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EPA/DOE JOINT EFFORTS ON MIXED WASTE TREATMENT 

C.C. Lee*, G.L. Huffman*, R.P. Nalesnik** 
P. Siebach***, W. Prymak****and P. Williams***** 

ABSTRACT 

Under the requirements of the Federal Facility Compliance Act (FFCA), 
the Department of Energy (DOE) is directed to develop treatment plans for 
their stockpile of wastes generated at their various sites. As a result, DOE 
is facing the monumental problem associated with the treatment and ultimate 
disposal of their mixed (radioactive and hazardous) waste. 
conventional and innovative environmental techno1 ogi es are under development 
for this application. 

Numerous 

Meanwhile, the Environmental Protection Agency (EPA) issued a final 
"Hazardous Waste Combustion Strategy" in November 1994. Under the Combustion 
Strategy, EPA permit writers have been given the authority to use the Omnibus 
Provision of the Resource Conservation and Recovery Act (RCRA) to impose more 
stringent emission limits for waste combustors prior to the development of new 
regul at i ons . 

EPA and DOE established a multi-year Interagency Agreement (IAG) in 
1991. The main objective of the IAG (and of the second IAG that was added in 
1993) is to conduct a research program on thermal technologies for treating 
mixed waste and to establish permit procedures for these technologies 
particularly under the new requirements o f  the above-mentioned EPA Combustion 
Strategy. The objective of this Paper is to summarize the results of the 
EPA/DOE joint efforts on mixed waste treatment since the establishment o f  the 
original Interagency Agreement. Specifically, this Paper will discuss six 
activities that have been underway; namely: 

(1) National Technical Workgroup (NTW) on Mixed Waste Treatment 

(2) State-of-the-Art Assessment of APC (Air Pollution Control) and 
Monitoring Technologies for the Rocky Flats Fluidized Bed Unit 

(3) Initial Study of Permit "Roadmap" Development for Mixed Waste 
Treat men t 

(4) Risk Assessment Approach for a Mixed Waste Thermal Treatment Facility 

(5) Development and Application of Technology Selection Criteria for 
Mixed Waste Thermal Treatment 

(6) Performance Testing of Mixed Waste Incineration: In-Situ Chlorine 
Capture in a Fluidized Bed Unit 
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INTRODUCTION 

The nation faces a monumental problem associated with the cleanup of 
facil ities previously producing nuclear weapons. One of the 1 argest efforts 
involves treatment and ultimate disposal of mixed (radioactive and hazardous) 
waste. Numerous conventional and emerging environmental technol ogies are 
being developed for this application. However, a major impediment to the use 
of these technologies is the uncertainty associated with permitting 
requirements for such technol ogi es. The DOE (Department of Energy) is 
responsible for the cleanup of existing weapons production plants and, because 
of the Federal Faci 1 it i es Compl i ance Act, must meet a1 1 appl i cab1 e regul at i ons 
and permitting requirements imposed by EPA and individual States. 
Unfortunately, no clear guide1 ines exist on mixed waste thermal treatment 
systems because they were not considered in the development of the EPA 
(Environmental Protection Agency) hazardous waste treatment regul ations. 

In addition to the above-mentioned uncertainty; EPA issued a final 
"Hazardous Waste Combustion Strategy" in November 1994. Under the Combustion 
Strategy, EPA permit writers have been given the authority to use the Omnibus 
Provision of the Resource Conservation and Recovery Act (RCRA) to impose more 
stringent emission 1 imits for waste combustors prior to the development of new 
regulations. 

activities and EPA's permit authority was the lack of effective communication, 
interaction, and understanding among stakeholders. To bridge the gap, EPA and 
DOE have established two Interagency Agreements (IAGs) in this area since 
1991. The concept, the goal, and the approach of this EPA/DOE cooperative 
effort are broadly depicted in Figure 1. This Paper will summarize the status 
of and the results from six (6) major activities that have been underway since 
the inception of the EPA/DOE joint effort regarding mixed waste thermal 
treatment (using either conventional or innovative technologies). These six 
activities are: 

On,e.of the major gaps of the past between DOE'S mixed waste treatment 

(1) National Technical Workgroup (NTW); 
(2) Assessment of Air Pollution Control (APC) and Monitoring 

(3) 
(4) Risk Assessment Methodologies/Approaches; 
(5) 

(6) 

Technol ogi es ; 
Development of a Permitting "Roadmap"; 

Devel opment of Thermal Treatment Technol ogy Sel ecti on Criteria; 
and 
Performance Testing for Chlorine Capture in a Fluidized Bed 
Unit (FBU). 

Each o f  these activities are described below. 
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FIGURE 1. EPA/DOE COOPERATIVE EFFORT IN MIXED WASTE 

w 

Regulations Requirements : 
EPA and State Role 

e.g., NEPA EIS 
RCRA Part B 
TSCA Permit 
State Air Quality 

Permit 
Procedures : 
Cooperative 

Effort 

Monitoring Syslciiis 1 

Technology Requirdrncnts: 

e.g., Incineration 

EPA and State Permit c Decisions 



1. NATIONAL TECHNICAL WORKGROUP (NTW) 

One of the first major IAG accomplishments was the establishment of the 
National Technical Workgroup (NTW) on Mixed Waste Treatment to assist EPA and 
DOE in the development and implementation of the various tasks needed by the 
IAG to fulfill its mission. The NTW is composed of representatives from all 
of the important stakeholders such as the Department of Energy, Environmental 
Protection Agency (particularly, EPA's Regional permit writers), Nuclear 
Regulatory Commission, Regulating States, and Citizens Advisory Groups. The 
mission adopted for the NTW is to: 

"Support the development of coordinated, consistent , and environmentally 
protective national permit procedures for mixed waste thermal treatment .I1 

The NTW is not designed to make permit decisions but rather it provides 
technical advice on the framework for the decisions to be made by the permit 
writers responsible for individual facilities. In 1993, a NTW National 
Meeting was held in Denver; it identified the major barriers to permitting 
mixed waste thermal treatment systems (EPA-93/4). To address these barriers, 
a number of studies have been initiated and the results of these studies are 
high1 ighted in the sections below. 

