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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
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EXECUTIVE SUMMARY

This report was sponsored by the Mixed Waste Integrated Program (MWIP), which was
established by the Department of Energy (DOE), Office of Environmental Restoration and
Waste Management (EM), Office of Technology Development (OTD). DOE/EM carries the
charter to direct and coordinate waste management and site remediation throughout the DOE
complex. Within EM, the OTD established the MWIP to identify and develop new
technologies for treatment of DOE low-level mixed waste.

MWIP is organized into five technical areas, divided according to treatment technologies
required to operate a fully integrated waste processing facility: (1) Front-End Handling;

(2) Chemical/Physical Treatment; (3) Waste Destruction/Stabilization; (4) Offgas Treatment;
and (5) Final Waste Forms Production and Assessment. The purpose of this structure is to
coordinate related activities within each technical area, such as evaluation and guidance of
technology development projects and development of Technical Area Status Reports
(TASRs).

This report represents the second TASR for the Second-Stage Destruction and Offgas
Treatment technical area. The first TASR! was published in September 1992. This (second)
TASR updates technology information, a design methodology for air pollution control
systems for mixed waste treatment, and technology development needs for DOE/EM. The
TASRs form the basis of a technology development program that addresses the highest
priority DOE environmental needs and is coordinated with other technology development
efforts both inside and outside DOE.

The main functions of the second-stage destruction and offgas treatment system are to
treat the gaseous effluent from the primary treatment process to acceptable levels for release
to the atmosphere. Specific functions include (1) destruction of volatile organics; (2) capture
of particulate matter; (3) capture of volatile metals; (4) capture and control of volatile,
condensed-phase, and solid-phase radionuclides; (5) control of acid gases; (6) NOx
abatement; and (7) gas cooling and reheating as required to perform these functions.

APPROACH

A systems analysis is fundamental to the MWIP approach. The first step is to define the
waste streams to be treated. DOE has just completed a report? documenting waste streams,
treatment capacities, and technologies across the DOE complex. Once the waste streams are
defined, treatment technologies can be selected. DOE’s approach is to use existing
technologies where possible. If modifications or new technologies are necessary, they will be
demonstrated first on a component basis and then in an integrated pilot plant that includes all
the elements of an operational mixed waste treatment facility.

Although ideally waste treatment parts of the system would be well defined before
assessing offgas treatment needs, it is necessary to define systems and address needs
simultaneously to meet tight schedules imposed by the Federal Facilities Compliance
Agreement.

The Second-Stage Destruction and Offgas Treatment Technical Support Group
(shortened to Offgas TSG) is a team of air pollution control (APC) experts from the DOE
complex and industry. The TSG's charter is to identify existing APC technologies and define
areas where additional research and development is needed. The TSG is also available to
recommend APC systems for treatment technology demonstration tests.




The Offgas TSG took a systems-based approach to determine technology development
needs. Eleven conceptual state-of-the-art APC designs were evaluated to treat effluent from
nine waste treatment systems (two systems warranted two different APC designs). These
systems were evaluated from both an operational and design viewpoint. Technology
development needs and operational issues were extracted from these evaluations. This
approach is described in Sect. 3.2. Moreover, we consider generic waste treatment systems
and do not describe details such as individual waste streams, mass balance, etc.

An important by-product of this approach is documentation of the design process itself.
The design process includes establishing design criteria, selecting APC components for each
pollutant of concern, and optimizing the APC system as a whole. Chapter 4 contains a design
guide to treat effluent from mixed waste treatment processes. We hope this design guide will
aid in selecting APC equipment for mixed waste applications. The guide can also be used to
identify data that are needed to design and optimize an APC system.

RECOMMENDATIONS AND CONCLUSIONS

The offgas TSG has identified the following technology development needs:

Technology Development Needs

Description

Develop continuous emissions monitors (CEMs)
for volatile organic compounds (VOCs), metals,
and radionuclides.

CEMs are needed for process control and to ease public
opposition and permitting procedures for waste
treatment systems. Real-time feedback will improve
system performance by regulating emissions at the stack
rather than at the waste feed. Unmonitored effluent is
also a leading issue for public opposition to waste
treatment plants. Real-time data will also be useful
during technology development to characterize
component and system performance.

Extend the life of high-efficiency particulate air
(HEPA) filters.

Plugging HEPA filters create significant maintenance
and handling problems and generate secondary waste that
can be difficult and expensive to dispose of.
Technologies are needed to (1) prevent plugging
upstream of HEPA filters and/or (2) develop cleanable
HEPA filters.

Characterize the performance of “new”
technologies for initial removal of fine
particulates (e.g., CHAEF filters, ceramic filters Froth
columns).

Particulate removal is extremely important. The
payback for reliable, high performance is substantial.
Performance data are not available for some “new”
commercial technologies.

Demonstrate the performance of APC systems
and components for radioactive, metal, and
particulate removal efficiencies.

Although experience, and to some degree data, allows
APC system designers to predict the performance of
equipment, most needs to be tested at a smaller scale
prior to full-scale implementation. The performance of
such tests is to optimize and protect the substantial
investment required for full-scale equipment. Another
purpose is to determine operational flexibility. For
example, how tolerant is a mercury cleaning component
to low levels of acid gas?




Technology Development Needs

Description

Investigate commercial and emerging
technologies for high-temperature particulate
removal (e.g., ultrafiltration, ceramic bags,
ceramic candles, molten glass scrubbers).

Normally, particulate removal is performed at lower
temperatures at downstream locations in the APC
system. If particulate removal can be accomplished
upstream, it will keep most of the radionuclide
contamination upstream, resulting in a safer, easier-to-
maintain system.

Evaluate state-of-the-art NOy abatement
technologies.

The TSG recommends that DOE not invest in new NOy
abatement technologies until a survey of industry R&D
(especially the electric power industry) is performed.
Industry is doing much work to improve catalysts, etc.,
that will likely be applicable to DOE mixed waste
treatment systems. The payback for a major technology
improvement in this area is large, but the probability of
DOE initiating a new, major improvement technology
appears small.

Evaluate state of the art in second-stage
destruction technology.

Good mixing is imperative for organics destruction in a
second-stage destruction unit. If this unit functions
properly in a system, there is no need for further
equipment (e.g., tertiary VOC capture such as catalytic
devices) to assure VOC destruction. Combustion can be
inherently improved by a plug-flow geometry and
possibly other techniques combined with traditional
burners. The need is to evaluate commercial activities,
products, and technology development.

Evaluate “new” commercial technologies to
minimize secondary waste streams without
sacrificing pollutant removal efficiency.

Possible technologies include acid gas removal, using
“amine” solutions that can be recycled, and new mercury
capture technologies. Treating secondary waste generated
in a mixed waste treatment system is not trivial,
especially for liquid secondary waste streams. The
benefits of implementing technologies that minimize
secondary waste generation should be evaluated in a
systems analysis that includes formal technology
selection logic to account for factors such as cost, risk,
and performance. The MWIP should at least be familiar
with technology options and use site-specific analysis to
consider their applicability to DOE systems.




Technology Development Needs

Description

Modeling of metals partitioning in waste
treatment and air pollution control equipment.

This is especially important in later phases of treatment
technology development. The models are primarily
thermodynamic equilibrium models. Work should
coordinate with work funded by EM at Oak Ridge
National Laboratory, Lawrence Livermore National
Laboratory, and Rocky Flats Plant (through the U.S.
Environmental Protection Agency at Energy and
Environmental Research Corp., Irvine, California). It is
extremely useful for designers of APC systems to know
the physical (and sometimes chemical) form of the
metals that must be captured and also to understand
operational parameters that affect capture.

Hot testing.

Hot testing (using real radionuclides) is required to
demonstrate the capture efficiency of radionuclides in an
APC system prior to full-scale implementation. Some
surrogate radionuclide testing can also be useful.
Selection criteria for surrogates include molecular
weight, volatility, and thermodynamic properties. Final
surrogate selection depends on the feature being tested.

Provide technologies that address issues affecting
public opposition/concern toward mixed waste
treatment facilities.

This issue is partially addressed by stating the need for
CEMs, but any other technical solutions to this
important problem should be considered.




1. INTRODUCTION

1.1 BACKGROUND—MIXED WASTE INTEGRATED PROGRAM

The Mixed Waste Integrated Program (MWIP) was established by the Department of
Energy (DOE), Office of Environmental Restoration and Waste Management (EM), Office of
Technology Development (OTD). DOE/EM is chartered to direct and coordinate waste
management and site remediation throughout the DOE complex. EM is divided into five
organizations: the Office of Planning and Resource Management (EM-10); the Office of
Environmental Quality Assurance and Resource Management (EM-20); the Office of Waste
Operations (EM-30); the Office of Environmental Restoration (EM-40); and the OTD
(EM-50).

The mission of the OTD is to develop treatment technologies for waste operations and
restoration where current treatment technologies are inadequate or not available. The purpose
of the MWIP is to identify and develop new technologies for treatment of DOE low-level
mixed waste (LLMW). Currently, much of DOE’s large inventory of LLMW is out of
compliance with the land disposal restrictions (LDRs) promulgated by the Environmental
Protection Agency (EPA), making treatment of these wastes an important issue.

The MWIP is developing a unified approach for the treatment of all DOE LLMW either
currently in inventory or being generated. Although some of DOE’s LLMW may be treated
using existing technologies and facilities, the MWIP is developing more cost-effective, lower
risk approaches. This is being accomplished through coordination with the Mixed Waste
Treatment Project (MWTP), under direction of EM-30. The MWTP is designing a generic
waste treatment facility to treat all DOE mixed waste streams. The purpose of this design is to
serve as a prototype for facilities to be built at a (yet-to-be determined) number of sites. The
MWTP design contains treatment technologies in six areas:

» Segregation.

* Opening and Removal.

» Sorting/Assignment.

e Feed Preparation/Size Reduction.

e Waste Treatment.

 Subsequent Support Operations (including Second-Stage Destruction, Offgas Treatment,
and Final Waste Form Disposal).

MWIP has organized five technical areas divided according to the MWTP technical areas:

¢ Front-End Waste Handling.

* Chemical/Physical Treatment.

* Waste Destruction and Stabilization.

* Second-Stage Destruction and Offgas Treatment.
 Final Waste Form Disposal.

The purpose of the technical areas is to coordinate activities such as evaluation and guidance
" of technology development projects and development of a Technical Area Status Report
(TASR) in each technical area.

The mission of the MWIP is to identify and develop technologies for treatment of DOE
mixed low-level wastes (MLLW) into forms suitable for final disposal. These technologies




must have improved performance, reduced risk, and minimized life cycle costs over existing
technologies or provide treatment for waste streams for which no current treatment
technology exists. Some of the near-term (< 5 years) objectives of the MWIP are as follows:2

* To identify priority mixed waste treatment needs and pursue near-term technologies for
development.

* To develop improved or alternative mixed waste treatment technologies to meet the
following needs: complex-wide waste treatment needs; site-specific waste treatment needs;
and small-volume, problematic mixed wastes.

» To assess the feasibility and applicability of enhanced waste forms.

» To initiate and participate in public outreach programs and activities, as appropriate.

¢ To facilitate information exchange and technical support to all customer organizations.

The MWIP’s overall strategy for mixed waste treatment technology development can be
summarized as developing innovative technologies that (1) minimize up-front waste
characterization and handling; (2) simplify treatment system configurations by replacing
multiple specialized technologies with fewer, more versatile technologies; (3) generate
enhanced final waste forms; and (4) will be accepted by customers for implementation.

Under authority from DOE/EM, the MWIP writes solicitations for Technical Task Plans
(TTPs). The TTPs are mechanisms that allow researchers to submit proposals and receive
funding for the development and/or improvement of treatment technologies for eventual use
by the Office of Waste Management (EM-30). The MWIP technical area leaders assist DOE
Headquarters in the TTP evaluation process through the following responsibilities:

* determine treatment technology needs in conjunction with technology users;

» assess available treatment technologies against the identified needs;

 1dentify potential innovative treatment technologies;

* communicate with the MWIP; and

* develop a systematic approach that will provide a defensible rationale for the selection and
funding of TTPs.

Once the TTPs are funded, the technical area leaders are responsible for ensuring that all
developmental activities generate quality data. With quality data, MWIP can select
technologies with the highest potential to successfully treat DOE MLLW. Pilot-scale
demonstrations of these technologies will determine necessary design and operational
parameters. Finally, MWIP will assist Waste Operations (EM-30) and Environmental
Remediation (EM-40) in applying these technologies on a full-scale level and will provide
technical support throughout the design, construction, start-up, and operation o° e treatment
systems. The end result of this work will be to develop and demonstrate techno. - “ies that are
safe, cost-effective, and meet all applicable requirements.

1.2 MWIP OFFGAS TECHNICAL AREA

The purpose of the MWIP Second-Stage Destruction and Offgas Technical Area is to
address technologies that treat or monitor offgas streams generated by waste destruction and
chemical/physical treatment processes. These technologies include second-stage (thermal)
destruction, air pollution control (APC), and effluent monitoring. The effluent to be treated
contains both radioactive and hazardous components.




The main functions of the second-stage destruction and offgas treatment system are to
treat the gaseous effluent from the primary treatment process to acceptable levels for release
to the atmosphere. Specific functions include (1) complete destruction of volatile organics,
(2) capture of particulate matter, (3) capture of volatile metals, (4) capture and control of
volatile, condensed-phase, and solid-phase radionuclides, (5) control of acid gases, (6) NOx
abatement, and (7) gas cooling and reheating as required to perform the preceding functions.

The purpose of this TASR is to identify deficiencies and posture a development plan for
APC technologies to support DOE mixed waste treatment. This document also provides
guidance for design and operation of an APC system for mixed waste treatment.

This report represents the second TASR for the Second-Stage Destruction and Offgas
Treatment Technical Support Group (TSG). The first TASR! was published in September
1992. This (second) TASR includes updated technology information, a design methodology
for APC systems for mixed waste treatment, and technology development needs for DOE/EM.
The TASRs form the basis of a technology development program that addresses the highest
priority DOE environmental needs and is coordinated with other technology development
efforts both inside and outside DOE.

1.3 OFFGAS TREATMENT TECHNOLOGIES DESCRIBED IN OTHER REPORTS

Two references provide important material on APC and second-stage destruction
technologies. The first reference is the 1992 Offgas TASR, An Assessment of Offgas
Treatment Technologies for Application to Thermal Treatment of Department of Energy
Wastes.3 This report begins with a discussion of the types of air pollutants and the factors that
influence pollutant generation. It also summarizes regulations for waste treatment and
pollution control. Issues involved in selecting and evaluating air pollution control equipment
(APCE) are discussed. Forty-one types of APC devices are described. Each description
includes the principle of operation, the advantages and disadvantages of the technology, and
areas where improvements could be made in the technology. A partial list of vendors for
APCE is also given and has been incorporated into Appendix A of this TASR.

The second reference contains similar information but is directed at selecting a pollution
control system for the proposed Rocky Flats Fluidized Bed Incinerator.4 This report includes
a discussion of waste characteristics and the appropriate regulatory requirements. The report
discusses offgas control technologies and includes a chapter on monitoring techniques. A
discussion of offgas components selection is also presented. Both of these documents identify
additional work that is needed in the area of pollution control for thermal treatment systems.

In addition to standard APC systems, DOE has investigated at least one unconventional
system, consisting of a large holding tank that would capture offgas after it is processed
through a standard APC system. Operators would then test the offgas for purity, releasing it if
in compliance or further processing it if out of compliance. This system, dubbed “Hold, Test,
and Release,” was proposed for the Rocky Flats Fluidized Bed Incinerator for
implementation during the next 5 years.5-9 An independent peer review!0 examined the
proposal and found it to be unnecessarily complicated in terms of system performance,
reliability, and regulations. Specific concerns of the review panel were obtaining
representative samples, controlling the thermal unit while processing recycled effluent,
regulations governing release of captured offgas, treatment of noncondensible gases such as
nitrogen and NOy, and reliability of a complex system. Most important, the review panel felt
that a well-designed offgas system, put through the proper sequence of scale-up tests to
ascertain system performance, would perform at or above all current and anticipated




regulations applicable to Rocky Flats. Perhaps with the advent of new continuous emissions
monitors (CEMs), a version of this strategy could be useful to divert offgas during an
uncontrollable upset of the thermal treatment system.

Many other sources of air pollution control technology information are available if the
reader is interested. Some suggested readings are

Conference Proceedings: * 1992 and 1993 Incineration Conference

* Pre-1987 Incineration Conference

* (Interim Incineration Conference covered in first Offgas
TASR!)

* EPA Conferences

¢ Electric Power Research Institute (EPRI) conferences

* Air and Waste Management Conferences

* DOE Model Conferences

* Waste Management Conferences

* Spectrum Conference Energy Research and Development
Administration (ERDA) Air Cleaning Conferences

* Toxicon Incineration Conferences

* National Metals Conferences

Journals: * Pollution Engineering Journal
¢ Journal of Chemical Engineering
» Journal of Chemical Engineering Progress
» Environmental Science and Technology

Reports: * DOE reports
* EPRI reports
» EPA literature
¢ Perry's Handbook
* Air and Waste Management reports
 National Technical Information Service

Other: ¢ Academia
* Patent searches (patent office and Chemical Rubber Co.
books)
« Other professional societies




2. PERFORMANCE REQUIREMENTS OF OFFGAS SYSTEMS FOR DOE
MIXED WASTE TREATMENT

2.1 OFFGAS TREATMENT FUNCTIONAL REQUIREMENTS

The technologies covered in this report treat gaseous and particulate-laden effluents
from waste destruction technologies to meet discharge regulations. The technologies must
perform the following functions (noting that APCE often performs more than one function):

gas cooling,

volatile organic compound (VOC) destruction or removal,
Acid gas removal,

NO, destruction or removal,

initial particle removal,

final particle removal,

volatile metal removal,

dioxin avoidance (temperature, time dependence), and
radionuclide capture and control.

2.2 SYSTEM PARAMETERS THAT AFFECT POLLUTANT GENERATION AND
TREATMENT

In designing an APC system, system parameters, both upstream and downstream of the
APCE must be considered. System parameters include an adequate description of the type of
effluent to be treated, which is a function of the waste stream and the waste destruction
technology; a definition of secondary waste stream treatment options (e.g., waste water
treatment); and final effluent regulations.

The waste streams of interest to the MWIP are the mixed waste streams at sites designated
to be treated under the Federal Facilities Compliance Act (FFCA) of 1992.3

2.3 AIR POLLUTION CONTROL REGULATIONS
Air pollution is regulated under the following acts:

Resource Conservation and Recovery Act (RCRA).

Clean Air Act (CAA).

National Emissions Standards for Hazardous Air Pollutants (NESHAPs).

DOE orders.

BIF (Boilers and Industrial Furnaces) Regulations.

New EPA regulations for hazardous waste disposal being established by October 1994.
« State and local regulations.




Table 1 summarizes regulations for each pollutant.

Table 1. Air pollution control regulations for emissions

from thermal treatment processes®

Pollutant Current RCRA limits Proposed RCRA limits
Particulate 180 mg/m3 corrected to 180 mg/m3 corrected to 7% O; (final limit could
7% O be as low as 33 mg/m3).
18(0) Continuous monitoring Continuous monitoring and <100 ppm, or
and correction to 7% O2  >100 ppm and <20 ppm hydrocarbons (HC), or
(1-h rolling average) <100 ppm and demonstrate acceptable total HC
risk.

Oxygen NR? Continuous monitoring.

Hydrocarbons NR® Continuous monitoring if CO emissions are
>100 ppm.

Noncarcinogenic N/A Maintenance of the feed rate or emission rate of

metals, HC1, and Cl, each constituent below the screening limits (given
below) on an hourly rolling average or an
instantaneous limit basis or maintenance of
constituent emissions below rates that result in
acceptable ambient ground-level concentrations as
determined by site-specific dispersion modeling.

Antimony* NR? 14-31,000 gram/hour (g/h)

Barium® NR? 2400-5000 g/h

Lead® NR? 4.3-9200 g/h

Mercury® NR? 14-31,000 g/h

Silver NR? 140-310,000 g/h "

Thallium¢ NR? 14-31,000 g/h

HCI¢ 1.8 kg/h or 99% 330-720,000 g/h (emission screening limits only)

removal (whichever is
least restrictive)

Cly*¢ NR? 19-41,000 g/h :

Carcinogenic metals N/A The sum of the ratios of the actual feed rates to the
screening limits (given below) for each metal must
be maintained to less than or equal to 1.0 +n an
hourly rolling average or averaging period or an
instantaneous limit basis; or the sum of the ratios
of the actual emission rates to the screening limits
for each metal must be less than or equal to 1.0 on
an hourly rolling average or averaging period or an
instantaneous limit basis; or metal emissions must
be maintained below rates that result in acceptable
ambient ground level concentrations as determined
by site-specific dispersion modeling.

Arsenic® NR? 19-240 g/

Beryllium® NR? 44-580 g/h

Cadmium® NR? 6.4-86 g/h

Chromium¢ NR? 33430 g/




Table 1 (continued)

Pollutant Current RCRA limits Proposed RCRA limits
Radionuclides 40 CFR 61, Subpart H, Stack stream must be directly monitored
Radionuclides from continuously with an in-line detector or
DOE Facilities representative samples withdrawn continuously
NESHAP. Emissions from the sampling site per ANSI N13.1-1969.
of radionuclides from
DOE facilities shall not
cause any member of
the public to receive an
effective dose equivalent
(EDE) of 10 mrem/year
as determined by
sampling and dispersion
modeling.

Note: NESHAPS will be phased out (1994-1996) in favor of the new air toxics standards of the CAA.
Radionuclides are specifically included as an air toxic.

Particulate 40 CFR 60, Subpart E,  0.18 g/dscm corrected to 12% CO.
Standards of
Performance for
Incinerators
(>45 metric tons/d)

Criteria and noncriteria 40 CFR 52.21, To obtain a permit to operate an incinerator in a
pollutants Prevention of PSD (or attainment) area, the best available control
Significant technology (BACT) must be applied in the APC
Deterioration system as determined through a top-down BACT
analysis.
Beryllium 40 CFR 61, Subpart C 10 g/24 h

@The current EPA administrator has indicated that these regulations will be modified within
18 months from May 1993.

bNR = not regulated.

The ranges given are the lowest and the highest levels in the screening limits, corresponding to a low
terrain at 4 m adjusted effective stack height (TAESH) in complex terrain (urban and rural areas) and high at
120 m TAESH in noncomplex terrain rural areas.




3. APPROACH TO DETERMINE OFFGAS TECHNOLOGY
DEVELOPMENT NEEDS

This chapter provides a definition of “technology development needs” and the
approach to identify those needs. The technology development needs are summarized in
Chaps. 5 and 6.

3.1 DEFINITION OF TECHNOLOGY DEVELOPMENT NEEDS

A “technology development need” is any one of three “needs” that can be filled by
the DOE/EM Office of Technology Development. The first, most fundamental level of need is
a “functional deficiency,” which is a need not met by any existing technology or new
technology. The second level of need is a “testing and demonstration need” (a need for
performance data on a DOE mixed waste application). The third and easiest need to fulfill is a
“knowledge gap” (evaluators did not have enough information to determine if technology
development is needed, but it appears likely that industry is doing sufficient technology
development in this area). The third need is filled by collecting information from literature,
surveys of industry, etc.

3.2 SIMPLIFIED APPROACH TO EVALUATE TECHNOLOGY DEVELOPMENT
NEEDS

The Offgas TSG considered two different approaches to determine technology
development needs. The first approach is a comprehensive technology-based approach that
evaluates a long list of carefully compiled technologies and evaluates their performance
against established criteria. The second approach is a specific systems-based approach that
evaluates “typical” APC system designs and extracts both issues and needs from this system
evaluation. The first approach has the advantage of creating comprehensive lists of
technologies and rigorous technology evaluations. However, it does not consider “system”
performance, which is crucial for series of APC technologies operating as a system. In
addition, it becomes very difficult to evaluate individual technologies against criteria without
considering the systems context of operation. Therefore, the TSG used the less rigorous, but
more practical, second approach.

This approach assumes that the most important aspects of technology development needs
can be identified by evaluating “typical” APC systems. Eleven conceptual “state-of-the-art”
APC designs were evaluated to treat effluent from nine waste treatment systems (two systems
warranted two different APC designs). These systems were evaluated from both an operational
and design viewpoint. Technology development needs and operational issues were extracted
from these evaluations. An important by-product of this approach is documenting the design
process itself. Many important system and technology parameters must be defined, or
assumed, to develop a conceptual APC system design. The design process is outlined in the
design guides, described in Sect. 4.3.

Table 2 describes the 11 designs used to evaluate offgas technology needs. Flowsheets
showing these conceptual designs are included in Appendix B of this report.




Table 2. APC system designs used to evaluate offgas technology development needs
APC system for specific waste

Design basis Waste treatment technology treatment technology
Nine designs based on effluent Three for incinerators ¢+ One to treat effluent from rotary
from the MWTP kiln or controlled air incinerator

(CAI) using a semiwet APC system
using a spray dry absorber (SDA).

* One to treat effluent from rotary
kiln or CAI using a wet APC
system using a blowdown
evaporator.

¢ One to treat effluent from car
bottom furnace.

One for a vitrifier » One to treat effluent from vitrifier
with negligible acid gas precursors
(e.g., Cl) in waste feed.

Two for a nonmetallic melter ¢ One to treat effluent from
nonmetallic melter using a dedicated
offgas system (afterburner and
quench before removing mercury).

 One to treat effluent from
nonmetallic melter using multiuse
offgas system (remove mercury

first).

Mercury roaster « One to treat effluent from a mercury
roaster—assuming a dedicated offgas
system.

Ventilation gas  One to treat building ventilation

gases (including offgas from vents,
hoods, and process units).

Emergency ventilation * One to treat gases from emergency
ventilation.
One design based on the plasma « One to treat effluent from plasma
hearth furnace hearth furnace.
One design based on the Rocky * One to treat effluent from fluidized
Flats fluidized bed unit (taken bed incinerator.

directly from EER? design)
9Energy and Environmental Research Corporation, Irvine, California.

Conceptual designs were developed for each system. Each design was evaluated to
identify functional deficiencies (none found), technology testing and demonstration needs
(seven of the ten recommendations), knowledge gaps (three of the ten recommendations), and
other design and operational considerations (documented in Sect. 4.5).
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4. DESIGN GUIDES FOR MIXED WASTE AIR POLLUTION
CONTROL SYSTEMS

4.1 BACKGROUND AND RATIONALE FOR A MIXED WASTE APC DESIGN
GUIDE

The purpose of the air pollution control design guides is to document and analyze the
process used to develop an' APC system to treat effluent from mixed waste treatment units.
The guides are particularly useful as MWIP progresses toward system demonstrations of
mixed waste treatment technologies such as the joule melter and plasma hearth furnace. State-
of-the-art APC systems will be designed and tested for each of these treatment systems. Even
more important, the key decision points that determine the best type of APC system are
highlighted in these design guides. These key decision points define test data that are needed
from technology development programs to optimize the APC design.

The Offgas TSG has developed a series of nine design guides to define selection criteria
for APC systems. The need for this guide stems from the following assumptions:

1. Waste characterization data for DOE's mixed waste streams are probably not reliable
enough to form the basis for design and selection of an APC system. The current waste
characterization data reflect an average, homogeneous waste composition. Final designs
based on such an approach would almost certainly prove to be unsatisfactory.

2. Even if all waste streams were well characterized, possible swings (however short in
duration) in the composition of waste within a given waste category would probably have
a severe impact on the effectiveness of the system selected. Some degree of conservative
(not necessarily “worst case” but maybe “worse case”) design will probably need to be
incorporated into all designs, depending on the waste constituent(s) for which data are
unreliable. Waste streams identified as highly variable in one or more constituents will
require more conservative design than waste streams that are more consistent.

3. Characterization of the offgas effluent into the APCE is not determined solely by either
the waste composition or the thermal treatment technology but by the combination of
the two.

4. A guide that is general in nature, rather than specific to only current waste stream/thermal
technology combinations, could continue to be appropriate for the long term.

5. Cost is a major issue facing DOE mixed waste treatment. A technology (or integrated
offgas treatment flowsheet) that can perform more than one function or accept a wider
variety of offgas compositions via conservative (“worse case”) design might be a
legitimate way to save money in the long run.

Although the design guide will be useful, commercial vendors of offgas treatment
systems should and will be relied upon to provide commercially available equipment
components for mixed waste treatment systems. However, individual commercial vendors who
supply equipment in the size range applicable for treatment of DOE mixed waste generally
provide specific types of offgas treatment systems and technologies, as compared to
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completely integrated systems. The design will be best if it uses expertise within the DOE
laboratories, from independent consultants, and from commercial vendors.

4.2 DATA REQUIREMENTS FOR A MIXED WASTE APC DESIGN

The following data are used by the design guides. Depending on the level of design
detail required, (i.e., conceptual design vs design for equipment specification), not all the data
listed here will be required.

1. Define system upstream of air pollution control equipment.

Waste Pretreatment and Second-Stage Effluent into
Stream —> Waste Destruction ——> Destruction > APCE

« Identify waste stream, pretreatment, and waste destruction technology to characterize
effluent into APCE.

» Identify properties of effluent to be treated in APC system pollutants:
— composition (organics, particulates, NOy, acid gas, metals, radionuclides, and
carbon),
— flow rates and required turndown ratios,
— temperature, pressure,
— other (particle stickiness, etc.).

» Second-stage destruction system specifications require the following information:
— frequency of use (i.e., continuous or backup to primary combustion chamber),
— residence time or length-to-diameter ratio,

— VOC destruction efficiency.

» Tertiary VOC destruction can be specified if second-stage destruction does not meet
effluent requirements.

* Determine if the primary waste treatment unit or second-stage destruction unit is
amenable to recycling carbon from the APC system. Would this option invoke any
special criticality concerns or other concerns?

2. Define system downstream of APCE.

Effluent from Final Waste Form Secondary Waste
APCE  — Disposal AND Treatment

* What is the availability (cost, proximity, etc.) and suitability of a system to treat
secondary waste streams (i.e., a wastewater treatment facility)? Secondary waste streams
to be considered include water, carbon, ash, scrubber blowdown, salts, packed-bed
material, particulates (baghouse dust, etc.), etc.
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« What compatibility difficulties are anticipated between secondary waste streams and
preferred final waste forms (e.g., are salt and carbon compatible with glass as a final
waste form)?

o What federal, state, and local regulations are in effect now and expected in the future
(e.g., NESHAP, RCRA, CAA)?

» Is a vapor plume acceptable?
. Define other system constraints for APCE.
« What type of radiation control will be mandated when this design is implemented?

What are the physical requirements of the APC system (e.g., footprint, height, electrical
load)?

Are there public concerns that should be considered when choosing APCE (e.g.,
precedence set by other systems)? Does the public have any preconceived notions
about technology choices?

