cylinder to come to atmospheric pressure.
Close the manual valve to sample cylinder.

Perform the following purge sequence as many times as necessary to clean out the

1) check that vent valve is open,

2) remove clean out bolt from bottom of the chamber,

3) using house air, clean out the interior of the chamber,

4) reinstall the clean out bolt, and close the vent valve,

5) open vacuum valve and evacuate chamber,

6) check vacuum pump foreline pressure, it should fall to less than 100 mTorr when the
chamber is clean,

7) if chamber is not clean, close valve to vacuum pump,

10) if chamber is clean, close valve to vacuum pump,
11) open vent valve and allow chamber to come to atmospheric pressure.
Remove empty sample cylinder.

Remove sample cylinder insulation, heating tape, and thermocouple.

After last test of the day and after the chamber has been cleaned and is at atmospheric
pressure, allow the chamber to remain open to the atmosphere.

- Allow the chamber to remain at run temperature.

31.

32.

33.  Open vent valve.

34,

3s.

36.
chamber:
8) open vent valve,
9) goto 5),

37.

38.

. 39. Goto2.

40.

41.

42,

Secure appropriate equipment.

37




PROPRIETARY INFORMATION - Restricted Distribution

Summary of DETOX™™ Process Safety Study:
Detonability at Operating Conditions

Donald T. Robertson
Delphi Research, Inc.
Albugquerque, NM

December 2, 1994
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I. Intreduction

This report summarizes the results of a calculational study conducted jointly by Kevin W. Boyack
of the Facilities Safety and Risk Analysis division of Sandia National Laboratories and Delphi
Research, Inc. as part of the DETOX™ process development program at Delphi. DETOX™isa
patented wet oxidation process using ferric iron to oxidize the organic constituents of hazardous
and mixed wastes to carbon dioxide and water at about 200°C and 200 psig total reactor pressure.
In this process, organics are in contact with small amounts of oxygen inside the oxidation reactor.
The potential exists, then, to form a flammable oxygen / organic mixture in the reactor -
particularly if large concentrations of oxygen are attained. The engineering design for a pilot scale
continuous processing unit includes operating conditions and controls and many safety features
and interlocks to prevent the attainment of high concentrations of oxygen and organic in the
reactor vessel. However, Delphi recognizes that we must have data to validate that the oxygen
levels anticipated under nominal operating conditions (typically 1 - 5 vol% O:) are themselves

safe.

In order to insure continuous safety at operating conditions, we required three types of data: 1)
estimates of the maximum pressures (at different organic / oxygen loadings) to be expected if a
detonation were to occur in the reaction vessel, 2) an estimate of the response of the reaction
vessel to the detonation pressure pulse (i.e., would the detonation be containable?), and 3)
measurements of the flammability limits to be expected under operating conditions - these
measurements would define the safe operating limits for oxygen in the reactor.

This report will summarize the calculational estimates of the maximum pressures to be expected in
detonations that take place in both a 1 galion vessel (model of our 1 gallon laboratory reactor)
and in a 250 gallon vessel (model of our pilot scale reactor). We also summarize the results of
finite element (FE) calculations that simulate the responses to internal detonations that occur in
these vessels. Finally, we will show that these calculational results 1) strongly indicate that safe
oxygen levels are attainable under operating conditions, and 2) that actual measurements of
flammability limits under operating conditions are necessary t0 validate the calculations and define
as precisely as possible safe oxygen levels for our process.
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IL Conclusions and Recommendations

Conclusions

_t\.)

[P¥ ]

Calculational results and extrapolations of flammability data at room temperature
and atmospheric pressure strongly indicate that safe continuous operation can be

achieved at low (< 10 vol%) oxygen levels.

These calculational results and extrapolations must be validated with
experimentally measured flammability limits of mixtures of organic / oxygen/
stearn at 200°C and 200 psi total reactor pressure (i.e., anticipated operating
conditions in a pilot scale reactor).

Steam generated from hot DETOX™ liquid is an inherent inerting matenal.

The higher the operating temperature, the more steam that is availbale for
inerting the vapor space in the reactor. Thus, higher operating temperature
correlates with safer operating conditions since less volume is available for oxygen

and fuel to occupy.

The yield strength of the material used to fabricate the reactor vessel shell is an
imporrtant factor in determining the ability of the vessel to resist a detonation and

maintain its structural integnty.

If reactor vessel integnty is compromised as a result of an internal detonation,
failure will likely occur first at the edges where the reactor head and vessel wall

meet.

Recommendations

Experimental measurements of the flammability limits of organic / oxygen / steam
mixtures should be made at anticipated reactor operating onditions to validate the
calculations and extrapolations described in this report and to define as precisely as

possible safe oxygen levels for the DETOX™ process.

A titanium o,8-alloy (such as Ti-6Al-4V) containing 0.05 wt% palladium should
be used to construct the pilot reactor vessel shell because of its large yield strength
and corrosion resistance properties.
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. Methodology

A Vessel Geometries

l. 1 gallon Laboratory Reactor

The 1 gallon lab reactor is a standard Parr Instrument Co. autoclave (vertical axisymmetnc
cylinder) constructed out of titanium grade 2 (commercially pure) containing a glass insert that
has a diameter of 14 cm and a height of 19 cm. The bottom of the reactor head is flat. DETOX™

iquid is held in the glass insert during testing. For the calculations, the cylinder was assumed to

contain 1.5 L of DETOX™ liquid (as in the actual reactor) and the liquid surface was assumed to

behave as if it were a wall (incompressible fluid). Thus, for both the thermodynamics calculations

and the finite element simulations (see descriptions below) the cylinder in which the detonations

take place has a diameter of 14 cm and a height of 9.5 cm giving a (vapor space) volume of 1.5 L.

2, 250 gallon Pilot Reactor

The design of the pilot reactor calls for a cylindrical vessel with ASME dished heads having a 1
straight-side height of 122 cm (48 in.), a diameter of 91 cm (36 in.), and an internal volume of .
1000 L (264 gal.). The vessel material is titanjum grade 7 (commercially pure with 0.2 wt% :
palladium addition). For both the thermodynamics calculations and the finite element simulations

(see descriptions below), the vessel was assumed to be about half-full with DETOX™ liquid and

the liquid surface was assumed to behave as if it were a wall (incompressible fluid). We further

assumed that the reactor head was flat (as in the | gallon case) and that the vapor space volume

would be 473 L (125 gal.). Thus, the cylinder in which the detonations take place has a diameter

of 91 cm and a height of 73 ¢m.

B. Gas Mixture Compositions g

Benzene and cylcohexene (as a model for n-hexane) were investigated, both were assumed to be
completely vaporized at the nominal operating conditions. The compound most frequently
studied was benzene. Two different temperatures were also investigated - 150°C and 200°C -
with 200°C being used most often. '

Various organic loadings and O, mole fractions were studied to determine the dependence of
detonation pressure on equivalence ratio'. For most of this work, steam pressure was specified at
the measured vapor pressure of DETOX™ liquid at the temperature of interest. For example,
most of the thermodynamics calculations were run at 200°C. The vapor pressure of DETOX™
liquid at that temperature is 90 psia (at 150°C it’s 20 psia).

For the 1 gallon reactor, oxygen percentages varied from 30 to 76 vol%, all at 200°C. In the 250 :
gallon case, oxygen percentages varied from 70 to 86 vol% at 150°C and from 37 to 53 vol% at
200°C. L
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Gas mixture compositions were determined by fixing the mole fractions of steam and organic at
the desired temperature, the residual mole fraction was then assigned to oxygen. The total
pressure at the desired temperature was then calculated. In some instances, the total pressure was
fixed along with the mole fractions of steam and organic before assigning the residuat mole
fraction to oxygen. Typically, in the 1 gallon case the total reactor pressure was 200 psig and the
temperature was 200°C. In the 250 gallon case, the total pressure vaned from 193 to 227 psig at
150°C and from 196 to 225 psig at 200°C

C. Calculations

1. Thermodynamics

The CET89 code” was used to perform the thermodynamics calculations. This code is capable of
handling a variety of fuel / oxidant / inert gas mixtures in estimating peak detonation pressures.
The code calculates various properties of the detonation state (known as the CJ state), such as CJ
and reflected CJ pressure (the sum of these two pressures is the estimated peak detonation
pressure), the detonation temperature, the detonation velocity. and the AICC (adiabatic isochoric
complete combustion) pressure and temperature. The AICC pressure and temperature are the
maximum pressure and temperature expected to be found at equilibrium following the detonation.
In practice, the AICC pressure and temperature are not realized since the vessel in which the
detonation took place loses some heat to its surroundings.

The results of the CET89 calcualtions were then used to calculate refined detonation pressure
histories using the CTH code’. The output of the CTH code is a plot of pressure (psia) against
time (1:s) and gives the pressure histories to be expected at a wall and at an edge in the vessel
This code also approximates the pressure histories and these simplified histories are used in the
finite element simulations (see below). The approximate pressure histories are compared to the
refined pressure histories to justify their use in the simulations.

The point at which detonation initiation occurs can have an affect on the calculated detonation
pressure pulse. The locus of initiation (point source) was fixed at the geometric center of the
vessel at just above the surface of the DETOX™ liquid (bottom of the vessel). This gave the
maximum travel distance in all directions for the nascent detonation front which results in the
maximum impulse at the vessel wall. We also assumed that no obstructions, such as a
thermowell, a stirrer shaft, baffles, etc., were present. These obstructions will tend 1o attenuate
the peak pressure experienced at the vessel walls®.

2. Finite Element (structural dynamics) Simulations

Finite element (FE; PRONTO code) simulations were carried out for four conditions: one for the
1 gallon case and three for the 250 gallon case. The code used the results from the CTH
calculations to simulate the dynamic responses of the two vessels to detonation. Approximate
pressure histories (see above) are used to simplify the calculations and minimize computer time.
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The code uses a mesh generator to approximate the vessel geometry (vertical axisymmetric
cylinder) and simulate the movement (if any) of the walls and lid of the vessel as it experiences the
sudden impulsive loading of an internal detonation.

For the | gallon case, the physical properties of titanium grade 2 were used. A three part
approximation of the vessel (wall, head, and split rings) was studied The wall thickness was
asssumed to be 0.375 in., the head thickness was assumed to be 1 0 in, and the split rings were
assumed to be 0.375 in. all around. The gas composition was 7.5 voi®s benzene, 32.5 vol%
oxygen, and 60.0 vol% steam at 200°C and 200 psig initial pressure The peak detonation
pressure was 10,400 psia with a pulse width of 22.5 us. The final equilibrium pressure was 2,100

psia.