Another NTW National Meeting was held in Washington, DC in 1994 to 
discuss the progress made on various fronts and to continue stakeholder 
discussions on several critical elements such as the framework for the Permit 
"Roadmap," waste characterization requirements for permitting, pub1 ic 
involvement , ri sk assessments, and performance assurance techniques (EPA- 
94/9). 

Currently, NTW activities have received very strong support from DOE's 
and EPA's Headquarters personnel as well as from their field offices. 
example, the Director of the DOE "EM55" Office summarized the utility of the 
NTW when she said in 1992 "The NTW can be one of the most effective tools to 
help DOE treat mixed waste." The NTW function has been very successful and 
effective in bridging the information gap among DOE, EPA, and the other 
stakeholders regarding mixed waste thermal treatment. 

For 

2. STATE-OF-THE-ART ASSESSMENT OF APC (AIR POLLUTION CONTROL) AND MONITORING 
TECHNOLOGIES FOR THE ROCKY FLATS FLUIDIZED BED UNIT (EPA-94/3) 

DOE's nuclear weapons facil i ty at Rocky Flats in Golden, Colorado has 
been exploring the possibility of constructing a thermal treatment system to 
treat their mixed wastes (again, wastes which have both radioactive and 
hazardous contaminants). The Rocky Flats wastes include liquid wastes and a 
highly heterogeneous mixture of solid wastes from a number of on-site sources. 
This IAG study was aimed at determining what an updated version o f  a 
Demonstration Unit that now exists at Rocky Flats should consist of [given 
that it should be a staged, low temperature, catalytic, fluidized bed unit 
(FBU)]. This study was also to identify monitoring systems that will assure 
the performance of the FBU. A draft report that describes the results of this 
state-of-the-art assessment of (continuous flow) air pollution control and 
monitoring technologies was prepared in 1994. Highlights of the report appear 
in the following subsections. 
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2.1. Peaulatorv Reauirements for the FBU 

Table 1 summarizes the regulatory limits which would be applicable to 
the flue gas effluent from the proposed Flui.dized Bed Unit. This Table is 
based on the assumption that the facility will have to comply with emissions 
standards comparable to those promulgated by the U.S. Environmental Protection 
Agency in 1991 that regulate the burning of hazardous wastes in boilers and 
industrial furnaces, i .e., the "BIF Rule." 

2.2. Air Pollutants and Their Control 

In order to meet such regulatory limits, the air pollution control 
system utilized by the proposed FBU unit must perform six basic functions (see 
Figure 2 for the chosen six stages of air pollution control, APC); these 
functions are: 

0 Acid gas removal to meet the HC1 emissions limits and to protect 
downstream equipment which is susceptible to corrosion. In the new 
FBU proposed for the Rocky Flats wastes, the acid gases are removed 
in the two sodium carbonate fluidized beds upstream of the APC system 
(Stage #l). 

Initial particle removal to take out the bulk o f  the particles 
(including almost all of the coarse particles) from the flue gas, 
thus reducing the particulate loading and preventing clogging and 
fouling of downstream equipment. 
is performed by the inter-bed cyclones and the sintered metal filters 
(Stages 2 and 3). 

0 

In the proposed FBU, this function 

0 Organics removal to take out any organics which escape the fluidized 
beds and thus meet the emissions limits for COY total hydrocarbons, 
and for products of incomplete combustion (PICs), if any. 
proposed FBU, this function is provided by two catalytic converters 
in parallel which are downstream of an electrical duct heater (which 
ensures that temperatures remain above the "temperature window" for 
the secondary formation of dioxins and furans) [Stages #4 and 51. 

In the 

0 Gas cooling to protect temperature-sensitive downstream equipment and 
to condense volatile species for subsequent collection. This is 
accomplished by two parallel heat exchangers in the proposed FBU. 

Final particle removal to meet emissions limits for particulate 
matter, toxic metals, and radionuclides. In the proposed FBU, this 
control is provided by two parallel high-efficiency particulate air 
(HEPA) filter trains (each train consisting of a conventional glass- 
fiber HEPA followed by a more robust metal-fiber HEPA) [Stage #6]. 

0 Volatile radionuclide removal to control any radionuclides which 
escape the particulate control system in vapor form. 
radionuclides are not present in the Rocky Flats wastes, therefore 
this function does not apply to the APC system selected for this 
appl i cat i on. 

