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ABSTRACT 

By definition, mixed wastes contain both chemically hazardous and radioactive 
components. These components make the treatment and disposal of mixed wastes 
expensive and highly complex issues because the different regulations which 
pertain to the two classes of contaminants frequently conflict. One method to 
dispose of low-level mixed wastes (LLMWs) is by incineration, which volatizes 
and destroys the organic (and other) hazardous contaminants and also greatly 
reduces the waste volume. The U.S. Department of Energy currently incinerates 
liquid LLMW in its Toxic Substances Control Act (TSCA) Incinerator, located at 
the K-25 Site in Oak Ridge, Tennessee. This incinerator has been fully permitted 
since 1991 and to date has treated approximately 7 x lo6 kg of liquid LLMW. 
This paper presents an analysis of the budgeted operating costs by category (e.g., 
maintenance, plant operations, sampling and analysis, and utilities) for fiscal year 
1994 based on actual operating experience (i.e., a “bottoms-up” budget). These 
costs provide benchmarking guidelines which could be used in comparing 
incinerator operating costs with those of other technologies designed to dispose of 
liquid LLMW. A discussion of the current upgrade status and future activities are 
included in this paper. Capital costs are not addressed. 

BACKGROUND 

The U.S. Department of Energy (DOE) operates a rotary kiln incinerator with an 

afterburner at the K-25 Site in Oak Ridge, Tennessee. The K-25 Site Toxic Substance Control 

Act (TSCA) Incinerator is unique in that it is both permitted as a Resource Conservation and 

Recovery Act (RCRA) treatment facility and authorized by the U.S. Environmental Protection 

Agency (EPA) to treat TSCA wastes. Approximately 7 x lo6 kg of liquid wastes, mainly wastes 
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contaminated with uranium and polychlorinated biphenyls (PCBs), have been treated since 

TSCA operations began in 199 1. These wastes are defined as mixed wastes because they contain 

both radioactive and hazardous constituents. The K-25 Site TSCA Incinerator is the only 

incinerator currently licensed to treat mixed wastes. The incinerator thermal capacity is about 

8.8 MW (3.0 x IO7 Btu/h). 

Liquid wastes are transported to the K-25 Site in tank trucks from seven sites located in 
Tennessee, Kentucky, and Ohio. These sites are the former gaseous diffusion plant (GDP) at 

K-25, the GDPs at Portsmouth and Paducah, the Oak Ridge National Laboratory (OWL), the 

Y-12 Plant, the Reactive Metals, Inc. (MI) Extrusion Plant, and the Fernald Environmental 

Management Project. The wastes are blended in a 3.41 x los-L (90.1 x lo3 gal) tank farm 
(1 5 tanks) to optimize combustion efficiency and feed rate within permitted limits. 

Treatment of liquid wastes including waste oils, solvents, and water solutions began in 

199 1 when 1 x 1 O6 kg of waste were incinerated. Since 199 1, the throughput of the incinerator 

has increased every year to 1.8 x 1 O6 kg (4 x 1 O6 Ib) incinerated in 1994. At this rate of 

incineration, the current backlog of liquid PCB waste being stored at the K-25 Site should be 

eliminated by 1996. DOE plans to shift the operation to solid waste treatment starting as early as 

1996. Currently, only waste from the seven sites previously mentioned are being treated at the 

TSCA Incinerator; however, DOE is considering the use of the incinerator to treat RCRA and 

TSCA waste streams from other DOE sites.' 

OPERATING COSTS OF THE TSCA MIXED-WASTE INCINERATOR 

The total annual operating cost of the TSCA Incinerator is about $25 million. This cost 

can be broken down into eight hctional areas: plant operations, sampling and analysis, 

monitoring, maintenance, program management and support, administrative, environmental 

compliance, and technical support. These costs have previously been studied in some detail. 

The first, a review of the TSCA Incinerator FY-1994 budget, included an analysis of costs in 

each of the eight functional areas.' The second was an analysis of the impacts of DOE Orders on 
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the costs and quality of operations in each area.' References to the impacts of DOE Orders 

should not be taken as a criticism. On the contrary, these Orders add considerable assurance to 

the quality of operations and to the uniformity with which this same degree of high quality is 

applied to all technologies. 

For the current study, it was desired to relate the operating costs in each of the eight 

hctional areas to the technical parameters of plant operations. Backup data for the FY- 1994 

budget were obtained Erom the TSCA Incinerator project staff and used as input to this effort. 

