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ABSTRACT 

The U.S. Department of Energy (DOE) Headquarters and associated contractors have developed 
an IBM PC-based software package that estimates costs, schedules, and public and occupational 
health risks for a range of mixed-waste management options. A key application of the software 
package is the comparison of various waste-treatment options documented in the draft Site 
Treatment Plans prepared in accordance with the requirements of the Federal Facility Compliance 
Act of 1992. This automated Systems Analysis Methodology consists of a user interface for 
configuring complexwide or site-specific waste-management options; calculational algorithms for 
cost, schedule and risk; and user-selected graphical or tabular output of results. The mixed-waste 
management activities modeled in the automated Systems Analysis Methodology include waste 
storage, characterization, handling, transportation, treatment, and disposal. Analyses of treatment 
options identified in the draft Site Treatment Plans suggest potential cost and schedule savings 
from consolidation of proposed treatment facilities. This paper presents an overview of the 
automated Systems Analysis Methodology. 

INTRODUCTION 

Activities mandated by the Federal Facility Compliance Act of 1992 and pressures to reduce 
budget expenditures led the U.S. Department of Energy's (DOE) Office of Program Integration 
(EM-33) to develop a model that simulates mixed-waste management activities for the entire 
DOE Complex. This model is based on the premise that waste management is an interdependent 
system and should be viewed as a complete system. Decisions on how to manage one part of 
that system (e.g., treatment at a particular site) must consider potential impacts on other parts of 
that same system (e.g., disposal at a different site). 
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The Mixed-Waste Systems Analysis Model (the Model) simulates DOE mixed waste-management 
as a complete system. It addresses several key requirements that are needed for informed 
decision making. The Model provides a consistent approach to the analysis of mixed-waste 
management options, and does not rely upon calculated results that have been developed using 
widely differing inputs and assumptions. It provides rapid analysis of a large number of options. 
Average turnaround time for an option analysis ranges from a few hours to a few days, 
depending upon the complexity of the option. The Model uses enhanced versions of DOE 
mixed-waste inventory and facility information, including the Mixed Waste Inventory Report and 
the Site Treatment Plan databases. It provides results in a variety of camera-ready graphical or 
tabular forms, depending on the requirements of the analysis. 

This paper reviews the process used to develop the Model, describes its capabilities, provides 
examples of its output, and summarizes planned enhancements to the Model. 

BACKGROUND 
The Mixed-Waste Systems Analysis Model is the automated version of the Mixed-Waste Systems 
Analysis Methodology that has been under development for the last three years. The 
Methodology mapped all components of mixed low-level waste management, compiled data on 
these components needed for options analysis, and provided results of analyses that were 
performed prior to automation of the Methodology. Components of mixed-waste management 
that are included in the original Methodology and the automated Model are as follows: 

• Storage (both before and after treatment) 
• Characterization (both before and after treatment) 
• Waste sorting (prior to treatment) 
• Certification and preshipment activities 
• Transportation 
• Receipt and inspection (after any movement of waste) 
• Treatment (including any additional pretreatment) 
• Solidification/stabilization (produces final waste form) 
• Disposal 

These waste-management activities are evaluated relative to several criteria. All activities are 
evaluated in terms of cost, which includes technology development (where appropriate), facility 
design, permitting, construction and start-up, operations, maintenance, and decommissioning. 
Each cost component also can be scheduled, with costs distributed over that schedule. Public and 
occupational health risks associated with each waste-management activity are calculated so that 
the user can compare costs to risks as a form of cost-benefit analysis. Given that decisions on 
treatment will be influenced by disposal requirements, long-term disposal is modeled using the 
Pathways Analysis Model. Options are rejected when releases from the treated final waste form 
are found to exceed release standards. Finally, options are evaluated qualitatively for potential 
regulatory compliance issues. 
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Automation of the Methodology began in May 1994 and remains a work in progress. As of late 
February 1995, cost and schedule have been fully automated. Given the extensive base of 
information available when the automation effort began, the level of complexity coded into the 
Model, and the accelerated pace at which the programming effort has proceeded, the five-to-
seven-person team used in automating the Methodology should be assumed to be the bare 
minimum required for programming efforts such as this. 