How can accidental overpressure of an APC system be accommodated, from a
technical, regulatory, and public acceptance viewpoint? What is the suitability of
thermal relief vents, which are not always acceptable to the public but provide an
important element of safety?

What is the minimum acceptable “availability” of the APCE to function effectively in
a waste treatment system? This affects maintenance requirements, which affects choice

of materials of construction and other cost-related elements of the system.

What are the highest quality materials that can be specified to minimize maintenance
and increase safety and reliability? A life cycle cost analysis should answer questions.

What redundancy and reliability requirements exist, and how should these
requirements be designed into the system? This is a safety and an availability issue.

What is the available skill level of operators and maintenance crews for the APCE?
What type of continuous emissions monitoring above and beyond those required by
regulations (e.g., NO,, etc.) would be useful to consider for control and performance

assessment of the APC system?

« How can secondary waste streams be minimized (e.g., using a spray dryer absorber)?

. Consider factors that influence type of APC system: wet, semiwet, semidry, or dry offgas
system.

¢ Wet—A system that uses water, saturates the offgas with water vapor, and generates a
liquid blowdown stream.
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+ Semiwet—A system that uses water and saturates the offgas with water vapor but does
not generate a liquid blowdown stream.

* Semidry—A system that uses water but does not saturate the offgas with water vapor or
generate a liquid blowdown stream.

» Dry—A system that does not use water in contact with offgas for any purpose based on
the following:
— Existence of wastewater treatment facility.
— Level and activity of radionuclides in effluent.
— Concentration of acid gas to be treated.

5. Specify performance requirements for the following.

Gas cooling.

VOC destruction/control.

Acid gas removal.

NO, abatement.

Initial and final particulate removal.

Toxic metal removal.

Dioxin avoidance (temperature, time dependence).
Radionuclide capture and control.

Gas reheating.

4.3 OUTLINE OF DESIGN GUIDES

The following ten design guides summarize the design process for a mixed waste APC
system. The first design guide is an overall step-by-step outline of the design process, starting
with a definition of the purpose and design criteria for the APC system and ending with a
procured, installed, and tested system. The second design guide lays out the iterative steps
required to consider each pollutant one at a time, iterating back to check the system-level
effects on other pollutants. This design guide leads the user into the remaining eight design
guides, one pollutant at a time. For example, the first pollutant to be examined might be
volatile metals (design guide 5). Each specific pollutant design guide (3-10) begins with a list
of technology options to treat that pollutant and goes through a logical series of questions to
help the user decide which technology is best suited for this application. The user then returns
to design guide 2. At each step, the user must decide if concerns about alpha radioactivity are
acceptable before proceeding on to the next pollutant. Using this approach, the APC system is
designed, step-by-step, with system considerations addressed by iterating through the steps.
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General Notes for Design Guides

These guides are not an all-inclusive, absolute process. They are only intended to guide
the reader into asking the right questions and following the right path in the
development of a pollution control system. Each situation has specific details that make
it unique and therefore requires that individualized concerns be addressed.
Consequently, in the design of an actual system, steps may have to be added to the
design guides, subtracted from the design guides, or modified in the design guides. For
example, those design steps that specify concentrations are not to be considered fixed.
The actual concentrations that decisions will be based upon will vary depending on the
particular circumstances.

Wet, semiwet, dry, and semidry refer to the amount of moisture introduced in the APC
system (defined in Sect. 4.2, item 4).

Other definitions and acronyms used in the design guides are either defined in the
guides or are defined in other locations in the TASR.
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DESIGN GUIDE 1. Simplified Steps to Designing a Mixed Waste APC System

A. Define project
goals / purpose.

v

B. Establish design
and performance

criteria.

Y

C. Rank poliutants
according to
difficulty to control.

'

D.Develop A.P.C.
flowsheet using
Design Guides.

E. Calculate mass and
energy balances for
A.P.C. system.

F. Develop
process and
instrumentation
diagrams.

G. Size major
components.

H. Perform cost
analysis.

!

J. Complete the
detailed design.

K. Procure A.P.C.
system.

Retumn to
STEP D and
deveiop new
flowsheets.

L. Transport procured

components to
- construction site.
M. install
system.
N. Test
system.

0.
Is system
performance
acceptable?,

p. Start-up
system.

Y

identify problems
and retum to
appropriate step in
this Design Guide.

Q. Tum system
over to plant
operations.




Step A.

Step B.

Step C.

Step D.

Step E.

Step F.

Step G.

Step H.

Step L.
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NOTES FOR DESIGN GUIDE 1

The size (i.e., bench scale, pilot scale, or full scale) and purpose of the project must
be determined. Identify waste to be treated, characterize waste, define disposal
criteria for the final waste forms, determine/select waste treatment technology, and
determine applicable regulations and requirements.

Calculate mass and energy balances for waste treatment units, identify pollutants in
the offgas, and estimate offgas characteristics.

Rank pollutants according to the difficulty in controlling pollutant emissions, based
on pollutant characteristics, functional design requirements, regulatory
requirements, and stakeholder concerns. The following criteria can assist in the
rankings: pollutant with highest concentration, pollutant with maximum variability,
pollutant with fewest options for control devices, form of by-product from pollutant
removal that is difficult to treat or is benefited by being segregated from other by-
products (e.g., may be beneficial to keep collected particulate separated from salts
generated from acid gas removal).

Develop one or more conceptual process flowsheets using the technologies selected
in the design guides; the need for redundancy should be considered. (See note H.)

Determine mass and energy balances for offgas components based upon output
from waste treatment unit(s), offgas cooling, and offgas treatment additives (such as
caustic).

For many processes, the instrumentation required for monitoring and characterizing
the offgas for regulatory purposes can also be used for process control.

Because of poor waste characterization and the variety and range of components in
the waste, it may be necessary to oversize and/or overdesign components to account
for process upsets and major swings in offgas conditions (i.e., a decision must be
made as to whether a worst case design is best or whether a nominal design will
suffice for each component). (See note H.)

A cost-to-benefit analysis can be done at this point to determine if it is justifiable to
oversize equipment or to add redundancy for various components. Previous
experience has demonstrated that many failures in wet offgas components result
after start-up because of the materials of construction. Although it may cost more
initially, using higher grades of materials of construction may cost less over time.
The cost of a material's failure should be considered in this cost analysis.

If estimated costs are not practical, given the issues involved, steps D through H can
be repeated to develop a new conceptual design. It may also be necessary to go
back to step A and redefine the project goals and purpose or to go back to step B
and establish different design criteria.




Step J.

Step K.

Step L.

Step M.

Step N.

Step O.

Step P.

Step Q.
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This step includes all civil, chemical, mechanical, and electrical engineering. The
options range from 100% owner design to 100% architect/engineer (A/E) or vendor
design.

There are many options here. For example, the complete system can be bought and
installed as a turnkey system; individual components can be bought and integrated
by an A/E firm; or the owner/operator can fabricate or buy components and install
them. This step requires identification of potential bidders, contract negotiations,
and awarding the contract.

Based on the size of components, special transportation may be required, special
arrangements may be needed, or components may need to be shipped in sections.

This step assumes that the building has been completed.

Individual components should be checked out to make sure they function properly,
and the integrated system should be tested to make sure it is operable and
debugged.

If the performance of a component or the system as a whole is not acceptable, some
design or equipment modifications may be necessary.

During facility start-up, it is not uncommon to need to do some additional
debugging and possibly make some minor modifications to the process.

Even after the process is functioning properly and has been turned over to the
operations department, engineering support will be needed for process upgrades,
trouble-shooting, and maintenance.
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DESIGN GUIDE 2. Simplified Process for Selecting for Mixed Waste APC Technologies

Rank ail pollutants
1o difficutty to controt {step C
from Design Guside 1)
Ff
Go through Design Guide for
hardest poliutant 1o control.
+ Eliminate tachnology just
seiscted. Repest process to
Use Design Guide 3 1o properly select different technology.
address potential sipha issues.
Are NO
aipha
7 ’
YES
Go through Design Guide for 2nd
hardest poliutant to control.
+ Eliminata technology just
sejected. Repeat process to
Use Design Guide 3 o property -
address potential aipha issuss. ‘
must be d
Go through Design Guide for Repeat entirs process to B
3nd hardest polutant to control. consider different altematives.

Use Design Guide 3 10 properly
address potential alpha issues.




19

NOTES FOR DESIGN GUIDE 2

This design guide is intended to be an iterative process to ensure that incompatible
technologies or combinations are not selected. When considering the potential problems
that may arise from using different technologies, the order of the pollution control
components in the offgas system is important and must be specified to determine
whether a problem exists. For example, it may be acceptable to put a wet component
downstream from the dry components but unacceptable to put the wet component
upstream from the dry components.

Although there are several factors that affect the ranking of pollutants according to
difficulty to control, for many thermal treatment situations the most difficult pollutant to
control will be the particulate, including radionuclides and toxic metals. These pollutants
can be difficult to control because of the small size of the particles, particularly those
resulting from volatilization. These small particles can blind filtration media and plate
out and foul the surfaces of other components. In addition, the small particles are
difficult to collect using many of the technologies currently available. Nitrogen oxides
are typically moderately difficult to highly difficult to control depending on the
concentration of the nitrogen oxides, the ratio of nitric oxide to nitrogen dioxide, and
other factors. The easiest pollutants to control from a thermal system are typically acid
gases, such as hydrogen chloride and sulfur oxides, and hydrocarbons.
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NOTES FOR DESIGN GUIDE 3

1.  When evaluating the safety of a component or system for alpha concerns, all
interconnections, such as piping and ducting, must be considered.

2. When evaluating the safety of a component or system for alpha concerns, consideration
must be given to the potential for buildup of deposits on surfaces such as interior walls
and filtration media.
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NOTES FOR DESIGN GUIDE 4

For mixed waste service, it is assumed that redundant high-efficiency particulate air
(HEPA) filters will always be used downstream of the initial particulate collection device.
In addition, to provide maximum protection to the HEPA filters, it is further assumed
that at least one set of prefilters will be used upstream of the HEPA filters.

There are basically two potential causes of sticky particulate. First, if the particulate is
hygroscopic at or below the temperature at which the particulate is collected, water from
humid air and/or water formed during combustion can be absorbed into the particulate
to form a paste. Second, if the temperature of the offgas is above the ash fusion
temperature, the particulate may be adhesive and stick to cooler surfaces.

Appreciable quantities of submicron particulate is a potential problem during waste
treatment. Fine, submicron particulate is, in general, more difficult to remove from an
offgas stream. In addition, this fine particulate can irreversibly penetrate into filtration
media, blinding the filter. There is also a concern because the fine particulate is
potentially more harmful to humans. Just as with pollution control equipment, the fine
particulate can more readily penetrate the body’s defenses. In addition, fine particulate
from a thermal treatment process tends to have a higher toxic metals mass fraction than
larger particles.
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DESIGN GUIDE 4.2. Section E of Technology Selection for Particulate Control

Whole page is considered “E”.
Bordered areas are considered
“E1” and “E2" respectively.

ESPs and barriers are
. options. Perform top-down
Eliminate remaining devices)]. Perform top- BACT analysis to select
wet devices. Bamiers down BACT snalysis, i particuists removal
are optional. necessary, to sslect technology.

Eliminate low
ternperature barmiers.
fiters ::ophons ESPs, metal filters, and
. ceramic filtsrs are options.
Perform top-down BACT
analysis 10 sslect
particulste removal device.
. NO
outlet offgas Metal or coramic filters are options. o o
W'mu" Perform cost snalysls to select “""'"“
1400F 7, vl - Chooss ceramic
YES

Eliminate metat filters.
Choose ceramic fitters.




26

DESIGN GUIDE 5. Technology Selection for Capture of Volatile Metals

Select adsomption for volatile matais
removal. (Note that volatile metals
will also be collected by SDA or wet
scrsbbers if these devices are
present in the ofigas system.)

Eliminate wet scrubbing as an option. Select
a second sorbent system for voistile metals
removsi. Poﬂonnnewundyduoulm

Mh.m

mammmwmmmmumwc
Morm;:ootuﬂnhbuhﬁm

Note that the scrubber can be combined with the
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NOTES FOR DESIGN GUIDE 5

There are some pollution control technologies for toxic metals that are mainly used in
Europe that have been omitted from this design guide because of a lack of information
and the resulting uncertainties about the processes. These omissions include sodium
sulfide injection and selenium filters. Both of these processes involve handling
potentially hazardous materials.

Technologies such as dry sorbent injection (DSI), SDA, and activated carbon adsorber
will collect toxic metals as well as other pollutants. If these technologies are intended to
be used to remove multiple pollutants, the operating conditions of the device must be
selected on the basis of the requirements to collect each pollutant.

Toxic metals should not be collected on or with the residue from pollution control
devices used for other pollutants if this residue is to be burned or if the residue is
incompatible with the additional treatments that may be required for the collected toxic
metals such as encapsulation.
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DESIGN GUIDE 5.1. Section A of Technology Selection for Capture of Volatile Metals

Is it
acceptable to have
SDA residue comingled
with captured metals?

Select SDA for
volatiie metals
removal.

Eliminate SDA.
Options are wet
scrubbing and
sorbents.

Isit
acceptable
to have the volatile
metals mixed with
the scrubber

blowdown?

wet scrubber
already used in
offgas system?

YES Select a wet scrubber
for volatile metals
removal.

Eliminate wet scrubbing. Sorbents are options.
Perform a cost analysis to sslect between sorbent
injection and sorbent contained in a housing.
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DESIGN GUIDE 6. Technology Selection for NOx Abatement

Eliminate
wet
Is scrubbing;
SCR & SNCR
Is NOx \ NO therea \ yeo ars options.
‘concentration temperature
>5,000 window at Perform Top
- fipinh -down BACT
ppm 7 anatysis to
select NOx
abatement
YES NO technology

‘eifoctiveness
of SCR and/or

SNCR be NO Can
tested? effectiveness
of SNCR be .
Choose Wet
Sorutom y
Technology
Eliminate SNCR;

SCR and wet
scrubbing are
options

Eliminate
SCR

SCR, SNCR and wet

Can mist

and fine sait
pariculate from wet bb
be effectively controlled to
protect filters if located
m? ’
' SNCR and wet Eliminate Wet
scrubbing are Scrubbing;
Eliminate Wet chooss SCR
ng; analysis to
chooss SNCR select NOx SCR and wet scrubbing ars
options. Perform top-down
technology BACT analysis to select
NOx abatsment technology
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NOTES FOR DESIGN GUIDE 6

Selective catalytic reduction (SCR) provides a high NO, removal efficiency at a
moderate cost in comparison to other NO, abatement technologies. SCR has lower
ammonia slip in comparison to selective noncatalytic reduction (SNCR); however,
ammonia by-products can foul surfaces in the offgas system. Catalyst poisoning can also
be a problem, and the spent catalyst is a secondary waste stream.

SNCR provides a moderate removal efficiency but, in general, has lower costs than other
NO, abatement technologies. SNCR does not generate a secondary waste stream, and
there is no catalyst to worry about poisoning or fouling. SNCR has the problem of
ammonia by-products fouling surfaces in the offgas system. SNCR has higher ammonia
slippage than SCR.

Wet scrubbers used for NO, removal have the highest removal efficiencies but also have
higher costs. Nitric acid can be generated as a by-product if there is a need for nitric

- acid. If there is no need for nitric acid, then there is a liquid secondary waste that must be
treated. This not only complicates the process but adds to the cost.




DESIGN GUIDE 7. Acid Gas Control




32

NOTES FOR DESIGN GUIDE 7

Wet scrubbing has the highest acid gas removal efficiency and is most capable of
handling spikes or excursions of acid gas concentration. Wet scrubbing has the high
utilization of the scrubbing reagent and therefore results in the lowest generation of
secondary waste. However, the secondary waste that is generated is a liquid and may
require some extra treatment. Wet scrubbing can generate a wet mist and fine particulate
as the mist dries. The mist and the particulate can be very detrimental to the performance
of downstream equipment and may even require additional equipment. Flooding and
fouling in the scrubber can also be a problem.

Semidry scrubbing refers to SDA technology. This technology has good acid gas
removal efficiency and produces a dry secondary waste. Reagent utilization is not as
high as wet scrubbing or semiwet scrubbing but is higher than dry scrubbing SDA will
also serve to cool the offgas and has good particle aggiomeration capabilities. SDA does
require a particulate collection device, but this can be the same device that is used to
collect particulate from the waste treatment unit as long as it is acceptable to mix the
particulate from the waste treatment unit and the SDA residue. Because of the need for a
particulate collection device and the large reactor vessel necessary to dry the spray,
semidry scrubbing requires a significant amount of space in comparison to wet or dry
scrubbing.

Semiwet scrubbing is basically the same concept as wet scrubbing except that the liquid
blowdown is dried in either an SDA located upstream of the wet scrubber or in some
auxiliary equipment. When combined with an SDA, the highest reagent utilization is
obtained, good volatile metal removal is obtained, and additional cooling equipment is
not required. This concept does require a lot of space in comparison to other acid gas
removal technologies. .

Dry scrubbing has the lowest acid gas removal efficiency but is typically very low cost in
comparison to other acid gas control technologies. In the simplest form, an alkali reagent
is added upstream of a baghouse as a precoat for the bag filters. In its -~ ~omplicated
form, the alkali reagent is recycled through the process, and a large reac sssel is used
in addition to the particulate collection device. This technology has the ic st reagent
utilization and therefore generates more secondary waste than other acid gas
technologies. One of the advantages to dry scrubbing is that the secondary waste is
already dry. Dry scrubbing is also advantageous in that it has good particulate
agglomeration capabilities.
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DESIGN GUIDE 8. Technology Selection for VOC Control

YES

f Eliminate sorbents, catalytic

tin

s 30—t o, g peten sk
busth for VOC control.

Can spent

sorbent material be NO . )
treated to meet land > Eliminate sorbents. Options are
disposal Y S,
requirements? chambers, and biotreatments.

Elminate catalytic oxidizers.
mmm

bets sre op
Perform a top-down BACT analysis
to seisct VOC control technology.

Cataiytic oxidizers and Eliminate catalytic oxidizers.

combustion chambers are oxiiizers. Select Biotreatment and combustion

options. Perform & top- combustion chambers are options.

down BACT analysis to chambers. Perform a top-down BACT

ssiect VOC control yeis 1o select VOC

9y technology. mloxlduu: -

biotreatment are options.
Perform a top-down BACT
anatysis to select VOC
control tachnology.
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NOTES FOR DESIGN GUIDE 8

For thermal waste treatment processes, it is assumed that a properly designed secondary
combustion chamber is in use. In such a case, additional hydrocarbon pollution control
equipment would not be necessary. However, if this is not the case, this design guide can
be used for the selection of pollution control equipment for hydrocarbons.

It is assumed for this design guide that the pollution control system is needed for a waste
destruction process. Therefore, it is assumed that recovery of the hydrocarbons for reuse
is not desirable. As such, solvent recovery technologies are not considered in this design
guide.

In very general terms for hydrocarbon removal from a gas stream, activated charcoatl is
not used if the hydrocarbon concentration is greater than ~1% to 3% of the lower
explosion limit unless the carbon is regenerated; catalytic oxidizers are used when the
hydrocarbon content is less than ~25% of the lower explosion limit; thermal oxidizers
are used when the hydrocarbon content is greater than ~25% of the lower explosion
limit. These comments should not be considered absolute rules. For many situations, the
process can be engineered to use any of these technologies regardless of the
hydrocarbon concentration.

Additional factors that affect the performance of activated carbon for hydrocarbon
removal include the volumetric flow rate of the gas stream, the temperature of the gas
stream (i.e., how close the gas stream temperature is to the dew point of the
hydrocarbons in the gas stream), concentration of hydrocarbons in the gas stream,
concentration of other adsorbable compounds in the gas stream, type of hydrocarbon
species in the gas stream, and the quality of the carbon.
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DESIGN GUIDE 9. Technology Selection for Offgas Cooling

Start with heat
esxchanger/boller and
evaporstive cooling as
primary options.
Gaseous dliution and
sensibie cooling can be
usad in conjunction with
8 primary option.

Is SDA, " Select evaporative
DS, or wet bbi ; cooling with additional
10 be used? sensible cooling.

Will heat

transfer surf: be

subject to frequent
fouling?

Eliminate heat
B o xchangerboller.

Y

Evaporative cooling Is primary
option. Gaseous dilution could
be used with primary option.

Select heat
exchanger/boller.

Consider
gaseous dilution
in addition to
primary option.

Heat exchanger/boller and
evaporative cooling are primary
4 Dart, cost analyais 10

select offgas cooling opuov;.
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4.4 ADDITIONAL RECOMMENDATIONS FOR MIXED WASTE APC SYSTEMS

The following Design and Operational recommendations stem from the Offgas TSG
design process.

1. A need exists to implement a preventative maintenance and inspection program for all
equipment in a mixed waste treatment facility (e.g., monitor vibrations in fans to
anticipate failure).

2. A need exists to determine the best way to handle/treat evaporated solids from an SDA.

3. LDRs for final waste form are important—it is important to know how to treat salts and
radionuclides.

4. The highest quality materials of construction should be used in all APCE. These choices
should be formalized and presented in terms of initial cost vs avoided costs. The choices
will be driven by maintainability, reliability, lifetime, and safety requirements. A
corrosion monitoring and testing program using standard American Society for Testing
and Materials (ASTM) procedures should be instituted. Power plants, chemical plants,
etc., do this routinely using a variety of methods.

5. ‘There is a possible research need of tracking plumes and coordinating an evacuation
upon emergency. Rocky Flats has done much work in this area.

6. A level of radionuclides (e.g., 239Pu) in the waste feed stream should be able to be
translated to a level coming into the APCE. Throughput and accumulation are important
questions, as well as radionuclide volatilization and partitioning to the bottom ash and
flyash. Carryover is a function of the waste destruction technology and the feed type.

7. Fissile-contaminated solids need to be cleaned from a scrubber, either in place or by
removing and replacing components. If component removal is the option, we need a
modular design. This need is strongly tied to the level of radionuclides in the APCE; if
the level is lower, then these issues are not as important for optimized design. Some ideas
are to minimize buildup: using conical bottoms on sumps and tanks to avoid criticality;
using angled tanks, pencil tanks, etc., for operational ease. Easy inspection, using neutron
monitors, is also important. Another solution is to backflush with acid to clean the scale,
but then materials of construction must be able to withstand the acid wash.

8. Westinghouse Savannah River Corporation (WSRC) and the Idaho National Engineering
Laboratory (INEL) have modified waste streams to minimize the chlorine and other
“bad actors” in the waste by finding a suitable replacement for polyvinyl chloride
(PVC) and other waste precursors that form acid gases. A similar program has been
developed in the commercial sector for low-level power plant waste, waste from
commercial laboratories, fuel fabricator’s waste, etc.

9. The availability of APCE should be maximized (90% is desirable). However, facility
shutdowns for maintenance, accountability, etc., need to be accounted for, making 50%
availability more realistic. Availability is also a function of the number of shutdown
interlocks. Industry policy is to design modular units with 25% to 50% excess modules.




10.

11.

12.

13.

14.

15.

16.
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If six modules are needed to handle all the flow, build eight so that two can be shut down
for maintenance without shutting down the process.

The turndown requirements for the waste destruction process need to be known.

Methods to control temperature should be considered. Addition of air is not necessarily
the best way to do this.

Facility designs should consider new technologies. This ensures that recent advancements
and improvements to old technologies are incorporated. For example, verifying
advanced materials of construction and process control equipment are used regardless of
the pollution control technology selected. This same concept applies to other
improvements in process equipment (i.e., mechanical seals, pumps, etc.).

Generation of secondary waste should be considered (i.e., spent sorbents, SCR catalysts,
filter bags, etc.) This is especially important in “hot” applications.

Start-up procedures could be critical in the selection of APCE. For some industrial
processes, it is necessary to bypass some of the APCE until the furnace is up to
temperature. This would not be acceptable in a mixed waste application and would
preclude use of some types of equipment.

A need exists to match the conservatism in the APC design with the degree of uncertainty
in waste feed characterization.

When a wet system with blowdown is considered, the waste water discharge limits must be
determined, especially for soluble radionuclides such as cesium and strontium.

In addition to selecting the optimum second-stage destruction and pollution control

equipment, there are technical issues related to the design and operation of a waste treatment
facility. Some of these issues that have already been identified include the following:

The use of safety relief vents on combustion systems.

The use of one offgas train for multiple waste processing units.

Addressing criticality control in pollution control equipment.

How much redundancy should be incorporated and where.

Operational parameters in the offgas equipment that promote dioxin and furan formation.

4.5 SUMMARY OF COMMERCIALLY AVAILABLE APC SYSTEM DESIGN TOOLS

A survey was conducted to determine how offgas system vendors, A/E firms, and

industry support organizations conduct process designs. We found one example of a design
guide used in industry.




41

Electric Power Research Institute State-of-the-Art Power Plant.

The Electric Power Research Institute (EPRI) has developed a process that provides
computer assistance for APC system design and technology selection. This design tool is
called State-of-the-Art Power Plant (SOAPP).

Some of the goals of the SOAPP project reflect what we think should be our goals, such
as reduced capital costs (20% less than current typical costs); fast-track construction;
improvements in plant operability, reliability, and performance; integration of advanced plant
controls, performance monitors, and diagnostics; and compliance with prospective future
environmental regulatory requirements. It is our understanding that elements of the software
program help to achieve these goals.

The EPRI project team is supplemented by a vendor advisory committee of
~70 equipment manufacturers and vendors who are responsible for the completeness and
timeliness of information on the technologies and design concepts.

The software is divided into technology modules. The modules present an overview of
the basic principles of a process, along with detailed information on two to eight alternate
technologies. Interactive equipment sizing, costs, and construction schedules are provided for
each of the alternative technologies as a function of up to nine sensitivity parameters.
Technology modules involve numerous technologies, but the modules of interest to us
include ESPs, baghouses, wet and dry flue gas desulfurization (FGD) systems, SCR, SNCR,
combustor NOy, control, and CEMs. The computer programs are user friendly and make
extensive use of some powerful graphics.

The project is developing some base-case conceptual designs that include all of the
advancements that have been previously described. This base-case can then be tailored to
meet the specific needs of individual sites. In addition to the integration of the appropriate
advanced technologies, the base-case SOAPP conceptual designs are being structured to fully
support advanced construction techniques.

4.6 RECOMMENDATIONS FOR DEVELOPMENT OF DESIGN GUIDES

If developed beyond its current stage, the design guide could serve the following
functions:

1. For a given thermal treatment technology, the guide could discuss the relationship
between waste feeds and pollutant species in the offgas.

2. The design guide could include selection criteria for thermal treatment technology for a
given waste stream.

3. The guide could expand on the current “decision tree” format by making the logic
more rigorous and perhaps by even entering the methodology onto a computer. Its
function should remain focused on issues unique to mixed waste treatment that are not
found in classical chemical engineering textbooks on unit operations design.

4. Technology “holes” would continue to emerge from the analysis used to develop the
guides. Promising emerging technologies and deficiencies in existing technologies
would continue to be identified.
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The mixed waste treatment waste stream categories and process flowsheets could be used
to develop specific, integrated APC flowsheets as examples to illustrate the guide’s
methodology. These design examples would verify the guide’s soundness for specific
situations.

If developed in a general way, but covering specific cases of waste composition and
thermal treatment technologies, the guide could be pertinent to designers well into the
future. Emerging proven technologies could be continually incorporated into the guide.
The manual could continue to serve as a useful guide instead of a document that only
satisfies a current need.
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5. CHARACTERIZATION REQUIREMENTS FOR OFFGAS FROM
MIXED WASTE TREATMENT

5.1 BACKGROUND

The following guidelines for characterization of process parameters are applicable to all
offgas systems used on mixed waste treatment and stabilization processes. As such, these
guidelines can be used to provide direction in offgas monitoring and characterization when
designing test programs for alternative mixed waste treatment technologies. However, these
guidelines are mainly intended for facilities that are already operational. In addition, these
guidelines focus on continuous monitoring and sampling. Periodic or noncontinuous
sampling and analyses (e.g., grab samples) are not discussed.

The monitoring and characterization requirements discussed in this TASR are driven by
federal regulations, safety concerns, and process control. Section 5.2 addresses parameters
that require characterization and monitoring for regulatory compliance. Many of these
parameters are also monitored for safety reasons and for process control. Section 5.3
discusses the remaining monitoring and characterization needs of an offgas system for
control and/or safety purposes. These parameters are not normally monitored for regulatory
compliance; however, on a case-by-case basis, permit writers can include them in the permit.
Section 5.4 describes state-of-the-art radionuclide monitors and associated public and
regulatory issues.

Section 5.5 discusses the waste assay requirements as they relate to pollutant generating
materials. Although these assay requirements pertain to the waste prior to treatment, they are
briefly discussed here because they are required, in most cases, for regulatory compliance and
because the species to be identified in the assay are precursors to pollutants that must be
monitored in the offgas. In some situations, it may be more viable to determine the total
quantity of precursor in the waste stream and use this value to demonstrate that even if all of
the pollutant formed were released, the emissions would still meet regulatory requirements.

Note that there are additional waste monitoring and characterization requirements in
addition to those discussed in Sect. 5.1. Although these other monitoring and characterization
requirements can impact the selection and performance of offgas pollution control
equipment, these requirements are not discussed in this document since the parameters
involved are primarily considered to be process parameters for other areas such as the waste
feed system or the waste treatment system.

5.2 MAJOR SPECIES REQUIRING CHARACTERIZATION
5.2.1 Oxygen (O3)

Continuous monitoring is required by regulations to correct carbon monoxide
concentrations from the thermal treatment unit to a standard basis of 7% oxygen by volume.
Oxygen continuous monitoring is also necessary for control purposes and will be tied into the
thermal treatment unit control system. Regulations allow the O, monitor fo be located
anywhere in the offgas system between the secondary combustion chamber (SCC) exit to the
stack, though preferably as close as possible to the SCC exit. For combustion control
purposes, the O, monitor should be located at the SCC exit. Monitoring conditions are as
follows:




* O, range from 0 to 25% (air is 21% oxygen by volume but the expanded range is required
by regulations);

* temperature range from ambient to ~2200°F;

* depending on monitor location and offgas equipment, normal operating pressure could
range from about —100 in. W.C. to atmospheric pressure (some positive pressure surges
from upset conditions in the thermal treatment device are expected);

» offgas environment is generally oxidizing with “puffs” of a reducing environment
expected;

* offgas will contain acid gases such as HCI, HF, SO,, SO;, and nitrogen oxides (NO,) at
levels generally below a few hundred parts per million (ppm) but could be as high as 10%
for certain wastes and certain thermal treatment devices;

* particulate in the form of inorganic oxides, inorganic salts, carbon (soot), and elemental
species will be present at loadings that can exceed a concentration of 5 grains per dry
standard cubic foot (5 grains/dscf).

