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Executive Summary

The U.S. Department of Energy's (DOE) Office of Environmental Management (EM) Office of
Science and Technology (OST; EM-50) has conducted studies of integrated thermal treatment
systems (ITTS) and integrated nonthermal treatment systems (INTS) for treating contact-handled,
alpha and non-alpha mixed low level radioactive waste (MLLW). The MLLW in the DOE complex
consists of a wide variety of organic and inorganic solids and liquids contaminated with radioactive
substances. Treatment systems are needed to destroy organic material and stabilize residues prior to
land disposal.

In May 1996 the Deputy Assistant Secretary for OST appointed an Independent Peer Review Panel
to: 1) review and comment on the INTS Study; 2) make recommendations on the most promising
thermal and nonthermal treatment systems; 3) make recommendations on research and development
necessary to prove the performance of nonthermal and thermal technologies; and 4) review and
comment on the preliminary draft of the ITTS/INTS Comparison Report.

The Panel met from August 5-9,1996 in Idaho Falls with a joint meeting of the ITTS/INTS Technical
Support Group (TSG), the Tribal and Stakeholders Working Group (TSWG), and an internal DOE
User's Panel. The Independent Peer Review Panel had the opportunity to interact with the User's
Panel and to hear TSG and TSWG comments on the final draft of the INTS Study and the preliminary
draft of the ITTS/INTS Comparison Report.

Based on the exchange of information during the meeting and from reviewing the INTS Study and the
ITTS/INTS Comparison Report, the Panel's primary conclusions and recommendations are:

1. The Panel concluded that there are probably substantial risks posed by the current inventory of
stored/untreated MLLW, but was unable to quantify this concern. It is recommended that a
comprehensive risk assessment be initiated to quantify the risks to workers, the public, and the
environment of continuing in-place storage in order to ascertain the risks associated with delays
in deployment of treatment technologies that are just now under development.

2. The Panel was not able to identify any realized or potential advantages of emerging technologies
that would outweigh the disadvantages of a significant time delay (approximately 10 years) in
treatment of MLLW while these technologies are developed. The Panel agreed that incineration
technology such as defined in the ITTS Study is safe and effective for treating the broad range of
materials in MLLW and recommends that DOE implement this technology while alternative
technologies are being developed.

3. The Panel concluded that the INTS Study successfully identified the most promising technologies
and used success-oriented assumptions to present these technologies in a favorable light. The
Panel concluded that the systems engineering approach was appropriate and contained sufficient
detail to assess how alternative technologies might be expected to perform under these optimistic
assumptions.
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4. The Panel supports the future role of technological innovation and recommends that DOE
continue assessing the scientific and engineering advances in both thermal and nonthermal
treatment technologies.

5. The Panel concluded that there is a potential advantage in using nonthermal technologies which
can batch process waste material in a closed loop configuration until a predetermined level of
destruction is achieved. On the other hand, the Panel also concluded that the potential for a larger
quantity and variety of products of incomplete reaction (analogous to products of incomplete
combustion or PICs) are more likely to result from low temperature reactions than from higher
temperature reactions. There are also substantial technical and regulatory hurdles to overcome
before a fully functional batch closed loop system can be implemented.

6. The Panel concluded that there are potential critical flaws with nonthermal technologies due to
their inability to remove enough organic material to ensure that nonthermal physical or chemical
stabilization will adequately provide long term safe disposal, particularly in grout. Consequently,
the Panel recommends that high temperature thermal vitrification be incorporated into INTS to
achieve more effective stabilization, and further recommends that vitrification be the preferred
stabilization technology for both INTS and ITTS.

7. The Panel recommends that a modified version of grout debris (System NT-1) and the acid
digestion (System NT- 4) be considered for further development effort. The Panel recommends
vitrification in lieu of all low temperature stabilization processes pending identification of
acceptable risk levels and better characterization of alternatives such as phosphate ceramics.

8. The Panel concluded that there are some cross-cutting key development factors for thermal and
nonthermal technologies that deserve special attention:

hold, certify, and release for gas-phase effluents: There is a growing interest in technologies that
use a batch process to manage gaseous effluents. The Panel suggest evaluating the feasibility of
certification protocol, the time required for the analytical certification, operating procedures, and
the overall benefits.

products of incomplete reaction: The Panel recommends implementing a program to characterize
the products and concentrations of incomplete reaction for thermal reduction and nonthermal
technologies and their expected impacts on human health and the environment. These data are
needed for comparison to the much more studied products of incomplete combustion in the off-
gas from thermal treatment processes.

9. Several research and development (R&D) and engineering systems studies were suggested in the
ITTS/INTS Comparison Report and the presentations made to the Panel by Carl Cooley. As
discussed in Section VII, the Panel was generally supportive of these proposals and provided
suggested revisions and prioritization.



I. Panel Comments on INTS Study

The INTS Study used a systems engineering approach to assess alternative systems for treating
contact-handled, alpha and non-alpha mixed low-level radioactive waste. For thermal treatment
technologies, most waste may be classified as either combustible or noncombustible. However,
nonthermal technologies do not have the capability of processing a wide range of waste, so a more
detailed categorization of waste was used for the INTS Study. Both the ITTS and the INTS studies
used a waste profile that may not exactly match any specific site but was judged to be representative
of the wastes that would arrive at a large regional facility or would be found at larger DOE facilities.
It was on this basis that the INTS Study was produced and that the Panel was asked to review and
comment on technologies.

The Panel concluded that the INTS Study was well done and the authors are to be commended on
their rigorous efforts in developing a systems engineering study given the limitations and uncertainties
of having to incorporate emerging technologies that lack performance data. The Panel also agrees that
a systems study of this type is the proper way to evaluate technologies and their overall impact on
the larger treatment facility.

Five nonthermal system configurations were developed to demonstrate the effectiveness and
applicability of each technology along with the combined effectiveness of the technologies coupled
into a total system. The Panel concluded that the INTS Study successfully identified the most
promising technologies and used success-oriented assumptions to present these technologies in a
more favorable light than they perhaps deserved. The Panel felt that the systems engineering approach
was appropriate and contained sufficient detail to assess how alternative technologies might be
expected to perform under these optimistic conditions.

The Panel believes that a potential critical flaw with nonthermal technologies is associated with their
inability to remove enough organic material to insure that decontaminated (oxidized) residue streams
can be effectively stabilized to meet universal treatment standards. The required stabilization of these
incompletely treated wastes may not result in long term safe storage in grout. This has been
recognized by the high ratio of grout to treated waste proposed; however, microcracking and the
porosity of grout limit its effectiveness and raise serious questions regarding the stability of this
treated waste form which could leach unreacted organics. A more effective proven technology is
vitrification. Not only would oxidation of organics be carried to completion, but also the more stable
glass-like waste form would significantly improve the long-term stability and safe storage. Therefore,
the Panel recommends that consideration be given to vitrification combined with a nonthermal
treatment as a more promising approach.

Two modified system configurations were preferred by the Panel: System NT-1 with grout debris;
and System NT-4 with acid digestion. The extent of these modifications and the reasons for these
changes are discussed in Section IV.



II. Panel Comments on ITTS/INTS Comparison Report

The Panel examined the ITTS/INTS Comparison Report and was briefed on the results of the
comparison relative to each evaluation criteria including land use, effluents, final waste form, and life
cycle costs. The Panel concluded that the ITTS/INTS Comparison Report was well done and the
authors are also to be commended on their efforts to compare treatment systems (both emerging and
available) on an equal basis. A systems study of this type is an effective way to make technology
selection on individual process units, that is, within the context of the engineering considerations of
a complete system configuration. However, there remains in this study a fundamental limitation
associated with comparisons of emerging systems due to the large number and high degree of
uncertainties associated with their performance and the corresponding assumptions that were required
in order to compare systems on some kind of equivalent basis. Some of these assumptions may have
been overly optimistic relative to the eventual performance that can be achieved by these emerging
technologies. Examples of overly optimistic assumptions include:

• the performance of semi-volatile organic separation pretreatment technologies (vacuum thermal
desorption and aqueous and high pressure wash);

• high organic destruction efficiencies for emerging nonthermal treatment processes;
• the suitability of nonthermal residue stabilization particularly in light of potentially high organic

concentrations in the residue;
• the performance of the nonthermal gas phase corona reactor in treating variable off-gas streams

containing organics; and
• a limited potential for products of incomplete reaction in the air, water, or solid emissions.

Conducting integrated systems studies on emerging technologies that are so early in their
development may provide a false sense of their development maturity by force fitting them into
systems for which they may eventually be found to be ill-suited when further performance information
is finally developed. The Panel could not conclude whether some of the technologies could be made
to work in these intended applications. Some Panel members concluded that some emerging
technologies could eventually be made to work given enough time and money for development, while
others believed that there exist potentially critical flaws that could eventually prevent their use in
treating DOE mixed wastes. Some of the technologies are still at the bench-scale level of
development. Such early stages of development do not allow them to be properly compared in a
systems context with fully systemized, currently available technologies. Therefore, the comparisons
of emerging and fully developed systems may be of little use except to define how the most optimistic
embodiment of the emerging technologies may or may not overcome real and perceived limitations
of currently available treatment technologies. To avoid misrepresenting to readers the potential
maturity and eventual performance of these emerging technologies, the report authors should directly
address, both in the report and in all presentations of the report's results, the problems or limitations
of comparing emerging technologies.

The Panel was most concerned about the fact that the risks and costs associated with doing nothing
during the development time for these emerging technologies were not factored into the comparisons
with available technologies. Many of the thermal treatment technologies can now be engineered for



this application given the available engineering design and performance database. The emerging
nonthermal organic destruction technologies are still at bench and pilot scale with virtually no
engineering design basis. The time delay required for the necessary development of these treatment
technologies, even with vigorous funding, is likely to be many years, possibly approaching a decade.
The risks to the workers, the environment, and the surrounding public associated with continued
storage of these mixed waste materials are a real and possibly significant concern. In addition the
costs associated with continued storage of these materials are very significant and could dwarf the
life cycle costs of treatment in just a few years. Thus, the risks and costs of continued storage while
waiting for the development of innovative treatment technologies must be considered when
comparing innovative technologies to available technologies.

The Panel discussed whether the ITTS/INTS Comparison Report revealed any substantive advantages
of the emerging technologies considered in the study over the thermally based available technologies
that would warrant the risks and costs of delaying treatment. The Panel concluded that there were
few truly discriminating factors revealed in the study between the optimistic embodiments of the
emerging systems and the current state of the art in thermal treatment technologies as indicated in the
ITTS/INTS Comparison Report. Apparent advantages of emerging treatment technologies that were
identified at first glance, such as lower off-gas flows, were not considered by the Panel to be as
significant as the much more important uncertainty associated with the emerging organic treatment
technologies to control products of incomplete reactions. Many of the comparisons actually revealed
serious disadvantages of the emerging systems, including low organic destruction, poor volume
reduction, poor waste form stability, and high costs.

