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ABSTRACT

The waste management systems being developed and
deployed by the DOE Office of Civilian Radioactive
Waste Management (OCRWM) is large, complex,
decentralized, and long term. As a result, a systems
integration approach has been implemented by
OCRWM. The fundamentals of systems integration
and its application are examined in the context of the
OCRWM program. This application is commendable,
and some additional systems integration features are
suggested to enhance its benefits.

L SYSTEMS INTEGRATION: BACKGROUND

Systems integration is the process by which
interrelated activities and facilities (typically complex
and multidisciplinary) are designed and operated to
work as a practical and efficient entity toward a central
objective. The technique used to accomplish systems
integration is systems analysis, sometimes known as
systems engineering. Systems analysis can be described
as:

" . . . the invention-and-design (or
engineering) art of applying scientific methods
and knowledge to complex problems arising in
public and private enterprises and
organizations, and involving their interactions
with society and the environment."1

Systems analysis involves an interactive, stepwise
sequence of activities that is summarized in Fig. 1.
The process of systems analysts is valid, and should be
used, from the most detailed to the highest levels of a
system.

The process of integrating a system begins with
Step 1, formulating the problem or objective. This
involves defining the desired outcome of a task or a
program. Examples of such objectives might range
from "design a transportation package for defense
HLW canisters" to "begin operation of a spent
fuel/HLW management and disposal system by 2010."

The process then proceeds to Step 2, which
involves definition of the range of externalities that
affect the development and implementation of

alternatives for achieving the objective. In the case of
the U.S. waste disposal system, these would include:

• Regulations applicable to the storage,
transportation, and disposal of spent fuel and
radioactive wastes in a civilian waste repository.

• Projections of the future course of relevant
sectors, such as electric power, nuclear power
stations, defense activities, regulations, and
litigation.

• Views of various institutions, including
departments and agencies of the federal
government, interested groups and organizations,
industry, and Indian tribes.

• Views of the public, as expressed directly, in the
media or by elected representatives in federal,
state, or local governing bodies.

© Technological state of the art, as reflected in the
views of independent scientists, peer reviews, and
the activities in other nations.

Step 3 involves evaluation of the range of
externalities identified in Step 2 leading to the
selection of a reference set to be used in determining
the preferred approach to achieving the objective. The
conditions should be realistic - neither pessimistic nor
optimistic. They should also be consistent with the
boundary conditions used at higher levels of the
system (these will be discussed later). Ensuring this
may require significant organizational formalism to
provide consistency.

The reference externalities and the objective are
brought together in Step 4, along with considerable
professional knowledge, to identify alternative
approaches to achieving the objective. The
identification process could range from recall on the
part of an individual to undertaking the beginning
phases of a formal decision-making technique. The
alternatives are then screened to eliminate
demonstrably infeasible alternatives at an early stage.

The feasible alternatives are analyzed and
evaluated in Step 5. Analysis involves developing a



consistent set of characteristics for alternatives. Such
characteristics typically include cost, risks, schedule, and
technical feasibility. The list of needed characteristics
should be based on criteria established in the beginning
phases of the (parallel) effort to evaluate the
alternative approaches. If this is not done, the result
will be either wasted effort (too much analysis) or poor
decisions (too little analysis).

In Step 6, the preferred approach is selected from
the alternatives. The selection process may be based
on personal judgment or a formal decision-making
technique ranging from a simple (e.g., Kepner-Tregoe2)
to a complex multiattribute utility analysis.3 It is highly
desirable that the results of Steps 4-6 be documented
for major decisions such as that in Ref. 3.

Step 7 begins an all-too-often ignored activity that
should parallel the selection of a preferred approach
for accomplishing an objective, contingency planning.
This approach is defined as follows:4

"Contingency planning is the preparation, in
advance, of a course of action to meet a
situation that is not expected but that will
have a significant impact on the firm if it
transpires. It attempts to avoid surprise and
scrambling for response during a critical
period, and exposes management to
possibilities not considered in the base plan."

The larger the program — and the stakes — the
more important contingency planning becomes. The
first activity involved in contingency planning is to
analyze the conceivable variability in externalities.
There is presumably a range of possible futures,
regulations, institutional possibilities, etc., surrounding
the reference values assumed in selecting the preferred
approach. This range must be elucidated and
documented.

In Step 8, the range of externality variabilities is
brought together with the preferred approach selected
in Step 6 for the purpose of assessing the
vulnerabilities of the preferred approach. At the
endpoints, there are two types of contingencies to be
planned against. The first is changes in externalities.
If, for hypothetical example, the forthcoming revisions
to the EPA standards5 were to change the specifics
such that licensing became much more or less difficult,
this would have a profound impact on the activities of
the repository program and require extensive changes.
The second type of contingency results from within the
program, typically a failure of some program activity to
meet its objective. A hypothetical example in this case
might be a determination that the program would cost
far more than originally projected. Real contingencies
are often combinations of these two. The purpose of

this step is to examine the selected approach in the
context of the range of possible externalities, leading
to the identification of the major vulnerabilities of the
program, whether internally or externally induced.