The current state-of-the-art for oxygen monitors is analysis of an extractive sample or the use
of a probe for an in situ analysis. Because of the harsh conditions in the offgas at the SCC
exit, monitors at this location are subject to frequent maintenance and calibration.

5.2.2 Carbon Monoxide (CO)

Continuous monitoring is required by regulations to determine the amount of CO
emitted and as an indication of the combustion efficiency of hydrocarbons. Although the CO
monitor is not normally tied into the thermal treatment unit control logic, it is frequently used
by operators as an indicator of changes that need to be made or how well changes that have
been made affect operations. As with the O, monitor, the CO monitor can be located
anywhere in the offgas system but near the SCC exit is desirable from both a regulatory and
an operational standpoint. Monitoring conditions are as follows: CO content ranges from
essentially 0 CO to over 1000 ppm with the normal operating range between 40-100 ppm.
The EPA requires a dual-range CO monitor with ranges from 0-200 ppm and 0-3000 ppm.
All other conditions are the same as those for the O, monitor.

5.2.3 Carbon Dioxide (CO,)

Monitoring is required when burning polychlorinated biphenyl (PCB) liquids or waste
contaminated with PCB liquids. The CO, is not required to be continuous but must provide a
data point at least every 15 min. The CO, concentration is required to be determined so that a
combustion efficiency can be calculated. As with the CO and O, monitor, the CO, monitor
can be located anywhere in the offgas train. The conditions encountered in the offgas system
would depend on the location of the monitor, ranging from the harsh conditions at the SCC
exit to the significantly milder, but potentially wet, conditions at the stack. Normally, when
burning PCB waste, the CO, content can vary from essentially 0% to ~20%. If, however, the
waste matrix is nearly pure carbon, such as contaminated charcoal or graphite, and the
oxidant is pure oxygen rather than air, then the CO, content in the offgas would approach
100%.




45

5.2.4 Radionuclides

Monitoring at the stack is required for regulatory purposes. Current regulations do not
require real-time monitoring, but the offgas must be continuously sampled. A continuous
real-time monitor would be ideal. One of the important improvements that could be made in
radionuclide monitoring is the development of monitors that can detect radionuclides that are
converted to gases when thermally treated (e.g., tritium that is converted to gaseous water, 14C
that is converted to carbon dioxide, and radioiodine that is converted to elemental iodine or
an organic iodide such as methyl iodide). Current methods to detect these nuclides rely on
absorption or adsorption with media that also collects other combustion products and are
rapidly spent.

At a minimum, nuclide monitoring should include a beta/gamma scan down to picocurie
levels. Depending on the type of waste and local/regional regulatory requirements, it may be
necessary to monitor for alpha and difficult to control nuclides such as tritium, 14cC,
radioiodine, and noble gases. Since alpha-emitting radionuclides are usually attached to
particulate, real-time continuous alpha monitoring could probably be performed between
HEPA filters in series and serve essentially as an upset or filter breakthrough monitor. The
downstream HEPA filter(s) would provide additional protection should an upstream filter fail.
Conditions in the stack will be substantially milder than at the SCC exit: temperature will
range from about 150-500°F; system pressure will be slightly below or above atmospheric;
acid gases will be 100 ppm or less downstream of a scrubber; particulate loadings will be
below 0.015 grains/dscf (significantly lower than this figure downstream of HEPA filters);
and the offgas may be saturated with moisture depending on the type of APCE used.

5.2.5 Hydrochloric Acid (HCI)

Continuous emissions monitoring at the stack is not required by regulations but is
recommended for process control purposes, particularly in dry and semidry offgas treatment
systems for alkali reagent addition. Conditions will be the same as for radionuclide
monitoring.

5.2.6 SO, and NO,

Continuous monitoring at the stack may be required if prevention of significant
deterioration (PSD) concerns exist. Low sulfur levels in the waste and the small size of
thermal treatment unit will likely preclude the need for SO, CEM. An NO, CEM may be
needed because of the high levels of nitrogen in some waste feed streams and may also be
needed because of the thermal NO, generated by the thermal treatment device. Where waste
with a high nitrogen content is being treated, an NO, abatement technology will be required
and likely an NO, CEM as well. Monitors should be able to monitor levels as high as
10,000 ppm in an abatement equipment failure situation. The conditions in the stack will be
the same as for radionuclides.
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5.2.7 Particulates

Monitoring in real-time will not likely be required if redundant HEPA filters are used.
Stack particulate sampling, including that for radionuclides attached to particulate, should be
conducted at isokinetic conditions. Under normal operation, strictly from a technical
standpoint, isokinetic sampling downstream of HEPA filters would not be required. However,
should the HEPA filters fail, allowing larger particulate to be emitted, then isokinetic sampling
may be required to measure the actual particulate emission. Some upstream particulate
removal subsystems are efficient enough not to require isokinetic sampling, for example, free
jet scrubbers and high-efficiency mist eliminators (HEMEs).

5.2.8 Heavy (Toxic) Metals

Although current EPA regulations do not require monitoring for heavy metals from
hazardous waste incinerators, boilers and industrial furnaces burning hazardous waste are
required to determine the emissions of heavy metals using one of three optional approaches.
To standardize the requirements of all hazardous waste combustion facilities and to protect
the public and the environment, this same three-tier approach is being enforced (at the
regional level) for hazardous waste incinerators. Under the three-tier approach, the facility
must either determine what the heavy metals content is in the waste feed or what the heavy
metals content is in the offgas at the stack. Ideally, heavy metals monitoring would be done
on a continuous, real-time (or near real-time) basis, but continuous extractive sampling,
followed by analysis in a laboratory, is currently an accepted method. For a future mixed
waste treatment facility, continuous, real-time monitoring for mercury, because of its high
volatility, may be desirable both for emissions performance and internal process control.
Development of a continuous monitor for emissions of the toxic metals regulated by the EPA
is considered a high priority. Monitoring for metal levels down to a mass emission rate of a
few grams per hour will be necessary. Conditions at the stack will be the same as for
radionuclide monitoring.

5.2.9 Organics

Monitoring is currently required by the BIF Regulations for total hydrocarbons (THCs)
depending on the demonstrated CO levels in the offgas. THC monitoring is usually
performed in the high-temperature zone of the thermal treatment unit, such as at the SCC
exit. Real-time, continuous monitoring for a variety of organics in the offgas such as
principal organic hazardous constituents (POHCs) and products of incomplete combustion
(PIC) is currently not required, but improvements and developments in CEMs for organics
would be beneficial. As such monitoring instrumentation at the required detection limits
becomes available, its use should be encouraged to help future mixed waste treatment
processes become more acceptable to the public.

5.2.10 Trial Burn Monitoring

Trial burn monitoring requires measurements of particulate and, in most cases, HCI and
heavy metals emissions at the stack. A determination of the destruction and removal
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efficiency (DRE) of the POHCs will be required, and measurement of the emissions levels of
PIC may also be required. There are standard EPA methods for measurement of these
species.

5.2.11 Temperature

The temperature of the offgas should be measured at various points throughout the
offgas system, starting at the thermal treatment unit. Conditions will vary from about 2200°F
with high levels of primary pollutants (acid gas, NO,, particulate, heavy metals, radionuclides)
to nearly ambient conditions at the stack with the majority of the pollutants removed.
Depending on the type of offgas system, the offgas at the stack could be near water
saturation. The temperature of the gas at each combustion chamber exit must be measured to
verify that the operating conditions stay within the operating envelope established during the
trial burn so as to ensure that the required organics destruction is achieved. In general, the
inlet temperature to APCDs must be monitored if the APCD is required to meet permit
conditions and if the APCD has a temperature limit for proper operation. For example, in
offgas systems having a baghouse for particulate removal, the baghouse inlet temperature
must be monitored to ensure that the bags are not damaged by high temperatures. In addition
to monitoring temperatures for regulatory purposes, temperatures at various locations in the
offgas system should also be monitored to ensure proper operation, which, in turn, can have a
direct effect on meeting permit conditions. For example, the quencher exit temperature is a
monitored variable in a wet offgas system to verify that the offgas is being adequately cooled
to maintain the integrity of downstream process equipment, including HEPA filters. Likewise,
where offgas reheaters are required to raise the offgas above the dew point prior to HEPA
filtration, temperature differential across the reheater unit is a necessary control variable to
ensure that the HEPA filters are not damaged by moisture.

5.2.12 Pressure and Differential Pressure

Absolute pressure and differential pressures must be monitored and controlled at various
points throughout the offgas system. Process conditions will be the same as described for
temperature measurements. Control of the thermal treatment unit's internal pressure, slightly
below atmospheric, will be required for operational safety purposes. Differential pressures
across specific APCDs must be controlled to stay within the operating envelope established
during the trial burn and to maintain high particulate removal efficiencies. The pressure of
the liquid flow to the scrubber must also be monitored. For other APCDs such as packed
tower scrubbers, the differential pressure must be monitored to avoid upset conditions such as
flooding. Baghouses typically require monitoring of differential pressure to monitor for
cleaning of the bags and bag filter failure. For HEPA filters, a measurable minimum pressure
drop indicates the integrity of the filter; a maximum allowable particulate loading is indicated
by high pressure drop and the subsequent need to change filters.

5.2.13 Gas Flowrates

Flowrate measurements for both input gas streams into the thermal treatment unit and for
the offgas at selected points in the offgas train, including the stack, are important. Input gas
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streams are essentially air but can contain contaminants, such as in chemical venting
operations. The gas may be wet, contain relatively high concentrations of organics, and have a
relatively high dust loading. Input gas flow pressures will be slightly negative or slightly
positive with respect to atmospheric, depending on the location of the monitor, and
temperatures will be near ambient. The SCC exit offgas flowrate must either be monitored
directly or readily determined through calculation to determine the average gas residence
time in the SCC. Final stack offgas flowrate monitoring is useful for material balance
purposes and is required to calculate mass emission rates of monitored pollutant species as
well as for isokinetic particulate sampling. Conditions at the stack are the same as those
described above for radionuclide monitoring.

5.2.14 Liquid Flowrates

For wet or semiwet offgas systems, the flowrate of circulating scrubber liquid at various
points in the system is an important process control parameter and, in some cases, must be
monitored. For example, the flowrate of scrubber liquid to many APCDs such as particulate
and acid gas scrubbers affects the removal efficiency of these pollutants and must be
monitored to verify that flowrates are reflective of operating conditions used during the trial
burn. The proper flowrate of liquid to an offgas quencher is the variable that controls the
quencher exit temperature. Emergency water addition to a wet offgas system may also be
controlled by scrubber liquid flowrate. For regulatory purposes, monitoring of the scrubber
liquid blowdown flowrate is almost always required and is useful for overall process material
balance closure. Scrubber liquid conditions are generally as follows: slightly caustic (pH of
8-9 optimally, but periodically higher or lower) and slightly elevated temperature (80—
180°F). The aqueous liquids normally contain dissolved solids (salts such as NaCl, NaF, and
NasSOy4) and suspended solids (primarily flyash consisting of soot, metal oxides, and
inorganics in elemental form).

5.2.15 pH of Scrubber Liquid

The pH of scrubber liquid is an important system control variable and also happens to be
one of the most difficult process parameters to control satisfactorily. The pH must be
controlled within a prescribed range, typically 8 to 9, to maintain acid gas removal efficiency,
avoid precipitation of gelatinous metal hydroxides, and meet scrubber blowdown pH
discharge requirements. The scrubber liquid pH is the measured variable that controls caustic
addition. Conditions are the same as those described for liquid flowrate measurements.

5.2.16 Power and Voltage

Monitoring is required for certain APCDs that rely on electrical input to create
electrostatic forces for the collection of particulate. These monitors are used to ensure that the
particulate removal equipment is operated under the same conditions as those used during the
trial burn so that the particulate removal efficiency will be nearly the same as that obtained
during the trial burn. The primary APCDs that will be required to monitor these variables are:
ESPs, WESPs, electrodynamic venturis (EDVs) and ionizing wet scrubbers (IWSs). Obviously,
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these monitors will not be in contact with the offgas and will not be subjected to the extreme
conditions associated with the offgas.

5.3 GENERAL MONITORING NEEDS FOR CONTROL PURPOSES
5.3.1 Density and/or Conductivity of Scrubber Liquid

Continuous monitoring and control of density or electrical conductivity is a means of
controlling dissolved solids concentration of the recirculating scrubber liquid. Blowdown of
scrubber liquid is normally based on controlling either or both of these two parameters at a
specified set point. The liquid blown down is replaced with fresh makeup water to maintain a
constant inventory of liquid in the system. Conditions are the same as those described for
liquid flowrate measurements.

5.3.2 Liquid Level

The level of scrubber liquid in APCD sumps and surge tanks must be controlled to avoid
dry pump suction and the loss of flow of liquid to APCDs. Level control is also required to
avoid overflow of process vessels.

5.3.3 Fissile Material Monitoring

For avoidance of criticality concerns, especially in wet offgas systems processing waste
with fissile materials, a means of monitoring key process areas that could expect holdup of
material should be provided. Such areas include APCD sumps and scrubber liquid
recirculation tanks.

5.3.4 Vibration Monitoring of Rotating Equipment
Key rotating machinery in an offgas system includes induced draft blowers and liquid
pumps. To maintain safe operating conditions, monitoring for vibration should be considered

at a minimum for induced draft blower performance to anticipate maintenance requirements
and avoid failure of equipment during operations.

5.3.5 Monitoring of Chemical Species in Selected Gas Streams

For various gas streams within the MWTP flowsheet as it currently exists, additional
monitoring may be indicated for control purposes. Following are species that have been
identified at this time which would likely require monitoring for process control.

5.3.5.1 Organics

Measurement of the organics content of input gas streams to the thermal treatment unit,
though not critical, can provide information concerning heat input into the thermal treatment
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unit. Conditions will be similar to those described for flowrate measurement of input gas
streams.

5.3.5.2 Acid gas

Acid gas (primarily HCI and SO,) content of stack gases may need to be measured if a
dry or semidry offgas system is used. This measurement would be used for control of the
addition of alkali reagent for acid gas scrubbing in such a system.

5.3.5.3 Chlorine gas

Chlorine (Cl,) gas monitoring in the exhaust from chlorine gas scrubbmg is needed for
control purposes. Gas temperature will be slightly above ambient (120-160°F). The gas will
be fairly clean but will be saturated with moisture.

5.3.5.4 Mercury

Mercury monitoring in the offgas from a mercury cleanup scrubber and from the
activated carbon bed adsorber downstream of the mercury vacuum still is needed for control
purposes and may be beneficial in demonstrating regulatory compliance. Such monitors
would indicate proper operation of the scrubber and approach to breakthrough of the carbon
bed.

5.4 CONTINUOUS RADIOACTIVE EMISSIONS MONITORING

The greatest public concern with incineration, and most likely with any future thermal
waste treatment system, is that the system might not be operating within a “safe” range of
emissions. The monitoring of radioactivity in the offgas from mixed waste thermal treatment
units can be accomplished either by continuous measurement or by sampling and analysis.
The latter approach does not constitute a real-time measurement. However, in almost all cases,
radioactive monitoring in real-time sacrifices the sensitivity of the measurement or the
detection limit. Particulate radionuclide concentrations are = <tremely low in offgas that has
been filtered through one or more HEPA filters in series. 7 al-time monitoring of HEPA
filtered offgas at a detection limit that can quantify actual rauioactive emissions is simply not
possible. In these situations, actual radionuclide concentrations in the offgas can be up to six
orders of magnitude below the monitor's detection limit. However, state-of-the-art radioactive
monitors are capable of detecting the maximum permissible concentration (MPC) or derived
air concentration (DAC) for virtually all radionuclides (a gas sample is continuously passed
through a filter, and the filter is continuously counted to give a real-time cumulative
radioactivity measurement).

When monitoring offgas downstream of HEPA filters, the most sensitive continuous, real-
time monitors for radioactivity associated with particulate can only provide a reading of
“zero” during normal process operation. Such a monitor can detect radioactivity in real time
only in the event of process upset conditions such as a failure of one or more FZF 4 filters
upstream. Monitoring for upset conditions is a viable approach in conjunction - -~ additional
protection by final HEPA filters downstream of the monitoring point prior to reiease to the
atmosphere.
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Sampling of offgas followed by analysis provides greater sensitivity and lower detection
limits than any real-time monitoring methods. A portion of the stack gas is routed through
filter paper, and a particulate sample is allowed to build up over a period of time, usually in
the range of hours to several days. The sample is then transferred to a laboratory for
counting, and a determination is made of total radioactivity collected during the sample time.
Sampling followed by analysis can provide actual cumulative radionuclide release
information but not in real time.

The limitations of radioactive sampling and monitoring technologies must be
communicated to the regulatory agencies so that physically impossible performance
requirements are not imposed on treatment facilities. The ability to detect an internal process
upset condition in real time while avoiding any increased release of radioactivity should go a
long way toward reassuring the public that it is being protected from potential releases. Wide
public acceptance of incineration and other mixed waste treatment technologies will depend
on the proper implementation of continuous radioactive emissions monitors. Good
communication to the public about how monitoring is being implemented will be far more
important than the continued development of more sensitive monitors. After all, a monitor
that can detect a single atom is of little use if there is no waste treatment process in which to
install it.

5.5 WASTE ASSAY REQUIREMENTS

Many of the characteristics of the waste feed to the thermal treatment device can impact
the APC system and should be determined if practical. However, this is not always possible.
Many of the candidate waste streams for treatment in the MWTP will be difficult or ,
impossible to completely characterize because of difficulties in obtaining representative
samples of heterogeneous waste packages.

Nonetheless, the halide (mainly chlorine), heavy metals, and ash content of the waste are
required to undergo some means of characterization before processing. In addition, the
radioactivity of the waste should be determined for ALARA (as low as reasonably achievable)
purposes to ensure that concentration of the activity will not create safety problems and to
account for radionuclides that may have a feed limit such as tritium, 14C, and radioiodine.
There are other parameters related to the waste feed treatment device that are also required to
be monitored for regulatory compliance or for operational control. These parameters (which
include waste feed rate, weight of containerized waste, waste chemical and physical properties,
etc.) are not discussed in this document. Monitoring and characterization of these parameters,
although they can affect the offgas system, is generally considered a need of the waste
destruction and stabilization system.

Detailed characteristics of DOE waste streams can be found in the DOE Mixed Waste
Inventory Report.2
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6. TECHNOLOGY DEVELOPMENT NEEDS AND DESIGN AND OPERATIONAL
RECOMMENDATIONS

6.1 PRIORITIZATION OF NEEDS

All of these needs are considered important for second-stage destruction and offgas
treatment; however, the TSG assigned a priority in this list, to note a relative importance.
Where a range of priorities is given, a consensus was not reached among TSG members.

6.2 SUMMARY OF NEEDS

The table below contains a short description of each “need,” the basis for that need, and
the technical difficulty of the task.

It is recommended that testing and demonstration of APC technologies address site-
specific design issues as well as the 10 broad issues identified in the following table. In
addition, characterization of the effluent to be treated is crucial to designing, testing, and
implementing APC systems. Effluent characterization is discussed in Chap. 5 of this report.

As a result of evaluating the eleven “typical” APC systems shown in Appendix B, no
“technology holes," or functions that cannot be met with existing APC technologies, were
identified. Rather, recommendations suggest technology testing and demonstration areas to
improve implementation and operation of waste treatment systems in DOE.

We defined three knowledge gaps, or areas in which our group did not have enough
information to proceed. These gaps can easily be addressed with a survey of industrial

technologies.
Rank Need Basis Technical difficulty
Higher Continuous Real-time feedback to improve Metals monitoring—
emissions monitoring operation and ease trial burn difficulty TBD.
process. Some improved public ~ Technically risky.
acceptance. Real-time data useful  Potential technologies
for equipment performance lab-scale only.
characterization. Radionuclides
monitoring—TBD.
Medium-  Extend life of HEPA Plugging HEPA filters creates Prevent plugging
Higher filters significant maintenance and upstream—medium
handling problems and generates  difficulty. See othe:
secondary waste that can be technology needs below.
cumbersome to dispose of. Two
approaches: prevent plugging Develop cleanable
upstream of HEPAs and/or HEPAs—Medium
develop cleanable HEPAs. difficuity.
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Rank Need Basis Technical difficulty
Medium—~  Characterize performance Particulate removal is extremely  Not difficult. Need to
Higher of “new” technologies important (see topic above and define appropriate

for initial removal of below). The payback for reliable, system for testing.
fine particulates (e.g., high performance is great. Data
CHAEEF filters, Froth not available for some “new”
columns). commercial technologies.
Medium—  Demonstrate Although experience and, to some Not difficult on a
Higher performance of APCE degree, data allow APC system component-by-
systems and components designers to predict the component basis.
for radioactive, metal, performance of equipment, most  Substantial effort, but
and particulate removal  should be tested at a smaller scale not technically risky, for
efficiencies. prior to full-scale system demonstration
implementation. This is simply a for the entire national
measure to protect the DOE program. System
investment in equipment and is demonstrations should
common practice in industry be carefully coordinated
today, especially the utility among sites to avoid
industry, which relies heavily on  duplication.
state-of-the-art APC equipment.
Another basis for this need is
operational flexibility. For
example, how tolerant is the
mercury cleaning equipment to
low levels of acid gas?
Medium Investigate commercial ~ Normally, particulate removal is  Medium difficulty.

and emerging
technologies for high
temperature particulate
removal.

(e.g., ultrafiltration,
ceramic bags, ceramic
candles, molten glass
scrubbers.)

performed at lower temperatures,
downstream in the APC system.
If particulate removal could be
accomplished upstream, it would
keep most of the radionuclide
contamination upstream, which
results in a safer, easier to
maintain system.
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Rank

Need

Basis Technical difficulty

Medium

Medium

Medium

Study state of the art in
NO, abatement
technologies.

Study state of the art in
second-stage destruction
technology.

Evaluate “new”
commercial technologies
to minimize secondary
waste streams without
sacrificing pollutant
removal efficiency.
Possible technologies
include acid gas removal,
using “amine” solutions
that can be recycled, and
new mercury capture
technologies.

In the professional opinion of the Not technically difficult.
TSG, DOE probably does not Survey only.
need to invest money in new

NO, abatement technologies. The

payback for a major technology

improvement in this area is large,

but the probability of finding a

major improvement seems small.

Industry is working very hard to

improve catalysts, etc. We

propose surveying R&D in the

electric power industry.

Good mixing is imperative for
organics destruction in a second-
stage unit. If this unit functions
properly in a system, there is no
need for further equipment (e.g.,
catalytic devices) to assure VOC
destruction. Degree of completion
of combustion reactions can be
inherently improved by a plug-
flow geometry and possibly other
techniques combined with
traditional burners. We need to
know what industry is doing.

Not difficult—industry
survey only.

Treating secondary waste Initial survey of

generated in a mixed waste technologies not
treatment system is not trivial, technically difficult.
especially for liquid secondary Technical evaluation
waste streams. The benefits of with respect to mixed
implementing technologies that  waste treatment needs
minimize secondary waste may be challenging.

generation must be evaluated in a
systems analysis that includes a
formal technology selection logic
accounting for factors such as
cost, risk, and performance.
However, we should at least be
familiar with the options
available and use our site-specific
analysis to consider their
applicability to DOE systems.
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Rank Need Basis Technical difficulty
Lowerto  Analytical modeling of It is helpful for designers of APC  Medium difficulty—
Higher metals partitioning in systems to know the physical equilibrium models are
(lack of waste treatment and air ~ form of the metals that must be  easy to calculate. The
consensus) pollution control captured and what operational challenge is obtaining

equipment. Primarily factors affect the capture. thermodynamic data for
thermodynarmic the species of interest
equilibrium models. and incorporating kinetic
Coordinate with ongoing effects. Note that quite a
work already funded by bit of work is currently
EM at Oak Ridge ongoing in equilibrium
National Laboratory, modeling.

Lawrence Livermore

National Laboratory, and
Rocky Flats Plant
(through EPA at Energy
and Environmental
Research Corporation).

Lower— Determine radionuclide ~ Hot testing is difficult to Unknown. Depends on
Medium surrogates for systems  implement and data are required to  radionuclide, test
and component testing.  show the capture efficiency of configuration, desired

radionuclides prior to full-scale test data, etc.’
implementation. Selection criteria
include molecular weight,
volatility, and thermodynamic
properties and will depend on the
feature being tested.

Higher Provide technologies This issue is partially addressed Unknown difficulty.

that address issues by stating the need for CEMs, This is a very broad
affecting public but any other technical solutions  need, and we will
opposition/concern to this important problem will be evaluate proposals on a
toward mixed waste considered. case-by-care basis.
treatment facilities.

6.3 DETAILS ON TECHNOLOGY NEEDS FOR FINE PARTICULATE REMOVAL

Fine, submicron particulate collection has proven itself to be a challenge in APC. APCE
has lower removal efficiencies for submicron particulates. Submicron particulates can blind
cleanable, coarse filtration media (e.g., fabric filters) by penetrating into the media rather than
collecting on the surface. In addition, particulate emission regulations are becoming more
strict. Fine particulate frequently contains a higher concentration of toxic heavy metals, and it
is more easily inhaled by humans than coarse particulates. When alpha-emitting radionuclides
such as plutonium are associated with fine particulates, the health hazard is further increased.

The two main sources of fine particulates include the thermal treatment device and wet
pollution control equipment. The fine particulates from the thermal treatment device are
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usually either bits of ash entrained into the airflow or minute aerosols of condensed volatile
matter. Fine particulates from wet pollution control equipment are carried over from mists
generated in the quencher and scrubber. These particles are usually salty and/or dirty residues
of the liquid left after the offgas is heated.

One of the best collection devices for fine particulates is the HEPA filter. However,
HEPA filter operability problems can be summarized as follows:

1. Overloading due to lack of control of upstream particulate load and particle size of
entrained particulates in off-gas stream. This is a design task failure that occurs in cases
where adequate sampling/analysis and special thermal treatment assessment of the waste
characterization are not done in concert with APC unit operation specification and
flowsheet sequencing.

2. Overloading by salt when recycle water from the quench is evaporated.

3. Loss of availability due to water condensation stemming from lack of control of
combustion gas flow/composition range in association with APC reheater operation
upstream of HEPAs. Properly designed insulated/heat-traced ducting to prevent
condensation/fogging is very important.

4. Overloading due to droplet carryover and subsequent excessive reevaporation of water
from the dissolved salts in recycle scrubber liquor loop in contact with APC unit
operations downstream of quench operation but upstream of the HEPA filters.

5. Droplet carryover, from last stage, actually reaching and wetting the HEPA filters (mist
eliminator problem).

6. HEPA filtration not routinely used in the hazardous waste incineration industry. The
primary industrial use of HEPA filtration is to filter clean rooms for electronics
manufacturing.

Several mixed waste incineration systems that have generated APC HEPA filter operating
data (such as change-out frequency, lessons learned on redundancy to maintain needed
availability, root cause of upset conditions leading to loss of production, etc.) include
incinerator facilities at INEL (WERF and PREPP); Savannah River (CIF); Los Alamos
National Laboratory (Controlled Air Incinerator); and Rocky Flats (Fluidized Bed
Incinerator). Failure to control HEPA operations can have dramatic impact on overall unit
availability, production rates, and emissions control.

RDT&E needs in the area of fine particulate removal include the following:

1. Thermal treatment devices should be optimized to meet waste destruction requirements
and still generate as little as possible fine particulate. This optimization can be
accomplished by using various operating parameters (e.g., temperature and oxygen
content of primary chamber) or by controlling the waste feed composition using
blending, segregating, or feed additives to capture volatile species chemically.

2. Tests should be conducted to determine optimum operating conditions for wet pollution
control equipment. For example, variations in the salt content in the scrubber/quench
liquor, the location for clean makeup water, and the type of scrubber/quench solution
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recycle loop could be studied to determine conditions resulting in the best overall
process.

3. Methods to grow and agglomerate fine particulates should be investigated.

4. Development of a cleanable, high-temperature HEPA filter would be very beneficial.
Ideally, such a filter could tolerate moisture, could be cleaned during operations, and
could be cleaned off-line with a solution that can penetrate the filter media and
remove/dissolve the fine particulate.

5. Determine if an irrigated aerosol filter can extend the life of HEPA filters without
generating an unacceptable secondary waste. Compare the performance to the best
HEMEs. Could the two be used in conjunction to further enhance aerosol and droplet
removal?

6. Filters using materials rated for higher temperatures should be developed.

7. Filters using materials more resistant to corrosion and moisture (especially salty moisture
from an acid gas scrubber) should be developed.

6.4 TECHNOLOGY DEVELOPMENT NEEDS FOR OTHER MWIP TECHNICAL
AREAS

One of the most important pieces of information needed to design an offgas system is a
good description of the effluent to be treated, including the phase and species of pollutants
such as metals. Different degrees of effluent characterization are required for different levels
of tests; it is important to be consistent between overall test objectives and the amount of
effluent characterization performed. Effluent characterization is expensive, especially hot-gas
and isokinetic sampling. Each test plan should include a list of pollutants to be measured and
the technique to be used. Data should be collected under a reasonable variety of operating
conditions (including turbulence level, if appropriate) and for representative waste streams.
Note that the chloride concentration in the waste stream will have a big effect on the effluent
composition. DOE test programs should incorporate industrial experience, such as
commercial contractors, to extract samples and perform chemical analyses.

APCE residue, especially salts, mercury, soluble metals, carbon, PICs, and POHCs, need to
be treated and/or separated in other parts of the waste treatment system. These secondary
waste streams could contain any of the following:

* Particulate sizes from submicron to greater than 100 um.
« Spent scrub liquor containing unused caustic agent, dissolved salts, and particulate matter
(undissolved solids such as soot and metal oxides).
« Spent alkali reagent from SDA or DSI consisting of unused alkali reagent, salts, and flyash.
» Flyash alone.
» Used filters from dry offgas systems, such as HEPAEs, fabric filters, sintered metal filters,
" and roughing filters for a HEPA bank.
» Used filters from scrub liquor recycle loops.
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* Dried salt/ash mixture from treatment (evaporation) of scrubber blowdown.
* Spent catalysts from organics destruction and NO, abatement.
* Used charcoal adsorbent from organics and heavy metals capture.

6.5 MWIP FY 1994 CALL FOR PROPOSALS FOR OFFGAS TREATMENT
6.5.1 Emissions Monitoring

Real-time feedback of stack emissions is needed to improve system operation and ease
the trial burn permitting process. Real-time data (with required sensitivity levels of parts per
million to parts per billion) and system control should improve public acceptance of thermal
waste treatment systems. The real-time data would also be useful to establish equipment
performance and waste stream characterization. Monitoring is required for organics, metals,
and radionuclides. Proposals should clearly describe current commercial capabilities and how
the proposal will expand/enhance these capabilities. Industrial partners should be solicited as
appropriate. Deliverables include the following:

Test plan and technology development approach.