For the 250 gallon case, two different titanium matenals (titanium grade 7 and Ti-6Al-4V alloy)
and two different peak detonation pressures were studied. Titanium grade 7 has the same
physical properties as Ti grade2 (but has increased corrosion resistance) while Ti-6Al-4V has
three times the yield strength. . A three part approximation of the vessel (wall. head, and split
rings) was studied. The wall thickness was asssumed to be 0.625 in.. the head thickness was
assumed to be 2.0 in., and the split rings were assumed to be 1.0 in. all around. The gas
composition, temperature, and initial pressure were assumed 10 be essentially the same as for the
1 gallon case above. For each titanium material, peak detonation pressures of 10,400 psia (final
equilibrium pressure of 2,100 psia) and 5,000 psia (final equilibrium pressure of 1000 psia) and
pulse widths of 169.9 ns and 214.9 1:s were studied. The pulse widths were longer to account for
the larger volume of the vessel as compared to the 1 gallon case.
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IV. Results and Discussion

A, 1 gallon Laboratory Reactor

1. Thermodynamics Calculations

The condition we were most interested in was the detonability of the nominal gas composition we
were using in the lab reactor for process development testing. We chose benzene as the organic
and performed three calculations in which the equivalence ratio was varied from 1 0410 1.75. In
‘addition, the reactor temperature, reactor pressure, and steam content were kept constant at
200°C, 200 psig, and 60 vol%, respectively. The results of these calculations are presented in
Table | below.

‘Table 1. CET89 Results for Benzene in the 1 gallon Reactor

Case | Case 2 Case 3
Irutial temperature (°C) 200 200 200.

Initial pressure (psia) 200 200 200 :
Benzene fraction (vol%) 10 75 ' 5 -
Oxygen fraction (vol%) 30 32.5 35 1

Steam fraction (vol%%) 60 60 60

Equivalence ratio 1.75 138 1.04
Peak detonation pressure {psia) 9.284 10,664 9,810
Peak detonation velocity (m/s) 2027 2154 2117

AICC pressure (psia) 1,347 1,510 1,451

AICC temperature (°C) 1,851 2,520 2,860

It can be seen that the peak detonation pressure comes at an equivalence ratio of 1.38 (Case 2). k
In fact, the conditions of Case 2 were routinely attained under batch operating conditions in our 3
lab reactor. These results have prompted us to modify our lab operating conditions to

significantly reduce the amount of oxygen present in the reactor during testing. We should

mention that this reduction in oxygen content at elevated temperature is only possible in a

tantalum-lined reactor. Titanium is unable to withstand low oxygen levels at elevated

temperatures in the presence of DETOX™ liquid and vapors.

We used these results to calculate the pressure history in the I gallon vessel using the CTH code.
The resulting pressure history plot showed that the peak detonation pulse would be experienced
at the vessel edge - that is, where the reactor head contacts the cylinder wall - and that the peak
pressure at the wall would be about 7,635 psia. The CTH results also estimated the pulse width
(the width of the peak detonation pressure pulse) to be about 35 us. This is a very narrow pulse.

The factor that determines the loading the vessel edges and walls will see is the cumulative :
impulse. The impulse is the integrated area over time of the peak detonation pressure pulse. i
Thus, very high detonation pressures do not necessarily guarantee that the vessel will fail. Large
detonation pressures with narrow pulse widths may have small cumulative impulses. It is the
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cumulative impulse that the vessel walls and edges experience which will determine if the vessel
will fail. The way to estimate the cumulative impulse and its effects on the vessel is to use these
results in finite element simulations.

2. Finite Elemen: Simulation

The FE simulation of the dynamic response of the 1 gallon vessel to a 10,400 psia detonation
pressure pulse (approximation of Case 2 thermodynamics results) showed that the reactor head
would become slightly disengaged from the cylinder, but not to the extent that venting of reactor
contents would occur - the detonation was contained. This FE simulation confirmed the CTH
prediction that the edge {where the head contacted the cylinder wall) would experience more
explosive power than the wall®. Since the pulse width was small. the total impulse was smail and
the vessel didn't bulge much: the equilibrium displacement of the wall after detonation is only
about 0.012 in. ourward from the starting condition. However, this result in no way obviated our
need and desire to modify the lab reactor operating conditions: even a containable detonation is
unacceptable.

B. 250 gallon Pilot Reactor

1. Thermodynamics Calculations

In an initial investigation, results of CET89 caiculations showed that the more reduced the organic
fuel was, the greater the detonation pressure pulse. For example, at 150°C cylcohexene had a
slightly larger detonation pressure than benzene. This is shown in Table 2. Then, we varied the
concentration of cyclohexene at 150°C keeping the pressures of oxygen and steam constant {the
total reactor pressure varied from 193 - 227 psia). We found that the largest detonation pressures
(on the order of 30,000 psia) were achieved when the gas mixtures were .relz%tively fuel-rich
(equivalance ratio of about 2.0). We saw approximately this same behavior in the 1 gallon case.

We also found that detonation pressures were higher for benzene at lower temperature. This
behavior is due to lower steam pressure at lower temperature resulting in less steam (inert gas)
being present to displace benzene and oxygen. Thus, more total potential energy is present at
lower reactor temperature (higher fuel and oxygen concentrations) to be released dunng a
detonation. These results are summarized in Table 2.

Next, we intended to vary the oxygen concentration to gauge its affect on detonation pressure. In
looking at the flammability limits of benzene, cyclohexene, and n-hexane in air at 25°C -and 1atm.
pressure’, it seemed unlikely that flammable mixtures would exist at oxygen concentrations below
about 10 - 20 vol%. However, our concern was with the flammability limits at elevated
temperature and pressure in the presence of an inerting material (steam).
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Table 2 CET89 Results for Benzene and Cyclohexene in the 250 gal. Reactor

Case | Case 2 Case3
Organic Benzene Benzene Cyclohexene

Initial temperature (°C) 200 150 150
Initial pressure (psia) 236 244 238
Organic fraction (voi%) 131 221 16.0
Oxygen fraction (vol%) 48 8 69.7 75.6
Steam fraction {vol%2) 38.2 82 84
Equivalence ratio 1.73 2.30 1.76

Peak detonation pressure {psia) ' 17,572 28,980 29,498
Peak detonation velocity (m/s) 2,357 2,536 2,624
AICC pressure {psia) 2,524 4,130 4,205
AICC temperature (°C) 2,948 3,160 3,642

In general, the effect of increased temperature is to widen the flammability limits: the lower limit
decreases slightly and the upper limit increases. sometimes greatly® Increased pressure has the
same effect, and also slightly decreases the effectiveness of an inert gas®. Addition of inert gas
tighens the flammability limits: the lower limit is raised slightly and the upper limit is decreased,
sometimes considerably®. Also, in all cases the explosive region lies within the flammable region.
This means that if we prevent a flammable mixture from forming, we've also prevented a
detonable mixture from forming (but not vice versa). By using data from Yeaw and Shnidman’,
Kuchta®, and Coward and Jones® an estimate was made of the flammability range for benzene in
the DETOX™ process. We estimated that at 10 vol% oxygen, 40 vol% benzene, 50 vol% steam
the gas mixture is nof detonable. Furthermore, the result of a CET89 calculation for 23 vol%
benzene, 37 vol% oxygen, and 40% steam gave 10% solid carbon in the wake of the detonation -
the calculation failed to converge to a solution for detonation pressure. We interpret this result to
mean that this condition is too fuel-rich to be detonable. Thus, we believe that it is possible to
delineate operating conditions in the pilot reactor in which it will be continuously safe to mix
organic and small amounts of oxygen. We believe that as long as we keep the oxygen levels low
enough (say < 10 vol%) we will not form a flammable - and therefore an explosive - mixture in
our process. This is shown conceptually in Figure 1. We stress, however, that these flammability
limit estimations are extrapolations of data at atmospheric pressure near 25°C and contain
relatively large uncertainty in their accuracy. This makes it absolutely imperative to
experimentally measure the flammability limits of mixtures of organic, oxygen, and steam at
200°C and 200 psi pressure to validate these extrapolations and define as precisely as possible
safe oxygen levels for our process.

2. Finite Element Simulations

FE simulations were performed for three conditions; these conditions were described in part C of
section I1I. above. We used the same approximate detonation pressure (10,400 psia) as for the 1
gallon reactor FE simulation but a longer pulse width to account for the larger vessel volume.

The results fo this simulation were disappointing. At 0.6 us after detonation the seal between the




Figure 1 - Generic Flammability Curve

Safe Operating

| Delphi Research, Inc.
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head and the wall completely disengages (by more than 1 in.). The reactor contents would be
vented to atmosphere and the split ring would probably dislodge. Also, the wall is significantly
bowed outward. This situation worsens by 1.0 p:s after the detonation and it is very likely that the
vessel wall would have ruptured (unfortunately, we did not include fractunng in the simulation).

Since the anticipated operating conditions for the pilot reactor will keep the amount of organic
and oxygen to low levels, we decreased the detonation pressure and final equilibrium pressure to
about half of the initial values (5,000 psia and 1,000 psia, respectively) This necessitated
increasing the pulse width because of the resulting decrease in detonation velocity at the lower
detonation pressure. All other parameters remained the same. We feel that this is a more realistic
condition in the event of an upset leading to increased oxygen levels in the reactor. The FE
simulation of this condition showed the wall bowing outward to 2 final displacement of about 0.75
in. from start. The head comes uncomfortably close to completely disengaging from the vessel
wall (i.e., it is possible that the seal would be compromised). Thus, with Titanium grade 7 as the
vessel shell material it is possible that even a relatively small detonation could lead to limited
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There are other grades of titanium that have higher structural strengths. For example, titanium
grade 5 (Ti-6Al-4V) has a yield strength at room temperature of 120,000 psi. Commercially pure
titanium grades 2 and 7 have room temperature yield strengths of 40,000 psi’. The physical
properties of titanium grade 5 were used along with the detonation pressure of 5,000 psia and
pulse width of 214.9 us to simulate the response of a 250 gal. vessel made of this material. The
result was only a slight bowing of the wall (final displacement of about 0.10 in.) and maintenance
of the seal between the reactor head and wall - the detonation was contained. Thus, it appears
that the yield strength of the material used to fabricate the vessel is important in determining the
ability of the vessel to resist a detonation. It would be prudent to fabricate the vessel shell from a
titanium o, 8-alloy because if its higher yield strength. However, Ti grade 7 was chosen as the
material of construction for the pilot unit because of its superior corrosion resistance (due to the
addition of palladium'®) as compared to Ti grade 2. We recommend investigating the possibility
of using a Ti-6Al-4V alloy that has some paltadium added (about 0.05 wt%) to increase the
corrosion resistance as a preferred material of construction for the pilot reactor vessel shell.
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Appendix D — Operations Sensitivity Data for DETOX™
Solutions



Operations Sensitivity Analysis Data
for DETOX®™ Solutions

1.0 Introduction

Properties of DETOX™ solutions from an operating
environment are not well characterized. The purpose of these
experiments and measurements was to gather realistic information to
be used in the demonstration of DETOX™ technology at DOE's
Savannah River Site.

