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ABSTRACT +
+

The problem of treating and disposing of hazardous transuranic (TRU)
low-level radioactive, and mixed waste has become a major concern of the
public and the government. Federal regulations provide guidelines for
classifying TRU, low-level, and mixed waste according to their levels of
radioactivity. The mixed-waste classification indicates contamination with a
substance defined as hazardous by the U.S. Environmental Protection Agency and
places additional restrictions on its storage, treatment, and disposal. At
the U.S. Department of Energy's Hanford Site in Washington state, and at other
sites around the country, the problem is compounded by the need to
characterize, retrieve, and treat the solid waste that was generated and
stored for retrieval during the past 20 years. Inability to meet disposal
schedules and treatment requirements can result in legal action and heavy
fines. Therefore, careful planning of treatment, storage, and disposal
facilities is essential.

This paper discusses the development and application of a Solid Waste
Projection Model that uses forecast volumes and characteristics of existing
and future solid waste to address the treatment, storage, and disposal
requirements at Hanford. The model uses a data-driven, object-oriented
approach to assess the storage and treatment throughput requirements for each
operation for each of the distinct waste classes and the accompanying cost of
the storage and treatment operations. By defining the elements of each
alternative for the total waste management system, the same database can be
used for numerous analyses performed at different levels of detail. This
approach also helps a variety of users with widely varylng information
requirements to use the model and helps achieve the high degree of flexibility
needed to cope with changing regulations and evolving treatment and disposal
technologies.

INTRODUCTION

The Hanford Nuclear Reservation is a 560-square-mile Department of Energy
(DOE) iJlstallation in eastern Washington. The area was selected to become
host to the United States' first plutonium production and processing
facilities in 1943. While some processing of existing stockpiles continues,
the Hanford site is now dedicated primarily to environmental restoration and
waste management.

At Hanford, the DOE, the U.S. Environmental Protection Agency (EPA), and
the Washington State Department of Ecology entered into an agreement called
the Tri-Party Act, which defines the critical dates for restoration and
cleanup of the Hanford site. The DOE committed to meeting these milestones,
and the U.S. Departmen_ of Justice has officially recognized the
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enforceability of the agreement. Failure to meet the schedules and
requirements could result in legal action and heavy fines. These legal
factors, together with the impact that poor management and planning can have
on the ecology of the region, have resulted in a high degree of public
scrutiny and comment, and contribute to the need for thorough planning and
careful analysis when dealing with waste management issues.

The Solid Waste Projection Modeling (SWPM) system was developed to
provide an analysis capability that could be used to support decisions while a
solid waste management strategy is being developed for the Hanford site. SWPM
provides a modeling and analysis environment that can be used to develop and
evaluate alternatives in search of a system that cost effectively meets the
regulatory requirements.

THE SWPMSYSTEM

A conceptual model of the Hanford waste management system is shown in
Figure I. In this representation, waste is received, then stored, treated,
and disposed of according to the characteristics of the waste. Each element
of the system is 'linked to subsequent elements to simulate handling of the
waste from receipt to final disposition. An element can represent a storage
cell, an individual treatment or disposal operation, a complete treatment
stream, an entire facility, or a group of facilities.

Based on this conceptual model, an object-oriented language was selected
to develop a program to simulate waste flows through the waste management
system. The object-oriented approach to modeling allows each element of the
system to be completely defined by thedata so that an analyst who does not
have programming knowledge can develop models that represent alternative
system configurations.

The data that define each element include capacity start date, end date,
and magnitude; volume adjustment ratios to account for volume changes from
treatment, and the cost per cubic foot of handling the waste. In addition,
"flow fractions" that link the elements to form a complete treatment stream
are defined for each element representing storage or treatment. A database,
as shown in Figure 2, provides the structure for storing and maintaining the
data models developed by the analyst.

Tile database also stores forecasts of the solid waste that will be

managed at Hanford. Wa-_'te generating and retrieval activities at Hanford, as
well as offsite waste generators that will send waste to Hanford, provide

' input to these forecasts. The 30-year forecasts include estimates of waste
volumes, descriptions of the waste, and the type of container that will hold
the waste.