Results of laboratory-scale tests, including radionuclide monitoring.

Plans for full-scale testing, including implementation of an operating system.
Results of full-scale tests and interface with system pilot plant(s).

onwp

EM's earliest schedule for development of prototypical treatment requires that
deliverable A be completed early in FY 1994 and that deliverable B be drafted by the end of
FY 1994. Deliverable C must be started by FY 1995 and preliminary results for deliverable D
must be available by the end of FY 1995 and will continue as necessary.

6.5.2 Public Concerns

“echnologies must be provided which address issues affecting public opposition/concern
regarding mixed waste treatment facilities. This issue is partially addressed by the above need
for CEMs. Other technical solutions to this problem are of interest to the MWIP. This is an
extremely broad need; ideas for resolution are sought. Deliverables include methods for
obtaining technically based public support for mixed waste treatment. EM-30's earliest
schedule for development of prototypical treatment and FFCA-based regulatory drivers
require that this deliverable be completed by the end of FY 1994,

6.5.3 Extending Life of HEPA Filters

Plugging HEPA filters creates significant maintenance and handling problems and
generates secondary waste that can be cumbersome to dispose of. There are two approaches
to extending the life of HEPA filters: preventing plugging upstream of the filter and/or
developing cleanable HEPA filters. Deliverables include the following:

A. Test plan and technology development approach.
B. Results of laboratory-scale tests.
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C. Plans for full-scale testing, including implementation on an operating system.
D. Results of full-scale tests.

EM-30's earliest schedule for development of prototypical treatment and FFCA-based
regulatory drivers require that deliverable A be completed early in FY 1994 and that
deliverable B be drafted by the end of FY 1994. Deliverable C must be started by FY 1995,
and preliminary results for deliverable D must be available by the end of FY 1995 and will
continue as necessary.

6.5.4 Emerging Technology Development

There is a need to quantify the performance of emerging technologies for initial removal
of fine particulates during mixed waste treatment. The potential for reducing overall system
cost and improving system performance by removal of fine particulates is significant.
Reliable, high-performance systems are needed. Deliverables include the following:

A. Test plan and technology development approach, including appropriate system for
testing and justification for selection of emerging technology.

Results of laboratory-scale tests, including radionuclide monitoring.

Plans for full-scale testing, including implementation on an operating system.
Results of full-scale tests.

o0w

EM-30's earliest schedule for development of prototypical treatment and FFCA-based
regulatory drivers require that deliverable A be drafted early in FY 1994 and that deliverable
B be drafted by the end of FY 1994, Deliverable C must be started by FY 19935, and
preliminary results for deliverable D must be available by the end of FY 1995 and will
continue as necessary.

6.5.5 APC Equipment Demonstration

The performance of commercially available APC equipment systems and components
must be demonstrated for radioactive, metal, and particulate removal efficiencies. Although
experience, and to some degree data, allows APC system designers to predict the performance
of equipment, most equipment should be tested on a small scale prior to full-scale
implementation. Such demonstrations protect DOE's investment in equipment. Industry
routinely demonstrates equipment prior to full-scale implementation. For example, the utility
industry with its heavy reliance on state-of-the-art APCE commonly tests proposed systems.
The operational flexibility of APC for mixed waste streams must be tested. For example, the
tolerance of mercury cleaning equipment to low levels of acid gas must be determined.
Demonstrations of APC systems must be carefully coordinated between DOE sites to avoid
duplication of effort. Deliverables include the following:

A. Test plan and technology development approach, including appropriate system for
testing mixed low-level waste with justification for selection of APC system.
B. Results of small-scale tests, including radionuclide monitoring as appropriate.
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EM-30's earliest schedule for development of prototypical treatment and FFCA-based
regulatory drivers require that deliverable A be drafted early in FY 1994 and that deliverable
B be completed by the end of FY 1995 and continue as necessary.

6.5.6 High-Temperature Particulate Removal

There is a need to investigate commercial and emerging technologies for high-
temperature particulate removal. Normally, particulate removal is performed at lower
temperatures after the offgas has been cooled. If particulate removal could be accomplished
upstream, it would keep most of the radionuclide contamination upstream (e.g., prior to wet
scrubbing, resulting in reduction in radioactivity contaminated scrubber blowdown).
Development of high-temperature particulate removal systems has the potential to result in
safer, easier to maintain systems with reduced generation of radioactivity contaminated
secondary waste streams. Deliverables include the following:

A. Test plan and technology development approach, including appropriate system for
testing and justification for system selection.

B. Results of laboratory-scale tests, including radionuclide monitoring as appropriate.

C. Plans for full-scale testing including implementation on an operating system (either
surrogate or radioactive system).

D. Results of full-scale tests.

EM-30's earliest schedule for development of prototypical treatment requires that
deliverable A be drafted early in FY 1994 and that deliverable B be initiated by the end of
FY 1994. Deliverable C must be started by FY 1995 and preliminary results for deliverable D
must be available by the end of FY 1995 and will continue as necessary.

6.5.7 Metals Partitioning Models

Analytical modeling of metals partitioning in waste treatment and APCE is needed to
improve thermal treatment system performance since it is helpful for designers of APC
systems to know the physical form of the metals that must be captured and the operational
factors that affect the effectiveness of metal capture. This modeling is considered basic
science, including primarily thermodynamic equilibrium models. A major segment of this
work is the collection of thermodynamic data for the species of interest. MWIP has funded
limited work in this area during FY 1993. This task should be coordinated with work ongoing
at Oak Ridge National Laboratory, Lawrence Livermore National Laboratory, Rocky Flats
Plant, and work funded through the EPA with industrial participation. Deliverables include
the following:

A. Data from laboratory-scale tests on metals partitioning.
B. Results of modeling, including development of theory.

EM-30's earliest schedule for development of prototypical treatment requires that
deliverables A and B be drafted by the end of FY 1994, with continuation as necessary.
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6.5.8 TTP Evaluation Criteria—Sample Review Form

TECHNICAL REVIEW AND FEEDBACK FORM
FY 1994 TTPs
Mixed Waste Integrated Program
Offgas Treatment Technical Specification Group

TTP Number: XX000000 Functional Area: QGT - VOC destruction
Title: XXXXXX
Principal Investigator: Jog Smith, SNLL Phone Number; 510-123-4567

Fax Number: 510-123-4

Requested Budget: FY94 $200 K: FY95 $300 K; FY96 $0 K; FY9780K
Criteria

Responsiveness to stated need (10)
MWIP need addressed:

Applicability to priority waste stream(s) (Tablel):
Schedule to implement technology vs stated need:
QA/QC provisions for test data:

Technical Quality of Proposal (10)
Clearly written project outline with objectives, tasks, milestones, etc.:

Does proposal establish a feed acceptance criteria?

Does technology generate secondary waste stream?

Process/technology effectiveness—how well does technology perform and how much better
is it than existing technologies?

Collaboration with industry/other labs/universities: (technical contributions, leveraged
input, etc.)

Potential CRADAs/Plans for commercialization:

Demonstration of commercially available technology on identified site waste stream:
Permitting requirements of technology and/or demonstration (including public participation
plans):

Appropriate Budget, Consistent with Requested Funding:

Oualificati T P T PL/ Instituti )
Appropriate PI?

Unique capabilities of facility:

A = fund if at all possible

B = fund consistent with other priorities

C = fund only if more information makes compelling case
D = do not fund at this time

Bin (Check only one). D A D B D C D D

Checklist of Disallowed Items

Restriction (A "Yes" renders a proposal unacceptable.) Yes No |l

“ Is not responsive to stated need for MWIP X Jl
Does not conform to TTP format, or TTP is incomplete X
Duplicates project funded by another DOE ID or 1P X
Duplicates commercially available technology X l
Duplicates research currently being funded by private industry or other gov’t agency X
Requires more than two years to reach a useful stage of completion. X I
Does not lead to demonstration in approx. 2 years. X

A COPY OF THIS EVALUATION HAS BEEN PROVIDED TO THE PRINCIPAL INVESTIGATOR
THE FINAL EVALUATION IS COMPLETE

MWIP/OGT Team Leader Signature:
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6.6 MWIP OFFGAS FUNDING FOR FY 1994

The MWIP has funded $3.2M of technology development in the Offgas technical area
for FY 1994. This includes projects to evaluate two different technologies for cleanable
HEPA filters, a vapor-phase mercury capture technology, and three CEMs: one for VOCs,
ammonia, and acid gases (based on tunable diode lasers); one for mercury; and one for alpha
radioactivity.
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7. CONCLUSIONS AND RECOMMENDATIONS

This report provides a summary of APC technologies, technology development needs,
regulations, and a design guide for air pollution control systems for mixed waste treatment.
Supporting details can be found in the two appendices at the end of this report.

During FY 1994, the Offgas Technical Group will use the design guides to design and
specify an APC system for the plasma hearth furnace project funded by the MWIP. This
should prove to be a challenging exercise for the persons using design guides.

The MWIP has funded $3.2M of technology development in the Offgas technical area
for FY 1994, This includes projects to evaluate two different technologies for cleanable
HEPA filters, a vapor-phase mercury capture technology, and three CEMs: one for VOCs,
ammonia, and acid gases (based on tunable diode lasers); one for mercury; and one for alpha
radioactivity.




64

8. REFERENCES

1. M. Boddy, W. Clark, R. Seeker, and B. Springsteen, Energy & Environmental Research
Corp., State-of-the-Art-Assessment of APC Systems and Monitoring Technologies for the
Rocky Flats Fluidized Bed Unit, 1992,

2. Department of Energy, Office of Environmental Restoration and Waste Management,
Mixed Waste Inventory Report, May 1992,

3. J. D. Dalton, R. L. Gillins, T. L. Harris, and A. L. Wollerman, Science Applications

International Corp., An Assessment of Offgas Treatment Technologies for Application to

Thermal Treatment of Department of Energy Wastes, 1992.

J. B. Berry, Mixed Waste Integrated Program, Draft Program Management Plan, 1993.

R. S. Upadhye, M. G. Adamson, J. F. Cooper, and A. K. Lee, Lawrence Livermore

National Laboratory, An Investigation of the Need for the Hold, Test and Release

(HT&R) Option for the Rocky Flats Fluidized Bed Unit (FBU), 1992.

6. M. W. Burkett, W. J. Parkinson, D. C. Nelson, and A. L. Bowman, Los Alamos National
Laboratory, RFP Incinerator Off-Gas Handling and Storage Evaluation, 1991.

7. C. O. Grigsby, Los Alamos National Laboratory, Activated Carbon Adsorption Storage
of Incinerator Off-Gases at Rocky Flats: Preliminary Design, 1991.

8. N. N. Sauer, Los Alamos National Laboratory, Analysis of Chemical Technologies for
CO; Off-Gas Containment, 1991.

9. D. M. Stull and J. O. Golden, EG&G Rocky Flats Inc., Liquefaction and Storage of
Thermal Treatment Off-Gases, 1992.

10. P. M. Williams et al., EG&G Rocky Flats, Inc., Peer Review Panel for Technical

Determination of Mixed Waste Incineration Off-Gas System for Rocky Flats Plant, 1993.

nos




APPENDIX A

TABLE OF AIR POLLUTION CONTROL EQUIPMENT, FUNCTIONS,
AND SUPPLIERS







67

11 ‘o8eomy) 0D

IoyJea] USIMIOH Ie PIf[eIsul WRISAS
8E8L-ETL-LIS

L988Y TN ‘0ssomMQ

‘1S 0JUO OOV 1

oegLxod 'O'd

‘d10p) IDN-1IL

“ysu uotsojdxa

PuR 1] S9INPAX J0IJOD I9M
‘wasAs jo Hd sasearour ApySifs suwrry
's8eq Jo ‘sdwind ‘sojzzou Aeids ayyy
sued sourudqurew-ySy Jo Juprow

ou 4oy 1ad 191em B8 g—] sesn)

‘uonendidald

aponed asearsur 03 Aep/oul] qf S
sasy 'ssoxd J9)j1] 0) paJ pue Jaddoy
Ioyem ug pajisodap uay) sa[OMnIed
‘Klquiasse apejq pasoddo-fenp

ySnoxyp ssed Koy se syajdoip 1a1em
oyut uaAup Kjednyinuad sajoned 1snp
UOpR[-JoIEM (JOJO[[0D ISNP 1M HIYM

e
JuaIqUIv ‘s aN[j WOIJ [BAOWIAI ISN

(aUS §T-3 23pry e Je uwdo[aAap
Jopun) saseSyjo ssaoosd pue
spinbij Surueajo ooepins wioyy saponsed

110L-09¢-ClC -Xed
T€9T-098-TI1T 0 Lbe9-LTHCIT
67001 AN “HOX MaN

9AY PIL 9161
ouf ukpred

s1 sjopdoap 0] AouaIoJa UONIIAOD
‘um Q7 pue g uoamiaq siojdoip 1odre]
uwLio) uay) 9sayy, ‘1odea Idem jo
uonesuapuod Aq wrl $7'( 01 pasearout
saporued isnp jo wrerp wini-6Q'0

walsAs Suiqqnios YIM IV

*S9ZIS PpalRUIWEIU0) 193[1) 0) paziundo
asod uBisop yim sanipiqeaunsad 1a85e], ‘s10)3 snozodoioyw druediouy [eAOW3S S)e[noNIed
"%06-0¢

JeAOWa1 3Snp Ul

£10V-€€L-T19
0001-b¥1SS NI ‘Ined 1S

10S1 61T
Kuedwo) N¢ *4,00%1 01 dn 1e aje1ado ue) ‘sureans sed 10y ssadoid
Youuar) WL, "SPIIOS %6666 SPA0WNY | [ewnsnpui 10j sSeq 191|y 13qY dWRI) JeAoual Apejnonred
8€00-£9C-L16 Xed
€110-€9¢-L1S
12267 IN ‘UeLpy
1d S9N 1OV
(uoneiodio) N¥H) ew/Bw 100°0> | 010 ‘sajed ‘so0] Jre ‘sjaxonq Isnp PIm
sa18ojouyoa ] Iy 19f 0} cw/3w 60°0~1°0 0 (W/3 O' 1< | SINY VIHH Uay ‘s3] snoJodosoty [eAouIal Ape[NONIE]
198)U0))/30IN0S sfrelq sureN A8ojouyoa], uonaung DIV
[ox3u0) AjeNdIIe]

s1arddng pue ‘suonoung ‘saNA( [0IIU0)) UOHN[O] ATV JO IqBL




68

11€£-8¢€-81L

01ZI1 AN ‘uhpjoorg
IS YIGE 158 €11

*OU] ‘S3)RI00SSY Uen[ag

"POASIYSE JoSp/UTeIs 0000 JO

S[9A9] UOISSIUID Jre[nored ‘somuedio
Ppasuapuod pue s[ejaw Kaeay Surpnjoul
‘sa[onred UOIDIUIQNS JO UOTIII[0D

*uonI99[[0d AousdiyJa-ydy
sapiaoid 1ey} (BU0I0D) PIdY [BILNIS
8uons e seonposd—ioyendioard

Jo1oIN oae(q | Aouerdipye-y3ny sey ‘Suopipuod 19m uj JNEISONO9[2 Jom Je[ngn] [eAOUIaI pe[nonTed
“se3
anyj ay} saup sped ysow yim ISP
L00Z-159-60C :Xed adeis-oa1y], -osnoyeq pinbij e se
000Z-159-60Z ‘wdd ¢ mopaq | s10e waysAs ‘ped 1931) € 03 Juo[eAINDD
162€6 VO ‘eifesip | are suoissnua apuo[yo uadorpdy pue | ureuno pinbi asusp e ayew s1vidoig
Ay 20(J 0ZZ8 *a8uel uoloTIgns Ay ug saenonsed ‘s1ajdoip 191em pazroe A31oud
-d10)) yar00wg soaowy ‘T %L Ie Josp/ureId 6000 -43my sajerauad osip Sunweoi paads siojerautout
[[eyosIey JueH JO [9A9] © 03 saje[nonred sjonuo) -ydmj—iaqqniog Surznuoyy Amejoy | oisem [esrpaw ur jeaowal djendnIed
L0S0-797-80F :xed “JojsTuIep
1£91-79T-80% 10 8961-988-008 y3nory s)xa sen "sIqquIds
VD ‘edeN ¢ouf yoarepq Paq payoed om) pue S1aqqQruos
Kapursjo 1080y ‘parowas wirl 60> s1opdoiy apJJeq Keads domp—IaqqnIdS | [PAOUIAI JUBUFUTBIUOD JA[IOBIL/I[GN]OS
00€S-8¥9-ClIE
90909 "I ‘03edMD
1S feue)) YUoN 91 ‘sasnoyeq 3unsixa ug pajreisul

13U WINISIMYUION UQ
*d10p u2aa- X3

S B3 4 .Oﬁ.&.— Yi0[0-03-11y/
*a8pinres Suol--ur-g¢ uf Lare 19y

aq ue)) "10)39[[0d 28 pInIed pue IAN[Y
aLIqE] JO uoNRUIqUIOD ST 1)1 19 asing

pyoeufoy wif St %6 66< Aousroyye amde) ‘€6 1a]JuIo)) :INJ1J SLIqe pares|d [eAaowas sjejnonIed
"Ysem JUIA[OS JO proe s uonouniuod | (CINTT ‘Z1-A 98pn YeO 18 pado[oAdp
ug pasn uaym doejd ut apqeuespo |  Suraq ApuaLnd ‘193sak10d paslojuias :
pue sdway se3-330 10y81y Ioj sjqenng IoqIy/-[991s ssofurels) siy VddH [eAOWaI de[natred
JOBIUO))/20IN0S s surepN A3ojouyoay uonoung DAV
jorjuo)) emonted

(panupuod) sranddng pue ‘suorpung ‘SadAI(] [0NUO)) UOHN[0J A1V JO dqe],




69

01L0-L£9-T0S
0695-T€TOP A “OIIIASINOT

AAY [BNUID G1T 1aqqnIos
0695t xod "O'd pasnpul-jjes ‘10jeredas [e3nJInuad
1)1 NV UBdHIOWY [estueyosw ‘1Y VJHIH ‘sesnoySeg [eAOUIaX A)e[NoNIed
006-0C-91S

SELIT AN ‘Srep3unureq
"PAIY Auno)-1d 011
£3ojouyda ], reyuswuonAug NOONJ

s1aqqnos A31aua-y3iy ‘siojeredoas
[e8nJiI1u20 [BOIURYIAUW ‘SIUO[IL))

[eAOwWas je[noIEd

000Z-8¢C-91¢

LS6T-pLe-008

101¥v HO ‘PUeIPARID

6£6S xod 'O'd

0D Juumdejnuey A1S "M "M

$J2QQnIds LINJUIA ‘sasnoydeg

[2AOUIDI A)RjnoNIed

SWOISAS [BIUWBONIAUT JA)-UO

‘suonesijdde uonsnquiod

oyroads Joj I[INQ-WOISNd S1IAQQNIDS
‘wiyos 0001 Jod snuru 1od 101EM

Jo 123 g ses) "sajonused a[qnjosur

pue 3[qnos yio0q s3[pueH "J,000¢

se Y3y se sdura) ureans sed pue

wirl ¢°( se [fews se aenonred sojpuey

13qQruIos
19M (AAA) HRJUSA SWNJOA |qRLEA

[eAowas de[nonsed

2J1T asnoyeg

PUSIXE IDUBUIIUTRIAl FANUIAILJ pue
uoneqnsuf,, ‘pL ‘d ‘z661 ‘1 1sndny
‘Suuzaudusy uonunjlod IPNIY

U1y 0000 SPIPURH

“UD[S JOINO [3J)S OaNeI-§|

pue unjs Jouu [993s a8ned-(] usamiaq
asceds ur-¢ ojur passaid uonejnsul
sse[31oqy Jo sayouy Inog “(aseo auo
Ul S1B3A Q7) 2] 991138 Suo] smoje
udisop pajfem-ojgnop—asnoydeq

[eAowas 1sn(g

198)U0)/20MOS

s[reRq

aureN A3ojouyda]

uonouny DJv

(panunuod) sxarddng pue ‘suoyouny ‘sadiA3( [01)U0)) UOHN[OJ NIV JO dqe],

[01ju0)) AjBMINIEY




SLSE-LBL-E0T

60590 1D ‘UsABH maN
6161 xod 'O'd

Is[0uyg s1aqqmos A31oua-y3Iyg (19m) [onuod ae[noNIed

000T-L66-+0V

6920€ VO ‘A1) 9anyoeayg
I puaplAl(g 90€

0007 uaslapuy SIQQNIDS LINJUIA (19m) Jeaowal age[nonIed
000L-vLT-LIL
68L9-T¥9-008

THOLT Vd “voueqa]

1S L YHON 00T

"OUJ ‘SI0IAIIS
[RIUSWIUOIIAUY S1NISH [BIJUSL) s101e1d10a1d oneIsono9)e ‘sasnoyded [eACUIdJ A1€[NONIR]
CT6TLE8-10¢

9E11Z (A ‘UMOISINSIaY
IS urey L€

seexod 'O'd $13qquIos

*JUJ ‘BOHRWY YUON VIATIL 1om Gurziwoye A10103 ‘SAUO[ILD) [eAOUIa] Aje[NOIIR ]

€SLO-ELL-EOE

§S108 0D ‘poomajdug
9.9y xod "O'd

-dio)) Jasaug JPQQNIdS paonpui-§|9s ‘sasnoydegq [eAOWID1 3NN
VSOL-TYI-tle
LOLL-T66-008

1918F TN ‘203UO
Ay uod 11

908 xod Od |l siojeredos yuouwrafurdun
[RIUQWIUOIIAUZ] SOTUON ‘sroqureyd urpjas Ayaein [eAOuwAI Me[ndnIed

10BIU0,)/32IN0S s[rel(q aureN £3ojouyoa, uopoung Ddv

[0u0)) Iemonted
(panunuod) sxyddng pue ‘suondun j ‘sadjAd( [0IU0)) UOHN[O] IV JO Qe




71

08G6€-6SY-80L
#0009 I ‘sB1oH uoiBuIpy
N AS I oD "M 11

-ouy ‘Suuesuiug 1OVd Joyiy 11e ayenoiued £ousroyje-ySiH (A1p) feAOWal Ae[nOnIE]
8L1€9 OW ‘SmoT 1S
Py Auo 39O YOS ZZSr1
*2U] ‘SWIISAS WAY)-0JIAUF OIIESUO SIaqqQuuos 1ol (19M) [0RU0D e[nonIed

GSRE-1L8-10C
1€9L0 [N ‘Poomdjduyg
aue] yepaD spi

"ou] jod 1Y

S19qQQNIOS UMUSA

(3om) [eAowal denonred

¥991-08L-806

01580 [N ‘uImngsyrer)
“J(J sauld UsppH 11
-auf ‘A8ojouwy23)], ‘¥ 'd

J3QQNIOS LINJUIA

(Jam) [eAoural denonred

0809-878-Z1¥
6€1ST Vd ‘woune)
£vb xod ‘O'd

‘0D Suuseuidug DI

19qqnIos A31sua-yS1y

(19m) [eaowidl denonaed

0S00-ZLT-619
60126 VO ‘08a1( ues

1S 94 BIUES S86S
_S:QEF_C._;:m ﬁo>—dU

19qQnuos
UOISI[[00/U0NESUSPU0/32I0] XN[]

(Jom) [ONUOD Ae[NINIR]

00L0-e¥C-91C
L10VY HO "Boreg

"PY UOPYS Y1
[oRU0D UONN[[og IY/R100[13)

s1aqquds Jom Surziuog

(3om) jonu02 Je[NONIRd

L1£9-959-€06

899G. XI. ‘rei§ duo]

L6 x0d°'O'd

‘auy ‘SwAISAS J10S-0IpAH

s1aqqnIos 1ol-a91g

(1om) [ORUOD JJe[NoNIed

198JU0))/20IN0S

s[reeq

ocma N A3ojouyoa],

uonoung Ddv

[onuo) ANemoneq
(ponunuod) sxayddng pue ‘suopouny ‘s3diaa( (00U UOHNOJ 11V JO e,




72

11€€-8€€-8IL

OIZI1 AN ‘udpjoorg
1S SEIse €€ 1
SaIRI0SSY uenog

sioyendidaid oneisonoaalg

(£1p) eaocuwral grepnonIed

TTIL-SS€-61T
LY061 Vd SliAldseaq

AV BRI [ELT
‘dio)) o9rena],

s3eq 193]} asnoySeq

(A1p) reAowas AefNONIE]

1YZ8-¥TL- YOV

81Z€-12€-008

1060€ VO ‘wisndny

"PAIg Sury Jayiny unreN €681
(€1) 0¥z Xod "O'd
[[PMSLD-[PIRUdN

s3eq o)1) asnoySegy

(£1p) [eAowl AeMONIEY

0065-909-10C

0S6L0 [N ‘sureld SLLOW

Py uedRWY ZO[

SWASAS [EIUIWUOIAUY [Ng OTHIA

sasnoydeg

(A1p) [eaowIal AJR[NONLIRY

2610-€H-+19

91Z¢y HO ‘snqunjo)
"9AY poomireq 00T
028 xod ‘O'd

*d10D DO pauN

sasnoydeq

(A1p) eAOWIDI SRININIIR]

108IU0))/20IN0S

SR

aurepN A3ofouysa],

uonoung D4V

(panunuod) sarpddng pue ‘suonoung ‘sad1A3( [01IU0)) UOnNIO] IV JO IqEL

[onjuo)) NemonIeg




73

11°M0) 98p0]

SJdSH ‘sesnoysegq

(A1p) jonuod AemonIed

I10JRIqR[SYM

sdSH ‘sasnoyseq

(Alp) [onuod Ae[nonIed

el

SdSd ‘sesnoyseq

(AIp) Jonuod enonreq

TIo110)) [oreasay

SdSH ‘sesnoyseq

(A1p) [onuod are[nonIeq

€00¥L MO "Sjtasspreq
mes] MS 916
S9JBID0SSY pue J0jAe] ¥ 'S

SIQUB3[D) JIY OUOSEN|[) SSI|IoLUeg

(£3p) 10nU0D Ate[NINIE]

SOST-9LL-T0S

0610-1120¥ A QIIIASIO|
06111 X0d 'O'd

*ou] ‘UeULIASO-I9YSI]

SOUOJIKD

(A1p) 10nU02 MRNdNLR]

0199-vL6-50¢

66£8-0vEEE Td “ofepIapner] ‘i
66£80F x0d 'O'd

-d10)) uosyreq

s1aqureys Sures AjiAein

(£1p) jonuos aenonIed

€69Z-10CEy HO ‘snqunjo)
"aAy 3ury 0§
o:ozﬁm—

S19)[1J 19q1J PAISON

(£1p) ToNnuo0d Aenonred

T¥09-€SL-L09
SPOET AN ‘PUB[LOD
‘dioDy o101y Lyuny, [fed

s1aNy (e

(K1p) jonuod ae[nonIed

1808-9v6-616

80L1-688LT DN ‘uoidumsepy
80L1 x0d "O'd

*ouj ‘SI9NI SIOPURL]

Y VdHH

(A1p) 10nU09 3eNonIed

008L-959-80L
888€-0S909 I ‘01201D
"aAy uap30 0065

"0 "3JN dwing pue 19]1] [ernsnpy]

So[pued dNUEId)

(A1p) [onuod aje[nonTeq

19BIUC))/30IN0S

sireRq

sureN A3ojouydsa],

uonoung DV

[o1juo)) AjemdnIey
(panunuod) sxapddng pue ‘suopdung ‘s3dIA( [0NUOC)) UOHN[0] JIY JO d[qeL




74

STys-599-61C

sed anfy ur *QS 1u221ad yoea
10} J,0LT Aq sesearout ‘dwa) sed anjy

*3)BJ[ns winiofed
snoJpAyue Jo [[oys Aq papunouns

NI ‘e[o3uy —ssadnoid smuzaypoxq ‘wdd 0pQ‘0Z aw] Jo 2109 s1 jonpoid pug *319 ‘SINI[NN ‘SINOWS SNOLIDJ
*OU] SII30[OUYIIL ur] 01 dn "2u00 XS ‘4,096—LLY 28uel *JOQIOSPE JUIT| PIZIPINYJ ‘JOUIAUOD -you Areurd ‘sausauyyar wnajonad
ul eym-3ulg ‘dute ], ‘TeAowa1 *QS 2001 FeoN uonEpIX0 2NATRIRD JANY Juqe] 1e sed anpy WoIj rAOWAI *OS

*paq pINYJ 01 pAIBNONIAI

000L-89€-01¥ [euarewt apejnonred 9586 "wdd 6>

AN ‘arownjeq
*d10D) SIUAWS[Y [EIUSUIUOIIAUF

dys eruowure—jusde uronpal *ON
SI BIUOWIWEY  "D)o001 18 %06< [2AOWIAI

IayoJ, uyof YON D00t 18 %S6< [eaowal ZOS o4 paq ping Sune[naxo 1B [eaowas *OS
"MIA 826 JO ‘s1o[toq
Aoedeo paurquiod Yim SI9[ioq paiy ajdninuws wosy sed syean ‘s1odreds
(eououry | -auojoAd 0m) wioly sased anfy sjeaI], Suneor e ‘Supyoed pus sey

sownsnpuj KAB9H IYSIQNSHIA; pue
S[edIWAY)) PUE SIONPOIJ NITY) Iy Ing

“JUSIUO0D INJ[NS %6 p—7 UM S[e0D
SNOUNINIIG Woly [eAowal 20§ %66<

‘Tensarewr £1p se Joqiosqe dooj o3urs
ojur pajoaful AUOISIWI[—IAQQIIOS

[eAourdl LS

99601 Vd ‘uonei§ uolloy

#S1 xod ‘O'd siuejd ramod auiqim) wea)s
*d10D Y03, je0D *1,000€< 18 saresadQ J0isnquoo [eod uideys | -se8 paulquiod [elnsnpus Jo JOISNQqUIod
JasapneZ ‘g | suoissmurs THS Jo uononpal %56—06 ojut uonaofui ayeIpAy wWnide) 1805 Su1dSejs ul [eaowal LQS
‘ZW-unu/ W 86°0 JO onel oo "(4oea U ) saeq Jo
-01-ITB 1N D01 ® utwy/cw 0Lz | Butueapo snonunuo) "sfeq ssejgreqy
18 g4 SISIUL ‘S IaNe HIdI ouqey Ppaeod-uoyaL XIs ydnoays 104y Jd
-paroaful st aury axoYm *s1as1adsip "UOTIE N UADUO0D
19JUT 991} 03 pANQIISIP ‘(IS JO T0S Aq pa[jonuo0d 2jes padj
doy 01 pajonp sI 19j10q pue Joisnquiod | 2wy ‘sed anyy ojul AUN[S SWH| paye[s
Buiaeo] ses anygj :1041p Leidg syoefur (IS wAsAs J4/AS Meld [eAOWRI 2O
1OBIU0)/0IMOS sprelaq aureN A8ojouyoa], uondung Ddv
[oxnuo) *ON “*0S