Total system life cycle cost estimates (TSLCCE) were performed for all thermal and nonthermal
systems addressed in the ITTS/INTS Comparison Report and were presented during the TSG
briefings. The nonthermal systems had higher TSLCCE compared to thermal systems but was similar
for all of the nonthermal systems considered. The unit costs without disposal costs ranged from $6.86
to $8.90 per pound for thermal systems and $13.15 to $14.48 per pound for nonthermal systems.

The Panel did identify one potential advantage of the chemical oxidation treatment processes that was
not fully explored in the ITTS/INTS Comparison Report. This was the potential to run these chemical
oxidation processes in a closed batch mode and to delay the release of any effluents, including off-gas,
until they were tested for trace contaminants. The Panel did not have enough information to address
the real potential for this type of operation and concluded that a truly closed system for these
technologies would be very complicated due to the potential for fugitive emissions, difficulties in
obtaining representative samples from a reacting volume of gas, analysis of trace species of interest,
the complex engineering of closed batch operation, and uncertain regulatory protocols for verification
prior to release. It would clearly be impossible to devise a system by which the effluents could be
certified to have no hazardous constituents or zero risk.

While batch operation could potentially address some TSWG concerns about releases, the Panel
concluded that even if this closed batch operation was developed, it may not reduce any real risks to
exposure as compared to the thermal technologies. Nonetheless, the Panel recommends that the
potential for this type of operation be more fully addressed in a conceptual engineering study to
comprehensively address the potential benefits.



III. Regulations and Requirements

Regulatory and permitting requirements are covered in Appendix A-l of the INTS Study. The Panel
has reviewed Appendix A-l and suggests that the INTS Study go into additional detail on some of
the regulatory programs that will need to be developed and implemented. The Panel's suggestions
on regulatory areas to be discussed in more detail are included in Appendix A of this report.

The Panel believes that obtaining multiple permits for the innovative nonthermal processes will be
difficult and require a significant developmental effort. Final permits for the INTS could take five to
seven years to negotiate and issue. The Panel suggests that DOE extend its interagency agreement
with EPA to focus the National Technical Workgroup (NTW) on Mixed Waste Thermal Treatment
on permit roadmaps for the nonthermal treatment of mixed waste. The NTW is chartered to develop
national thermal treatment permit procedures for facilities which bum mixed wastes and has produced
a resource document that addresses the permitting regulations and guidance for thermal systems.1

All of the treatment systems in the INTS Study will require regulation for the control and monitoring
of air, water, and solid wastes. This regulatory process will involve the Resource Conservation and
Recovery Act (RCRA) regulations for hazardous wastes, the Clean Air Act (C AA) for air emissions,
the Clean Water Act (CWA) for aqueous wastes, the Toxic Substances Control Act (TSCA) for
polychlorinated biphenyls (PCBs) and regulations under DOE Orders and the Nuclear Regulatory
Commission (NRC) for radioactive constituents. Some of the regulations, such as the TSCA
authorization, will be handled by federal authorities and others will depend on whether the state has
been authorized to implement a particular regulation. Responsibility for implementing most of these
regulations will be that of the state in which the facility is located.

A. Developmental Requirements

Because very few chemical oxidation processes have been permitted for hazardous wastes under the
RCRA regulations, the permitting process for mediated electrochemical oxidation (MEO), catalytic
wet oxidation (CWO), and the acid digestion processes will probably require a significant regulatory
development effort from both DOE and EPA. Some of the potential development issues are as
follows:

• RCRA Operating Permits Needed for Treatment Units - Because there are so few Subpart X
permits, this will likely result in a more lengthy permitting process. NTW should also work with and
advise EPA on the necessary technical criteria for nonthermal treatment process Subpart X permits.
It is likely that some new sampling and analytical methods will need to be developed for the
products of incomplete reaction generated in the MEO, CWO, and acid digestion processes and
potentially present in the gas, water, and solid effluents from these processes. The products of
incomplete reaction from the MEO and acid digestion processes, for example, could contain
nitrated volatile and semi-volatile organics.

Development of A Regulatory Compliance Roadmap. December 1995. Energy and Environmental Research
Corporation. Irvine, CA.



RCRA Permit Conditions - The permit writers are likely to consider the use of the waste
characterization requirements for hazardous waste incinerators for the nonthermal processes
because of the large experience base. This might not be appropriate, however, for the MEO, CWO
and acid digestion processes. Additional work will probably be required in developing more
appropriate waste characterization parameters for the nonthermal treatment processes.

Clean Water Act (CWA) - It is likely that the MEO, CWO, and acid digestion processes will have
higher concentrations of pollutants and products of incomplete reaction in the water phase than the
thermal treatment processes. This is an important process development issue because the CWA
regulations are not as well suited to monitor and control trace quantities of products of incomplete
reaction in the water discharge as are the RCRA regulations which monitor and control trace PICs
in the stack gas. A significant level of effort may be required by DOE and EPA to develop
monitoring, analytical, and control procedures for the aqueous effluents from the nonthermal
treatment processes.



IV. System Selection

One element of the charge given the Panel was to select one or two of the nonthermal systems defined
in the INTS Study for emphasis in future DOE technology development efforts. Given the immature
development status of many of the critical processes included in all of the nonthermal systems
evaluated, the procedure the Panel adopted in selecting nonthermal systems for further development
was straightforward and simple. As discussed in the introductory paragraphs of Section V, each of
the five nonthermal systems defined included one of two distinct processes to separate organic
contaminants from solid and sludge waste matrices, and one of three distinct primary organic
destruction processes. Clearly, the eventual success of any of the nonthermal systems will be critically
dependent on the successful development of the component processes to the degree that the
processes will perform the function intended. The Panel had strong beliefs regarding the relative
potential of the two organic separation processes and the three organic destruction processes to
eventually be proven successful in application.

Specifically, of the separations processes, the Panel was unanimous in the belief that the aqueous and
high pressure wash process could never achieve the degree of organic decontamination needed to be
considered acceptable. Thus, while the vacuum thermal desorption process may also prove ineffective
in serving its intended purpose in a nonthermal treatment system, its prospects for successful
development exceed those of the aqueous and high pressure wash process. Similarly, it was the
Panel's belief that, of the three organic destruction processes considered, the MEO process was at
the most developed state, and the acid digestion process, although less developed, had good
prospects for eventual success.

Two of the nonthermal systems, NT-1 and NT-4, have the combination of vacuum thermal desorption
organic separation with MEO or acid digestion organic destruction, respectively. Thus, these are the
systems recommended for further development efforts. However, as previously noted, the Panel
recommends no major development efforts be devoted to the low temperature stabilization processes
in view of the far superior performance of the vitrified waste forms. In addition, the Panel believes
that the gas phase corona reactor (GPCR) process, while innovative, is in a very early stage of
development and can not be recommended at this time. The experimental effort needed to reach a
determination as to whether this process can be effective in its intended use deserves high priority if
nonthermal system development continues.



V. System Overviews

This section discusses integrated nonthermal treatment systems and the subsystems comprising them.
The system engineering approach used in the INTS Study was entirely appropriate because complete
systems capable of treating the entire defined waste inventory required definition so that common
comparisons with respect to cost, land use, and the other evaluation criteria used were possible.
However, because the eventual success of any of the defined systems is contingent on the ability of
the component processes to perform as intended, and because the Panel found it easier to evaluate
individual processes, the system descriptions in this section and the system comparisons in Section
VI are organized by process within the Panel's categorization. This approach aids in locating the
strong and weak links in the chain of processes which make up a complete treatment system.

Each of the five systems evaluated in the INTS Study is a combination of low temperature processes
and has the elements needed to potentially treat the entire defined inventory of mixed waste.
Individual processes are grouped or categorized according to their primary function in the integrated
system. These subsystem categories are:

• Waste Preparation
• Organic Separation
• Primary Organic Destruction
• Residual Organic Destruction
• Residue Stabilization
• Air Pollution Control
• Inorganic Treatment
• Special Waste Treatment

The inorganic treatment and special waste treatment processes were the same in each of the five
nonthermal systems, and, in fact, were the same for the 19 thermal treatment systems. Thus, the Panel
elected to not consider those two subsystems. Specific processes within the other subsystem
categories are:

• Organic Separation
- vacuum thermal desorption
- aqueous and high pressure wash

• Primary Organic Destruction
- mediated electrochemical oxidation (MEO)
- catalytic wet oxidation (CWO)
- acid digestion

• Residual Organic Destruction
- aqueous UV oxidation
- gas phase corona reactor (GPCR)



• Residue Stabilization
- grout
- polymer
- phosphate ceramic

A. Waste Preparation

The INTS Study and the ITTS/INTS Comparison Report indicate thoughtful consideration of the
differing waste segregation needs for the various processes studied. Waste inspection is an inherently
labor intensive process, it is expensive, and has a relatively high worker risk compared to the other
processes. All treatment systems require some degree of waste separation. Some of the waste
separation is needed because regulations require reporting of the waste stream composition.
Inspection for, and removal of, engine blocks, manhole covers, and drums of potentially explosive
material, for instance, is also very necessary. Additionally, because nonthermal processes cannot
handle a wide range of waste materials, they require a high degree of waste separation. Separation
technology is fairly straightforward for non-hazardous wastes but can be very difficult if there is some
probability that the waste stream will contain occasional hazardous contaminants.

The risk of worker exposure to hazardous materials increases very rapidly with the amount of
handling required; in general, doubling the number of sequential operations increases the risk by a
factor of four. Therefore, an important part of worker exposure risk reduction is minimizing the
number of handling stages before destruction of the hazardous components.

The waste preparation process is the same for all the nonthermal systems. It consists of an
examination of the physical state of each waste container by real-time radiography, a determination
of the level of transuranic contamination of the waste by a passive/active neutron assay, and a
determination of the beta and gamma radioactivity using a segmented gamma scanning unit. Based
on these assays, the container is classified as either needing sorting or not. Waste containers not
needing sorting are moved directly to the appropriate treatment process. Those requiring sorting are
subjected to one or more further preparation processes depending on individual container content
characteristics. These processes include:

• container decapping by a gantry-mounted saw;
• sorting on a table equipped with master-slave and hydraulic manipulators;
• other sorting technologies including robotic-assisted sort tables, vibratory screens, and air

classifiers; and
• size reduction by saw cutting and/or mechanical auger shredders.