The solubilities and physical properties of selected metals and
metal salts in the DETOX™ solution were measured. The metals and
metal salts used in these experiments were copper, copper chloride,
aluminum, aluminum chloride, potassium chloride, sodium chloride,
nickel chloride, zinc, zinc chloride, chromium oxide, and 316 stainless
steel. The solubilities of sulfate and caldum sulfate in the DETOX™
solution were measured. Solubility curves versus temperature in
DETOX™ solution were generated for aluminum chloride, calcium
chloride, nickel chloride, and sodium chloride. Also studied -were the
mechanisms by which metals are oxidized in DETOX™ solution, ferric
ion reduction, and hydronium ion reduction.

2.0 Experimental

21 Metals solubilities in DETOX*™ solution.

The solubilities of metals and metal salts in the DETOX™
solution were determined at 318. K. An excess amount of metal or
metal salt was loaded into a 125. mL unstirred reaction bomb
containing 50. mL of DETOX™ solution. The bombs were sealed,
pressurized to 35. psig with oxygen, and heated at 473. K for 16. hours.
After cooling, each sample of the DETOX™ solution was reheated to
308. K and filtered using a 1.2 pm glass fiber filter. The resulting
saturated solutions were then analyzed using a Perkin-Elmer Model
603 atomic absorption spectrophotometer. Each test was performed in
duplicate and the results were averaged.

2.2 Specific gravity.

The spedific gravities of the metal solubility studies solutions
were measured at 313. K, 333. K, and 353. K. A quantity of each solution
was added to a preweighed 5. mL glass volumetric flask to give 5. mL
volume of sample. The flask was immersed in a water bath to
maintain the experimental temperature. The flask was then dried and




weighed again. Fach measurement was repeated twice for each of the
two solutions from the metal solubility tests, and the results averaged.

23  Surface tension.

The surface tensions of the solutions from the metal solubility
studies were measured using a Fisher Model 20 Surface Tensiometer.
Surface tension was measured at 313, K, 333. K, and 353. K. Each
measurement was repeated six times for each of the two solutions from
the metal solubility tests, and the results were averaged.

2.4  Viscosity.

The viscosities of the solutions from the metal solubility studies
were measured using an Ostwald viscometer. The viscometer was
immersed in a water bath to maintain the experimental temperatures
(313. K, 333. K, and 353. K). The time for a fixed volume of sample to
flow between two reference marks in a vertical capillary tube was
measured. Fach measurement was repeated twice for each of the two
solutions from the metal solubility tests, and the results averaged.

2.5 Metals oxidation.

The metal oxidation studies were conducted in Parr Instrument
Company 23. mL, general purpose, Teflon™-lined reaction bombs. A
weighed amount of metal or alloy (typically 100. mg) was loaded into
the bomb along with 10. mL of DETOX®™ solution. The bombs were
sealed and heated for 4. hours at 473. K. The bombs were cooled and the
resulting solutions were diluted with deionized water to 100. mL in a
volumetric flask. Duplicate aliquots of each solution were titrated with
a standardized cerium (IV) solution to determine the amount of iron
(I} produced when the metal or alloy was oxidized.

2.6 _ Sulfate anion solubility in DETOX®™ solution.

Sulfate anion (as sodium bisulfate) was tested for extent of
solubility in the DETOX®™ solution. Varying amounts (200-400 pL) of a
1.02 M sodium bisulfate solution were loaded into bombs containing
10. mL of DETOX™ solution. Parr Instrument Company (PIC) Model
4749 23. mL Teflon™-lined reaction bombs were used as test vessels.
The bombs were heated for 16. hours at 473. K. After cooling, the
contents of the each bomb were filtered through a 1.2 pm glass fiber
filter in a preweighed Gooch crudble. The filter was rinsed with
acetone and dried at 523. K to a constant weight. Duplicate tests were
run with each sulfate loading.




2.7 _ Calcium sulfate solubility in DETOX®™ solution.

Calcium sulfate was tested for extent of solubility in the
DETOX™ solution. Varying amounts (200. - 500. uL) of a 1.0M sodium
bisulfate solution were loaded into bombs containing 10. mL of
DETOX™ solution and 1.0M calcium. PIC Model 4749 23. mL Teflon™-
lined reaction bombs were used as test vessels. The bombs were heated
for 16 hours at 473. K. After cooling, the contents of the each bomb were
filtered through a 1.2 um glass fiber filter in a preweighed Gooch
crucible. The filter was rinsed with acetone and dried at 523. K to a
constant weight. Duplicate tests were run with each sulfate loading.

2.8 Solubilities of metal salts in DETOX®™ solution versus
temperature.

Aluminum chloride, calcium chloride, nickel chloride, and
sodium chloride were tested for extent of solubility in the DETOX™
solution versus temperature. An excess of each salt was loaded into a
40. mL glass flask containing 20. mL of DETOX™ solution. The flask
was sealed and then immersed in a water bath to maintain the
experimental temperature. After 30. minutes in the water bath, the
solutions were sampled using an Eppendorf pipette and diluted in
volumetric flasks with deionized water. The resulting solutions were
then analyzed for the appropriate metal using a Perkin - Elmer Model
603 atomic absorption spectrophotometer. Duplicate tests were run
with each material at 313. K, 333. K, 353. K and 365. K.




3.0 Results and Discussion

3.1 Metals solubilities in DETOX®™ solution.

The metal solubility results are summarized in Table I and are
compared graphically in Figure 1. As seen in Figure 1, the solubilities of
metals in the DETOX™ solution range from 115. g/L for zinc as zinc
chloride to 5.2 g/L for copper as copper chloride. It is important to note
that the solubilities of aluminum and zinc as the chlorides (37.7 and
115. g/L, respectively) were several times greater than the solubilities of
the metals (17.8 and 19.5 g/L). This is believed to be due to reduction of
the acidity of the DETOX™ solution when metals are dissolved.
However, the solubilities of copper and copper as copper chloride were
nearly identical (5.4 and 5.2 g/L). The solubility of chromium as
chromium oxide in the DETOX™ solution reached approximately 604
g/L at 308. K temperature. Chromium (VI) in the DETOX™ process is
reduced to chromium (I). The solubility of the components of 316
stainless steel were 3.6 g/L for nickel and 124 g/L for chromium,
although these are not the actual solubilities for these metals in the
DETOX™ solution.

Table I - Metal Solubility in DETOX™

Metal Loading (g/L) Solubility at 308. K (g/L)
316 Stainless Steel 60. Ni-3.6;Cr-124

Aluminum 20. 17.8
Aluminum as AlCl, 60. ‘ 377
Chromium as CrO, 114. 60.4
Copper 40. 54
Copper as CuCl, 19. 52
Potassium as KCl 157. 234
Sodium as NaCl 118. 10.0
Nickel as NiCl, 190. 41.3
Zinc 20. 19.5
Zinc as ZnCl, 140. 115.
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32 Spedfic gravity versus temperature for metals in DETOX*
solution.

The results from the specific gravity measurements are
summarized in Table II. Figures 2-5 illustrate the experimental
measurements of specific gravity versus temperature for a group of
metals in the DETOX™ solution. The data were extrapolated to 473. K
using a linear regression. It should be noted that extrapolation of
specific gravities to temperatures less than the freezing point of the
DETOX®™ solution is meaningless. The correlation coefficients are
reasonably good for all of the extrapolations, with the exception of
chromium oxide (Figure 4, r* = 0.915). The spedific gravity results for
the 316 stainless steel solution (Figure 4) were consistently lower than
those of pure a DETOX™ solution at each experimental temperature.
The explanation for this remains unknown. The specific gravities for
the other metals and salts in the DETOX™ solution were generally
higher than those of pure DETOX™ at each temperature. The results
for zinc as zinc chloride (Figure 5) are much greater at each
temperature than those of the other metals. The reason for this is that
the solubility for zinc as zinc chloride is much higher than the
solubilities of the other metals and metal chlorides.

Table II - Specific Gravity Results

Specific Gravity
Solution 313.K 333. K 353. K
DETOX™ 1.6344 1.6093 1.5741 |
DETOX™ w/ 316 S5 1.6100 1.5743 1.5404 i
DETOX™ w/aluminum frozen 16195 16054
DETOX™ w/Al as AlCl, 1.6624 1.6412 1.6209
DETOX ™ w/Cr as CrO, 1.6527 1.6495 1.6391
DETOX*™ w/copper 1.6563 1.6441 1.6247
DETOX™ w/Cu as CuCl, 1.6405 1.6119 1.5840
DETOX™ w/ Kas KCl 16224 1.6058 1.5905
DETOX™ w/ Na as NaCl 1.6483 1.6357 1.6175
DETOX™ w/ Ni as NiCl, 1.6494 1.6288 1.5971
DETOX™ w/zinc 1.6465 1.6336 1.6263
DETOX™ w/Zn as ZnCl, 17641 1.7354 1.7001 -

Spedific gravity affects bubble size and agitator energy use. Higher
spedific gravity causes smaller bubbles and increased energy use.
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3.3 Surface tension versus temperature for metals in DETOX*™
solution.

The results from the surface tension measurements are
summarized in Table HI. Figures 6-9 illustrate the experimental
measurements of surface tension versus temperature for a group of
metals in the DETOX™ solution. The data were extrapolated to 473. K
using a power curve regression. It should be noted that extrapolation of
surface tensions to temperatures less than the freezing point of the
DETOX™ solution is meaningless. The curve fit correlation coefficients
for all of the salt solutions are greater than that for the pure DETOX™
solution (r* = 0.940).

As with the spedific gravity results, the surface tension results for
the 316 stainless steel solution (Figure 8) were lower than those of the
DETOX* solution, while the results for the other metals were higher.
The results for the zinc as zinc chloride solution (Figure 9) were again
greater than those of the other metals.

