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ACTIVITIES AT DOE INSTALLATIONS: WASTE 
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M.A. Lazaro, M.P. Esposito, 
A.A. Antonopoulos, and A.J. Policastro, 
Argonne National Laboratory 

ABSTRACT 

Investigators at Argonne National Laboratory (ANL), with support from associates at the Pacific 
Northwest Laboratory (PNL), have assembled an inventory of the types and volumes of radioactive, 
toxic or hazardous, and mixed waste likely to be generated over the next 30 years as the U.S. Depart
ment of Energy (DOE) implements its nationwide Environmental Restoration (ER) Program. The 
inventory and related analyses are being considered for integration into DOE's Programmatic 
Environmental Impact Statement (PEIS) covering the potential environmental impacts and risks 
associated with alternative management practices and programs for wastes generated from routine 
operations. If this happens, the ER-generated waste could be managed under a set of alternatives 
considered under the PEIS and selected at the end of the current National Environmental Policy Act 
process. 

As the ER Program progresses over the next 20 to 30 years, it is estimated that areas identified for 
restoration within certain DOE installations will generate about 2.5 x 10 6 t (1.7 x 10 6 m 3 ) of 
nonradioactive solid waste through site restoration activities. The ER residuals will typically include 
process residues and sludges; contaminated debris, soil and concrete; bulk metals; and stabilized 
monolithic solids. A significant fraction of this waste will require solid landfill space for disposal, and 
a portion will need to be treated and/or disposed of at specially permitted facilities. Because DOE has 
little or no on-site capability for treating and disposing of the types of nonradioactive or hazardous 
wastes that the ER Program will generate, the current practice is to transport wastes of this type 
off-site for treatment and disposal. Conceivably, under the currently structured PEIS alternatives, 
nearly all of the nonradioactive ER waste inventory could be targeted for off-site commercial faculties 
for treatment and/or ultimate disposal. This practice could result in unnecessary, costly, and 
potentially risky site restoration actions, including the transportation of approximately 
120,000 truckloads of nonradioactive ER wastes over the next 30 years. 

INTRODUCTION 

The U.S. Department of Energy (DOE) has supported the compilation and analysis of an environ
mental restoration waste inventory for consideration in the preparation of the Programmatic 
Environmental Impact Statement (PEIS) for its Environmental Restoration (ER) and Waste 
Management (WM) Programs. The information presented in this paper is taken, in part, from this 
effort. Under the PEIS, the DOE is evaluating and comparing the risks associated with current 
practices and programs for managing its wastes with those associated with alternative waste 
management scenarios. The specific risks and environmental impacts being evaluated are human 
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health risks and costs associated with transportation and/or treatment, ecological risks, land-use 
impacts, and other impacts. 

Routine operations at DOE facilities generate radioactive, nonradioactive, and mixed waste. These 
wastes are managed under DOE's WM Program. Wastes that are nonradioactive — such as those 
that exhibit the hazardous characteristics of corrosivity, ignitability, reactivity, and/or chemical toxicity 
— are managed in accordance with regulations implementing the Resource Conservation and Recovery 
Act (RCRA), the Toxic Substance Control Act (TSCA), and hazardous and toxic waste legislation at 
the state level. The DOE commonly refers to wastes covered by RCRA or TSCA regulations and by 
state regulations as hazardous waste (HW). Radioactive wastes generated at DOE installations are 
grouped by the level and type of radioactivity present and are managed separately in accordance with 
special regulatory programs set forth in the Atomic Energy Act and by the U.S. Nuclear Regulatory 
Commission. The PEIS is assessing the risks and costs associated with the transportation, treatment, 
and disposal of HW, high-level radioactive waste (HLW), transuranic waste (TRUW), low-level 
radioactive waste (LLW), and low-level mixed waste (LLMW). Waste that has both radioactive and 
hazardous components is known as mixed waste. Mixed waste potentially includes all radioactive 
waste types, but typically LLMW and TRUW, and must be managed in accordance with both sets of 
rules. This paper focuses on the characteristics of the nonradioactive HW that will be generated under 
the ER Program, and examines the impact such waste will have on DOE's current practice of sending 
virtually all nonaqueous HW off-site for treatment and disposal. 