Sorted waste is placed into transfer bins and moved to the appropriate treatment process.

B. Organic Separation

Solid and sludge wastes contaminated with organic constituents cannot be treated by the primary
nonthermal organic destruction processes, so these wastes must first be subjected to a pretreatment
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process that separates the organic content of the waste from its inorganic content. Two processes
were considered in the various nonthermal systems defined in the INTS Study: vacuum thermal
desorption; and aqueous and high pressure wash

1. Vacuum Thermal Desorption

The primary element of this process is an indirectly heated vacuum desorption dryer. This unit,
operated in a batch mode, takes size-reduced organic-contaminated solids and sludges and heats them
to moderate temperatures (200° to 350°C) under a vacuum (25 mm Hg). Volatile organic
constituents and semivolatile organic constituents (to some degree) are desorbed into a heated
nitrogen purge gas flow. Initial heating is provided by the purge gas. Indirect heating from a hot oil
recirculation system is supplied through the process walls.

The purge gas is passed through a filter that removes entrained particulate and returns this to the
desorption unit. Particulate-free gas is then passed through three condensers in series for recovery
of the desorbed organics. The recovered organic liquid is sent to the primary organic destruction
process. The off-gas is routed to the off-gas organic destruction process.

After completion of the desorption time (which can be varied depending on waste properties) the
bottom solids are removed, processed for mercury removal, collected in hoppers, and routed to the
stabilization process.

2. Aqueous and High Pressure Wash

This process employs water and surfactant for organic contaminant removal from solid and sludge
wastes in a continuous process. In the process, wastes are first size-reduced in an attrition mill, then
transferred to an agitated wash tank for bulk organic removal. Wash water with surfactant and
additives are continuously fed to the tank along with waste. A slurry of solids and wash water is
continuously removed from the bottom of the tank and directed to a two-step solid/liquid separator.
Solids from the separator are sent to a solid/rinse water compactor. Liquids, containing the organics
removed from the waste, are sent to a solubility reduction separator. The decontaminated solids are
rinsed in the rinse water compactor, filtered, dried and sent to the stabilization process. Rinse water
is sent to the same solubility reduction separator used to treat the wash water.

The solubility reduction separator uses a proprietary approach to separate surfactant, containing the
organic contaminants washed from the waste, from the wash/rinse water. The water phase goes to
an ultrafiltration process. The surfactant/organic phase goes to a splitter process.

The ultrafiltration process concentrates suspended and dissolved solids in the water into a
concentrate, which goes to a stabilization process. The filtrate is returned to the process and used as
rinse water. The splitter process uses another proprietary approach to separate process surfactant
from the removed organic contaminants. Surfactant is returned to the wash process. The organic
contaminants are sent to the organic destruction process.



Overhead vapors from the wash tank are vented to a series of heat exchangers that condense any
organics and water in the stream. Condensate is sent to the solubility reduction separator. The air
stream goes to the off-gas organic destruction process.

C. Primary Organic Destruction

Destruction of organics by oxidation at low temperatures produces complex by-products. Therefore
all the nonthermal processes have the potential to produce incomplete reaction products like dioxins,
phosgene, etc. High temperature processing produces simpler products and most of the trace by-
products of combustion are formed outside the flame of a combustion process.

The INTS vary in their primary organic destruction processes. As in the thermal systems, the organic
destruction processes of the INTS are oxidation processes. The requirements of these processes in
a large part determine the sorting and preparation required of the waste. None of these primary
organic destruction processes appear to be versatile enough to handle all the waste forms expected.
All three of these processes are very immature in their development and contain many unknowns in
terms of treating the expected mixed waste. Only the major reactions and their major products and
by-products are listed. Many others are possible, but there are not yet sufficient data to anticipate all
the possibilities.

/. Mediated Electrochemical Oxidation (MEO)

MEO is a low temperature oxidation process which uses silver ionized in nitric acid and electrical
power to drive the oxidation reaction. It is not well developed, and has the potential to produce
complex organic by-products.

• Basic Process: electrochemical oxidation of organic chemicals to carbon dioxide and water
(Although not stated in the INTS Study, MEO can also handle some solids, but this is limited by
type and size.)

• Types of Waste Treated: nonaqueous organic liquids and sludges
• Conditions: 50° to 60°C and atmospheric pressure
• Reagents: electricity, HN03, and AgNO3

• Key Reactions: Ag(I) —> Ag(II) + e'
Ag(II) + org. (CH) --> CO, CO,, etc. + Ag(I) + H2O
Ag(II) + H2O - > Ag(I) + OH* + OH"
OH* + org. (CH) - > CO, CO2, etc. + H2O

• Expected Products: hydrocarbon oxidation products (primarily CO, CO2, etc.), and H2O
• Possible Products: NO ,̂ Clj, and CHOC12 (Phosgene and other incompletely oxidized halogenated

compounds, possibly including traces of dioxins and other dioxin and furan-like compounds).
• Expected Limitations: very aggressive (corrosive) electrolyte solution of silver nitrate in nitric acid,

clogging of filter membranes and corrosion of electrodes, possible compounds that resist oxidation,
and subsystems needed to recycle silver and produce nitric acid.
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2. Catalytic Wet Oxidation (CWO)

CWO operates at somewhat elevated temperatures and pressures using iron dissolved in hydrochloric
acid to oxidize organic compounds. It is not particularly well developed and has the potential to
create complex organic by-products.

• Basic Process: oxidation of organic chemicals by Fe(III) to carbon dioxide and water, Fe(III) is
regenerated by oxygen, hydrochloric acid and iron chloride solution, and hydrochloric acid reacted
with NaOH to produce NaCl.

• Type of Waste Treated: organic liquids and sludges (Although not stated in the INTS Study, there
is a possibility of treating some shredded solid wastes. Metal and radionuclide wastes are oxidized
to chlorides and oxides.)

• Conditions: 100° to 200 °C and up to 100 psi
• Reagents: FeCl3, HC1, O2, and H2O
• Catalysts: platinum, copper, ruthenium, and palladium
• Key Reactions: Fe(III) + org. (CH) - > CO, CO,, etc. + Fe(II) + H,0

Fe(II) + O2 - > Fe(III) + OFT
• Expected Products: hydrocarbon oxidation products (primarily CO, CO2, etc.), H2O, HC1, NaCl,

S, etc.
• Possible Products: NOx, CL>, F,, SO,, and CHOC1, (incompletely oxidized halogenated compounds,

possibly including traces of dioxins and other dioxin and furan-like compounds).
• Expected Limitations: very aggressive (corrosive) solution of iron/iron chloride in hydrochloric

acid, solids formation and precipitation that surrounds unreacted material, possible compounds that
resist oxidation, reaction dependent on contact between reagent solution and organic material.

3. Acid Digestion

Hot nitric acid stabilized by phosphoric acid is used to oxidize organics. As with all of the nonthermal
treatment processes, this also has the potential to produce complex organic by-products.

• Basic Process: acid bath of nitric and phosphoric acids react to dissolve and oxidize materials,
oxidation of organics by nitric acid, and some oxidation of inorganics (Although not stated in the
INTS Study, there is a possibility of treating some shredded solid wastes.)

• Type of Waste Treated: organic liquids, sludges, and shredded material.
• Conditions: 200 °C, and atmospheric pressure
• Reagents: HN03, and H3PO4

• Catalyst: palladium
• Key Reactions: HN03 + org. (CH) - > CO, CO,, etc. + NO/NO, + H2O

HNO3 + org. (CHX) --> CO, CO,, etc. + NO/NO, + H2O + HC1, Cl,
• Expected Products: metal phosphates, hydrocarbon oxidation products (primarily CO, CO,, and

H,O)
• Possible Products: SO2, NQ , Cj , and COC1 (phosgene and other incompletely oxidized

halogenated compounds, possibly including traces of dioxins and other dioxin and furan-like
compounds).
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• Expected Limitations: aggressive (corrosive) solution of nitric and phosphoric acids, solids
formation and precipitation that surround unreacted material, possible compounds that resist
oxidation, and reaction dependent on contact between reagent solution and organic material.

D. Residual Organic Destruction

There is always some residual organic material left in the discharges from the primary treatment
process. The schemes suggested for destroying these species involve exposing them to nonthermal
energy sources which are equivalent to high temperatures.

1. Aqueous UV Oxidation

Ultraviolet light is used to accelerate the oxidation of organics by hydrogen peroxide or ozone. This
process may result in complex organic and chlorinated hydrocarbons like phosgene.

• Basic Process: electrochemical oxidation of organic chemicals to carbon dioxide and water
• Type of Waste Treated: aqueous organic solution
• Conditions: 100°F, and atmospheric pressure
• Reagents: UV light, and H2O2 or O3

• Key Reactions: OH* + org. (CH) --> CO, CO2, etc. + H2O
H2O2 + uv --> OH*
O3 + H2O - > OH*
OH* + RC1 --> Cl* + ROH, where R can be any organic or inorganic group
Cl" + CH or CHO --> CH-C1 or CHOC1 + H*
Cl* + H* - > HC1
2H* - > H2

2C1* - > Cl2
• Expected Products: hydrocarbon oxidation products (primarily CO, CO2, H,O, etc.)
• Possible Products: NO^ CU, and CHOC1 (incompletely oxidized halogenated compounds, possibly

including traces of dioxins and other dioxin and furan-like compounds).
• Expected Limitations: reaction conditions may require relatively clear aqueous waste stream with

limitation on total dissolved solids and pH, and only deals effectively with organics soluble in water.

2. Gas Phase Corona Reactor (GPCR)

An oxidizing gas containing organics and halogenated compounds is exposed to high voltage
discharges {e.g. sparks) which drive the oxidation reaction. Complex products of incomplete reaction
may result from the cooler regions of the sparks.

• Basic Process: oxidation of organic chemicals to carbon dioxide and water.
• Type of Waste Treated: gas stream that contains volatile organic compounds, and may contain

vapor phase moisture.
• Conditions: variable temperatures, and atmospheric pressure.
• Reagents: electricity, high energy electrons, OH*, and other radicals
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• Key Reactions: e" + H20 - > OH* + OH"
e + RC1 - > OH' + Cl'
e' + CH (organic chemicals) --> CH* (organic chemical radicals)
OH* + RC1 --> Cl* + ROH, R can be any organic or inorganic group
Cl* + CH or CHO --> CH-C1 or CHOC1 + H*
Cl* + H* - > HC1
2H* - > H2

2C1* --> Cl2
• Expected Products: hydrocarbon oxidation products (primarily CO, CO2, H2O, etc.)
• Possible Products: O3, NOX, Cl,, and CHOQ (incompletely oxidized halogenated compounds,

possibly including traces of dioxins and other dioxin and furan-like compounds).
• Expected Limitations, gas stream must be reasonably homogeneous, only handles volatile organics,

some reaction with inorganics occurs, and high levels of CO are likely.

