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1.0 Introduction

This paper presents a comprehensive analysis of the impact of solid waste technical options on val-
ues and objecfives that are important to the public. It is written in support of the Solid Waste and
Materials Systems Alternatives Study (WHC, 1995). Described dre the values that were identified, the
major programmatic risks, how the impacts were measured, the performance of alternatives, the
methodology used for the analysis, the-results of the analysis, and the implications of the results.

Decision analysis was used to guide the collection and analysis of data and the logic of the evalua-
tion. Decision analysis is a structured process for the analysis and evaluation of alternatives. It is
theoretically grounded in a set of axioms that capture the basic principles of decision making (von
Neuman and Morgenstern 1947). Decision analysis objectively specifies what factors are to be con-
sidered, how they are to be measured and evaluated, and their relative importance. The result is an
analysis in which the underlying rationale or logic upon which the decision is based is made explicit.
This makes possible open discussion of the decision basis in which facts and values are clearly dis-
tinguished, resulting in a well-documented decision that can be clearly explained and justified.

- The strategy of decision analysis is to analyze the various components relevant to the decision sepa-
rately and then integrate the individual judgments to arrive at an overall decision. This assures that all
the relevant factors are identified and their relative importance is considered. The procedure for
obtaining the individual judgments, and the decision rules, for combining them and evaluating alterna-
tives, have both theoretical and empirical foundation in mathematics, economics, and psychology.

Decision analysis makes use of numbers rather than qualitative expressions to construct scales,
represent preferences, and express uncertainties. The relationship between qualitative preference struc-
tures and quantitative scales is given a precise and rigorous description in the discipline of measure-
ment theory (Krantz et al. 1971), which is part of the theoretical foundation of decision analysis. An
understanding of the logic of these relationships is especially important when there are multiple,
possibly conflicting, objectives to be considered in the analysis. The standard reference for multi-
attribute decision analysis is Keeney and Raiffa (1976). Decision analysis also has formal procedures
for considering uncertainty in the analysis. This makes it possible to evaluate the risks associated with
each of the alternatives.

The steps in the decision analysis process are as follows:
1. Describe Decision
2. Identify Alternatives
3. Identify Obje;:tives and Criteria and their Reiationships

4, Evaluate Altemgtives




5. Perform Sensitivity Analysis
6. Select/Implement Alternative.

This is an-iterative process in which some of the steps are interactive. The general framework
holds whether one carries out a few simple calculations or an extremely complex and detailed analysis.
The extent of the analysis is guided by the stakes involved and the difficulty of the decision. Time is
also an important consideration. The objective of any analysis is to specify the decision basis and
arrive at a clear course of action. A sound strategy is to error initiaily on the side of simplicity and
extend the complexity of the analysis as necessary.

2.0 Basis of Analysis

This report describes the various components that formed the basis of the analysis presented in this
paper.

2.1 Alternatives

The alternatives chosen for this initial analysis are ones that bound the space of those available on
the most salient dimensions. This initial selection of alternatives is designed to analyze strengths and
weaknesses of alternatives and thus to exemplify the major tradeoffs. Alternatives interior to this space
that are combinations of these can be evaluated in more detail at a later time.

The two major dimensions that this initial analysis focuses on are whether to emphasize the use of
existing facilities or build new facilities, and whether the various processes should be combined ina
single or common facility or a whether to use a modular approach in which the different processes are
located in different buildings. Also included in the analysis is the Programs baseline. The specific
realization of the combinations chosen for analysis are given detailed descriptions in the Solid Waste

"and Materials Systems Alternatives Study (WHC, 1995).

2.2 Public Values

Public values are the statements of what we want to achieve. Figure 1 shows the public values or
objectives that, in part, form the basis for this analysis. These values result from a literature review
summarized in Armacost et al. (1994), a series of workshops with technical personnel, and a review by
program management. The objectives are intended to be an inclusive set that captures all the concerns
of the public stakeholders, the Department of Energy, and WHC. The values have been tailored for
the specific application of the solid waste and materials facility options, and have measurable scales that
clearly define the degree to which the objectives are achieved. The degree to which a technical option
achieves these values is considered to measure the extent to which the solid waste and materials facil-
ity’s performance is maximized for all areas of public concern.

2
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The identified areas of public concern, as shown in Figure 1, consist of maximizing public and
worker health and safety, minimizing impacts to the environment, minimizing costs, expediting cleanup
and meeting TPA milestones, as well as a consideration of socioeconomic impacts. Additional con-
siderations are the manageability of the system and the integration of programs so as to promote overall
efficiency and cost savings.