Volatile 
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TABLE 1 .  GOVERNING A I R  EMISSIONS REGULATIONS (EPA-94/3) 

ZDWAir Permit 
> 20% opacity using EPA Method 9 
PM < 0.15 gr/dscf corrected to 12% C@ 
SO2 2 todday (BACT quiremenu) 
Beryllium 

Mercury < 2,300 grama4 hr period 

<lOg/24hrperiod 
Ambient property line concentration c 0.01 pg/m3 over 30 d a j s  

H$ ambient cow. < 142 p@n3 over 1 hr 
Lead ambient COIEC. 

kCRA TSD Pernritw 
PM 0.08 gr/dscf 
DRE of POHCs > 9 9 . M  
Metals, HCI andCl2 (< 1 in 100,ooO health risk) 

1.5 pgm3 over 1 month 

conc.atMEI(p 
3.00E-01 
2.30E-03 
5.00E-01 
S.SOE-03 
8.3oE-04 
9.ooE-02 
8.ooE-a2 
3.0OE4X 
3.ooE-01 
7.ooE+oc 
4.ooE-01 

,~ 

Leclend; 
c#l = Colorado Dopartmont 

of ne81 th 

M = P8rtlculato Uatter 
0 k S t  AV8il8blr 

Control TKhnOlogy 

W s  = Principal Organic 
Hazardous Constituents 

O & =  Dostruetionand Removal 
Elf I C 1  m y  

0 ME1 = Haxlu Exposed Individurl 

RSO = Risk Specific DOSO 

MC Raforanca A i r  Cormntrrtic 

BmcdonRSD md RAC u qscitkd by the B I F n m  
**See Tables 3 and 4 for definitions o f  other terns used in this Table 
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2.3. APC Assessment Criteria 

A set o f  technical assessment criteria was developed to provide a 
quantitative and documented procedure for ranking APC techno1 ogies and systems 
for this application. The criteria and their associated weighting factors are 
shown in Table 2. In order of importance, these criteria are: 

Reliability -- How dependable is the APC technology? 
0 Performance -- How well does the technology work? 

Compliance assurance/monitorability -- How easily can you tell that 
the technology is working? 

Maintainability -- How easy is it to keep the technology working? 
Durability -- How rugged is the technology? 
Cost -- How much does the technology cost to build and operate? 

Based upon these criteria, individual air pollution control components 
and integrated systems were ranked and a single air pollution control system 
was selected as most appropriate for the Rocky Flats Fluidized Bed Unit. As 
mentioned above, Figure 2 shows the six stages of air pollution control 
selected. 

Figure 2 also shows the monitoring parameters and locations for the 
selected system. A continuous monitoring system was selected. It uses a 
flame ionization detector (FID) for measuring total hydrocarbons, a 
paramagnetic analyzer for measuring 0, and uses the gas filter correlation 
and single-beam dual wavelength analys'is methods for measuring CO, CO NO,, 
SO,, HC1, and H,O. Radionuclide monitoring systems were selected incfiding: 

0 A continuous monitoring system including continuous flow extractive 
sampling through a fixed filter with both alpha and beta detectors 
accompanied with pseudo-coincidence counting electronics. 

0 A sample and analysis system including extractive sampling through a 
removable filter which is subsequently processed in a laboratory by 
radiochemical processing followed by alpha detection. 

0 Both segmented gamma scanning instrumentation and passive/active 
neutron coincidence counting instrumentation for analysis of 
radionuclides in the drummed waste. 

2.4. Studv Results 

The selected 6-stage air pollution control system described above is 
believed to be capable of meeting all applicable regulatory and permitting 
requirements. Emissions of toxic metals from the syttem are estimated to be 
approximately two orders of magnitude 1 ower than 10- ri sk-based 1 imi ts, and- 
emissions of radionuclides are estimated to be more than two orders of 
magnitude lower than risk-based limits. 
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TABLE 2. APC TECHNOLOGY ASSESSMENT CRITERIA (EPA-94/3) 

Durability 10 
cost 6 

Total 100 
4 

. 28 Reliability 
Performance 20 

I c 

Compliance AssurancdMonitorability 20 

chances of failure under upset conditioas 
consequeaas of failure under M#mal d o n ! !  
consequenas of failwe under upset coditim 

cleaningefficiency 

C o m p l i m c e ~ d ~ ~  

Abilityforproperoperatioaass~ 

Complexity of monitoring technology 
Ability for performance assurance 

ilityinabostileenvitonmnt 

installatian a n d n d  weardktc 

Maintainability 

9 

16 

Weighting Factor 

8 
8 
4 

6 
8 
6 

6 
IO 

8 
2 
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This "state-of-the-art" assessment/study was based on the assumption 
that the flue gas to be treated is generated from burning the Rocky Flats 
waste in a fluidized bed unit of similar design to the Rocky Flats 
demonstration fluidized bed unit. The study pointed out that it will be 
necessary to reevaluate certain aspects of the APC and monitoring system 
selection if there are significant changes in the characterization of the 
waste to be treated, the design or choice of the thermal treatment unit, or in 
the emission limits which must be met. 

The study also recommended that a detailed risk assessment be conducted 
in order to determine the exact emissions limits which the facility must meet 
and to properly ensure public and environmental safety. This risk assessment 
should include site-specific dispersion modeling using EPA-approved computer 
codes, and it should examine the risk associated with species emitted during 
both normal operation and conceivable upsets. 

3. PERMIT "ROADMAP" FOR MIXED WASTE TREATMENT (EPA-94/4) 

One of the key components in meeting the NTW's mission is the 
development of a national regul atory compl i ance (or permit) ''roadmap" for 
facilities which treat mixed wastes. 
comprehensive procedure to 1 icense and/or permit a mixed waste incineration 
process in the United States. 
hazardous and radioactive components, therefore it is governed by both 
hazardous waste and radiation exposure regulations. As a result, there are 
numerous agencies that an owner/operator of a proposed treatment site must 
deal with. 