(panunuod) s1ayddng pue ‘suorjouny ‘sadAa(] [01u0)) uonN[iog AV JO Aqe],




75

(6€1 "d ‘z661 190
‘SmapN Y23 41y) ou] Sunsouiduy
uonsnquio)) Aq padojaaaq

uononpal *ON %Th—E

"pa¥a1dwiod sI [e0D Y JO JUmIng

PUE paonponul SI I1e I0W ‘dU0z Je
QIPIIA0 AP Ul pue ‘udfoniu 03 yoeq
SHIAUOD YON Swog "A[MO[S XIu pue
QUOZ UOTISNqUIN) Urew ojul K[ajeredos
Paonponul I pue [oNj—7 [9Ad]
wAsAs upy SLudu0d *ON-m0]

[eaowal *ON

9%eUINJ I13ddN OJUT BIUOUIUIE

s109fur waIsAs *ONI( JeuLIay ], [eAowdl *ON
EELS-EVS-LIL Xed
9CIT-8¥8-LIL
101L-SOVLT Vd 30X ‘10161 xod
-dio)) susuodwio)) uolsIdvIq
ey g udrey ura)sAs uonezunjinsap sed angg [eAOwd) JnjIng
*$§9201d AJOUljal
1876-TST-80L :Xed *[BOIUIOU0D3 AIOUI 3 0} 01 Pa[24231 pue pinbi| se paraaooal Sururyas

9£9L-TST-80L
KIloje1oqe ] [euoneN auuodry

SSOUYIeH uyof

pa1oadxa st ssed/ajel UOISIOAUOD JoMO]
® s yoeoidde ssed-omy Inq ‘ssed
9[3uis ® Ul UOISIAAU0D 3506 01 d)

mjfng “Injins pue uaSo1pAy ojul
SCH saeroossiq ewseld pajerauad
-gAemOIOIW YInomys smoyy sed anpy

winsjonad pue uoneoyyund sed jeinyeu
woyj sed ajsem apiyins uafoIpAy
woxj £19A0031 INJns pue uagoIpAH

£86€-STY-91C ‘Xed
YSET-STF91T

HO ‘Smqsuim,

‘di0)) se1dojouyoa ], Juaqlos
If ‘UOS[3N PIS

“%+09 uonezinn swr ‘sed
anyj 4,0 Woy [eAOUId1 208 %+06

‘urean)s sed angy

wyoe-000°‘9-000's 01 SINAQIOSINLY
JOAI[ap 03 walsAs uondalur jonp

uo Sunjiom Apuanny) Joyendioaxd
anesonodfe Yy} y3noxy sassed 3 19ye
sed anpj o3ur pajoafur are S NOTULIAA
pazis-pues uo papoddns swry
pajeIpAy Jo pasoduios s)uaqIOSANEY

[eaowal 20§

10BIUOD/20MN0S

sfreRa

swreN A3opouyoay

uonodung Ddv

[onuo) *

ON “*0S

(panunuod) sxarjddng pue ‘suoroung ‘sadAd(] [o1uU0)) UonN[iog MY JO dqeL




“XOU3(J pue JORuod
‘uonnjjod A1epu0dIs 9jqeIoalep sed proe 10J pa1oa{ul aJe SANIPPY
SLLY-¥88-107 :xed | Aue Suronpoid wmoyim 9568 01 dn £q | “sajzzou Arejenrdoid y3nosyp paroaful
1168-S15-107 | wdd gsz—0S1 JO S[9As] *ON pasomof Jonbi Suiqqruas Yiim pajeinjes
[N ‘Aueddisreq s$so001d oy ‘a)sem prjos fedounu ST 31 a19ym ‘1om0) Keids uado ue
‘d1oy) sardojouydag oojag | o Kepysuol Qg Surjpuey Jorelouroul | 03 SMOfJ SeS—(1aqqnios Jom) wasKs
sauof ukmion ue 1e Susa) Jo syuow g Juun(g | Juruesd sed UMUIA STwreUL-0599]d Terowdl *ON
‘[eAOwd1 YON dueyud
0bZE-€86-80L :XB ey mys ug spunodulod sajeard
re-£86-80L 11 0s passaooud sf aanIppe ealn)
11 *alfiazadeN "H.0012-0S¥1 "a0vUINS 0Jul Pajoafur are urea)s Jo
yoaL [ang 09feN Jo 'sduiay Je syI0p\ "Q~ SUOISSTWID | Jare passaidwod pue ‘I1dem ‘S[eoruayd
ury epury W 00D 'paonpoid *oN wdd o> paseg-eain :SN1d LNO *ON Jeaowal *ON
uede(
‘S0€ Dyereq] ‘eqnyns], ‘emedouQ €-91
Ansnpuj pue apei],
[euoneUIAU] Jo AnsiuI ‘ASojouysa],
pue 95uUa10§ fernsnpuy jo Koualy
JUSWUONAUY
pue $35IN0SY 10] 2IMNSU] [EUOHEN
mnsnqy [seyeL ssa201d uoneprxo snifeesoloyd feaowal *ON

X,
0} 90U219J9Y [e1ads Yum =ouﬁmpmw_ﬂ
e\ 10§ S1da0U0)) PIdURAPY,,
LLY6-pic-10¢ -xed
9LTS-S01-10¢
SE0E-THLOT AN “Xed 989110D ‘sased uonsnquiod Jo Juissasoid
Supeau3ug Teotueyoely Jo daq |- SUOISSTWS -1s0d Suikyydws £qa19y) ‘paonpas
puelLrepy Jo Kiszaatuf) ‘Suneay] 19| *ON Surjonuos spym sornjeraduwo) aTe SUOISSIW? YON ‘JOJeIaUIOU Ul
pueeidnn 'y ‘v Aq 1odeq | Y3y 18 uoneiado Jojersuroul smo[y | Ansrureyo uonsnquiod 3uiyipour Ag [eAowa1 *ON

1921U0))/20IN0S spre1eq aureN £8ojouyoa] uonound DdV

[o1u0) *ON “*0S
(panunjuod) sxiddng pue ‘suonoun ‘s3dIA¥(J [0NUO)) UOHN[I0] ATV JO qe],




77

BERL-ECL-LIS
L9881 IIN ‘0ssomQ

1S Q0O 0¥ [
'dio) JOW-LIL

(1om) eaowal *ON

170L-S96-v1¢ ‘Xed
000L-§96¥1¢

ON ‘SN0 1§

*2U ‘SAJRIV0SSY Yo[eWIPqY
yorewopqy Azmeyq

[eaowax *ON pue COS %6606

paniwd

st yoym ‘uadoniu woly Z0g pue QN
sojeredas yomym ‘98nJIuad S1UO[ILd
® y3nory) s203 SIYL ‘uonNjos pioe
oniu Juraea) ‘a8ueyoxa jeay ySnonyp
pasuapuod sed proe 9,0,—09 ‘o8e1s
1313 up "ssa201d 3urj00d JFeis-om I,

[eaowaz *0OS **ON

E111-62€-€0t

0D ‘19AUd(q

"0D) 3dtAJRS dlqnd
uny Ausj,

-d1s eluwowwre widd 6>
M 950€ YON $99npar uondslur eain

"WIISAS uonedipruny e pue
‘SJU2QI0S PISEq-UINIPOS PUB WINIO[RD
Suisn uonoafur Juaqios A1p ‘uonoaful
BIIN ‘I AIIJISA0 ‘sIauing *QN-mM0T]

[eaowar T0S pue *ON

LOOV-T89-91¢

VO Suiag

il (vg)

YoIeasay] [eluswuosiAug pue A31ug
ojjo8uy preuoa]

‘%STOT St

aJes uonezINN B) SL'[ JO ONEl Jejow

S/e0) Jo a1ex uonsafur Juagios afeioae
Im uonoNpal 20§ %06 ‘(PINIMR
nig 401/41 §T'0) YOBINPA1 *ON %S9

“Juaqlos paseq-wniofed jo uonosafui
pue Suiwingas sed uoneurquio)

[eAowal 20§ pue *ON

8T6T-18V-S1C 10 [6LS-18-C1T
vd ‘Umojue|ly

*JU] ‘S[BOIWAY,) PUE S1ONPOId IV
louwry uyof

*JodeA Ja)em JUI1d M)
© IIm u9A9 ‘spourad uoj Joj D,0SL 18
d1qess sIsA[e1ed aWos "D.00p< sdwa)

12 qe] uf OUN JO 3181 UOISISAUOD 95(0]

‘0PN *ON JO uononpal Joj s1s[ered
e Pasn $9)1j0aZ paduryoxa-TRION

[eAowds OIN *ON

OVZE-€86-80L ‘Xe
TVTE-€86-80L
"1 ‘ofpiazedeN

(urzn
SB MO[ Se 10 aInssaid Jojem "ul £>)

53e1s ¥OS

o ut days Suronpal ayj se pasn st
da1s YDNS Ul PAIeald BIUOUNLY °paq
1sA1e3ed Yy3noxp sessed sed angy uayp
‘@oewIng J3j10q JO SAUOZ UOTISNQUIOD

Y29 [ony 09[N doap ainssard mof ‘ot asudpIsal -3sod Ul YONS sosny "ssoooad
ury epury ‘W Hoys ‘A11vo1aa 2oeds Y31y sey WDS | YOHNS/YDS uoneuIquiod 1aise N ON [eAowaI *ON
1IBIUO)/20.M0S sjrele awreN Adojouyos], uonounyg DAV
[o1ue) *ON ~0S

(panupuod) sidjiddng pue ‘suonpunyg ‘s [01U0)) UonN[o 1V JO dqe],




78

TrL9-S9L-10T

06£0-T€6L0 [N “jIed weyold

06t x0d 'O°d

‘0D Supaouiduy pue Yoreasay UoxXxg

YON 2( fewiay], Joj juared sumQ

uonoNpaI dNARIBIUOU JATIIINIS

(£1p) peaowal *ON

0985-€L9-91T
60tvy HO ‘uonyy
0S¢ x0d 'O'd

‘00) UOLION

uonONpPaI SNALEIE) ANIAS

(A1p) [eAOWII *ON

018L-65¢-80L

L9009 I ‘supnered

"I Yueg 1S1 YUON 009
sa1dojouydal IV

uonONPaJ SNAJEIED A0}

(K1p) [eAOUIDI YON

00v1-99Z-816
0L60-8ST¥L MO ‘esinL
0L608S xod ‘O'd
Teudis-patiy

uononpaI onAfered A0S

(£1p) [eaourai *ON

1509-LT€-91C
110¥y HO ‘uoAy

PA SITNL 0STYE
ywowdinbg ssacoid [OH

(39m) [eaowar *ON

9€9L-TL6-80L

6£¥09 "I ‘uuodry

AV $5BD) YINOS 00L6
UOISIAK( SwaIsAg AS1oug
£10jeioqe] [RUONEN QUUO3IY

(39m) [eaowal *ON

vIv1-§92-10C

v9L0 IN PO
§scxod ‘'O'd
-di1o)
A3ojouyoa ], [euISNpuU] pIIUBAPY (1am) [eaowas *ON
10BIU0))/92IN0S s[relaq aurepN A3ojouyda], uondung DIV
[o1u0) *ON F0s

(panupuod) s1apddag pue ‘suonouny ‘sNA(] [013u0)) uoHNfjog AV JO dqe],




79

LOLY-vSY-TIS $SA001d
8801-07L8L XL ‘unsny *ON mo] puqiy dio)) ueipey]
88010¢C xod "'O'd uonNoONPaI MALILD JANIIISUOU
'PAIY Oed-ON 10S8 pue uononpal dnieredoucu
“dso)) ueipey 9AT}OR]aSUOU UONRUIUIOD) (£1p) feAOUIRI QN
001L-7¢8-80S
01910 VIA ‘19159010
ysuodaN _
-d10D) 193018 91Ty uonONPaI SNIARIBIUOU JANIIJISUON (A1p) 1RAOWIRI *ON
19BIU0))/30IN0S sjreng aureN A8ojouyos], uonoung DAV
[fonuo) *ON “*0S

(panunuod) sianddng pue ‘suopoun g ‘sadA3(] [0NU0)) UOHN[[O4 IV JO dqe],




80

"%56 01 dn

ADURIDIJJo [RULIBY) ‘UONONNSIP %66
-86 "Awdd 00001 ‘Do09L “dwa
“WOs OOY—000E MOY ITe & 1sog

"sI98ueydoX? 189y [enp YIm
SI0JRIDUIDUI (OIUWIRIAD) dANRISURSoY

uonaNISep DOA

“pOLISuI ST 10§
ajqelins jou K[jeIouag sureans asem
Sururejuoo-arenonred 10 ‘IyIns ‘|OH
uononnsap DOA %66

U/ el 0001

—000T MO Ite ‘D, LTH~ 10 ‘do00L
—009 sdwa) ‘awdd 0Qs—001 1 1598

*K19A0031

yesy 9,0L—0S 10J 108uByoX3 Jeay
s A[ereuad ‘Jojeloutout duAere)

(saysem
snoprezey vy Dy ou ing ‘Supuud
pue Sunured “o'1) uonNONNSIP DOA

-poninboai (sed

[einjeu se yous) [ang pyuawsiddng
‘(so1sEM Snoprezey VDU

10J UONONISIP %6666 10) Aressasau
D0786) DoC86-09L 10 ‘4,001
—00t1 sdwy ‘awdd 00s—001 e 1599

"(Mo[y J1e UTu/e)y 0009< UF AJ9A003]
1259Y 9,66-08) danerauadal 10 (mof)
Ire U/l 000'ST-000T U A19A0003
189y 9%0L-0S) 2AneIadnoa 1oy st
J0)eIAUIDUT [euLIdY) ‘123uBYOX? Jeay JO
ad£y uo Surpuadag “198uryoxs JBIY
reuondo yIim SIOILISUTOUT [RULISY L,

SUONIEIIUADUOD DOA
JjqeeA 1o Y3y Joj (Sasem snoprezey
VDY “91) UOnonnsap DOA

296V-19C-v1v -Xed
000L-19Z-¥11 10 8911-€L8-008

"y/md 000°00S
PUE ‘000°00F ‘000°0S1 10}

‘uone[nsul Jaquy dIureIad

ULISYIEPION SBH "130UR|IS/Ia)1)
M IIMO]Q UoNISnqUIOD pue J0103ful
e a[quisnipe Aq paaoxdwi Aouaionjye

IM ‘umonaep | pazis wials£s 4,0007-009 03 paisnfpe uonsnquio)) "Ik $SIOXI YIMm

(feudig [e1auan jo yun) Jropury -dwo], ‘paanpoid soprxo usasoniu payesado pue sed emyeu £q pajeny
D{SUSAON AIISf |  JO S[9AQ] MO ‘Pakonisap SDOA %86 SIOUINGIA}Je—IFZIPIXO JUOJE-PURIS uonoMnsap DOA

"Anfiqefrese

%66 ‘uonerado sreak om[, | ‘yue) o8eI0ls JUIA|OS B pUE ‘Jojuedp v

(26/S1/9 3ug ‘1od) "SIONUOW POOUBAPY | ‘UONQIOSPE UOQIed PARIdUIFAI ured)s

HO ‘snquin[o) -a8reyosip Jojemalsem 0197 | ‘wd)SAS UONII[[0D JTe UIPR[-JUIAOS
-di10p) agy1jomns % Aqaureg | "oueXaY Y/qi 0L Y Ut/ 00S°TT ‘sojejnonTed asowai 0} 1A ’ uondISIP DOA

198)U0)/20IN0S sprere( aure ASojouyoa], uondsung Ddv

[onuo) HOA
(panunuod) sxafddng pue ‘suordunj ‘sadIA3(] [01)U0)) UOHN[[Og ATV JO Jqe],




81

Y001-v6C-01S “xed
66CC-¥6C-01S

6960-1SSH6 VO “210ULIOAT]
696 X0d "'O'd

SOLI0)RIOqR ] [RUONIBN] BIpUES
apequRig Ze},

"wijos O] seppuey
smeredde qe] -oury20I10[YOIN-T‘T']
‘audjAyieoio[yorn ‘auajdyeosopyorad
widd puesnoy) [B19A9S YIm

Wea11s JSem JO UONONIISIP %5666

"UONONNSIP
DOA 20ueyua Mo June|roso
pue urxtu1 prder—uonsnquiod Ising

uonINIISAP DOA

Y8T1-€6T-S1T :Xxud
001€-1L6-SIT

vd ‘oukem

dnoi) sponpold

[eIRWUONAUY S, AyneN uosuyof

YD uos[IM

"VHD %6°16 "DOHINN
%1°L6 ‘DOHL %L'T6 ‘0D %T'S6

:seg [eamjeu pue [9salp Suiuing WIsAs

U SUOISIOAUOD “VHD %SL ‘“OHWN
%S 86 “OHL %€ L6 ‘0D %L6 ‘19S91p
Suiuing wolsAs UONIBPIXO Ul PIAIISQO
SUONONP3I UOISIDAUOD UOISSIUI

184eIE0 ANAnoe
-y31y ‘parenuaduod LVONOD

(ysneyxa aurduo ut soruedio oneydije
pue dSnewore “3°7) UONONNSIP DOA

S)NSY ATRUrWI[IL] :SI0ISNqQUIO))
Jueipey oNeqeIpY Yiim uononnsag
DOA YSiH-enn XON moT-enin,,
(11 ‘o8ed1y) ‘NINSU] Yoreasay
sen) ueddn( v eroLed pue (VD
‘ere]) vues “dio) v1ozZ[y) OUAION

“d Youpax] ‘zueq ‘d piaed £q Jadeq

uononIISaP DOA %+6'66

gLEICIE)
Sutuing fesupur£d Jo JOLIAIXD

UO uIng 0) premIno Ajreipel passed
U9y} {JUIWIIS JAUINQG 10901KJ paIy
-premino ue uj paxnuaid jany woddns
snoases pue ‘Ie uonsnquiod *DOA

uononusap DOA

Ove0-veL-v09 -xed
00Z1-veL-$09

*O'g ‘IPANOOURA

"PYT ‘sonpway)-ooN

“(PowIre[03 189Y ISNBYXD
%06) ¢Wf3 9°0> "5U0D JUEUTUREIU0D
18 A319u0 01 preda1 yim Suiurersns
-J1os 'widd ¢—¢ ore suonenuUIsU0
DOA /N0 “Koudiodnyye

$s2001d UONEpPIXO

ssading woy], uonINNsap paydadxa %486~L6 ankered e—uwidisAs wPSuIMG uonoNnsap DOA PINRULIOYOUON
“3]qIseaJ A[[eSrnuouoda uoneIsuIoul (ureans
SA{RW—IUIN[JJI SUIUNRIU0I-D0A | PaIRNUIUOI 10U B IYeUI 0) SUOKE)S
JO suonenUAL0d mo| Suronpoid [BI9ASS WO SUreans Juuiquiod)
SUOIIE]S [RIOAS YIIM SIS 10 s9181 moJ Ire ssac01d Suronpay uononnssp JOA
198)U0))/20IN0S sjred aureN A8ojouysa], uonoung Ddv

onuo) DOA
(panunuod) sxijddng pue ‘suonoun, ‘sadAd( [01U0)) UOHN[I0 IV JO Iqe],




82

£01676L2-10C -Xed
0065-6.2-10T 10 9010-TT6-008
[N ‘uosiared

*aUy 0JUS]D

"SOOA PIRULIO[YOUOU FUIUTeIuod Ire

3O wjos GOLI1-006 3[puey 0} pausisep
WAISAS © SIAJOAUT HONE[[RISUT ISIL]

‘uonesijdde
renonyed ay) 10§ ussoyd st 1SA[eIR)
‘suoA0 Surdip woly Isneyxa ul SDOA

BUSUII[Y WIf | "SUOENUADOUOD DOA MO] YIlm JIe JOf sAonsop J9zipixo awny onkere)d uononnssp DOA

*21njeIaduld)

uopudt 03 way) sJuiiq jeay

0220-v¥6-80F aloym ‘XLIEW OTWeIad 0) u3s pue Ie

VD ‘os0f ueg “(*[DD pue | UM paxiwi SDOA SUOISSIWS 2ARI3ny

(K3ojouyoa] | 9uazuaq I0J %66 66) Q8] Ul PIAIISqO Konsap 03 (@ dnoin ‘g 10 | "AIQ

$59001J-UJ A[19ULIO]) ‘U] XLIRWIAY ], KDUDIOIJO [BAOWIRI g566< oW | *] SSB[D) SUONEJ0| snoprezey Ut pasn
UIR HoqOy | uononnsap s-1°( ‘duWin) OUIPISAI §-G°( 9q UEBD *JIZIPIXO [BULIY) SSI[OUIR[] uononsap DOA

“saje[d Sy} yanonp

$)IX9 pue SI19)ud sed pIlBuNUEIu0d

-—apis Jay1a uo sajeyd [oas

SSO[UTe)S SNOJOJ ‘IURISUOD JINIJAIP

818C-1¥5-616 Y8y aaey siofjad "possaiduit st pjoy

youelg [onuo)) sduediQo—vda | U/l 0§-0F 51830 YOIYm J0joeal 111999 JUALIND JJRUIANE UE YOIyMm
Jopuod apem 3[28-YdUaq Je UOHONASIP %66 $50J0€ SJo[[od o130 JO pagd uonOMISAP DOA

‘JedA |

NI ‘stjodeauury 10} pasyuerens s1sK[eie)) ‘9%6'66 sisA[ereo Jo a3uer Sasn—swaisAs
*2U] "0)) uospreuoq se y3ny se sarouardiyye uononnsaqg uoHEpIX0 JNA[RIED J01qV-DOA uononnsap JOA

"Elpaul 191y

‘SDOA JYI0 %06< ‘SIUSA[OS WOIJ 9WI0d SIUANNYN "(SDOA o0

0061-2¢S-SOE ParRULIOYO %06< ‘spunoduiod | Joj aiseam fedrorunw paxru pajsoduwod

1 ‘orepiepne-] Ho4 | oneydife 966< ‘seuadin 986< ‘sased | ‘spunodwod njjns-ouedio 105 a3pnis

‘ouf ‘vonenjyorg | myms-ouedio 9¢6< saaouray ‘sed-jjo a8emas paysodiios :efpau 19){1))
neuIag [9Xy Jo uruy/Ely 000'ST-000°TT SIIpUeH waysds uonenjyoiq INIAONIE uopdMsap DOA

19RIU0/20MOS spreleq aurep A3ojouydal uonsunyg Ddv
[onuo) HOA

(panunuod) sxdrddng pue ‘suonounyg ‘sadA(J [0NuU0)) uUonNoJ NV JO Iqe],




83

0068-1v¢-C17
L8061 Vd ‘aukem
3 yred uoAd( 9¢v
Aayne uosuyor

uonoNNSIP dLeie)

uonoNASIP DOA

€901-69L-L0L
IST1-6S6v6 VO ‘ewnfeldd

unoD 33310 €001
"OU] ‘SWIANSAS JONUOD) UOISSIUIY

uonoOMISIp onAeIR))

uonoINISIP DOA

018L-65¢-80L

L9009 TI ‘dunered

"3 Yued 1S YUON 009
sa18ojouyoal, NIV

uononnsap snk[eie)

UORONISIP DOA

0002-159-60¢
16T€6 VD "BlESIA
9AY 30(J 08
A9LOOWH

UOONPAI SNAEIBIUOU JANIAIS

uononnsap DOA

00+1-992-816
0L60-8STHL O ‘esInL
0L608S xod "'O'd
reudig-palfv

uononnNsap smkere)

uonodUnsAP DOA

8C06-€ST-81L 10 J1EC-8EE-BIL
AN ‘udpjooig

*ouf ‘uenjeg

uasjQ e[

"WeW/3 €09 Uonezinn DOA
a[qepeiSopolq pue ‘auszuaqoIoyoIp
*9UaZu3qoIoNY) Y/ w3 1 gl

0} dn ‘vonezynn JUaZUIQONIN

‘$2jeWIOIROIONYD
pue souedI00n1u JZ1joqeIsW Ued
Ty} BrIOSUOD [eIGOIOTW ;uOTenIjoIg

UOTJONISIP OIRWOIBOIONYO
pue ‘ONBUIOIRORIU ‘DOA

OvL6-LTL-80F -Xed
T8T8-LTL-80Y

"3,0081 7€ SWNIJI 4 +000 T €
sey 1sK[eIeD "4 000°0Z 3oue Kousionye

"aNONTS QUICOASUOY € Ul paInsjuod
eNSqNS JI{LIOW © UO S ISA[LIRd YL

V) ‘vIe]) vjURS UOTIONNSAP %5+66 © UTRIUTRW SHIUn *paq 15£ 10 paders L[aalssaisoid
diop epziy | oyl 'q4.008-00€ 3t smooo uoneprxQ © sey Jossacoid—uonein3yuoo
OUSIOJA YOUaPal] "UOTIONNISAP 9%+66 SIAAYIY 1190 papeisd yum wdlsks snAere) uonOMNS3IP DOA
10BIU0))/30IN0S speed surepN A3o[ouyoa], uonaung DJv
[013U00) DOA

(panunuod) szapddng pue ‘suonoun g ‘s [oNuU0)) uonNog IV JO dqe,




84

‘[0ODU0D %66 66 198 ued
‘spaq om) A "SOOA wdd paipuny
[e3oaas—[ ‘awdd 00S—001 12 15°¢g

spaq uogIed pajeAnde Juneiouadal
10j e passaidwod pue urea)s
saninbai ‘uoqmeo 0Juo paqlospe SOOA
—uondiospe uoqred aane1ausday

(Ayprumy

 9%(G< sureans Jie ‘),g¢< sureans
e dwa) wool je spinbij 3uipioq
mo] Jo sosed are yey) spunoduiod
sruedio Jof JON dura; wool je pinby|
are 1eys spunodwod owegio ajgnjosul
-Jarem “9'1) AI0A0001/JEAOWIdI DDA

"UIJOs PuUBSNOY) [e19Aas 0} dn mopy
‘amidd +0Q]1 SI "oU03 DOA UYM 15og

*UOIESUIPUOD Jented AQ paroA0ddl
pue JuaAos papeo] o wioxy paddins
are SOOA "DOA S JO 1sow sqiospe
Yorym JUSA[OS d[NB[OAUOU YSnoIy)
08 spoA—uondiospe Jodea 1waA[0S

(s1asea1Fap WwOI] SUOISSIWD
u0qIe20IpAY pajeulIoNyo Suljonuod
“9°1) KISA03X/[eAOWIAI DOA

*2Inssaud 10deA

MO[ 18 %,0¢ S& mo] se Jo ainssaid
1odea y3m 18 95,06 01 dn £124009Y
‘Kuprwny smof ‘wdd palpuny [B19AS
1SBI[ 1 "DU0D DOA ‘WJos 000> Sael
mopJ *D,08- punore ‘sduray je jsog

Josuapuod 1odea pajelradugay

(suonesado JoJsuex) [ony
woyy paoeldsip Ire wolj suijosed Jo
Teaowas “9°1) K19A0233/[RAOWRI DOA

01LS-9¥8-¥19

SE01-6ZZEy HO ‘snquinjo)
peoy Aspuny 000L

"OU] ‘TeuonewINU] UodnNN

"JUS)U0D I91eM MO[ pue -aInd
‘4RO ST JUSAJOS 'IIE USPEB[-JUIA[OS
JO L3S (OO0 UI SDOA JO A19A0001
%86 weld WE 18 papouwap uidiskg

‘Spaq uoqres ajesduadal
01 dwind yeay 91245 uoyheig
yim uondiospe UoqIed pIIRALDY

KI9A0991 JUIAJOS/[OBUO DOA

*sa3Ins

uonenuIduod Y31y ‘arel moy Y3y
unR)-poys Joj Ajuo pasn) . ‘(suonendal
[eIUIWUOIIAUS JsOul AJsnes 0) y3noua
poo3 10u) SDOA %5606 100U0D

sarep]

[onuos a81ns JOA

JOBJU0)/201N0§

s[reRg

aureN A8ojouyoa],

uonoung Ddv

[onuo) DOA
(panunuod) s1arjddng pue ‘suopounyg ‘sadiAa(f [01)u0)) uonN[jod AV JO IqeL,




85

VD ‘s9jeduy so]

*oU] ‘uoqre)) SAeISOM

0] pasuadif KjaaIsnjoxa “dio)
ywaurdopaaa(q ooexa} Aq padojaaag

"SUOISSTUIO SOJeuluIi|d
wasAs doof-paso]) ‘[eaowal
2UIZUAq %86 ‘[EAOWAI DOA %66

‘suoqresolpAy wnajonad [e10y wdd g9

pue sDOA wdd [z ‘ouazuaq wdd ¢
Pim 12emalsem uruyed oS¢ sojpueH

‘PAJOADAI puR

pesuapuos uay) ‘Suiddins urea)s £q
PIAOWIRX SDOA PRQIOSPY “slaglospe
uoqes pajeanse pue Juiddins
uadoniu £q poAOWIdl DOA (WASAS
juswIeal) Jojemalsem dool-pasolD

sureans asem KIourjal wolj SutpoLoal
pUR [RACWIAI DOA PUE sudzuog

_suondQ 101U0)) JO uonenjeaq

ay) pue spunoduwo)) owediQ

a[ne[oA JO SurpAoay pue A19A4029Y
wro1j syjouag A31oug [euoneN,,

1661 ‘1291 dunf “O’gq

‘JOANOOUR A ‘UOTIBIOOSSY Judwadeueiy
ASEM % IV 3 JO uoniquyxy

29 SUNPIIN [BNUUY YR 1B PAjuIsal]
VD ‘0391 Ues ‘DIVS

‘uewadug 'S J011A pue ‘dJ10/H0d

‘uopeIaduyal
£q uey A1desyo asow J,09—>
sdwa) sonpoid ued 91040 uoikelg

pingj oruagoLo

10 pajood © Suisn aueyoxa jedy
10RIUOI-)O2IP JO ‘(WIISAS uoneIddLIyal
9[04 uojAelg 10 aunjuey) s1adueyoxa
yeay 10211put ‘31945 uojfelq as1aaal £q

SN ‘Suigioyog ed £q Jodeg 2510 —a3ueyoxo jeay 10a1pu] | SeS any Ul SIUSA|OS JO UORBSUIPUOD) [eAowrdl DOA
1030831 3seyd pIjos ©
sopP8uy SoT DN Ul SUFean)s Sed-1J0 WoLJ SJUBUTUIRIUOD
RUIM T YUy Ire azfjoqejour Jey) (o
VD ‘edtuojy wues oul LN w | jead Jo jsodwiod) [ewsdew dANOR
oS 0J3D) KOUao13J9 [0NU0D %(6< £jeot3ojoiq Jo spaq—uonen|iyorg [eAoural DOA djqepeidaporg