Each of these values has been further specified to capture all aspects of interest in the value. Thus,
Health and Safety has been further specified as Public and Worker. Worker Health and Safety is fur-
ther specified as “minimize worker radiation exposure,” “minimize worker hazardous material expo-
sure,” and “minimize worker accidents.” At each level of specification the value immediately above in
the hierarchy is partitioned in a way that breaks out all aspects of the value while minimizing any over-
lapping. The specification of values was carried out until a level was arrived at that consisted of
specific criteria for which a scale could be identified for precisely measuring the performance of each
alternative. For example, worker radiation exposure was further specified as chronic and acute. The
respective scales were the number of radiation workers, and the maximum number of individuals that
could be exposed in a single incident. Scales are further described in the next subsection.

2.3 Criteria/Scales

The criteria or scales are the end points in the value hierarchy and make possible well-defined
measurement of the degree to which the objectives are achieved. The scales have been selected with
the alternatives in mind so as to make the collection of performance data reasonable considering the
time and effort available. The scales used in the analysis are shown in Table 1.

Several types of scales are used in the analysis. The scales may be natural or constructed, and
either type may be a proxy scale that provides an indirect measure of the value of concern (Keeney
1992). Natural scales are those that have a common, well-understood interpretation, and with a unit of
measurement that people naturally associate with measurement. For example, “dollars” is a natural
scale for the objective to minimize cost. “Miles” is also a natural scale, and is used in the analysis as a
proxy scale for public radiation exposure. The distance in miles of the facilities from major population
centers serves as an indirect measure for the objective to “minimize public radiation exposure.”

The objective to “expedite start schedule” is-measured by a constructed scale. This consists of a
series' of short scenarios or descriptions that represent different levels of performance on the objective.
The scale for “expedite start schedule” considers both when facilities come on line and what percentage
of processing capabilities are available. The numbers ranging from 0 to 100 that are associated with
the constructed scales are value functions that capture the relative importance of different levels of per-
formance. Value functions are further described in the next section.

2.4 Value Functions

Value functions were assessed to measure the relative importaﬁce of different levels of performance
on.each of the criteria. Value functions take as their domain the various levels of performance as

.4
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measured by the scales and map it onto either the unit interval or a 0-to-100 range. Value functions
capture the fact that the importance of achieving different levels on an objective may not be linear with
its scale. For example, the importance of distance as a measure of the potential for acute radiation
exposure is not linear with distance because the dispersion of a potential release is not itself linear with
distance. Value functions were developed based upon discussions among the engineers and the analyst.
For criteria having constructed scales, each level of performance, as described by a scenario was
assigned a number from 0 to 100 representing the relative importance of achieving that level of per-
formance. These numbers are shown in Table 1. For criteria having natural scales; the value functions
were judged to be linear with the measure. These were either increasing or decreasing functions
depending on whether more was better or worse than less. Typical value functions are shown in
Figure 2.

Utility Utility

6 T 4s S = ,

560 1630

Transport Commuter (miflion miles) Industrial Accident (reportable incident) -

Ulility . Utility

] . . []
0 ) lOd 0 ' 200]

Mect TPA Milestones (constructed) . Pub Tms SQy (K miles)

Figure 2. Example Value Functions Used in Solid Waste Technical Options



2.5 Uncertainties

For some objectives, alternative performance on objectives depends not only on the choice of the
alternative, but on uncertainties that can not be directly controiled. Uncertainty is an important con-
sideration in evaluating programmatic risk. Not all uncertainties warrant the same level of considera-
tion. For much of the information, there may be uncertainty in the estimates, and if these uncertainties
are symmetrically distributed, and independent of alternatives, there would not be noticeable differ-
ences if the results are based on point estimates. Uncertainties having asymmetric distributions require
special consideration when estimating means. Uncertainties can be evaluated in more detail if sensitiv-
ity analysis warrants their further consideration. Of particular interest initially, are the uncertainties in
which the outcome probabilities are not independent of the alternatives, and the uncertainties are
thoughr to have a significant impact on the objectives or public values being considered in the decision.

Three such uncertainties have been identified. They are the regulatory outcome, the resolution of
issues surrounding waste processing, and the feasibility of capital funding.

¢ Regulatory outcome refers to permitting issues, and has the potential of significant impacts on
schedule and costs.