Table III - Surface Tension Results

Surface Tension (dynes/cm}

Solution 313.K 333. K 353. K
DETOX™ 66.24 63.04 61.92
DETOX™ w/ 316 55 63.08 59.05 57.37
DETOX™ w/aluminum 69.58 67.64 66.59
DETOX™ w/Al as AIC], 68.49 67.37 66.41
DETOX™ w/Cr as CrO, 73.31 71.02 69.34
DETOX™ w/ copper 70.12 67.36 65.50
DETOX™ w/Cu as CuCl, 69.13 66.98 64.93
DETOX™ w/ Kas KCl 70.41 68.89 66.83
DETOX>" w/ Na as NaCl 69.68 67.01 62.51
DETOX™ w/ Ni as NiCl, 70.57 68.94 68.01
DETOX™ w/zinc 67.91 66.28 6445
DETOX™ w/Zn as ZnCl, 75.75 7543 71.25

Surface tension affects bubble size and tendency to foam. Water
has a surface tension of about 72 dynes/cm at room temperature.
Decreased surface tension causes larger bubbles and more tendency to

foam.
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34 Viscosity versus temperature for metal solubility in DETOX™
solution.

The results from the viscosity measurements are summarized in
Table IV. Figures 10-13 illustrate the experimental measurements of
viscosity versus temperature for a group of metals in the DETOX™
solution. The data were extrapolated to 473. K using an exponential
curve regression. It should be noted that extrapolation of viscosities to
temperatures less than the freezing point of the DETOX™ solution is
meaningless. The correlation coefficients for all of the extrapolations
are greater than that of the DETOX®™ solution (r* = 0.981).

At 313. K, the viscosities for solutions of copper as copper
chloride, potassium, sodium, nickel and zinc in the DETOX™ solution
are lower than that of the pure DETOX™ solution. At the higher
temperatures, the results for all of the salt solutions in DETOX™ are
equal to or higher than those of the pure DETOX®™ solution. As with
the specific gravity and surface tension results, the viscosity results for
the zinc as zinc chloride solution (Figure 13) were much greater than
those of the other metals.

Table IV - Viscosity Results

Viscosity (centipoise)

Solution 313. K 333.K 353. K
DETOX™ 9.91 4.02 2.32
DETOX™ w/ 316 S5 10.13 4729 2.38
DETOX® w/aluminum 11.72 541 3.26
DETOX™ w/Al as AICI, 13.44 8.47 5.64
DETOX™ w/Cr as CrO, 17.90 8.48 4.20
DETOX™ w/copper 11.08 5.00 2.84
DETOX™ w/Cu as CuCl, 7.91 4.17 2.46
DETOX™ w/ K as KCl 9.57 4.46 2.45
DETOX™ w/ Na as NaCl 8.76 407 2.40
DETOX™ w/ Ni as NiCl, 7.91 4.00 2.46
DETOX™ w/zinc 9.69 541 3.01
DETOX™w/Zn as ZnCl, 2264 10.62 5.61

Viscosity affects bubble rise times in the DETOX™ solution,

tendency of the solution to bump, and agitator energy use. Water has a
viscosity of approximately 1.0 centipoise at room temperature. Higher
viscosity causes longer bubble rise times, increases agitator energy use,
and increases the tendency of the solution to bump.
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35 Metals Oxidation.

Metals introduced into the process solution can be oxidized by
either reducing ferric iron to ferrous iron, or by redudng hydronium
ion to hydrogen gas. Three metals and two alloys were chosen to
determine the relative preferences for these two reduction pathways.
These metals and alloys represent those most likely to be seen in waste
streams from the possible demonstration sites. The difference between
the number of moles of electrons necessary for complete oxidation of
the added metal or alloy and the number of moles of electrons used in
forming ferrous iron gives the number of moles of electrons that
reduced hydronium ion to hydrogen gas. These values give the
fractions of ferric and hydronium ion reduced by the added metal or
alloy and are summarized in Table V.

Table V - Metal Oxidation Resulls

Metal or Alloy Percent Ferric Iron Percent Hydronium Jon
Reduced by Metal Reduced by Metal
Aluminum 94.1 59
Copper 92.3 : 7.7
Zinc 94.8 - 5.2
316 Stainless Steel 83.6 16.4
Carbon Steel 88.2 11.8

The data show that the majority of the metal or alloy is oxidized
by reducing ferric iron to ferrous iron. This is preferred from an
operational standpoint because the amount of hydrogen generation
and hydrochloric acid use are minimized during waste processing.
Embrittlement of the tantalum liner in the reactor by hydrogen
absorption is not expected to occur. The above data, showing low
hydrogen generation, eliminate much of the risk to the tantalum liner
associated with hydrogen absorption.

36 Sulfate anion solubility in DETOX®M solution.

Figure 14 illustrates sulfate concentration in the DETOX™
solution versus milligrams of ferric sulfate precipitate. The data was
extrapolated to 0.0 milligrams of precipitate using a linear regression.
The y-intercept, 0.022, gives the molar concentration of sulfate at 0.0
milligrams precipitate, or in other words, the solubility of sulfate in
DETOX®™™ solution. Sulfate is fairly insoluble in the DETOX™ solution,
and would precipitate the iron catalyst out of the solution.
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3.7 _ Calcium sulfate solubility in DETOX*™ solution.

The results from the calcium sulfate solubility tests are
summarized in Table VI. At a concentration of 1.0 M calcium in
DETOX™, (the concentration to be used in the demonstration), three of
the four tests showed at least 98.5% efficiency in scavenging sulfate.
The result from sample #2, 60.3%, was attributed to loss of precipitate
during filtration. The results show that very low levels of sulfate can be
efficiently scavenged using 1.0 M calcium in DETOX™ solution.

Table VI - Calcium Sulfate Solubility Results

Sample {Calcium] Moles Sulfate | Moles Sulfate | Percent Sulfate
(moles/L) Added as Precipitate | Precipitated as
(CaSO,) CaSO,
#1 1.0 2.04E-04 2.01E-04 98.5
#2 1.0 2.04E-04 1.23E-04 - 60.3
#3 1.0 5.10E-04 5.10E-04 100.0
#4 1.0 5.10E-04 5.17E-04 101.4

Calcium sulfate is much less soluble than iron sulfate. Thus,
calcdium can be used to scavenge sulfate from the DETOX* solution. A
1.0 M concentration of calcium will be effective in scavenging sulfate,
and will also scavenge fluoride.

38  Solubilities of metal chlorides in DETOX®™ solution versus

temperature.

Figures 15-22 illustrate experimental solubility data for nickel
chloride, calcium chloride, sodium chloride and aluminum chloride in
the DETOX™ solution versus temperature. The data were extrapolated
to 473. K.

In general, the logarithm of solubility is directly proportional to
the temperature raised to the -1.5 power. The experimental data is fitted
by theoretical solubility curves in Figures 15, 17, 19 and 21. The
theoretical solubility relationship is represented by a linear regression.
The experimental data of solubility versus temperature for the metal
chlorides in the DETOX®™ solution in Figures 16, 18, 20 and 22 are more
conservatively fitted by logarithmic curves. The correlation coefficients
are not significantly different (< 5%) between the theoretical curves and
the experimental curves for each metal chloride. The solubility of each
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metal chloride in DETOX®™™ increases as temperature increases from
313. K to 473. K. At each experimental temperature, the highest
solubility is that of aluminum chloride, followed by calcium, nickel
and sodium chlorides.

Solubilities of these metals as chlorides increase with
temperature, and so saturated solutions of these metal chlorides will
predipitate as their temperature is decreased. Thus, they will be filtered
out of the process solution after it is cooled from 473. K to 373. K en
route to the unit's filter. Build-up of salts in the DETOX®™ process
solution will be limited to their solubilities at approximately 373. K.
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4.0 Conclusions

The solubilities of several metals in the DETOX™ solution, and
some of the physical properties of the resulting solutions, were
successfully measured.

In general, the specific gravity, surface tension, and viscosity of a
DETOX™ solution saturated with a metal or metal chloride are
functons of the concentration of the metal or metal chloride.

Specific gravity, surface tension, and viscosity tended to be
greater for the salt solutions than for pure DETOX™ solution. Overall,
the effects of soluble materials in the DETOX™ solution should be
smaller bubble sizes, increased stirrer energy use, and longer bubble
residence times.

The majority of any metal or alloy added to the DETOX™
solution is oxidized by ferric ion, thus minimizing hydrogen
generation during processing of wastes containing metals or alloys.

The solubility of sulfate anion in DETOX®™ is 0.022 M. Low levels
of sulfate contaminants can be efficiently precipitated from a 1.0 M
calcium/DETOX®™ solution as caldum sulfate.

Of the four metal chlorides tested for solubility versus
temperature, aluminum chloride had the highest solubility, followed
by calcium chloride, nickel chloride, and sodium chloride. The
solubilities at 373. K (the temperature at which the DETOX®™ process
solution will be filtered) are approximately 319., 276., 183., and 77. g/1,
respectively. All of the four chloride salts’ solubilities increased with
increasing temperature.
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1.0 INTRODUCTION

This report documents Precperaticnal Procsss Hazards Review (PPHR)
of process safety hazards assoclated with =he installation and
operation ¢I the Deipnhi DETOX(sm) waste Creatmen:I unit
dercnstraticn (see 2pperdix A). The purpese of this PBER is tO
nsure that adequate preoiscolive measures are in place for all
process hazards which may oocur Guring setup and cperation cf this

Le treatment R & D Cemoristration at TNX test facilities.

1.1 Basis for the Project

In an effort to deal with the increasing quantities of hazardous
and mixed waste produced T the DCE carpiex, approval was given to
test and demonstrate the viapility of wvarious waste
treatment/volume reduction technologies as alternatives to
incineration. The Delphi DETOX{sm) system was chosen to be
develcped to treat mixec waste with a catalyzed wet oxidation
treatment process. ThX at SRS was selected as the demcnstraticon
site. This project includes installation and operation of th
self-contained DETOX(sm) system and persomnel in building 673-T as

11 as the safe operation of the system. Over a 10 month pericd,
various chemical simulants will be used during the demonstraticn
as well as liguid and soli’d organic hazardous materials produced
at SRS. Based on the results of this validation process, the
technology will be commercialized and used wicdely for waste
management, pellution prevention, and other environmentally

beneficial applications.
1.2 Description of the Delphi DETOX(sm) Demonstration Unit

The damonstration unit consists of several transportable sections
that are fie’d connecced by process piping and structural
connections. Process equirrent incluces:

« A solid waste hopper and shredder located at the top of the unic
for imput into the process.