YLYT-1LL-806
[N ‘HTH Aeunpy

‘pinbyj € ojur way

SISBN) 0011y 10S 1— 03 0L~ "dwid) SuneadQ $[000 pue SD0A saimdes jayue|q (s1941p ‘syjue) 28ei0)S ‘s10)0831
[19H [PRYOIN ‘95,66—S6 Paonpal suolssiwa HOA |  usSonu—A~A1aA0001 Jodea ues|o0Ary] wolj) AI9A0I/JRAOUIAI DOA
‘uoqred
Y U0 SHOA qI TO-€1°0 SoAed]
Suiddins wess wdd ¢ 1e voqsed
punod 1ad SDOA 1 S1°0 ‘wdd 001
ye uoqaes punod 1od SHOA Q1 €0 SI9)sTURD UoqIed y3nosy sassed (saye1 morj Jre Sunenionyy Joj Jou
‘Awdd O[> SUONENUILU0D DOA 104 | NIV “uongiospe uoqred ySnosp-souQ | 1nq *asn play Joj poos) jeaouwal DOA
1981U0))/301N0S sprell aureN A3ojouyra] uonoung DAV

[onuo) DOA
(panuyuod) sxyddng pue ‘suojdoung ‘SIAI( [01IU0)) UOHN[[O] JTY JO Iqe],




86

8106-0S6LE NL “d[iaxousy]
81066 xod "O'd

ouy Peld uondiospe uoqred pAjeAldY [BAOUIDI DOA
88LC-6VS-E 1P X8 ‘awdd 08
90SS-6VS-CI¥ 0} 7 woly Suidues S[9A9] J SPUOYD ‘PIeMUMOP SMOJ JUaqJosqe
VA “sisquy ausjAyjoul Jo sudjAyiaoloyown |  repjeom v SjIym 12qIosqe ue yanosy
ouf ‘4Sy Bujureluod urw/ wo 0OTI-008 premdn smopj JIe PIJRUIWIEIUOD
[[oMmry sauef JO smoyj He uo paysy ssavoxd VAN —ssa00id uondiosqe aseyd-pinbr] [eAOWAE DOA PARULIOIYD
“WeWi/3 SZ1-001 Woy
a8ue1 sajel peo "D,LE I8 UIW/ Ul g | -Ajsnonunuod pappe 1ajynq Aeydsoyd
9T¥9-LLT-C0E ‘X | JO 91eIMO[) © 8 S[ROIUISYD 31} JO 968 | :A[rep pappe uonnjos juatnu pinbry
8€€T-LLT-E0€E POAOWI JOqQIUIds ‘ssewolq Inopim | urui/qes ¢ je parenoaoal 1ajem—idn
0D ‘uIp[on pateradg ‘(swnjoa) wdd ¢/ 7 Jo smoj Jre 9fiym Sunyoed o1 ySnoay)
‘diop Suimealg 51000 |  UOLENUAIUOD JUBUIUIEIUOD [€10) YHIM UMOD SMOJJ I9JBAL 'SIQOIOTUI IM [eAowal
NI [ned ardures e woij [pAOWAI DOA %56< PaprO] 19qqNIds JomM-—I1aqqnIosolg JOA °[qepeisapolq ‘d[qn[os-Joje

8IST-vE9-T09 -Xed

“Ia)[1} Yanox) auissed
210Jaq PILIPRUNY SI IV [10S 1O
1s0dwod se yons erpow 1)y ydnomnp

vH9P-+79-209 "SOOA widd 000'8-00T Yiim pue sadid pajesopiad y3nonp dn

7v ‘voson], | ‘wigos go1 pue gz usamieq sweans sre | paduind sy ire pajeururejuo)) ‘siosfoid

-d10D 19yorg uyog Ul PAAIISQO eI [BAOWIAN %6 66-06 Iogre] Joj pasn wasAs Areuonels
uyog youwury | "wiyos g0t 03 dn mopy Jre sjpuey ue) | JO UOISIAA 10edWOO—INYOIq IGON [eAOWIal DOA

“uoneredas A1aei3 Aq pajeredas

"UONENUOUOD wInwrxew uo | s1 pinbij oy pue ‘Josuspuod e ygnosy

S| ON ‘Spoul Yyojeq ui wijos gg9 o sossed usy) wrea)s uspej-[esnudy))

VN ‘weyuAey | A[Snonunuod moyj wyos-0g sajpuey ‘Juiddins ureass £q pajesuador

-ouj ‘dno1n ooje |  1un prepuel§ ‘(siuaA[os pajeuadorey Pag uoqIe) "aNs-Uo Jfqerauadal
seeH uyof Suipnjour) A19A0931 DOA %+66 ‘woysAs uondiospe uoqre) [eAOWIBX DOA

10BIU0))/32IN0S s[relq sureN A3ojouyda], uonodunyg Ddv

jonue) HOA
(panunuod) s131jddng pue ‘suorpunyg ‘s3dA3( [0IIUCD) UOHN[[O ATV JO AqE],




87

[0NUOD DOA 01 N0y WAL,

‘upyox(] youue( £q Jfonse

"SMOJJ J1e
uondiossp pue ISNRYX? UIPR[-JUIAJOS
U22M19q $918J0J A[SNONUNUOD 18y}
10)01 Se S10y “(91j0az d1qoydoIpAy
1O UOQIED PAIBALIOR) JUIGIOSPE DOA

ce—ced SOOA M pajean (2IMonns quodAauoy)
‘26/$ 1/6 Suriaaurdus uonnijjod wdd gog> ‘un/ 1} 000S< SMOYJ 104 | 30BLINS BIPIUI POPUAXS :JOJENUIUOT UOHERUAOU0D DOA
SO0 A wdd paipuny mof *JOYRIAUIOUT 0} pANOI
2 Sey ureans puodas ‘sOOA wdd go1> ST yorym ‘are urrem yum paddins
sey weans [euiuQ "uredns ST U3y} ‘SDOA 0 SIAI uoqie)
JUSU0D DO A-MO] ‘dwnoA-y3iy Jo |  :woIsAs J01RIIUIOUI-IIQIOSPE U0qIED) UOTIONISIP/[RAOWAL DOA
1162-€T67616
808LZ DN ‘mieg
1SeH 76 9IN0y
gxod 'O'd
J8O uondiospe uoqsed pajeAnody [eAOWAI DOA
00EL-9LE-ST9
€9LLE NI ‘uoasdury
D66€ xog ‘T anoy
Ied[onN JIASPMIS uondiosqe uogred pajeAndY feAouial DOA
8L09-TS¥-20C
9€00T O ‘uoidurysem
Jooy yiIs 1S W6l 006
sy xod 'O'd
dnoso se[muuiRS/uURWZ[OH
ddiyiyq ‘vesiored o3ny uondiosqe uoqred pajeAndy [BAOWIRI DOA
108JUO0)/20IMMOS sreeq aureN AJojouysa], uonoung Ddv

(panupuod) sxayddng pue ‘suopouny ‘s3dAa( [0nu0)) UONN[og AV JO I[qBL

[onuo) DOA




88

79SL-696-€1€ 18 V4H woly

a[qe[reAe ‘106/€6-1/0vS/VdH unaling
Vdd peaJ ‘UonewIojur Jayny Jo4
VO ‘3sof ueg *ouf ‘Srung

‘(ownpoA)
wdd ggz noqe suonenuacuod O
[en “uruycl oS 01 dn jo smopre
POAJOAUL 359] PIaTd 1S9} plol) ©
duump HO 1, JO S[9A3] UONONNSIP %66

“dure[yse[j uouax e woyy 31|
19[01ARI[N O} SUOGIRIOIPAY PIZI[IR[OA
sasodxa—wsAs uoneprxo onkjooyd

uonINNSAp FU[AYIS0IONYILI],

LO6LY NI “9NoARJe 1SoM

qgp01¢ 'ury ‘dwra) Juarqure Je sajeradQ "J0J0edI
Suusaurduyg 111D ‘AisioAtup) anping “(uonterado Jo utuwr ¢ Ajuo unpim) | oy ySnonp pamopy pue payIpruny st uononpal
Suepm Surpy-oy 71/8v Z'0> 01 peanpai [343] DL | Ire—10108a1 onkfeiesoloyd £1oteioqe] | ausfAyieo1ojyoena) ‘aus]Ay1a0Io|yoLL],
VO

‘urRIUNOIN 3U03§ “"ouf ‘sarfojouyda],
JddS 01 UOHEZIRIDIIWIWIOD

10} Pasuad| wnLARY
IYT-vE6-106

92321¢ JInO ‘BPUO[] 1S9 JO "ATUN
SPIRIYS WodEN

"Tepoyew

uoddas jo Sya/aD L Sw 1670 "woddns
uoug ue uo wjyolq snoanbe uny

ur umoId wnujoRy ‘FeAOWA %[ 76

"[EOMLAYD JIONPUT UR JNOIM FOL
SOZI[RIQUIW Jey) SWAZUD IATIMISUOD
e saonpoid winuayoeq ‘1944 €776
yD) D190d2) SPUOUIOPNISY JO ULIO]

auajAypaoIo[yoenal
‘ausjAyieoiofyoLn jo uonepeidaq

0S10-29Z-809 ‘xed
YL9T-T9C-809

IM ‘vosipey
UISUODSIA JO ANSIQAIUN)
UOSIOpUY TR}

"Do00¢ 18 palojuls

¢OLL ut paonpoud 3/,w 161091 JO
seaIe 90B]Ins o19ads pue 9,96—(S Jo
$aNIs0Iod "D,09 18 pateradp ‘wdd ¢
0} Paonpal "duod FD L, SILIPIULIAIUI ue

10 QD) 01 UOISIAAU0D D ‘DL %66

[orrered ut pajexado pue sjofjed <01
s payoed s1030831 paq Je[nuUe JN0J

guiddwns 1re pue

uonaenxs Jodea [ros woly Suninsal
Jre pajeuILIE)UOD UT UOKONI]SIP

UL A1I20I0[NORI)3) ‘QUI[AYI0IOJYOLLY,

SI88-SGL-80L xeq
000L-LYL-80L

11 ‘spietq eidwi[o
‘dio) uspag

[yny uyof

“SJIUBI0 PAIEULIO[YD JOJ pIpaau
sreLajew [erdadg Isneyxa Lypruny
-y81y pue ‘sjoyoodpe ‘jouejow

10J NIOIZ 3sn OS[B UBD INQ JUIGIOS

Se uoqred sasn) Julf Jamoj ou ‘widd
puESNOY) M3 B O} S[3A3] JUBUTUIEIUOD
J[pury UL "JUBUIUIRIUOD UO
3urpuadap ‘a4+06 ASUSIINJI [EAOWSY

spunoduios sruedio
3[NRIOA JO S]2AI] MO] Sutrowal
10} 10}eRUasLs: » HOGIOSOIAD)

Su0qIROOIPAY pareuLIOfyo
Buipnpout ‘sDOA J10J 101eIUIIU0YD

198JUO7)/30IN0S

s[readg

aureN A3ojouyoa],

uonoung Ddv

[enuo) HOA

(panunuod) sriddng pus ‘suoyouny ‘sadIAd(] [01)U0)) uonN[[o AV JO Jqe




89

P8T1-¢6T-S1T -xed
001€-1L6°S1T

vd ‘aufepy ‘dnoin syonpoig
[EIUAWUONAUF S AYNEA uosuyof
nyD uospImM

“J.0S€ 1< sormerodwa)

1® poon) "dud[AyIs0Io[yoLn

pue ‘wiojoIo[yo ‘v[DD) Joj satel
UOTIONNSIP %66 SHNsaI [iuswisadxg

sisAeres [eyour dnos3 wnumneiq

(uen[yja Ui wreals
)im 153q syIoM) uonepixo uadoleHy

0889-9€9-L1¢

"D0TI<
sdwo sed 10y 103 10N ‘(wdda p00‘S
*3U09) JUaqIOsSpe 8/0Ud]A1IR0IOYOLL)

8 9°0—¢0 “(wdda Q'S ou02)
Juaqiospe 87904 3 8°0 ‘(wdd 000°SZ
*2U09) Juaqiospe 3rousjApaoioyored

3 7’1 = Aousquosqy "8/,w 0011

'sed

1IN ‘PUeIPIA = paJe doelIns 1Y .w\mEu o' | Hour ‘xe joy ‘urea)s Ym dfqeiousday
0D fediay) Mo = ownjoa a10d fe10L, “Anpruny | 10°'g6bEr SNX Woqiospe ouvwAjod
7)j00) 1sq0Y %001~ YIm ureans uf pasn aq ue) o[ua1£1s payurf-sso1d A[YSTH [eaowsal swuediQ
8680-1EP-19 -XeJ "SJUSA[OS Y3 GI0S3P O)
01.$-9v8-+19 | uaSoniu 1oy Suisn pue duind winnoea
HO ‘snquinjo) Pa1eOIPaPp © Y SPaq unenoead ‘qiosKe1g pajed ‘NE Aq parudled SUOQIeD0IpAY

NOODN
Funjeuuy s0f

£q pae1ouadal are s13qiospe
u0qJe,) ‘KIGA003 JUIAOS %6 66<

-duind je0y 91940 ucikelg as1aAal
PIJUBAPE )IM UOTIGIOSPE UOGIRD)

PaYRULIO[YD puk SAU0)RY Sururejuod
1e wiolj A[jeroadss ‘£19A0091 JUIA[OS

Jeunun[y-s uo

wnuneld %6 | J9A0 aua[AyIo0I0[YoLI],
JO SUOTIEIIUAOUOY) DBI], JO UOEPIXO
onArereD,, "81880 (N ‘UOSIPH

‘@wy yred ojusy “dioD preyjadug,
¢01L0

[N “JIemap ‘A3ojouyd3a], Jo Amnsuf
KoSIof MaAN ‘90USIIS [BIUSUWIUOIIAUG
pue ‘Anstway)) ‘Suteowmduy
Tesruroy) jo wawireda(y;

7 OINBIIR] ‘[ H2GOY pue

|‘meys Arusy | ‘Buep 1X Aq Joded

"00065-0S 1 a3uex "dwia)
‘GO wdd 0ST—0P JO UOREPIXO %6°66

rUNUN[ -3 uo wnuned %51
JOAO JIe Ul gD L JO uoneprxo nk[ee))

UONEPIXO SUI[AYIR0IOYOLL],

19%)U0))/20IN0S

sireRa

aureN A3ojouyda],

uonoung DV

[o1uo) HOA
(panunuod) sxarddng pue ‘suoroun g ‘sadiAd( [o1U0)) UONN[[o4 A1V JO Iqe],




90

T1LE-9T8-CT¥
vd ‘y3mgsng
eduIWYy Jo Aueduio) winunun|y

nry [ned

*SIUBUTUWRIUOD JO S[OAI] 9oL}

Yam JIe JO sauInjoa I51e| sajpusy
‘pareunuis jsourje sHOA "qdd go1>
03 suanjo) widd (1 paonpal ‘s1s9) Uy

"WINIPIU UOQIed PIJeATIo8
SuiureIuos suwn[os01q uo umoId
oI BLIBJORq PIIORIes uonesado
|3]jered ui sIUN INOJ—IaqQNIdSOIg

[ONUOD SONBIUOIE 30RI],

LTL8-e6V-¢lL :xed
£LES-EOV-EIL

X1 ‘uojsnoy

‘0D Juswdofaaad [[oYS

noy)) sapreyd)

"UONIONINSAP IUIZU

%+86 "InuIW € 0) dn JO SPUOIIS M3y
e u1 1250 uonepeida(q ‘(awdd gpoz
01 dn speoj ajpuey ued) jaaa[ wdd

Je auozuaq Ajurewud Jurureyuos e
URW/e3y 000°01-000°S Sopuey wasg

*SUOQIeD0IPAY

PaleuULIOYd J[puey p[nod

waysAs ‘AJ[eonaIoat ], "JUBUILIRIUOD
Jo uonepeidapolq snoaueynuIls
jsouife ul s}Nsay suSIINU

pue ‘yimoidorq ‘Ainfs 19yem pinbij
y3noxy poysnd Jre—iaqqniosorg

[onuod sonewory

LSSS-SYS-YIL
V) ‘vuy viues

UINjoA £Q SHUBUIWRIUOD

"SPIJE SAOWIdI
Yoy “JuaqIos Jo paq ySnonp smoy

xon|n widd gOO€—000Z Suureiuod uay) YisAered ejnueld e pue auozo [eAowal
1oZ Yoer Sureans I Ul [eAOWaI %66 0} pasodxa SI JUBUTUIEIUOD YHM JTY onewore pue S1uedio pajeuLIoY)
HOS-ELE-60S “xed "asnaJ 10§ pInbi]
L96Z-9LE-60S |  Se PIIDIJJ0d SJeAULId] JUBUILIEIUOD
VD ‘“Yied ojusy Jo widd (g surejuod weons
ouf | Jre ueapd laueiquaW JO Ipis dedunad wnnoeA yum
‘Yoreasay pue A3o[ouyo3 ], UBIGUIDIN uo wdd pQo‘sz 03 SALNUIDUOI SA[NPOW SUBIQUIDUI PUR *ISUIPUOD K10A0991/[RAOWIL
dury dre1) Y100 ‘Teaowdr YD) 2%96-S6 ‘10ss21dwo? “I3Y1J J1e Age[nonIed Jodea apuopyoena) uoqre)
“UONONNSIP 12J€13 10 INPISII PI[OS JO SISOASIP ‘Si0deA
VD ‘puowrgory | %6666 "Aep/arsem ouedio surnap ¢ orregio syonnsap ‘soruedio pmbiy S9[qQIISNQUIOD

*ouJ ‘sa1do[ouyda], eonayYIuiS

0} dn spijos ‘spinby| ‘sased sayxoyeq

sazrodea 1ISHIX019(] BINRIPUAS

SnOpJeZey JO UONEJIJIX0}op WedlS

JoeI0)/22INn05

Sirered

aurep A3ojouyoa],

uonoung Ddv

(panunuod) sxapddng pue ‘suoyouny ‘sA(J [0HUO)) UOHN[O IV JO IqEL

[onuo) DOA




91

162€-997-816 :xed
Ovr1-992-816
0L60-8STHL “MO ‘esinL
0L608S xod "O'd

-ouf [eudIS paNIV

“sapifey Jo douasald 9y ul pAIqIul
10 PIIBATIORAP 10N ‘% 66< AIULI0NJO
uononnsaq (41S) Ad0eA

sed urwi/y 0T “D.00v ® Wdap paq
your 1ad QCH ut ' doap amssaid
‘A/A %0°01-05°0 Jodea Joem
‘ASHO 000°0€-000°€ ‘D.05+-05C

1sA1e1eD DAH

uonINNSIP uoqIedcoIpAy pajeussoey

99966-00LS- 1€ *¥ed
LOL66-00LS-1€ 2uoyg
wﬁ:ﬁ—uue_uuz YL

"A’€ )NSU0D eRUT MNV.L
s3uip "WO'D"1

‘passasoad are

Joempuncis pue siodea §loq uoym
U §1> QW Uonu)ail dineIpAy
"(suareypydeu ‘1o [esout ‘XA LE)
SON0IQOUdX S3[puel "sed jsneyxa

U1 Pardalap SOOA OU 3m paAdmyde
uoaq sey AoualdIJJo uonoOnnsap %86<

*SSBUIOL] dY) JO [elIo)BUI JOLLIED
a se aueypamnAjod Yum pajj1y waiss
wy-paxy ‘o1qolae si Joyoeal ndorg
“YIIM JJBIP 3G 1SN WIBANS Jsem
snoased e K[uo uaym 19y SuipoInolq
e se paresado 3q ued JO JTe pue Idjem
Ul SUOQIE20IpAY JBan jsnoauelnuuis
01 pasn a3q ued—KJojouyoa) andorg

(Ajuo 1re ui 10 jusuIleaI)
Ife pue I1ojem SNOJUEBNWIS IOYID)
JUSN[JJ3 Ul JUIUIEDI) UOGIeI0IPAH

. SUOISSTUIF Isneyxs
2T SeD [exneN Surfjonuo)

0} pare[ay se sisA[ere)) [eI9|N 2[GON
JOAO UOTIEPIXQ SURYIOI,, ‘0608Y

[Nl ‘Uailep) ‘sauIojeIoqe ] Yoreasay
SIOJOI [eIOUaD) ‘Hamals ‘W d

pue ‘[PRYIMI [ d ‘4O 'H 'S Aq Jaded

auLYIOUW JO [RAOWDX
anAreres Joj sisk[ered [ 3[qON

uonONpAl SUOISSTUW UBYIIIA

TE9P-699-50€ -xed

‘qdd Q[> 01 20NpaI [[IMm

suSisop oming -afuer Sy/Y-MmY Jo
SU} 9Y) UI SeM [BAOWIAI D], %66 0¥
paxbar £810us [eomoarg -qdd go1>
0] PaONPaI 3q UL UAY20IONYOLN
wdd QOO T PIM WIN[YS ‘SIS U]

-gurserd oy 93310 sed oy ul INd20
et} sogreyosipoIotur Sunnsal oy,
“ZUAYO[TY [e19A9s 5B Y31y se safejoa
Sunewae PIM ‘SOPonIAIS OM)
uoam)oq sassed sed Jisep "SUONOFS

9810-699-505 | *M 0001—001 ¥e sajesado [[90 10ueld | .30y, Aq paonpoid are s[eaipel 333 Jo
KIolRIOqR ] [RUONRN SOWR]Y SO -utui o1 01 dn sureans Jre sjean | sonnuenb a3re| azoym ssaooid ewserd
uegoo)) uyof INVT 1 waisAs Jas 2dfio1014 pios e— ewise[d a§reyosip WIS [eAOwa1 so1edio
19RIU0))/30MOS s[rerd aure) £3ojouyoa], uonoung DdV
[onue) DOA

(panunuod) sxiddng pue ‘suopdun g ‘sadiAd( [013uo)) uonnfjog Iy Jo dqe],




92

«QBHNS (T11)RD
® UO SU0qIed0IpAH pajeuasorey

Jo uonisodworsq feunrayL,, ‘L7001
AN 10X maN ‘ANsIaAu() eIquinjo)
‘Anstway)) Jo jusunreda(q ‘uog

"q ueuq pue ury Suery-Suor 4q laded SU0qIed01pAyY jo uonepeidap oniEere)d [0nu02 uoqred0IpAY pajeuaioey

19B)UO))/20IN0S srere(q aureN A8ojouysa], uonodung DJv

onuo) HOA
(panupnuod) srerddng pue ‘suondunj ‘sadiad( [01)u0)) uonnjod A1y Jo Qe




93

0SSL-€69-S19
8106-0S6LE NLL ‘Oftaxous]
8106S xod 'O'd

-ouy el uondiospe uogred paeANIY [eAOWal RN
«IPHOD PR YIIm
PAIRUIIBIUOY) SAISEA\ JO UOIBIAUIOU] suonipuod uopeado | "apIX0 WNUTWA[E ‘QUOJSAUIL] ‘pUES JO
pag pazipinig Suungg aimde) 10jeIuIdUL pue od) yuaqios uo | g4 I wo 9L “dxd (14:1) UoneIouIdut sajenopred

RPN, “'[8 12 OH "D "L £q ladeg

Surpuadap ‘Aouaioiyye axmded %06—07

Suunp sjerows axmded sjuaqiog

[erour Suruioy siodea jo axmde)

SIsep Supejd woly WNNWOYD
JO £19A009Y,, ‘Demojmed |

"JUIYoea] PIoe PIM
PAOWIAI ST YOIYM ‘QJRUIOIYDIP WINIPOS
u1I0J O} YSE EPOS Y)m S)08al 9PIXO

saisem

‘pisemoio] ‘I ‘0jod 'V g Aq 3oded KI19A0031 %06 wnjwonyd (Sunseos) uoneurdfe) Suneid woiy £19A0031 WNWoNY)
99¢ d 'Z6/vZ/8 1oday %86 03 dn AIno1owW seg

uonn[og 1A 2 IV 9oy | seonpar g8y ¢ 1e uonosfur uoqre) | ony Jojelsuiout oJur uondaful voqre) [erowa1 AINoIAIN

uaptjog BuIqqnIds 19 TeAowal AINdIoN

7661 ‘9¢—-1¢C dunf ‘O

‘A sesuey ‘UONIQIYXH 2 Jun
[eNULY YIGR "00sSY Judluadeuey
ISEM W IIY JB POIUIsSaLg

(ON ‘dL¥ ‘vdd S

00.—w=v~ ‘d moﬁa—. .&:._m .O OuOﬁOuFF
pue (DN ‘d.Ly “d10D ueipey) 299N

] eunsIy ‘AYM ‘W plae( Aq Jaded

‘amnjeIodua) JA|1J OLqe 10 ‘9jel pady
oy ‘uondsfur YN Aq pesusngjul Jou
[2AOUIdT AINDIDIN “PaJoa]j00 AIndiow
JO JUNOWIE SIDUINJUL AJeX PIJ UoqIe)

uonoaful U0GIed PAIBATIOR PAJIPMO]

103SnquIOD Jjsem
feddunu wolj feAowas AW

“[EAOUIdI AINoIawW U0 193112

("Snsa1 JO Aoud)SIsuod

(90°0v-76# WowaSeuey o] 2aey anjeradwo) 1031 oLIqe) ur pue [eAOWIa AINDIDUI Uf ASBAIOUL
aisep % Iy woy Jaded) pue ‘ojel paa) aulr] ‘uonsafur EHN 15918013 sasned el Padj uoqred ug
Nred ajduen], yoreasay vVdd 9SBIIOU] "IOJRISUIOUL J)SBM PIXTW Ol
-di0p ueipey | "VI01 poyews pasiaal Suisn elep 1s3], |  uonoofur uoqres pajeAnoe parapmod [eaowar KINdISW
19RUO)/20IN0S spreyaq aureN A8ojouyda], uonoun DJVv

(panunuod) sranddng pue ‘suopouny ‘sadiA3( [043u0)) UoHNfjod 1Y JO AqEL,

[onuo)) sfeR




94

01LS-9v8-¥19

S€01-67CEY HO ‘snquunio)
peoy Lopuny 000L

*OU] ‘[EUOTIRUIIU] UOINN

QUIpOIOIpRI PUE [BAOWAI AINDIAIA

[onuod

uondiosqe uoqres pajeAnOY

[BAOWDI [BION]

uspamg ‘eolo[[oys
av Yyoauo)
uaprog

SI2){1} WINIUJAS

[eAOWISI [eI]N

116T-€26616
808LZ ON ‘pied
Iseq 76 AIN0Y

£ xod ‘'O'd

J8)

uondiosqe uoqied pAjeARdY

JeAowal [elajN

00€£L-9LE-S19
€9LLE NL ‘uois3ury
D66€ Xog ‘7 N0y
JeJ[OuN YIASpuS

uondiosqe uoqred paeAlOY

[eAOWAI [BION

8L09-TSH-C0C

9€00T "D'd ‘ucBurysem
JOO[J WIS 1S W6l 006

Sy xod 'O'd

dnoin) 1o NS S/UURWZ|OH
ddipiyq ‘uasiajed 0dny

uondiosqe uoqIed pajeAnoy

[eAOWIaI [BIDN

10RIU0))/20IN0§

sireRq

sureN A8ojouyaa],

uonoung Ddv

(panunjuod) sxaddng pue ‘suonouny ‘sadiAa( [01UC) UonN{og A1V JO Ijqe]

[01U0)) S[EIA




95

£500-99ZSL X1 seired
£50099 xod ‘0'd
YosHID

13qQTUIdS paq-payded

[eaouwas sed poy

€GLO-ELL-EOE

$S108 0D ‘poomajdug
9L9Y x0od "'O'd
uoneiodio)) [2103u]

uonoafur
2qI0s AIp 19qqNIos paq-payoed

[eAowal sed ploy

00L0-€¥C91C
L10Vy HO ‘ereg

Py UOPIOYS OVl

[0RU0D UONN[[0d JTV/2109[19D

siaqqnuos Aei],

[eaouras sed proy

000L-¥LT-LIL

68L9-¥9-008

TYOL1 Vd ‘uoueqa]

IS YIL YUON 00T

*2U[ ‘SITAIIS

[RIUSWUOIIAUT NI [eI2USD)

uondiosqe
JoK1p Keids ‘3aqqnios Aeads

[eAOwal e POy

ovv0-SY9-Tic

0980-€1101 AN “I0X M3N
uonels eIsEYD PIO

1S YI8T IS9M £6C

089 xod 'O'd

Ul ODIWHMS

Joqqnios Aen ‘Jeqqnuas pag-payoed

[eAowal se3 proy

BEBL-CTL-LIS
L988% Tl ‘0ssomQ
1S S0JUON 00P1
0gL xog 'O'd
‘d10)) JoN-111,

199qUuds pag-payoed

[eaowias sed poy

CC8E-1L8-10C
1€9L0 (N ‘poomdjduy
auer] 1epaD Syl

"ou] [od IV

uondiosqe
124A1p Keids ‘s1aqqnids paq-paxyoed

[eaowal sed pioy

1981U0)/22IN0S

s[rereq

auwreN A8ojouyos],

uonoung Ddv

[01}W0)) SBN) PRV
(panunuod) srapddng pue ‘suonouny ‘sadAd( [01)U0)) UONN[OJ ATV JO JqeL,




96

0809-8¢8-C1¥

6€1SI Vd yuounyeQ
gy xod 'O'd

‘0D Suuasuidug QDAY

uondiosqe Jo£Ip Leidg

(A1prwias) [eaoural sed proy

LTTIT AW “2Iownjeg
101 aung

1§ staddoy 00LE
-dio) 18n]

uonoafur Juaqios AI(]