At present, there is no clearly defined 

By definition, mixed waste contains both 

Table 3 shows the various environmental laws and their corresponding 
responsible agencies which govern the treatment and disposal of mixed waste. 
Each law has led to many regulations (as codified in the CFR, Code of Federal 
Regulations) that the responsible agencies have developed. 
example, Table 4 shows the EPA (only) regulations and standards that a mixed 
waste thermal treatment facility must comply with. Figure 3 shows a suggested 
sequence (framework, "roadmap") by which a facility might apply for and obtain 
the necessary construction and operating permits. For the most part, the 
framework developed in this initial phase of this IAG/NTW study is limited to 
that which is applicable to a DOE low-level mixed waste incinerator. The 
framework consists of the basic sequential elements necessary to obtain the 
required permits for such a facility. While a single approach to the 
permitting of a facility will not necessarily be best in all situations, the 
elements shown in Figure 3 allow any DOE site to develop a permit plan for its 
specific mixed waste incinerator. However, this IAG/NTW study is far from 
completion. The task of further refinement of the "roadmap" and incorporation 
of further details is necessarily left to a future project. 

Using EPA as an 

4. RISK ASSESSMENT APPROACH FOR A MIXED WASTE THERMAL TREATMENT FACILITY (EPA- 
94/9a) 

The objective of this ongoing IAG/NTW study is to identify: (1) the 
various types of risk assessments that are potentially applicable to a DOE 
mixed waste thermal treatment facility; (2) the many requirements specified 
under these risk assessments; and (3) available guidance on performing such 
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Law/Act 
Clean A i r  Act (CAA) 

Responsi b l  e Agencies 
EPA, State o r  l o c a l  a i r  Qual i ty  

Clean Water Act (CWA) 

Resource Conservation and Recovery Act (RCRA) 

Hazardous and Sol i d  Waste Amendments (HSWA) 

EPA, l o c a l  water & san i ta t i on  
d i s t r i c t s  

EPA, State and l o c a l  waste 
management agencies 
EPA, State and l o c a l  waste 
management agencies 

Comprehensive Environmental Response, 
Compensation and L i  abi 1 i t y  Act (CERCLA) 
Superfund Amendments and Reauthorization Act 
(SARA) 

11 

EPA 

EPA 

Emergency P1 anning and Community Right-to-Know 
Act (EPCRA) 
Toxic Substance Control Act (TSCA) 
National Environmental Pol i c y  Act (NEPA) 
Occupational Safety and Health Act (OSHA) 
Atomic Energy Act o f  1954 (AEA) 
Energy Reorganization Act o f  1974 (ERA) 

EPA 

EPA 
A1 1 
OSHA, approved States 
DOE, NRC, agreement States 
DOE, NRC, agreement States 

Low-Level Radioactive Waste Po l i cy  Act of 1980 
Low-Level Radioactive Waste Pol i c y  Amendments Act 
O f  I985 

DOE, NRC, agreement States 
DOE, NRC, agreement States 



c 
N 

Act 

CAA 

CWA 

RCRA 

CERCLA 
/ SARA 
/ EPCRA 

- 
- - 

Part 

40 CFR 
60 

- 

- 
40 CFR 
61 

- 
40 CFR 
117 

- 
40 CFR 
122 

- 
40 CFR 
264 

- 
40 CFR 
266 

- 
40 CFR 
268 - 
40 CFR 
302 - 
40 CFR 
355 - 

TABLE 4. 0' 

Standard 

Standards of Perfonnance 
for New Stationary 
Sources 

National Emission 
Standards for Hazardous 
Air Pollutants (NESHAP) 

Determination of 
Reportable Quantities 
for Hazardous Substances 

Aclministered Permit 
Program: the National 
Pollutant Discharge 
Elimination System 

Standards for 
Owner/Operators of 
Hazardous Waste 
Treatment, Storage and 
Disposal (TSD) 
Faci 11  ties 

Standards for the 
Management of Specific 
Hazardous Wastes and 
Specific Types of 
Hazardous Waste 
Management Faci lities 

Land Disposal 
Restrict ions 

Designat ion, Reportable 
Quantities and 
Not if icat ion 

Emergency Planning and 
Hot if icat ion 

IVIEU OF EPA (ONLY) STANDARDS APPLICABLE TO THE TREATMENT OF DO 

Applicability 

Owner/operator of any new or modified stationary source for 
which a standard is prescribed 

Owner/operator of any stationary source for which a standard 
is prescribed 

Sources which discharge into navigable waters designated 
substances in quantities equal to or greater than the 
reportable quantities (but above that specified in the 
facility's NPDES permit) 

Owner/operator who discharges into navigable waters of the 
U.S. 

Owners/operators of all facilities which treat, stbre or 
dispose of hazardous waste 

Owner/operator of any hazardous waste or hazardous waste 
management facility for which a standard is prescribed 

Any person who generates or transports hazardous waste and 
a1 1 owner/operators of hazardous waste treatment, storage and 
di sposa 1 fac 1 1  i ties 

Any person in charge of a facility where a release of a 
hazardous substance occurs in a quantity equal to or 
exceeding the reportable quantity in any 24 hour period 

Any faci 1 ity at which there are present an 'amount of 
extremely hazardous substance equal to or in excess of its 
threshold planning quantity 

S HIXED WASTE (EPA-94/4) 

Requirements for: 

Recordkeeping, monitoring, reporting, opacity limit 

Recordkeeping , mon i tor ing, individual standards for 
beryllium emissions from facilities which process 
beryllium containing waste, radiation exposure limits for 
DOE facilities 

Notification 

Recordkeeping and reporting f 

General facility, reporting, recordkeeping, financial 
responsibility. Emission limits, performance and 
operational standards, monitoring and recordkeeping 
requirements for waste incinerators. 