« Primary and secondary reactor vessels of 232 gallons and 162
galllons respectively. Aan agitator is a part of the primery
reactor designed to help ensure proper mixing of organics and
the DETOX(am) solution. Offgases fram the primery reactor are
routed to the secondary reacror




« A helical filter to remcve precipitares./solid residues

+ A gramiiar activated caron oed Lo rencve volatile organic
CATpPOUrGs

« HEPA filters o ramwve parziculate

« AN overheasd distillate receiver tanx —har Zeads Lo a waste water
« Process fLow punps

Various spill prevention features incluce:

« Unflanged vessel bottars

o Tantalum-iired titanium vesseis

+ Tantalum, titanium, and TEFLON lined pipe

« Placement of the entire unit in an impermeable contairment basin
sized to accamodate the tortal veime O Che largest vessel

+ Elevated pipes and vessels '

+ Plac it of liquids to e pumped InIC Che primary reactor in
the containment basin

« Placarent of the process portion of the nit and contairment
pasin in a puilding to prevent rairfa : from contacting and
exacerbating a spill

« Placarent of spill response kits, equiipped specifically for
potential DETOX(am) releases, at stratecic locations arourd the

equipment .

A system schematic of the equipment Is presented in Appendix A,
System Scheratic,

1.3 Description of Process Operation

The DETOX(sm) Cemonstration unit uses wet coxidation to transiorm
complex organic carpounds into carbon dioxide and water. Liquics,
siudges and solids are introduced tc the process via punps or
toppers. Dry solids are shredded or ctrerwise rendered suitable
for introduction into the system. Wet Cxidation reaction takes
place in the pressurized primary reacicor 392 F and 110 psig. The
oxidation of organics is performed by ferric iron with platinum
and ruthenium acting as co-catalysts. Cifgases from the primary
reactor are routed through a seccnd cxidation reactor that
cperates at similar conditions of texperature and pressure and
preovides treatment in a manner similar o the primary reactor.
Cverneads from the secondary reactcer are concdensed and caprured
for storage, neutralization and batch release to the waste water
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Creatment system. Waste water, prior to discharge, is neutralized
With agueous caustic ané ¢h tested. Tail gases are vented to
atmosphere after passage throuch a carbon oed.

1.4 Scope of Review
See Appercix A for a

unit. This PPHR incluces, but is not limited to, potential
orocess saiety hazards associated with unit setup and operations.

=~

crematic representacicn of the DETOX(sm)
i

)

2.0 SUMMARY

The possibility of exceeding the following PHR Accident Criteria
exists if the Action Items in this report are nct implemented:

Criceria
1. Single Fatality/Permanent Injury

A “What-If" method was used e review hazards associated with the
DETOX(sm) Uni:t. Potential hazards were reviewed against the
criteria listed in Appendix C. Action itews and recommendations
have been icderntified to mitigate hazards. Apperdix D details th
razards reviewed by the PHR team. Although not indicated in the
Screening Process Hazards Review, one hazard was determined by the
PHR team t0 have the possibility of exceeding the above PHR
accident criteria. Unless stated otherwise within an action item,
all action items listed in this report must pe corpleted beifore
the DETOX(sm) Unit is placed in service.

The hazards postulated in this process hazards review have the
potential of exceeding the following accident criteria:

A Bodily Imjury (fatality)

The following Accident Criteria are not expected to be exceecec
and can be anitted:

B.1l. Radiation Exposure {500 mrem - OCff-plant)

B.2. Radiation Exposure (5 rem - On-plant)

C. woss of Equiprent or Facilizies (> $1,000,000 SRS Oniy)
D Loss of Production (> six monchs)

E.1. Toxi¢ material - (IDLH - Off-planc
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E.2. Toxic material - (Erergency Acticn Level - On-
plant).
F. Nuclear Safery

3.0 REVIEW DETAILS

The review metrhoC seleczed for this PPHEE was the “Whnat-IZ*
Examiration methodology. Action Items were idenzified for hazards
that may exceed SRS Accident Criteria. Recommendations were
identified for potential hazards which would not exceed the
accident criteria. Details of the nazards and associated Action
Items/Recammendations identifieC by the PPFHR teams are presented
in Sectian 3.1.

3.1 DETOX(sm) Demonstration Unit

A PPER was conducted in June, 1936 con the setip and operation ci
the DETOX(sm) system at TaX located at SRS. Inn.addition to the
PPHR, a Design Hazard and Coerapllity Review was conducted oY
Deiphi Research, Inc., in cooperaticn with Jacob’s Applied
Technology - the company responsible for the fabrication of the
TETOX (sm) comporents. Representatives from TNX COperations, Solid
Waste, SRIC, EPD, Projects, and Delphi Research formed the PPRER
Ceam.

Appendix A of this report provides a schematic diagran

P

representative of the DEICK (sm) Unit.

The Preoperational PHR review team identified the following
nazards, ard subsequent action izems and recamendations. What-If
guestions that are associated with the action items or
recommendations are grouped ancd discussed for each hazard (see
Appendix D for a complete summary of all Whar-Ifs considered).
Action items and recomendations are intended to suggest functions
wnich, when operational, will satisfy :the action items and
recommendations. The mamner of the solution is not detailed here.
It is left up to the responsible organization to find the best and
most cost effective way to perform the function. Also, where
there are action items and recormendations which show more than
one group responsible, the recommendaticns and action items may
not apply to all parties equally. The hazards are sunmarized in
the following table: |




WSRC~PH-96~26
Revision O
Page 9 of 14

HAZARDS CRITERIA}| ACTION RECOMMENDATIONS
EXCEEDED | ITEMS

1. Hazardous Chanicais Al oA DC-R1, DD-22

2. Chemical Splash Nxe Nae -r3

3. Stagm _ Ny Nxe DC-R&, DD-55

4, Lightning Ne NTe =6

5. Fire Nane Nore D-R7

6. Greurding Nre Nme  [D-R8

7. Lack of Camunication Nxe e DD-R9,R1I0,R11,RE2

8. Darkress Nae Nere CC-R13, DD-Ri4

Hazard #1: Hazardous Chemicals

What-TF #1. Chemicals mix o form a ncn-evaluated chenical?

Most of the chemicals to be used during cthe 10 months of testing
will be stored in the T™X chemical s:zorage facility. Cremicals
already in storage at TNX could potentially mix with the Delphil
storec chericals and form a rew chemicai. The effect of this new
chemical would be unevaluated and ccu-d potentially cause a vapor
cloud or other hazard that could lead to a fatality.

Action Items

(DD-A1) Ensure that the list of chemicals to be used during the
DETOX (sm) demonscration is evaluated prior to new
chemical additions to the existing chenical inventory.

What-If #2: Process chemicals spill producing a harmful vapcr
or gas?

According to the chemical inventory provided by Delphi Research, a
potential hazard was identified in ar accident involving process
chemicals, especially HCL that could cause personnel injury if a
vapor cloud were to form and spread througnout the process
uilding.

Recommendations
(DD-R1) WSRC to provide spill kit to Delphi operators.
{(DD-R2) Evaluate building ventilaticn requirements.
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Hazard #2: Chemical Splagh
vhar-TF #3. There 1s _ow fiow Or low opressure on DETCX(sm) skid
safety srowers?
Cre sectiocon of the DEICK(sm) Unit nas inree levels with a heignt

of 30 ft. Water sumply for the unit will be provided by ™K. One
safety srower is built into tne skid on each level, If water
supply provided is rnot sufficient, safe:y showers could have low
flow or pressure and couid be ineffective in the event of an
energency in which an cperator does not have time to come down to
a lower level.

Recommendation
(DD-R3) Ernsure that sufficient flow ad pressure is available
ard tested.

Hazard #3: Steam
Wnat-If #4: A steam leak develcps?

Process piping comnects the various systems of the DETOX (sm) Unit.
Steam for the unit is provided by TNX with the existing
connections te 673-T. Although the process piping is insulated
and very littlie steam is used in the process, an accident scenario
could involve a steam leak near on one of the upper levels of the
gkid; creating a situation where an cperator may not be able to
prevent steam loss arnd-perscrnel injury.

Recommendations
{(DD-R4) Ensure that remte steam shut-off is available.
(DD-R5) WSRC to provicde steam trap and drain.

Hazard #4: Lightning .
What-If #5: Lightning strikes the process bullding or exterior
equipment. ?

Although taller buildings located in TNX have lightnin
suppression devices, 673-T does riot, leaving an opporturitcy for an
accident. Outside equipment, such as an 0il skid/heat excranger
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and other piping might alsc be in danger of a lightning strike
that could cause in‘ury and equipment damage.

Recommendation
{DD-R6) Have technical experts cCetarmine the need Zor lightning

suppressicn Zor bulldirg and outside camcrents.

Hazard #5: Fire

What-If #A: Fire starts armywhere in the process building?

A potential for fire requires sufficient fire suppression Cevices
and emergency response opportunities. Personnel injury anc
equipment damage could result fram any fire ignited by the process
or ary other source.

Recommendation ,

(DD-R7) Perform Fire Hazards Assessment and respond accordingliy

Hazard #6: Grounding

What-If #7. Insufficient grounding exists causing a voltage
potential between the skid and the process
building?

Originally identified during the Delpni Research/Jacob’s Applied
Engineering Design Hazard and Operability Review, it was left to
WSRC to provide adequate grounding for the building in which the
DETOX (sm) unit would be demonstrated. Proper grounding for th
skid itself is resolved as recammended by the previously mentiored
Design Hazard and Operability Review.

Recommendation
(DD-R8) WSRC responsible for adequate grounding
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Hazard #7: Lack of Communication
Whar-TF #8: A situation arises regquiring interaction with
erergency perscrnnel Ior evac.atlion, shelter, or

accountans 1icy?

Within 673-T, the DEIOX{sm) Unit will by hcused along with SRIC
R&D Aculv1t;es . Delphi operators will ccnduct the DETOX({sm)

demonstration from a control trailer located outside the process
building. Besides a FP.A. systam present in 673-T, there is no
other existing form of communication/interacrion between th
Delphi operators anc other TNX personriel. In the event of an
emergency involving the DETOX(sm) demonstratlon, the accitional
TNX proiect housed in 673-T, or any other locaticn cna site,
persormel injury cculd occur if prover action is not taken in
response to-situations requiring evacuatiocrn, shelter protection
and accountability. '

Recommendations

(DD-R9) Require Delphi operators to attend TNX Ops. meetings
and brief them on TNX prcjects housed within or near
673-T (ard vice-versa).

(DD-R10) Provicde radics, phones and more P.A. speakers

what-If #9: A situation arises requ rinrg immediate action
between the control trailer and the unitc?

This accident scenario is similar to the cne described in the
previous "What If® Situacion. With the DEICX(sm) contrei craller
located in a different room than the process equipment and there
being no “hard” communication connecting the two, there is the
potential for-a situation to arise causing injury or eguipment

damage due to a lack of interface.

Recommendation
(DD-R11) Ensure battery powered egress lighting
(DD-R12} Require Delphi operators to carry L_asnligh:s
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Hazard #8: Darkness

What-1% #30: There is a loss of elecirical power and persomnel
camnot Zind egress?