£. Residue Stabilization

Salts and other inorganics in the waste stream can be converted from one form to another but cannot
be destroyed. There will always be some residue of a waste treatment process which will require
either dilution or stabilization to decrease mobility. The three stabilization methods included in the
study represent a good range of the available alternatives. The stabilization method is an important
component of long term reduction of exposure risk but not the only component. It is prudent to select
stabilization methods which reduce the mobility of hazardous materials in both the short and long time
frames to reduce the possibility of exposure of both workers and the public.

1. Polymer Encapsulation

Polymer encapsulation of salts is a component of all of the NT systems studied because none of the
other high or low temperature stabilization methods can tolerate high concentrations of salts. The
paraffin like polyethylene encapsulants studied should have a very good long term resistance as
evidenced by their natural analogs. Barring exposure to fire, the encapsulated salts should be
reasonably well stabilized.

2. Grout Stabilization

Calcia based grouts and cements have been used for thousands of years with varying degrees of
success. Exterior grouts put in place by the Romans have survived over two thousand years. On the
other hand, there are many examples of concrete failures due to improper formulation. The chemistry
of such materials is complex, but is fairly well understood. Unfortunately, the stability of the
cementing agents used is sensitive to certain chemicals like organics, sulfates, nitrates, and chlorides.
This chemical sensitivity, coupled with the fact that grouts tend to be porous requires that a large
ratio of cement to waste be used. Risk analysis indicates that grout stabilization is the weakest of the
alternatives suggested. It may be acceptable, however, based on the risk criteria that are eventually
selected.
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3. Phosphate Ceramic Cement

The technology of using phosphates as a cementing agent for inorganic materials is not new. It has
been fairly widely exploited in some industrial sectors. However, it is certainly immature in
comparison to the use of calcia based cements and grouts. Phosphate has potential advantages when
compared to calcia based processes. Phosphate bonding seems to be fairly tolerant of salts, thereby
easing the salt separation requirements. Low temperature phosphate ceramics are strong and not very
porous, so they pose a good barrier to leaching. Phosphate bonded materials are resistant to fire and
unlike the calcia based cemented processes typically maintain or increase their strength when heated
to high temperatures.

F. Air Pollution Control

Air pollution control (APC) systems are required for all INTS and ITTS. These systems will be
smaller than those which are typical of thermal processing because INTS burns no fossil fuels locally,
hence the dominant off-gases are the direct products of oxidizing the organics in the wastes and don't
include the products of combustion typical of thermal processes. However, the demands on the APC
may be high because the production of noxious gaseous by-products depends strongly on the quantity
of organic wastes destroyed, and not necessarily on the amount of fossil gas burned. The off-gas
complexity may be worse for low temperature processes.
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VI. System Comparisons

This section discusses comparisons among the nonthermal systems. The discussions are generally
organized by process category and nonthermal process as done in Section V.

A. Performance

The INTS Study compared performance among the various integrated systems by comparing the
amounts of gaseous, liquid, and solid effluents; system destruction/removal; and land and resource
utilization. These performance parameters were found not to be clear discriminators among the
various systems and need to be further refined if they are to serve as technology selection
discriminators in the future. Specifically, the Panel concluded that minimizing effluent is somewhat
misleading and should be refined to focus on minimizing levels of harmful constituents in the effluent.
This information must be available to address the risks associated with potential exposure to harmful
constituents and not just the relevant amounts of various gaseous, liquid and, solid effluents. Further,
in addressing system destruction/removal performance it is clearly important to address the potential
for emissions of products of incomplete reactions as well as incomplete destruction of target organics
in the waste. Very little information is currently available about the potential formation of products
of incomplete reactions from the emerging nonthermal processes and further experimental or
theoretical assessments will be required to address the byproduct issues.

The Panel did identify one process performance parameter that should be more adequately defined,
i.e., the capability of systems to assure continuous achievement of acceptable hazardous emissions.
For example, treatment systems with the potential to be operated in a closed batch mode and to
potentially not release any off-gas containing hazardous constituents until they were tested for trace
contaminants would be favored by this performance criteria. The Panel did not have enough
information to address the real potential for this type of operation for the various treatment systems.
Further, it was concluded that a truly closed system with verification prior to release would be very
complicated due to the potential for fugitive emissions, difficulty in getting representative effluent
samples, analysis of trace species of interest, engineering of closed batch operation, and uncertain
regulatory protocols for verification prior to release. The Panel recommended that the potential for
this type of operation be more fully addressed in a conceptual engineering study to address the
potential benefits.

1. Waste Preparation

All of the waste preparation, sorting, and size reduction processes specified for use at the beginning
of all nonthermal systems are either standard waste, debris, or soil preparation techniques, or are
sufficiently developed procedures that the Panel believes should perform as intended. It is possible,
however, that waste sorting and preparation may not be sufficiently versatile for the needs of the
collection of processes in a given system.
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2. Organic Separation

Two basic types of hydrocarbon separation processes were considered, vacuum thermal desorption
and aqueous and high pressure wash. While aqueous and high pressure wash technologies are well
established for open debris such as bulk metals, the Panel had significant doubts about the ability of
aqueous and high pressure wash to remove organics (particularly semivolatiles) from soft debris,
complex debris, and soils as used in systems NT-3, -4, and -5. The Panel also had some reservations
about the versatility of vacuum thermal desorption for semivolatile organics separation and
recommends a thorough review or development of performance data of this separation technology
for soft debris.

3. Primary Organic Destruction

The three organic destruction technologies, MEO (used in System NT-1 and -3), CWO (used in
Systems NT-2 and -5) and acid digestion (used in System NT-4) are all still bench-scale studies for
these types of complex waste feeds. The Panel did not have sufficient information about the organic
destruction and products of incomplete reaction for these processes to comprehensively evaluate the
treatment technologies. However, the Panel would emphasize that all practical scale chemical reactors
of this type will have a finite process conversion efficiency. MEO was considered to have some
significant potential for success and is the most commercially developed, acid digestion was also of
interest due to the good integration with phosphate ceramic stabilization process, although its
development status is so low as to make its selection highly speculative.

4. Residual Organic Destruction

Processes specified for destroying residual organics remaining after the primary organic oxidation step
were aqueous UV oxidation and GPCR for gas phase organics in off-gas streams. The Panel had
concerns about the ability of GPCR to achieve high destruction efficiencies, low organic emissions,
and acceptable levels of carbon monoxide from the full range of residual organics that might be
present in the off-gas streams from the primary organic oxidation process. More detailed assessments
of this technology are recommended prior to further consideration in systems studies.

5. Residue Stabilization

The Panel had significant reservations about the use of grout as the stabilization media, particularly
for residues where the presence of organics is likely. The Panel recommended not considering grout
in future studies. Vitrified products and phosphate bonded ceramics would be better choices. For
more detailed information on final product form performance, see the DOE sponsored peer review
report on vitrification technologies.2

2 Reportofthe Technical Peer Review ofThermal Treatment for TRU, TRU Mixed and Mixed Low Level Waste. 1996.
U.S. Department of Energy. Washington, D.C.
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B. Versatility

None of the nonthermal treatment systems studied are particularly versatile, which is one of their
serious weaknesses. The lack of versatility necessitates the need for more extensive waste preparation
and separation into a greater number of waste categories than needed for the more versatile thermal
treatment systems. The need for more extensive waste preparation is associated with a greater risk
of worker exposure. This additional risk from increased worker exposure needs to be taken into
account when evaluating the total risks associated with the nonthermal systems.

There are essentially no factors which can be used to discriminate between the nonthermal systems'
versatility because of the immature development state of the processes in these systems. The organic
separation processes, vacuum thermal desorption, and aqueous and high pressure wash, in particular
are likely to be insufficiently versatile to be capable of adequately treating the whole range of waste
materials expected. This lack of versatility increases the probability that no successful nonthermal
treatment system can be developed.

C. Cost

As noted in Section VIII, the INTS Study calculated the TSLCCE of the five nonthermal systems
studied. These ranged from $3,908 to $4,110 million. Because these costs are essentially the same,
system cost is not a discriminator among the systems studied.

D. Safety and Risk

A relative risk evaluation technique has been developed by DOE for performing preliminary health
and safety evaluations. The relative risk approach is a simplified evaluation technique which lies
between the two extremes of a qualitative evaluation and a highly detailed absolute risk assessment.
The relative risk approach has the advantage of being able to quickly determine the significant risk
drivers at an early conceptual stage with little expense. Such knowledge can be useful in determining
what are significant and insignificant health and safety issues. The relative risk approach is at an
appropriate level of detail for the current stage of the MLLW treatment program. Based upon a TSG
presentation to the Panel, an evaluation of this type is underway for the comparison of the relative
health and safety aspects of the various treatment systems studied in the INTS Study and the
ITTS/INTS Comparison Report.

Similar techniques have also been used by others, and in particular, by the Department of Defense
(DOD) for the ranking of several contaminated sites according to their relative risk. The DOD
approach is also used as a communication and prioritization tool for environmental restoration work,
with appropriate modifiers to account for statutory and regulatory drivers as well as unique
stakeholder concerns. This approach may not be used as a substitute for baseline risk or health
assessments, but nonetheless is extremely useful in incorporating regulator and stakeholder concerns
in the evaluation process.
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The INTS Study provided detailed performance evaluations of nonthermal treatment systems despite
the existence of significant uncertainties. The study provided a relative ranking of five nonthermal
treatment technologies. Additionally, the study recognized that several significant uncertainties exist
regarding the cost, effectiveness, safety performance, and ability to meet TSWG goals for the
technologies considered. The study also acknowledged that significant data gaps exist and that
substantial R&D needs to be performed in order to resolve these uncertainties.

The ITTS/INTS Comparison Report provided a relative risk ranking for seven thermal and five
nonthermal technologies. Systems were ranked in terms of waste treatment performance, air pollution
control systems performance, and cost. A broad comparison between thermal and nonthermal
approaches relative to health, safety, and environmental risk was included.

Not considered in either study was a detailed comparison of the health and safety risks for the seven
thermal and five nonthermal technologies that were evaluated. Additionally, risks associated with
delays in the treatment of the mixed waste inventory were not considered. Based upon estimated
maintenance costs on the order of $1 billion per year, the impact of delays could be substantial, with
a significant annual expenditure of resources which could otherwise be used to improve health, safety,
environmental conditions, and risk threats.

