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ABSTRACT 

This paper describes a life cycle analysis (LCA) 
approach that makes decontamination and 
decommissioning (D&D) of U.S. Department of 
Energy facilities more efficient and more responsive 
to the concerns of our society. With the considerable 
complexity of D&D projects and their attendant 
environmental and health consequences, projects can 
no longer be designed based on engineering and 
economic criteria alone. Using the LCA D&D 
approach, the evaluation of material disposition 
alternatives explicitly includes environmental 
impacts, health and safety impacts, socioeconomic 
impacts, and stakeholder attitudes - in addition to 
engineering and economic criteria. Multi-attribute 
decision analysis is used to take into consideration the 
uncertainties and value judgments that are an 
important part of all material disposition decisions. 
Use of the LCA D&D approach should lead to more 
appropriate selections of material disposition 
pathways and a decision-making process that is both 
understandable and defensible. 

The methodology and procedures of the LCA 
D&D approach are outlined and illustrated by an 
application of the approach at the Department of 
Energy's West Valley Demonstration Project. 
Specifically, LCA was used to aid decisions on 
disposition of soil and concrete from the Tank Pad 
D&D Project. A decision tree and the Pollution 
PreventiodWaste Minimization Users Guide for 
Environmental Restoration Projects were used to 
identify possible alternatives for 

DSJRIWTIM of: "ti6 

disposition of the 

Jefferson Flora 
West Valley Demonstration 

West Valley, New York 
Project 

(7 16)942-2 1 89 

ECEJVED 
JUN 1 0  1998 

soil and concrete. Eight alternatives encompassing 
source reduction, segregation, treatment, and disposal 
were defined for disposition of the soil; two 
alternatives were identified for disposition of the 
concrete. Next, a comprehensive set of performance 
measures was defined for evaluating the alternatives 
and selecting the preferred alternatives. Preliminary 
results suggest that segregation and treatment are 
advantageous in the disposition of both the soil and 
the concrete. This and other recent applications 
illustrate the strength and ease of application of the 
LCA D&D approach. 

I. INTRODUCTION 

A decision-aiding fiamework based on life cycle 
analysis (LCA) has been developed and successfully 
applied at a number of US. Department of Energy 
(DOE) sites to support D&D decision-making for 
disposition of structural steel, copper, scrap metal, 
soil, and concrete.' For example, LCA has been used 
to support decisions on disposition of metals from 
Building K-31 at the East Tennessee Technology 
Park (ETTP), structural steel and copper at the 
Fernald Environmental Management Project, and 
scrap yards at ETTP and the Oak Ridge Y-12 Plant. 
2,3,4 In the first case, based on a detailed LCA, DOE 
made a decision to recycle the metal in Building K-3 1 
rather than dispose of it, thereby avoiding the 
transport of enormous quantities of metal across the 
country for disposal. The LCAs in each of these cases 
demonstrated the benefit of recycling these materials. 
Using these analyses, DOE has produced better 
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decisions resulting in lower costs and lessened 
adverse environmental and health impacts. 

The motivation behind the LCA D&D approach 
is to have all effects considered when making 
decisions. Given the enormous scope of the D&D 
work the DOE faces, we have a tremendous 
opportunity to avoid further insults to the 
environment and to human health by applying LCA 
principles. Our approach to LCA differs from other 
approaches by taking into consideration all the factors 
important to stakeholders. In addition to life cycle 
cost, we consider health and safety impacts, 
environmental impacts, institutional and regulatory 
impacts, stakeholder acceptance, schedule impacts, 
and other factors. Consideration of these impacts 
need not be extensive or excessively burdensome - it 
should be commensurate with the potential benefits. 
However, the simple process of considering each of 
the alternatives on each of the relevant attributes will 
ensure that everything important to the decision has 
been considered and will reduce the likelihood of 
unintended consequences. 

. 

