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PREFACE

The disposition of chemical, biologic, radioactive, and toxic wastes is perhaps

one of the quintessential environmental problems of the past century and the fore-

seeable future. From the technical and scientific points of view, the major con-

cerns have to do with transport, burial, and monitoring. The aims are to transport

the waste without spillage due to mishap (natural or human error), to bury the

waste in such a way that there is no leakage thereafter, and to monitor the burial

site in a continuous fashion for any leakage after burial. While these aims are the

zenith, the nadir is spillage during transport, burial with catastrophic leakage, and

a monitoring system that fails.

Scientific analyses of environmental projects are hindered by significant

uncertainties. Characterization of present-day conditions at environmental sites

is almost always limited because of financial constraints and because the com-

plex interaction of physical, chemical, and biologic processes that control the

transport of contaminants is usually not well understood. This situation is accen-

tuated by the requirement that a repository site needs to provide efficient isola-

tion of the waste from the environment and human population over long periods

of time and, correspondingly, of the liability claims that an environmental com-

pany may have to face long after completion of a project. Future geologic events

(e.g., earthquakes, floods, climate change, etc.), all of which can influence the

ability to control and isolate the waste over time, introduce further uncertainties.

Moreover, the existing technological solutions are limited in their efficiency and

expensive to implement and can generate by-products that are difficult to control.

The situation increases in complexity with litigation issues, where a significant

expense can develop such that funds that otherwise could have been allocated for

development and application of new technologies are used up in attempts to

resolve legal issues.

Over the past two decades, an enormous effort has been expended (in particular

for potential nuclear waste depositories) to account for the uncertainty in site con-

ditions, and this has led to a shift in the focus of scientific studies at academic insti-

tutions, national laboratories, and most major environmental companies from the

analysis of perfectly determined systems to systems that are described statistically.

Combined with the lack of efficient technological developments, this has led regu-

latory federal and state agencies increasingly to recognize risk as an integral part of

environmental projects and to require scientific and financial risk analyses.

There is another side to the problem of waste disposal, however. Eventually, a

corporation (or corporations) will to have transport, bury, and monitor the waste,
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usually under a contract from a regulatory agency. The contract usually will con-

tain performance criteria to be met but also will contain a price to be paid to the

contractor. The question of interest to the corporation is whether the contract is

profitable and under what conditions. There is clearly some sort of financial limit

depending on the prior estimates of probabilities of transport (with or without

spillage), burial (with or without leakage), and ongoing monitoring costs. Addi-

tionally, regulatory agencies, concerned citizen groups, and political staff attached

to a lawmaker may all wish to become involved in the various components affect-

ing the decision making at various stages. From the corporate perspective, the prob-

lem is to ascertain what associated costs make it worthwhile to accept the contract.

From an environmental corporation’s perspective, scientific uncertainties and lim-

itations of the technological solutions are only a subset of the total uncertainties it

faces. Changing political, financial, and regulatory conditions constitute other

unpredictable components in a project’s performance and financial return.

The purpose of this book is to explore from a corporate perspective how the pre-

ceding issues can be addressed when environmental projects are assessed. In light

of these considerations, one may distinguish two main objectives of this mono-

graph. The first is to provide a coherent and unified account of the most critical

components entering risk analyses of environmental projects. Thus the influence of

various risk factors (arising from scientific uncertainties, technological limitations,

regulatory changes, and unpredictable events) on a project’s performance is fully

illuminated and incorporated into the risk-analysis framework. Additionally, this

book aims to incorporate in the decision analyses of environmental projects some

recent techniques, which, though not usually discussed in standard risk-analysis

books, have become essential in the application of effective corporate environ-

mental strategies. Topics such as innovative types of insurance coverage, partial

involvement in multiple projects, corporate alternatives to changes in regulations

and/or catastrophic events have seen wide application in other business operations

but still have to be included in a comprehensive way in risk analyses of the envi-

ronmental industry. This book aims to bring exposure to such topics and to include

these alternatives as an integral part of environmental risk analyses. The second

objective of the book is to provide a step-by-step approach to planning and per-

forming an effective environmental risk assessment. The individual chapters are

organized in such a way that an environmental decision-making group can, by start-

ing from the preliminary stage of financial analysis of a project, proceed to address

more complex situations and financial alternatives in a systematic manner. Thus the

summaries that are provided at the end of individual chapters can operate as a

checklist of an environmental project’s risk-assessment progress and help in eval-

uating whether all available alternatives have been explored.

This book is organized as follows: Chapter 1 provides an exposition of some

common risks encountered in the transport, burial and storage, and monitoring

phases of waste. Chapter 2 sets the stage for a preliminary risk analysis of environ-

mental projects by considering the simplest situation of a contract offered under
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fixed regulations, with no catastrophic loss events, without inclusion of either

optional insurance or of corporate risk tolerance, and without the occurrence of

spillage or leakage. Chapter 3 introduces three statistical measures that can be used

in risk analyses of environmental projects that face the possibility of limited or cat-

astrophic losses. Particular emphasis in this chapter is placed on the inclusion of cat-

astrophic scenarios in risk analyses because these can alter substantially the

perspective on a project and lead environmental corporations away from invest-

ments. Chapter 4 introduces the concept of corporate risk tolerance and presents a

methodology that addresses risk considerations through partial project involvement.

Chapter 5 develops the framework for the inclusion of insurance alternatives in envi-

ronmental risk analyses and presents a procedure that allows small environmental

companies to address limited-liability claims for a number of situations. Chapters 6

and 7 expand the concept of risk-adjusted value to more complex cases of environ-

mental risk and provide procedures that can be used to determine the dominant

uncertainty factors that influence a project’s return and performance. Chapter 8 pre-

sents a methodology for optimizing total corporate return for a portfolio of opportu-

nities in the face of a constrained budget, and Chapter 9 deals with the

apportionment of cost overruns to various environmental projects in such a way as

to maximize total corporate return. Chapters 10 and 11 provide the framework for

bayesian updating of leakage scenarios and multiple transport of hazardous mater-

ial, respectively. Chapters 12, 13, and 14 address issues of regulatory compliance and

project monitoring strategy, the use of option payment as an alternative to insurance

coverage, and the worth of collecting additional data. Chapter 15 discusses some

problems of scientific uncertainty in the representation of a hydrologic system that

are due to model selection and resolution of data, while Chaps. 16 and 17 provide

concluding remarks on the interrelation of human, scientific, and financial consider-

ations for environmental projects. Finally, the two appendixes provide a summary of

the regulations that govern Phase I, II, and III site assessments, and also give a brief

overview of the federal statutes that are appplicable to environmental problems. 

The monograph is set at a level where an environmental, civil, or chemical

engineer or scientist involved in environmental problems should have little diffi-

culty not only in following the arguments presented but also in actively building

on the precepts expounded here to a higher level than we present. For corporate

executives, it is hoped that the work presented here will remove some of the less

than objective assessments of economic worth of an environmental project that

occasionally have been the lot in the past. Although this is an application-oriented

book, the material is set at a graduate study level so that it can be used as a 

textbook in courses of decision analysis offered at engineering or science depart-

ments. Toward this objective, the book not only provides an exposition and appli-

cation of decision-analysis theory to practical environmental problems but also

includes topics not usually covered in standard risk-analysis textbooks that are

critical in comprehensive risk assessments of environmental projects and the

analysis of corporate alternatives.
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