Emission limits, performance and operational standards and 
recordkeeping and monitoring for boilers & industrial 
furnaces that burn hazardous wastes 

Specif led treatment and/or MX. pollutant concentration in I 
the waste or waste extract of LDR wastes before land 
disposal 

Release notif icatfon 

I 
Emergency planning and release notification 



40 CFR 

40 CFR 

Hazardous Chemical 
Reporting: Comnunity 
Right-to-Know 

Any facility that is required to prepare or have available a 
material safety data sheet for a hazardous substance under 
the Occupational Safety and Health Act of 1970 and has the 
specified substance in amounts greater than the specified 
limits 

Reporting, inventory and public access to information 

Toxic Chemical Release: 
Comnunity Right-to-Know 

PCB bnufacturing, 
Processing, Distribution 
in C m r c e  and Use 

Any facility of 10 or more employees, with an SIC between 20 
and 39 which manufactured, processed, or otherwise used a 

All persons who manufacture. process, distribute in c m r c e ,  
use or dispose of PCBs or PCB items 

Recordkeeping, reporting, not if ication of releases 

Recordkeeping. use of manifest system for off-site PCB 
waste receivers, performance and operational standards for 
incinerators of PCBs 
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assessments. In actuality, there are basically two types of risk assessments 
applicable to a mixed waste facility: a human health risk assessment as 
usually required by the EPA and as specified under the National Environmental 
Pol icy Act (NEPA) and a nuclear safety evaluation such as that required by DOE 
and the Nuclear Regulatory Commission (NRC). To meet the objectives defined 
above, this study carried out/performed/generated the following: 

An overview of the basic steps comprising the two types of risk 
assessments applicable to a mixed waste thermal treatment facility as 
described above, the human health risk assessment and the nuclear 
safety evaluation; 

A survey of the risk assessment requirements applicable to a DOE low- 
level mixed waste treatment facility as specified by governing 
agencies (e.g. , DOE, EPA) and applicable legislation (e.g. , NEPA); 
and 

A detailed description of the step-by-step procedures required when 
performing an EPA-specified human health risk assessment for an 
example DOE 1 ow-1 eve1 mixed waste treatment facil i ty. The assessment 
was performed in such a way as to present an example/model which 
could be used by similar DOE sites to assess the risk associated with 
their specific mixed waste thermal treatment facility. 

In the study, a discussion of the steps basic to both a human health 
risk assessment and a nuclear safety evaluation is given. The four elements 
general to the first type of assessment (Hazard Identification, Dose-Response 
Assessment, Exposure Assessment and Risk Characterization) are discussed as 
to how they would be applied to any given (example) facility. The three 
elements basic to a nuclear safety evaluation (Hazard Classification, Hazard 
Analysis, and Accident Analysis) are discussed as to how they would be applied 
to a DOE facility. 

Additionally, a survey of the many risk assessment requirements 
applicable to a DOE low-level mixed waste thermal treatment facility (as 
speci f i ed by the governing agencies and appl i cab1 e 1 egi sl ati on) was conducted. 
Risk assessment is a term that has been increasingly used as a "catch-all" 
phrase in the past few years. Many times the specific meaning of the term 
"risk assessment" is unclear, misunderstood, and miscommunicated. Often, what 
one individual (or agency) considers as the steps necessary to perform a risk 
assessment are not the same as those considered by another. The specific 
requirements for a risk assessment performed for the EPA may be quite 
different from those required by the DOE or NRC. 
specific requirements as defined by the EPA, DOE, and under NEPA were 
identified in this study. The specific intent of these agencies (or 
legislation) in requiring such assessments was noted. 
compilation of the numerous requirements of these risk assessments that are 
applicable to a mixed waste thermal treatment unit was made. 

Risk assessments and their 

From this survey, a 

The study has described the various steps required when performing a 
human health risk assessment for a DOE low-level mixed waste thermal treatment 
facility. This type of assessment is that which is typically called for by 
the EPA and is specified under NEPA. However, the study focused on the 
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current requirements as called for by EPA’s Office of Solid Waste (OSW) when 
performing such an assessment under their direction. These requirements were 
illustrated through the use of an example facility. The various steps of such 
a risk assessment were presented in such a manner as to provide an example/ 
model which other DOE sites with similar facilities may choose to follow. 

5. DEVELOPMENT AND APPLICATION OF THERMAL TREATMENT TECHNOLOGY SELECTION 
CRITERIA FOR DOE/ROCKY FLATS MIXED WASTE (EPA-94/9b) 

The 1992 Federal Facilities Compliance Act (FFCA) requires each DOE site 
to develop a plan for treatment o f  its wastes. The hazardous components of 
the waste are regulated under the 1976 Resource Conservation and Recovery Act 
(RCRA) . Under the authority of the 1984 Hazardous and Sol id Waste Amendments 
to RCRA, EPA requires certain Land Disposal Restricted (LDR) wastes (including 
mixed wastes) to be treated with the Best Demonstrated Available Technology 
(BDAT) prior to land disposal. Thermal treatment has been specified as BDAT 
for many organics-containing wastes. 

To enable the DOE sites to develop a treatment plan, an objective, 
documented and defensible methodology for eval uating and selecting appropriate 
treatment technologies is required. This IAG/NTW study documents the efforts 
to develop and apply criteria for the evaluation of thermal treatment 
technologies for mixed waste. While the selection criteria are intended to be 
generally applicable, the example application chosen in this study was for the 
treatment of the mixed waste located at DOE’S Rocky Flats Plant. 

5.1. Mixed Waste Characteristics 

categories according to radioactive activity levels; these categories are: 
Waste containing radionuclides is classified by DOE into six main 

Transuranic Waste --- Waste that is contaminated with alpha-emitting 
transuranium radionucl ides (atomic number greater than 92) with 
half-lives greater than 20 years and concentrations greater than 100 
nCi/g (nanoiuries per gram). of waste. 