(K1p) [eaowras sed proy

9.880 [N ‘ofJiAIoWOg
00S1 xod 'O'd
[19MMOD-Yoreasay

uonaa(ul Juaqros AIp ‘1aqqnids Leidg

[eaowral sed proy

8996-7¢8-91¢

807L9 SH eHYoIm

YJuON 120§ WLE Ised [TV
Lz18xod '0'd

'00) SunsaurSuyg yooy

BIpaw Junyoed

[eaowial sed proy

000C-L66-¥0V

6970¢ V9D ‘AND sanyoead
ALK PUapIAId 90¢

0007 UosIapuy

1aqqnuIss paq-payoed

[eAOwal Sed pIOY

00S6 Vel
SY£0-8L9-008
£8€LL XL ‘Supudg
€961 xod '0O'd

-ou] ‘s)onpoid 1939ef

eipaw dupjoeg

[eaowal ses poy

000Z-8€7-912
LS6T-VEE-008

10I¥ HO ‘pufsd)
6£6S Xod ‘O'd
Suumpoeynuey LIS MM

Iaqqnios Aei],

[eAouras sed poy

JORIUO)/30MOS

sirereqg

aureu A3ojouyaa],

uonoun DdV

(panunjuod) srijddng pue ‘suonouny ‘sadia( [onuo)) uonN[oJ A1V Jo dqe],

[013U0)) S8 PPV




97

08SE-651-80L

#0009 I ‘SIYS1eH uoiBuIry
3 S "1 2330100 "M T T
‘ou] ‘SunsuiSug 1OV

S15qQEUOS Paq PZIPING 1M

(1om) [eAowas sed proy

YoVr-29v-C1v
0Z1S1 Vd ‘pedsswoy

AV YUIN 0TI
2ud)) 9jhog
*ouf ‘YooY

$10QQRIS Paq PIzZIPINY} 19M

(1om) eaowas sed poy

2610-Ev¥19
91ZEy HO ‘snquinjo)
"9Ay poomireq 00VT
0z8 ¥od 'O'd

“d10D) (1D pawun

uondiosqe Ja41p Aeidg

(K1prwas) [eaouras ses poy

¥991-08L-806

01580 [N ‘uingsjre|d
“I(J sautd UappiH 11
-ouf ‘A3ojouyoa], ‘d '

uondiosqe 1041p Aeidg

(A3prwias) feaoural sed proy

19BIUC)/30IN0S

s[reIeq

aureu 8ojouyoa],

uonoun, DAV

[onuo)) sey) pPy
(panurjuod) sxipddng pue ‘suordung ‘SN [013U0)) UoNN{Iog Y JO Qe




98

000€-629-¢1L

X1 ‘u0ISnoy

*3U]J ‘SALISNpU] UOISNOH
Aajuelg jassny

‘[eaowas Inj[ns (@103 9508 01 dn

‘Afiqe[reae

uogAxo pue ‘ainjesadwiay ‘Hd ‘yuepixo
pUB [2OD U2aM]3q JOBIUOD JO UOTRIND
‘UONBRIUSDUOD JUBPIXO Y} ‘JUBPIXO

Jo adKy oy Suikrea Aq paurea st
X[Ijeul [200 ) UI U0qIed JO UOIBPIXO
-ajej[ns oruedIo a1} JO [RAOWII
onewAzua pue ‘srej[ns swedio

SB {Ons ‘SINoIoW JO PIX0 INJINS

s1uedio 03 paziprxo yns siuedio

205 WO3J INJ[NS JO [BAOWIRY

"$9)5eM SNOpIezey Suiurejod
-ouegiour/oiuedio paxiu pue
‘s[erIoTew ssejgoqyy a)sem ‘sassed
3)seM JoUINSU02)sod “‘SIYSE J0IBIDUIOUI

SLYL-1¥¥-008 91SEM SNOPIEZERY ‘SIYSE JOJRIUIOU]
vd ‘aqaadago) a)sem prjos [eddiunw ‘sayse 1ajiog
*d10D) 09OA PaIy-[e0d ANN pue [eL)SNPUT JO,] wa)sKs Sunjouwl pue YONSNqQUI0D) 8uro£o01 pue UOIEOYLIIA YSY
"STH %08 SeA0wWal “uononpal
J9m03 15113 ut (Hd 6'6) uonnjos epos SUOISSTUWIQ [|NJ 9AIMJOE UED pue
786€-SE-008 ansne)) “eipaw onseid Jo yy O i | sjeonuayd Suigqnuos JO UOHERUIIU0D
"1 “1SBAQIEL poxoed siomol 1J-9] omi sey utuy | oendar o) paddinbo s1omo], "waysAs

UOISIAI(] $59001] SsiAe(] ¢4 000°0F—000'T WOlJ Sureans iy Juiqqruos rejnpow Hr 28e1s-fenq [BAOLIAI JWIN} ‘IOPO
"[RUIS10 se ueds oj] oures
sey 1sA[eyed pajoLoal pue ‘sguneodsal
o[dnnur 9A19331 UBD SIJBNSQNS
919-60T-806 Xed orwreId) "1SA[eIed 4saly yim
6L£$-S0C-806 $180031 uay ‘syoddns quosLauoy- JURWIlEqE *ON
-d10)) preyjeduyg ‘SIeak g 1940 J1Ure1as jo sadepns woy Juneod uf pasn sjsAJeied uononpal onkjeied
SIION 99T | %07 51509 3[9£9-3J1f 15ATeIeD S0NPAY 15A[B1eD PAJRUIUIEIUOD SIAOWY 24109198 Joj ASojouyoal Juljohoay
10RIU0D)/20MOS s[eeg aureN ASojouyoa], uopoung DAV

m.:u.._..:.z:co Ry Jo jonuo)
(panupnuod) sxjddng pue ‘suonoun g ‘sadiAd( [01ju0)) UoHNo] ATV JO dqeL




99

8%00-06L-0€T
1D ‘fnqueq
-d10)) amndeaoN
Suyyuo uaydas

*SNOPIEZeYUOU pue S[X0JUou
Pa15pISuOd are speaq Juads "spedq
uisal apisut sasod ug padden sorxo],
*KIUDIOYJA [PAOWII %66 66

*SOPIX0 1O SI[ES JNe[OAUOU 0) Sed
JOJONPUOINUAS SLIDAUOI—IIQQNIDS
[eoTwayo Aip—speaq ursal apeididg

(spuonpyexay ua)sgun) ‘SIAISOL0D
‘safjresowouedio ‘aurydsoyd
‘auIsIe) [ONUO0J SBJ 10)ONPUOIIWIS

108IU0))/20IN0S

L

sureN ASofouyoa],

uondung Ddv

(panupuod) sarpddng pue ‘suordunyj ‘sadA(] [013u0)) uonnfjod My Jo dqe,

sjuBUIUWE)uO)) JAY}Q) JO [01IUGD)




100

9€88-€08-91¥ ‘xeq
££88-€08-91y

WO ‘e3nessIssiy
U] 9ARA UL

pismowzeld ‘' A'd

‘Ho0p1 dUId) 3Unesado Xej "PIAOUId]
osfe *ON 2wog "paonpoid diejns
wnowure aind 96°66 ‘pasouwas QS
%66< ‘WP JulqqnIos Se efUOUIUIe
YIM—I08IU0D SSBW JUIIdIY

Kouamoiys

1918213 JOj winipawt Suiqqnids

se sed eruourure asn ued ‘Jaqqnios
ad£y-Aesds moj-uado ‘[eIuozLIOY

SIUBUTUIBIUOD SNOJUB[[IISTW
JO [eAOUIS] 10} JAGQRIDS

00L8-L66-01F

dN BIquIn[o)) *-ou ‘0NN
Sueas[ay udlsIey

VD) ‘BIAQIUOJA] “*Ou]
‘sardojouyoa], eyuauruosAug Kof

338110 PreyoRy

‘[eAowal NS 906 ‘[eaowal 3H %06

Jogiosqe

1241p feids v 01 Joud sel our paydafur
(8/;w OS6 JO vAre dovpINS LAY © Yim
O NOJIAWHHD) U0qIed pIjeALdY

syueyd Jomod
PaII-[802 JO Sed anjj WOl [eAOWAL
uo0J0q pue ‘WNu3fes ‘*Os ‘8H

S195-T6L-€0E
0D ‘poomdjduyg
"ou] ‘se1dojouyda], vav

*Kipruiny 10 oXme1adws) ses
an[§ AQ paouaNfJul JOU SSAUIANIAYIH
-84 qdd g0 Sureuoo sed anp

911j09Z patjIpow AJ[eoruwIayo

198eyos preyorg uo paisa, (sadwis yuswdoeaap uy) *Kreyoudoid yim paq 1uaqgIoS [eaowss dyenonsed pue “*ON ‘COS
XOJ[IM pUe X0dqeg XOg XOyp XO)\1 XOg Teaowas axe[nonsed pue *ON 08
SI3QIOS Ae[nonteq

£q sen) onp 10H woij spunodwio)
IO 1[eY[V Snoasep) JO [eaourdy,,
‘uosuyof ‘T ‘991 ‘'q’'H'S Aq 1adeg

*paq 13qI0s ySnoxy)
Kyoojaa sed ‘ainjeiadure) ‘eare aoepns
eusaul jo uonounj v st ande)

(anxneq pajearioe
pue yues snoddewolelp) juaqios
Jo paq paxy} ySnoxy) sed anjj ssed

[eaousas ajejnonred
pue spunoduios [eaw I{ey[e Snodses)

CO6TT16S-E1L Xeq
0001-8L8-tIL

LEOLL X1 ‘uoIsnoy
KemaaL] YUON 00L01
YJUON Yred Jomo]
S9[es Jo 1010a(]
wessry q uellv

*OUJ ‘sa1S0[0UYI9 ], [eIUSWwuOIIAUg AOf

unolp %86 ‘34 %06

uoqres pajeAnoe
yum uonezunjnsap sed onyy Aiq

[EAOWISI UIXOIP pue AINdISN

10BJU0D/20IM0S

sireReQ

aureN ASojouyda]

gonoduny DJv

suonounJ pauiquiIo)
(panunuod) sayddng pue ‘suoroun g ‘saAI( [01IU0)) UOHN[[OJ IV JO Jqe],




101

000L-¥LT-LIL

Vd ‘uoueqo]

*OU] ‘SA0IAIIS

[eludWUONAUT O [BISUSD)
andeq yory

Y31IM Aq

INJ[ns % 03 dn 203 Yim pasn aq ue)
“(suemyozuaqip pajeurso[ydLjod %66
‘surxo1p-d-ozuaqip pareuno[yakjod
%66 ‘1OH %05 ‘3H %66-06) SUIX0}
Pa103[3s JO [BAOUIAI 9566 ‘EAOWIAN

*OS %08< ‘[eAOWI *OS %001

‘poteIauagdal

St OV ‘yseky Suraowras Joj 1|
re[nueid se soA19s ose o) ‘premdn
SOAOW SeS N[ ‘PIRMUMOP SMO[J
300 pajeAnde paimoejnuew Ajjeroads
‘1oqiospe o3e1s-omi—uondiospe 1q

[eAOWSI $O1X0) ‘s[elaul “*ON ‘*OS

JUOISSIuIg 9)e[nonyed pue
AdD/AdD ‘1DOH 2onpay 0} uonesado
I [onuo) uonnjjod i1y,
T61¥-vES-£0€ Xed

811P-YES-€0E

"Do9LT PUB DS T UMIa]

70708 0D ‘IPAUS(] 1S 19N 791 | PouUTeIuUrBll pag 1uaqIog "JaInjoejnuew yse A} pue ayeuoqesiq
*OU] ‘SI0TAIIS UOHBIIUIIU] OPRIO[O) OdV 10 s1o3epngas £q paroadxa wINIpoS JO paq Iy 1uaqlos [eAOUIA
BUIAY D) prae(] Aq Joded S[9AQ] MO[2q JeJ Pasnpal suolssTuIg Jo dourudurew pue uonesiddy arpnonaed pue JGO/AAD ‘IDH

Juonoaluy uogre) ‘uonoalul

pajeAnoy pe swayskg uondiosqy
19L1g Keadg Aq s10jeIouIOU]

J)Se AN SNOPIBZEH WO} SUIXOI(]

puR S[eIdN AABSH JO [0NU0D),,

7661 ‘9z-1T aunf O

*AiD sesuey| ‘uoniquyxy 7 undW
[enuuy gy 00ssy Jusuwadeue
JlSeA % NIV Je pajuasaid

(VD ‘CIAOIUOJA “4d3], "SUOIAUY
Kof) umoig weg pue (QA ‘elquino)
“ou] ) suensuy) ‘g JO Aq 1oded

‘1,0007< sased anjj
1doooe ue)) ‘[eAOWI UBING pue UIXOIp

%66—L6 "S919ads 1SOW 10J [RAOWI
TeIRdU %+66 910 ‘IGH ‘dH ‘€OS ‘“OS
‘[OH 10J [eAowal se8 PIoe %66-56

uoqIes pajeanse Lq uonqlospe

£q paaowar souedio JYio pue ‘uIxoIp
‘FH "s59001d [eaowoai sejnonsed jo
1red se parousal ore pue sajonred yse
A3 .uo asuapuod (8 1daoxa) sjelow
£Aavay -juadeas surpeye pue sed o)
U29M10q UONOEDI [ed1ayd Y3nomy
pasoual sased proy “(14) 19Ny duqej
10 (gsH) Jorendoaid oneisonoapd
JOUIIS Ul UOT)OR[[0d Ajenonted

s (vas) uondiosqe 1a41p Aeidg

SIOJRIAUIOUT
2)SeM SNOpIEZEY PUR ‘SIOIRISUIIUL
J)sem prjos fedomunu ‘s13j10q
PaIIJ-[205 WOIJ [EAOUIAI JUSWIS[S 908N
pue ‘omresio ‘aernoned ‘sed proy

10BIU0)/20IN0S

spreq

aureN £3ojouyds ],

uondung Ddv

suondunj pauiquio))
(panupuod) s1arddng pue ‘suoppung ‘sadjAd( [0NU0) UoHNfjod 11V JO d[qe],




102

6£€679 1X3 T£€-968-P1L Xed
CT1TS-968-vIL

VD ‘yorag uoiBununy

03

swiAsAS aoedg se[3no( [PUUOON
Wepy usAdg

“aUa]AY)2010[yorna)

pueR ‘aU0]aIL ‘[ouBy)d

‘joqoore [Adoidost ‘auoiay [AY
JAyrow ‘apiXoIpAy WINIUOUILLE ‘pIoe
JLIO[Y20IPAY 966 JO [BAOUIAT ‘S)S3) U]

‘sjuade uiqqrnuds apeid asreod
-wInipaul ‘pijos Jo sauas e y3nory
premumop smofj sed ‘1aqqnios
A1p ay) w—sjuade uiqqnios
pIjos Jo K1oLreA im Joyung

[eAowal 1odea
Jajem pue ‘SjueUnLIRIUOD diuedioul
pue o1uesio JuaAjos ‘aseq ‘pIoy

L609-091-C1¢

KydeaH uyog

AN ‘SlIAToure |

(3anddns wraisAs)

-diop) 108ueyoxq 1Y Sursuapuo)
AN NI0X MaN (10159

pie1)) Auedwio)) uosipy pajepriosuo)

110 [Py

[enpisa1 g ‘ON ‘INJ[AS 946" Sem [ang
-S1sd 001 18 weas jo ydd 000*‘8-000°L
Jo a8eraae ue Suronpoid 19710q pares
ydd 000‘v1 © woly sed anjj 3w Jo 9,69
patean jun ‘s)s9) Suung €OS %€ 66
208 %1°66 ‘serenoned 94¢ 68
paAowal waysAs ‘s)sa) aeas-jofid up

*J5QQIUDS JoM B SB 9AJaS O}
apows molj sed premdn ue ug pajerado
SI JIUN PUOJ3S B pue AI3A0331 Jeay
3]qISuas IZIWIIXeU 0} dpoll MO[J sed
premumop ® ug pajesado sy 1o3ueyoxs
1eay Sutsuapuoo—iL3ojouyso)
jusurean sed angy pajeidaju]

[eaoura e[noned pue *Os

61¥9-068-C1€ :¥ed
8i¥9-068-C1¢
A3ojouydsay, sen Jo musuy

eunalig preyory

‘00 awdd g¢ *ON amdd og
JO SUOISSTWA $aAI3 ajel uoroafur sed

[eImyeu 1oy 81y 10 9,671 wosp/Su ¢>

0} SUBRINJ/UIXOIp ‘%¢8 Aq *OS ‘%56
Aq [DH ‘suolssiua uoqreooipAy [0}

pue 0D awdd gp> **ON awdd og>
:SUONONPaI [B0D) "0 %0S—0F
‘YON %09-0S :Suononpal feuy,

uonoafur Juaqios AIp ‘UONB[NIIDAI
sed anpj ‘vonoofus sed [einjeu

Jo uoneuIqWO—ONSP-ANVHLIN

[eaoural
ueInj/uIxorp pue ‘3H ‘suoqredcolpAy
pateuuIoyo ‘sed poe ‘*ON

L0S0-T9T-801 :xed
1£91-792-80% 10 8961-988-008
v ‘edeN “ouf yoaejaqg
Ka[ursjoN 1080y

‘sapupAy wdd ¢>
pue (JH ‘iDH) sased pioe Joj widd o[>
S[OAD] UOISSTUID SAAMOR WIASAS QD

“JUIWIa BUNEay

Aq pappe £310ug ‘I9qUIBYD UOTIORA
TeuLIay) Ul XUl 92IN0S UaSAx0 ue pue
sased-Jjo ssa001d -3uiqqnids/3uljooo
pinbi| pure uoneprxouonisoduiosap
[RULIAE) :1030BAX [eONIdA O)D

Suruea[d 1SNBYXI $53701]

19RIU0)/30MOS

spreaQ

aureN ASojouyoa]

uonoung Ddv

suonduny PAUIGUIO))
(panupuod) sxdiddng pue ‘suoyouny ‘sadiA3(] [01)uU0)) UonnfjoJ NV JO Iqe],




103

- S1sATeje)) mipeue A paproddnsuf)
pue payoddng 1940 erUOUIIY
Yim 3pIXQ JININ JO uonanpay
onkeIe) 9ANOAIRS,, 0ITEY

HO ‘snqunjo)) *KISIdATUf) eI
o YL ‘Sunvsuiduy fedrway)
Jo wounteda( ‘reyoyqauny "M ‘W
pue ‘D A ‘weNzQ 'S’ Aq 1adeg

s)sAfered
SOCA pouoddnsun pue eruein
I9A0 pautoddns sisA[eied eipeuep

[eaowal ¢HN ‘ON

L SWIDISAS

uoIssIug a1nny Joj sargajens
1sAfere) aanowony,, ‘0L60-8SIVL
3O ‘es[nL ‘0L608S Xod ‘O'd “0D
15ATereD) 2AnowoNy [eusis-paliy
‘oredesg "V uyof pue ‘siwuing ‘D
Ao ‘uoswreifiim uoung "M Aq Joded

JONU0d UOISSIWS Aem
-2omy) J0J 15A[e1e0 Kem-aaX) U/Pd

(3sneyx9 ajiqowone

ur) [eaowal QN pue ‘uoqred0IpAy
‘apAyepieuIO] ‘[OURYION

SOPWYPA AING-ISTT

Io0j syuawaxnbay] uolssTury asmng
193] 01 sardojouyoa, 1sA@IR)),,
"0L60-8STHL MO “esI0L ‘0L608S
xog ‘O'd 0D 1s£[eie) dAnoWOoMY
Teu3IS-pal[ly “JRAJLS "D Preucy
pue siounung ‘D) Auof Aq Joded

sa1dojouyoa) 1sA[ere)

(sneyxa
spiqowone Ainp-1ySi| ur) [eAowI3)
YON pue u0qres0IpAY JUBYIOWUON

00LE-6SE-80L ¥Bd

"H.0SL—0SS JO
samjexoduia) 19]Ul 18 PIZIPIXO SDOA

“poddns STure1ad pausprey
£ UO SOPIX0 JI[[elawW 2]qOu-uou
Jo sazayds “ur-yig/y Jo paq mofreys

018L-6SE-80L ‘wdd gOSE-00Z JO SUONENUAOUOD | B ST ISAeIe) 'SIUBUIWEIUOD JAYIO0 pue
1 ‘ounefed | Sungers uyjussaid ‘0D JO UOISISAUOD | ‘OPIXOIP INJINS “IPUOIYO ‘sopejnonred
-ouj ‘sorgojouydal, IV %06~ sapiaoid pue ‘wdd 00Z-01 ®© $91RI3[0) 1SATeIRD 9PIXO [BIOW
uosippy pd | se8 anyy oy urussaid ‘SOOA sa0npay | jo paq pazipinj—ssadoid *ON-uosg [eaowas DOA “ON
108IU0)/20IN0S s[redq awreN AJojouyoa], uonoung DIV
suondunyj pauiquio)

(panunuod) s1addng pue ‘suonounyg ‘s3diAa( [0X)U0)) UOHNJIOJ JIY JO qEL




104

YIEY-TLT-816 Xed
00¥1-99Z-816
0L60-8STHL O ‘esjnL
0L608S xod ‘0'd

"ou] [euBIS-parfIV

"%66<
£5U9101JJ3 UONIINNSAP UTX0) Iy

s1sA[ered LSNVZINd

feAowas YON ‘[eAouIal.
10pO *UoNEPIX0 DOA uessisal uosiod
‘UoNONNSIP UOGIEI0IPAY pAjRULIOIYD

1OBIUOD/32IN0S

RLLZE

aureN A3ojouyaa],

uonduny DAV

suorpuny pauIquio))
(panupuod) s13rddng pue ‘suorjounj ‘sadiad( [01IU0D) uUOnNio] AV JO Iqe],




105

6£9S-LYE-818 ‘Xed
69¢v-LYE-818

VO ‘SIIH 1S9M

*au] ‘saigo[ouyos ], wayHooy
eemiipiyy 'ad

‘01:1 01 G:] Jo ones
uonnjrp Suisn pauonipuod sjdures
‘SUOISSTWI YOr)S 104 "SHVd paduu
210Ul JO JNOJ SIZIUOI A[Isoul JONUON
“Jojoul IqNo/WRISOURY 0} JATISUIS

*anbiuyod

[eUOnITPEN) B YliM A[SNOSURIINUIIS
J10}[uowW SuruunI SSAJoAUL *oijtoads ayis
st uoneIqi[eD "JIels 1o Je Judiquie

u1 SI03UOP uomeziuoiojoyd An sasn
(SV ) I0suag J0S0IY 9112930104y d

$[0SOJaR UOQIed
0} punoq (SHVd) suogresoipAy
snewore di[24s410d Jo JuawAINSEIW
pue Suniojuowr JUIN-[eNY

TLYS-19L-20C
RUF-urjied

"IojeMm
eos ul spunoduwod uy [Kyfe Jo sisfeue
‘sisAjeue apionsad ‘sisAjeue sed

yoels Joj pasn (Id ‘Qef Ul "surea:ns
ssasoad uijpru dund pue suonoey

ydeidoeuwory) sen wWalsAg omy

yoojg prempy | wmoajonad se yons sajdures ug asn 10 | 10 (Ad:9) 1013319p omawojoyd aurery | Suuoyuowr punodulod anjns 3[NEBIOA
‘SISA[eUR JOJ
£6S9-1$S-008 ydei3ojewonyo sed B o) paysnijoeq
vd ‘PIOIX0 -ajqerrea | sotuedip -den jusqios oyui Jre sjjad

"ou] ‘[ednAfeuy SAD

are ouin Sudwes pue mofj Iy

dund uinnaeA—000S VD SAD

Suuoyuow DOA

SHSt+68-v1v -xed
8201-SL8-¥0¥

VO ‘Buepy

SW9ISAS 10SUag dU0I0YJ

sprempg uyof

"qdd [~ yunj

UONOAI9( "1SAI3UL JO JUBUTUIRIUOD
yim AJuo 19831 0} pajeod aq ued
apIng oaem WASAS JOSUIS SIUOI0YJ

JUISAId SHURUNIBIUOD

sa)eatpul JYSI| JO uoneIal[e A0l
0} 201n0s Woij WYS1| Sonpuod

aping aaem reueld BuoisuaUIIp
-om], ‘siosuds opdo peyeiSag

(are ‘191EM <21
‘grpau Jo KjoureA ui) (elUOWWe pue
SOOA “9'1) SunoNuoW JUBURLRIUCD)

09¥Z-LLL-80S 10 800S-SST-008

-wirl ¢()> soponted 133jop
ue)) ‘SonsUaORIRyD Jajsuern adreyo

‘UIeaI)s sed e ul apI[0d sajonred
uoym aoe[d soxe) yeyy Jajsuen agreyo

VI ‘s1oaue | 11IQIYXa Jou op Jey) sased Jo sadueyd $2INSEOW {UOTIEIIJINIII [euonoLy
-ou] ‘Teuonewiau] wngny | -dud) AQ pajodjje 10N “31el UoIsSTUId Jo ojdiound uo paseq “Jojuow
UOJMaN U0 arernonyed 0y jeuonaodoid si reudis snonunuod [esndouou J1RIA0qL]L Sunojiuour dje[noIIE]
J0BIUO)/A0IN0S sprere(d aurepN A8ojouyoa], uonounyg Ddv
SII30[0UYDd ], SULIO)UOIN

(panunuod) sxanpddng pus ‘suonounyg ‘sadiaa(] [013u0)) uon[jod AV JO dqEL,




62£1-9C7-01¢ ‘PayYoeal Are S[AAJ]

*ou] ‘SaIISNpU] DO | o1xo3 uaym uLIe[e Ue SPUNOS Uy} ‘SCH "10L-09D 1°PON
nl ey | Jo aouasaid ur 3ySi Surwrem saysef ‘I0)juoW ApYy[ns uadoipAy aqenod saseds paurjuos Joj Supoiuow STH
(6€ pue g¢ "dd “SOIBINSO

‘16/71 ‘[owinof [y d= Ul 9[onIe) *sarpmis ulIsauIgua
JAUI)) ATeMOS Jamod ORI pa[ieiap 10 Surisa) SUCISSIUI 10§
ySnomy) paseajals 9q 0y weiford | aymnsqns v 0N ‘1euLIo} SIWHONIdA [ONUO0Y PajreIap & pue sisA[eue
Y6¥Z-SS8-S1p | uo paseq werdolg 10y31y 10 o' SOA [onuod Areuruijaid v suuoysed

RIdd pue solydeid yOH ynm paddmba | ‘suorssiw ¢, i ; soypwnsy -urerdoad (uregoud

sounpjo}y so[eduy | §,7/Sd Pue ‘SLV ‘sDd IWHI uo suny Jondwiod aanoeINUI—LYId*ON 10)nduioo) 201Ape joNnu0d *ON
86L0-18L-S1T xed

P009L6¥ ‘X3P L

0180-18L-S1Z ‘sassaoo1d uonsnquwod Joylo

L089-L0061 Vd ‘To1sug ‘uoneIduIoUl ‘sfany [1ssoJ Suruing ‘sypdua] uonsasul

‘P yong [ead g-¢szsz | swepd woiy syuengjod ofewr 10§ soads | 2qoid snouea pue safuel Sunnseow
uonsnquIo)) puey VdH SPe9dXy ‘SUOnIpuod J[nsoy J1qeINIeS uoneIqIed sed aal]

1500 sapiaoild ‘sjodre) SUOISSIWD
199W 0} S[ONU0D VIS “sisk[eue

106

ss0181914 "L [ned | ul pue 4,006 0 dn "sduss) Je sajesadQ | pue jurod-saxy siop0—000€ *ON-0id Supoyuow *ON
"O'™H %5-0 Y00 %070
‘?os wdd o[-0 ‘0D wdd ¢-0 ‘CON
wdd ¢1—¢ ‘ON wdd gg—Q 01 uoroalap ‘Piusjosem
“Juannsur piod/AIp uf ‘OH %0P—-0 [enp ‘wreaq 95uIs Jo UONLIOLIOD
L6L9-89€-01 :Xxe] 200D %020 ‘euowrure widd gz-0 | 193y sed sesn “(oussopAT OLY pue
€EL9-89¢-01V ‘IDH wdd gz-0 ‘Cos wdd gg— QD 10] UONDALIOD SUIN-[BIT dYew
AN *elowneg ‘0D wdd ¢g—¢ ‘oN wdd 95— ued ‘spueinjjod JO S[3AI] MO] 10919p
-d10p) syusuIdl [RIUWUONIAUY 0} Juawnnsui Jom/10y ur uonaad(g | 01 papasu Ydusy sey) j[eo adures yed
UBAOH preyory ‘% p> SIOUIALINUI pauIquio) |  -pap[o) Yynm Jase] parenyul 001 SON Suuojuow *ON

1OBIU0)/30MO0S spreja(y aureN A3ojouysd], uonoung Ddv

Sa130[ouyda ], SULIOHUOLY
(panupuod) sxarpddng pue ‘suoyunf ‘sadiaa( [onue)) Uoynfjog IV Jo QL



107

86L0-18L-S1T ‘¥eq
$009L6V ‘X3[PL
0180-18L-S1T
L089-L0061 Vd ‘ToIsud
Py ¥ong [read g-STsT
uonsnquio)) pue]
ssoigialg ' ned

*(SUOISSTUWD PIOR JOMO]

0} pue jueyd ay) JO UOISOLIOD PU

P02 donpai 01 mojf 3day aq 1saw “duwray
yurodmap pioe) sfeny Jnyns 431y uing
ey syuerd ur Suuonuow sed an[j 104

s[opow
JIOJIUOW SNONUNUOD PUE JqeHOq

Supoyuow yurodmap pioe ounyng

Lv08-795-91C :Xed
1STT-195-91C
LL96-590FF HO ‘AingmaN
Py vewsury SpeTl

20U 'g ueyieuof

uoIdig

97Z-eYd '09-0D ‘LS-0D ‘LEI-SD ‘L9BD
“w66-01 ‘1€1-1 ‘$Z1-1 Surpnjout

‘(A9 0Z<) sker-x pue ewured

KS10us Y3y pue ‘wNIpaw ‘Mo

SuuojuowW S[RLIJEUI JAT}OROIPEY

€100-6L6-10T ‘xed
PI16-6LS-10C

N ‘proyteq

-d10) Juswngsuy jonuo)
Jaupren) Aned

“J3JOUE 0)
Paq uo WOlJ YoJims O} Padu AJNuap!
0 W3ISAs UOgIed 3L JO ISNeyxd
191100 e sjutod o8 uLIe[e YsIqulsd
ued ‘ofues wdd moj ug saInseapy

10}09)9p UOTIEZIUO! Jurely

SWINSAS A19A0021 JUSA[OS Pq
-uoqIes 10§ SULIOIUOW UOQIBJ0IPAH

86L0-18L-S1T Xed
P009L6Y X33 L
0180-18L-S1C
L089-L0061 Vd ‘[o1sud
Py Yong [red g-§7ST
uorsNquIo)) puer|

‘uoneIqies-J|as
“onp ss030 ‘asepraul 1nnduiod spdwis
‘paseq 10852001doIOT “anbiuyd
uonenjiy sed sapesou pareyur

$s018191 "I, [ned $9s(} “JOMUOIN O 0006 I°POIN Suuoyuow QD
86L0-18L-S1C :Xed
Y009L6Y ‘XI[RL
0180-18L-61C
L089-L0061 Vd ‘To1sug
"PY Jong reed d-5TST "Se3 an[y Ul uorasul Y0P
uofIsSnquio)) pue] ‘Kupiqerpar ‘uoneaqifes pides “ndino ‘jiun Aejdsip paseq-Jossasordosonu
ssoidiarg L ined Ke[a1 ‘uonoajap Inej dpewomy PuR J0J09}9p JPIXO0 BIUOIIIZ Suuoiuow 20
10RIU0))/20MOS s[relaq aureu K3ojouyosL uondung Ddv