Wastes that will be generated under DOE's ER Program (ER wastes) are nonroutine, meaning that 
the wastes will be generated once in the course of remediating DOE facilities. These wastes will 
include HW, LLMW, LLW, and TRUW, although in proportions substantially different from those 
generated by routine operations. The quantitative and qualitative relationships between wastes 
generated under the WM Program (WM wastes) and ER wastes are shown in Figure 1. These values 
represent the best estimates currently available on the amounts of hazardous, mixed, and radioactive 
wastes that DOE is likely to generate each year over the next few decades (1-4). Figure l a shows the 
projected annual quantities of HW, LLMW, LLW, TRUW, HLW, and other wastes that will continue 
to be generated yearly by routine, ongoing DOE operations and managed under DOE's existing 
WM Program. Figure lb shows the quantities of HW, LLMW, LLW, TRUW, and other wastes that 
can be expected each year, on average, over the next 30 years under the ER Program. The values for 
the WM wastes have a higher level of confidence because they are based on studies of actual waste 
generation records {e.g., waste manifests) and therefore are rooted in historical experience. The values 
for the ER wastes are less certain because they are based on incomplete waste characterization data 
and computer-generated projections. No allowance has been made in either group for future 
reductions due to waste minimization initiatives or regulatory changes, such as the expected 1995 
redefinition of RCRA hazardous wastes, which might exclude many of the contaminated media wastes 
from regulation in later years. 

Place Fig. 1 here 

The focus of this paper is on the group of HW that will be generated under the ER Program and the 
impact this waste could have on DOE's current practices for managing HW under the WM Program. 

WASTE MANAGEMENT PLANNING ALTERNATIVES 

The DOE is considering alternative waste management scenarios for each of the five waste types (HW, 
LLMW, LLW, TRUW, and HLW). These scenarios differ mainly as to how the 45 DOE sites could 
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manage their chemical wastes, including transportation, and treatment, storage, and disposal (TSD). 
Portions of the waste might be handled on-site and the rest handled off-site (by outside commercial 
firms). Determining how to distribute the waste between on-site treatment and off-site TSD facilities 
leads to a comparison of multiple alternatives requiring the evaluation of human health risks, costs 
of treatment and transportation, and ecological, land-use, and socioeconomic impacts. The alternatives 
currently under consideration by DOE include: 

• Baseline (No Action) Case — The baseline or no-action alternative refers to 
the continuation of the current distribution of chemical hazardous wastes 
between on-site treatment and off-site commercial TSD vendors and the 
continuation of current (as of 1992) routing of hazardous waste trucks from the 
DOE generation site to the final TSD location. 

• Decentralized Case — Under decentralization, treatment activities at DOE 
sites would increase between 5 and 10%. As a result of this increase, use of 
commercial TSD vendors would decrease, likely reducing the risks from 
transportation. 

• Five-Region Case (Regionalized No. 1) — The five-region case builds upon 
the decentralization alternative by treating, at DOE installations, approxi
mately 50% of the waste that is currently treated, stored, and disposed of off-
site. Instead of being transported to commercial facilities, this waste would be 
transported (if necessary) to one of five designated DOE-owned-and-operated 
hazardous waste treatment facilities. The five DOE installations selected for 
this treatment (for evaluation purposes) are the Hanford Site (HS), Idaho 
National Engineering Laboratory (INEL), Los Alamos National Laboratory 
(LANL), Oak Ridge Reservation (ORR), and Savannah River Site (SRS). All 
treated waste would be disposed of at permitted commercial landfills. 

• The Two-Region Case (Regionalized No. 2) — Under the two-region case, 
90% of all chemical hazardous waste (nonwastewater [nonaqueous] hazardous 
waste) currently treated by commercial TSD vendors would be transported to 
one of two DOE-owned-and-operated hazardous waste treatment facilities. The 
two DOE installations selected for this treatment (for evaluation purposes) are 
INEL and ORR. All treated waste would be disposed of at permitted 
commercial landfills. 

The appropriateness of these alternative strategies for managing the ER wastes, especially the 
ER HW, is currently being evaluated. The key issue is the fact that none of the current alternatives 
include a provision for on-site disposal capability at strategic DOE installations. Even though varying 
degrees of treatment capacity changes are explored, none of the alternatives considers whether the 
resulting treatment residues should be disposed of on-site and, if so, what impact this would have on 
existing landfill capacity.. The question of whether more on-site landfill space should be built into 
future planning for DOE waste management is important, given the large volume of wastes expected 
to be generated under the ER Program. The systems now in place to manage HW from routine 
operations and the potential application of these systems to the management of HW that will be 
generated under the ER Program are examined below. 
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HAZARDOUS WASTES FROM FACILITY OPERATIONS 

Hazardous wastes that arise out of routine ongoing operations at DOE installations are generated in 
more or less the same quantities year after year. These wastes, also called "as generated" HW, are 
managed under DOE's WM Program. Recent updates to the HW inventories, compiled in the 
hazardous waste risk assessment modeling database (5), show that about 1.26 x 10 6 t of HW is being 
generated each year in the course of weapons manufacture and retirement, nuclear fuel processing, 
research, electroplating, photographic work, building and equipment maintenance, and other normal 
activities at DOE facilities nationwide. 