Step 9 takes the highest-risk vulnerabilities and
develops a response plan in advance of the event.
Typical plans might involve changes to the preferred
approach to include redundant systems, increased
scrutiny and control of high-risk or otherwise
important program activities, and initiation of a backup
(alternative) approach or technology, usually at a
relatively low level of effort.

Step 10 involves the implementation of the
preferred approach and the contingency plans. Two
other important factors are not noted in Fig. 1. First,
especially in complex systems, it is impossible to go
through the process without discovering facts in a later
step that require an earlier step to be revisited. This
is called "feedback," and it is an expected part of the
process. The second factor is time. The systems
analysis process is "living" in the sense that the passage
of time (and progress on the program) frequently
change the situation sufficiently so that the preferred
approach and contingency plans must be reexamined.
Thus, systems analysis must be a continuing part of a
program, not just an activity performed at the outset.

IL DESCRIPTION OF THE FEDERAL WASTE
MANAGEMENT SYSTEM

The Federal Waste Management System (FWMS)
comprises a number of decentralized components,
some of which are existing or mandatory and others
that are optional:

• Waste Sources: Civilian power reactors, defense
HLW sites, other Greater-Than-Class-C-
generating sites to be determined.

• Waste Storage: Monitored Retrievable Storage
Facility, Away-From-Reactor Storage, On-Site
Storage.

• Waste Disposal: A geologic repository at Yucca
Mountain and the associated surface facilities.

• Transportation: Development of needed
hardware (e.g., casks and carriers) and facilities
(e.g., cask maintenance facility, control center).

For each of these components, there is a variable
list of sequential activities that must be undertaken.
This list may include research and development, siting,
characterization, design, licensing, construction,
shakedown, operation, and decontamination and
decommissioning. These activities may involve



engineered, natural, and social-political-legal aspects.
The time frames are extensive, spanning about a
century if ail" proceeds as planned.

The DOE/OCRWM program to establish an
FWMS is clearly the epitome of a long-term, complex,
multidisciplinary program requiring systems analysis.
This need was recognized at the outset with the
establishment of organizational components solely
dedicated to systems integration issues concerning the
FWMS.

m . ASPECTS OF THE FWMS REQUIRING
INTEGRATION

The FWMS really consists of multiple levels of
systems, each of which must be integrated at its own
level with the next-higher level as an externality:

Level 1 The components of a specific process must
be integrated for it to function. For
example, the equipment items used in a
fuel disassembly process must be
compatible with each other, the expected
range of spent fuel that it must handle, and
the canister.

Level 2 The processes must then be integrated into
complete facilities or operations. To
continue the above example, the canister
must be compatible with on-site storage
facilities, handling devices, and overpacks.

Level 3 The facilities and operations must then
mesh into an overall FWMS. Production
and acceptance rates must be compatible.
The physical interfaces (casks and contents)
must be designed to the same
specifications. A waste produced in one
facility (e.g., the spent fuel package above)
must have been handled and prepared in
such a way that it is demonstrably
acceptable under applicable waste
acceptance criteria at another facility.

Level 4 The FWMS must be integrated into the
overall environment of regulations,
assumptions, legislation, technical realities,
and human views and frailties. The overall
system must yield a result that is
compatible with existing regulations (e.g.,
licensable; occupationally safe), laws (e.g.,
designation of Yucca Mountain site),
assumptions (e.g., disposal of civilian spent
fuel), technical realities (e.g., uncertainties
in predicting the future), and human views
(most people are not in favor of waste
management activities nearby).

With one exception discussed below, the first two
levels of this hierarchy are amenable to standard
facility engineering techniques and will not be
considered further in this paper.

At the level where various facilities (e.g.,
repository, MRS) and operations (e.g., transportation)
need to be integrated into an effective FWMS,
experience v/ith systems integration becomes sparse
and more difficult because (a) the various components
are necessarily decentralized and typically developed
by different contractors, (b) there is a tendency for
each component to draw the system boundary at the
edge of its jurisdiction and not want to take the needs
or impacts of others into account, and (c) the system
has become so large that information flow becomes
difficult.

IV. CURRENT STATUS
INTEGRATION

O F F W M S

A. Level 2: Integration of Processes into a
Facility or Operation

As noted above, most integration at this level
involves implementation of traditional engineering
design techniques for a facility such as an MRS or
repository surface facility. However, the proposed
FWMS involves one significant exception at Level 2:
repository performance analysis and licensing. This
involves the need to predict the interactive behavior
of an engineered system (waste package, backfill,
sealed tunnels and shafts) with a geological
environment perturbed by construction and the heat
generated by the waste. The difficulty is further
exacerbated by the long time frame (10,000 years), the
need to predict the behavior of nuclides that do not
occur naturally (e.g., the transuranics), and stringent
applicable regulations that require probabilistic
calculations.