* Waste processing has unresolved issues concerning container requirements, cask requirements,
and other handling criteria. The potential impact of a delay in resolving these issues is judged
to be greater for a common facility than for a modular facility.

* Capital funding has a longer project cycle for larger projects and is more uncertain; conse-
quently, alternatives using a common facility have a greater likelihood for delays in funding or
not being funded at all.

These uncertainties are represented in the analysis by a decision tree shown in Figure 3. The tree
is read from left to right. The square node on the left represents the four possible decision paths; the
circles represent potential paths for the uncertainty outcomes. The tree is shown in “schematic form.”
There are actually 4X4X2X3 = 96 possible paths through the tree. Each of the four alternatives will
result in some performance level for all the values and criteria described in preceding sections. The
impact of the uncertainties on these values is primarily to cost and schedule. The probabilities for each
of the uncertain variables are assumed to depend on the alternatives shown, and to be independent of
each other. The impacts on cost and schedule were estimated separately for each uncertainty. These
estimates are shown in Tables 2 through 4.

2.6 Weights

Whereas value functions capture the importance of different levels of performance on a single
objective, weights capture the relative importance of the different objectives or values. For example,
weights answer the question of whether the potential impacts of chronic hazardous chemical exposure

10



Technical Regquiatory

Options QOutcome . Waste Funding
Processing ~ Ceasibility
Resolution
New Common Permitted . . .
: . . OnTime
New Modular Permit Delayed On time

Defayed

Existing Common Permitted with Add'l Upgrades Q Delayed

. ) . Not Funded
Existing Modular Not Permitted

Figure 3. Decision Tree Showing Possible Scenarios Resulting in Impacts to Cost and Schedule

are more important to consider than those from acute hazardous chemical exposure. Weights logically
depend on the potential ranges over which the alternatives can vary. A common error is to specify
weights in a “top down” process without considering potentiat ranges of impacts. The method used to
develop the weights in this study tied the importance of objectives to their ranges in a “bottom up”
assessment process.

The methodology used for determining the relative weights is a standard decision analysis proce-
dure known as “swing weighting.” The resulting weights reflect the tradeoffs among the objectives in
their respective units. The procedure requires that the set of criteria within each category or subcate-
gory be first ordered according to rank, and then the ratios of relative importance are determined.
Evaluators are asked to consider a situation in which a hypothetical alternative would score at the worst
level for all criteria within a particular-category. They are then asked to imagine that if that alternative
could be improved to the best level on one criterion, which criterion would be their first choice for the
improvement, the second choice, etc. This provides a basis for the rankings. Ratio judgments of rela-
tive importance are then obtained. The process is repeated for each of the categories, and then
extended to obtain judgements across categories. The importance ratios are then normalized so that the
weights across all categories sum to one. :

Weights were elicited independently from four engineers/managers who are knowledgeable about
the solid waste program and are sensitive to stakeholder issues. Weights represent value judgments;
consequently, there is no “correct” answer as to the relative importance that should be given to various
public values. This is in contrast to estimates of performance, which while they may not be currently
known, are thought to have correct answers. Consequently, performance data are generally best
obtained from the appropriate technical experts, while values should come from the stakeholders.
However, some technical expertise is valuable in assessing weights because many of the scales are
proxy scales, and expertise is necessary in order to consider the potential impact that these scales will
have on the more fundamental objectives, which can not be measured directly. Those making the judg-
ments attempted to adopt a public perspective rather than giving their personal opinion.

11



Table 2. Estimated Likelihood and Impacts of Regulatory Outcome

New Common Permitted 0.4 0 0
Permits Delayed 0.3 30 1
Upgrades Required 0.25 75 2
Not Permitted 0.05 300 10
New Modular Permitted 0.5 0 0
Permit Delayed 0.25 15 1
Upgrades Required 0.2 45 2
Not Permitted 0.05 130 10
Existing Common Permitted 0.5 0] 0
Permit Delayed 0.25 18 1
Upgrades Required 0.2 51 2
Not Permitted 0.05 72 10 '
Existing Modular Permitted 0.6 0 0
Permit Delayed 0.2 5 1
Upgrades Required 0.15 25 2
Not Permitted 0.05 30 10

No attempt was made in the weight elicitation to trade off public values against dollar costs. The
analysis will use the elicited weights to arrive at an overall public value score for each technical option
and then directly compare performance on public value with cost. This method of analysis makes it
possible to identify dominating options; that is, technical options that provide more value for less cost.
It also keeps visible the cost-performance tradeoffs among the dominating options. Thus, the readers
can judge for themselves whether the higher performing options are worth the additional cost.