A loss of electrical power invites perscrnel Injury cue to & lack
of emergency lighting within 673-T. Descent “rom a ugeer ievel
cf the skid could ke hazardous.

Recommendation

(DD-R13) Sare as (OD-R10)

(DD-14) Conduct a readiness review gricr to the start of testing

4.0 NEXT REVIEW DATE

The process hazards discussed in this report are associared with
the Delphi DETOX(sm) Unit. Due to the limited demonstration time
of this systen, a review cf this PHR will only be necessary in the
event of an incidenc investigation at the request of the Prircipal
Investigaticn or facility manager.
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APPENDIX C

PREQOPERATTONAT,
PROCESS HAZARDS REVIEW

ACCIDENT CRITERTA




Category

A. Personnel Safety:
1. Bodily Injury
2. Radiation Exposure
a On plant

b Off plant

3. Toxic Material
a Onsite

b Offsite
B. Loss of Equipment or
Facilities
C. Nuclear Safety

D. Loss of Production

Criteria
Fatality

5 rem (extermal pius
camitted effective dose
equivalent).

500 mrem (All pathways).
Atmospheric release: 25
mrem/year to individual.
Liquid release: 4 mrem/year
to individual.

Immediately Dangerous to Life
or Health (IDIEH).

Emergency Action Limit.
$1,000,000 (inclucdes clean up
costs) .

Uncontrolled Nuclear
Criticality

Six Months or more




APPENDIX D

PREQPERATIONAT,
PROCESS HAZARDS REVIEW

“WHAT IF” EXAMINATION RECORD
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Appendix G — Fire Hazards Analysis
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UNCLASSIFIED

Westinghouse Savannah River Company F-FHA-T-00003
Fire Hazards Analysis for Revision 0
Building 673-T, Deiphi DETOX™ Process 71197

Page 2 of 25
EXECUTIVE SUMMARY

This document is a Fire Hazards Analysis for Building 673-T, but is limited in scope to the
impact of the new Delphi DETOX™ Process.

The analysis reviewed the construction features, combustible loading, and process hazards
to determine the potential fire scenario, and the building and equipment values and damage
estimates to determine the resulting fire loss. The evaluation determined that the
maximum possible fire loss is less than $10 million, and therefore automatic sprinklers are
not required by DOE Order.

The electrical classification of the building was reviewed and a section of the building high
bay area will now require Class 1, Division 2 electrical equipment.

Deficiencies were noted in this review and are listed in section 4.2 of this FHA.

Items affecting this analysis and yet to be installed are listed in section 4.3 of this FHA.
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1.0

INTRODUCTION

Building 673-T is a pilot process facility used for Defense Waste Process Facility
Canister studies and the Delphi Research, Inc. DETOX™ process. This building is
not defined as “vital” to the DOE Savannah River mission,

The objective of this Fire Hazards Analysis (FHA) is to evaluate the impact of the
Delphi DETOX™ installation on Building 673-T. It also determines the maximum
possible fire loss (MFPL) for the building. :

This evaluation is based on current national codes and standards. This document
treats portions of the building modified by installation of Delphi DETOX™
equipment as “new” as defined by the national codes and standards. Other

_portions of the building are treated as “existing”.

This FHA is based on the current process and proposed modifications defined in
available design documents. Any process or design modifications made after the
issue of this document will require additional review and, if required by the review,
revision to this document. '

1.1 Limitations

The scope of this FHA is limited to the major items required to support the
Delphi DETOX™ process. To the extent practical, the content required for
a standard FHA was included, but any analysis outside the scope limitations
was not carried out which is consistent with a graded approach for
commercial-type operations at the Savannah River Site. The following
limitations apply to the scope of this document.

* The impact of the Delphi DETOX™ installation on the existing facility.
* The current MPFL values for the building,

* The electrical classification of the building and Delphi DETOX™
process area.

The analysis of the modifications is based on the available design
documents. The proposed changes are compared to the existing facility to
determine the impact of these changes. The new designs are also
compared to the requirements found in the codes and standards regarding
fire protection.
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1.2 Assumptions

1.3

This FHA assumes that all currently installed fire protection equipment is
fully operational. A detailed evaluation of existing systems and equipment
was not made. Facility equipment is inspected and tested on periodic basis
by the facility and SRS Digital Controls & Systems personnel to confirm
this assumption. This FHA also assumes that fire protection equipment
installed on the Delphi DETOX™ modules is operational and will be
inspected or tested in compliance with applicable codes and standards.

This FHA assumes that the following NFPA Codes will be used in -
applicable operations for the Delphi DETOX™ process.

NFPA 10, Portable Fire Extinguishers

NFPA 13, Installation of Sprinkler Systems

NFPA 30, Flammable and Combustible Liquids Code

NFPA 50, Bulk Oxygen Systems at Consumer Sites

NFPA 55, Compressed and Liquefied Gases in Portable Cylinders
NFPA 70, Nationat Electric Code

NFPA 101%, Safety to Life from Fire in Buildings and Structures
NFPA 111, Stored Electrical Energy Emergency and Standby Power
Systems

* NFPA 780, Installation of Lightning Protection Systems

Fire Severity, Calculations, and Fire Modeling Bases

No special fire modeling methods were used in this analysis. Fire spread
was determined by relative severity based on combustible loading in
various areas. Walls were assumed to inhibit, but not prevent, the spread
of fire.

Replacement values for the existing building were determined from the
Investment and Replacement Value and Plant and Equipment Replacement
Costs data base. The estimated project cost for equipment and
construction determined the value added to the building. The replacement
cost estimated for high value equipment was used to allocate the total cost
of the facility to certain areas. This allocation of cost formed the basis for
determining the loss estimates from different fire scenarios. Table 1 lists
the estimates used in the determination.
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2.0

Table 1 - Replacement Cost Estimates

Replacernent | Replacement Total
Cost of Cost of Replacement
Building Contents Cost
Existing $1,321,002 { NA | $1,321,002
Facility
Delphi
DETOX™ N/A $4,500,000 | $4,500,000
Process
Delphi
Laboratory $25,000 $225,000 $250,000
Trailer
Qil Heating /
Chiller Unit N/A $250,000 $250,000
Effluent ‘
Water Tanks N/A $25,000 $25,000

2.1.1.1

FACILITY DESCRIPTION, CLASSIFICATION, AND PROCESSES

This section provides an overview of the existing facility and the proposed changes
by the installation of the Delphi DETOX™ process. This section does not include
analyses of fire protection features.

General Description and Location

2.1.1 Building 673-T

General Information

Building 673-T is a single story structure measuring 62
feet x 81 feet x 50 feet high. The pitched roof and
exterior walls are constructed of corrugated sheet metal
supported by a steel frame on a concrete pad. There is no

access to the roof. The facility is centrally located in the

TNX area as shown in Attachment A.

The office area contains typical amounts of Class A
materials such as office furniture, computers, printers,
paper, and file cabinets. There are no flammable
chemicals, gases, or open flames used in this area. The
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2.1.1.2

combustible loading of this area is “Ordinary” based on
the Hazard Categories as listed in Table Al-2 of the
WSRC FHA guideline. The facility does not contain an
automatic suppression system. The office room is the
only area monitored by a smoke detection system.

Construction Classification

The facility meets the requirements of Type II-N as
outlined in Table 17-A of the Uniform Building Code.
This is equivalent to Type I1(000) in NFPA 220.

2.1.2  Delphi Laboratory Trailer

2.1.2.1

2.1.2.2

General Information

The Delphi Laboratory Trailer is a single story structure
measuring 12 feet x 24 feet x 8 feet high The pitched
roof and exterior walls are constructed of wood supported
by a wood frame approximately 3 feet above grade.
There is no access to the roof The structure is located
north of Building 673-T.

The office area contains typical amounts of Class A
materials such as office fumniture, computers, printers,
paper, and file cabinets. There are no flammable gases or
open flames used in this area. Approximately 4 ml of a
methanol-based chemical will be stored in a flammable
liquid storage cabinet for infrequent use in calibration of
laboratory equipment. The combustible loading of this
area is “Ordinary” based on the Hazard Categories as
listed in Table Al-2 of the WSRC FHA guideline. The
facility does not contain an automatic suppression system
or a detection system.

Construction Classification

The facility meets the requirements of Type V-N as
outlined in Table 17-A of the Uniform Building Code.
This is equivalent to Type V(000) in NFPA 220.
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2.1.3 Delphi DETOX™ Oil Heating / Chiller Unit

2,1.3.1

2.1.3.2

General Information

The Delphi DETOX™ Oil Heating / Chiller Unit (module
#3) is a single story structure measuring 18 feet x 9 feet x
11 feet high The unit has no exterior walls or roof. The
equipment is constructed of metal supported by a metal
frame on a concrete pad. The structure is located west of
Building 673-T.

Located on the top of module #3 is the heat exchanger
unit measuring 25 feet x 8 feet x 10 feet high. This metal
contains a cooling coil body with two fan units passing air
upward across the coils.

The ol chiller is a single level one piece unit mounted to
the concrete slab north of module #3. The unit measures
22 feet x 7 feet x S feet high and is constructed of metal.

Module #3 contains no combustible materials. There are
no flammable chemicals, gases, or open flames used in this
area; however, Dow Chemicals SYLTHERM?® 800 oil, a
non-conducting fluid with the potential to build-up a static
electric charge, is used in the process. Additionally,
during portions of operation, the SYLTHERM® 800 oil
(flashpoint - 320° F) is heated to 500° F. The current
design does not provide for bonding or grounding of pipes
containing SYLTHERM? 800 oil above lts flashpoint as
required by NFPA 30.

The combustible loading of this area is low based on the
Hazard Categories as listed in Table A1-2 of the WSRC
FHA guideline. The facility does not contain an automatic
suppression system or a detection system.

Construction Classification

The facility meets the requirements of Type II-N as
outlined in Table 17-A of the Uniform Building Code.
This is equivalent to Type I1(000) in NFPA 220.
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2.1.4 Occupancy and Hazard Classification

The hazard class designation in WSRC-TR-94-0392, TNX Area
Hazards Assessment, is Non-Nuclear, Low Hazard for the entire
building.

These facilities are classified as a special purpose industrial
occupancy as defined in NFPA 101®, Chapter 28.

The fire hazard class, as defined in NFPA 13, is Ordinary Hazard,
Group 1.