Nearly all of this waste, over 98% (1.24 x 10 6 t) of the WM HW total, is hazardous wastewater derived 
from production or laboratory operations. Wastewater produced in large volumes is readily treated 
on-site, and DOE has several large on-site wastewater treatment plants to process virtually all of the 
hazardous wastewater it generates. These plants are located at the ORR, Kansas City Plant (KCP), 
Sandia National Laboratory-New Mexico (SNL-NM), SRS, Rocky Flats Plant (RFP), and INEL. 

The remainder of the WM "as generated" HW produced each year is relatively small in volume 
compared with the hazardous wastewaters. Data from 1991 to 1992 indicate that DOE produces 
between 0.02 and 0.09 x 10 6 t of other HW each year, including undiluted or concentrated waste 
chemicals, chemical mixtures and solutions, spent solvents, oils, greases, ordnance chemicals, acids, 
caustics, photographic chemicals, plating wastes, and other types like petroleum- or mineral-based 
waste materials (5). Such wastes — including solids, liquids, and compressed gases that are corrosive, 
toxic, reactive, explosive, and/or ignitable — are generated in relatively small quantities within the 
DOE complex and are contained in drums, tanks, cylinders, and lab packs. Occasionally, this group 
of HW includes a few truckload quantities of polychlorinated biphenyls (PCBs) or asbestos-
contaminated equipment, soil, and debris from cleanup operations at various DOE facilities. Although 
a small part of these wastes is being incinerated or deactivated at existing on-site facilities, most of 
the HW requiring organic destruction or organic removal and recovery is transported off-site to 
commercial RCRA and TSCA facilities for treatment and disposal. As a result of this relatively low 
demand, DOE has few active on-site RCRA-permitted hazardous waste treatment facilities and no 
RCRA landfills. 

HAZARDOUS WASTES FROM ENVIRONMENTAL RESTORATION 

The nonradioactive ER wastes are nonroutine wastes that will be generated when site-specific 
environmental restoration plans are implemented. These plans call for the long-term cleanup of 
previously buried wastes and contaminated soil, groundwater, surface water, buildings, structures, and 
equipment at over a dozen DOE facilities within the next 20 to 30 years. These ER wastes may be 
hazardous under RCRA or state regulations, toxic under TSCA, or solid waste with low contamination 
levels that can be disposed of directly in landfills. The data currently available suggest that a 
significant fraction of these wastes may not be hazardous or toxic under RCRA, TSCA, or state regula
tions. Thus, until more definitive information is available, the authors of this paper have chosen to 
discuss all nonradioactive ER wastes together and to conservatively refer to them collectively as 
ERHW. 

Environmental site survey data (e.g., borehole characterization data) were used as input to the 
automated remedial assessment restoration (ARAM) computer model (6) to create a database on the 
types and volumes of ER HW that will be generated throughout the DOE complex under the 
ER Program (7). Similar ER databases were created for the mixed waste and radioactive waste types. 
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The data identify the DOE installation where each hazardous waste stream will be generated, the 
activity responsible for generating the waste, the physical type of each waste stream, the projected 
total volume, and, where known, the chemical constituents likely to be present and the estimated 
average concentration of each chemical constituent expected in each waste stream. 

The ER Program is expected to generate over 80 separate waste streams producing a total of nearly 
2.5 x 10 6 t (or 1.7 x 10 6 m 3 ) of HW over the next 20 to 30 years. These wastes are expected to come 
from remediation of buildings, structures, equipment, pits, lagoons, disposal sites, land, and 
groundwater at 14 DOE installations. A rank order of those installations by the projected amounts 
of HW expected is given in Table I. The restoration activities projected for INEL are estimated to 
produce the largest volume of ER HW, over 1.5 x 10 6 t (1.0 x 10 6 m 3 ), in the DOE complex. 

Place Table I here. 

Unlike the HW in the WM Program, most of the waste streams listed in the ER HW database are not 
wastewaters. The ER HW is listed either as solid residuals from on-site treatment of buried wastes 
and contaminated media or as untreated contaminated debris from facility demolition and other 
decontamination operations. Analyses of these data indicate that five basic types of projected 
ER wastes will be generated, as follows: 

• Monolithic solids (900,000 m3) — These solid wastes consist primarily of 
asbestos and metal-contaminated soils or treatment residues (such as contami
nated clay and silt soil fractions from soil-washing operations) that have been 
solidified and stabilized by grout/lime/flyash fixation or by vitrification. More 
than half (54%) of the ER wastes from all sources are expected to be in the form 
of monolithic solids. 