The weights resulting from the elicitation are shown in Table 5. The first column in the table
shows the major public values, in bold, along with the subcriteria. The next four columns show the
weights obtained from each of the four experts. Each column shows the weights for the major public
values, in bold, as well as weights for the specific subcriteria. Both the bold numbers and the non-bold
numbers sum to one. Thus, the bold numbers capture the relative importance of the major criteria, and
the non-bold numbers give the relative importance of specific criteria across all categories.

As can be seen in Table 5, three of the individuals’ value weights were similar—at least for the
major categories. A fourth individual brought a different value perspective, placing more weight on
environmental impact and schedule and less weight on health and safety. In this person’s judgment the
potential impact on health and safety was not very large; consequently, less weight was placed upon it.

12



Table 3. Estimated Likelihoods and Impact of Unresolved Waste Processing Issues

E

Ipt {aiio Q MERIOTY Laay

New Common Resolved 0.4 0 0

Not Resolved 0.6 "150 5

New Modular Resolved 0.4 0] - 0

Not Resolved 0.6 65 . 5

Exiting Common Resolved 0.4 0 0

Not Resolved 0.6 36 5

Existing Modular Resolved 0.4 0 0

Not Resolved 0.6 15. -5

Table 4. Estimated Likelihoods and Impacts of Funding Uncertainty

New Common On Time 0.1 0 0
Delayed 0.4 150 5 ’

Not Funded 0.5 300 10

. New Modular On Time 0.3 0 0]

Delayed 0.4 65 5

Not Funded 0.3 -130 10

Exiting Common On Time 0.3 0 0

Delayed 0.4 36 5

Not Funded 0.3 72 10

Existing Modular On Time 0.3 0 0

' Delayed 0.4 15 5

Not Funded 0.3 30 10
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The last three columns in Table 5 are averages. Column six displays a consensus average, which is
the average of the three individuals with similar weights. Column seven presents average weights for
all four individuals. The last column, “Grp/Avg,” shows a group average obtained at a solid waste
management meeting. The weights elicited in that meeting were at the level of the major categories
only--subcategories were not considered. Consequently, the weights shown are those obtained at the
meeting for major categories, with the relative importance within categories being taken from the con-
sensus average. It should also be pointed out that for the weights obtained at the management meeting,
there was no attempt to consider the range of potential impacts; that is, there was no attempt to trade
off specific units.

The weights used in the following analysis are the consensus average weights. However, an analy-
sis of the options’ overall rankings was also carried out using the group/average weights as well as
those for the individual with a different value perspective. These analyses are discussed further in
Section 4.0

3.0 Data

The data used to evaluate the performance of solid waste technical options are in all cases based
upon best engineering judgment. For some objectives detailed analysis was carried out to generate the
data, and in other cases performance estimates were based upon direct engineering judgment. The per-
formance of alternatives on the objectives is shown in Table 6. This section provides an understanding
of the basis for the data.

Potential for Public Exposure is based upon facility location and safety class. It is assumed that
new facilities would be built to Class 3 standards. The existing WNP-1 facility was built to Class 1 -
standards. Public Transportation Safety is based upon the number of miles materials would be trans-
ported on public roads. This is based upon knowing facility and material locations and estimates of the
number of shipments based on waste volumes.

Potential for Chronic Worker Exposure is based upon the total number of workers and the safety
class. Acute exposures are based upon the number of workers located in a single facility; conse-
quently, modular facilities score better on these measures. Worker Transportation Accidents—-At Work
is based upon the total number of miles for transporting materials. This is based on location of facili-
ties and materials and estimates of number of trips. The range of 600K mi to 200K mi was estimated
to correspond to a potential of 0.145 to 0.045 accidents (National Safety Council, 1986). Worker’
Transportation Accidents—Commuter is based upon the number of commuter miles per year from the
Site boundary. Worker Industrial Accidents is the number of reportable incidents. The range of 560 to
1680 reportable incidents corresponds to a range of 5K to 15K person-years for the life of the project
(National Safety Council, 1986).
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The immediate risk to the environment is based upon the additional accumulation that would occur
if the start is 11 years hence instead of 6 years. Short-term risk to the environment is measured by the
perceived risk resulting from facilities’ proximity to the Columbia River. Long-term risk to the
environment is captured by number of new acres and/or sites requiring D&D.