THE TSCA INCINERATOR FY-1994 BUDGET 

Table 1 shows the summary table of the FY-1994 Bottoms-Up Budget for the Oak Ridge 

TSCA Incinerator as the budget was proposed before making the final revisions agreed to during 

the budget reconciliation process. A "bottoms-up" budget is produced by starting at zero dollars 

and adding up the estimated costs required to achieve the goals set for the coming fiscal year, 

based on past experience. The summary table shows the various cost elements of the estimated 

spending plan for FY-1994, based on a feed rate of about 1.9 x lo6 kg/year (4.25 x lo6 Ib/year) 

of LLMW liquids. The FY-1994 Bottoms-Up Budget includes backup data showing detailed 

calculations of the various cost elements at feed rates of 1.6 and 2.3 x lo6 kg/year (3.5 and 

5.0 x lo6 lb/year). The budget summary (Table 1) was based on the average of these feed rates. 

Table 1. TSCA incinerator estimated annual operating costs 
per FY-1994 budget plan' 

Functional area Cost, $/ye& 

Plant operations 
Sampling and analysis 
Monitoring 
Maintenance 
Program management and support 
Administrative 
Environmental compliance 
Technical support 

Total 

8,881,000 
5,506,000 
1,141,000 
4,289,000 

909,000 
1,267,000 

70 1,000 
2,566,000 

25,260,000 

"Personal communication from S. M. Crosley, Y-12 Plant, to R. Salmon, 

'Costs are based on a feed rate of 1.9 x IO6 kg/year (4.25 x IO6 Ib/year). 
ORNL, July 1994. 
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Table 2 was produced by using the backup data of the FY-1994 budget to calculate the 

operating costs at feed rates of 1.6 and 2.3 x lo6 kg/year (3.5 and 5.0 x 1 O6 Ib/year) and then 

using the average of these to obtain the costs at 1.9 x 1 O6 kg/year (4.25 x lo6 Ib/year). This 

column agrees fairly well with the summarized costs of the preliminary FY-1994 budget, which 

is shown in Table 1. The differences occurred because of the minor budget revisions already 

mentioned, but these differences are small enough to be unimportant. The preliminary budget 

summaries shown in Tables 1 and 2 both agree fairly well with the final budget summary 

reported by Trischman et ai.,’ which shows a total of $25,014,000. Again, differences are 

present because of revisions that occurred during the budget-reconciliation process; these 

differences are not significant in the context of this paper. Also, because the budget estimates are 

accounting figures and not engineering estimates, the costs presented in the following tables are 

shown to the final dollar. 

Table 2. TSCA Incinerator estimated annual operating costs“ 

Costs, $/year 
Functional area @1.9 x lo6 kg/year 

(4.25 x lo6 Ib/year)b 

Plant operations 
Sampling and analysis 
Monitoring 
Maintenance 
Program management and support 
Administrative 
Environmental compliance 
Technical support 

8,856,342 
5,469,584 
1,141,101 
4,287,263 

908,613 
1,266,647 

701,373 
2,566,304 

Total 25,197,227 

“Personal communication from S. M. Crosley, Y-12 Plant, to R. Salmon, 

’Average of 1.6 and 2.3 x IO6 kg/year (3.5 and 5.0 x IO6 Ib/year). 
O m ,  July 1994. 

TSCA INCINERATOR PLANT OPERATIONS COSTS 

Plant operations costs account for about 35% of the annual operating budget. The costs 

listed in Tables 1 and 2 as “plant operations” consist of four items: (1) labor and supervision, 
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(2) materials and supplies, (3) laundry service, and (4) utilities. Table 3 summarizes and details 

these items. The details are based on the backup data in the budget document. 