The compiled library of waste system descriptions and waste volume
forecasts provides a suitable baseline for analyses. To simplify the method
for selecting data for a case, a graphical user interface is included in the
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Figure 2. The Solid Waste Project Modeling System

SWPMsystem. Using a system of simple pull-down menus, the user interface
guides the analyst through the selection of a complete, logical, case-specific
data set. In addition, the user interface allows the analyst to specify
alternative elements or waste volumes without modifying the reference data
library. In this way, the analyst can quickly test numerous alternatives
without altering the reference library and without requiring test data to be
maintained in the database.

The user interface transfers this case-specific data set to a program
that executes the model using the 30-year forecasts. This simulation provides
annual projections of throughput, utilization, and cost for each element for
each of the years specified in the study. The program accounts for
accumulation of waste that is in excess of each element's annual capacity with
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a simple queueing algorithm. The output information is provided in tabular
reports.

The SWPMsystem, as shown in Figure 2, operates on an 80386 desktop
computer. The system currently requires MS DOSversion 4.0, OS/2 version 1,1
and 16 megabytes of RAM.

APPLICATIONOF SWPM

The SWPMsystem uses a top-down approach for analyzing the requirements
of the Hanford waste management system. In this approach, the initial model
contains elements that represent the most basic functions and system
components at Hanford. Using this model, high-level functions are allocated
to specific facilities and requirements for treatment, storage, and disposal
(TSD) capacity are projected for these functions. These requirements are then
used as a mechanism for focusing design efforts on individual system
components (i.e., particular waste streams, storage areas, or treatment
streams) and for developing a model with more detailed data. This process
continues in iterations, moving from a highly aggregate level to succeeding
levels of increasing differentiation. The primary dimension in which the
system is differentiated is space, with elements assuming a stricter
definition in this domain.

Waste Characterization

At each level in this top-downsystems analysisapproach,it is
importantto understandthe material that the system will receiveand process.
Waste characterizationinvolvesclassifyingthe stored and newly generated
wastes accordingto applicablegovernmentregulationsand/orcurrentlydefined
process requirements. Hanfordmust receiveand process low-levelradioactive
and transuranic(TRU)wastes as well as severalclassesof hazardousmaterial°
In addition,many of the low-levelor TRU wastes are furthercontaminatedwith
hazardousmaterials,creatinga mixed waste form.

Becauseof the differentkinds of waste present,many agencies are
involvedin regulatingHanford'swaste. These agencies includethe EPA,the
DOE, and the U.S. Nuclear RegulatoryCommission. To satisfythe regulatory
requirementsof these agencies,characterizationmust accountfor the
radiological,physical,and chemicalpropertiesof the waste volumes.

Waste characterizationinvolvesdescribingthe physicalcontents of the
waste (e.g., particulates, compact i bl es , and metal wastes), the properties of
the hazardous and mixed waste (e.g.. flammable, caustic, and acidic), and the
type of container in which the waste is packaged. These characteristics
affect how the waste must be segregated for storage and what type of treatment
must be used to prepare the waste for disposal. The information necessary to
characterize the waste is provided by the waste generators in the 30-year
forecasts.
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SWPMis useful for addressing the problem of characterization by storing
the forecasts in the SWPMdatabase in a way that allows groupings to be
compiled and summary reports to be generated. As regulations force different
schemes for classification, the information can be resorted and recompiled to
match the new classification groups. The reports are used to evaluate the
types of waste received, to identify the containers that contain the waste,
and finally to assign the waste to the facility or treatment stream handling
tile waste with those particular attributes.

In many cases, this activity also reveals that inconsistent oF incomplete
information is being supplied by the activities preparing the waste forecasts.
This will often help the engineers planning the waste management system
understand that waste characteristics significantly affecting TSD operations
have not been adequately or clearly defined. The additional information can
then be incorporated in the next version of the 30-year forecast or can be
obtain through special request.

System Requi rements

The 30-year forecasts of waste volumes and the high-level system
representation are used to develop a baseline projection of TSD requirements.
This baseline provides capacity requirements and estimated life-cycle cost for
each element of the system. The baseline projections can be used to identify
the functional areas that need to be addressed to achieve a balanced waste
management system and to determine factors to which the system is sensitive.
These factors might include changing regulatory requirements, receipt
schedules, or facility missions.