The area within $ feet around the liquid transfer line to the reactor
(including the space directly under this § foot area) is classified as :
Class 1, Division 2, Groups C & D electrical for a hazardous area i
as defined by NFPA 70, Article 500. The area 25 feet horizontally
from this transfer line at or below 3 feet from the floor is also
classified as Class 1, Division 2, Group D electrical for a hazardous
area as defined by NFPA 70, Article 500.

At each of the oil lines that can contain SYLTHERM® 800 oil at
temperatures above its flashpoint, the following areas near potential
leak points (flanges, valves, pumps, threaded connections, etc.) are
classified as Class 1, Division 2 electrical for hazardous areas as
defined by NFPA 70, Article 500.

¢ Inside Building 673-T

The area within 5 feet around the above cil lines (including the
space directly under this 5 foot area). The area 25 feet
honzontally from these oil lines at or below 3 feet from the
floor.

¢ Qutdoors

The area within 3 feet around the above oil lines (including the
space directly under this 3 foot area). The area 10 feet
horizontally from these oil lines at or below 18 inches above
grade. '
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2.2

2.3

Facility Operations and Processes

Building 673-T is a multi-use facility for both DWPF containerization
equipment development and the Delphi DETOX™ Process. It houses a
process area, an office area, and an abandoned telecommunications room
located in the northeast comer. The process area is used for cutting non-
radioactive. DWPF glass canisters and the operation of the Delphi
DETOX™ process.

A portable laboratory / office trailer is located approximately 10 feet north
of Building 673-T. This facility will be used to analyze samples from the
Delphi DETOX™ process.

A separate Dow Chemicals SYLTHERM® 800 oil heating / chiller unit is

-~ installed approximately 35 feet west of Building 673-T. This unit is

designed to heat the SYLTHERM?® 800 oil to S00° F and pumps it to the
heating coils in the Delphi DETOX™ reactor to facilitate the initial
reaction. Once the reaction begins, the unit will provide chilled oil to the
reactor cooling coils to remove unwanted heat from the process.

These facilities do not contain nuclear process systems, critical or high
value equipment, or safety class components. They are normally occupied
during daily business hours. When the Delphi DETOX™ process is in
operation, these facilities will be occupied 24 hours per day, five days a
week. The maximum number of occupanis for Building 673-T during
normal operations is estimated to be 10 people.

The maximum number of occupants for the laboratory trailer is estimated
to be 3 people.

Facility Information
2.3.1 Utilities and Services

Substations located south of the building supply primary power to
the building. The power is supplied to the Building 673-T Motor
Control Center (MCC) located in the southwest corner of the
building, which contains both primary power panels and standby
power panels. Power to the Delphi DETOX™ process is supplied
from substation 652-22T breaker 3B directly to the Delphi
DETOX™ process MCC building located in the north bay area.
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Power to the laboratory- trailer.is supplied through the Delphi
DETOX™ process MCC building which contains a Uninterruptible
Power Supply (UPS) system for backup power for the Delphi
DETOX™ process.

2.3.2 Special Conditions or Hazards

As given in a fax from Delphi Research, Inc., dated 4/22/97, normal
“dry” feed runs of the Delphi DETOX™ process will consist of
‘ordinary combustible items (plastics, rubber, etc.) placed in a 55
gallon drum with a closed, 500 milliliter vial containing 350
milliliters of surrogate materials used to simulate contaminants
(approximately 41 grams Naphthalene, 105 grams Chlorobenzene,
and 105 grams Dichlorobenzene). The drum is physically :
transferred to the third level of module #1 and dumped into a -
grinder hopper with a hood vented to the process off gas system. 5
Upon startup of the grinder (which breaks the vial and mixes the
components), a water spray covers this surrogate feed mixture.
The mixture is then transferred to the reactor vessel for processing.

During normal “wet” feed runs, a 55 gallon drum of pre-mixed
acetone / toluene solution is connected to the closed wet feed
transfer system and the solution pumped directly to the reactor
vessel for processing.

As pant of the feed stock solution, mineral oil is added at ambient
temperature through the wet feed transfer system to the reactor.

Per the current design, 2 pressurized gas cylinders will be located
northwest module #2 on the wall of the high bay area. These
cylinders will contain non-flammable gas used for instrument
calibration.

During processing and neutralization activities, heated caustic
solution is added at 140° F downstream of the overhead distillate
tank to stabilize pH in the system.

During processing, trace amounts of VOC’s will be released into
the DETOX™ vent system. However, these amounts will be well
below hazard levels and system monitors will be installed requiring L
process shut down should high VOC levels be encountered. ;
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3.0

As part of the process, a 6000 gallon liquid oxygen tank will be
installed outdoors and east of the building. Per the current design,
oxygen will be supplied to the Delphi DETOX™ reactor at 3300
SCFH using 1-1/2" schedule 80 stainless steel pipe. This oxygen
supply will be used to regenerate the iron oxidant inside the reactor
vessel.

As a supplemental safety system, 100 gallons of water secured in an
overhead tank is designed to automatically quench the reactor
vessel in the event that a high temperature is attained, thereby
stopping the reaction process when the limit signal is received by
the control valve on the quench tank drain line. This quench system
also contains a manual backup. In addition, a rupture disk is
installed on the reactor vessel should excessive pressure build up.

Backup power for the unit is provided with batteries in a UPS
configuration.  Hydrogen generation calculations have been
performed showing adequate ventilation in the MCC to maintain
hydrogen concentrations below lower explosive limits.

FIRE PROTECTION ANALYSIS

This section describes the facility’s existing fire protection features and systems.
The scope of this FHA does not include a detailed design review.

3.1

3.2

Fire Area Definition

Because this facility contains no passive fire protection features, the entire
building is considered one fire area. The portable laboratory module
located north of the building and the Delphi DETOX™ oil heater / chiller
unit (module #3) are installed at appropriate separation distances from the
facility and are therefore considered separate fire areas.

Fire Area Analysis

3.2.1 Building 673-T

3,2.1.1 Fixed Automatic Systems

There is no automatic suppression installed in this facility.
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3.2.1.2 Manual Systems

Portable dry chemical fire extinguishers are located
throughout the building proper in accordance with NFPA
10. Facility personnel inspect these extinguishers monthly
and the SRS fire department inspects them annually.

Portable dry chemical fire extinguishers will be located
throughout the Delphi DETOX™ modules in accordance
with NFPA 10. According to the current revision of the
Delphi Safety Manual, Delphi personnel shall inspect these
extinguishers monthly and the SRS fire department will
inspect them annually.

3.2.1.3 Detection and Alarm Systems

Smoke detection is installed in the facility office area,
covering approximately 400 . There are 2 pull stations
located at the north and east exits from the facility.

3.2.1.4 Passive Protection and Features

There are no passive fire protection features installed
within this facility.

3.2.1.5 Smoke and Heat Ventilation

There are no smoke and heat ventilation features installed
within this facility.

3.2.2 Delphi Laboratory Trailer

3.2.2.1 Fixed Automatic Systems

There is no automatic suppression installed in this facility.

3.2.2.2 Manual Systems

Portable dry chemical fire extinguishers will be located
throughout the building in accordance with NFPA 10.
According to the current revision of the Delphi Safety
Manual, Delphi personnel shall inspect these extinguishers
monthly in accordance with NFPA 10 and the SRS fire
department will be notified to inspect them annually.
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3.2.2.3 Detection and Alarm Systems

There is no smoke detection system or manual pull station
installed in this facility as personnel will be wamed by the
fire itself due to the small size of the building.

3.2.2.4 ~ Passive Protection and Features

There are no passive fire protection features installed
within this facility.

3.2.2.5 Smoke and Heat Ventilation

There are no smoke and heat ventilation features installed
within this facility.

3.3  Water Supply and Manual Fire Attack
3.3.1 Water Supply Analysis

Hydrant #3007 is located approximately 45 feet southeast of the

' facility. Hydrant #3008 is located approximately 130 feet northeast
of the facility. Each of these hydrants is supplied by the 8 inch area
compound loop distribution system. Water is supplied to the
system via a diesel fire pump rated for 1000 GPM at 100 psi. Flow
tests on November 20, 1996 show that the pump can provide 1500
GPM at 65 psi. The fire water supply is tested weekly by facility
personnel and is properly maintained.

i 3.3.2 Manual Attack and Emergency Response

The F-Area Fire Station provides the primary response to a fire
alarm at TNX, with the L-Area Fire Station as the secondary
response. The estimated response times from these areas are
approximately 18 minutes. The first unit will respond with a single
pumper truck with a 1250 GPM pump and a 1000 gallon tank.
Other support vehicles respond according to the type of alarm.

The Building 673-T facility custodian is trained as a fire warden.
During operations, the Delphi DETOX™ unit will be continuously ;
manned. 1
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34 Life Safety Analysis

This section deals with life safety features and components in the facility.
It includes only the significant features observed.

3.4.1 Building 673-T

3.4.1.1

34.1.2

3.4.1.3

Occupancy Classification and Occupant Loading

Building 673-T is classified as a Special Purpose Industrial
Occupancy. In accordance with NFPA 101%®, the
calculated occupant load is 50 people, which exceeds the
estimated maximum occupant load of 10 people. ‘

Stairs and Vertical Exits

Access to the upper levels of Delphi module # 2 and the
north section of Delphi module #1 is accomplished
through stairs located on the north edge of the unit. Most
of these stairs meet the minimum NFPA 101°
requirements. However, the stairs from the second level
of module # 2 to the third level of module # 1 have
deficiencies as noted in section 4.2.

According to the design sketch in the 4/17/97
memorandum from Delphi Research, Inc. to WSRC,
access the south and west section of levels 2 and 3 on
Delphi DETOX™ module #1 is to be accomplished
through one platform of temporary scaffolding with a
ladder installed.

Since the means of egress on the north side of these
platforms cannot be accessed from the south portion of
the upper levels, the scaffolding for the south platform

areas shall comply with NFPA 101®.

Door Widths, Horizontal Exits, Aisles, and Travel
Distances

A. General Building

Building 673-T has 3 exits leading directly to the
outside from all general areas of the building,
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3.4.1.4

3.4.1.5

providing an egress capacity of approximately 510
people using an average door width of 34 inches.
Other than the east exit from the office area, there are
no enclosed corridors. A containment wall with a 36
inch door has been placed over the north opening from
the high bay area. On the building floor, the maximum
common path of travel is less than 50 feet. Travel
distance from the most remote point to the nearest
exit is less than 200 feet.

All existing exit access routes and exits meet or
exceed the minimum width of 28 inches.

B. Unit Modules

The common path of travel from the third level of
module #1 to the bottom of the existing exit stairs is
83 feet, which is greater than the 50 feet allowed by
NFPA 101%. Travel distance for the north exit from
the module is less than 200 feet. Exit access routes
and exits for the module meet or exceed the minimum
width of 36 inches.

