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ABSTRACT 

Environmental Restoration costs for Department of Energy (DOE) facilities have been the 
subject of much scrutiny and concern for several years. General opinion is that DOE clean-up 
costs are as much as three times higher than costs for similar clean-up projects in the private sec
tor. Consequently, DOE Environmental Restoration professionals are continually under pressure 
to do more with less, which, ironically, can lead to additional inefficiencies in the system. This 
paper proposes a general theory as to why DOE costs are higher, explains the reasons why cur
rent conditions will make it difficult to realize any pervasive or significant decreases in clean-up 
costs, and presents some general changes that need to take place in the DOE system in order to 
bring about conditions that will allow more efficient clean-up to occur. The theory is based on a 
simple economic model that describes the balance between the resources spent for risk avoidance 
and the corresponding changes in overall productivity as a function of risk. The elementary con
cepts illustrated with the economic model, when refined and specifically applied, have the poten
tial to become the catalyst for significant change—change that is absolutely necessary if we truly 
intend to conduct environmental clean-up with the same efficiencies as private industry. 

INTRODUCTION 

For several years there have been concerns with the relatively high cost of conducting envi
ronmental restoration at DOE sites. Public opinion, bolstered by several independent studies (see 
References at the end of this paper), is that the Department and its contractors spend up to three 
times more than private industry to conduct restoration of sites with similar environmental prob
lems. Furthermore, the popular concept is that most of the restoration work conducted thus far 
by the Department has focused on research and paper studies, with relatively little accomplish
ment in the area of actual site clean-up. As a result, Department budgets and projects supported 
by those budgets have been subject to intense scrutiny. Emphasis has been on finding more effi
cient ways to conduct our restoration activities without compromising safety and, in some cases, 
without changing existing schedules for completion of site restoration. Eventually, this trend in 
thinking leads to a classic dilemma: finding the delicate balance between two essential activities 
competing for the same limited resources. 

a. Work supported by the U.S. Department of Energy Assistant Secretary for Office of Environmental Management, 
under DOE Contract No. DE-AC07-94ID013223. 
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This paper proposes a general theory for the principal reason why Department clean-up does 
cost more and, based on this theory, suggests ways the Department and its contractors may make 
changes that have the potential to produce significant gains in overall efficiency, without com
promising the degree of safety required to successfully conduct our remediation activities. By 
gaining this simple understanding of the basis of our problem, decision-makers can use this gen
eral theory to adjust their frame of reference when applying the theory in specific cases. In mak
ing mese relatively small, individual adjustments, the program as a whole stands to realize sig
nificant gains in overall productivity, which in turn will lead to a change in perception of the pro
gram's fiscal management capability because resources will be more focused on development of 
the end product (i.e., clean-up) than on the administrative process necessary to support produc
tion of the end product. 

GENERAL THEORY 

Many of our daily decisions involve a balance between competing activities—activities in 
competition for a common, usually limited, resource. The most common examples are the daily 
competitions between a given activity and our resources of time or money. Should one speed on 
the way to work, and risk the possibility of a traffic ticket, and be on time? Or should one obey 
the speed limit and be late for work? Will the tax return be used to take a long over-due vacation 
or make that home improvement that has been begging for attention for far too long? 

As decision-makers in a technical arena, we are also faced with similar choices. Specifically, 
for the purposes of this paper, the choice we always face when it comes to deciding on expendi
ture of resources is a choice between safety and performance. Many would argue that these two 
activities are independent, but all would agree that both require some level of resources (i.e., time, 
labor, and materials—which all boil down to dollars) to successfully accomplish, and hence the 
universal point of dependence. In times of plenty, the dependence is less noticeable and can 
approach a seemingly independent state. However, when resources are scarce, the dependence is 
more noticeable because the competition for the limited resources is heightened. 

In the Environmental Restoration Program, as in many of the Department's programs, recent 
times have been lean, and the trend is toward even leaner times. In short, we are being required 
to do much more with much less. This financial climate produces a significant dilemma: deci
sion-makers must allocate scarce resources between projects that support safety and projects that 
support development of the overall product expected by the tax-paying public, specifically, clean 
or remediated waste sites. Since neither of these projects can succeed (that is, deliver a product 
that will satisfy our customer, the tax-paying public) without the other, the decision-maker must 
strike a delicate balance of resource allocation between the two. 