Table 3. TSCA Incinerator: details of plant operations costs" 

Costs, $/year 

Cost element 
~~ 

@1.9 x IO6 kg/year 
(4.25 x lo6 Ib/year) 

Labor and supervision 
Operators (25) 
Supervisors (6) 
Staff (19) 

Total labor and supervision 

Fringe benefits (approximately 3 1 %) 

Total labor, supervision, and fringe 

Materials and supplies 
General materials and supplies 
Additional supplies for outages 
Other materidsb 

Total materials and supplies 

Laundry service 

Utility service 
Nitrogen 
Fuel gas 
Steam 
Air 
Electricity 
Sanitary water 
Sewage disposal 
Sanitary waste 

1,567,508 
485,646 

1,302,08 1 
3,355,235 

1,033,412 
4,388,647 

155,637 
64,850 

268,132 

488,619 

106,190 

952,139 
939,332 
838,559 
675,172 
264,009 
120,194 
34,853 
48,628 

Total 
Grand Total 

3,872,886 
8,856,342 

"Personal communication from S. M. Crosley, Y-12 Plant, to R. Salmon, 

*Other materials are materials consumed by the process; quantities consumed 
OWL,  July 1994. 

are directly proportional to throughput. 

Costs of Labor and Supervision 

The Oak Ridge TSCA Incinerator operates on a continuous around-the-clock basis and 

requires five operators on each shift (five shift positions). This leads to a requirement for 25 total 

operators to cover all shifts. This is arrived at as follows: An operator works 40 Idweek, but, 
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because of holidays, vacations, sick leave, required training, etc., an operator's effective average 

time is about 34 h/week on a year-round basis. Since a week is 168 h, the total number of 

operators needed is 5 x (1 68/34), or about 25 operators. Usually, for a plant operating 

continuously, 

number of shifl positions x 168 
effective hours per week per operator 

Total operators = 

The number of shift positions required to operate a given plant depends on the size and 

complexity of the plant and on an analysis of the duties associated with each shift position. Any 
special duties resulting fiom regulatory or DOE requirements should be included in this analysis. 

Details on operator duties can be found in Trischman et al.' or Salmon et aL3 

Under supervision and staff, Table 3 shows 6 shift supervisors (one for each rotating shift 

plus two relief shift supervisors) and 19 staff members. The number of staff members was 

subsequently reduced by one during the budget reconciliation process, giving a final requirement 

of 18. Key staff positions include Incinerator Operations Manager, Shift Operations Supervisor, 

Facility Process Engineer, Operations Trainer, Health Physics/Industrial Hygiene Coordinator, 

Instrumentation Engineer, Technical OperationsEilend Master, and Environmental Engineering 

Assistant.' 

Costs of labor and supervision account for about 17% ($4,388,647) of the annual 

operating budget, with an estimated 24% of these labor costs attributable to DOE Orders.' 

Materi nd e i 

Costs of materials, supplies, and laundry service are shown in Table 3 at a feed 

throughput of 1.9 x lo6 kg/year (4.25 x lo6 lb/year). General materials and supplies include 

disposable protective clothing, respirators, cartridges, flashlights, other lights, batteries, forms, 

labels, storage boxes, small tools, etc. Additional supplies of this type specifically required 
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’ during scheduled outages are also shown. Materials listed as “other materials” are process 

consumables such as caustic solutions, fuel oil, and drums used to store products. 

Table 3 shows the costs of laundry service required to maintain plant-supplied work 

clothing in proper condition; these costs are independent of plant throughput and are directly 

related to the number of operators. 

Materials, supplies, and laundry service account for about 2% ($594,809) of the annual 

operating budget. About 9% of these costs can be attributed to DOE Orders.’ 

UtiIity Costs 

Table 3 also shows the details of the annual utilities costs of the TSCA Incinerator, based 

on the FY-1994 Bottoms-Up Budget. The consumption of the various utilities was estimated 

based on past usage and FY-1994 operating plans. Electric power and natural gas are metered 

and are costed at rates set by the K-25 Power and Utilities Department. Nitrogen is used as a 

blanketing gas over the feed tanks. Natural gas is used in the primary and secondary auxiliary 

burners to initiate and maintain incineration conditions. Steam is used for heat, for cleaning out 

process lines, for atomizing the liquid waste feed, and for general purposes around the plant. 

Electric power is used for waste liquid and aqueous pumps and other electrically driven 

equipment; for the off-gas treating system, including the induced draft fan and the ionizing wet 

scrubber; and for lighting, instruments, and various miscellaneous uses. The annual cost for each 

utility is obtained by multiplying the estimated rate of consumption in Units per year by the Unit 

cost of that utility in dollars per unit. See ref. 3 for a breakdown of unit costs. 