All cost data are based upon detailed engineering analysis. System Manageability is based upon
" engineering judgment. Demonstrate Integration of Programs is also based upon engineering judgment,
except for Minimize Cost to Interfacing Programs, which is based upon actual D&D dollars saved.
1

Socioeconomic Impacts to the land and making available areas of High Future Use Value are based
upon actual land needs and locations. Future Facility Use is based on engineering judgment of which
facilities would have potential for commercial use at the end of project life. Economic Stability is
based on planned times for construction and production estimates. Capture Economic Opportunities
Locally is based upon engineering judgment.

4.0 Analysis

The data shown in Table 6 represent the facts used in the analysis of the solid waste technical
options. No option scored best on all of the criteria; consequently, additional analysis is needed that
considers costs and benefits and the judgments of tradeoffs among values. The following subsections
analyze the strengths and weaknesses of the solid waste technical options. -

Included are the results of the analysis of solid waste technical options’ overall performance on
public values. Performance on public values is considered from three different value perspectives. An
analysis is presented of the cost-benefit tradeoffs, which reveals that three of the options are dominated;
that is, other options provide more value for less cost. A detailed analysis is presented showing which
specific criteria are driving the overall performance of the technical options on public value, and which
criteria are the tradeoffs. An analysis is then presented that shows how robust each technical option’s
overall performance on public value is when changes are made in the relative importance assigned to
major categories of public value. Lastly, a risk analysis is presented that examines the risk to cost and
schedule caused by regulatory uncertainty, by the need to resolve waste-processing issues, and by fund-
ing uncertainties. ' '

4.1 Oyerall Performance on Public Values

Figure 4 shows the overall scores for Maximizing Public Value for each of the five technical
options. As can be seen in Figure 4, Existing Modular scored highest. New Modular and New
Common were nearly tied for second, and the Program Baseline scored last. The overall scores were
arrived at by taking the raw scores on each of the criteria and transforming them into a value from zero
to one using the value functions for the criteria, and then taking a weighted sum of these values, where
the weights used were the consensus average weights as described in this report. The resulting scores
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Alternative Value

Existing Modular  0.737

New Modular 0.721
New Common 0.719
Existing Singular  0.670
Program Baseline 0.567

Preference Set = Consensus Average

Figure 4. Overall Performance on Public Values

have a potential range from 0 to 1, where 1 would indicate scoring the highest possible on all criteria,
and 0 would resuit from the lowest score on all criteria. As can be seen in Figure 4 the scores ranged
from 0.567 to 0.737. These overall values do not consider cost. They are a weighted sum of all
criteria with the exception of cost. Cost-benefit tradeoffs will be considered below. These values also
do not consider risks to cost or schedule. These risks will also be analyzed below.

4.2 Overall Performance from Different Value Perspectives

The overall values shown in Figure 4 depend in part on the weights used to trade off the values.
Three sets of weights were developed as described in this report. A comparison of the resuits using
these three different value perspectives is shown in Figure 5. As can be seen in the figure all three
value perspectives result in Existing Modular having the highest score and Programs Baseline having
the lowest score. Thus, for each of the value perspectives there is agreement on which of the technical
options performs best and which performs worst. There seems to be little consensus on the ranking of
the remaining three alternatives from the different value perspectives. The one conclusion that might
be drawn concerning these three alternatives (New Commeon, New Modular, and Existing Singular) is
that they seem to be ranked relatively closely as compared with the Existing Modular and the Program
Baseline Alternatives.

4.3 Cost-Benefit Analysis

The costs of the solid waste technical options are shown in Table 6. Costs were estimated for
short-term capital (next 5 years), long-term capital (remaining capital after 5 years), maintenance and
operating cost, and D&D cost. Total cost is the summation of these four costs. This information is
presented graphically in Figure 6. As seen in the figure, New Modular is the most costly overall and
Existing Singular is the least costly. Maintenance and operating costs were estimated to be least for
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Existing Singular; however, it has the second highest short-term capital cost. Existing Modular, which
had the highest overall performance, is the second least costly overall. It also ties for first in short-
term capital costs.

To show more clearly the relationship between costs and benefits, the options are plotted in a two-
dimensional cost x benefit space shown in Figure 7. The horizonal axis in Figure 7 is the total cost,
and the vertical axis is the overall public value. The information shown in Figure 7 is extremely
interesting. It shows that Existing Modular dominates New Common, New Modular, and Programs
Baseline; that is, Existing Modular provides more overall value at less cost than these other three
options. Existing Singular is not dominated by Existing Modular. Existing Singular provides less
value, but it also costs less. Thus, when considering overall cost and overall public value, a decision
must be made as to whether the additional benefits of Existing Modular are worth the additional cost.
More detailed comparisons and analyses of the basis for the overall public value scores are presented in
following subsections.