• Contaminated debris (773,600 m3) — The debris is primarily composed of 
previously buried asbestos abatement waste. It also includes chemically tainted 
concrete dust from decontamination or surface scraping of concrete structures, 
as well as contaminated metal parts from dismantled equipment, linings, and 
frames. About 46% of all ER wastes will be debris. 

• Solid process residues and sludges (3,140 m3)—These wastes are typically 
wastewater treatment sludge solids or spent activated carbon residues from 
groundwater and soil vapor extraction treatment systems. Solids or sludges 
from solvent recycling operations may also be included. 

• Contaminated soils (85 m3) — A small amount of lightly contaminated soil 
will be produced that will not be stabilized due to its low level of contamination. 

• Aqueous wastes (22 m3) — The aqueous wastes originate from incinerator 
scrubber waters, ash quench waters, or aqueous streams containing dilute 
amounts of solvents from solvent recovery operations. 

Essentially all of the ER HW will be secondary or by-product waste (i.e., relatively dilute) because it 
will be derived from the cleanup or treatment of previously buried HW and remnants of those wastes 
that were generated, leaked, spilled, released, stored, dumped, removed, or disposed of sometime in 
the past. The ER HW differs physically from the WM HW that is associated with normal or routine 
operations. The ER HW will be mostly solid in form (monoliths and debris), whereas the WM HW will 



6 

be mostly aqueous in form (wastewater). In terms of their intrinsic hazards and risk management 
requirements, the ER wastes will be comparable to the hazardous wastewaters that are generated 
every day by normal operations because, like the wastewaters, the hazardous constituent 
concentrations will be relatively dilute. Much of the waste included in the ER HW group may, in fact, 
be appropriately classified and managed as nonhazardous solid waste. 

PRELIMINARY TREATMENT AND DISPOSAL FINDINGS 
FOR ER HAZARDOUS WASTES 

A preliminary treatment and disposal allocation plan was developed to identify the most appropriate 
way to manage the projected wastes generated by the ER Program. It must be recognized that this 
plan is based upon the limited data available for proper waste characterization, which necessitated 
some basic, but reasonable, assumptions to be made about the data available on waste chemical 
profiles and the hazardous or toxic characteristics likely to be exhibited by each ER hazardous waste 
stream. The assumptions used in developing the allocation plan are described below: 

Assumption 1 — None of the ER HW will be listed RCRA wastes. None is known 
to have been generated by listed RCRA waste processes (described in 40 CFR 
Part 261), and none is known to be mixed with, contain, or be derived from listed 
RCRA wastes. Therefore, treatment and management of the ER HW has been 
assumed to be guided strictly by the hazardous waste characteristics exhibited by 
each waste. This assumption may not apply if any of the ER wastes are derived 
from treating listed RCRA wastes or mixed with listed wastes, or are found to 
contain listed RCRA hazardous wastes. Examples .to be checked include incinerator 
ash solids, scrubber water residues, and solvent recovery sludges. 

Assumption 2 — The aqueous ER HW was assumed to be not characteristically 
corrosive (i.e., will not have a pH of <2 or >12). This is very likely to be true given 
the nature of the processes generating the aqueous wastes (oil/water separator or 
scrubber water). 

Assumption 3 — The ER HW was assumed to be nonexplosive, nonreactive, and 
nonignitable. This assumption is reasonable on the basis of the chemical profiles 
observed so far and the available knowledge about the typical characteristics of 
remedial wastes involving soil, water, debris, and process solids. 

Assumption 4 — All stabilized wastes (monoliths) and unstabilized soils were 
assumed to pass the toxicity characteristic leaching procedure (TCLP) test and to 
be ready for landfill without further treatment or handling. This assumption may 
be questionable for some of the wastes that contain relatively high levels of toxic 
heavy metals. Examples are monolithic solids of soils and other stabilized wastes, 
such as those at the RFP and SRS installations. These wastes are shipped for 
disposal as bulk monoliths at RCRA-permitted landfills after TCLP testing. 