Utility costs account for about 15% ($3,872,886) of the annual operating budget. Utility 

costs are deemed to be a function only of plant throughput (in the range considered-Le., 1.6 to 

2.3 x lo6 kg/year). 
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TSCA INCINERATOR COSTS OF SAMPLING AND ANALYSIS 

Sampling and analysis are necessary to ensure that operations are in compliance with the 

conditions specified in the operating permits. Failure to have the necessary compliance analyses 

could result in shutdown of the incinerator. Sampling and analysis costs account for about 22% 

of the annual operating budget, of which an estimated 8% is attributable to DOE Orders.' 

The regulatory permits that must be satisfied are RCRA, TSCA, National Pollutant 

Discharge Elimination Systems (NPDES), National Emissions Standards for Hazardous Air 

Pollutants (NESHAP), and the State of Tennessee air permit. 

Sampling and analysis services for the K-25 Site TSCA Incinerator are provided by the 

K-25 Analytical Chemistry Department. Analyses are performed at the K-25 laboratory. 

Routine samples (those taken at regularly scheduled intervals) include wastewater, blend tank 

(feed), ash, sludge, NESHAP (stack emissions to atmosphere), feed waste verification (analyses 

of each shipment of waste received), feed tank (individual feed tanks), and NPDES (liquid 

discharge). In addition, there are nonroutine samples (not on a regular schedule) including 

ambient air, combustion gas velocity, K-1425 storage area for incoming waste, and other 

miscellaneous samples needed to provide guidance for plant operating decisions. 

In the preparation of FY- 1994 budget estimates for the TSCA Incinerator, experience in 

1993 and anticipated changes in 1994 were used as guides for the number of samples of each 

type and the number of person-hours required for the sampling and analysis of each type of 

sample. These data are summarized in Table 4 which shows the breakdown of costs of sampling, 

analysis, and testing into its component parts. Data for Table 4 are fiom the supporting 

documentation of the FY- 1994 TSCA Incinerator Bottoms-Up Budget. 
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Table 4. TSCA Incinerator FY-1994 Bottoms-Up Budget: 
breakdown of costs of sampling and analysis" 

Costs, %/year 

@1.9 x lo6 kg/year 
(4.25 x lo6 lb/year) 

Cost element 

Dedicated persons 
K-1425 (Waste Oil Storage Facility) 
Wastewater 
Blend tank 
Ash 
Aqueous waste management sludge 
NESHAP (air emissions)' 
Verification (feed analyses) 
Feed tank 
NPDES' 
Ambient air 
Combustion gas velocity 
Materials 
Miscellaneous" 

954,624 
44,082 

1,459,439 
860,811 
220,214 
220,2 14 
590,348 
368,630 

84,524 
44,284 

166,842 
131,586 
74,053 

249,933 
Total - 5,469,584 

"Basis: five dedicated persons provided by the Analytical Services Organization, 
1760 full-time equivalent hours per person year; cost based on %72.32/h plus 
overhead. 

'Sampling and analyses required for compliance with NESHAP. 
Tests required for NPDES liquid discharge permit. 
%eludes special sampling and analyses needed for guidance of plant operations. 

These are projected on the basis of past data. 

Wastewater sampling and analyses required by the NPDES permit account for about 25 to 

30% of the total sampling and analyses budget. The significant cost is primarily a result of 

conservative environmental management practice to sample/analyze each tank prior to release to the 

K-25 Site Central Neutralization Facility (CNF). This practice differs from a standard 

industrial practice of using statistical analyses to influence the frequency of sampling/analysis 

(SA). The PCB limit of 1 ppb is the acceptance criteria for the CNF, and at this level, absolute 

S/A must be applied within the constraints of fixed hold-up and surge storage capacity at the 

TSCA Incinerator. 

Waste feed accounts for another major portion of the sampling and analysis budget. 

Waste feed blends are prepared from several different feed tanks to optimize the feed 

composition to achieve maximum feed rate. Samples must be taken and analyzed before and 

after each blending operation. 
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MONITORING 

Table 5 shows the cost breakdown of monitoring services for the TSCA Incinerator. All 

LLMW treatment facilities have the potential for unintended radiological or chemical 

contamination of plant equipment and the surrounding environment. At the TSCA Incinerator, 

the services of several groups are necessary to perform the required monitoring to ensure 

compliance with regulations designed to protect plant employees and the public. These 

specialized groups perform their duties for the K-25 Site complex, and their costs are charged to 

projects or programs based on actual hours worked or on a user percentage distribution. For this 

reason, no labor or material charges are shown in Table 5.  Monitoring costs account for 4 to 5% 

($1,141,101) of the annual operating budget and are independent of feed rate in the range of 

1.6 to 2.3 x lo6 kg/year (3.5 to 5.0 x lo6 lb/year). 