There are several key advantages to using the 
LCA decision-aiding framework. The LCA D&D 
approach provides a generic framework for assessing 
and presenting all of the information important to a 
decision. Further, rather than decisions being made in 
“smoke-filled rooms,” we seek to make the decision- 
making process transparent. The LCA approach helps 
to make decisions understandable and defensible by 
helping explain the basis for the decision. The 
framework aids communication in public meetings by 
helping to focus discussions, and facilitates the 
process of gaining substantive public input in 
decision-making. Finally, the decision-aiding 
framework is robust. It can be tailored to meet site 
and project conditions and can easily be applied to 
D&D and pollution prevention projects throughout 
the DOE complex. 

This paper describes a recent application of the 
LCA D&D approach at the DOE’S West Valley 
Demonstration Project (WVDP) to determine the 
disposition of concrete and soils resulting from the 
Tank Pad D&D Project. The Tank Pad Project was 
selected for this demonstration because it is a finite 
project, scheduled to be completed in fiscal year 
1998, and it encompasses many of the same 
categories and types of wastes encountered during a 
large-scale D&D project. 

11. LIFE CYCLE ANALYSIS D&D APPROACH 

The purpose of the LCA D&D approach is to 
assist decision-makers in comparing and selecting 
among competing proposals for disposition of 
materials from D&D projects, and subsequently 
explaining the basis for their decisions. The 
framework consists of three phases: the Threshold 
Phase, the Life Cycle Analysis Phase, and the 
Decision Phase. Although described here as a linear 
process, in practice the entire process is iterative, and 
new alternatives are defined and the analysis refined 
as new information develops and understanding of the 
decision problem deepens. 

A. Threshold Phase 

In the Threshold Phase, alternatives are defined 
and then evaluated on “threshold criteria”. These 
threshold criteria typically include protectiveness of 
human health and the environment and compliance 
with applicable or relevant and appropriate 
requirements (ARARs). Alternatives that fail to meet 
minimum standards in these areas are eliminated fiom 
fiuther consideration. 

B. Life Cycle Analysis Phase 

LCA is the process of identifying and assessing 
all of the impacts (benefits and costs) that result from 
a course of action over the entire period of time 
affected by the action, and presenting the results in a 
form that ‘aids communication and makes decision- 
making transparent. The LCA framework is depicted 
in Figure 1. To begin an LCA, a clear definition of 
the scope of the project is needed. Then materials 
disposition alternatives are defined and attributes and 
corresponding measurement scales are specified for 
evaluation of the alternatives. The results of the 
evaluation are summarized in a Decision Summary 
Matrix. 

Value engineering principles and the Pollution 
PreventiodWaste Minimization Users Guide for 
Environmental Restoration Projects’ have been used 
to generate a decision tree to assist in the definition of 
disposition alternatives for D&D projects. The “Users 
Guide” is a recently completed tool by the DOE for 
evaluating opportunities for incorporating pollution 
prevention (P2) and waste minimization (WMin) 
practices into DOE Environmental Restoration 
projects. The decision tree, presented in Figure 2, 
includes four basic P2/WMin practices: 1) source 
reduction, 2) segregation, 3) treatment, and 4) 
disposal. 



Figure 1. Life Cycle Analysis Framework 
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Figure 2. Generation of Materials Disposition 
Alternatives for D&D Projects 
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With the alternatives defined, attributes and 
corresponding measurement scales are specified for 
evaluation of the alternatives. Working with a number 
of DOE project managers, we have developed an 
example set of attributes for use in analyzing DOE 
D&D projects. This is presented in Table 1. The list 
of attributes in Table 1 is thought to capture all of the 

issues of concern. It is intentionally fairly generic, so 
that it may be applied to analysis of D&D projects 
across the DOE complex. 

Recognizing that each situation is different, the 
list presented in Table 1 should be classified as an 
example and used as a starting point for a project- 
specific analysis. In tailoring the set of attributes to 
meet individual site and project conditions, a few key 
principles should be considered. It is important that 
the attributes be collectively exhaustive so that any 
possible impact of interest is included in at least one 
of these attributes. It is also desirable for the 
attributes to be mutually exclusive, to avoid double- 
counting of impacts. In D&D problems, it is 
necessary to assess the impacts of each disposition 
alternative with respect to each attribute. However, 
some of the impacts (e.g., local economic impacts) 
may be equivalent for each of the proposed 
alternatives. If so, such attributes will have no 
influence on the selection of the preferred alternative 
and may be eliminated from consideration. 