A General Theory to Explain the Relatively High Cost of Environmental Restoration at DOE Facilities 

Page 2 



Control No. 1693 
W. H. Sullivan 

Environmental Restoration 
Lockheed Idaho Technologies Company 

P.O. Box 1625, Idaho Falls, ID 83415-3920 
Phone (208) 526-0917 Fax (208) 526-6852 

Figure 1 illustrates the ideal condition. In this figure the scale is in balance, and both com
peting activities are receiving the appropriate level of resource for success. Hence, the balance 
point represents the most efficient operating condition, given the available resources. The notable 
balance achieved in this figure is the balance of risk. In this case, risk on the safety side of the 
scale is the risk associated with unsafe acts or conditions. The risk of accidents that lead to injury, 
death, or environmental damage. Risk on the production side of the scale is what is commonly 
thought of as business risk or risks associated with delivering the product on time and within the 
allocated budget Increased risk means we spend more than planned or we miss milestones, 
resulting in customer dissatisfaction and potential loss of business. Decreased risk means we 
spend less or we deliver ahead of schedule, which usually results in customer satisfaction and 
continued business. Note that if the scale tips in favor of either side, inefficiencies result. 

Consider the condition in which the scale is tipped such mat production is put ahead of safe
ty in terms of the overall balance of resource allocation. Figure 2 illustrates this condition. In 
this case, we have driven down the business risk such that we can potentially save money or deliv
er our product ahead of schedule. However, we have overlooked the fact that the opposite side 
of the scale has been tipped in an unfavorable direction. By putting more emphasis on produc
tion, we have increased the risk of having an accident. Should an accident occur, the potential 
gains expected from the decrease in business risk could be significantly depleted, if not totally 
lost Consequently, the overall system has become inefficient. 

Efficient 

Efficient inefficient Inefficient 

Figure 1. The ideal condition. Production 
Figure 2. Production ahead of safety. 
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A similar situation arises if the scales are tipped in the opposite direction. Consider Figure 3. 
In this case, die decision-maker decides mat safety is of overriding importance, so much so mat 
the cost of being safe (i.e., minimizing risk) is not a consideration. This balance is often the case 
in a climate of risk aversion, or risk avoidance, where the overwhelming principle is to not have 
an accident. Given the uncertainties associated with much of our work, the climate quickly shifts 
to extreme conservatism to ensure risks are minimized to the point of zero risk. What is often 
overlooked, is me cost associated with me zero risk mentality. The figure simply illustrates this 
cost. By decreasing the risk on the safety side of the balance, we have increased the risk on the 
production side of the balance. That is, by putting too much emphasis on safety (i.e., by using 
too many of our scarce resources on the safety side of the balance), we have limited our resources 
for production to the point where milestones are missed, products are of inferior quality, and in 
general the customer is dissatisfied. Again, we have placed the system in a state of inefficiency. 

What the model in Figures 1 through 3 illustrate is that in order to achieve acceptable effi
ciency under these conditions, the decision-maker must find that single point where everything is 
balanced. In reality, this balance point is a system or family of points over some continuum and 
the associated risks are also distributed over some continuum, rather man being increased or 
decreased when the system is out of balance. 

Efficient 

Inefficient Inefficient 

Risk Risk 

Safety 

Figure 3. Safety at any cost. 
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To put this insight into perspective, a more sophisticated model needs to be considered. In 
order to retain the generality and simplicity of this discussion, a sophisticated model will be 
developed in a series of steps that will build upon several fundamental concepts. 

First, it is necessary to consider the continuum of risk and costs associated with this continu
um. Figure 4 illustrates this concept. Risk, in this sense, can be either safety or production risk; 
the cost function will be similar in either case. Safety risk is usually associated with accidents 
(i.e., injury, death, damage, etc.). Production or business risks are usually associated with busi
ness loss (e.g., profit, market share, goodwill, etc.) For brevity, the remainder of this paper will 
discuss risk primarily from the safety perspective, since many of us with technical backgrounds 
are much more familiar with this risk. On the left is risk avoidance where one would want to be 
to ensure accidents will not occur, or, if they do occur, the resulting consequences will be accept
able. On the right is the area where unacceptable accidents, or any accident, depending on the 
degree of conservatism considered as acceptable, occur when too much risk is taken or assumed. 

Thus, risk varies from complete or maximum avoidance of the hazard, or zero-risk on the left 
side of the figure, to significant risk-taking on the right side of the figure. If a relatively complex 
technical project similar to most of those being conducted in the program is to be completed, the 
state of zero risk is impossible to achieve. The only way to achieve zero risk would be to avoid 
or eliminate all risks associated with conduct of the project. Complete elimination of risk can 
only be accomplished by doing nothing. As soon as an activity begins, risk is present. Our goal 
is to minimize these risks to an acceptable level, such that the project can be successfully accom
plished. If we take on too much risk, accidents occur and the consequences become unaccept
able. 