Assumption 5 — Wastes containing <50 mg/kg PCBs were assumed to be exempt 
from TSCA regulations and may be disposed of as solid wastes, unless other 
hazardous characteristics or contaminants are present. Waste sludges and liquids 
containing >50 mg/kg PCBs will be incinerated, and PCB-containing soils and 
monoliths will be landfilled at off-site commercial facilities with TSCA permits. 
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The treatment of PCB-contaminated waste at one of DOE's on-site incineration 
facilities is possible if a TSCA permit to allow thermal treatment of PCB-containing 
waste can be obtained. An exception to this set of assumptions was made for 
ER waste sludge/solid process residue at the Portsmouth Uranium Enrichment 
Center (PUEC). This waste is very unusual in that it will probably have high PCB 
levels (7,500 mg/kg) in combination with very high levels of mercury (10,000 mg/kg) 
and other toxic heavy metals. It was assumed that it could be treated on-site with 
solvent extraction to remove PCBs as a special handling procedure and that the 
PCBs could be extracted from the mercury and metals, allowing each to be treated 
or recovered separately. This waste was not assigned directly to incineration 
because incinerators that are permitted to burn PCBs may not be permitted to 
accept the waste due to its high mercury level. It was also not assigned to metal 
recovery because mercury recovery furnaces (which could be used to recover the 
mercury from this waste) may not be able to take the waste contaminated with 
PCBs. 

Assumption 6 — All surface-contaminated bulk metal scrap was assumed to be 
sent to a metal recycler for metal recovery. This assumption is probably valid, 
although it will depend on the type and amount of contamination present. The 
RCRA rules governing the management of contaminated debris should be consulted 
when dealing with this type of waste. 

Assumption 7—All contaminated concrete debris was assumed to require stabili
zation prior to disposal. In fact, depending on the type and degree of contami
nation, some might require other forms of treatment and some might need no 
treatment at all before disposal. The RCRA rules governing the management of 
hazardous debris should be consulted when handling this waste. 

With these assumptions and the information available in the database, ER wastes with apparent 
hazardous RCRA profiles were assigned to one or more of the following treatment and disposal groups: 

• Stabilization, incineration, or aqueous treatment; 

• Organics removal and recovery for fuel-blending or recycling; 

• Metals removal and recovery for recycling; and/or 

• Direct disposal at a RCRA-permitted landfill. 

Wastes with clearly nonhazardous RCRA profiles (such as asbestos debris or soil with an elevated 
aluminum content and no other contaminants) were allocated to direct disposal at solid waste landfills. 

On the basis of the assumptions provided and the preliminary data available, the assigned treatment 
and disposal groups for each ER hazardous waste stream appear to be reasonable choices for the large 
majority of the waste streams evaluated. As additional information becomes available, some 
redirection of wastes to other forms of treatment prior to disposal should be expected. This might 
occur through further site characterization, where necessary, before site restoration was initiated. 
Further refinement of the most appropriate treatment and disposal options could occur at the time of 
generation of the ER HW. This might be done with testing to confirm identification and charac
terization of the waste streams. With this testing, a more clear determination could be made of the 
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appropriateness of the assigned treatment group(s) to ensure compliance with federal and state 
regulations. 

The quantities of ER HW that are expected to require treatment and land disposal, or direct landfill, 
are summarized in Table II (the values shown for direct landfill do not include treatment residues that 
would also require landfill, although these residues would ultimately have to be considered). These 
ER waste management requirements are compared to recent estimates of HW routinely generated and 
managed (in the WM Program) by DOE in the course of normal facility operations. The data show 
that DOE is currently treating about 1.2 x 10 6 t/yr (1.2 x 10 6 m 3/yr) of hazardous wastewater in 
on-site aqueous treatment systems. Virtually no aqueous hazardous wastes are sent off-site. The 
DOE also provides a few on-site faculties for deactivation of explosive and other ordnance wastes it 
generates, as well as some incineration capacity. For the most part, however, DOE sends its 
nonaqueous hazardous wastes off-site for treatment and disposal. Currently, there are no permitted 
on-site RCRA or TSCA landfills, or landfills with the required capacity, available within the DOE 
complex for disposal of toxic or hazardous wastes. 

Place Table II here 

Analysis of the data in Table II reveals that the distribution of ER HW among the various treatment 
or disposal options is quite different from the current HW pattern. For example, only very small 
amounts (about 1 t/yr) of HW from the ER Program will need to be incinerated, deactivated, or sent 
to aqueous treatment systems. However, about 4,000 t/yr will be appropriate for metal or organic 
recovery operations. These treatment systems, including some removal and recovery operations, are 
currently operational at certain DOE installations and/or are being considered for expansion at 
designated DOE treatment centers under the evaluation of WM HW alternatives for the PEIS. By far, 
the bulk of the ER HW (almost 80,000 t/yr) will require stabilization and/or direct landfill. 
Stabilization and land disposal options at DOE installations are not currently being considered in the 
PEIS for the HW alternatives. Without this type of on-site treatment and disposal capacity, nearly 
all of the ER wastes would need to be directed to commercial facilities for ultimate disposal. This 
practice would result in over 113,000 truckloads of waste requiring transportation to off-site 
commercially permitted facilities over the next 30 years. Most of this waste would originate at INEL 
andORR. 