Low-Level Waste --- Waste that contains rad 
classified as high-level, transuranic waste, 
byproduct materi a1 . 

oactivity and is not 
or spent nuclear fuel or 

High-Level Waste --- The highly radioactive waste material that 
results from the reprocessing o f  spent fuel. 

Contact-Hand1 ed Transuranic Waste --- Packaged transuranic waste 
whose external dose rate does not exceed 200 mrem/hr. 

Remote-Handled Transuranic Waste --- Packaged transuranic waste whose 
external dose rate exceeds 200 mrem/hr; and 

Mixed Waste --- Waste containing both radioactive and hazardous 
components as defined by the Atomic Energy Act and the Resource 
Conservation and Recovery Act, respectively. 
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The Department of Energy uses and produces many hazardous compounds in 
their diverse operations such as the manufacture of weapons. As a result, 
over the years, a considerable amount of waste that is both hazardous and 
radioactive has accumulated at a number of DOE sites. It is estimated that a 
total of 136,000 cubic meters of low-level radioactive mixed waste is 
currently stored at various Department of Energy complexes. Of all of the DOE 
facilities which store or produce mixed waste, seven facilities have either 
installed or are considering installation of thermal treatment technologies to 
process their low-level mixed waste. 

5.2. General Status of the Seven "Thermal" DOE Facilities 

Before discussing the technical selection criteria being developed under 
this IAG/NTW program, the general status of each of the seven DOE facilities 
that are considering thermal treatment will be described below. 

5.2.1. HANFORD 

mixed waste (LLMW), and 20 percent is classified as transuranic (TRU) waste. 
A portion of the waste is PCB-contaminated. Approximately half of the waste 
to be treated is heterogeneous solids while the rest is mainly wet solids. 
The operators of the Hanford Site have been pursuing three distinct thermal 
treatment options: (1) building their own thermal treatment facilities; (2) 
entering into private sector service contracts; and (3) shipping waste to 
other DOE sites for treatment. At present, Hanford is mainly pursuing 
commercial treatment for its waste (i .e., Option 2). 

----- 
Approximately 80 percent of the Hanford waste is classified as low-level 

5.2.2. IDAHO NATIONAL ENGINEERING LABORATORY 1 INELJ - - - - - - - - - - - - -  - - - - -  
The Idaho National Engineering Laboratory has a very large inventory of 

mixed waste, much of it shipped there from the Rocky Flats Plant prior to 
1990. Approximately 80 percent of the mixed waste inventory at INEL is in the 
form o f  small heterogeneous solids. Wet solids make up less than 15 percent 
of the mixed waste and the remainder is in the form of aqueous liquids and dry 
heterogeneous solids. 
(WERF) began treating mixed waste. The WERF incinerator was originally 
intended to be a test facility, but because of its effectiveness, it was used 
in an operational mode until it was shutdown in 1992 to update its NEPA 
documentation.- Additional summary information on the WERF is as follows: 

In 1984, the Waste Experimental Reduction Facility 

Name: 
Type: 
Wastes: 
Capacity: 
Status : 

Permitting: Waiting for approval of Environmental Impact Statement (EIS) - 

Waste Experimental Reduction Facility (WERF) 
Control 1 ed Air Incinerator 
Low-Level Mixed Wastes (RCRA constituents, non-halogenated) 
1.5 MW (180 kg/hr maximum, 63 kg/hr typical, - 1.8 million lbs/yr) 
Standby status (shutdown for documentation) ; expect operation in 
October, 1995 

expected in July, 1995. &ed radioactive concentration will be 
limited to below 0.1 nCi 9Pu/g of waste. 
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There are two additional thermal treatment projects i n  the planning 
stages a t  INEL. One is the Idaho Waste Processing Facil i ty (IWPF); i t  is 
intended t o  treat  buried or stored TRU and RCRA waste and is intended t o  be an 
e f f ic ien t  replacement for the WERF. The second project i n  the preliminary 
planning stage would involve the use of plasma technology for  ' the destruction 
of  RCRA waste and Superfund waste. 

5.2.3. LOS ALAMOS NATIONAL LABORATORY (LANL) --- - - -- - - - -- - ------ 
About half of the mixed waste inventory a t  LANL is  i n  the form of wet 

solids.  Organic l iquids and small heterogeneous solids make up 30 and 15 
percent of the waste, respectively. The remainder i s  i n  the form of small 
amounts of dry homogeneous solids and aqueous l iqu ids .  
operational incinerator, the Controlled Air Incinerator (CAI), which is 
described bel ow. 

Currently, LANL has an 

Name: Control 1 ed Air Incinerator 
Type : Control 1 ed Air Incinerator 
Wastes: LLMW (RCRA and TSCA constituents) 
Capacity: 5.3 MW (85 kg/hr l i q u i d s ,  327 kg/hr solids, - 271 m3/yr) 
Status: Currently on standby t o  upgrade the mechanical system and t o  

document the operat i on 
Permitting: The TSCA permit for  the CAI has recently been renewed - i t  i s  

permitted t o  burn hazardous waste. 
the existing permit t o  include incineration o f  mixed waste. 
modification process has not been in i t ia ted .  A t r i a l  burn had 
been tentatively scheduled f o r  February of 1995, w i t h  operation 
taking place 6 months l a t e r .  The CAI will be allowed t o  t r e a t  
waste with up t o  100 nCi/g of alpha-emitting isotopes. 

I t  has been decided t o  modify 
The 

5.2.4. MOUND LABORATORY --------- 
The mixed waste is predominantly solvents and o i l s  a t  the DOE Mound 

Laboratory. 
treatment; i t  is described below. 