For each of the attributes, a measurement scale is 
established. Table 1 also summarizes performance 
measures that may be used in evaluating the 
disposition alternatives. Some attributes have natural 
measurement scales; others have constructed scales. 
For example, life cycle cost can be measured in 



Table 1. Attributes and Performance Measures Used in Evaluating Materials Disposition Alternatives for D&D 
Projects 

Performance Measures __ ~ "_ ~ ~ " ............. " " " ~ 1  

General Concern Attribute 
Health and Safety, 1. Public health and safety Radiological and non-radiological risk to the exposed 
the Environment impacts population (includes radiation exposure, chemical 

exposure, transportation accidents, etc.) 

2. Worker health and safety Radiological and non-radiological risk to the exposed 
population (includes radiation exposure, chemical 
exposure, industrial accidents). 

impacts 

3. Environmental impacts Impacts on air quality, water quality/aquatic ecology, 
land use, solid waste, plant and animal species, etc. 

Socioeconomic and 4. Local economic impacts Impact on key economic indicators such as Gross 
Institutional Issues Local Product, Household Income, Net Government 

Revenues, Employment. 

5.  Institutional preference Constructed scale described in Table 2. 

6.  Stakeholder acceptance Constructed scale. 

7. Programmatic risk Probability of failure due to first-of-a-kind technology 
andor absence of precedent for the activity. Potential 
liability. 

Direct Cost 

8. Regulatory compliance Cost, in dollars, of compliance with regulatory 
requirements such as CAA, CWA, RCRA, CERCLA, 
OSHA, NRC, and state and local requirements. 

Total life cycle cost (present worth) in dollars. 9. Life cycle cost 

10. Schedule impacts Number of milestones missed. Time (in months) until 
completion of the project. Schedule impacts may result 
from labor availability, budgetary issues, technology 
availability, disposal cell availability, etc. 

dollars, schedule impacts can be measured in time 
until completion of the project, and health impacts 
can be measured in expected number of fatalities or 
as collective risk. These are all examples of natural 
scales. For other attributes we use constructed scales, 
for which a number of specific points are qualitatively 
defined. An example of a constructed scale for 
institutional preference is presented in Table 2. 

The measurement of environmental impact is one 
of the greatest challenges in analyzing D&D projects. 
A key principle is that all impacts, upstream and 
downstream of the decision, including secondary and 
tertiary impacts, must be considered. In practice, this 

means that the entire life-cycle from the origin of the 
material to the long-term impacts resulting from reuse 
or disposal of the material (including secondary 
wastes) must be considered. For example, in a scrap 
metal disposition case, recycling the metal would 
result in at least a small reduction in the need for 
mining virgin ore, processing the ore, and disposing 
of the associated solid wastes. The environmental 
impacts of each of these steps should be considered 
as part of the analysis. 

Several different performance measures might be 
used for environmental impact; the choice of which 
(or all) to use will depend on the specific case being 



analyzed. Example measures include acres of land 
disturbed, tons of solid waste produced, numbers and 
types of plant and animal species disturbed, impacts 
on water quality and aquatic ecology, and tons of 
sulfur dioxide, nitrogen oxides, carbon monoxide, 
particulate matter, and hydrocarbons emitted. Other 
life cycle studies have found location to be an 
important determinant of the magnitude of 
environmental impacts, primarily due to differences 
in the size and spatial distribution of human 
populations and other environmental resources, 
background environmental pollutant levels, and 
geology, meteorology, and h~drology.~ Thus, site 
specific evaluations of the potential enviromental 
impacts are recommended. This issue can also be 
addressed through sensitivity analyses and through 
the use of reference sites in understanding potential 
impacts. 

Table 2. Example of Constructed Scale for 
Institutional Preference 

Scale 
Value Level of Impact 

1 The alternative utilizes interim (rather 
than final) solutions, does not include 
recycleh-euse, and lacks private-sector 
participation. 