Table 5. TSCA Incinerator N-1994 Bottoms Up Budget: 
breakdown of monitoring costs" 

Costs, $/year 
Cost element @1.9 x lo6 kg/year 

(4.25 x lo6 lb/year) 

Services 
Health Physics 

Routine coverage 
Maintenance outage 
Rad Con implementation 
Rad worker distribution 

Industrial Hygiene 
Routine coverage 
Confined-space work 
Maintenance outage 
Respirator wearers distribution 

(6.22% of K-25 Site total) 
Nuclear Materials Control & Accountability 

Documentatiodtraceability support 
Uranium accounting system 

Quality Control 
Total 

372,263 
46,533 

124,088 
213,698 

143,190 
23,588 
71,595 

4,245 

12,656 
24,635 

104,6 10 
1,141,101 

Tosts shown include overhead. 

Three DOE Orders that affect monitoring costs are DOE 5633.3 (Control and 

Accountability of Nuclear Materials), DOE 5820.2A (Radioactive Waste Management), and 
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DOE 5840.1 1 (Radiation Protection for Occupational Workers). Overall, it was estimated by 

Trischman that about 13% of the total costs of monitoring were attributable to DOE Orders.' 

MAINTENANCE 

Table 6 shows the breakdown of maintenance costs for the TSCA Incinerator. The 

assigned maintenance staff includes one general supervisor, two maintenance supervisors (one 

instrument and one mechanical supervisor), two planner/estimators, and one clerk. Overtime for 

these salaried staff members is budgeted at 5%, except for maintenance supervisor overtime, 

which is budgeted at 15%. Because there is no relief maintenance supervisor, the extra overtime 

is allotted to take care of unusual maintenance problems that need attention after the day shift 

ends. 

Table 6. TSCA Incinerator FY-1994 Bottoms Up Budget: 
breakdown of maintenance costs' 

Costs, $/year 
Cost element @1.9 x 106kg/year 

(4.25 x IO6 Ib/year) 

Labor 
Maintenance staff labor (6) 
TSCA-assigned hourly labor (23) 

Total labor 

Fringe benefits (approximately 3 1%) 
Total labor and fringe 

Materials 
Electrical 
Mechanical 
Other (respirators, insulation, etc.) 

Total material 

Services 
Maintenance (building and grounds, 

Engineering 
Quality Contrdl 
Total services 

preventive, corrective, etc.) 

386,817 
1,537,383 
1,924,200 

592,655 
2,516,855 

2 7 2,7 9 0 
425,970 
192,000 
890,760 

827,949 
17,700 
33,999 

879,648 

Grand total 4,287,263 

''Personal communication from S. M. Crosley, Y-12 Plant, to R. Salmon, 
ORNL, July 1994. 
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The 23 TSCA Incinerator-assigned hourly workers include 8 maintenance mechanics, 

9 instrument mechanics, 3 electricians, 2 painters, and 1 laborer. The budget includes an 

estimate of 15% overtime for maintenance and instrument mechanics and the laborer, 

20% overtime for the electricians, and no overtime for the painters. 

Maintenance costs account for about 17% ($4,287,263) of the annual operating budget. It 

was estimated by Trischman that about 11% of the total cost of maintenance is related to DOE 

Orders, mainly in the area of worker qualifications, training, and supervision.' 

PROGRAM MANAGEMENT AND SUPPORT 

The Program Management and Support Department develops and implements 

management systems for the control of various division programs including compliance, self- 

assessment, procedures, training, administrative work management, document control, 

occurrence reporting, etc. The FY-1994 annual budgeted cost is about 4% ($908,613) of the total 

operating budget, and breaks down into about 76% labor, 12% materials, and 12% services. 

About 48% of this cost was directly attributable to the requirements of DOE Orders.' 

ADMINISTRATIVE 

The administrative function provides for overall management, leadership, coordination, 

and control of the TSCA Incinerator project. It is responsible for interactions with DOE site 

representatives and site prime-contractor management. It provides program direction and 

management leadership for operations, maintenance, and facility improvements. Other matters, 

such as strategic planning, budgeting and financial management, funding, quality assurance, and 

safety, also are handled under the administrative function. 