Not evaluated in either study are risks to the environment of the treatment options of the various
systems considered. Only systems with continuous process off-gas streams were considered. Not
considered was the use of batch operating type systems where exhaust gases are retained until
appropriate sampling is performed for pollutants. The latter approach to off-gas monitoring offers
the advantage of enabling the sampling of all effluents prior to release rather than during release as
in a continuous monitoring type of system. While continuous emission monitors may be equally safe,
from technological perspective, a concern exists that such monitoring occurs after the fact, i.e. after
a possible unacceptable release has occurred. Therefore, from a public perception standpoint, batch
sampling may offer a greater degree of confidence in overall effluent control safety.

A DOE complex-wide relative risk evaluation of all the facilities with MLLW is not indicated in either
study. This type of study may be required in order to rank the various sites according to the order of
risk. Due to the large number of sites and the limited availability of funding, such a study would be
useful in determining where treatment technologies should be placed and in what order.

£. Development Status

1. Waste Preparation

As noted in Section V, Subsection A, all of the waste preparation, sorting, and size reduction
processes specified for use at the beginning of all nonthermal systems are either standard waste,
debris, or soil preparation techniques, or sufficiently developed to the prototype stage such that
process availability when needed should not be an issue.
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2. Organic Separation

The vacuum thermal desorption process included in four of the nonthermal systems evaluated is based
on a process under development by a commercial vendor. The technology is presently at the pilot
stage of development, with the vendor having a 1-ft3 test unit available for evaluation testing. Despite
this, there is little or no experience with this process on the mixed waste matrices requiring treatment,
and it is uncertain whether the process can achieve the degree of waste decontamination needed to
meet expected treatment standards. Performance in removing semivolatile contaminants, such as
PCBs, is particularly questionable. The Panel strongly doubts the process can achieve the
decontamination levels for all waste matrices that will be needed to meet likely performance
standards. While the process should physically work on the waste matrices intended, testing and
further development are needed to address performance capabilities.

The aqueous and high pressure wash process included in system NT-3 is based on a proprietary
design that was tested at the pilot scale on contaminated Superfiind site soil in EPA's Superfund
Innovative Technology Evaluation program. This program represents the only source of independent
performance evaluation data. The process uses a high level of surfactant and proprietary surfactant
separation and regeneration processes. In the virtual absence of performance data other than that
from the process vendor, the process1 ability to achieve needed levels of decontamination
effectiveness is in serious doubt. The process1 ability to treat sludge and soft debris matrices is also
highly questionable. In summary, substantial development and testing of this quite complicated
process would be required before any comfort in its ability to achieve its intended purpose would
exist. The Panel has serious reservations regarding its performance capabilities with respect to likely
performance standards, especially for soft debris.

3. Primary Organic Destruction

Even though two vendors are offering silver MEO processes for organic destruction applications, the
process cannot be considered to have advanced beyond the pilot stage. Data concerning the process'
ability to achieve needed degrees of organic constituent destruction and on the type, concentration,
and distribution of organic products of incomplete reaction are specifically needed. Silver and acid
recovery processes also need to be developed and tested.

The CWO process has only had bench-scale testing. Thus, while the bench-scale results have been
encouraging, until pilot-scale experience has been developed, the process performance capabilities
will remain conjectural at best.

The acid digestion process for destroying organic contaminants has also only had bench-scale testing.
Further, the bench-scale tests have only looked at destruction performance for a few compounds that
are not common waste contaminants. Substantial development of this process is needed before it can
be afforded any serious consideration for implementation.
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4. Residual Organic Destruction

The aqueous UV oxidation process is a commercial design used in many applications to destroy
organics in wastewater streams. Whether the process can achieve the degree of destruction needed
in the nonthermal system applications is questionable, but obtaining confirmatory data should be
straightforward.

The Panel believes that a significant level of development is needed to demonstrate that the process
can achieve needed levels of off-gas organic constituent destruction and acceptable levels of carbon
monoxide for the range of compounds potentially present in actual nonthermal system off-gas.

5. Residue Stabilization

The grout stabilization process is at the pilot stage of development or beyond. Its application in the
proposed systems presents no intractable problems. The polymer stabilization process is at the pilot
stage. Further development to the application stage presents no intractable problems. The phosphate
ceramic stabilization process is entering the pilot demonstration stage of development. The
formulation of various compositions to accommodate different waste forms has not been
demonstrated. Nevertheless, no particularly troublesome implementation issues are currently foreseen.
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VII. Recommended R&D Engineering Needs

This section addresses some of what the Panel considers to be critical R&D engineering needs in the
development of nonthermal systems, as well as thermal systems. Panel comments are provided on the
studies suggested in the ITTS/INTS Comparison Report and the future DOE R&D program as
presented by Carl Cooley. The Panel felt it was appropriate to comment on the priority of these R&D
studies. This section does not attempt to layout comprehensive development and testing programs.
Table VII-1 summarizes the Panel's comments on critical R&D needs.

No nonthermal processes have been integrated as a system and tested or demonstrated with mixed
waste. There are some subsystem processes that are commercially available, but have not been tested
with mixed waste. There are some subsystem processes that have been demonstrated with various
chemicals and wastes at the lab scale or bench-scale, with no demonstration at the pilot scale. In
general, the processes in the nonthermal systems are immature and many of their operation and
performance characteristics are not known. The most important of these is the mixed waste
performance capabilities and the nature and partitioning of the organic, metal, and radionuclide
contaminants entering and forming during the processes. The discussion that follows highlights only
some of the types of testing needed. The priorities of the testing depend ultimately on the nonthermal
system selected for further development.

A. General or Overall Testing Required

1. As mentioned above, no integrated nonthermal system has been developed or built. Either one
or several integrated systems needs to be demonstrated, preferably after their subsystems have
been tested and built to pilot scale. With the exception of the aqueous UV oxidation and some
of the APC technologies, none of the nonthermal processes are ready for incorporation into an
integrated system.

2. Determine the radionuclides, metals and organics partitioning in the INTS and subsystems.

3. Determine the contaminant reactions and their products, including products of incomplete
reaction, in the INTS and subsystems.

4. Develop a list of those contaminants expected in the INTS and ways to measure them at
concentrations below those expected to cause health and environmental hazards.

5. Several of the processes may be suitable for use in the treatment of special wastes after further
development, engineering and testing, especially after the mixed waste performance of these
processes has been determined. This is especially true of the organic destruction and organic
separation processes. The waste stabilization processes may also be appropriate for some of
these special wastes, especially for those using some of the nonthermal organic separation and
destruction processes.
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6. The INTS Study and ITTS/INTS Comparison Report do not address hold, certify and release
technologies for gaseous emissions. Because of the importance to TSWG, the Panel believes that
the INTS Study should have addressed these. There has been a great deal of discussion between
the public and the technical community about these technologies during the last decade. To date,
however, no hold, certify and release technology has actually been implemented on a large scale
system.

One of the assumptions being made by TSWG is that the nonthermal treatment systems, because
of low off-gas flows, are amenable to a hold, certify and release technology. In this hold, certify
and release technology, the gas held in storage is analyzed and certified to be safe prior to
releasing it to the environment.

The Panel recommends that DOE initiate a research program to evaluate the many assumptions
inherent in the hold, certify and release concept. These include: sampling procedures, developing
a list of compounds for hold tank analysis, monitoring frequency, reporting, interpretation and
the development of certification protocols.

7. The INTS Study and ITTS/INTS Comparison Report provided a brief qualitative evaluation of
the risks of the various systems to worker health and safety. The Panel recommends that
evaluation be extended to include the following:
a. Future relative risk evaluations should be extended to include environmental risks.
b. A baseline risk assessment should be performed that includes an evaluation of no action for

comparison purposes.
c. Programmatic risks associated with the uncertainties in the development of technologies

should be considered relative to the evaluation of various treatment options.
d. The costs and health and safety, as well as environmental risks associated with delays in the

implementation of treatment and disposal of MLLW should be included in the relative risk
evaluations.

e. A mechanism for including TSWG input in relative risk evaluations should be considered.
This may be beneficial to the overall effort in minimizing both current and future risks in the
MLLW treatment program.

f. A relative risk assessment for all sites across the entire DOE complex should be considered
for the purpose of establishing priorities among the many hundreds of locations. This will
likely be required in order to determine the optimal locations where treatment systems should
be introduced.

B. Subsystem Testing Required

1. Waste Preparation

The waste preparation subsystem was not addressed in any detail in the INTS Study because so little
is known about the requirements for the nonthermal treatment systems. The preparation subsystem
has not been demonstrated for mixed waste. This subsystem involves sorting and shredding. While
these are relatively simple technologies, the extent of the sorting and size of the solid waste, among
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other characteristics, needs to be demonstrated for use with mixed waste, for specific organic
separation and destruction processes, and for the waste stabilization processes. The types of testing
required are those that can answer questions such as: What characterization methods are needed to
decrease worker risk and meet regulatory requirements? Can the waste receiving and preparation
technologies comply? Is remote handling necessary and to what extent? What parts of sorting can be
done remotely?

2. Organic Separation

The Panel did not believe that aqueous and high pressure wash would ever be able to accomplish the
separation of organics from the residue to sufficiently minimize the amount of organic residue going
into waste stabilization. This is especially true of sludges and soils. The Panel recommends that DOE
does not pursue this process.

Although vacuum thermal desorption may also have some drawbacks, the Panel believes this
technology is worth further development and testing, if nonthermal separation of organics is required.
Testing of this technology must include determining the removal efficiencies for heavier organic
molecules, such as the semi-volatiles for all types of sludges, soils, and residues expected.

3. Primary Organic Destruction

The organic destruction processes evaluated in the INTS Study are oxidation processes. Although
oxidation is a well studied process, there are many details of the mechanisms and the effects of
temperature, pressure, and initial mixtures that are not well known enough to allow a prediction of
the products of oxidation across the spectrum of oxidation conditions covered by the various
destruction systems (both thermal and nonthermal). All three processes, MEO, CWO and acid
digestion are immature technologies that need to be tested with respect to the oxidation reactions and
products expected from the mixed waste. In addition, the partitioning of the metals, including
radionuclides, in these processes needs to be determined.

The Panel recommends further development and testing of MEO. The success of this process relies
on the ability to recycle and reuse silver and nitric acid. These support systems for this process need
to be further explored for their efficiencies. The ability of this process to handle a variety of wastes,
i.e., organic liquids, sludges, and solids may be a discriminating factor. The ability of the MEO to
handle solids should be tested. The electrolyte is a very aggressive liquid. The reaction of this liquid
with various pipings and fittings, containers, and other materials needs to be tested. During oxidation,
local hot spots of reaction may occur because of the vigor of the reactions. The safety and mixing
requirements need to be tested.