2 The alternative utilizes final solutions, 
does not include recycle/reuse, and lacks 
private-sector participation. 

3 The alternative utilizes final solutions, and 
includes some recycleheuse or some 
private-sector participation. 

4 The alternative utilizes final solutions, 
includes recycleheuse, but lacks private- 
sector participation. 

5 The alternative utilizes final solutions, 
includes recycleheuse, and includes 
private-sector participation 

Measurement of stakeholder acceptance also 
fi-equently raises questions. In general, there may be 
many stakeholder groups whose values and concerns 
should be considered in decision-making. Typically, 
however, the stakeholder acceptance attribute is used 
to describe the preferences of members of the public 
living in the vicinity of the site. There are three 

general methods used to gather information on local 
public preferences. The first method is to conduct a 
survey of members of the public. Members surveyed 
would respond about their own personal attitudes, 
rather than what they believe to be the prevailing 
attitude of the community. An appropriately selected 
sample of the public should be used; their attitudes 
would then be statistically analyzed to provide a 
probabilistic description of overall public attitudes. 
The second method is to use representative members 
of the public to provide information on public 
attitudes overall. For example, the head of an 
environmental group may be asked to articulate the 
viewpoints of members of that group. A focus group 
could be used for this approach. The third, and 
perhaps most common, method is to use expert 
opinion to describe public attitudes. 

With the disposition alternatives and attributes 
defined, the implications of each of the alternatives 
are investigated with respect to each of the attributes. 
Oak Ridge National Laboratory has developed an 
internet-based system for generation of the Decision 
Summary Matrix which summarizes all of the 
information generated in the LCA. The Decision 
Summary Matrix for the West Valley Case Study is 
presented in Figure 3. 

C. Decision Phase 

In the Decision Phase, the alternatives are ranked 
using multi-attribute decision analysis, in which the 
results of the LCA are combined with weighting 
factors to produce an aggregate score for each 
alternative. The weighting factors reflect judgments 
regarding the relative value of making improvements 
according to one attribute (e.g. cost) relative to 
making improvements according to another attribute 
(e.g. schedule). Ideally, both the set of attributes and 
the weighting factors are defined through a 
consensual process that includes stakeholders. In 
come cases, weighting factors are specified by the 
project manager but reflect the input received from 
stakeholders through public workshops, meetings, 
and correspondence. Sensitivity analyses are also 
performed as part of this phase to identify conditions 
under which the rank order of the alternatives would 
change. Sensitivity analyses investigate the 
implications of alternative value judgments 
(weighting factors) and alternative performance 
measure scores on the ranking of alternatives and are 
used to identify the critical assumptions, value 
judgments, and uncertainties. 



111. WVDP TANK PAD D&D PROJECT 

A. Background 

The WVDP is a DOE site that is located in upper 
New York State, approximately 50 miles southwest of 
Buffalo. The site is currently part of the DOE’S 
Environmental Restoration program and is scheduled 
to complete D&D activities by the year 2006. The 
site, regulated by both the Nuclear Regulatory 
Commission and the New York State Energy 
Research and Development Authority, is currently 
evaluating alternatives for a number of D&D projects. 

A current D&D project at the WVDP is the 
former Caustic and Nitric Tank Pads. Though small 
in scale, this project encompasses most of the 
problems encountered during a large scale D&D 
project. The pads once supported storage tanks 
containing caustic and nitric acid solutions. These 
solutions were used to neutralize the pH in liquid 
wastes. The tank foundation pads were surrounded by 
a concrete berm (basin) designed to contain any 
liquid if the tanks happened to leak. The berms were 
also designed to drain to a liquid waste collection 
system. Several years ago, the liquid waste collection 
system backed up through the berm floor drains and 
flooded the berm. The liquid waste that flooded the 
berm was radioactive and thus contaminated the 
concrete berm, pads, and sumps with low-level 
radioactive waste (LLW). 

The tanks have since been removed, and today 
all that remains are the contaminated concrete and the 
piping that once connected the tanks. This D&D 
project consists of decontaminating and removing the 
concrete structures, associated process and utility 
piping, and loading platform. Soils adjacent to these 
tanks will also be excavated as part of the project. In 
total, the Tank Pad D&D Project is expected to result 
in 1,060 Ibs of carbon steel piping, 800 lbs of 
stainless steel piping, 100 lbs of platform piping, 100 
lbs of electrical components, 200 lbs of miscellaneous 
steel, 5,000 lbs of platform steel, 50 cubic yards of 
concrete, 845 lbs of insulated piping, 200 cubic yards 
of soil from excavation, and 2 1,365 gallons of liquids 
resulting fiom annual precipitation. 