DESCRIPTION OF THE MODEL 

The Mixed-Waste Systems Analysis Model is a PC-based program built around the Paradox® 
database software package. The Model consists of three major components—the 
option-configuration module, the calculational module, and the reports module. The 
option-configuration module includes a series of menus that prompt the user in configuring a 
mixed-waste management option. These menus allow the user to group wastes with a common 
management "train" and to specify all of the waste-management activities to be included in that 
train. For example, a typical management train may begin with storage at the generator site, 
followed by characterization/sorting/certification prior to shipment off-site for treatment, then 
transportation to the treatment site, followed by treatment, followed by storage then final 
solidification/stabilization, followed by additional long-term storage, then transportation to the 
disposal site, and finally disposal. In a different option, the user may choose to configure a 
completely different management "train" for the same group of wastes. For each activity, the 
Model uses the volumes and masses of the waste streams involved to determine which existing 
or planned facilities are viable candidates and displays this information to the user. In the case 
of treatment and solidification/stabilization, wastes and facilities are matched based on 
"treatability group" compatibility. A "treatability group" is defined as a combination of 
radiological-component characteristics, waste matrix, and hazardous-component characteristics. 
At the completion of the option-configuration module, the option configuration is saved for future 
reference. Configuration of an option using the Model will take anywhere from a few hours to 
a few days to complete, depending on the complexity of the option. 

Once all mixed-wastes have been accounted for, the user can instruct the code to calculate costs 
and develop schedules using the calculational module. No additional user input is required to 
run this module. The code automatically sums all wastes to be processed at each facility, sizes 
the facility based on the inventory work-off period specified by the user, calculates costs and 
develops schedules for that facility based on the treatment technology specified, and stores results 
in a detailed form to maximize reporting capabilities. Computer run times for these calculations 
range from 10 to 50 minutes, depending upon the complexity of the configured option. 

The reports module provides the user with options for reporting cost/schedule results in either 
a graphical or tabular form. Results can be presented in any combination of the following 
cost/schedule accumulators: 
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• Waste-management activity 

• Waste operation (preoperations, construction, operations and maintenance, and 
decontamination and decommissioning) 

Waste matrix (e.g., all costs for treating aqueous wastes) 

• Site where activity will occur 

• Generator site (allows costs for all activities required to manage a group of waste 
to be assigned back to the original "caretaker" of the waste) 

• Treatment facility 

• Year activity will occur. 

The reports module provides a menu for the user to select the structure of the desired report. 
This menu gives the user the capability to specify up to 10 configured options on any report. 
Computer run time for each report is 1 to 2 minutes, once all configured options to be included 
in the report have been run through the calculational module. 

EXAMPLES OF ANALYSES PERFORMED 

The Mixed-Waste Systems Analysis Model has been applied to a variety of complexwide and 
site-specific applications. An example of the graphical presentation of results is provided in 
Figure 1. An example of the tabular presentation of results is provided in Table 1. 

ENHANCEMENTS TO THE MODEL 

Enhancements for the Mixed-Waste Systems Analysis Model could include addition of selected 
modeling of mixed-transuranic and high-level waste management and the automation of 
public/occupational health risk calculations and disposal-facility long-term performance. The cost 
and schedule modules of the Model will be refined and further integrated as required by Model 
users. There are plans for a controlled distribution of the Model and for a user's network to 
share results of options analyses. Longer term, there are plans to include uncertainty analysis for 
cost and risk. There are also plans to expand mass/energy balance calculations that support the 
cost calculations for treatment. 

In terms of the databases used by the Model, there is a continuous effort to expand and refine 
these databases based on information that becomes available. Updated databases will be included 
in each new version of the Model. 
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TABLE I. Cost by Waste Management Activity/Operational Phase (Million Dollars) 

Waste Management Actvity Pre Ops Construction O & M D&D 
Administration 256.78 582.32 1,406.42 95.80 
Certification 4 Shipping 69.47 303.99 627.52 66.68 
Characterization 0.00 0.00 199.21 0.00 
Disposal 142.15 553.77 428.26 58.62 
Maintenance 50.46 126.88 410.15 30.64 
Open/Dump/Son 200.22 1,390.47 1,285.33 101.25 
Receive & Inspect 258.00 201.31 629.58 118.71 
Stabilization 173.31 1.113.98 680.20 108.19 
Storage 61.37 252.82 616.19 210.52 
Transportation 0.00 0.00 63.14 0.00 
Treatment 388.67 1,264.06 971.37 98.00 