Figures 8 through 10 show similar plots for short-term capital costs, long-term capital costs, and
maintenance and operating costs. Figure 9 for long-term capital costs shows the same pattern as for
total costs; that is, Existing Modular dominates all options except Existing Singular. Figure 8 for:
short-term capital costs shows a similar pattern except that Existing Modular dominates all the options.
Figure 10 for maintenance and operating costs tells a different story. Existing Modular is still the best
performer, but New Common and existing Singular are also dominating options. So if maintenance
and operating cost is a large consideration, then some thought should be given to whether Existing
Modular is worth the additional expense as compared with New Common, and whether New Common
is worth the additional cost over Existing Singular. The next section provides a more detailed analysis
of what is driving the performance on overall public value for each of the technical options.

4.4 Detailed Analysis of Performance on Public Values

The overall values for the technical options depend on how they scored on the major public value
categories and the weights given to those categories. This is depicted graphically in Figure 11. . Fig-
ure 11 shows the performance profile for each of the five technical options. For each technical option,
bars are shown for each of the major public value categories. (The ordering is such that socioeconomic
impact is the third bar.) The weight given to a public value (which is the same for all the options) is
represented by the bar’s width. The option’s performance or score for the public value is represented

by the bar’s height. Thus, the total area of all bars is the option’s overall value.

Performance profiles show the relative strengths and weaknesses of each technical option. Recall
that Existing Modular and Existing Singular were the two non-dominated options with respect to total
cost (Figure 7). A comparison of these two technical options shows that Existing Modular scores
better on Public Health and Safety, and worse on Worker Health and Safety. The scores are similar
for Socioeconomic Impact and Schedule. Existing Modular does better on Environmental Impact and
worse on System Manageability. Their scores were similar for Demonstrate Integration of Programs.
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It is also interesting to study the Program Baseline’s performance profile. Program Baseline is
dominated by both Existing Modular and Existing Singular; however, it scores better than both of these
on Public Health and Safety. Thus, even for dominated options there are tradeoffs.

A comparison of New Modular and New Common is also interesting. These options scored very
closely overall (0.721 versus 0.719), but there are trade offs when comparing them. They score close
to each other on Health and Safety (actually New Modular scores slightly worse on Worker Health and
Safety), and score the same on Socioeconomic Impact. New Modular does better on Schedule,
Environmental Impact, and System Manageability; however, it does much worse on Demonstrate
Integration of Programs (which is given little weight in the analysis).

The performance profiles shown in Figure 11 are in terms of the seven major categories of public
values that were identified for the analysis. The discussion above is an analysis at the major-category
level. Comparisons are also possible at the level of specific criteria. Figure 12 presents all ten pos-
sible paired comparisons analyzed at the level of specific criteria. For each of these ten comparisons,
shown are the overall scores for the two technical options being compared, and the difference in their
scores. It is this difference that each comparison accounts for. For example, wlien comparing Existing
Modular with New Modular, this difference is 0.015 on a 0-to-1 scale. This difference is accounted
for graphically by the bars for this comparison. The first bar represents this total difference, and it is
in the Existing Modular column, showing that the overall difference favors Existing Modular. The
other bars are ordered according to the magnitude of the differences, and their lengths are relative to
the total difference in the first bar. The bars under Existing Modular are for those criteria that favor
that option, and the bars under New Modular are for those criteria that favor that option. If all the bars
favoring Existing Modular were joined end-for-end and compared to all the bars on the left similarly
joined, the total length for Existing Modular would be longer by the amount of the total difference bar
at the top. This analysis shows how the technical option’s scores on specific criteria account for the
overall differences, and shows the tradeoffs that are involved at the level of specific criteria.