$ 
Cost 

o Risk 
-^ »~ 

Avoidance Taking 
Figure 4. The cost of risk. 
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One should understand that risk is often in the eye of the beholder. That is, there are at least 
two types of risk—real and perceived. This paper will not delve into the details of each; such dis
cussions have been the subject of countless narratives. However, suffice it to say, it is often very 
difficult to separate the two, particularly if one is inclined to be nontechnical in his or her 
approach to decision-making. Although we have the technical capability to estimate risk values 
mathematically, a frustrating reality is that many decision-makers are not interested in mathe
matical answers to risk questions. The interest is often based on pure perception, and often that 
perception is far from mathematical reality. Regardless, for purposes of this paper, the term risk 
is more general, and the associated models will be useful whether the decision-maker has a 
propensity for mathematical solutions to problems or would rather make decisions based on mes
sages from the gut. 

When costs associated with the risk continuum shown in Figure 4 are considered, the classic 
bathtub curve illustrates die associated cost trade-off function. In order to avoid accidents (i.e., 
to decrease risk to the point where accidents will not occur, or, if they were to occur, to the point 
where consequences would be acceptable) the costs begin to rise dramatically (i.e., the cost func
tion moves to the left in the figure). This dramatic rise is due to increases in complexity of the 
mitigation features necessary to ensure the appropriate level of safety in the project. Complexity 
increases because uncertainties increase as more and more components of risk need to be consid
ered and mitigated. This increased level of risk consideration is often prefaced by the question, 
What if?—both literally and more often in a technical sense. That is, the degree of complexity 
follows the level of uncertainty, which in turn defines the available family of unknowns that even
tually become the grist for, "What if?" questions. What many fail to recognize is that there is a 
point where the cost of risk avoidance becomes asymptotically high. At that point, resources are 
not available to provide a sufficient level of understanding of all the risk components associated 
with a project. It is for this reason that a philosophy of safety regardless of cost becomes unreal
istic. Such a philosophy can easily be eroded by unbridled What-iffing and interpreted as irre
sponsible resource management. But one can equally argue that to ignore safety because of cost 
is also irresponsible. The workable solution to this dilemma is to gain an understanding of the 
system so that both sides of the issue can see a path to success without compromising the goals 
of each side. Expansion of this risk/cost model presents a general solution to this dilemma, but 
before the model is expanded with another degree of complexity one must understand the right 
side of the mode. 

As risk increases to the right in the model, more risk is being accepted or taken on by the deci
sion-maker. At some point accidents begin to happen. These accidents result in unacceptable 
consequences and costs begin to rise. In the extreme, where risk-taking reaches the point of reck
lessness or negligence, the cost of an accident can be exorbitantly and unacceptably high. Note 
that, unlike the left side of the figure, the right side of the cost function does have a ceiling. 
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Regardless of the degree of severity of an accident, the overall dollar cost can be defined and paid. 
Payments are often manifested by insurance reimbursements, court judgments, system redesign 
costs, standby costs for down-time, and other familiar methods. The point is there are a finite 
number of solutions to the cost function on the right side of the figure, while there are an infinite 
number on the left. 

Further expansion of the risk/cost model adds another dimension to our overall understand
ing. Figure 5 introduces a productivity function into the model. In economics, one typically finds 
that with a bathtub cost function you also have an underlying and opposing productivity function. 
In this specific example, as project complexity decreases, costs decrease and productivity increas
es. At some point, the optimum degree of complexity and productivity is reached, and maximum 
efficiency occurs. Since maximum efficiency often translates into maximum profit, industry will 
target mis point as the goal for their performance. On the other hand, DOE is not profit-driven. 
For years, the Department avoided using industry as a benchmark for performance because of the 
associated profit-driven motivation tied with industry performance. However, public pressure in 
recent years has demanded that the Department begin to manage its activities more like a busi
ness. The public expects the Department to accomplish higher efficiency by employing manage
ment techniques similar to those used in industry. Consequently, the Department and its contrac
tors now have a much higher motivation to use methods and philosophies similar to those used in 
the private sector to decrease costs and increase productivity. 

Although the Department will never produce a "profit" by increasing productivity and over
all efficiency, it will become better stewards of the tax-payers' money. Ultimately, then, the goals 
of the Department and of private industry are the same: provide the respective stakeholders with 
the maximum return on their investment. 