Because a waste generator supplies forecasts for 30 years, the volume of
waste that is forecast may be very uncertain. In addition to the uncertainty
inherent in a 30-year forecast, the problem of changing missions for
facilities also exists. For instance, a facility generates a different waste
stream during its operating life than it does during decommissioning and
decontamination activities.

SWPMis useful for performing sensitivity studies to address the
uncertainty involved in the waste forecasts and to assess the impacts of
changing missions or operating strategies. By modifying the annual waste
streams, sensitivity studies can be performed to analyze the impact of
changing waste volumes on the facility requirements. Similar analyses can be
performed to determine the impact of changing the timetable for TSD facility
startup. For example, if treatment facilities are delayed, additional storage
capacity will be required and increased treatment capacity might be needed
when the facility does come online because of fixed restoration milestones.

The retrieval of solid waste that was generated during tile last 20 years
is another problem that must be dealt with at Hanford. This waste was stored
in trenches and buildings and must be retrieved, treated, and disposed of
according to the regulations governing the particular type of waste. In
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addition, the Tri-party Agreement has established dates by which this waste
n_ust be retrieved, treated, and placed in permanent disposal sites.

The challenge facing Hanford officials is to retrieve waste during a time
when treatment capacity is available for waste of that type. A preliminary
schedule can be established by using both the SWPMdatabase to set up an
initial retrieval schedule and the user interface to modify the schedule to
take advantage of excess capacity when it becomes available. This retrieval
schedule should minimize surge storage and level treatment throughput rates.

Waste characterization and system requirements can be analyzed to
determine the impact on the waste management system at a highly aggregate
level. The next level of analysis involves addressing the same kinds of
issues, but the elements of the model represent facilities that store or treat
specific waste forms. When the system is modeled at this level, the
requirements can be examined more closely and can take into account the
characteristics of the waste form.

Two important requirements that can be analyzed at the waste stream level
are the ability to treat the forecast volumes of different types of waste and
the amount by which that volume can be reduced as a result of treatment.
Based on the characteristics of the waste, estimates can be made of the ratio
of input volume to output volume for the particular waste forms, and the
impact of the treatment process on downstream treatment and disposal
operations can be determined.

The analysis of specific waste streams identifies the waste forms that
will have a significant effect on the waste management system. These waste
forms often will require a more thorough analysis in which specific
technologies or treatment options can be addressed. The ability to model the
critical waste streams in greater detail allows the analyst the flexibility to
address the specific technical issues.

To address the treatment options for a specific waste form, the elements
of the model can be defined as operations within a treatment stream, and
tradeoffs among alternative operations within that treatment stream carl be
analyzed. For example, volume reduction is an important treatment for many
types of waste. When volume reduction is part of the treatment process, the
impact on downstream treatments and final disposal must be assessed. Possible
alternatives for volume reduction are compaction and incineration° By
modeling the alternative treatment streams, capacity requirements and
associated TSD costs can be calculated for each option, and an informed
decision can be made concerning the two alternatives.

SUMMARY

The waste management problem facing Hanford is complicated by many
facLors. The waste material consists of many classifications and possesses a
wide variety of characteristics that complicate the storage, treatment, and
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disposal of the waste. In addition, several federal and state agencies
provide very close oversight of the solid waste operations. Regulations
governing the handling of tile waste change frequently and are not yet defined
for some types of waste. The site also must interface with other laboratories
and facilities inthe United States.

The complicating factors affect the decisionmaking process and the system
at different levels. A tool like the Solid Waste Projection Model provides
the flexibility to address these issues in a top-down fashion so that only the
information necessary to answer the question or set of questions has to be
collected and incorporated into the analysis. This approach can identify
places where data are incomplete and can help focus design activities on
critical areas.

ACKNOWLEDGMENTS

This work was preparedfor WestinghouseHanfordCompany and was
supportedby the U.S. Departmentof Energy (DOE) under Contract DE-ACO6-76RLO
1830. PacificNorthwest Laboratoryis operatedfor the DOE by Battelle
Memorial Institute.

7

" ii