Consider, for example, Existing Modular as compared with Existing Singular. These were the two
non-dominated options identified in the cost-benefit analysis. Figure 12 shows that the overall differ-
ence is 0.067 in the favor of Existing Modular. Figure 12 also shows that the criteria favoring Existing
Modular include Public Transportation Safety, Short-Term Environmental Impact, Making Available
Areas of High Use Value, Public Radiation Exposure—~Chronic, Long Term Environmental Impact,
Public Chemical Exposure—Chronic, and Minimize D&D Costs to Programs. Criteria that favor Exist-
ing Singular are Commuter Transportation Safety, Capture Economic Opportunities Locally, Integrated
Use of Facilities, and miscellaneous other criteria. )

4.5 Sensitivity Analysis
. A sensitivity analysis was dlso carried out to explore the robustness of technical option rankings to
changes in the weights assigned to major public value categories. This is separate from the sensitivity

analysis to different value perspectives shown in Figure 5. The sensitivity analysis to weights placed
on the major categories of public values is shown in Figure 13. Each panel in this figure shows the
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Figure 12. Paired Comparisons of Technical Options on Individual Criteria (page 1 of 2)
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Figure 12. (page 2 of 2)

effect of varying the weight placed on one public value from 0% to 100% while keeping the weights on
the other public values at their relative proportions.

Consider the panel for Worker Health and Safety shown in the upper right corner of the first page
of Figure 13. The horizontal axis is the percent weight placed on this panel. The vertical axis is
Overall Public Value on a 0-to-1.scale. The plotted lines show how the Overall-Public Value for each
of the technical options changes as a function of the weight placed on Worker Health and Safety.

(Note that the order in which the lines appear in the legend is the same order in which they fall at

100% weight on the right, and that, because some of the coded lines were slightly corrupted in the
reduction, this should be the basis for judging which lines correspond to which options.) The other
vertical line, at 19%, marks the weight used in the analysis. One can move this line mentally from side
to side to see the impact of changing the weight on Worker Health and Safety. One can see from this
panel that placing less weight on Worker Health and Safety would not change the order in which the
technical options were ranked. If additional weight is placed on Worker Health and Safety, then at
about 30% weight New Common becomes the highest ranked option, and at about 40% weight Existing
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Figure 13. Sensitivity of Overall Public Value to Weights Placed on
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Singular becomes the highest ranked option and remains so regardless of how much additional weight
is placed upon Worker Health and Safety. Thus, the ranking for Existing Modular is seen to be fairly
robust within a wide range of weights for this particular objective.

Consider the final panel on the second page of Figure 11. Here it can be seen that Existing
Modular is ranked first regardless of the weight placed on Socioeconomic Impact. If no weight were
placed on Socioeconomic Impact, it would still score well enough on the other objectives to be ranked

first, and if all the weight were placed on Sociceconomic Impact, it would still rank first because it
scored highest on this objective.
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The rank for Existihg Modular is fairly robust within the range of weights that were elicited. For
each of the categories of public value, if one considers the range of weights placed on them by the four
respondents as shown in Table 5, then Existing Modular remains the highest ranked technical option
over the range of weights obtained for all but two of the categories. The two categories for which this
does not hold are Environmental Impact and Demonstrate Integration of Programs. If the weight on
Environmental Impact is decreased from 13% to 8%, then Existing Modular becomes a very close third
behind New Common and New Modular. If the weight on Demonstrate Integration of Programs is
decreased from 6% to 3%, then Existing Modular ranks second to New Modular. However, for either
of these objectives, increasing rather than decreasing the weight does not change the order of the rank-
ing within the range of all the weights that were elicited. This analysis, combined with the analysis
from different value perspectives in which Existing Modular was always ranked first, seems to indicate
that the ranking of first for Existing Modular is robust over a wide range of relative values.

4.6 Risk Analysis

The risk analysis is based upon the uncertainties described in this report. This analysis considers
the risk to cost and schedule from three sources: (1) regulatory uncertainty, (2) uncertainty concerning
the resolution of waste-processing issues, and (3) funding uncertainties. The results of this analysis are
illustrated in Figures 14 and 15. Figure 14 shows the risk profile for cost in the form of a cumulative
distribution function (CDF) on total cost, and Figure 15 shows the risk profile for schedule risk as a
CDF on number of years until start up. The figures show CDFs for each of the technical options
except for the Program Baseline. Risk data for the Program Baseline were not collected.

In order to understand the risk information contained in the CDF, consider Figure 14. Each point
on a CDF represents the probability, on the Y-axis, that the cost will be less than or equal to the
amount on the X-axis. Thus, for example, there is a 25% chance that the cost for New Common will
be less than or equal to $2.9 billion. The CDFs are based upon the possible scenarios illustrated by the
decision tree shown in Figure 3, the data in Tables 2 through 4, and the estimated costs in Table 6.

The CDFs were constructed by calculating, for each of the 96 possible paths through the decision tree,
the probability of that combination of events occurring and the resulting net impact to cost and schedule -
if that combination of events did occur.