In agreement with the information presented throughout the INTS Study, the Panel considers the
development and testing of CWO to be a low priority.

The Panel recommends further development and testing of the acid digestion process. Although this
process is less aggressive than the MEO electrolytes, the corrosive potential to various reactor

23



components needs to be tested. Also, since the electrolyte in acid digestion is more viscous than that
in the MEO process, local hot spots of reaction are even more likely to occur. Thus, the safety and
mixing requirements of the acid digestion process need to be tested.

4. Residual Organic Destruction

The residual organic destruction technology used to remove organic contaminants from water is an
aqueous UV oxidation process. It is well developed and available commercially. It is expected that
it will be able to handle all the contaminants in water after the organic destruction processes, but until
those processes are further developed, the exact nature of remaining contaminants is not known. As
with all the other processes, the performance of aqueous UV oxidation with respect to mixed waste
needs to be tested. However, testing should be done after the organic destruction processes are
developed and tested so that their performance and expected waste streams and contaminants are
known.

5. Residue Stabilization

Grout stabilized mixed waste needs to be tested for leaching of contaminants, especially metals and
radionuclides. Another parameter is the organic residues that have been incorporated into the grout.
Their expected nature, loading and leaching characteristics need to be tested.

Mixed waste stabilized using phosphate ceramic cement needs to be tested for leaching of
contaminants, especially metals and radionuclides. The ability of the cement to incorporate organic
residues, their expected nature, and leaching characteristics need to be tested. Metal loading and
leaching characteristics also need to be tested.

Polymer stabilization is well-piloted at Brookhaven. The process performances and final waste form
and stability (chemical and radioactive) need to be demonstrated.

6. Air Pollution Control (APC)

Most of the APC components are also available and are expected to be able to remove any hazardous
air pollutants in the gaseous emission streams. APC is secondary to the organic destruction and
organic separation subsystems because the contaminants expected in these subsystems depend on
their operations. However, APC is also important to the ITTS and because of this, the testing of
APCs in general is of high priority. Some critical R&D engineering needs for APC are included in
Table VII-1.

The least developed APC component considered in the INTS Study is the GPCR. This was the only
nonthermal technology considered for removing organic chemicals from the gas streams. The Panel
questions whether this technology can be developed sufficiently and perform adequately. However,
if it is necessary to pursue nonthermal methods, vigorous research into the performance and operation
of the GPCR is suggested.
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7. Support and Inorganic Treatment

The mercury and lead separation and special waste subsystems are common to all the thermal and
nonthermal systems and are not addressed here. However, further development and testing are
necessary to address performance of these subsystems for both separation and contaminant behavior.
The priorities for further development and testing of these subsystems are secondary to the primary
organic destruction technologies.

C. Future R&D Engineering Systems Studies

Several R&D and engineering systems studies were suggested in the ITTS/INTS Comparison Report
and the presentations made to the Panel by Carl Cooley. The Panel was generally supportive of these
proposals and offers these comments and additions. The recommendations are listed in order of high-
to low-priority.

/. Air Pollution Control Test Bed (High Priority)

The Panel endorses the development of an experimental facility where emission control during normal
operations and upsets and limitations of processes for air pollution control can be readily tested and
verified.

2. Continuous Performance Assurance R&D (High Priority)

One of the key TSWG concerns for all treatment technologies is the need to be assured in a
continuous manner that nothing of high risk is vented to the atmosphere. The development and testing
of continuous emissions monitors was suggested in the study as one element of the APC Test Bed.
The Panel endorses that effort. However, TSWG and permit writers also want to ensure that
emissions are prevented not just monitored. Thus, R&D needs to go well beyond just continuous
emissions monitoring (CEM) and address the systems aspects of integrated CEMs with waste
characterization, robust treatment systems, robust APC systems, control systems, compliance testing
and verification, and operator training certification. The Panel recommends that the systems studies
be extended to address the integrated systems that would be necessary to strengthen the continuous
performance assurance techniques, including technologies such as the hold, certify and release
technologies. R&D is encouraged to examine innovative schemes for realizing the goal of continuous
performance assurance and to test and demonstrate integration schemes. It is critical that DOE has
input from RCRA permit writers through such organizations as NTW since the permitting authorities
are the ultimate decision makers of the continuous performance assurance processes and to insure
that the scheme is consistent with the extensive RCRA waste treatment permit regulations and
guidance.

3. Waste Characterization. (High Priority)

The INTS Study and the ITTS/INTS Comparison Report conclude that the largest impacts of waste
treatment result in the operations of waste characterization, sorting, and size reduction prior to
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treatment. The future studies suggested by Carl Cooley were to examine the extent that this operation
is really needed. Several recent studies conducted by NTW on mixed waste treatment and the Mixed
Waste Focus Area have addressed these requirements from the regulatory and permit writer and
operations perspective. The Panel suggests that DOE continue to work with NTW to further refine
these requirements because there remains a strong difference in opinion on the level of waste
characterization required particularly as related to necessary definition of trace metal feeds. The Panel
recommends that this R&D study be focused on innovative waste characterization procedures that
minimize worker exposure such as non-intrusive characterization systems, remote S&A, in-process
sampling and limited destructive analysis.

4. Water Pollution Control Test Bed (Medium Priority)

The suggested experimental study on integrated water pollution control systems is judged to be only
medium priority due to the large existing database on water treatment operations. Nonetheless, there
remains some important issues surrounding the effectiveness of integrated systems particularly for
trace organic control and radioactive material separation.

5. Organic Destruction Efficiencies (Medium Priority)

Some of the innovative mixed waste treatment technologies have not yet been proven to achieve
sufficient (as necessary to meet Best Demonstration Available Technologies (BDAT) requirements)
destruction efficiencies for the range of DOE mixed wastes matrices. The ability to meet BDAT and
Universal Treatment Standards must be demonstrated for the mixed waste matrices of significant
interest prior to any large scale investment in a treatment technology.

6. Acquisition of Data on Oxidizing vs. Reducing Thermal Treatment Systems (Low Priority)

The study suggested in the wrap-up presentation was to acquire data on the impacts of oxidizing and
reducing operation on performance of systems with respect to issues such as dioxin and metals
volatilization. However, the Panel believed the study suggested in the ITTS/INTS Comparison Report
on theoretical and experimental analysis of the impacts of operating conditions, such as oxidative
versus reducing, temperatures, mixtures, metal feed form, and mode of oxidation on the fate of
hazardous and radioactive metals are critical design factors.

7. Selection and Testing of Final Waste Forms (Low Priority)

A set of guidelines for the durability of the waste product must be established in order to determine
the acceptability of the final form. Is TCLP (Toxicity Characteristic Leaching Procedure) acceptable?
Are more rigorous Product Consistency Test (PCT) comparisons necessary? These guidelines should
establish durability standards that are based on the physical and chemical characteristics of the
product. These guidelines should then serve as a means of quality control of the final form-making
process. Then the suggested R&D on separate waste forms can be more readily compared. The Panel
is aware of a substantial amount of work in this area within other groups in DOE and strongly
suggests a thorough review of this work and the peer review of the Vitrification program conducted
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in Dallas in 1995 prior to initiating any further studies in this area.

8. Systems Studies

The suggested systems studies and the Panel's prioritization are as follows:

• Remediation and D&D System Integration (High)

• Enhancement of Nonthermal Systems (Low)
• Portable Treatment Systems (High)
• Cost Sensitivity (Low)
• Gaseous Effluents and Emissions Reduction Potential (Medium)
• Risk Reduction (High)
• System Waste Flow (High)
• Waste Form and Packaging (Low)
• Options for Gaseous Effluents Management (Medium)
• Options for Aqueous Waste Effluents Management (Low)
• Treat to Characterize (Low)
• Transuranic Waste Management (High)

D. Conclusions

There are no existing nonthermal systems that have been integrated and tested for use with mixed
waste. Two of the nonthermal processes, aqueous UV oxidation and grout stabilization, are available
commercially. Of the nonthermal systems evaluated, the main difference between them is the primary
organic destruction subsystem. None of these three processes, MEO, CWO, and acid digestion, are
developed and tested sufficiently to incorporate into an integrated nonthermal system. Of these, the
Panel recommends further development of only the MEO and acid digestion processes. Further
development of the nonthermal organic destruction technologies is a high priority because they are
key components of any INTS. An even higher priority is development of those processes that are
common to integrated nonthermal and thermal systems. The APC test bed is common to both INTS
and ITTS and so has a high priority. This is supported by TSWG's concern with the ability of an APC
to remove hazardous constituents from gas emissions during normal operation and upset operations.

Although there are no nonthermal subsystems ready for incorporation into an integrated nonthermal
system that can handle the spectrum of mixed waste forms, several may be suitable for special waste
handling, after more testing, development and engineering.
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Table VII-1. Panel Priority Recommendations for
Critical R&D Engineering Needs for Nonthermal Systems

HIGHLIGHTS of CRITICAL R&D ENGINEERING NEEDS PRIORITY COMMENTS

Overall Svstems

Partitioning of organic contaminants, metals, and radionuclides within
each subsystem and throughout integrated system, contaminant reactions
and their products of incomplete reaction

Remediation and D&D System Integration

Assessment of risks and costs for leaving wastes in place including
worker, public, and environmental issues

Cost Sensitivity of systems

High

High

High

Low

Basis for comparison/major
driver for rapid deployment

Hold, Certify, and Release Technology

Sampling procedures including time for sampling for dioxins, furans semi-
volatiles, and other compounds at part per billion and lower levels under
atmospheric and pressurized conditions including the effect of wall
material with special attention on products of incomplete reaction

Design characteristics for use with select ITTS

Determine volume of gas to be stored for NT technologies

High

High

Medium

APC Test Bed

Pilot-scale system to test for emission control during normal operation and
upsets

Continuous emission monitors

High

High

Common to all INTS and
ITTS

Common to all INTS and
ITTS; Should expand to
continuous performance
assurance

Waste Preparation

Determine waste characterization parameters, size of shredded material
and increase surface area and methods to obtain

Determine extent of sorting and shredding necessarv

Determine feasibility of remote handling of material, develop procedures
to increase worker safety and lower risk

Medium

Low

Low

Organic Separation

Vacuum Thermal Desorption: Ability of process to separate organics
from inorganics from sludges and soils, removal efficiencies of organics,
build a pilot facility

Aqueous and High Pressure Wash: Ability of process to separate organics
from inorganics

Medium

Very
Low-

Conditionally recommended

Not a recommended system

Primary Organic Destruction

MEO: Performance on expected contaminants, organic destruction
efficiencies, reaction products, optimization, and silver and nitric acid
recovery, build a pilot facility