The data in Table II show little or no evident impact from the ER-generated waste in 1991 and 1992 
on the off-site treatment and disposal requirements under the WM Program. If the ER Program had 
been in full operation in 1992 (at the generation rate indicated in Figure 1), the values shown for off-
site WM treatment and disposal would be much larger, approaching the projected off-site values shown 
for ER waste treatment and disposal. The amount of ER wastes generated in 1992 is likely to have 
been between 2,000 and 3,000 t, certainly no more than 6,000 t, which is less than 10% of the potential 
ER waste loads projected for future treatment and disposal. As the ER Program is more fully 
implemented, the average annual quantity of ER wastes projected to be generated and require 
treatment or direct disposal will increase dramatically, approaching 84,000 t/yr (56,000 m 3/yr or 
3,772 truckloads per year) at steady state. 

THE ER PROGRAM: IMPLICATIONS FOR HAZARDOUS WASTE MANAGEMENT 

Three key points can be made to distinguish the differences between the HW generated by the 
ER Program compared with that generated by the WM Program, as it relates to management require
ments for waste treatment and disposal. First, on a relative basis and considering the total waste 
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generated, nearly all of the WM-generated HW is wastewater. On the other hand, ER-generated HW 
is predominantly in solid form. Second, due in part to the waste form, the management of ER wastes 
would involve much more direct land disposal than the management of WM wastes. Finally, much 
of the ER wastes might not be hazardous or toxic and, if necessary, could be stabilized and disposed 
of on-site. These distinctions — that is, WM HW being dominated by treatment requirements (e.g., 
wastewaters) and ER HW being dominated by disposal requirements — lead to the conclusion that 
alternatives for waste management of one group of waste may not be appropriate for the other. 
Because the current HW alternatives are treatment-oriented, they apply more to the management of 
WM HW than to the management of ER HW. 

The basis for these findings can be clarified by examining the annual waste treatment and disposal 
projections for all waste types under both WM and ER Programs. This will provide an overall view 
of the magnitude of the need for treatment systems compared with disposal systems. Figure 1 helps 
provide this perspective. Focusing on the WM waste treatment and disposal requirements (Figure la), 
two important observations can be made. First, treatment technology is the dominant practice in the 
management of the WM wastes. At least 95% of the WM wastes require treatment. Second, LLW and 
hazardous wastewaters are the predominant waste types that must be managed, accounting for 
approximately 94% of all wastes in the WM Program. It is important to note that the residues 
(sludges) from wastewater treatment requiring land disposal would amount to less than 0.1% of the 
treated wastewater volume. These data clearly indicate that the current structure of the WM Program 
is not appropriate or easily adaptable to the disposal (landfill) of large volumes of waste typical of the 
ER Program. Switching our focus to the overall management of all ER wastes (Figure lb), it is clear 
that treatment and disposal requirements are split 70/30 between ER wastes needing the application 
of treatment technology and ER wastes that can be disposed of directly in landfills. Nearly 900,000 m 3 

of ER wastes will require land disposal, somewhere, every year for the next 30 years. This waste 
volume is approximately 56% LLW, 37% LLMW, and 6.9% HW. These landfill waste estimates 
probably include most of the residues from treatment of the ER wastes, which will also need to be 
disposed of in landfills. Finally, the available data for the ER HW indicate that because of the very 
low contamination levels present and the stable form of the waste (e.g., monolithic solids), much of the 
ER HW may in fact not be hazardous or toxic as defined under RCRA and TSCA and therefore may 
require little or no treatment prior to disposal. 

Even if these compelling data are not considered in decisions involving how the ER Program will be 
fully implemented and how the ER waste loads will be folded into the WM Program, the ramifications 
of such decisions should be carefully considered. For example, looking at HW management alone, if 
DOE continues its current practice of shipping most of its nonaqueous HW off-site for treatment and 
disposal, the result would be a sharp rise in the combined annual off-site shipments of ER HW and 
WM HW from current levels of about 10,000 t/yr (6,700 m3/yr) to about 90,000 t/yr (60,000 m 3/yr). 
When this ER HW generation rate reaches steady state, DOE will be shipping wastes off-site at nearly 
nine times the current shipping rate for a period of about 30 years. Nine of every ten truckloads 
leaving DOE sites will be transported to commercial landfills where the wastes will be directly 
landhlled or stabilized first and then landfilled. Only one in ten will be directed to a commercial 
treatment facility. 