SII0[OUYDI ], SULIOJUOIA
(panuguod) sxafiddng pue ‘suondun g ‘s [0I1}U0)) UOHN[IOF IV JO JqE],




108

vL€806 -XLL SSTS-TTE-0IY ‘Xed
865+-5€9-008 10 911 €-6€€-01
0¥86-¥8Z1T AW ‘dlowneg

0186 Xof ‘O'd “3AY J0[ke], 00p 1
UOISIAI(] S19nPOIJ [eLnsnpuy

ouf

dnoin) satdojouyos] [BIUSWUOIAUY
SHeMm esi]

‘NOH ‘4H ‘IOH ‘20S 201D

TID 'tHN sainseay "HY %001-1
Jo a3uer Aupruny u pue ‘4,71
-0t~ woy Merado ue) a3uer
qdd ur sesed amnseaw pue 309)9p ue))

swa)sAg Fuuoyuoy
(SII-dd) Answonoads ANIqOA uol

Suuojuow jusiqure
‘lonuod urea)s ssacoid ‘Suponuow
UOISSTWId SNONUIIUOJ JOJ SISA[eue sen)

£8€8-L8L-CIY
I98aei(] [euonEN

*J31jonuod
wolj ¥ 00001 °q Aew peay Fuisuss
‘OPA 0£-8 Aq pasemod ‘widd gs—0

(41-S'H)
peay 3uisuag juesisay sunuading,

(s10deA pue sases 2|qrISnquiod

pue Z0S ‘CON ‘ON ‘¢HN ‘[OH
D ‘0D ‘STH Jurpnjout ‘syueinfjod

yeyshig Arey fipiqedes juswainsesw §H -apy[ng uadoipAY uonijod | og< 01 sanisuas) Suniojuow JueINjlOg
0086-825-60T "uonN[Osal UINWIXeW [eRU9I0d pue
1D ‘pIojurey 1seq ‘paads renuajod ndydnomy £310u9 *SJUSUIDINSEIW JUIIQUIR IO OvIS

*auf SaI3o[ouyda ], AUIT-UQ
Uow0[o§ 19194

‘$59Upaddni ‘aouresjo) HONRIQIA
oy paisar adfy0301d K10jeI0qR]

1o °pia1y oy ug asn 10§ £doosonoadg
pareyu] udojsuer], JPUN0 —YILd

Fuuoyuowr SUOISSIUIS SNONUIUC))

9ETY-SH9-10E “Xed
8SEV-LYI-P0E

AM ‘Smgsimay
sonk[euy ssacold g4V
KLysorquio(q ue(y

"o8ues 'ou0d %001

01 qdd 2y ug sased sainseapy “spinbyj
pazuodea o sased z¢ 03 dn 10}
pazAyeue sojdures ‘s gz—(1 wI sis{[euy

“Ju9saId SpUNOAIod JO UOHENUIIU0D
sajeoipur Lysuayu] “saueld
[eotnauwiwAs ur spos [a[jesed noy

Jo Gunsisuod ‘a1 ssews sjodopenb
ojui pajoanip suoy “(uudiaduy

st uroned uoneziuor) onel agreyo-0)
-sseut J1ay) 0} Surpiodoe pajeredos pue
paziuol axe sased—iIajowonoads ssew
ajodopenb sui-uo—qoog sodgonaug

Suuoyuow sen

865-5€£9-008

d ‘aownfeg

‘ouf

‘dnoin) sa13ojojoa], [RIUSWIUOIIAUT
uooeq pel,

punodwios 303xe; Jo qdd | 10939p ue)

Y313y yead uo

Paseq UONENUIDUOD SIUIULIAIP pue
winoads sajenjeAa 10892010
"pojeIauad st umnnoads

uay ‘pazuot ‘payn(ip si jdures
‘wsks uridures adK1-uonnjip Yum
JozAeue Anowonoads Lyjiqow uog

9PIXOIp SULIO[YD “UHOYD
‘apuony uadoIpAy ‘spuopyo uadoipiy
‘eruowrure Joj SuLIo}UOW SNONUIIUO))

108JU0)/0IMOS

R I E

aureu A3ojouysa],

uoRoung DJv

S2130[0UNIA ], SULIOIUOTA]

(panunuod) sxafddng pue ‘suonpung ‘s3diA3( [04)U0)) UOHN|[O4 TV JO QB




109

‘spoyiow pue ‘soruedwiod ‘syonpoid jonuod uonnjjod Jre mou Furuiaduod
SMIU JUSII SAPNJOUL “NIOMIIN 2T pajmoud] JIay} O} SIGLIISGNS 0} ARJUOW Panss] “LayalsmaN Sunjdung puv Sunionuop uoungjod 41y JURA[IOW Y1

‘satuedwoo ‘g )-uou pue "’ 10j suonduossp
jonpoxd jo aping s10dnq e pue s1onpoid "g°N-uou pue ‘S Jo xov.: ue sapnjout o) Butjduvg pup SuiojuopW uoun)jod L1y SURAI[ON YL

£L96-TLT-80L :Xed 0100-7LZ-80L :duoydapay, "vSN ‘79009
I “YOOIQUMON “9AV BRI 0L67 :Auedwio)) sureAf[do| 2yi ydnosys sjqejreae sy siopuaa juswidinbs pue s1onpoid jonuod uonnjjod 11e Jo 15| [EUORNIPPE UY
‘Axeiquy JIMIA o YSnonp ajqe[reae s1 swaouod dfjqnd pue sanssi AJojengas Suiuladuod aaneIl| Jo Il v

‘spodol GO pue V4 pue S9Inyooiq pue ‘sjuUsWwIsiIoApe ‘spoensqe pue sioded yoreosas ‘g661-7661 SMIN HOFL 41V (€661 ‘SMaN YIa] MSDM ‘7661
‘SuriaauSuzg uounyiod ‘1661 ‘1ownof Nd ‘2661 ‘C8ojouyoa ] puv 2ouaidg [oiuawuoLlausg) s3I [ewnof wo1j pajoajjod sem 3[qe) SIY) JoJ UoneBuIou]
“Jonpoad jey Jo Juswasiopua ue jou st onpoid oiy1oads e Jo uonuaw pue ‘siofddns A[uo oyj 10U 3FB PAISI] SIVEIUOI/SAVINOS

86L0-18L-S1T ‘xed
Y009L6V “X33L
0180-18L-S1C
L089-L0061 Vd ‘[oisug
Py Jong 11esd g-67sT
uonsnquioy) puey
sso13101d * I [ned

‘1§ 0¢ 01 dn syed yoels

sneyxa samseapy ‘Aioedo 94,0010
Jo so3uer ur 3§ 69 01 dn SJUIWAINSEIW
or)s SSOID A)RINOJY "SUOISSTUWID

yorls ueapd ‘Aduaioipa Jajioq wnwpndo
‘aouerjdwod yd4q yum sdjol

uro)sAs adind-1re

‘uoneIqIfed ueds pue 019z JpeWIOINE
Aqing ‘Sunoyiuows ssed-sjgnop
:sarmeay -uSisap sondo peurduo
yum anbruyos) Suninsesuwr weag-feng

Suuoyiwowr LHidedo

Z661 ‘v "ON ‘9T '[OA ASojouyra]
PUD 30U3108 [DJUIWUOLIAUY UL J[OIUY
*OUJ ‘S3JNAISG [RIUWUONIAUY IV

“ISudjoAem AQ ISUS[OARM
‘winnoads 95uUa1aJoI pojeIqIfed
® s endads 9soy) soredwiod

Jondwoo oy, ‘yiduapoaem uoAld
® J0J puodss 1ad enoads 0O uey
aJ0uI §192][09 19)ndUI0) *SHUIMNSUOD

Swndioguyy,, anbun

QABI] SOINO[OW SNOASET JUAIILIP
yomm ut enoads a jo syred sazAeue
juawnnsul 3yl 1YMm (SYOQaQ)
Kdoosonoads uonqiosqe jeondo

spues afed ‘W ony1oads (7 uey) 2I0W SAINSEI [eNUaISIJIP Sosn—wAsAs SISJO Suuojuow 3dUBISqNS SNOISED)
eP11-9Ch-01¢ xBd

19201t *019 ‘spodal yoedul] [RIUSWIUOIIAUD

90806 VO ‘IIH [eudig ‘voneoridde jrunad ‘uonuosaid ysu

1S YIge 1sed 10€¢ ¥SU (p[eay JOJ $901A13s Sunnsuos pue

*OU] ‘SHIOMION TV [eUOneN ‘soruegIo 21X0) ‘S[RIdUI ‘SDOA ‘0D

uonelodio) eawpy *dqe[IeAL SAOTAIOS YON “*¥OS ‘sorenonred ‘syuenfjod

*If ‘OpEUNY JNYMY juowa8euew Lyfenb are jo Kouep LD Joj Suuoyuouw/Sunsa],

198)U0))/30IN0G srele(] sureu £3ojouyoa] uonosun Ddv

SII30[0UND9 ], SULIOHUOJA
(panunuod) sxarddng pue ‘suopoun g ‘s3d1aa(] [033u0)) uonnIog NV Jo 3qu]







APPENDIX B

ELEVEN “TYPICAL” MIXED WASTE AIR POLLUTION CONTROL
DESIGNS USED TO EVALUATE TECHNOLOGY DEVELOPMENT NEEDS*

*These flowsheets were developed in a very short time frame, in the absence of
important information. Many assumptions have been made, and the designs are not intended

to be optimum.
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ROTARY KILN AND CONTROLLED AIR INCINERATOR:
DESCRIPTIONS, ASSUMPTIONS, AND DESIGN CONSIDERATIONS

As a baseline, it was assumed that the waste feed to the thermal treatment units would
have high halide (primarily chloride) content, beta/gamma radioactive contamination due to
fission and activation products, and alpha contamination due to transuranic nuclides,
primarily plutonium. It was also assumed that external liquid blowdown treatment capability
would not be available. If such capability is available, a purely wet system without blowdown
evaporator would be the preferred flowsheet. In both flowsheets, parallel redundant HEPA
filter trains and induced draft blowers are recommended to provide on-line changeout
capability and increased operational safety. It was concluded that the flowsheets for rotary
kiln and controlled air incinerator (CAI) would be identical with the capability to accept low
to high particulate loading in the flue gas exiting either incinerator.

WET SYSTEM WITH BLOWDOWN EVAPORATOR

High chloride concentration in the waste feed led us to consider a system that provides
wet contacting for acid gas removal. The presence of high alpha contamination raised the
concerns of potential secondary containment, maintenance, and solids discharge difficulties
associated with an SDA for offgas cooling and acid gas/metal removal. Hence, for the case of
high alpha contamination, a wet offgas system configuration was chosen. Since wet contacting
was selected for acid gas removal, the system would operate at saturation, and the cooling and
particulate removal operations would most conveniently also operate below saturation. A
saturation quencher was selected for the cooling method and a steam jet scrubber was selected
for primary coarse and fine particulate removal. The steam jet scrubber offers enhanced
removal of submicron particulate over a conventional high-energy venturi scrubber. In
addition, it has demonstrated the ability to remove >99% HCI at high acid gas loadings in one
equilibrium mass transfer stage. An additional countercurrent scrubber such as a packed
tower would probably not be required though it may need to be considered for upset acid gas
spike situations.

A major issue with regard to use of wet systems in radioactive service is HEPA filter life.
Efforts should be made to maximize HEPA filter life to minimize personnel exposure during
changeout, minimize downtime due to maintenance and changeout, and minimize secondary
waste generation. Causes of reduction in HEPA filter life include (1) inability to remove
incinerator-generated fine submicron particulate in the primary particulate removal device(s),
(2) entrainment in the offgas of scrub solution droplets containing dissolved and suspended
solids, (3) wetting and swelling of HEPA filter media due to incomplete evaporation of
entrained droplets by the reheater, and (4) wetting of the filter media due to inadequate
insulation and heat tracing of the inlet ducting and filter housings. These problems have
indicated an RDT&E need to develop reliable methods of maximizing HEPA filter life when
the HEPA filters follow a wet offgas system. This flowsheet shows an irrigated aerosol filter
that could serve the function of removing additional fine particulate and entrained droplets
from the scrubber. The aerosol filter is irrigated with fresh water and condensate from the
evaporator. The cleanest water should contact the most downstream device in the offgas
system prior to the HEPA filters. This is to ensure that any droplet entrainment from this
device would have the lowest dissolved solids concentration and would hence reduce the
likelihood of salt buildup on HEPA filters and prefilters.
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A double-loop scrubber liquid recycle system was chosen to ensure that the cleanest
liquid would contact the furthest downstream wet steps in the process prior to the HEPA
filters. Conversely, the dirtiest liquid would contact the first saturation step, the quencher. A
substantial fraction of the fine salt particulate generated in the saturation quencher due to
evaporation of “dirty” scrubber liquid would be removed in the steam jet scrubber and
secondarily in the aerosol filter. Suspended solids in the recirculation streams should be
continuously removed in both loops using a device such as a hydrocyclone. The purpose
would be to avoid reintroduction of solids into the offgas system and avoid plugging of spray
nozzles in the quencher and scrubber. Liquid blowdown from the scrubber liquid loop would
be transferred to the quench liquid loop. Overall process blowdown would come from the
quench loop and be pumped to an evaporator. Condensate from the evaporator would be
used as makeup water for either the aerosol filter or the steam jet scrubber. Any offgas from
the evaporator could be routed into the incinerator offgas system at an appropriate point (not
shown on flowsheet). The final waste form generated from this flowsheet would be wet solids
(salt/ash mixture) from the evaporator.

SEMIWET SYSTEM WITH SPRAY DRY ABSORBER

As mentioned above, if the design concerns associated with alpha contamination can be
adequately addressed, then a semiwet offgas system should be considered which incorporates
an SDA. The advantages are potentially enhanced volatile metal removal and the ability to use
waste heat from the incinerator to evaporate scrubber liquid blowdown.

Scrubber blowdown would be fed into the SDA, and the SDA exit temperature would be
controlled by scrubber blowdown flowrate. The exit temperature would be maintained
compatible with a dry particulate removal step just downstream. This filtration operation
could consist of fabric, sintered metal, or ceramic filters. The reason for inclusion of a dry
particulate removal step is that the downstream offgas treatment operations would be greatly
reduced in radioactive contamination. This applies only to radioactivity attached to
particulate. (Exceptions would be volatile radionuclides such as tritium, 14C radioiodine, and
noble gases). A saturator would be required to guarantee that the offgas is saturated before
entering the steam jet scrubber. In this flowsheet with a particulate filter upstream, it is
possible that the steam jet scrubber could be substituted with a countercurrent low-energy
scrubber since its function would be primarily acid gas removal. The steam jet scrubber
would not be expected to remove much additional particulate over what was removed by the
particulate filter. Again, an aerosol filter is included for further fine particulate and droplet
removal prior to the HEPA filters.

The amount of liquid required to cool the offgas in the SDA exceeds a typical blowdown
rate. The steady-state salt concentration in the scrub solution would be relatively low because
of the increased makeup water required. Also, the suspended solids concentration would be
very low because of the use of a particulate filter upstream. Solid/liquid separation in the
recirculated scrubber liquid would also probably not be required. Therefore, a single
scrubber liquid loop should suffice here. Dry salt/ash mixture would be discharged from two
locations in the offgas system, the SDA and the dry particulate filter.




117

DESIGN CONSIDERATIONS (W = WET, SW = SEMIWET)

1. Secondary containment of alpha contamination for all access points in the system. (W,
SW)

2. Criticality safety when accepting fissile material—inventory accountability, passive
neutron monitoring, critically safe design, design for minimum holding of fissile
material. (W, SW) _

3, Waste characterization, specifically for alpha, beta, and gamma content, is critical to
flowsheet selection. (W, SW)

4. SDA outlet temperature control method to avoid wet SDA bottom. (SW)

5. Can irrigated aerosol filter extend the life of HEPA filters with acceptable secondary
waste generation resulting from spent filter media? (W, SW)

6. Operation of scrubber liquid recycle system to minimize salt buildup throughout the
system and minimize carryover of salt into the HEPA filters, thus reducing their life. (W,
SW)

7. When only a countercurrent low-energy scrubber is required for acid gas removal, what
are the most appropriate concepts? (W, SW)

RDT&E NEEDS

1. Can an irrigated aerosol filter extend the life of HEPA filters with acceptable secondary
waste generation resulting from spent filter media? Can it do a better job than the best
HEMEs? Could irrigated aerosol filters be used in conjunction with HEMEs to further
enhance aerosol and droplet removal? (W, SW)

2. When a wet system with blowdown is considered, the waste water discharge limits must be
determined, specifically for soluble radionuclides such as cesium and strontium. The
impacts on flowsheet selection must be assessed. (W)

ROTARY KILN—WET APC SYSTEM

1. Using Packed Tower—backup for acid, improve public perception, direct contact heat
exchanger. Use in conjunction with cooling tower.

2. Concerned about suspended solids removal from recycled scrubber liquor.

3. Still an issue of where to put makeup water (i.e., minimize salt carryover).

4. Use a very dilute salt concentration in recycled scrubber; use evaporator/dryer or water
treatment to control salt concentration.

5. Verify whether irrigated aerosol filters generate droplets that need mist elimination to
back up.

6. Secondary waste generation from irrigated aerosol filters is not known.
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CAR BOTTOM FURNACE OFFGAS SYSTEM:
DESCRIPTIONS, ASSUMPTIONS, AND DESIGN CONSIDERATIONS

Assume Feed Stream

Highly variable flow rate

High variability of gas composition, which could open the possibility of some VOC
downstream of a well-designed afterburner

Probably low halogen content (not a lot of PVC and chlorinated solvents)

NO, could be moderate because of nitrates in sludges

Particulate—generally low but highly variable

Product requirements

VOC removal (low concentration)

Acid gas removal (low concentration)

NOy destruction (moderate levels)

Particle removal

Cooling from 2000°F to adequate for HEPA filtration

NO, removal selected first because of limited options—thermal, catalytic, and aqueous
scrubbing

Catalytic selected because of

— capability to handle moderate NO, level (up to 10,000 ppm)

— offers good compatibility with catalytic VOC removal

Thermal was rejected because of lower NOy destruction efficiency (may not treat the
anticipated level)

the aqueous scrubber was rejected because

— larger equipment and higher cost

— generates secondary waste

If catalytic is selected, this imposes positioning in a stream at +500°F and a low level
of particulate. Therefore, particulate removal should be upstream of NOyx removal.

VOC removal selected next because of the number of options—carbon bed, catalytic
oxidation, and thermal incineration

Thermal incineration rejected because this has been accomplished in afterburner to

the limit of reasonable design.

Carbon bed rejected because of secondary waste; however, it is acceptable.

Catalytic selected because

— minimal secondary waste

— can be operated at the same temperature as catalytic NOx removal (component
compatibility)

— no secondary waste generated other than small quantities of spent catalysis

— operates at lower O2 level than thermal

Acid gas removal then selected with the primary restriction that a system that operates at
500-1000°F be designed.
e Aqueous systems rejected because

— lower operating temperature of scrubber would necessitate considerable reheat of
effluent stream for NO, and VOC destruction
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poor turndown, except for ionizing wet scrubber

» Selected dry injection with solids recycle to improve utilization of sorbent

system operates at desired temperature range

adequate acid gas removal at the low level expected

reasonable turndown to handle variable flow conditions

a partial quench with water could lower feed temperature to desired range
(500-1000°F)

no aqueous secondary waste for processing; solid secondary waste should go
directly to final form treatment

* The dry injection will impose that a high temperature particulate removal device is
necessary.

Particulate removal operating at elevated temperature and high dust loading from acid

gas removal system.

» candidate systems considered: bag filter, sintered metal, and ceramic candles

* bag filter rejected because lower temperature limit would probably require some
reheat after bag filter (could still be used)

* ceramic may be acceptable—more data may be needed and the only advantage
compared to sintered metal is a higher operating temperature limit (that may not be
required)

* sintered metal selected (may need more thought) because of
— adequate operating temperature up to 1000°F
— demonstrated under similar conditions of sorbent particulate at same temperature

range at RFP-FBU

— some concern of sintered metal with the potential levels of VOC

RESEARCH AND DESIGN NEEDS

1.

2.

Sintered metal needs demonstration on dry injection particulate removal with flue gas
from conventional afterburner.

Considerable calculations and /or demonstration need to be done to define the variability
of flow and composition from car bottom furnace.

Need better definition for waste to be burned in car bottom furnace.
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NONMETALLIC MELTER: MULTIUSE SYSTEM (COMBINED TREATMENT OF
NONMETALLIC MELTER AND INCINERATOR OFFGAS): DESCRIPTIONS,
ASSUMPTIONS, AND DESIGN CONSIDERATIONS

Waste Characteristics:
o Sludges containing high levels of nitrates (Majority)
+ Contains small quantities of Hg, Cl, and organics

Offgas Characteristics:

 High concentrations of NOx

* Significant quantities of mercury compounds, VOCs, metal vapors

 Temperature about 400°C because dilution air is added at the offgas exhaust port to
prevent plugging.

DEDICATED OFFGAS CONSIDERATIONS

Mercury cleanup required early to minimize handling in all the secondary waste streams.
Acid gas scrubbing needed so a wet system was chosen.

HEPA filtration needed for semivolatile metal compounds (i.e., CdCl, CrCl3).

NO, destruction chose catalytic destruction, which was put downstream of the HEPA to
minimize fouling and provide easier maintenance of system not considered as reliable as
other parts of system.

Wb

This design scrubs mercury first and then combines with incinerator offgas for further
treatment. This could affect performance of the HgCl scrubber. If so, combine NMM and
incinerator offgas, scrub acid gas first, and scrub mercury. SCR implies a catalyst bad and a
preheater. The preheater is integral to operation of the bed; not just protection or
convenience.
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DEDICATED MERCURY ROASTER OFFGAS SYSTEM: DESCRIPTIONS,
ASSUMPTIONS, AND DESIGN CONSIDERATIONS

Dedicated system means not treating effluent from melters. Some concern that heavy
metals and contaminants could affect HgCl scrubber.

Assume low Cl and NO, in effluent, so system should be dry after the mercury scrubber.

Mercury is cleaned first to minimize contamination of downstream components.

Using dilution air to cool gives more flexibility than dry spray quench. Low volumes of
effluent to be treated make dilution a viable alternative.

Assume combustion products leaving roaster.

Difference from MWTP flowsheet is that a dedicated system that does not require particle
scrubbing or acid scrubbing (before the HEPA filters).

Initial particle removal is accomplished using a baghouse to protect the HEPA filter from
soot formed in the afterburner.
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BUILDING VENTILATION OFFGAS SYSTEM: DESCRIPTIONS, ASSUMPTIONS,
AND DESIGN CONSIDERATIONS

1. From the feed stream information

* Flow = 15,000-18,000 acfm

* Temperature =70-100°F

» Particulate = low—all inputs filtered

* Acid gas = low—some tank vents have carbon bed, most gas from dry processing in
hoods

* VOC = Jow—carbon bed on most organic processes

* H20 = may be low—but some concern with humidity of air from hoods on humid
days

2. Product stream requirements
» Final treatment before release to atmosphere
* Must be low in radioactivity and particulate
» Should provide acid gas removal, VOC removal or destruction, and particulate
removal (ash)

3. First functional requirement to be selected was the fine particulate removal because of
product stream requirement and limited options to satisfy need (i.e., HEPA filter, sand
filter, and perhaps a sintered metal filter).

* HEPA selected because of

— less equipment cost than sintered metal filter

~— lower space requirement than sand filter

— lower secondary waste (HEPA replaced more often than sand bed, but one
replacement of sand bed would have a major impact on processing).

¢ HEPA is generally assumed to be the last unit in the train, but it could go prior to acid
gas removal and VOC removal.

— Upstream may be preferred if particulate load is very low and if acid gas is
removed by aqueous scrubber due to concern of salt entrainment impact on
filtration.

— Either upstream or downstream, the acid gas removal and VOC should be
selected to minimize dust loading.

4. Second functional requirement to be selected was VOC removal because of limited
options—thermal incineration, catalytic incineration, and carbon bed adsorption.

* Thermal rejected because of high energy requirement to heat a large flow to
=~2000°F range.

» Catalytic rejected because of moderate energy requirement to heat a large flow to
=400-600°F range.

» Carbon bed selected because of low energy input. Carbon also has the ability to
remove volatile fission products or metal vapors in addition to good VOC removal. It
will generate some secondary waste (used carbon), but because of expected low
concentration of VOC, replacement should be infrequent.

» Selection of carbon bed also requires a low dust loading as criteria for acid gas
removal system.
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5. The acid gas removal was the last technology to be selected because a wide variety of
options exist. (Wet and dry could be considered. Position acid gas removal equipment
before the carbon bed to minimize acid gas adsorption onto carbon).

All wet and dry systems were considered.

Flow rate to acid gas removal would be uniform—no high turndown required.
Temperature of feed stream does not require cooling.

System design has simple operation, low maintenance, and minimal input of solids to
carbon bed.

Dry system capable of high efficiency for particulate removal and some acid gas
removal.

Wet system capable of high efficiency for acid gas removal and some particulate
removal.

Four tower scrubbers were leading candidates: packed tower, tray tower, wet fluidized
bed, and the froth column.

Froth column selected because of

— low entrainment of salt mist

— high particulate removal

— ease of operation

— aqueous provides some fire protection of carbon bed

RDT&E NEEDS

The froth column needs demonstration because it is a relatively unknown technology for
mixed waste. There is a need to confirm low entrainment of salt mist and to demonstrate the
method of operational control.
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EMERGENCY VENTILATION OFFGAS SYSTEM: DESCRIPTIONS,
ASSUMPTIONS, AND DESIGN CONSIDERATIONS

One option that should be considered is, “Can the Final Atmospheric Protection System

handle a hot gas from a thermal treatment unit for short periods of time, if the normal

APC system goes down?”

« It could handle cooling by dilution of a small hot gas flow with the large room
temperature gas flow.

+ Acid gas removal, particulate removal, and VOC removal could be accommodated for
a short period of time. The result of the upset condition could result in HEPA filter
and carbon bed replacement.

Another method of providing for emergency vent processing from the thermal
processing units would be a simple process consisting of cooling to about 1000°F by air
dilution, a catalytic oxidizer to remove trace organics, a high-temperature HEPA filter,
and a scrubber (packed or fluidized bed) for acid gas removal. A steam jet ejector is
used to provide emergency flow until backup power comes on-line and restarts the
induced draft fan.

RESEARCH OR DESIGN NEEDS

W -

Definition of time of upset to be handled.

Frequency of upset anticipated.

High-temperature HEPA needs demonstration.

Definition of maximum flow that could result from emergency, upset, explosion, etc.
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PLASMA HEARTH FURNACE: DESCRIPTIONS, ASSUMPTIONS, AND
DESIGN CONSIDERATIONS

Data from the centrifugal plasma arc furnace being tested in Butte indicates plutonium
will stay with the ash; however, the fixed-bed plasma arc being tested at Ukiah probably has a
different carryover. For the purposes of our system design, we will assume that the Ukiah
plasma arc has about 5% ash carryover, compared to a rotary kiln that has ~25% carryover.
Furthermore, we assume 3% carryover after the second-stage destruction unit.

The manner in which the plasma hearth primary chamber temperature is controlled will
directly affect the variation in offgas flowrate as well as the chemical composition of the
offgas. For example, if the temperature is controlled primarily by inlet combustion air
flowrate and secondarily by waste feed rate, the fluctuation in offgas flowrate could be
expected to be high. The offgas system would need to be designed for a high turn-down
ratio. Other methods of controlling the plasma hearth primary chamber temperature should
be investigated. One approach might be modulation of the plasma torch input power to
accommodate changes in the inherent specific energy requirement (SER, kW/Ib) of the waste
feed resulting from changing waste composition (inert vs organic content, etc.). By this
method of temperature control, at a fixed inlet air flowrate, the offgas flowrate would be
expected to vary much less.

Rather than assume that high NO, generation is always present with the high local
temperatures associated with plasma processing, methods of minimizing NO, generation
should be investigated. Only the air atmosphere in and adjacent to the plasma hearth itself is a
concern for NO, generation. The use of plasma gases other than air (such as steam) should
be investigated. A steam plasma might avoid local NO, production at plasma temperature
(>2000°C). The steam would pyrolyze any organics in the vicinity of the arc to CO and Hj
for subsequent combustion. Air could still be introduced into the primary chamber for
combustion at the lower bulk chamber temperatures (<1300°C) away from the plasma arc.
Obviously, a dry stream supply is somewhat more complex and more expensive than the
currently used air supply, but the benefits of avoiding NO, destruction technologies
downstream would almost certainly offset any such disadvantages.
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ROCKY FLATS AIR POLLUTION CONTROL SYSTEM FOR ROCKY
FLATS FLUIDIZED BED INCINERATOR: DESCRIPTIONS,
ASSUMPTIONS, AND DESIGN CONSIDERATIONS!

The process operates at a feed rate of 40 kg/h of dried sludge from aqueous waste
decontamination process. The dry sludge contain about 20% nitrates. The process should
result in destruction of the nitrates and some of the sulfates. The offgas from the process is
about 1000 ft3/min, composed primarily of air purged through the unit to remove the dust.
Dust accumulation within the solidification equipment is a problem because it is a receptor
for the microwave and could cause hot spots on the equipment walls. The Rocky Flats
personnel estimated that 90-99% of the offgas flow is air purge.

The amount of nitrate fed amounts to about 17 Ib/h; if all of the nitrate is decomposed,
this could represent a significant NO, offgas problem.

1993 test data from Rocky Flats should be consulted to determine the volatility of metals
from sludge feed. Even though sludge is generated in an aqueous process, some organic
could be present at a very low level. Volatile organics should not be a problem in the offgas.

The most important offgas treatment required will be filtration for particulate removal.
Even stream cooling would not be required because of the large air dilution purged through
the equipment. At this point, one might be concerned about NO,, SO2, volatile metal, and
particulate and perhaps chloride removal. The chloride content of sludge is not high, but if
this process is used with other types of feed, such as ash from the fluidized-bed incinerator,
the chloride content would be very significant.

Technology options (and specifications) for each stage of APC system:

Acid gas removal: Fluidized-bed incinerator (system choice)
Initial particle removal: Sintered metal filter (system choice)
Cyclone

Ceramic filters

Fabric filter

ESP (wet and dry) scrubbers

(Operate at 500 to 550°C to avoid dioxins)

Organics control: Catalytic converter (system choice)
Charcoal absorber
Afterburner

Cooling to 80°C: Heat exchanger (system choice)

Air dilution
Water quench
(purpose is to ensure condensation for final particle removal)
(Do not go below dewpoint)
Fine particle control: Glass HEPA (system choice)
Metal HEPA (system choice)

All moisture from combustion going up stack.
Did not consider cleanable HEPAs.
Low heat release system (1.5 M Btuw/h).
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