The Laboratory has a joule-heated glass melter for LLMW 

Name: Mound Glass Melter 
Type': 
Wastes : 
Capacity: 
Status:  

Permitting: The trial burn p l a n  and several revision i terat ions of the RCRA 

G1 ass Me1 t e r  (Joul e-Heated) 
LLMW (Pu-contaminated, solvents, and YCRA constituents) 
175 kW (22 kg/hr, approximately 180 m /yr) 
The melter has been constructed and is  i n  standby status.  
Earliest  operation is  expected i n  1996. 

Part B permit have been submitted. The NEPA documentation has 
been submitted t o  DOE Headquarters for  a r o v a l  . Thg expected 
limit on waste radioactivity is  10 nCi 
Ci of a l l  other isotopes per gram of  waste. 

Pu/g, 5pCi H/g and 3.3 

5.2.5. OAK RIDGE NATIONAL LABORATORY (ORNL) -- - ---- * - -  - ----  --- 
The "TSCA" Incinerator a t  the Oak Ridge Gaseous Diffusion Plant was 

designed in the early 1980's and construction was completed i n  1986. 
November of 1990, the incinerator has been used t o  thermally t r e a t  radioactive 

Since 
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mixed waste composed of aqueous liquids and organic liquids. The TSCA thermal 
treatment system i s described bel ow. 

Name: Toxic Substances Control Act Incinerator (the "TSCA 
Incinerator") 

Type: Rotary Kiln 
Wastes : LLMW, [containing RCRA and TSCA (PCB liquids) constituents] 
Capacity: 8.8 MW (900 kg/hr liquids, 450 kg/hr solids, - 3 million lbs/year) 
Status: Operational since 1990 
Permitting: Fully permitted to treat liquids. The radioactive content of the 

waste must be below 0.246 nCi per gram of waste. 

5.2.6. ROCKY FLATS PLANT (RFP) 

The waste which is being considered for thermal treatment at the Rocky 
Flats Plant (RFP) is made up of small heterogeneous solids, organic liquids, 
and dry homogeneous solids. RFP has thermally treated its mixed waste for 
several decades, initially uti1 izing a stationary grate incinerator. RFP's 
promising pilot-scale studies evaluating the effectiveness of the catalytic 
fluidized bed method in treating LLMW led to construction of the Demonstration 
Unit which, due to technical concerns with the system's design, was shut down 
after the trial burn and was never given a permit to operate. The Demonstra- 
tion Unit is described below. 

- -  - - - -  - - - _ _ -  

Name: Catalytic Fluidized Bed Process: Demonstration Unit 
Type : 
Status : 
Wastes: 
Capacity: 
Permitting: Currently not permitted, but if a production unit is chosen, it 

Catalytic Two-Stage Fluidized Bed 
On standby since January 1988, due to design concerns 
LLMW, TRU solids and liquids 
1.5 million Btu/hr (85 kg/hr) 

will be designed to handle wastes with radioactive concentrations 
of less than 100 nCi per gram of waste. 

5.2.7. SAVANNAH RIVER SITE (SRS) 

(SRS), about half is in the form of aqueous liquids; the remainder of the 
mixed wastes are solids. The SRS plans to thermally treat their mixed waste 
in the Consolidated Incineration Facility described below. 

- - - - - - ------- 
Of the mixed waste to be thermally treated at the Savannah River Site 

Name: Consolidated Incineration Facility (CIF) 
Type: Rotary Kiln 
Wastes : LLMW (containing RCRA constituents) 
Capacity: 5.3 MY (85 kg/hr liquids, 327 kg/hr solids, - 4 million lbs/yr, 

948 m/yr) 
Status: Construction is about 60 percent complete; operational in 1996 
Permitting: The NEPA documentation has been completed, and a RCRA Part B 

permit has been obtained. The trial burn is scheduled for 
December of 1995. The radioactivity limit of the feed is less 
than 10 nCi per gram of waste. 
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5.3. Jechnol o w  Ev aluation/Selection Cri t e r i q  

One of the objectives of this program has been t o  develop a technology 
selection methodology which may be applied t o  various thermal treatment 
technologies t o  compare their  relative merits on an impartial, objective 
basis. In this way, the most appropriate thermal treatment technology for  
handling the DOE mixed waste t h a t  ex is t s  a t  each s i t e  may be determined. To 
this end, five evaluation c r i t e r i a  have been identified t o  determine the 
relat ive a b i l i t i e s  of various technologies t o  t r e a t  mixed waste i n  a manner 
consistent w i t h  the Land Disposal Restrictions (LDRs) and t o  minimize impacts 
on the environment and human health. The c r i t e r i a  are based on a review of 
various DOE and EPA ef for t s  t o  develop evaluation cri teria including the 
ongoing DOE/Rocky Flats Office effort. The evalution c r i t e r i a  are: 

I. Permitting and the Environment 
11. Technical Effectiveness 
111. Health and Safety 
IV. Reliabil i ty 
v. cost 

Wi th in  the individual c r i t e r i a ,  there are sub-criteria, some of which are 
potenti a1 "technol ogy el iminators. " There i s  a minimum 1 eve1 of  performance 
which must be achieved in some areas before the technology may even be 
considered --- these have been identified as "Go/No-Go" sub-criteria. The 
technology evaluation cri teria are shown i n  Table 5 w i t h  an example weighting 
system; their use is  described below. 