$ 
Cost 

0 Risk M95 0186 
- * >~ 

Avoidance Taking 

Figure 3. The cost-productivity trade-off model. 
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CURRENT CONDITIONS 

With these common goals in mind, consider Figure 6. This figure generally represents current 
conditions in the DOE complex. Private industry targets the point of maximum efficiency as their 
goal for overall operations performance. In so doing, long-term industry survivors will maintain 
operations in an area around this target. Relative dynamics in the system caused by changing legal 
conditions, changing market conditions, changing technologies, and other similar components of 
the dynamic are the reason that this "area of acceptable efficiency" exists. Long-term survivors 
will operate in this area, always attempting to define the point of maximum efficiency and change 
course to meet that goal. Too far to the left for too long a period and a given company in the indus
try will not survive because competitors (those further to the right) will be able to supply goods 
and services at better rates or better value to the customer. The same holds true if the company 
operates too far to the right for an extended time. The company suffers too many costly accidents, 
which causes the company to spend too much money in litigation, refurbishing or replacing dam
aged equipment, or restoring customer relations and becomes noncompetitive. 

DOE and its contractors, on the other hand, have not considered productivity or profit as an 
overall goal. Typically, productivity has been important, but safety or risk minimization/avoid
ance has had an overriding emphasis. Consequently, a philosophy of safety-at-any cost has shift
ed the DOE target far to the left of the industry target. The goal of minimum risk without regard 
to cost puts DOE much further up the cost function. Absolute costs are unknown and not 
addressed here. Again, some studies have indicated that DOE's costs are significantly above 
(approximately three times) those for similar processes in industry. 

Point of maximum efficiency 

0 RiSk M9S0184 
~4 p~ 

Avoidance Taking 

Figure 4. The current conditions. 
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WHAT MUST CHANGE 

A fundamental truth arises from the theory presented herein. That is, in order for DOE and its 
contractors to make significant improvements in their overall productivity and efficiency, a sig
nificant change must occur. Figure 7 illustrates this change. To become more productive and 
thereby achieve the goal of reducing costs to a point that is similar to private sector costs, DOE 
and contractor decision-makers and mangers must be willing to conduct environmental restora
tion activities while accepting more risk during the performance of those activities. In essence, 
the DOE target for risk avoidance/risk-taking must move to the right. Since the cost function in 
this area is nonlinear, even small movement has the potential to generate large cost savings and 
large improvements in productivity. 

Will acceptance of more risk result in more accidents? Perhaps, in some areas. But these acci
dents will be minor and will continue to be minimized by our approach to accident prevention. 
Our goal should continue to be minimization of any accidents, the change will come from a gen
eral realization and acceptance of the fact that we cannot be completely accident-free, owing to 
the uniqueness of our work. We will attempt to eliminate significant and life-threatening acci
dents while minimizing the chance for accident of minor consequence. However, we will prob
ably never be to a point in our operations where we can compete equally with our industrial part
ners. DOE is a government agency assigned responsibility for management of some relatively 
unique hazards. Radioactive materials and other unique legacy wastes from operations of the 
nuclear weapons complex are good examples. DOE and its contractors will always have to be 
more vigilant and cautious than the private sector in some areas of our operations because many 
of our real and perceived risks in these areas are composed of extremely high hazards that could 
result in significant consequence should the hazard be poorly managed. 

Point of maximum efficiency 

0 Risk M95 0185 
~4 ; *~ 

Avoidance Taking 
Figure 7. What must change. 
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In contrast, other areas of our operations are relatively benign. One could argue that most 
environmental restoration activities fall into this latter category. These areas offer more opportu
nity for significant change. Hence, the graded-approach to safety, and risk management should 
provide significant improvements for environmental restoration efficiencies, if properly imple
mented. For example, in preparation for a recent complex field activity at the INEL, the readi
ness review process was condensed into a one-day activity rather than the two-week to one-month 
process typically expected for projects of similar complexity. The project was conducted safely, 
yet significant savings resulted from using a graded approach to implement the standard readiness 
review requirement for the project. 

CONCLUSIONS 

What this paper suggests, is that we take advantage of the high potential for significant cost 
savings realized by taking small, managed steps in the direction of risk acceptance. Perhaps the 
first step is to recognize the system that comprises our decision-making environment and how we 
fit into that system. That is the purpose of this paper—to give us the starting point, the seed for 
change—in a format that is sufficiently broad to cover most of our work, yet relatively simple and 
easy to comprehend. From here, each of us can interpret our place in the system based on our 
individual situations and perceptions and begin to take these steps. When each of us makes this 
attempt, the aggregate effect will be enormous, and we will be well on our way to significant 
improvement in our overall efficiency. 
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