Looking from another angle at the ramification of a waste management practice that relies almost 
entirely on off-site disposal and incorporating the projected LLMW disposal loads with the HW 
disposal loads, over the next 30 years the amount of WM and ER HW trucked off-site to commercial 
landfills would fill 240 football fields one yard deep from "goalpost to goalpost." It would take 
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4,000 truckloads per year traveling millions of highway miles over the next 30 years just to move all 
the HW off-site for stabilization and disposal. It would take another 68,000 truckloads per year to 
transport the other ER wastes off-site for disposal. That is 72,000 truckloads per year filling over 
4,000 football fields one yard deep from "goalpost to goalpost" with HW and LLMW. 

In view of this prospect, on-site options to stabilize and dispose of these wastes at DOE facilities over 
the next 30 years needs to be carefully examined. The great majority of the projected ER HW (and 
LLMW) that is designated for stabilization and disposal is relatively low-hazard waste, much of which 
might actually be nonhazardous. Two DOE facilities in particular, INEL and ORR, are expected to 
generate almost 80% of the ER HW that will require stabilization and landfilling. Managing these 
wastes on-site at INEL and ORR might be more sensible than sending them off-site. Certainly, on-site 
stabilization and disposal could eliminate the hazards and risks associated with highway or railway 
transportation and would avoid generating most of the air pollution associated with such 
transportation. 

Alternative management scenarios are needed to provide options for developing on-site stabilization 
and disposal facilities at key DOE installations. Such scenarios are especially important in planning 
for the ER Program wastes. In particular, the feasibility, costs, risks, and public acceptability of 
creating on-site stabilization and landfill facilities for the ER HW at ORR and HS and for the 
LLMWZLLW at ORR and INEL should be carefully examined and weighed against the alternatives 
currently under consideration. 

CONCLUDING REMARKS 

On the basis of these considerations, careful attention should be given to the option for on-site 
treatment and disposal over the next 30 years of the bulk of DOE's nonradioactive ER HW. The 
preliminary projections of the mostly high-volume, relatively low-hazard ER wastes suggest that the 
feasibility of installing on-site stabilization and landfill facilities with sufficient capacity for managing 
the ER wastes and other hazardous wastes should be carefully considered and planned for prior to the 
initiation of full-scale restoration actions. Such planning is especially important for installations like 
INEL, HS, ORR, which within the next two to three decades are projected to generate a large portion 
of the ER wastes that would be targeted for direct landfill. Certainly, in-situ stabilization and 
landfilling could eliminate the potential hazard and risk associated with waste excavation, handling, 
loading and unloading, and over-the-road transportation. 

The feasibility, costs, risks, and public acceptability of creating on-site stabilization and landfill 
facilities for managing nonradioactive ER wastes at ORR, HS, and INEL should be carefully examined 
and weighed against the costs, risks, and public acceptability associated with the off-site 
transportation, treatment, and disposal alternatives. Depending on how the ER Program is fully 
developed and implemented, considerable potential exists for significant reductions in costs, safety 
hazards, and health and environmental risks. 
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TABLE I 
Projected 30-Year Hazardous Waste Generation by DOE Installation 

ER Waste Generation Projections 

DOE Installation Volume (m 3) Mass (t) 