The administrative function accounts for just over 5% ($1,266,647) of the total operating 

budget. The portion of administrative cost attributable to DOE Orders is about 2 1 %.I 
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ENVIRONMENTAL COMPLIANCE 

A number of state and federal regulations must be complied with in order for the TSCA 

Incinerator to operate, and proof of complianc'e must be supplied in each case. Costs associated 

with environmental compliance are shown in Table 7. The Environmental Compliance 

Department (ECD) consists of three personnel, including one manager. They are assigned to 

oversee such functions as permit application development and modification, regulatory training 

for TSCA Incinerator workers, regulatory reports and documents, and many other compliance- 

related issues. Overtime provisions are budgeted at lo%, excluding the manager. Material costs 

for ECD consist of permit fees, compliance references, and travel for regulatory training. 

Table 7. TSCA Incinerator FY-1994 Bottoms Up Budget: 
breakdown of environmental compliance costs' 

Costs, %/year 
Cost element @1.9 x lo6 kg/year 

(4.25 x lo6 Ib/year) 
~ ~~ ~ 

Labor 
Total labor (3) 
Fringe benefits (approximately 3 1%) 

Total labor and fringe 

Materials 
Permit fees 
Compliance materials 
Travel for training 

Total materials 

Services ( E m )  
Waste generator (4% distribution) 
PCB (1 9% disribution) 
Low-level waste (4% distribution) 
Air program support 
NPDES support 
PCB 
RCRA 
Miscellaneous 
NEPA 
Air stack test development 

Total services 

248,47 1 
76,529 

325,000 
- 

50,850 
12,750 
1 1,250 
74,850 

5,957 
50,534 
3,332 

70,203 
2,006 

35,102 
80,232 
12,035 
1 2,03 5 
30,087 

301,523 

Grand total 701,373 
~~~~~ 

Tosts are from the backup data for the FY-1994 budget. 
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The Environmental Management Division (EMD) supports ECD through issuance of 

required reports (e.g., PCB annual report, NESHAP annual report, etc.). The EMD also 

assists with development and assessment of environmental programs, contact with regulatory 

agencies, interpretation of regulations, and several other functions related to environmental 

compliance. Most of these services are based on actual hours worked. Some services are 

distributed on a site-wide percentage basis. 

Costs charged to environmental compliance account for about 3% ($701,373) of the 

annual operating budget. No environmental compliance costs are attributable to DOE Orders.' 

TECHNICAL SUPPORT 

This function provides the technical and engineering support needed in connection with 

long-term process and equipment improvements and upgrades, special testing and trial burns, 

maintenance, capital equipment procurement, feasibility studies, and technical evaluations. 

Technical support costs account for about 10% ($2,566,304) of the annual operating budget. 

About 11% of the technical support budget is directly attributable to DOE Orders.' 

UPGRADE STATUS OF THE K-25 TSCA INCINERATOR 

The original design for the TSCA Incinerator was to process both liquid and solid feeds 

(including pumped sludge through a lance), and the facility is permitted to exercise those feed 

circuits. Excluding trial burns and performance testing, only liquid feeds have been incinerated 

to date. However, DOE is currently performing a readiness assessment to initiate incineration of 

solid feeds. The necessary design considerations and cost estimates are still in the preliminary 

stages, but current plans are to initially incinerate a mixture of hazardous combustible solids, 

such as personal protective equipment (PPE) and soil to demonstrate the effectiveness of the 

solid-feed systems. 
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A conceptual design for completing an upgrade of the Air Pollution Control System 

(APCS) was completed in 1995.4 This project was completed to ensure that the incinerator 

facility was prepared for installation of the upgrade to the APCS and that the installation could 

be completed in a timely, cost effective manner to continue operation into the 2 1 st century 

should technology-based stack emissions criteria be regulated to significantly lower levels. 

SUMMARY 

This analysis of the K-25 Site TSCA Incinerator FY 1994 operating costs budget 

provides benchmarking guidelines that could be used to compare incinerator operating costs with 

the costs of other liquid LLMW disposal technologies in a DOE environment. Although, 

according to Trischman et al.,’ the total contribution of DOE Orders to the budgeted operating 

costs for FY 1994 accounted for about 13% of the total budget, these costs are mainly directed at 

safety and quality issues. 
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