To date, the various submodels and data necessary
to perform this analysis have received extensive
attention, both domestically and in other countries.
However, the overall strategy for integrating these
parts into a coherent whole and the feasibility of such
a system (e.g., size of the model, data requirements)
are less clear. Also, the relationship of the
performance analysis approach being developed for
licensing to that needed to determine site suitability at
a much earlier time deserves clarification.

B. Level 3: Integration of Facilities and
Operations into the FWMS

The OCRWM has instituted an extensive effort to
integrate the component facilities and operations into
an efficient FWMS. Manifestations of this effort
include:



- • - Development of reference data bases
• containing the nuclear, physical, and

chemical details of the primary wastes to be
accepted by the FWMS at a sufficient level
of detail for engineering design at
decentralized locations.

• Establishment of reference assumptions
about the FWMS such as startup dates,
receipt rates as a function of time,
throughput by waste type, etc.

• Ongoing efforts to develop data related to
physical interfaces (e.g., rail access to
reactors; cask handling capabilities at
reactors) and interface criteria (e.g., cask
handling devices).

• Continuing work to maintain an up-to-date
estimate of the life-cycle costs of the
FWMS on a consistent basis.

The fruits of these efforts were reflected in many
papers in this conference and in the previous
conference6 in the series.

For the most part, efforts in this area appear to
have been relatively successful. However, there are
some Level 3 areas that should be considered for
increased attention. One area is establishing reference,
detailed data bases and assumptions for wastes other
than standard LWR fuels and defense HLW that will
require, or may require, repository disposal. Included
in this category are nonstandard spent fuels, Greater-
Than-Class-C LLW, and civilian TRU wastes. While
the volume of these wastes is expected to be small
compared with that of the primary wastes, the initial
costs resulting from the development and performance
analysis of different waste forms or packages could be
substantial.

Another area deserving increased attention is
establishment of the priority and scheduling of
individual tasks supporting the FWMS. Given the
protracted schedule for the repository as a whole and
the commitment to begin accepting spent fuel in 1998,
it would appear that some activities (e.g., transportation
and storage systems) have not received sufficient
emphasis as compared with repository systems. In
essence, there is a greater need to identify the role and
priority of each task in the FWMS and to undertake a
"first-things-first" approach.

C. Level 4: Integration of the FWMS into
the External Environment

The FWMS operates in a very complex and

difficult environment. Technically, the FWMS is
required to manage very hazardous materials for
unprecedented times and to show beforehand that this
will be accomplished with essentially zero risk.
Superimposed on this complexity are difficulties
related to prescriptive regulations; high public visibility;
increasing "not-in-my-back yard" sentiments related to
any type of waste management facilities; vagaries
related to the Federal budget process; and external
reluctance to address (or readdress) waste-related
issues, resulting in difficulties in adjusting to changing
circumstances.

The standard systems analysis approach to the
conditions imposed by the external environment is
contingency planning, as described above. It would
appear that the higher the level of integration, as
outlined above, the less contingency planning is in
evidence. Examples of contingencies for which
alternatives should be identified are: "What should be
done if an MRS could not be sited?" and "What
should be done now in case the Yucca Mountain site
is determined to be unsuitable?"

It is recognized that there are pressures not to
undertake such analyses for fear that the examination
of contingencies might be viewed as a lessening of
commitment to the Congressionally prescribed course
of action. However, they are necessary to ensure
program success and efficient use of resources.
History indicates that, over the decades, the program
has not gone as planned and there is no reason to
expect change to cease. The contingency planning
aspect of system analysis efforts will allow such
changes to be anticipated, indicate those changes
which should be initiated by OCRWM, and provide a
framework for adjusting to the unanticipated events
that will inevitably occur.

Consideration should be given to making
contingency planning an explicit part of the program,
with the caveats that (a) the resulting activities be
characterized as such at the outset, and (b) they not
be allowed to grow to unreasonable size unless the
triggering contingent event occurs.

Issues to be addressed by such an analysis might
include:

• Identification of critical-path activities related to
the progress of the FWMS program to allow
them io receive appropriate attention.

• Identification of likely contingencies t'jat would
prevent the FWMS program from meeting major
current goals and identifying backup approaches.



Consideratk 1 of alternative approaches to
» the FWMS that might better integrate into

• the projected future externalities.

V. CONCLUSIONS

The OCRWM is to be commended for its efforts to
date in this regard and is encouraged to expand them
along the lines summarized herein.
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