CWO: Performance on expected contaminants, organic destruction
efficiencies

High

Very
Low

Not a recommended system
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HIGHLIGHTS of CRITICAL R&D ENGINEERING NEEDS

Acid Digestion: Performance on expected contaminants, reaction
products, organic destruction efficiencies, optimization and flexibility,
build a pilot facility

PRIORITY

High

COMMENTS

Residual Organic Destruction

Aqueous UVOxidation: Performance on expected contaminants, organic
destruction efficiencies, determine reaction products

Gas Phase Corona Plasma Reactor (Air): Operation and performance
characteristics of technology; performance on expected contaminants
organic destruction efficiencies, determine reaction products

Medium

Low Conditionally recommended

Residue Stabilization

For all waste forms: Long term stability with radioactive waste

Establish durability standards (TCLP or PCT), means of quality control,
times for leaching

Grout Stabilization: Leaching of contaminants, especially metals and
radionuclide, organic residue loading and leaching

Phosphate Ceramic Cement: Leaching of contaminants, especially metals
and radionuclides, organic residue loading and leaching

Polymer Stabilization: Leaching of contaminants, especially metals and
radionuclides, organic residue loading, salt loading and leaching

Low

Low

Very
Ix>w

Medium

Low

For selecting and testing
final waste forms

Not a recommended system
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VIII. Cost Estimates and Sensitivity Analysis

A. Cost Analysis

The INTS Study compared the planning life cycle cost (PLCC) estimates of the five nonthermal
systems. The cost analysis is acceptable based upon the limited information available. Given the
developmental status of the nonthermal systems only a first cut can be made on cost estimates and
sensitivity. Total life cycle costs for 20 years of operation ranged from $3908 - 4110 (in millions of
dollars). Since these total costs do not vary significantly, cost should not be used to discriminate
between these systems. Items included in the cost estimates are the following: bench-scale testing,
demonstration, production facility construction, operation, operation and maintenance (O&M), and
demonstration and decommissioning. The developmental status of the various systems gave bench-
scale testing costs that were also about the same. Acid digestion had the highest demonstration cost.
Transportation costs are estimated to be only 1-3 percent of total costs. The disposal costs for the
various systems varied from $2.79 - $3.51/pound which were calculated from the estimated disposal
volumes, assuming a fixed disposal cost of $243/ft3. Given the uncertainties of the systems, these
volume estimates could vary significantly and hence disposal costs should probably not be used as a
discriminator given the current state of development for these systems.

One significant cost that was not included was the cost of continued waste storage associated with
developmental or other delays. This delay cost should be quantified and included in future programs.

B. Sensitivity Analysis

Because of the state of development of various technologies and the similar total costs, the sensitivity
analysis results can only be considered suggestive. Doubling any of the costs, except O&M, resulted
in only a 2 percent to 9 percent increase in cost. Doubling of the O&M costs doubled the PLCC.
Doubling of the disposal costs resulted in a 23 percent increase in PLCC. Variation in technology
development by increasing the preoperation costs by a factor of 4 resulted in the same linear increase
of 12 percent for four years. Disposal costs were relatively insensitive to waste form. A 25 percent
contingency for capital costs is included. This is a generous estimate, but justifiable based upon the
limited development of these systems. Increasing the contingency cost to 50 percent increases total
costs by at most 10 percent. Demonstrated technical feasibility to handle MLLW is most likely the
determining factor for any nonthermal system rather than cost.

Note: The last row of Table 4-8 in the ITTS/1NTS Comparison Report, shown as a percent difference
when the contingency costs are reduced from 50 percent to 25 percent should be changed to
percentage decrease, e.g., -2.47 percent, instead of 102 percent for the first column.
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IX. User Consideration

The Panel sat with the DOE User Group as the TSG presented the results of their study and jointly
sat in on the opening half day of the presentations and the closing presentation by Carl Cooley on
planned work and work in progress. The Panel was interested in some of the User Group concerns
and questions. The questions seem to be more site specific as opposed to large scale regional issues.
Some issues brought up were: 1) hybrid systems which are combinations of INTS and ITTS, 2) on-
site pilot demonstrations, 3) serious reservations about delaying clean-up operations, 4) involvement
in the procurement phase, 5) feasibility of using mobile technologies.6) waste characterization, and
7) APC test bed to show best arrangement and tolerance.

The Panel could not review or comment on specific small-site issues (e.g., where the waste
characterization may be significantly different then assumed for the ITTS and INTS studies) and stay
within the initial guidance. However, the Panel feels that small-site issues need to be addressed.
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X. TSWG Involvement

The Panel attended the opening sessions of the Joint INTS TSG/TSWG meeting which included a
discussion of TSWG Principles and Systems Descriptions, and also the final session which included
summary comments from TSWG that were prepared specifically for the Panel. The Panel concluded
that TSWG's involvement is essential to the success of the program. In fact, the Panel and TSWG
were in apparent agreement on at least the following three technical issues:

• Ross Vincent and Mary Jo Ondrechen, TSWG suggested the need for a better stabilized residue
form using vitrification.

• William Lawless, TSWG suggested there is a need to quantify the risk of delay in treating
MLLW compared with the risk of doing nothing.

• Ross Vincent, Mary Jo Ondrechen and William Lawless emphasized the need to understand the
impacts or dangers posed by unknown products of incomplete reaction that are likely to be in
the effluents from thermal reduction and nonthermal technologies.
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Appendix A:

Regulatory Comments on the INTS Study



Suggested modifications and changes to Appendix A-1 from the INTS Study are as follows (note: If
a particular regulatory section from Appendix A-1 had no suggested modifications or changes, it was
not included in the following sections.):

A-1.3 Toxic Substances Control Act - There have been enough Alternate Treatment methods
permitted for PCBs that there will be established procedures for this process.

A-1.4 CERCLA - The CERCLA process would be required by DOE location responsible for the
buried wastes, but not by the operators of a nonthermal treatment facility that treated the buried
wastes. CERCLA is not relevant to the nonthermal treatment facility permitting process. The
nonthermal treatment facility would however, be required to meet the treatment standards for the
buried waste that were agreed to by DOE and EPA.

A-1.5 Resource Conservation and Recovery Act

A-l.5.3 Land Disposal Restrictions - The Panel suggests that a paragraph should be added on the
Universal Treatment Standards in 40 CFR 268.48. These treatment standards were developed to
clarify land ban standards for specific constituents such as benzene, which had different standards for
different type wastes.

A-l.5.5.1 General - The facility will require Part A and Part B permits.

A-l.5.5.2 RCRA Operating Permits Needed for Treatment Units -The Panel suggests that more
detail be added on the Subpart X permit (40 CFR 264.600 and 270.23) process. There are very few
Subpart X permits for miscellaneous treatment units and consequently, the EPA regions and the states
do not have very much experience in developing and implementing this type of permit. The use by
EPA of existing performance and emission standards from the incinerator regulations (40 CFR 264
Subpart O), the Boiler and Industrial Furnace regulations (40 CFR 266) and the proposed Hazardous
Waste Combustor MACT (or maximum achievable control technology) standards (61 CFR 17358),
is a likely possibility for the permitting of the MEO, CWO and acid digestion processes.

Based on the definition of "treatment" in 40 CFR 260.10 and the applicability section of Subpart X,
it is possible that besides the MEO, CWO and acid digestion processes, other treatment processes
in the nonthermal systems also might be required to have Subpart X permits. The possible candidates
are abrasive blasting; mercury amalgamation; grout; phosphate bonded cement and polymer
stabilization; vacuum thermal desorption; and the aqueous and high pressure wash. Previous EPA
history has shown, for example, that pretreatment devices such a shredder, have been required to
obtain Subpart X permits, unless vented to a primary device such as an incinerator.

A-l.5.5.3 RCRA Subpart AA (New) - The Panel suggests that the discussion of Subpart AA (40
CFR 264.1030 Emission Standards for Process Vents) from Section A-2 of Appendix A be located
in this section instead of section A-2. It is possible that Subpart AA will apply to the aqueous and
high pressure wash case (NT-3) because of the steam stripping in the Process Residue and Inorganic
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Treatment subsystem. This regulation applies to process vents for distillation, fractionation, thin film
evaporation, solvent extraction, or air or steam stripping operations that manage hazardous wastes
with organic concentrations of at least 10 ppm (by weight).

A-l.5.5.4 RCRA Subpart BB - The Panel suggests that a brief discussion of Subpart BE (40 CFR
264.1050 Emission Standards for Equipment Leaks) be added to the final INTS Study. It is likely that
Subpart BB will apply to all five INTS. Subpart BB applies to leaks and fugitive emissions from
equipment that contain or contact hazardous wastes with organic concentrations of at least 10 percent
by weight in units that are subject to the permitting requirements of 40 CFR 270.

A-l.5.5.5 RCRA Subpart CC - Suggest that a brief discussion of Subpart CC (40 CFR 264.1080
Emission Standards for Tanks, Surface Impoundments and Containers) be added to the INTS Study.
It is likely that Subpart CC will apply to all five INTS. Subpart CC applies to facilities that treat,
store, or dispose of hazardous wastes in tanks, surface impoundments, or containers which are subject
to Subparts I, J, or K of 40 CFR 264.

A-l.5.5.6 RCRA Permit Conditions -The Panel suggests that additional detail be added which
discusses the development of RCRA operating permit conditions for the nonthermal processes. The
EPA continues to require that the compliance procedures used in RCRA for metals emissions and
organic emissions rely on detailed characterizations of the waste feed to treatment systems including
trace levels of metals, heating value, chlorine content, and ash content. The NTW has attempted to
define the current requirements for mixed waste characterization and the current state of the art in
waste characterization.3 The ultimate decision maker is the individual permit writer who will define
the necessary permit conditions for waste characterization based upon site specific considerations
using EPA guidance and the technical resource documents.

A-1.6 Ciean Air Act (CAA)

A-l.6.1 Hazardous Air Pollutants - The Panel suggests that a section be added on the Air Toxic
Regulation For OJf-Ste Waste And Recovery Operations. EPA announced on May 28, 1996 that it
is issuing a final regulation to reduce air toxins from off-site hazardous waste storage, treatment,
disposal, and recovery operations. This MACT regulation would control nonthermal treatment
processes in a similar fashion to the synthetic chemical manufacturing industry hazardous organic
national emission standard for hazardous air polluntants MACT regulation, specifying specific
equipment, operational, monitoring, and work practice standards (e.g. 20 ppm HAP emission
standard for process vents, and 98 percent or greater control of organic contaminant emissions by
thermal treatment, requiring an additional scrubber for halogenated organics).