B. Analysis 

The objective of this analysis is to determine the 
preferred method of disposition of the soil and 
concrete resulting from the Tank Pad D&D Project. 

As part of the evaluation process, the Pollution 
Preventiodwaste Minimization Users Guide for 
Environmental Restoration Projects: 
Decommissioning and Remedial Actions’, was 
applied to the Tank Pad Project to identifjr the waste 
streams being generated and the respective 
disposition alternatives. The waste categories 
identified for the Tank Pad Project were structural 
steel, metals, asbestos containing materials, concrete, 
soils, and water. Since the primary radiological 
contaminant is cesium (Cs), and it is present at low 
concentrations, the primary waste type was identified 
as LLW. Due to the small size of the project, the 
only two waste streams with significant volume to be 
evaluated using the LCA D&D approach were LLW 
concrete and LLW soils. 

As a result of applying the decision tree for 
generation of alternatives (Figure 2) to this project, 
eight soil disposition alternatives and two concrete 
disposition alternatives were defined for further 
evaluation. Only viable disposition alternatives were 
defined for M h e r  evaluation, based on the unique 
characteristics of the WVDP site and the waste 
streams. The eight alternatives identified for 
disposition of the soil are: 
1. disposal; 
2. source reduction and disposal; 
3. segregation and disposal; 
4. treatment and disposal; 
5. 
6. 
7. 
8. source reduction, segregation, treatment, and 
disposal. 

source reduction, segregation, and disposal; 
source reduction, treatment, and disposal; 
segregation, treatment, and disposal; and 

The two alternatives identified for disposition of 
the concrete are: 
1 .  disposal; and 
2. segregation, treatment, and disposal. 

Working with project personnel (e.g., project 
manager, health and safety, environmental 
compliance and risk assessment), the implications of 
each of the disposition alternatives were investigated 
with respect to each of the attributes listed in Table 1. 
An important principle in performing LCA is that the 
level of detail of the analysis should be commensurate 
with the potential benefits. Accordingly, given the 
size and scope of the Tank Pad D&D Project, it was 
decided that the greatest resources should be 
expended on the life cycle cost, health, and 
environmental analyses, with only cursory evaluations 
for other attributes such as local economic impacts. 



C. Results 

Figure 3 presents the preliminary results of the 
evaluation of disposition alternatives for soil and 
concrete fiom the WVDP Tank Pad D&D Project. 
The figure visually shows the clear advantage of 
alternative #8 (source reduction, segregation, 

treatment, and disposal) for disposition of the soil and 
the advantage of alternative #2 (segregation, 
treatment, and disposal) for disposition of the 
concrete. These two alternatives clearly dominate the 
others; that is, they are at least as good on every 
attribute and strictly better on some attributes. 

Figure 3. West Valley Tank Pad D&D Project: Soil and Concrete Disposition Ratings 

Life Cycle Analysis 

Notes: ~ e y :  0 d 0 3 
Resuns are for 200 cubic yards of soil and 50 cubic yards of concrete Best c---L Worst 



IV. CONCLUSIONS 

The LCA D&D approach has been used to 
evaluate the disposition of soil and concrete flom the 
Tank Pad D&D Project at the West Valley 
Demonstration Project. The preliminary results 
suggest that segregation and treatment of the soil and 
concrete would be advantageous. 

The LCA D&D approach is a robust and rather 
general flamework that can be tailored to meet site 
and project conditions and can easily be applied to 
D&D projects throughout the DOE complex. Several 
additional applications are currently underway. The 
National Center of Excellence for Metals Recycle as 
well as several DOE sites have committed to using 
this methodology to support D&D and pollution 
prevention decision-making. We recommend 
widespread use of the LCA D&D approach to make 
the process of materials disposition more efficient and 
more responsive to the vital concerns of our society, 
and to establish a decision-making process that is 
both understandable and defensible. 
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