Idaho National Engineering Laboratory (INEL) 1.01E+06 1.51E+06 

Oak Ridge Reservation (ORR) 3.01E+05 4.52E+05 

Oak Ridge National Laboratory (ORNL) 2.74E+05 4.11E+05 

Y-12 Plant 1.62E+04 2.43E+04 

K-25 Site 1.08E+04 1.62E+04 

Portsmouth. Uranium Enrichment Center (PUEC) 2.55E+05 3.83E+05 

Savannah River Site (SRS) 4.34E+04 6.51E+04 

Pernald Environmental Management Plant (FEMP) 1.42E+04 2.13E+04 

Rocky Flats Plant (RFP) 1.05E+04 1.57E+04 

Sandia National Laboratory-New Mexico (SNL-NM) 9.08E+03 1.36E+04 

Lawrence Livermore National Laboratory (LLNL) 8.49E+03 1.27E+04 

Hanford Site (HS) 8.40E+03 1.26E+04 

Los Alamos National Laboratory (LANL) 8.03E+03 1.20E+04 

Pacific National Laboratory (PNL) 4.28E+03 6.42E+03 

Pantex Plant 3.98E+03 5.97E+03 

Paducah Gaseous Diffusion Plant (PGDP) 2.39E+03 3.59E+03 

Argonne National Laboratory-East (ANL-E) 2.38E+03 3.56E+03 

Projected Totals - ; / , v '; "', . ., \'y; '':•• -'. '' 1.68E+06 2&2E+06 



TABLEn 
Annual Estimated Treatment and Disposal Requirements for WM Compared 

with ER Hazardous Waste 

Treatment and 
Disposal (T&D) 

Technology 

On-SiteWM 
RCRAHW* 

(FY 1992) 

Off-Site WM 
RCRAHW* 
(FY 1992) 

Off-Site WM 
Non-RCRAHWb 

(FY 1992) 

Off-Site ER 
Waste0 

(Projected) 

Off-Site WMZER 
Waste Totals" 

(Projected) 

t/yr m 3/yr t/yr m 3/yr t/yr m 3/yr t/yr m 3/yr t/yr m 3/yr 

Aqueous 1,240,000 1,240,000 49 49 58 58 1 1 108 108 

Deactivation 476 317 173 115 6 4 0 0 179 119 

Incineration 70 47 1,580 1,053 1,440 960 0 0 3,020 2,013 

Organic R&Rd 12 8 944 629 560 373 181 121 1,685 1,123 

Metal R&Rd 8 5 239 159 68 45 3,755 2,503 4,062 2,707 

Recycling8 0 0 12 8 18 12 0 0 30 20 

Stabilization 2 2 376 251 282 188 1,885 1,257 2,543 1,696 

Direct landfill 0 0 34 23 4,210 2,807 77,900 51,433 82,144 54,763 

Treatment T<>tat, 1 # 4 # S 6 8 ' 'X%m$i#:? '§m!; 
:$jm: % 2,432.1 i&fo < ::S$2Z : ^ S 2 ' ; . $042 ! VfS&i 

Treatment 
(wastewater excL) 

568 379 3,324 2,215 2,374 1,582 5,821 3,881 9,834 7,678 

T&& Total li24D,568 ^.M&S9 3,407-:, 'pm • *%&&"], 4,447 83,722 5^315; 93,77* MjS4&(: 

a RCRA HW means RCRA hazardous waste generated each year by routine or current DOE operations and activities. 
b Includes PCB-containing waste (most likely from ER) and state-regulated waste. 
c Annual averages over the proposed 30-year environmental restoration period. 
d R&R denotes removal and recovery or recycling. 
8 Other R&R is primarily battery recycling. 



1a WM Waste (3,985,000 nr/yr) 

LLW-Treatment 
2,621,000 

Other-Treatment & 
Disposal 1,400 

(not shown) 

LLW-Disposal 
54,000 

TRUW-Treatment& 
Disposal 6,600 

HLW-Treatment& 
Disposal 2,200 

HW-Treatment & 
Disposal 1.248,300 

LLMW-Treatment 
(incudes HS and SRS totals) 

44,200 
LLMW-Disposal 

7,300 

10 yr Operation Totals 
(not including HLW) 

39,850,000 m 3 

50 yr HLW Total 
107,500 m 3 

1b ER Waste (1,289,600 rr?/yr) 

LLW-Disposal 
509,300 

LLW-Treatment 
146,500 

LLMW-Disposal 
(Grouted Monolith) 

225,000 

TRUW-Treatment & 
Disposal 1,800 

Other-Treatment & 
Disposal 1,300 

HW-Treatment 
3.800 

HW-Disposal 
52,000 

LLMW-Treatment 
246,000 

LLMW-Disposal 
(Treatment Residuals) 

103,900 30 yr Restoration Totals 
38,688,000 m 3 

Annual averages projected over a 10-year TSD operation period for routine operations, except HW based on 1991 generation rates. 
No credits given for waste minimization for all waste types. 
Annual averages projected over a 30-year restoration period for ER Program operations. 
Over 95% of this waste is wastewater which is treated on-site. 
Annual averages over 50-year storage, treatment, and disposal period. 
Based on the assumed treatment at WIPP to meet LDRs. 
Includes both contact handled alpha and non-alpha waste. 
Remote handled LLMW are not included, but they are generated in relatively small quantities. 

Figure 1. ER and WM Programs Waste Treatment and Disposal Projections by Waste Type 
within the DOE Complex. 