5.4. Jechnoloqies E valuated 

The technol ogy eval uation criteria which have been devel oped were 
intended t o  be appl ied t o  eleven (11) thermal treatment technologies, so that  
an objective technical evaluation and comparison could be performed. 
technologies considered i n  this evaluation were: (1) ca ta ly t ic  fluidized bed; 
(2) controlled air incinerator; (3) rotary k i l n ;  (4 )  rotary reactor; (5) 
shaft-type excess air; (6) molten salt  oxidation; (7) joule-heated 
v i t r i f ica t ion ;  ( 8 )  centrifugal plasma arc; (9) plasma hearth process; (10) 
molten metal; and (11) the electric arc furnace. 

5.5. Techno1 o w  Ranki nqS 

The 

The overall rankings of the 11 technologies fo r  the LLMW application 
, were generated under this preliminary study. The two highest-rated 

technologies were found t o  be the ca ta ly t ic  fluidized bed process and the 
controlled a i r  incinerator. The next three (us ing  the Technology Evaluation 
Cri ter ia  shown i n  Table 5) were the shaft-type excess a i r  process, the rotary 
k i l n ,  and the rotary reactor technology. 
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TABLE 5. T E C M L O G Y  EVALUATION CRITERIA (EPA-94/9b) 

a. Flue gas toxicity 
b. Reliance on air pollution control systern 
c. Solid effluent 
d. Solid effluent pcst+amcnt nquirancnts 

a. Treated secocldary waste toxicity 
b. secondary wvtetreatment 

3. Pennitability and Enforceability 

2. secondarywutcFornw 

. a. Compliance readily enforceable 
b. Real-time a s s u m  of compliance 

11. Technical Effectiveness 
1. Pn-Tr~atment 

a. Rtquirtmcnu in absenceof WAP 
b. Requirtmenw with WAP 

2. BDAT 
3. Ovcrall Volume Reduction 
4. Sensitivity to Operating Parameten 

a. How sensitive to operating parameras 
b. How sensitive to waste characteristia 
c. How sensitive to waste throughput 

5. Reprocessing 

IIL H d t h  and M e t y  
1. corrosivJToxiccompounds 

. 2Rcsctiv~gnitablecompoMdr 
3. Mintamm 

a -r- 
b. Exposlrrrdwixtgdntentnce 

4. High-- 

acmaoiofprpcess 
b. opartorerro~ 

5. oparbility 

end the Environment 
1. Thermal Trtatmqt System Emuent 

I 
6 
5 

21 

x 

x 

x 

x 

x 

X 

X 

Weighting 
FsCtlX 

24 

14 

5 

3 

2 

20 

3 
2 

5 

25 
1 
1 

10 
2 

2a 
10 
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6. PERFORMANCE TESTING OF MIXED WASTE INCINERATION: IN-SITU CHLORINE CAPTURE 
IN A FLUIDIZED BED UNIT (EPA-94/9c) 

In this last IAG/NTW study to be described in this Paper, experimental 
testing was conducted at the Energy and Environmental Research Corporation's 
fluidized bed test facility in El Toro, California. The study was to evaluate 
the fluidized bed unit (FBU) proposed for the incineration of land-disposal- 
restricted (LDR) mixed waste currently stored at the U.S. Department of Energy 
(DOE) Rocky Flats plant and at other DOE sites. The purpose of the testing 
was to evaluate in-situ chlorine capture using sodium carbonate sorbents under 
operating conditions simulating the primary fluidized bed of the proposed FBU.. 
The experiments were designed to assess how efficiently a fluidized bed 
containing sodium carbonate sorbent can capture (absorb) the chlorine re1 eased 
during the thermal decomposition of mixed waste containing polyvinyl chloride 
(PVC) and to evaluate the .physical characteristics of the fluidized bed 
including sorbent attrition and elutriation over a range of-operating 
conditions. The scope of the experiments included tests in which hydrogen 
chloride (HC1) was doped into the fluidization gas and tests in which PVC was 
thermally decomposed under gasification conditions in the fluidized bed. An 
analytical instrument which continuously monitored HC1 was used to measure the 
concentration of HC1 in the off-gas (which had already passed through the 
sodium carbonate bed) as a function of fluidized bed operating conditions. 
The efficiency of the sodium carbonate sorbent for capturing chlorine in the 
fluidized bed was calculated for each test condition based on the HC1 doping 
rate (or the PVC feed rate) into the fluidized bed and the concentration of 
HC1 which passed through the bed. Samples o f  bed material were periodically 
removed during each test and subsequently analyzed to estimate bed composition 
as a function of time during each test. 

The tests showed that greater than 99.% of the HC1 doped into the 
fluidized bed was captured by the sodium carbonate. 
were decreased.from approximately 30,000 ppm to as low as 10 to 20 ppm by the 
FBU. These tests were conducted under both fuel-lean (oxidizing) and fuel- 
rich (reducing) conditions. Greater than 99.5% of the chlorine added to the 
fluidized bed during the gasification of PVC was captured by the sodium 
carbonate sorbent material. The rate of PVC addition to the fluidized bed 
during these gasification tests simulated a Rocky Flats waste containing 50% 
PVC, which is a high value for that waste. 

Concentrations of HC1 
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CONCLUSION 

been underway since the inception of the EPA/DOE joint effort in mixed waste 
thermal treatment as a consequence of establ i shing their Interagency Agreement 
(IAG) in 1991. The six IAG activities were: 
Workgroup; (2) Assessment of Air Pollution Control and Monitoring 
Technologies; (3) Development of a Permitting "Roadmap"; (4) Risk Assessment 
Methodol ogi es/Approaches; (5) Development of a Thermal Treatment Techno1 ogy 
Selection Criteria; and (6) Performance Testing for Chlorine Capture in a 
Fluidized Bed Unit. 

This Paper has summarized the results of six major activities that have 

(1) National Technical 
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