Exit Signs and Emergency Lighting

Each existing building exit has an internally illuminated
sign as required by NFPA 101%.

Battery powered emergency lights are situated throughout
the building floor area in accordance with NFPA 101%.

The current design utilizes the Delphi UPS to power
modules #1 and #2 lights as emergency lighting.
However, it is indeterminate as to whether or not NFPA
111 requirements were met in the design and installation
of the UPS. In addition, the UPS will only supply power
for 1 hour, not the required 90 minutes per NFPA 101%.

Occupant Notification

A public address system is installed throughout the
building and personnel confirm that it can be heard in all
areas.
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The fire alarm has one buzzer in the process area located
on the north high bay wall.

3.4.2 Delphi Laboratory Trailer

3.4.2.1

3.4.2.2

3.4.2.3

3.4.2.4

Occupancy Classification and Occupant Loading

The Delphi Laboratory Trailer is classified as a Special
Purpose Industrial Occupancy. In accordance with NFPA
101°, the occupant load shall be the maximum number of
persons to occupy the area under any probable conditions
(10 people).

Stairs and Vertical Exits

Landings and stairs have been be provided for each exit
from the building.

Door Widths, Horizontal Exits, Aisles, and Travel
Distances

The laboratory has 2 exits leading directly to the outside.
There are no enclosed corridors. The maximum common
path of travel is less than 50 feet. Travel distance from
the most remote point to the nearest exit is less than 200
feet. All exit access routes and exits meet or exceed the
minimum width of 36 inches.

Exit Signs and Emergency Lighting

Because of the small size of the trailer and the means of
egress are obvious to personnel, exit signs are not
required by NFPA 101°®.

The current design utilizes the Delphi UPS to power
trailers lights as emergency lighting. However, it is
indeterminate as to whether or not NFPA 111
requirements were met in the design and installation of the

‘UPS. In addition, the UPS will only supply power for 1

hour, not the required 90 minutes per NFPA 101°.
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3.5

3.6

3.7

3.4.2.5 Occupant Notification

In accordance with WSRC-PH-96-36, Pre-Operational
Process Hazards Review for Delphi DETOX™ Unit,
Recommendation DD-R10, Delphi personnel shall be
provided with radios and telephones. In addition, a
speaker connected to the area PA system has been
installed in the laboratory trailer.

Fire Exposure Analysis

This section only deals with the exposures to Building 673-T from new
installations within the Delphi DETOX™. These exposures involve the
installation of the new Delphi Laboratory Trailer north of the facility, the
Delphi DETOX™ Oil Heating / Chiller Unit and the new oxygen tank
installed east of the facility.

Per DOE-STD-1088-95, Fire Protection for Relocatable Structures,
section 6.1, the required separation distance between this structure and
Building 673-T of 10 feet has been met.

The Oil Heating / Chiller Unit is located 35 feet west of building 673-T.
Dow Chemicals SYLTHERM® 800 oil is heated in this process to 500° F,
which is well above the oil’s flashpoint of >320° F. However, because of
the unit’s construction and low fire hazard, it presents no exposure to
Building 673-T.

The oxygen tank will be installed approximately 10 feet from the outside

.. east wall of Building 673-T, which is greater than the minimum required by

NFPA 50. Therefore, this tank is not considered an exposure to Building
673-T.

Natural Phenomena Hazards Fire Impacts

Per the Delphi DETOX™ Process Hazards Review, the only natural
phenomena considered a threat to this facility is a lightning strike. To
mitigate this potential difficulty, lightning protection shall be installed on
Building 673-T. This lightning protection shall meet the requirements of
NFPA 780, Installation of Lightning Protection Systems.

Review of Existing Fire Protection Findings

There are no open fire protection findings for this facility.
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40 ANALYSIS RESULTS AND CONCLUSIONS
4.1 Summary of Analysis Results

The facility as designed has several deficiencies that must be resolved prior
to operation of the DETOX™ unit. Included are several means of egress
issues involving stair configuration and common path of travel lengths. In
addition, several applicable fire protection items yet to be installed have
been identified.

4.2 Tabulation of Deficiencies

The items listed below were noted as deficient in this analysis. These items
shall be resolved prior to operation of the Delphi DETOX™ process.

4.2.1 Delphi DETOX™ Unit Modules #1 and #2

¢ The common path of travel from the third level (north) of
module #1 to the ground is 83 feet, exceeding the maximum of
50 feet allowed by NFPA 101% for special purpose industrial
occupancies.

* The stairs between the second level of module #2 and the third
level of module #1 do not meet the minimum requirements of
NFPA 101°® as follows.

Ttem Requirement Actual
Tread Depth > 10" 9”
Handrail Height 34" to 38" 30"

* No complete design meeting NFPA 101® requirements exists
for egress from the south platforms.

¢ The current design utilizes the Delphi UPS for emergency
lighting, however, it is indeterminate as to whether or not
NFPA 111 requirements were met in the design and installation
this system, nor does the UPS provide 90 minutes of emergency
lighting as required by NFPA 101°,
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4.2.2 Delphi Portable Laboratory Trailer

¢ The current design utilizes the Delphi UPS for emergency

lighting; however, it is indeterminate as to whether or not
NFPA 111 requirements were met in the design and installation
this system, nor does the UPS provide 90 minutes of emergency
lighting as required by NFPA 101%.

4.2.3 Delphi DETOX'™ Oil Heating / Chiller Unit

TNX Operations equipment in the electrical hazardous area
around potential hot oil line leak points is not designed to Class
1, Division 2 requirements.

Current design does not provide for bonding or grounding of
pipes containing SYLTHERM?® 800 oil above its flashpoint as
required by NFPA 30.

4.3 Installation ftems to be Completed

7 NOTE: Completion of the following items shall be considered to resolve

the deficiencies listed in section 4.2.

4.3.1 Building 673-T

Install lightning protection for the building in accordance with
NFPA 780.

Install portable dry chemical fire extinguishers throughout the
Delphi DETOX™ modules in accordance with NFPA 10,

Issue a technical position paper regarding the module #1 third
level stairs.

Install scaffolding or other equipment complying with the
requirements of NFPA 101® for access and egress from the
south areas of module #1.

Install a second means of egress complying with the
requirements of NFPA 101® from the north areas of modules #1
and #2.

UNCLASSIFIED




UNCLASSIFIED
Westinghouse Savannah River Company F-FHA-T-00003
Fire Hazards Analysis for Revision 0
Building 673-T, Delphi DETOX™ Process 71197
Page 22 of 25

4.4

* Either verify that the Delphi UPS system is designed, installed,

and will be maintained to NFPA 111 and will supply 90 minutes
of emergency lighting as required in NFPA 101®, or install
battery powered emergency lighting throughout the modules as
given in NFPA 101°.

4.3.2 Delphi Portable Laboratory Trailer

e [Install pdrtable dry chemical fire extinguishers inside the trailer

in accordance with NFPA 10,
Install telephone lines to the trailer.

Either verify that the Delphi UPS system is designed, installed,
and will be maintained to NFPA 111 and will supply 90 minutes
of emergency lighting as required in NFPA 101%, or install
battery powered emergency lighting in the laboratory trailer as
given in NFPA 101%,

4.3.3 Delphi DETOX"™ Qil Heating / Chiller Unit

Install a wall break at the transformer south of the oil heating /
chiller unit to separate this equipment from potential leaks at the
piping flanges of lines containing SYLTHERM 800% above its
flashpoint.

Design and install bonding or grounding for pipes containing
SYLTHERM?® 800 oil above its flashpoint.

4.3.4 Delphi DETOX™ Oxygen Tank

Install the oxygen tank system per NFPA 50.

Conclusions

The Delphi DETOX™ unit operation involves significant fire protection

- isstes due to the presence of both flammable and combustible liquids in the

process. However, these items can be mitigated through proper design and
rigorous fire protection practices in this facility. Once appropriate design
and practices are outlined and implemented by the operating agency, this
system can be allowed to begin operations.
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APPENDIX A

TNX Area Map
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APPENDIX B

Delphi DETOX™ Modules Layout
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1.0 Introduction and Objectives of Validation Program

Government and industry are actively seeking and supporting the development of new -
and innovative technologies for the management, prevention, and treatment of
hazardous and toxic wastes, Interest in implementing new approaches and technologies
is continually increasing due to an expanding understanding of the long- and short-term
hazards associated with such wastes, the liabilities and costs of managing and treating
the wastes, and public demand for improved protection of health and the environment.

One important step leading to the implementation of new and innovative waste
treatment technologies is the demonstration of such technologies to generate reliable
performance and applicability information. These demonstrations are typically
conducted in the field with actual or surrogate wastes and are closely monitored to
ensure the validity and reliability of data obtained.

Demonstrations of a new and innovative technology will be conducted at two -
Department of Energy (DOE) facilities in 1997 and 1998. The technology to be
demonstrated, DETOX®™, is a catalyzed wet oxidation technology which offers a non-
combustion altenative for the oxidation of organic wastes as well as a method for
extracting and accumulating toxic and radioactive metals from wastes. The technology,
developed and patented by Delphi Research, Inc., will be demonstrated 10 assess its

performance in treating a range of wastes and waste matrices representative of those
found within the DOE complex, '

All activities related to the demonstrations are being performed under an Industry
Programs technology development contract managed by the DOE Federal Energy
Technology Center (FETC) for the Environmental Management (EM) Office of
Science and Technology Demonstration. Demonstration site needs are being supported
by the Mixed Waste Focus Area (MWFA) and DOE EM site organizations.

During the performance of the DETOX™ demonstrations, a third party validation will
be conducted by Arthur D. Litile, Inc. The objective and purpose of this validation are
described in the box below.

A plan for the validation of the DETOXM technology is presented in this document.
The Validation Plan includes a description of the approach for technology validation as
well as background information relating to technology development, the technology

demonstrations, and the roles of the various stakeholders in the implementation of the
technology.

This Plan is intended to complement rather than duplicate existing documentation
prepared by Delphi Research, Inc., including the Demonstration Test Plan

(October 22, 1996) and the Sampling and Analysis Plan (October 25, 1996 and
January 16, 1997-revised). Specific details regarding the technology, conduct of the
demonstration, and coordination of stakeholders are found in those plans.

An independent en%lneering, technical, permitting, and safety assessment of the
integrated DETOX*™ process will be performed to confirm various technology
characteristics relating to performance (including system integrity, reliability, and
maintainability) environmental compliance, safety, and cost. The results of the
validation may be used to assist in the removal of barriers to technology

implementation and 1o facilitate acceptance of the technology by potential users and
state and federal regulatory agencies.
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