The CDFs in Figure 14 show at a glance the cost risk for each of the technical options. One can
see, for example, that the risk associated with New Common is the greatest of all the options. The cost
for this option could potentially be as little as $2.7 billion to as much as $3.4 billion— a range of
$700 million. The cost risk for New Modular is considerably less—a range of approximately $300 mil-
lion. "Also shown in Figure 14 are the expected (most likely or average) costs when risk are con-
sidered. Shown for comparison (in parentheses) are the estimated costs without consideration of risk,
which were available from Table 6 as well as from Figure 6. Thus, as can be seen from Figure 14, the
expected cost of Existing Modular is $2.144 billion as compared with $2.1 billion when risk is not
considered.
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The large cost-risk for New Common is the cumulative risk from the perspective of all the sources
considered. It involves a large single-item capital cost that would require a different approval process.
Because all the processes would be in a single building, the resolution of specific processing uncer-
tainties has the potential to impact all the processing. Similarly, with regulatory uncertainties, the fail-
ure to resolve specific issues has the potential to affect a wider scope of operations. Any of these
potential delays can be costly, which is reflected in the greater range of potential costs as seen in
Figure 14.

New Common is also the most risky from a schedule perspective. There is 5% chance that the
start-up of a New Common facility could be delayed for more than 20 years. Figure 15 shows that the
remaining three options have nearly identical risk profiles for Schedule. It is interesting to note that the
risk analysis shows an expected start-up date of 16 years for New Common, and 12 years for the other
three options. This compares to 8 and 6 ‘years, respectively, for the estimates that did not consider
risks. Thus, considering risk doubles the time required until start-up in every case.

5.0 Discussion/Summary

Figure 16 summarizes much of the analysis that has been described in the preceding sections. For
each technical option this figure shows the overall public value and risk-based estimates of the option’s
costs. The horizontal lines show 90% confidence intervals for cost. These represent the range in costs
such that there is only one chance in twenty that they would fall above the range and one chance in
twenty that they would fall below the range. (Estimates for the Programs Baseline are not risk-based
and no range is given.) The vertical lines show the ranges in overall public value based upon the three
value perspectives as depicted in Figure 5 and described in this report.

Thus, Figure 16 shows for each option the best estimates of its costs and overall value, as well as
how far it may reasonably be thought to deviate from these estimates, given uncertainties in cost and
value tradeoffs. As can be seen in the figure, there is no overlap of the options, even when considering
their regions of uncertainties. This allows one to conclude that the analysis shown on Figure 7, which
was based on best estimates, still applies given uncertainties in cost and value tradeoffs. Consequently,
we can be confident in the assertion that Existing Modular dominates all the technical options except
for Existing Singular, and the fundamental decision is whether the additional value offered by Existing
Modular is worth the additional costs. '

The additional value offered by Existing Modular over Existing Singular is due to Public Health
and Safety, Environmental Impact, and D&D costs savings. The increase in value for Public Health
and Safety is due to less potential for chronic exposure to either chemical or radiological contaminants,
and increased Public Transportation Safety. The additional value for Environmental Impact is both
short-term, as a result of being further from the Columbia River, and long-term, as a result of fewer
acres and sites requiring D&D; thus, there would be less potential for residual contamination.
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It should also be pointed out that while Existing Modular costs more overall than Existing Singular,
the short-term capital costs and the-D&D costs are lower. The greater costs are long-term capital and
maintenance and operating which are spread out over the project’s life, and therefore may be easier to
bear.

It should also be pointed out that the estimated schiedule and the risk profile for the schedule are the
same for both Existing Modular and Existing Singular. However, the expected start date for all
options doubles when risk is considered. This would seem to indicate a benefit from working closely
with regulators in the near-term to resolve regulatory issues and processing uncertainties.

The cost risk does not appear to be as great for existing options as for new construction options -
especially New Common. It should, however, be pointed out that the cost uncertainties are most likely
underestimated. The estimates are from potential impacts of external events, that is, events to some
extent outside the control of the Solid Waste Program. The impacts from these events are important to
consider; however, they are not the only source of uncertainty in the cost estimates. Cost estimates
come from the aggregation of many individual estimated cost parameters, each of which has associated
uncertainties. An analysis including these parametric uncertainties would show greater overall
uncertainties for costs. Thus, the 90% confidence intervals for cost depicted in Figure 14 are most
likely too narrow.
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