A-l.6.4 Supplemental Toxic Ambient Guidelines (New) - It is suggested that all process emissions
from nonthermal treatment systems that emit hazardous air pollutants, also comply with appropriate
toxic ambient guidelines such as the New York State Air Guide -1 Guidance that specifies acceptable

Draft Technical Resource Document: Mixed Waste Characterization for Thermal Treatment Systems. 1996. Energy
and Environmental Research Corporation. Irvine, CA.
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ambient modeling procedures for both short and long term exposures, and lists toxic air contaminants
of high, medium, and low toxicities, and their appropriate short and long term ambient guideline
concentrations. Toxic air contaminants that are carcinogenic have annual ambient air guideline
concentration values based on unit health risk criteria, while some medium and low toxicity
compound ambient guideline concentration values are based upon a fraction of industrial exposure
occupational health threshold limit values. The New York State Air Guide-1 guidance on toxic air
contaminants also specifies a minimum 10 x E-5 health risk and best available control technology for
significant emissions of highly toxic air contaminants..

A-1.7 Clean Water Act (CWA) - The Panel suggests that it be made clearer in this section that the
basis for the INTS Study was for the facility to discharge the water from the aqueous waste water
treatment system to a receiving body of water which would require a National Pollution Discharge
Elimination System or State Pollution Discharge Elimination System permit.

It is also possible that state regulations will require the monitoring of chlorinated dioxin and fiirans
in the aqueous effluents from the nonthermal systems at the part per quadrillion level.

A-2 Proposed Emission Limits - The Panel suggests that the following changes be made to Table
A-2:

• Incorporate the proposed hazardous waste combustor MACT standards (61 CFR 17358).

• Change total hydrocarbons to 12 ppm(by volume) corrected to 7 percent oxygen on a dry gas basis.

• Change "particulate smaller than 10 microns" to "paniculate matter".

• Change HC1 from 1.8 kilograms per hour to total chlorine (HC1 + Chlorine) at 67 ppm (by volume),
corrected to 7 percent oxygen on a dry gas basis.

• Add the MACT emission standards for semi-volatile and low volatility metals.

• Change dioxins from 30 nanograms of total mass emissions per dry standard meter to 0.2
nanograms of Toxic Equivalents per dry standard cubic meter corrected to 7 percent oxygen for
both the regulatory limit and the proposed level. The European dioxin standard of 0.1 nanograms
is essentially equivalent to the proposed hazardous waste combustor MACT standard of 0.2
because of different oxygen correction factors, standard temperatures and analytical techniques.

• Where appropriate, clarify the table values for the 7 percent oxygen correction and identify all
averaging periods. Carbon monoxide for example, should be corrected to 7 percent oxygen and is
based on a one hour rolling average.
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Cemil Bagci, Ph.D., Mechanical Engineering, Oklahoma State University, 1969. Currently Professor
of Mechanical Engineering at Tennessee Technological University. Principle research interest in stress
and vibration effects on machine design and performance. Associate editor of the International
Journal of Mechanism and Machine Theory. Currently preparing textbooks on kinematic design of
mechanical systems; dynamics of machinery; and machine design. Teaches courses in machine design
and dynamics of machinery.

James J. Cudahy, M.B.A., Michigan State University, 1967; M.S., Chemical Engineering,
University of Delaware, 1966. Currently President of Focus Environmental, Inc. in Knoxville,
Tennessee. Specializes in incineration, thermal treatment and various other aspects of solid and
hazardous waste management, permitting, and soil cleanup technologies. Has over 90 publications
and presentations in these areas. Served as Process Consultant for Hazardous Waste Incineration and
Director of Business Development for IT Corporation from 1980 to 1988.

Charles H. Drummond, III, Ph.D., Applied Physics, Harvard University, 1974; M.S., Ceramic
Engineering, Ohio State University, 1968. Currently Associate Professor in Department of Materials
Science and Engineering at Ohio State. Specializes in behavior and properties of glasses and ceramics.
Serves as Director of Glass Problems Conference since 1974. Summer Faculty Fellow at National
Aeronautics and Space Administration's Lewis Research Center from 1986 to 1992.

Martin N. Haas, Ph.D., Nuclear Science, State University of New York at Buffalo, 1977. Board
Certified as Industrial Hygienist and as a Health Physicist. Currently Lead and consulting expert on
Radiation Safety and Risk Assessments for Morrison Knudsen Environmental in Las Vegas, NV. Past
experience includes providing consulting expertise to state and local officials on DOE mixed waste
cleanup sites and providing safety analysis and risk assessments on both radioactive and hazardous
chemical cleanups. Past review activities include evaluation of DOE proposed program for Risk
Assessment and Risk Management, committee member of the IAEA Arima Commission for Nuclear
Safety/Cleanup Data, and as a member of the Nuclear Safety Advisory subcommittee under the
National Academy of Science.

Joseph A. Heintz, B.S., Electrical Engineering, University of Illinois. Currently Instrumentation and
System Control Manager for Mid-America Engineers, Inc. Previously Senior Project Manager for
Process Instrumentation and Computer Systems for Chemical Waste Management Company.
Extensive experience in instrumentation design and instillation for process control and facility
operation.

Francis W. Holm, Ph.D., Mechanical Engineering, Kansas State University, 1969. Currently a
private consultant providing technical support to North Atlantic Treaty Organization Scientific Affairs
on the destruction of chemical weapons and to the U.S. Army on alternative technologies and
environmental issues. Professional interests in handling and disposal of chemical weapons, alternative
technologies for waste treatment, and hazardous and municipal waste treatment. Previous experience
evaluating all technologies used for demilitarization of both the U.S. Unitary Chemical Agent
Stockpiles and non-stockpile material from formerly used defense sites.
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Jack D. Lauber, Qualified Environmental Professional, Institute for Professional Environmental
Practice, 1995; B.S., Chemical Engineering, New York University, 1959. Since 1982 Chief of
Technology Assessment for the Bureau of Application Review and Permitting in New York State's
Department of Environmental Conservation where he joined as Chief of Process and Toxic Material
Section in 1971. Expertise in air pollution and toxic contaminants control, and' municipal, medical and
hazardous waste incineration. Diplomate in Air Pollution Control, American Academy of
Environmental Engineers.

David M. Martin, Ph.D., Ceramic Engineering, Iowa State University, 1966; B.S., Glass
Technology, State University of New York, 1962. Since 1982 Professor in Materials Science &
Engineering Department at Iowa State. Research interests include thermal properties, thermo-
visoelasticity, properties of glasses, nondestructive evaluation, and glass chemistry.

Barbara Saunders-Price, Ph.D., Physical Chemistry, Harvard University, 1972. Founded Applied
Science and Analysis, Inc., an international consulting firm specializing in environmental protection
and nuclear, biological, and chemical defense issues. Areas of expertise include chemical and nuclear
contamination, risk assessment, and environmental transport; environmental assessment, audits, and
training; quality assurance; and chemical and toxicity data interpretation. Conducted evaluations of
pollution control and protection equipment for governments and industries in more than 15 countries
in Europe, Africa and Asia.

William Seeker, Ph.D., Nuclear and Chemical Engineering, Kansas State University. Currently,
Senior Vice President for Energy & Environmental Research Corporation. Invited Lecturer, Twenty-
Third International Symposium on Combustion, Orleans, France, 1990. Technical expertise in thermal
treatment of waste; management of medical, hazardous, municipal solid and sewage-sludge waste;
combustion of coal and alternative fuels; advanced applications of natural gas; NOx formation and
control; SO2 formation and control; formation and control of toxic air emissions; combustion systems,
conventional and advanced; waste and Superfund material treatment technologies; pollution
prevention; and high-temperature reaction engineering. Author of more than 100 technical papers.

Larry R. Waterland, Ph.D., Chemical Engineering, Stanford University, 1975. Currently Manager
of the Incineration Technology Development Program at Acurex Environmental. Primary
responsibility for managing all of EPA's pilot-scale hazardous waste incineration research at EPA's
Incineration Research Facility. Professional experience includes hazardous waste destruction via
incineration and other thermal processes; hazardous pollutant emissions and control evaluation; and
stationary combustion source design, operation, emission, and control evaluation.
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Independent Peer Review Panel Agenda

August 5-9, 1996

Monday, August 5, 1996

1:00-4:00 pm Meeting of IPRP Chairman Holm

5:30-7:00 pm Reception with Tribal and Stakeholders Working Group and INTS Staff

7:00-9:00 pm Meeting of IPRP Chairman Holm

Tuesday, August 6,1996

8:00 am Observe at joint meeting of TSG/TSWG (see TSG/TSWG agenda)
Topics to be covered:
~ Results of January TSWG meeting
— Results of April TSG meeting
— Review of TSWG Principals and Crosswalk with Tech. Criteria
~ ITTS/INTS Systems Overview
— Comparison of Effluents
— Comparison of Final Waste Forms, Volume Reductions, Loadings, and Performance

12:00 pm Working Lunch

1:00 pm Presentations and Discussion

1:00 pm Comparison of Potential Effluent Contaminants and Methods for Minimizing, W.
Schwinkendorf

1:45 pm Comparison of System Destruction/Removal Performance and Technology
Uncertainties, W. Quapp/W. Schwinkendorf

3:00 pm Comparison of Land Use for Facility and Disposal Site, J. Vetromile

3:30 pm Break

3:45 pm Comparison of Life-Cycle and Subsystem Costs and Sensitivity Analysis, W. Quapp

4:45 pm Comparison of Relative System Health and Safety Risks, D. Shropshire

6:00 pm Adjourn

Evening Session (as directed by Chairman Holm)
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Wednesday, August 7, 1996

8:00 am Continuation of Presentations

8:00 am Comparison of Hazardous Reagent Transportation Relative Risks, D. Shropshire

9:00 am Comparison of Resource Utilization, Reagents, and Internal Recycle, W.
Schwinkendorf

10:00 am Comparison of Technology Development Status and Development Requirements,
Quapp and Schwinkendorf

11:00 am Detailed presentations on any subjects covered during Tuesday morning's session
with TSWG as desired by IPRP

12:00 pm Working Lunch

1:00 pm Choose Writing Assignments

1:30 pm Break up into Writing Groups/Issue Areas

4:45 pm Rejoin TSWG/TSG meeting to hear Carl Cooley discuss Future Systems Work

5:30 pm Adjourn

Evening Session — as directed by Chairman Holm

Thursday, August 8, 1996

8:00 am Convene; discussion of day's writing assignments

9:00 am Briefing by LITCo Pis to respond to questions (as necessary)

10:30 am Resume Writing

12:00 pm Working lunch

5:30 pm Adjourn

Friday, August 9, 1996

5:00 pm Complete writing assignments
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